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Introduction

Schizophrenia is a chronic recurring illness anel most common psychotic disorder. The
prevalence of schizophrenia is consistently abdt throughout the world (Schultz and
Andreasen, 1999). It characteristically begins @te | adolescence or young adulthood
(Carpenter, Jr. and Buchanan, 1994; Heaton etl@94) and lasts a lifetime with only
occasional recovery (Braff et al., 1991). In moases, schizophrenia first appears in men
during their late teens or early 20s, while femsdhizophrenics often first onset during their
late 20s or early 30s. The initial years of illnese often the most symptomatic and include
severe psychosocial deterioration. Middle-aged syeme more benign; in the elderly,
symptom recovery has been descridddst commonly, people who have schizophrenia are

unable to continue in employment or education.

Up to date, how schizophrenic symptoms arise resnantlear. After over century extensive

research, still no agreement regarding the pathgplogy of schizophrenia has been reached
among experts. Substantial contributions from rpldtgenes with small or moderate effects
have been implicated. Nevertheless, various desujngenetic studies also indicate the
essential role of environmental factors becausectircordance rate for the monozygotic
twins who grew up in a very similar surrounding fe&g less than 100% (Prescott and
Gottesman, 1993). Epidemiological data further esg@ linkage between viral infection as
an environmental factor and schizophrenia (Kopogeeral.,, 2004; Limosin et al., 2003;

Brown and Susser, 2002). Moreover, positive anybbigtrs against diverse viruses were
detected in one part of schizophrenics (Dickerdoal.e2003; Chen et al., 1999; Yamaguchi
et al., 1999; Waltrip et al., 1997; Adams et a@93; Barr et al., 1990; Pelonero et al., 1990;
Bartova et al., 1987). Eliminating intra- and extedlular pathogens to defend the host is the
responsibility of the immune system. Diverse immulysfunctions have been reported in
schizophrenia for over 3 decades (Muller et alQ80Immune aberrations possibly raised by
viral infections during the pre-, peri- or postiafhase have been thus described in
schizophrenia (Munn, 2000). In various viral infens such as influenza virus, measles virus,
rubella, herpes simplex virus 2 (HSV2), and EpsBamnr virus (EBV), a shift towards the T

helper type 2 system was indicated (Dhiman e2804; Nakayama et al., 2004; Akaboshi et
al., 2001; Oh and Eichelberger, 2000; Nakajimalgt2900). Recently, Muller et al. and

Schwarz et al. likewise suggested Th2 as a possé#ile-mechanism in at least one subgroup



of schizophrenia (Schwarz et al., 2001a; Schwaral.e2001b; Muller et al., 2000). Direct
empirical evidencevaluating the Th1/Th2 ratio in schizophrenighmyever, lacking

Hence, this study attempted to explore Th2-shiftdhizophrenia. This report contains mainly
an introduction and an empirical section. Timroduction is further divided into (1)
Schizophrenia (2) Th1/Th2 systemsand (3) _Th1/Th2 cytokines in schizophreniBhe

empirical sectionlargely consists of the subsequent issues: (45t and hypothesigs)

Methods (6) Resultsand (7) Conclusion and discussion




1 Schizophrenia

Schizophrenia has been deemed as a disorder inetiteal nervous system (CNS). Thus,
distinct hypotheses or researches attempting taidelte the biological etiology of
schizophrenia assumed genetic- and/or environnmeliced abnormalities in  diverse
neurotransmitter(s) within certain brain structsj&égion(s). The most famous hypothesis of
schizophrenia is the dopamine hypothesis. Originatl postulates that the symptoms of
schizophrenia are related to hyperactivity of cardiopaminergic system (Meltzer and Stahl,
1976).

Schizophrenia includes a wide spectrum of “exophges”. The defining features of
schizophrenia can be divided into three main categopsychotic or positive symptoms,
deficit or negative symptoms, and cognitive impanin(Kelly and Murray, 2000). Positive
symptomscan be classified into three main groups, thahalucinations, delusions, and
thought disorder/formal thought disorder. Formabutht disorder is described as a
disturbance rather in the form of thinking than aipmality of content as occurred in

hallucinations and delusions. The negative symptoomsist of severe disturbances in social

interaction, motivation, expression of affect, @bito experience pleasure, and spontaneous

speech (Rey et al., 1994; Schmand et al., 19949ni@we deficitsin schizophrenia affect

executive function, attention, memory, and genarallectual functioning (Weickert et al.,
2000). The negative and cognitive symptoms are rpersistent and chronic, whereas the
positive symptoms have an episodic pattern. If plositive symptoms are active, then
hospitalization is usually necessary (Andreaser§519Negative symptoms are the least
likely to improve over the course of illness andially result in cognitive dysfunction; they
contribute more strongly to overall psychosociahdhility than do residual positive symptoms
(Green, 1996). Both negative and cognitive sympttogether are referred to as prodromal
symptoms; prodromal symptoms often precede theaipesymptoms (Cornblatt et al., 1999).

To date exist two well-accepted diagnostic systenfacilitate an approximation of the entity
of the disease. That is, the International Classifon of Diseases, tenth edition (ICD-10)
(World Health Organization, 1994) and the Diagrosti Statistical Manual of Mental

Disorders, fourth edition (DSM-IV) (American Psyatric Association, 1994). These two

systems are criterion-based. Both ICD-10 & DSM-I¥sdribe characteristic symptoms of
8



schizophrenia; they include delusions, hallucimegjodisorganized speech (e.g., frequent
derailment or incoherence), grossly disorganized catatonic behavior, and negative
symptoms (i.e., affective flattening, alogia, ooktvon). In ICD-10, severe symptoms should
have been present for at least 1 month, whered3SK-IV, a minimum of 6 months’
duration is required (i.e., including less sevei@pomal and residual symptoms). The DSM-
IV criteria also require deterioration in sociald&r occupational functioning, specified as
dysfunction in work, interpersonal relations, df-sare. If during adolescence, then failure to

reach level of interpersonal, academic, or occopatiachievement is required.

According to DSM-IV, schizophrenia is divided infmaranoid, catatonic, disorganized,
undifferentiated, and residual schizophrenia (Areeri Psychiatric Association, 1994).
Nevertheless, apart from the 5 subgroups of DSMflivther subgroups such as hebephrenic,
post-schizophrenic depression, simple, other, amgpecified schizophrenia are also
described in ICD-10 (World Health Organization, 4R9 Paranoid schizophrenia is
characterized by a preoccupation with one or moetusibns or frequent auditory
hallucinations. For catatonic schizophrenia, presaf the following features is required, that
is, psychomotor disturbances, such as stupor (laicka motor response to stimulus),
negativism, excessive motor activity, an absencgpetch (alogia), peculiar movements, and
repetitions of words and phrases (echolalia) ortlers movements (echopraxia).
Undifferentiated schizophrenia is defined as preseof schizophrenic symptoms without
meeting any criteria for paranoid, disorganizedd aratatonic schizophrenia. Residual
schizophrenia is predominated by absence of pramingelusions, hallucinations,
disorganized speech, as well as grossly disorgdniaed catatonic behavior despite
continuing evidence of a disturbance. Hebephresiacharacterized by hallucinations,
delusion, severe disintegration of personalityudahg erratic speech, childish mannerisms,
senseless laughter as well as bizarre, foolish, ragtessive behavior; it usually becomes
evident during puberty. Nowadays, hebephrenia mameed as disorganized schizophrenia.
The main features of disorganized schizophrenigadomisorganized speech and behavior as
well as a flat or inappropriate affect. Simple golphrenia is characterized by withdrawal,
apathy, indifference, and impoverishment of humealationships without overt psychotic
features. = Post-schizophrenic depression is descriae predominance by depressive
symptoms and meeting the criteria of depressiorafdeast 2 weeks as well as simultaneous

presence of some schizophrenic symptoms with agghrenic history in the past one year.



Various subgroups stated above are classified ditgpto preponderance of certain symptom
complexes. They represent rather distinct symptomptexes than separable entities. They

often merge together during the course of diseBsedy, 2002).
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2 Th1l/Th2 systems

2.1 Innate and adaptive immunity

The innate and adaptive immunity are the basictfonal units of the immune system which
are involved in host defense and removing pathogewmsal infections (Rempel et al., 2004).

Innate (natural/congenital/aspecific) immunity refeto _antigen-nonspecific defense

mechanismsA host uses nonspecific mechanismmediately or within several hours after

exposure to an antigen (Akpek and Gottsch, 2008)ate immunity only recognizes a few
highly conserved pathogen-associated molecularenpatt present in many different
microorganisms (Delclaux and Azoulay, 2003). In tcast, adaptive (acquired/specific)

immunity refers to_antigen-specifidefense mechanisms. The antigen-specific mechanism

takeseveral days to become protective and are designed to remepeeaific antigen (Akpek
and Gottsch, 2003). The adaptive immune systenthieaballmarks of learning, adaptability,
and memory. It possesses two main features whiglalasent in the innate immune system:

(a) clonal selection and expansion of cedspressing antigen-specific receptors and (b)

challenge memoryacilitating faster and more rigorous responsepraviously encountered
antigens (Fabbri et al., 2003; Stenzel-Poore £1888).

The adaptive immunity can be further subdivided it branches — humoral and cell-
mediated immunity (CMl)/cellular immunity. They avery important for proper immune
responses (Woodland, 2003). Humoral immunityolves the production of antibody

molecules in response to an antigen and is mediajed-lymphocytes._Cell-mediated
immunity involves the production of cytotoxic T-lymphocyteactivated macrophages,
activated NK cells, and cytokines in response t@mtigen; it is mediated by T-lymphocytes
(Fabbri et al., 2003).

2.2 Thl/Th2 systems

T lymphocytes are the most important cells in cowting the immune response and are a
major source of cytokines. Cytokines participatevamious aspects of adaptive and innate
immunity (Fabbri et al.,, 2003; Stenzel-Poore et 8888). T cells have several functions

executed by different subpopulations such as Teneph), T suppressor, and cytotoxic T

11



cells. Th cells direct other cells such as B cetlsnacrophages to carry out their tasks. Upon
activation, naive CD4+ T helper cells differentianéo at least two distinct subpopulations,
Thl and Th2. Thl- and Th2-system which are ori¢yrdefined on the basis of their cytokine
profiles and effector functions, are effective agaiintracellular and extra-cellular pathogens,
respectively (Mosmann and Coffman, 1989). The lwadretween both Th-subsets is thought
to be pivotal in determining the outcome of an inm&uesponse towards an infectious
organism (Breytenbach et al.,, 2001) and is theeefcnitical for host defense and the
pathogenesis of immune-mediated diseases (Agntedb, 2003; McGuirk and Mills, 2002).

Thl cells mainly produce IFM- IL-2, TNF-a, and IL-12, while Th2 lymphocytes
predominantly release IL-4, IL-13, IL-10, and IL48owever, both TNFx and IL-10 can be
secreted by Thl and Th2 cells (Romagnani, 199%ikiatet al., 1995). The development of
Thl and Th2 cells from a common undifferentiatedcprsor is regulated at many levels
(Agnello et al., 2003). Some examples for thosaraeractions of peptide antigen with the T
cell receptor (TCR), cytokine signaling, actions aaf-stimulatory molecules, induction of
transcription factors, and antigen dose (Agnellalet2003; Rothoeft et al., 2003; Farrar et
al., 2002; Ben Sasson et al., 2001; Murphy e2800; Ausubel et al., 1997; Carballido et al.,
1997; Kuchroo et al., 1995; Prabhu Das et al., 19854 activates the Janus kinase 1 (JAK1)
and JAK3, leading to activation of the signal tdurser and activator of transcription 6
(STAT6), whereas IL-12 activates JAK1 and TYK2 coaiithg to STAT4 activation (Santana
and Rosenstein, 2003). STAT6 and STAT4 are ess$éntithe development of Thl and Th2,
correspondingly (Anderson et al., 2003). IL-4 dsvibe development of the Th2-system. IL-
12 is in most cases not necessary for maintainingy responses once Thl responses are
induced (Gazzinelli et al., 1994). Instead, IfRI-signaling is required for Thl further
differentiation (Tau et al., 2000). Binding of IFN© its receptor IFNR activates JAK1 and
JAK2, leading to phosphrylation of STAT1 (Bach &t 4997). In addition to STAT4 and
STAT6, there are some other transcription fact@ectic for Th1l/Th2 systems. They are
GATAS3 and c-Maf in Th2 cells as well as ERM and 8- Th1 cells (Murphy et al., 2000).
IFN-y and IL-4 were characterized as the key cytokirfeth® Thl and Th2 system due to
their roles in the differentiation and developmehthe Th1/Th2 system. The ratio between
both major cytokines is thought to implicate thdabhae between both Th1l/Th2 systems
(Giannakoulas et al., 2004, Li et al., 2003; Sakatral., 2002). Newly, the IFMIL-10 ratio

is likewise regarded as an indicator of Th1l/Th2abeé in various viral infections ((Avery
and Hoover, 2004; McElhaney et al., 2004; Zharg.e2000)).
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The Thl system induces cell-mediated immune regsoasd is associated with inflammation
and tissue destruction that leads to organ-speaiftoimmune diseases (Chen et al., 2000;
Golding and Scott, 1995). On the contrary, the HBy8tem promotes humoral immune
responses, allergic reactions to environmentagjani as well as anti-inflammatory activities
(Chen et al., 2000; Mosmann and Sad, 1996). Aatinatf Th2 cells may inhibit the central
nervous system (CNS) inflammation and limit theinag effects of Thl-mediated immunity
(Chen et al., 2000; Racke et al., 1994).

2.2.1 Th1l cytokines and their principal biologicafunctions
2.2.1.1 IFN-y the major Thl cytokine

IEN-y is a40-50 kDa homodimer with 146 amino acids. The human Nrf§kne contains four
exons and maps to chromosofi@e24.1(Naylor et al., 1983). IFN-is produced by Th1 cells,
natural Kkiller (NK) cells (Trinchieri, 1995), NK €ells, CD8+ T cells, T cells expressigh
T-cell receptors (TCRs) (Almanzar et al., 2004; WNlwegiani et al., 2004,
Lertmemongkolchai et al., 2001), macrophages/mamscylendritic cells (DCs), and B cells
(Della et al., 2004; Durali et al., 2003; Airoldi &., 2000; Ohteki et al., 1999). The IFN-
receptor (IFNYR = CD119) is composed of a ligand bindmghain and a signaling chain
(Bach et al., 1997). IFNR signaling is required for Thl differentiation (lat al., 2000).
IFN-yR are expressed on all types of human cells exoeptire erythrocytes. The IF)R
gene maps to human chromosome 6 (Pfizenmaier,e1388). Signaling through IFMR
utilized the JAK/STAT pathway. Binding of IFM-to its receptor induces receptor
dimerization and activation of JAK1 and JAK2 thatnuit and phosphorylate STAT1 (Bach
et al., 1997).

IFN-y & CNS

In the CNS, IFNy is mainly responsible for the activation of midiagcells, induction and
up-regulation of the major histocompatibility corplll (MHC-II) antigens in all three types
of glial cells including astrocytes, oligodendraeytas well as microglial cells (Neumann et
al., 1996; Colton et al., 1992; Satoh et al., 198dipvic et al., 1990). In addition, IFM-also
exerts several impacts on astrocytes: inductiomoe$timulatory molecules, conversion of
astrocytes into effective antigen-presenting-calPC), promotion of inducible nitric oxide

synthase (iINOS) transcription, elevation of nitmkade (NO) production, induction of TNé-
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MRNA and protein (Dell’'Albani et al., 2001; Nikcekiet al., 1997; Neumann et al., 1996;
Hewett et al., 1993; Lee et al., 1993; Colton et H92; Satoh et al., 1991; Vidovic et al.,
1990; Chung and Benveniste, 1990; Pfizenmaier.etl8B8). All neurons seem to express
IFN-yRa and exposure to IFMinduces cell surface expression of MHC-I protéiiemann

et al., 1997). IFN¢ appears to play a potential role in neuronal dgwekent since it promotes
neurite outgrowth and matures neurofilament progipression which are usually associated
with neuronal differentiation on cultured hippocahpnd cortical neuroblasts (Barish et al.,
1991).

IFN-y & PS

IFN-y has antiviral and antiparasitic activities. Howg\tbke main biological activity of IFN-
appears to be immunomodulatory. In contrast, therdFNs are mainly antiviral (Schroder et
al., 2004). IFNy stimulates the expression of CD4 in T-helper catld is a modulator of T-
cell growth and functional differentiation (Boehrmas., 1997). IFNy inhibits the growth of
B-cells induced by IL4 and the production of IgGddalgE elicited by IL4 in bacterial
lipopolysaccharides (LPS) stimulated B-cells (Galand Dunnick, 1993; Snapper and Paul,
1987). IFNy regulates the expression of MHC-II genes in calthsas B cells, DCs, and
professional APCs and is the only IFN that stimegahe expression of these proteins (Mach,
2002). In macrophages, IFNstimulates the release of reactive oxygen spédwdner et al.,
2000) and up-regulates IL-1, IL-1RA, IL-6, IL-8, -10, IL-12, TNFe, IFN-a, IFN-y,
monocyte chemoattractant protein 1 (MCP-1), MCR¥&crophage migration inhibitory
factor (MIF), macrophage colony stimulating fac{®i-CSF), granulocyte-CSF (G-CSF),
granulocyte macrophage-CSF (GM-CSF), macrophadenmfatory protein 1 (MIP-1), MIP-
2, leukocyte inhibitory factor (LIF), oncostatin KOSM), and TGH3 (Cavaillon, 1994).
Furthermore, IFN¢ also regulates a number of genes which containdfiiNulated response
element (ISRE) or IFN response sequence (IRS) mvitheir promoter regions; several of

those genes are themselves components of transoripttors (Boehm et al., 1997).

2.2.1.2 1L-2: T cell growth factor

IL-2 was first described as “T-cell growth factort;is a protein of 133 amino acids with a
molecular weight oll5 kDa (Malek, 2003). The main secretory source of IL-#his T-helper
cell, particularly naive T cells and Th1l cells. Tin@nan IL-2 gene contains four exons and
maps to human chromosomg26-28 (Sykora et al., 1984).

IL-2R
14



Three different types of IL-2Rs with high, internmegt@, and low affinity are distinguished.
They are expressed differentially and independentlye high-affinity IL-2R consists of
subunits IL-2Rx (p55), IL-2R3 (p75), and & chain (64 kDa). The intermediate-affinity IL-
2R comprises IL-2R andy chain, while the low-affinity IL-2R contains sofelL-2Ra. IL-
2Ra functions as a T-cell activation (TAC) antigen;2BRB as the ligand binding domains,
andy chain as a signaling component. M&ubunit is required for the generation of high and
intermediate affinity IL-2R, but does not bind ILbY itself (Minami et al., 1993). The genes
encoding these three subunits map to human chram®40p14-15, 22q11.2-12, and Xq13,
respectively. Besides, activated lymphocytes cowiiisly secrete 42 kDa/55 kDa fragment

of the TAC antigen, a soluble IL-2 receptor (sIL)2Rvhich circulates in the serum and
plasma (Miska and Mahmoud, 1993; Pizzolo et al92)9Brain IL-2Rs are enriched in the
hippocampal formation, an area critical for the wasijon and consolidation of spatial
learning and memory (Petitto et al., 1999).

Producing cells of IL-2

IL-2 is produced mainly by activation of CD4+ T4se(de Waal et al., 1993c; Ferrer et al.,
1992). Resting cells do not produce IL-2. Theredetectable levels of IL-2-like material in
the hippocampus, striatum, and frontal cortex; hawespecific IL-2 binding sites were
observed only in the hippocampus (de Waal et 8P3¢&; Ferrer et al., 1992; Araujo et al.,
1989).

Biological activities

IL-2 is a growth factor for all subpopulations oflyinphocytes (Abbas, 2003). It is an
antigen-unspecific proliferation factor for T-cellgat induces cell cycle progression in resting
cells and thus allows clonal expansion of activatdgmphocytes (Malek, 2003). This effect
is modulated by hormones such as prolactin (Moetrad., 1998). In addition, IL-2 mediates
multiple biological processes including growth atitferentiation of B cells, generation of
lymphokine-activated killer cells, augmentation K cells (Wustrow, 1991), In the CNS,
IL-2 stimulates the growth of oligodendroglial eelh vitro (Benveniste and Merrill, 1986),
modulates N-methyl-D-aspartate receptors (NMDA-Rhative mesolimbic neurons (Ye et
al., 2001), and influences mesocorticolimbic dopsnrelease (Ye et al.,, 2001). IL-2
damages the blood-brain-barrier (BBB) and the itg@f the endothelium of brain vessel
(Ellison et al., 1987); however, it does not crtss BBB via a saturable transport system
(Waguespack et al., 1994)

2.2.1.3 1L-12: guide of Thl devel opment
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IL-12 is a heterodimeri@0 kDa glycoprotein (IL-12p70) consisting of a 40 kDa salb (IL-

1283 or IL-12p40, 306 amino acids) and a 35 kDa sub(lh#l2a or IL-12p35, 197 amino
acids) (Liu et al., 2003; Li et al., 1996b). Theotgenes encoding IL-12p40 and IL-12p35 are
unrelated and located on separate chromosoby3i-33 and 3p12-13.2) in humans; their
expressions are regulated independently of eachr diBieburth et al., 1992). IL-12 is
primarily produced by (1) phagocytic cells and &2tigen-presenting cells (APC) such as
monocytes, dendrite cells (DC), activated B lymphes, and to a lesser extent by (3) T-cells
(Schultze et al., 1999; Heufler et al., 1996; Thieci, 1995).

IL-12R

The IL-12 receptor (CD212), about 110 kDa, is cosgubof IL-12R81 and IL-12H82 chains
(Presky et al., 1996b). Binding of IL-12R activatde JAK-STAT pathway of signal
transduction. Signaling transduction through IL-12Rluces tyrosine phosphorylation,
primarily of the Janus family kinases JAK2 and TYHK#hich, in turn, phosphorylate and
activate STAT1, STAT3, STAT4, and STAT5 (Preskyakt 1996a). STAT4 is particularly
crucial for Thl responses (Murphy et al., 1999; ldapand Grusby, 1998; Thierfelder et al.,
1996). IL-12R is expressed mainly by activated CD4gells, CD8+ T cells, and CD56+ NK
cells, but also on other cell types such as (APCy,[B-cell lines, and certain subsets of T
cell (Airoldi et al., 2000; Grohmann et al., 19%esky et al., 1996b). Activation of T cells
through TCR up-regulates the transcription and @sgion of both chains of IL-12R; its up-
regulation, in particular that of IL-1ZR (19p13.1) (Yamamoto et al., 1997), is enhanced by
IL-12 itself, IFN-0, IFN-y, TNF, and co-stimulation through CD28. In T cells expression
of IL-12Rp2 (1p31.2-31.3) (Morton et al., 1997) is confinedThl cells and correlates with
responsiveness to IL-12 (Rogge et al., 1997; Sealab, 1997).

Biological activities of IL-12

IL-12 has effects on both innate and adaptive imensystems (Stern et al., 1996). On the
innate immune system, IL-12 induces IFNSugimoto et al., 2003). However, repeated
administrations of IL-12 are associated with peesiy elevated plasma levels of IL-10 and
declining IFNy, TNF-a, IL-6, and IL-8 responses (Portielje et al., 200BN-y operates in a
positive feedback mechanism since IfN3 turn stimulates IL-12 synthesis by phagocytic
cells (Cassatella et al., 1995). In addition, IL-aetivates NK cells, promotes NK cell
cytotoxicity, cytokine production, in particulargh levels of IFNy, and mediates NK cell

chemotaxis (Aste-Amezaga et al., 1994; Naume £1992).
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On the adaptive immune system, IL-12 has impactbaih cellular immune responses and
humoral immune responses. IL-12 is an importanstocaulus for proliferation and further
activation of fully differentiated Thl cells and NFy secretion (Germann et al.,, 1993).
However, animal models have revealed that IL-12ds an absolute requirement for Thl
differentiation or IFNy production (Magram et al., 1996). On humoral imeuesponse, a
two-step model of humoral enhancement of IL-12 praposed (Metzger et al., 1996). IL-12-
induced IFNy by Thl and NK cells mediates early switching otdls towards IgG2 with
temporal suppression of IgG1 production. Afterwaidis12 stimulates the switched B cells

to secret more antibody, regardless of their isedy{etzger et al., 1996).

2.2.1.4 TNF-a. crucial neuro-endo-immunological mediator

Tumor necrosis factor-alpha (TNF; also called cachectin, 1§ kDa and has a length of 157
amino acids (Perez et al., 1990). The gene encddm@NF-a is found within the MHC on
chromosome 6 (Schwab et al., 2003).
TNF producers
TNF-a is widely expressed in several cell types of thenune system (including B cells, T
cells, basophils, eosinophils, DC, NK, neutrophéisd mast cells), microglia, and astrocytes
(Gould et al., 2004; Nadeau and Rivest, 2000; Agghr1992).
TNF-R
There are two types of TNF receptors: TNF recepyjoe | (TNF-RI = 55 kDa = CD120a) and
type Il (TNF-RIl = 75 kDa = CD120b) (Bazzoni and Bler, 1996; Tartaglia et al., 1991).
TNF-Rs are widely distributed throughout most cedisd tissues, including the brain
(microglia, astrocytes, and oligodendrocytes) (Wilal., 1995; Tada et al., 1994; Kinouchi et
al., 1991). The expression of TNF-Rs was up-regdldy I1L-13, IFN-y, and TNFe in vitro
(Wilt et al., 1995; Tada et al., 1994; Winzen et 8093; Pandita et al., 1992; Kinouchi et al.,
1991). These two different TNF-Rs mediate distioeliular responses; TNF-RII initiates
signals for the proliferation of thymocytes andatgkic T cells, whereas TNF-RI initiates
signals for cytotoxicity and the induction of theogective activity (Schottelius et al., 2004;
Tartaglia et al., 1991). In addition, soluble TNFviras 30-fold more potent to interfere with
TNF binding to its receptors and 5 to 10-fold mguetent to inhibit TNF mediated
cytotoxicity than sTNF-RIl (Hale et al., 1995). 8ble TNF-R (STNF-R) blocks the
antiproliferative effects of TNF and, therefore, ymaodulate the harmful effects of TNF
(Aderka et al., 1992).
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Biological activities of TNFa

The biologic effects of TN are remarkably broad. For example, Thifas effects on (1)
various immune cells including monocyte/macrophadgesy. induction of cytokines,
chemotaxis, inhibition of differentiation), polynmvonuclear leukocytes (e.g. increasing
phagocytic capacity), and lymphocytes (e.g. adtwabf cytotoxic T-cell invasiveness) as
well as (2) non-immune cells (e.g. vascular end@hecells, fibroblasts, adipocytes,
endocrine system) (Schottelius et al., 2004; Hllet al., 2003). On the endocrine system,
TNF-a stimulates adrenocorticotrophic hormone (ACTH)tticotropin releasing hormone
(CRH), and prolactin, nevertheless, inhibits thgrstimulating hormone (TSH), follicle-
stimulating hormone (FSH), and growth hormone (@G&thottelius et al., 2004; Bernardini et
al., 1990).

TNF-a and CNS

TNF-a acts on the CNS to cause fever and sickness lweh&ohnson, 1977). Pro-
inflammatory activities of TNF in the brain may (1) alter BBB integrity by indaogi
expression of adhesion molecules on the surfacendbthelial cells (Barten and Ruddle,
1994; Shrikant et al., 1994a), (2) stimulate gtialls (Ruedig and Dringen, 2004), and (3)
trigger apoptosis of microvascular endothelium™\F-RI signaling (Lou et al., 1997). TNF
displays various effects on the vascular endothel{Booth et al., 2004; Ferrero, 2004),
including the release of pro-inflammatory cytokingee increase of endothelial permeability,
and up-regulation of adhesion molecules such asMQAVCAM-1, and E- selectin (Omari
and Dorovini-Zis, 2003b; Lucas et al., 1997).

2.2.2 Th2 cytokines and their essential biologicalctivities
2.2.2.1 1L-4: the key Th2 cytokine

IL-4 is a 20 kDa glycoprotein with 129 amino acids (Kuhnle et 4996). The human IL-4
gene maps to chromosontg23-31 (Dolganov et al., 1996). The IL-4 gene is in close
proximity to other genes encoding hematopoietionginofactors such as GM-CSF, M-CSF,
IL-3, and IL-5 (van Leeuwen et al., 1989).

IL-4 receptor

Two types of IL-4 receptors (IL-4R) exist, both ngi subunit IL-4R. Type | IL-4R
comprises the IL-4R and the commoly chain {c); signaling via this receptor activates
JAK1 and JAK3. They subunit of the IL2R serves as a signaling compbo(essner et al.,

2001). Type 1l IL-4R comprises IL-4Rand IL-13R; signaling via this receptor activates
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JAK1, JAK2, and TYK2 (Murata et al., 1998). IL-4nbling to either of these receptors
activates STAT6. Deficiency in IL-4R (140 kDa) impairs signaling via both types of IL-4
receptors (Jankovic et al., 2000). Mitogenic eSeaftIL-4 involve activation of IL-4-induced
phosphotyrosine substrate (4PS) (Ryan et al., 1988)le IL-4-specific gene induction
involved STAT6 (Quelle et al., 1995; Hou et al.94%

IL-4 producing cells

IL-4 is produced by mature Th2 cells, mast celts] basophils (Gauchat et al., 1993; Brunner
et al., 1993; Heller et al., 1983). The productainiL4 by non-B or non-T-cells like mast
cells is stimulated, if these cells interact wither cells via their Fc receptors for IgE or IgG
(Brunner et al., 1993; Plaut et al., 1989).

Biological activities of IL-4

The biological activities of IL-4 are species-sfiiecin which murine IL-4 acts only upon
mouse cells and human IL-4 only upon human celler(idon and Leder, 1992). Early

secretion of IL-4 leads to polarization of Th celifferentiation toward Th2-like cells

(Mosmann and Coffman, 1989). Th2 cells secrete thwn IL-4 and subsequent autocrine
production of IL-4 supports Th2 cell proliferatiohhe Th2-cell secretion of IL-4 and IL-10
leads to the suppression of Thl responses by deguiating the production of macrophage-
derived IL-12 (Morrison and Leder, 1992) and inhilg the differentiation of Thl cells
(Mosmann and Coffman, 1989). In activated B-cdlls4 stimulates the synthesis of IgG1
and IgE and inhibits the synthesis of 1gG3, IgGaad 1gG2b (Mathers and Cuff, 2004;
Tangye et al., 2002; Grunewald et al., 1998; Hasteal., 1993; Roper et al., 1990). This
Isotype switching induced by IL-4 in B-cells is agonized by IFN¢ (Yssel et al., 1993;
Thyphronitis et al., 1989). In addition, IL-4 hasrked inhibitory effects on the expression
and release of the proinflammatory cytokines. lalde to block or suppress the monocyte-
derived cytokines, including IL-1, TN&; IL-6, IL-8, and MIP-1x (te Velde et al., 1990; Hart
et al., 1989). In contrast to its inhibitory effecon the production of proinflammatory
cytokines, IL-4 stimulates the synthesis of theokite inhibitor IL-1RA (Vannier et al.,
1992). Furthermore, IL-4 inhibits NK cell activatianduced by IL-2 and stimulates the
proliferation of thymocytes (Che and Huston, 198drcena et al., 1991).

2.2.2.2 |L-13: sharessimilaritieswith IL-4

IL-13 is a 132-amino-acid long protein of abdit kDa. The human IL-13 gene has been
mapped close to the IL-4 gene on chromos&gil (Izuhara and Arima, 2004; Smirnov et
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al., 1995; McKenzie et al., 1993). IL-13R comprigbdee components: IL-13R IL-4Raq,
and the commogw chain of IL-2R (IL-2R)). IL-13Ra again contains IL-13&L and IL-13Rx2
(Roy et al., 2002b). IL-13®R chain alone has weak binding activity for IL-18-13Ral
binds IL-13 with subsequent recruitment of ILetfo efficiently transduce a signal, whereas
the IL-13Rx2 can bind IL-13 in the absence of IL4RIL-4R and IL-13R share more
components including IL-4&®R IL-2Ry, and STAT6 (Blanchard et al., 2004; Terabe et al.,
2004). JAK2 is associated with IL-4Rand TYK2 is associated with the IL-18R
component of the IL-13R complex (Roy et al., 2002a)man B-lymphocytes and monocytes
expressed a very small number of IL- 13R, whildingsor activated human T cells expressed
little or no IL-13R (Obiri et al., 1995). IL-13 cquetes for IL-4 binding, while IL-4 does not
compete for the IL-13 binding on some cell type®i(Cet al., 1995). IL-4 does not always
bind well to cells that bind IL-13, but the reversealso true. IL-4 can compete more
effectively for IL- 13R binding than IL-13 itselfL-4Ra also participates in the formation of
the IL-13R complex in some cell types (Obiri et &4B97).

IL-13 producing cells

Murine IL-13 is produced primarily by activated Fh&lls, while in humans IL-13 is secreted
by CD4+ and CD8+ T cells. In CD4+ T cell cloned, &0, Thl-like, and Th2-like subsets
released IL-13 following antigen-specific or polyel activation (de Waal et al., 1993b).
Moreover, mast cells, basophils, eosinophils, Nkscand DC were also reported to produce
IL-13 (lzuhara and Arima, 2004; Hoshino et al., 99%aint-Vis et al., 1998; Peritt et al.,
1998; Gibbs et al., 1996; Li et al., 1996a; Burdakt 1995). In the CNS, although human
microglia stimulated by LPS did not produce IL-I®jman microglia did express mRNA
transcripts for IL-13R2 (Lee et al., 2002; Wu and Low, 2002).

IL-13 biological activities

IL-13 and IL-4 share a common cellular receptordRa; this accounts for many of the
similarities between these two anti-inflammatoryo&ynes (Kotowicz et al., 1996; Callard et
al., 1996; Zurawski et al., 1993). IL-4 and IL-23ase only 20% to 25% primary amino acid
homology, but the majon-helical regions which are essential for their\attiare highly
homologous (de Waal et al., 1993a; de Waal etl8P3b). Both IL-4 and IL-13 induce IgE
class switching in B cells (Punnonen et al., 19@8hance monocyte/macrophage antigen
presentation  ability, = down-regulate inflammatory todyne  production by
monocytes/macrophages, produce anti-inflammatoryecotes (de Waal et al., 1993b),
chemokines (Fujii-Maeda et al., 2004; de Waal et #93b), adhesion molecules such as

VCAM-1 (Bochner et al., 1995), and suppress apoptfBangye and Raison, 1997). The
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principal functional difference between IL-4 and1B lies in their effects on T celld -4 is a
dominant mediator of Th2 cell differentiation, pfetation, and activity, whereas IL-13 has
minimal effects on T-cell function (Wynn, 2003; ZAwski and de Vries, 1994). Surprisingly,
both IL-4 and IL-13 are also potent enhancers ef2Lproduction by human peripheral blood
mononuclear cells (Bullens et al., 2001; D'Andreéaak, 1995). In addition, IL-13 was
suggested to act as a proinflammatory cytokindhéenldrain since IL-13 could regulate LPS-

induced sickness behavior (Bluthe et al., 2001).

2.2.2.3 1L-10: primary anti-inflammatory/inhibitory cytokine

IL-10 is a 18 kDa homodimeric protein having a lgngf 160 amino acids (Haddad et al.,
2003; Powell et al., 2000). It is initially found aytokine synthesis inhibitory factor (CSIF)
(Haddad et al., 2003; Opal et al., 1998; Lalaralet1997; Howard et al., 1992). The human
IL-10 gene contains four exons and maps to chromesb (g931-32) (Haddad et al., 2003).
Human IL-10RI (IL1LORA) is a 90-110-kDa protein thatexpressed on a limited number of
cell types (Liu et al., 1994). Human IL-10RII (ILR®) is a 60-kDa protein that contains 325
amino acids. IL-10RI is associated with STAT3/JAKghile IL-10RII is associated with
TYK2 kinase (Kotenko et al., 1997). The human IIR1Gnd IL-10RII genes are located
within chromosome 111@g23.3) and 21 21g22.1), respectively (Reboul et al., 1999;
Taniyama et al., 1995).

IL-10 producing cells

IL-10 is produced by murine Th2-cells, but not Td€ells. In humans, IL-10 is predominantly
secreted by activated CD8+ T cells, CD4+ T ceks€émbling ThO, Thl, and Th2) after both
antigen-specific and polyclonal activation (Rebetlal., 1999; Taniyama et al., 1995; Yssel
et al., 1992), and secondarily also by macrophagesicytes following activation by
bacterial lipopolysaccharides (LPS) as well as gsticells (Haddad et al., 2003). The
synthesis of IL-10 by monocytes is primarily andeefively inhibited by IL-4 and IL-10
(Haddad et al., 2003).

Biological activities of IL-10

IL-10 is a pleiotropic cytokine with important immaregulatory functions whose actions
influence activities of many cell-types in the immeusystem (Gallagher et al., 2000). It exerts
inhibiting effects on distinct immune cells, padiiarly on T, B, NK cells, and monocyte/

macrophages.
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On T cells IL-10 inhibits the synthesis of Thl cytokines lswas IFNy, IL-2, and TNFB (De
Smedt et al., 1997). The effect on IfNelease appears to result from the IL-12 supprassi
by accessory cell (Haddad et al., 2003; D'Andreal.et1993). Additional effects on T cells
include: (1) inducing CD8+ T cell chemotaxis, (Bhibiting CD4+ T cell chemotaxis towards
IL-8 (Gesser et al., 1997), T cell apoptosis vi&Bap-regulation (Alas et al., 2001) and IL-2
production following activation (Taga et al., 1998 Waal et al., 1993c) as well as (3)
interrupting T cell proliferation following low aigien exposure accompanied by B7/CD28
co-stimulation. Besides, IL-10 exerts various @Bean B cellsas well: (1) initiating B cell
differentiation and growth (Weiss et al., 2004hland Hirohata, 1995; Rousset et al., 1992),
(2) inducing/enhancing IgA and IgM (Austin et &0Q03; Armitage et al., 1993; Rousset et
al., 1992), (3) directly switching IgG isotypes diaebeing able to induce IgG1 and IgG3 in
humans in the absence of TBHBeniguel et al., 2003), and (4) having divergeffiects on
IL-4-induced IgE secretion. If IL-10 is presentthé time of IL-4 induced class switching, it
reverses the effect; if it is present after IgE odtment, it augments IgE secretion (Jeannin et
al., 1998). The synthesis of immunoglobulins indudy IL-10 is antagonized by TGF-
(Armitage et al., 1993). On NK cellH -10 (1) facilitates IFNy secretion in NK cells primed
by IL-18 (Cai et al., 1999), (2) potentiates ILs#Huced NK cell proliferation (Carson et al.,
1995) and (3) NK cell cytotoxicity, in concert wibdoth IL-12 and/or IL-18 (Cai et al., 1999;
Micallef et al., 1999). Nevertheless, IL-10 enhanbi cell production of IFNg but inhibits
macrophage production of IFWinducing factors (Shibata et al.,, 1998). On
monocyte/macrophagel -10 (1) inhibits various cytokines and chemadsnincluding IL-6,
TNF-q, IL-12, MIP-1a, and MIP-2x (Tryzmel et al., 2003; Clarke et al., 1998; de Waaal.,
1991), (2) reduces cell surface MHC-II expressi@hadban et al., 1998), and (3) inhibits
prostaglandin E2 (PGE2) stimulated by LPS (Niiralet1994). Additionally, IL-10 and IFN-

y antagonize each other’s production and functiolaman monocytes (Chomarat et al.,
1993).

2.2.2.4 1L-6: essential neuro-endo-immunological mediator

IL-6, also called IFN32/B-cell stimulatory factor 2/hepatocyte stimulgtifactor (Ferguson-
Smith et al., 1988), is 26 kDa protein with 185 amino acids (Conti et al., 200B)e human
IL-6 gene contains five exons and maps to humaonsbsome/pl5-21(Ferguson-Smith et
al., 1988). The IL-6R is a protein & kDa (Fujisawa et al., 2002). IL-6R consists of 2

chains: IL-6Rx and IL-6F3. The IL-6/IL-6R complex associates with a 130-kDa
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transmembrane glycoprotein (gp130). Glycoprotei@ i3involved in signal transduction.

The IL-6R is expressed on various cell types suhymphocytes, monocytes, fibroblasts,
vascular endothelial cells, and pituitary cellsrifBa, 1997). In addition, soluble IL6 receptor
(sIL-6R) enhances the effect of IL-6 (SchobitzletE995).

IL-6 producing cells

Many different cell types produce IL-6. The mainus®s in vivo are stimulated

monocytes/macrophages, fibroblasts, and endothedléé (Coil et al., 2004; Dalal et al.,

2003; Ng et al., 2003; Soderquist et al., 1998;hfaet al., 1990). Additionally, T-cells, B-

lymphocytes, eosinophils, mast cells, astrocytew] microglia also produce IL-6 after

stimulation (Azzolina et al., 2003; Delgado et 2D03; Inoue, 2002; Diehl and Rincon, 2002;
Hoenstein et al., 2001; Lorentz et al., 2000; leteal., 1989). IL-6 mMRNA was found to be
generally low in the brain (Schobitz et al., 1998)yas present in the hippocampal formation
with highest signal in the dentate gyrus, habenaolarleus, piriform cortex, hypothalamus,
and striatum (Chen et al., 2003; Gadient and Oft884; Schobitz et al., 1992).

Biological activities of IL-6

IL-6 is involved in regulating a wide variety of mune functions, such as B- and cytotoxic
T-cell differentiation, induction of IL-2 productioand IL-2R expression in T cells, T cell
growth, acute-phase reactions, and hematopoies@sn@®] 1998; Taga and Kishimoto, 1997).

Newly, Diehl and Rincon (Diehl and Rincon, 2002pgested that APC IL-6 promotes Th2
differentiation and simultaneously inhibits Thl gatation through IL-12 independent
molecular mechanisms. IL-6 activates transcriptrordiated by the transcription factor
Nuclear Factor of Activated T cells (NFAT), leaditm IL-4 production by naive CD4+ T
cells and their differentiation into effector Thells. The induction of Th2 differentiation by
IL-6 is dependent upon endogenous IL-4. In addjtibré binds to IL-6Ry, leading to the
dimerization of gp130/IL-6R (Brakenhoff et al., 1995). Dimerization of gpl39 W-6
causes the activation of two signaling pathway$:tlie JAK/STAT pathway and (2) the
CCAAT/enhancer binding protein (C/EBP) pathway (Wi et al., 2000; Heinrich et al.,
1998). IL-6 inhibits Thl differentiation via the BASTAT1 pathway by inducing the
suppressor of cytokine signaling 1 (SOCS1) expoesg¢biewert et al., 1999). IL-6 up-
regulates SOCS1 expression in activated CD4+ Ts,céllereby interfering with signal
transducer and activator of transcription 1 (STATHosphorylation induced by IFX-
Inhibition of IFN-yR-mediated signals by IL-6 prevents auto-regulat@inIFN-y gene
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expression by IFN+during CD4+ T cell activation, thus preventing Tdifferentiation. This
pathway is IL-4- and IL-12-independent (Diehl andd®n, 2002).

Furthermore, IL-6 exerts distinct effects on the SCNthey include activation of the
hypothalamic-pituitary-adrenal axis (HPA), reduntiof food intake, induction of fever, and
neuronal growth (Godbout and Johnson, 2004; Pa#h,e2000). IL-6 induces nerve growth
factor (NGF) in astrocytes, enhances NGF-stimulaigdocyte proliferation (Levison et al.,
2000; Marz et al., 1999; Schafer et al., 1999; Kuam et al., 1996), promotes survival of the
mesencephalic catecholaminergic and septal chglmereurons in vitro (Kushima and
Hatanaka, 1992; Hama et al.,, 1991), and attenubhteseurotoxic effects of NMDA on
striatal cholinergic neurons (Toulmond et al., 1992
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3 Th1/Th2 cytokines in schizophrenia

3.1 Possihilitiesfrom peripheral viral infectionsto CNS disorders

The concept that the central nervous system (C8l&h iimmunological privileged site due to
lack of immunocompetent cells and antigen presemgier se has dominated the relevant
field for decades; the blood-brain-barrier (BBB)stx between the CNS and the peripheral
system and prevents the entrance of large proagiddeukocytes into the CNS (Engelhardt et
al., 1997). Lately, growing evidence supports thesiilities of peripheral viral infections to
develop diseases in the CNS, despite of the bleckithe BBB.

3.1.1 Permeability of the blood-brain-barrier (BBB)

3.1.1.1 Under certain pathological conditions

The BBBis under certain pathological conditions permeahbleh as brain damage, infections
or application of prostaglandins (PGE) (Jaworowidez, et al.,, 1998), other inflammatory
mediators, viral, bacterial, parasitic compoundsg@&amps et al., 2003), or products of tissue
damage such as arachidonic acid (Unterberg efl@87). The most profound activator of
inflammatory cytokine expression in the brain isndge to the CNS; that is, mechanical
injury, inflammation, neurotoxins, ischemia or icfien causing an increase in the
concentration of several proinflammatory cytokifesy. IL-1, TNFe, IL-6) in the CSF and
in the brain (Merrill and Benveniste, 1996b; Hopkiand Rothwell, 1995a). Brain injury
induced BBB dysfunction is mediated by intra-ceatloreutrophil accumulation, chemokine
release (e.g., IL-8), and upregulation of adhesiwlecules (e.g., ICAM-1) (Otto et al.,
2000).

3.1.1.2 No barrier in few places of the CNS

In addition, the brain's three sensory circum-vealar organs including the subfornical
organ organum vasculosum of the lamina terminadisd the area postrertack a functional

BBB; they are the only regions in the brain in whiteurons are exposed to the chemical
environment of the systemic circulation (McKinley al., 2003). Cytokines from the

peripheral system may also affect the brain atdlsigs.
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3.1.1.3 Changeability of BBB permeability

Furthermore, some cytokines can have an effecherpermeability of the BBB and/or act,
probably indirectly, as vasomodulator agents of ¢keebral microvessel endothelium. For
instance, injection of IL-2 and IL-6 significantinhances the permeability of the BBB, while
injection of TNFa reduces it (Saija et al., 1995). Neutrophils wese/ly found to be able to
reduce or increase permeability of the BBB, depamdipon their proximity and migration
through the endothelium (Inglis et al., 2004).

3.1.2 CNS expresses cytokines and their receptors

The CNS expresses cytokines and their receptorsegodt can produce cytokines such as IL-
1, IL-6, TNF, IFN-y, and lymphotoxin-alpha (L) during the inflammatory response or
even during their normal development. Normal unstated human microglia expressed
constitutively mRNA transcripts for IL, IL-6, IL-8, IL-10, IL-12, IL-15, TNFe, and IFNy
(Lee et al., 2002; Morris and Esiri, 1998), whiteatment with lipopolysaccharide (LPS) or
amyloid 3 peptides (8) led to increased expression of mMRNA levels oB|LHL-10, IL-12,
and TNFea as well as elevated protein levels of I;1L-8, and TNFe (Lee et al., 2002).
Activated microglia, therefore, represents a sowfceytokine producing cells in the CNS
(Benveniste, 1997; Gehrmann, 1995). In additiorméw microglia also expressed mRNA
transcripts for IL-1RI, IL-1RII, IL-5R, IL-6R, IL-&, IL-9R, IL-10R, IL-12R, IL-13R, and
IL-15R (Lee et al., 2002). IL-1R, IL-2R, IL-6R, IZR, IL-12R, TGBBR, TNF-R, and a
number of growth factors have been localized in lthein being expressed at the highest
levels generally in the hippocampus and hypothatafMehler and Kessler, 1997; Hopkins
and Rothwell, 1995b; Otero and Merrill, 1994). lRermore, astrocytes express not only the
MRNA of sIL-4R but also IL-4R; nevertheless, they do not secret IL-4 (Barnd.e@01;
Brodie et al., 1998).

3.1.3 Presence of APC equivalents in the CNS

Microglia and astrocyteare the APC equivalents in the CNS. Microglialcare one type of

highly differentiated and quiescent tissue macrgpka they are located within the CNS
parenchyma (Kielian, 2004; Cosenza et al., 2002yn&h microglial cells exhibit cell-type-
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specific antigens for macrophage/microglia lineagés including CD11b (Mac-1), CD68
(macrophage antigen), B7-2 (CD86), human leukoaptegen-ABC (HLA-ABC), HLA-DR,
ricinus communis aggulutinin lectin-1 (RCA-1), CD{Bukocyte common antigen), CD64
(Fc receptor), CR3 (complement type 3 receptory 8HC (major histocompatibility
complex) class | and Il (Lee et al., 2002; Kreutghd996; McGeer et al., 1993; Thomas,
1992). MHC-II molecules are essential for lymphecgevelopment, antigen presentation, the
activation of APC and T-cells (Clark, 1995). Updimlation with Th1l supernatants or IFN-
Y, microglia express CD80, CD86, MHC-II, CD40, adlwsercellular adhesion molecule-1
(ICAM-1 = CD54) and efficiently present antigen deey to T cell proliferation and
production of IL-2 and IFNr by Thl as well as release of IL-4 by Th2 cellsgi8e et al.,
2003; Aloisi et al., 1998).

Astrocytes are the most numerous cell type andnibgr glial cell type within the CNS
(Croitoru-Lamoury et al., 2003; Dong and Benvenig@01). Astrocytes can be induced by
TNF-a, IL-1, and IFNy to express ICAM-1, MHC-I, MHC-II, vascular cell lagsion
molecule-1 (VCAM-1), and leukocyte function-assteth antigen-3 (LFA-3 = CD58)
(Ballestas and Benveniste, 1995; Hery et al., 1998&ber et al., 1994; Shrikant et al., 1994b;
Williams, Jr. et al., 1993). Activated lymphocytsd monocytes can bind to astrocytes in an
ICAM-1 dependent manner (Hery et al., 1995). Desghitit IFNy-treated astrocytes express
MHC-1I and ICAM-1 and present antigens less effithg to Thl cells, but they were as
efficient as microglia in inducing IL-4 secretiory @h2 cells (Aloisi et al., 1998). So,
astrocytes are also regarded as immunocompeteid wathin the brain (Dong and
Benveniste, 2001).

3.1.4 CNS produces adhesion molecules required flmukocyte migration

The CNS also expresses or produces the adhesi@atuhed required for leukocyte migration.
The CNS resident glial cells such as microglia asttocytes, neurons, and brain vascular
endothelial cells were found to express ICAM-1 &f@AM-1 (Hery et al., 1995; Brosnan et
al., 1995; Sobel et al., 1990). TMFK-also produced by the brain itself, is the mogtantant
cytokine being able to up-regulate ICAM-1 and VCAIVENd, thus, influences the adhesive
properties of both astrocytes and brain endotheliiona lesser extend, IFiland IL-1 also
showed such effects (Merrill and Benveniste, 199@aCarron et al., 1993). Cytokines

initiate the inflammatory response first throughregulation of several adhesion molecules

27



in the BBB endothelium such as selectin E, seleRfilCAM-1, and VCAM-1. Particularly,
VCAM-1 expression at the BBB is essential for lecye entry. ICAM-1 is involved in cell
extravasation into inflamed tissue and is, theesforucial for antigen presentation to T cells
and required for a complete activation of T ceigo6on et al., 2004; Omari and Dorovini-Zis,
2003a; Bernardes-Silva et al., 2001; Engelhardtlet 1997; Engelhardt et al., 1995).
Moreover, induction of ICAM-1 and VCAM-1 by cytoles on the CNS resident glial cells
such as astrocytes, microglia, and neurons mayegutiammatory leukocytes to express
LFA-1/Mac-1 and/or late activation antigen-4 (VLA-#hto and through the brain, thereby
further contributing to impairment of the BBB (Hailet al., 1998; Hery et al., 1995).

3.1.5 Facts: migration of peripheral immune cellslirough the BBB

Recent evidence suggests that activated T cellssdime intact BBB and that a series of
immunological events is initiated when T cells rgeize antigens in the CNS (Toda, 2003).
Monocytes were also shown to be able to migratesschuman brain-derived endothelial
cells (HBEC) in the absence of inflammatory comudi, at rates exceeding those of
lymphocytes (Seguin et al., 2003). Another in vitnodel demonstrated that Thl and Th2
cells migration were differently regulated by HBE®@igration of both lymphocyte subsets
was dependent on LFA-1/ICAM-1 interaction on HBEQ@ ahe BBB; the BBB seemed to
favor the migration of Th2 cells (Biernacki et &001).

The BBB is thus no more a “forbidden city” for prand anti-inflammatory cytokines. It is,
hence, possible to develop a disease in the CNiSasischizophrenia from a peripheral viral

infection during the pre- or peri- or post-natahpé.

3.2 ThlTh2 cytokinesin schizophrenia
3.2.1 Th1 abnormalities in Schizophrenia

3.2.1.1 IFN-y reduced in diverse schizophrenic subgroups

So far, no report relating to Th1/Th2 ratios in igobhrenia was published. Findings

regarding Th1/Th2 cytokines in schizophrenia anm@ous, nonetheless, contradictory.

IFN-y in vitro production

The vast majority of studies showed redugedvitro IFN-y production in schizophrenia

(Kaminska et al., 2001; Rothermundt et al., 200@lteet al., 2000; Rothermundt et al., 1998;
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Arolt et al., 1997; Wilke et al., 1996; Hornbergadt 1995; Katila et al., 1989; Moises et al.,
1985). The decrease in IRNin the study of Hornberg et al. (1995) simply doitad a trend
to be significant, while the reduction in the studyatila et al. (1989) was not noticeable. As
a matter of fact, most of the studies cited abomeestigated only a subgroup of
schizophrenics. The studies of Kaminiska et al0{3Gnd Wilke et al. (1996) included only
or mainly paranoid schizophrenics, that of Arolakt(2000) contained schizophrenics having
positive family schizophrenic history, and that Réthermundt et al. (1998, 2000) merely
consisted of acute schizophrenic patients. Thezephrenic subjects included in the study of
Katila et al. (1989) were mixed with drug-naive amdonic patients. Only Wilke et al. (1996)
found the reduction observed not only in paranctdzophrenics but also in the whole group
of schizophrenic patients including paranoid andidwal schizophrenia. Moreover, the
decrease of IFN-in vitro secretion in acute schizophrenics remaickear even if compared
to the first-degree relatives of schizophrenicso{Aet al., 1997). Nevertheless, three further
reports from Cazzullo et al. (Cazzullo et al., 2002zzullo et al., 2001; Cazzullo et al., 1998)
revealed different results; two studies (2001, 208Bowed _enhancedFN-y in vitro
production, while one (1998) revealed no alteratibine patients participated in those three
studies of Cazzullo et al. (2002, 2001, 1998) waostly paranoid schizophrenics, drug-free
schizophrenic subjects, and chronic patients withzephrenia, respectively.

Serum IFNy

To date, three studies investigating serum iFBhowed_no diversitpetween the whole
schizophrenic group or any schizophrenic subgrawp feealthy controls (Kim et al., 2001;
Gattaz et al., 1992; Becker et al., 1990), while gvealed a remarkable increasg@aranoid

schizophrenic patients (Kaminska et al., 2001).

3.2.1.2 IL-2: controversial

On the contrary, the findings in connection witho#rer Thl cytokine IL-2 that is often
deemed as an indicator of T-cell activation weneti@yersial.

IL-2 in vitro production

Some studies investigated drug-naive schizophreamck revealed decreas#id?2 in vitro
production (Ganguli et al., 1995; Ganguli et a92; Villemain et al., 1989). Nevertheless,
some other studies examined drug-free schizophpatients and showed the same results as
those from drug-naive patients (Zhang et al., 2082a et al., 1998). Similar findings were
also reported in acute schizophrenics (Rothermandt., 1998; Ganguli et al., 1992). Other
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studies without further characterizing their scpizenic subjects demonstrated similar
outcomes as well (Arolt et al., 2000; Hornberglet095; Yang et al., 1994; Ganguli et al.,
1989). However, abundant findings showed no changeitro IL-2 secretion in distinct
schizophrenic subgroups such as paranoid, residimbnic, drug-free schizophrenics,
patients dominated with positive symptoms, and zghrenics having positive family
psychiatric history (Kowalski et al., 2000; Cazpudt al., 1998; Arolt et al., 1997; Wilke et
al., 1996). And almost equal number of studies destrated an increaseldl-2 in vitro
production in paranoid, residual, drug-free/drui#aaand acute schizophrenics (Cazzullo et
al., 2002; Cazzullo et al., 2001; Rothermundt gt1898; O'Donnell et al., 1996).

Serum |L-2

Outcomes regarding serum/plasma IL-2 were alsolictnf; some studies reported of
increasessome showed no alteraticamd only one demonstrated a reductioschizophrenia
or in a subgroup with a certain feature (Ebrinalet2002; Zhang et al., 2002b; Kaminska et
al., 2001; Theodoropoulou et al., 2001; Kim et 2001; Erbagci et al., 2001; Kim et al.,
2000; Kim et al., 1998; Barak et al., 1995; Xu ét 4994; Gattaz et al., 1992). The
schizophrenic subjects in those studies statedealddfered from one another not only in
their ethnic groups but also in distinct clinicahfures.

CSF IL-2

Results concerning CSF IL-2 are rare; Barak ef18195) showed enhanced CSF IL-2, while
two other studies failed to find any diversity beem medicated or non-medicated
schizophrenics and controls in this regard (Rapagial., 1997; el Mallakh et al., 1993).
IL-2R & sIL-2R

Serum IL-2R was found to be unaltered in drug-natg@zophrenics (Villemain et al., 1989).
The findings pertaining to serum slL-2R were moosifive (increasethan negative _(no
changé in schizophrenia or in various schizophrenic sabgs (Rothermundt et al., 1998;
Maes et al., 1997; Arolt et al., 1997; Naudin et B97; Muller et al., 1997; O'Donnell et al.,
1996; Maes et al., 1996; Barak et al., 1995; Mdeal.e 1995b; Rapaport and Stein, 1994;
Maes et al., 1994; Rapaport and Lohr, 1994; Rapagtal., 1993; Ganguli and Rabin, 1989;
Rapaport et al., 1989). Newly, increased slL-2R wais® observed in siblings, but neither
fathers nor mothers, of schizophrenics (Gaughr@02p Barak et al. (Barak et al., 1995)
examined CSF slIL-2R in schizophrenics and Gaugletaral. (Gaughran et al.,, 1998)
investigated slL-2Ra subunit in patients either with schizophrenia ohizophreniform
disorders; both studies exhibited an elevation 8FGIL-2R and sIL-2R. Soluble IL-2Rx

was regarded as a marker of T-lymphocyte activadiod proliferation (Lawn et al., 2001).
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Only Kowalski et al. (Kowalski et al., 2000) fourmdreduced®HA-stimulated whole blood
sIL-2R production in drug-free schizophrenics pradwted with positive symptoms. It's
noteworthy that the results from most of the refdvatudies involved solely one

schizophrenic subgroup, but not the whole grougcbizophrenic patients.

3.2.1.3 Other Thl-related molecules

Plasma IL-12 levels were found to be higher ingras with major depression, but between
schizophrenics and healthy controls no clear diffee was shown in this respect (Kim et al.,
2002; Kim et al., 2001). Nevertheless, medicatduzephrenic patients did exhibit higher
serum IL-18 levels than their healthy counterp@renaka et al., 2000).

Neopterin is an indicator of the activity in theITtellular immune system (Gaughran, 2002).
Baseline urine neopterin of schizophrenics wascedwand raised to the same level as those
in controls after haloperidol or clozapine treatin¢Sperner-Unterweger et al., 1992).
However, Nikkila et al. (Nikkila et al., 2002) reped of no alteration in CSF neopterin at
admission and after treatment in schizophrenicAMEl is thought to be another marker for
the Thl activation (Gaughran, 2002). Schizophrgaitents were found to have more cells
expressing CD54+ (ICAM-1) (Theodoropoulou et alD02). Nevertheless, soluble CD14
(sCD14), a monocyte activation marker, was shownbéounchanged in schizophrenia
(Naudin et al., 1997).

3.2.2 Th2 alterations in schizophrenic patients

IL-4

The key Th2 cytokine, IL-4, was less well studied its barely measurable level in most
subjects by using many available analysis methB#&sults published in this regard were
limited. IL-4 in vitro production and serum levekre shown to be decreasaadd _unaltered
respectively (Kaminska et al., 2001). On the cowgiraVilke et al., (Wilke et al., 1996)

demonstrated an increaskd4 in vitro production; however, the increaseswent significant.
The only publication regarding CSF IL-4 showed thtatvas only detectable in some
childhood-onset schizophrenia, but not patientsh wabbsessive-compulsive disorder or
attention deficit hyperactivity disorder (Mittlemanal., 1997).

IL-6
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The outcomes concerning IL-6, produced by Th2 @dlsvell, showed a relative consistency.
Most studies reported (1) increaskd6 in serum, plasma, and CSF (Garver et al.,3200
Zhang et al., 2002b; Kaminska et al., 2001; van iam et al., 1999; Lin et al., 1998; Naudin
et al.,, 1997; Frommberger et al., 1997; Naudinlgtl®96; Maes et al., 1995a; Xu et al.,
1994; Maes et al., 1994; Shintani et al., 1991)g(thanced plasma IL-6R (Maes et al., 1997)
as well as (3) an augmentation in the endogenoaosistgof IL-6, sIL-6R (Lin et al., 1998;
Maes et al., 1995a). Furthermore, serum gpl30deweschizophrenics also showed a trend
to be higher, despite of the family histories ofigras (Lin et al., 1998). Nonetheless, no
changewas shown in (1) IL-6 in vitro production in paca or drug-free schizophrenic
patients (Kaminska et al., 2001; Kim et al., 199@) plasma IL-6 in drug-free male
schizophrenics and schizophrenics in remission (Ktmal., 2001; Kim et al., 2000;
Frommberger et al., 1997) as well as (3) serum @8& IL-6 in the whole schizophrenic
subjects (van Kammen et al.,, 1999; Kim et al.,, 19B8rak et al., 1995). In addition,
increased serum IL-6 was found to be associatdu dutation of illness (Naudin et al., 1997)
(Ganguli et al., 1994). It's worthy to note thaetBnhanced serum/plasma IL-6 in most of
studies stated above involved only a certain sghenic subgroup, but not the whole group

of schizophrenic patients.

Results pertaining to the association between sphiznia and IL-5 are quite rare. The only
one study showed that the CSF IL-5 levels of sgitizenics were undetectable (Mittleman et
al., 1997). Leukaemia inhibitory factor (LIF) islated mainly to Th2 (Piccinni et al., 2001).

LIF, essential for embryo implantation, can be agulated by IL-4 and progesterone
(Piccinni et al., 2000). Serum LIF-R levels in swphrenia were found to be similar to those

in controls (Maes et al., 2002).

3.2.3 Schizophrenia and Th1/Th2-produced cytokines

Both TNFa and IL-10 can be released by Thl- and Th2-ce#lsy Btudies investigating IL-
10 revealed that IL-10 in vitro production of saphrenia was similato that of controls
(Cazzullo et al., 2002; Kaminska et al., 2001; Rattundt et al., 1998). Only et al.
found (1) that IL-10 in vitro release was appaneritigher in schizophrenia and (2) that

paranoid schizophrenics had the lowest IL-10 prédocamong distinct schizophrenic
clinical subgroups (Cazzullo et al., 1998). Twatlier studies examined serum IL-10 levels;

Maes et al. demonstrated increasedum IL-10 in schizophrenia (Maes et al., 200®)ile
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Kaminiska et al. showed a reductiam paranoid schizophrenics (Kaminska et al., 2001)
Solely Mittleman et al. (Mittleman et al.,, 1997)udied CSF IL-10 and found hardly
detectable CSF IL-10 in children with schizophrenia

Outcomes regarding TN&-were contradictory. Serum or plasma ThiIFwas found to be
either increased or unaltered (Kaminska et al.120Geodoropoulou et al., 2001; Erbagci et
al., 2001; Monteleone et al., 1999; Naudin et97; Xu et al., 1994). Similar results were
obtained in terms of TNE- in vitro production (Kaminska et al., 2001; Kowal®t al.,
2001).

3.3 Effectsof anti-psychoticson Th1/Th2 cytokines

There are a number of studies examining the effettgarious neuroleptics on different
Th1/Th2 cytokines. However, none of them invesgdahe impacts of anti-psychotics on the
ratio between IFNrand any of the major Th2 cytokines including ILH4;10, and IL-13. In
the following section, the findings concerning tinluences of neuroleptic medication on
diverse Th1/Th2 cytokines were summarized in otd@&ffer an overview of the topics in this
regard.
Atypical neuroleptics & Th1/Th2 cytokines

Atypical neuroleptic and Th1l cytokines
Although the results of Rothermundt et al. and lldagt al. did not support that neuroleptic
medication might influence IL-2 and IFNm vitro production in schizophrenia (Rothermundt
et al., 2000; Katila et al., 1989), some othersasdtbthat neuroleptic medications differently
affect IL-2 production (Cazzullo et al., 1998) athdt the addition of clozapine induced sIL-

2R secretion in peripheral blood mononuclear ¢éliaze-Selch et al., 1998).

Clozapinewas shown to increasarious Thl cytokines such as IL-2, sIL-2R, IFNFNF-q,
STNF-Rp55, and sTNEp75 either in serum/plasma or in vitro productiétudolf et al.,
2002; Haack et al., 1999; Hinze-Selch et al., 1998ller et al., 1997; Maes et al., 1996;
Hinze-Selch et al., 1996; Polimacher et al., 199&es et al., 1994). However, Monteleone et
al. reported of clozapine treatment leading toducéonin TNF-a (Monteleone et al., 1997),
while Song et al. found a bi-modeffect of clozapine on IFN-in vitro production (Song et
al., 2000). 16 M of clozapine significantly increased LPS/PHA4med IFNy in vitro
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production, whereas TOM of clozapine led to a reduction in IFNsecretion in healthy

subjects (Song et al., 2000).

Another atypical neuroleptic risperidomeas shown to enhance sIL-2R (Maes et al., 1996)
and IL-2 production; nevertheless, the increase nasstatistically significant (Cazzullo et
al., 2002). The effects of risperidone on I¥Mere, nonetheless, dependent upon the length
of treatment; it firstly reduced, but later incredsIFNy release (Cazzullo et al., 2002).
However, Kim et al. did not find any effect of respdone on plasma IL-2 and IFNlevels;
but after 4-week treatment, risperidone significamnhanced plasma IL-2 levels in acute
schizophrenics (Kim et al., 2001).

Atypical neuroleptic and Th2 cytokines
Reports regarding the effects_of clozapameTh2 cytokines are rare. Clozapine was shown to
have no effect on the IL-6/sIL-6R ratios in schiamgmnia (Maes et al., 1994). Monteleone et
al. also failed to detect any effect of clozapimeptasma IL-6 (Monteleone et al., 1997). But
Maes et al. found that clozapine led to increasedims/plasma IL-6 after short-term
treatment, nonetheless, decreased IL-6R Ilevelsr git®longed treatment in acute
schizophrenic patients (Maes et al., 2002; Maed.et1997). In healthy subjects, clozapine
was found to reduce LPS/PHA stimulated whole bltdo® and IL-10 in vitro production
(Song et al.,, 2000). It was, however, shown todase serum IL-10 in subjects with
schizophrenia, although the enhancement was nuifisant (Maes et al., 2002).

Risperidonewvas newly shown to increase plasma IL-6 (Maed.ef@02), IL-10 production
(Cazzullo et al., 2002), and serum IL-10 (Maesle2802), while it exerted its effects on IL-
4 secretion in a time-dependent manner (first redoand later enhancement) (Cazzullo et
al., 2002). However, Kim et al. found no effect nidperidone on plasma IL-6 in acute

schizophrenics (Kim et al., 2001).

Olanzapinea further atypical neuroleptic, shares with cfpaa various similarities including
its chemical structure and the binding profilesdoferse neurotransmitter receptors. Both
olanzapine and clozapine were found to be ableadade transient agranulocytosis. To date,
no report about the effects of olanzapine on des¢ypical Th1/Th2 cytokines was published.
Olanzapine was shown to increase CD8+ cells, aroiitapt source of various cytokines.
However, no effect of olanzapine was observed orl4;0CD19, CD3, CD4, and CD45
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(Bilici et al., 2003). Olanzapine could have infiees on Th1l/Th2 cytokines indirectly
through its effects on CD8+ cells.
Typical neuroleptics & Th1/Th2 cytokines

Typical neuroleptics and Th1l cytokines
Results regarding the effects of typical neurotegtaloperidolon Thl parameters were
conflicting.

Haloperidol was shown either tocrease sIL-2R (Kowalski et al., 2000), IL-2 (Rudolf et. al
2002), and IFNy in vitro production (Rudolf et al.,, 2002) or tiecrease TNF-a, IL-2
(Kowalski et al., 2000) in vitro production, andww® IL-2 (Kim et al., 2000) or to have
effect on IL-2 in vitro production (Rudolf et al., 200Bpukhris et al., 1988), plasma sIL-2R,
and TNFe at a medium dosage (Pollmacher et al., 1997).if¢rease in sIL-2R levels was
higher in patients with a predominance of posityenptoms compared with those whom
dominated with both positive and negative symptdiawalski et al., 2000). In addition,
perazine anther typical neuroleptic, was found to decre@dd=-a in vitro production
(Kowalski et al., 2000).

Typical neuroleptics and Th2 cytokines
Reports regarding the effects_of haloperidnlTh2 cytokines are rare. Only Pollmacher et al.
found no influence of haloperidol on plasma IL-Gregdium dosage (Pollmacher et al., 1997).

The findings in this regard originated mostly framvitro data gained from clinical studies or
in less extent from in vivo data obtained from aaliexperiments. The problem of the clinical
data from schizophrenic subjects is that most @& patients did not have the same
experimental conditions. It occurred very frequeitiiat different patients had been treated
with different medicines for various lengths of ipei some treated with different
neuroleptics one after another, and some even uhstanct neuroleptics simultaneously. The
comparisons from the clinical data are often har@xplain. The in vivo data from animal
experiments have advantages over those from sdimeojg patients in this regard,;
nonetheless, whether the results from animals eaotally transferred to humans remains as

an unsolved issue.
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4 Questions and hypothesis

Based on the findings regarding (1) the associatimiween the increased prevalence rates in
schizophrenia and diverse epidemics of distincalvinfections a few decades ago, (2)
positive antibody titers against distinct virusasone part of schizophrenics, (3) the role of
the immune system, especially Th2-shift in variaiigl infections, (4) distinct immune
dysfunctions found in schizophrenia, and (5) thggestions of two recent reviews (Schwarz

et al., 2001b; Muller et al., 2000), the followiggestions were posed:

(1) Did a Thl/Th2 imbalance in favor of Th2-shiftccor in any subgroup of
schizophrenic patients?

(2) If yes, in which of the epidemiological and@dinical schizophrenic subgroup(s) could
a clear Th2-shift be observed?

(3) If yes, had any of those immunological and emishmlogical parameter(s) measured in
this study significantly contributed to the variascof diverse Th1l/Th2 ratios in

schizophrenia?

To the first question, we assumed that there wasast one schizophrenic subgroup having
an apparent Th2-shift. The others were open guestioo hypothesis was supposed. Th2-
shift was defined as significantheduced IFN-y/IL-4 and/orlEN-y/IL-10 and/orlEN-y/IL-

13 ratio compared to healthy subjects.

Firstly, Th2-shift was examined in the whole groof schizophrenic subjects. Then, the
schizophrenic patients were subdivided into divesglegroups according to eithgenders

(male/female) or distinct clinical features inclogli(1) paranoid/non-paranogthizophrenia,

(2) drug-naive/drug-free (pre-medicatethizophrenia, (3) patients in the first-/othesedise

episode (4) schizophrenics having different lengths_ofstwaut period(<= 1 week or=> 3

months), (5) schizophrenia with negative/positi@mily psychiatric history(6) acute/chronic

schizophrenia, (7) early/late onssthizophrenia, (8) schizophrenic patients withhAayv

scores on distinct PANSS&ubscales (negative, positive, and global), angéents having

different degrees of symptom severity. Accordingthe scores on the Clinical Global

Impressions €Gl: National Institute of Mental Health) at admissi@t discharge, and the

difference between both time points, schizophrgratients were clustered into different
36



subgroups with distinct symptom severity. Moreovtre effects of_nicotine abusen

Th1/Th2 cytokines were also scrutinized becausad believe to have impacts on cytokines.

In addition, despite of the well-known correlatidretween the immune and endocrine system
(Egger, 1992), so far, no immunological investigatin schizophrenia has considered the
influences from the endocrine system simultaneoUdsiys is the first immunological study in
schizophrenia research to have taken distemocrinological parametersinto account.
Diverse endocrinological parameters such as piinlacortisol, testosterone, estradiol, and
the sex hormone binding globuline (SHBG) were messuThose hormones were included
into the analysis aso-variants in order to control their impacts on Th1/Th baksince they
were found to have either promoting or inhibitoryfeets on Th1/Th2 cytokines
(Protonotariou et al., 2004; Dimitrov et al., 2004ata et al., 2004; Elenkov, 2004; Xie et al.,
2002; Elenkov and Chrousos, 2002; Miyaura and Iwa@02; Angele et al., 2001). The
inclusion of the endocrinological variables stadédve into the analysis could further ensure
that Th2-shift in schizophrenia was rather a regiltdisease process, but not just an

interactive outcome of distinct hormones.

However, mainly due to the space linthis report focuses on the findings from thehole
schizophrenic group and both gender subgroups The outcomes concerning various
schizophrenic clinical subgroups were only brieflymmarized in a table without presenting
the detailed results from MANCOVA. The other reasavere that (1) there were a lot of
missing data in many clinical variables and (2)tthiaerefore, different clinical parameters
had different case numbers. In many circumstanites,case number of a schizophrenic
clinical subgroup was so much smaller than thatheélthy subjects. If including the
significance tests of all demographical and endmdoigical parameters of each single clinical
subgroup, this report would become very complicaé@d confusing. Even if only the
outcomes from multi-variance-analysis in all cladisubgroups presented, the content of this

report would be too much.

However, even there was a big difference in casebeus, the diversities in Th1/Th2 ratios
between many schizophrenic clinical subgroups aedlthly controls reached a statistic
significance level. They could, thus, offer a gootsight into Th2-shift in distinct

schizophrenic clinical subgroups. This was also oheour goals. Therefore, the results

relating to distinct clinical subgroupsere briefly presenteth a table in order to give an
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overview of “Thl/Th2 imbalance in diverse schizaghc clinical subgroups” and
simultaneously teeduce thecomplexity of this report.
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5 Methods
5.1 Subjects

Totally, 114 schizophrenic patients, 36 psychiatpatients with schizophrenia-related
disorders, and 101 healthy controls were includetd ithe study. Ninety of the 114
schizophrenics, 36 patients with schizophreniatedlaliseases, and 78 of the 101 healthy

controls had complete serum data including seruri/THP cytokines/ratigshormones

SHBG age and _genderFifty-nine of the 114 schizophrenics, 25 of th@ @atients with
schizophrenia-related disorders, and 78 controjestdhad complete whole blood assay data

which contained whole blood assay Th1/Th2 cytokia¢i®s hormones SHBG age and

gender And 44 of the 114 schizophrenics, 14 of the 3Bepés with schizophrenia-related
disorders as well as 76 of the 101 healthy subjeatscomplete lymphocyte data regarding
lymphocyte Th1/Th2 cytokines/ratioformones SHBG age and _genderAltogether, 40

schizophrenic patients and 72 normal subjects loathbtete serum, whole blood assay, and
lymphocyte data. The final 40 schizophrenics ana@at#rols having complete data in serum,
whole blood assay, and lymphocyte were included ihe “multiple regression analysis” in
order to compare data from diverse materials (semimole blood assay, lymphocyte) in the
same subjects. The demographical data of bothrpatied control group as well as the
clinical data of schizophrenic patients were démaiin “Results”. All participants of this

study had given their written informed consenttate part into the study.

The inclusion criteria for all subjects were: noese medical disease, free of acute allergies,
inflammatory disorders, autoimmune diseases, aimdcally apparent infections. Further
essential inclusion criteria for schizophrenic gats to fulfill were (1) the diagnosis of
schizophrenia, (2) no history of psychotropic sabsé addiction or abuse except nicotine,
and (3) no personality disorders according to DSMAmerican Psychiatric Association,
1994). In addition, healthy controls were free af sychiatric disorder and had no first-
degree biological relative who had ever sufferedbeen suffering under any psychiatric
disease.

5.2 Materialsand preparation
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Serum, whole blood as well as isolated lymphocwgfesubjects were used to investigate the
balance between both T-helper systems. The mailysssmanethods comprised Cytometric
Bead Array (CBA), Enzyme-linked ImmunoSPOT (Eligpotand Enzyme-Linked

Immunosorbent Assay (Elisa).

In order to prepare the blood samples for diversthods, two different kinds of culture
medium were needed. The first one (Medium |) corstedRPMI 1640 medium with 2 g/l
NaHCO3 as well as 0.532 g/l L-glutamate (Biochrdderlin, Germany) and 1% of sodium
pyruvate (Biochrom; Berlin, Germany). The secontkof medium (Medium Il) is Medium |

supplemented with 10% of fetal bovine serum (BioairBerlin, Germany).

All blood samples of subjects were drawn betweam@9 AM every morning. Two tubes of
blood samples were collected in ethylene diamineatacetate (EDTA) tubes (Sarstedt
Monovette; Nirmbrecht, Germany) and two further anticoagulant citrate phosphate
dextrose adenine (CPDA) tubes (Sarstedt Monowltienbrecht, Germany).

Preparation of blood samples

Right after collection, EDTA samples were centrédgn an electronic centrifuge (Omnifuge
2.0 RS: Heraeus Sepatech, Germany) at 6°C witleadspf 4000 rpm for 10 minute§hen
the serum samples were transferred into distinctortubes (Sarstedt; Nimbrecht, Germany)
and stored at —80°C until use. CDPA blood samplke®vior the Whole Blood Assay and the

Elispot analysis. For each subject, 30(f blood was firstly taken out of one CDPA tube,
mixed with 3ml Medium II (Biochrom; Berlin, Germangupplemented with 1% of penicillin
streptomycin (Biochrom; Berlin, Germany), and keapt a 50ml-polypropylene falcon
(Sarstedt; NUmbrecht, Germany). A final concentratf 5ug/ml phytohemagglutinin (PHA)
(Biochrom; Berlin, Germany) was secondly addecht mixture of whole blood and culture
medium. Then the mixture of whole blood, mediumd &HA was incubated at 37°C in 5%
CO/95% humidity for 46 hours. After 46 hours, thersilated whole blood was centrifuged
at 6°C by 3270 rpm for 10 minutes; the resultangesnatant was distributed into several
micro-tubes (SARSTEDT; Numbrecht, Germany) and kapt-80°C until analysis. The
leftover CDPA blood sample was mixed thoroughlyhwépproximately 3 times as much
Medium | for Elispot-analysis. About 30 ml of dikd whole blood was transferred slowly to
a falcon containing 15 ml of biocoll separatingt@oc solution (density = 1.077, Biochrom;
Berlin, Germany) so that the diluted whole bloazhted right on the surface of the separating

solution. Afterwards, the blood sample with sepagasolution was centrifuged at 30°C by
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1400 rpm for 40 minutes. This resulted in threadieseparable layers — the top one was the
isolated lymphocytes. The lymphocytes were thenhedswith 50 ml of Medium | by
centrifuging them twice at 1400 rpm for 10 minutd#ter washing, 140Qul of Medium II,
180ul of dimethyl sulfoxide (DMSO) (Sigma; Steinheime@any), and additional 180 of
fetal bovine serum were added to the isolated lyooptes in a vial (Nunc, Denmark). It was

firstly kept at —20°C for 2 hours and finally stdrat —-80°C until use.

5.3 Cytokine measurements
5.3.1 Cytometric Bead Array (CBA)

CBA is a newly developed Elisa-variant. The Humdri/Th2 Cytokine CBA Kit-1l (Becton
Dickinson Pharmingen, USA) was used to quantif|Ut-4, IL-6, IL-10, TNF«, and IFNy
protein levels in serum and PHA-stimulated wholeodl The BD CBA system uses the
sensitivity of amplified fluorescence detectionflow cytometry to measure soluble analytes
in a particle-based immunoassay. Flow cytometmyvad| discriminating different particles on
the basis of size and color. The BD CBA employsedes of particles with discrete
fluorescence intensities to simultaneously detadtiple soluble analytes. Each bead in CBA
provides a capture surface for a specific proteid B analogous to an individually coated
well in an ELISA plate. Compared to conventional IEA, CBA has the following
advantages: (a) the comparability among distin¢bldgie productions of interest is much
higher due to using the same sample to measueretitf cytokines. (b) Only a small volume
of sample is required in order to measure severakmes at one time. (c) The detectable
ranges are much greater and thus particularly seeted to assessing in-vitro production of
cytokines such as IFM-(d) That the method could be conducted with fascon addition to
microplates, and assessed by FACS flow cytometewslflexibility of test volumes used.
This is particularly advantageous for proteins hgwery low in vivo concentrations. CBA is
thus more flexible than conventional ELISA. Howeu& precision remains at least as good
as conventional ELISA. According to the manual bé tmanufacturer, the intra-assay
coefficients of variation for IL-2, IL-4, IL-6, IL20, TNF4, and IFNy are 2-5%, 3-4%, 2-3%,
2-3%, 2-4%, and 3-4%, respectively. The inter-assagfficients of variation for cytokines in
the same order as stated above are 4-9%, 3-7%, ,34¢/886, 3-6%, and 5-11%,
correspondingly. The sensitivities of each cytokineasured here in the same order as the
above stated are 2.6, 2.6, 3.0, 2.8, 2.8, andd/rhlprespectively.

Whole blood assay
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The procedure consists of (1) preparation of hurmi@i/Th2 cytokine standards, (2)
preparation of mixed human Th1/Th2 cytokine caphegads, (3) CBA, cytometer setup, (4)
data acquisition and analysis. For each vial ophiized human Th1/Th2 cytokine standards,
200 ul of assay diluent was added; this was the origoyabkine standard. Afterwards, both
standards vials were agitated in order to mix thghdty and then let stand for 30 minutes.

Preparation of cytokine standards
Sixteen 12x75 mm BD Falcons were labeled with amedker from 0 to 15. Another 14 BD
falcons were labeled with a blue marker from 140ifh each of the blue #1 to #13 tubes, 200
ul of assay diluent was added. Three hundikdf cytokine standards and 2B of assay
diluent were firstly added into the falcon blue #a#d then mixed thoroughly; this was the
top diluted cytokine standard. Secondly, 200f the diluted cytokine standard from blue #14
was then transferred to the falcon “blue #13” angewh with 200ul of assay diluent in it.
After thoroughly mixing, 20Qul of standard diluent from the falcon “blue #13”svadded to
the falcon “blue #12”. So through transferring 20®f diluted standard to the next tube with
a lower number, a series of standard diluents wag.din the final, 5Qul of diluted cytokine
standard from each tube marked with blue labels tvaassferred into the red-labeled falcon
with a corresponding number. The falcon “red #05\iled with 50l of pure assay diluent
and the one with “red #15” with 501 of the original cytokine standard without anyther
dilution.

Preparation of cytokine capture beads
Depending on the number of test samples, each rfalvas labeled with a unique
identification number in order to distinguish varsossamples, which were filled in the falcons.
Fifty ul of the supernatant from each subject was trarexdfeinto the corresponding falcon.
Then, all falcons filled with cytokine standardssopernatants were stored in a cool box until

the next step.

Before each capture bead suspension was transfatoed new falcon, it must be vigorously
mixed for a few seconds. The volume of each capbe@d suspension depends upon the
number of assay tubes, including all cytokine stadsl and test samples. Usually, except
cytokine standards only maximum 50 samples candssuared; therefore, there were total 65
assay tubes. For each cytokine standard or tegtleanbe, 10ul of capture bead for each
cytokine was needed. So for 6 different cytokined &5 assay tubes (cytokine standards plus
test samples), it summed up to be 3R0QLOUl x 6 x 65 = 390Qul). The mixture of diverse

cytokine capture beads was then mixed thoroughly.
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To each cytokine standard and test sample tubtheiusOul of the capture bead mixture and
50 pl of the PE detection reagent were added. The fimalure of standards/samples, capture
beads, and PE detection reagent let stand at reowpetrature, protected from exposure to
light, and incubated for 3 hours. Three hours Jatach final assay tube was washed with 1
ml of wash buffer (centrifuged at 200 x g for 5 otes) and then drained carefully.
Afterwards, another 30l of fresh wash buffer was added to each assayitubeder to re-
suspend the bead pellet. Right before analyzimydstals/samples on a flow cytometer, each
assay tube was agitated for 3-5 seconds.

Serum samples

The procedure to measure cytokine levels in sem besically the same as that for whole
blood assay. The only diversity was the volumeseaim, diverse capture beads, and PE
detection reagent. In each case, 100Oinstead of 5Qul, of serum, capture beads, and PE
detection reagent were added to each assay tubteallewy cytokine levels in serum in many
subjects, especially IL-2 and IL-4, as well as daelower sensitivity of IFNy capture
antibodies. Nevertheless, for each standard tilgeydlumes of cytokine standards, capture
beads, and PE detection reagent were the samess ftir the whole blood samples. After
this minor modification, all 6 cytokine levels measd in serum were detectable in all
subjects, including healthy controls and schizopigrpatients. So, the final resulted measures
for distinct Th1/Zh2 cytokines were divided by 2 ander to obtain the original cytokine

levels.
5.3.2 Enzyme-linked ImmunoSPOT (ELISPOT)

ELISPOT was used to assess the in vitro producodhsN-y, IL-4, IL-12, IL-13, and IL-10
by isolated lymphocytes. The antibodies against ¢htokines stated above are from
MABTECH (Sweden). The first/capture antibodies &plin the order mentioned above
were Mab1-DIK, MablIL-4-I, Mab 1L12-I, MabIL13-Il, r@d Mab 9D7. The second/detection
antibodies used were Mab-1-Biotin, Mab IL4-Il BmtiMab IL12-11 Biotin, Mab IL13-II-
Biotin, and Mab 12G8-Biotin. And the enzyme appliedas Streptavidin-Alkaline
Phosphatase-PQ. The micro-plates used to perfornSHEDT were from Millipore
(Molsheim, France) MultiScreen Sterile Clear Platgh 0.45um surfactant and had mixed

cellulose ester membranes.
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The ELISPOT technique was originally used to enateeantibody secreting B cells. It is a
variation of the ELISA. The ELISPOT assay is a gamsassay for analysis of cell activation
at the single-cell level. Compared to ELISA, ELISPB more suitable to detect cytokines
with very low in vitro productions since the detent sensitivity can be improved through
manipulating cell concentrations. In order to comepthe balance of the main Th1l/Th2
cytokines within the same length of period, theulvettion duration for all Th1/Th2 cytokines
was the same — 46 hours, although according tinteuctions of the Mabtech and relevant
literature, the Thl cytokines require much shotitee to be released than the Th2 ones. In
addition, due to the great variations in produdi@mong distinct cytokines, diverse cell
concentrations were use to detect different cytesirior IFNy 40,000 cells/well and 80,000
cells/well were used, for IL-4 and 1L-13 200,000is&vell and 160,000 cells/well, and for IL-
10 and IL-12 80,000 cells/well and 160,000 cellsliwe

The assay was performed in 96-well microtiter @atérstly, the wells were coated with 100
ul of high affinity monoclonal capture antibodiesthvia concentration of 7u5/ml (diluted
with coating buffer NaHC®+ NaCGs, pH = 9.6) and incubated at 4°C overnight to het t
capture antibodies bind to the plate membrane.vEng next day, the plate was washed with
200 pl/well of filtered PBS (pH = 7.4) for 6 times. Therlls with various concentrations,
depending on the cytokine detected, were addedath &ell and incubated at 37°C/5%
C0/95% humidity for 46 hours. This procedure was @enied under a sterile flow. Forty-six
hours later, cells were removed by washing with R8I times as the previous description.
Then 100pl of the biotinylated detection antibodiesu@fml) were added to each well and
incubated for 2 hours. During this period antigpeeesfic responding cells released the
cytokine that was captured in the immediate vigioit the cells. After 2-hour incubation and
6-time washing, 101l of streptavidin conjugated with enzyme alkalir®gphatase (ig/ml)
was added to each well and the plate was inculfatetihours until spots emerged at the site
of the responding cells. The spots were examinatl aounted by KS ELISPOT release
4.4.11.2001 (Carl Zeiss, Germany).

5.3.3 Enzyme-Linked ImmunoSorbent Assay (ELISA)

The ELISA is a fundamental tool of clinical immuagl. Based on the principle of antibody-
antibody interaction, this test allows for easyualézation of results and can be completed

without the additional concern of radioactive mialer use. Purified antibodies against
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proteins of interest were pre-coated onto an ELpie. If sera or supernatants tested contain
the proteins of interest, those antibodies willdbto the proteins on the plate. Anti-human

immunoglobulins, the second antibodies, are couflegn enzyme. The second antibody is
added to the plate and binds to proteins of intefleghe end, substrate is added to the plate,
changing the color of the wells when substrateléaved by the enzyme attached to the
second antibody. The darker the color of each wed greater the quantity of proteins studied

in each well.

R&D ELISA kits (Minneapolis, USA) were used to mees IL-12 and IL-13 due to

exclusion of these two cytokines in the human Thl/Tcytokine CBA-kit. The assay
procedure is similar to that of CBA, however, imgibte to be modified except lowering the
bottom standard. The highest detectable rangelLfd2lis 500 pg/ml and for IL-13 is 4000
pg/ml. For whole blood and plasma/serum IL-12, ¢befficients of variation for intra- and
inter-assay were 1.1-1.5% and 3.3-7.7%, respeytivdhile 2.4-6.3% and 3.8-6.5% for IL-
13.

The samples used to measure IL-12 and IL-13 welsesupernatants of whole blood because
the majority of serum samples probably lie under ditectable levels of the kits since most
of the attained measures for in-vitro productiorartioularly those of IL-13, were
undetectable. Basically, the steps to detect Ilad@ IL-13 are the same; the only diversity
lies in the volumes of various solutions/reagentxquired. Firstly, the required
reagents/solutions such as wash buffer and cytaitaredards were prepared. Secondlypb0
and 100pul of assay diluent were added to each well of thd2 and IL-13 microplate,
respectively. Thirdly, 20 and 100ul of standards or supernatants were added to ealth w
of the IL-12 and IL-13 microplate, correspondinghourthly, the mixtures of the microplate
were incubated for 2 hours at room temperatureerAfthours, the microplate was repeatedly
washed and aspirated for three times. Fifthly, iieroplate was added with 2Q0@ of
conjugate to each well and incubated for anothdrodrs. Two hours later, washing and
aspiration were repeated for 3 times. Then, GDOf substrate solution was added to each
well; the substrate solutions were incubated irkiess for 20 and 30 minutes for I1L-12 and
IL-13, correspondingly. Finally, 50l of stop solution was added to each well. Righeraf
addition of stop solution, the optical density etk well was determined using a microplate

reader.
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5.4 Hormone assessment

The serum levels of various hormones including guotoh, cortisol, estradiol, testosterone,
and the sex hormone binding globuline (SHBG) wereasnred by using corresponding
Elecsys Kits (Roche Diagnostics; Mannheim, Germanlge sensitivities of diverse Kits for
the hormones in the order stated above were 0.41n@.036ug/dl, 5 pg/ml, 0.02 ng/ml, and

0.35 nmol/l, respectively.

5,5 Statistic analysis

The immunological parameters included Thl cytokiifed-y, IL-2, TNF-a, and IL-12 as
well as Th2 cytokines IL-4, IL-10, IL-6, and IL-13The endocrinological parameters
including stress hormones like cortisol, prolactisex hormones such as estradiol,
testosterone, and the sex hormone binding pro8#BG) were also assessed since they were
reported to have impacts on Th1/Th2 cytokines. ihdependent variables contained distinct
diagnostic groups (e.g. schizophrenia, schizopbreglated disorders, controls) and various
schizophrenic subgroups (e.g. male schizophrenigs nvale controls or paranoid/non-
paranoid schizophrenics vs. normal subjects). Tdpeddent variables consisted of different
Th1/Th2 cytokines and ratios obtained from serumgle blood assay, and lymphocyte data.
The endocrinological parameters stated above aadvage included into the analysis as co-

variant(s) if any of them clearly distinguished tteeresponding index-groups.

Depending on the questions addressed, diversetgtaitivere applied to evaluate the data.

Cluster-center analyswas used to divide subjects or patients into mistsubgroups. One-

way ANOVA was applied to compare the differences in ageesd duration, number of
disease episode, and onset age between 2 groupss-table analysisvas conducted to

compare variables with nominal levels such as aasmber of nicotine abuse, family
psychiatric history, pre-medication (yes vs. no)astwut period, drug-free/drug-naive,
first/other-episode, acute/chronic, early/late d@nsand clinical diagnostic subgroups.
MANOVA was used to compare the diversity in various howsp SHBG levels, scores on
the PANSS scale and the CGI. Additionally, MAN(C)®\Wvas also applied to compare

cytokine productions/levels and Th1/Th2 ratios. filé regression analysisas conducted

to detect the partial relationships between arome(e.g. IFNy/IL-4) and distinct predictors
(e.g. hormones and cytokines). Furthermore, Pearsmmelations were calculated for

cytokine levels/productions, Th1/Th2 ratios, angl sbores on the PANSS scale.
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6 Results

The results contain the following parts: @1@mographical data (2) Endocrinological data,
(3) Clinical data, (4) Th1l/Th2 cytokines and ratios in schizophrenia the whole
schizophrenic group & distinct schizophrenic sulbg® — results from MAN(C)OVA, (5)
Contributors of Th1/Th2 imbalance in schizophrenia — outcomes from Multiple
Regression, (6nfluencing factors of Th1/Th2 cytokines in schizoprenia — findings from
Multiple Regression, as well as (Qorrelations between Th1/Th2 cytokines/ratios and
psychopathology in schizophrenics- results from Pearson correlations.

6.1 Demographical data

Altogether, there were 114 patients with schizopiae36 patients having related disorders
(such as schizoaffective disorder, acute psychdisorder etc.), and 101 healthy controls
participated into the studirhe total subjects were divided into 3 differergys for various
analyses (serum CBA, whole blood CBA, ELISA, antipyhocyte ELISPOT). Therefore, this
report contains serum, whole blood, and lymphodgt. These 3 kinds of data overlapped
only partially with one another.

Serum data

Totally, 90 schizophrenic subjects (abbreviatedS&H), 36 patients with schizophrenia-
related diseases (SCH-R), and 78 healthy cont@@®N) had serum cytokine data. Among
them, there were 76 schizophrenics, 75 healthyralsntand 26 patients with schizophrenia-
related disorders having complete data for geratgr, hormones, SHBG, and serum Th1/Th2

ratios. Schizophrenics were averagely 36.08 years (SD.31})3patients with schizophrenia-

related disorders were 32.77 years (SD = 10.54),camtrols were 29.59 years old (SD =
8.32). ANOVA post-hoc Schéffe tests revealed thdy the diversity between schizophrenics
and healthy subjects reached a significance |&@H vs. CON: F = 12.88, p < .001; SCH-R
vs. CON: F =2.45, p =.12; SCH vs. SCH-R: F = 182 .25). Furthermore, the female/male
ratios among these three diagnostic groups didsigstificantly differ from one another.

There were 42 males and 34 females in the schieroghgroup, 11 men and 15 women in the
group having schizophrenia-related disorders ad a®l40 males and 35 females in the
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control group (SCH vs. CON¢2 = .06, p = .81; SCH-R vs. CON2 = .94, p = .33; SCH vs.
SCH-R:x2=1.30, p = .25).

Whole blood data

Whole blood assay Th1/Th2 cytokine data were ctlfrom 59 schizophrenics, 25 patients
having schizophrenia-related disorders, and 78robstibjects. Among those subjects stated
above, there were only 44 schizophrenics, 14 patieth schizophrenia-related disorders,

and 76 healthy subjects having complete data favlevblood assay Th1l/Th2 ratios, age,

gender, hormones, and SHBThe average ages of the schizophrenic and cogrtoolp were

evidently different, but those of patients havirapizophrenia-related disorders and normal
subjects as well as those of both patient group® wet clearly distinguishable (SCH vs.
CON: F=11.39, p<.001; SCH-R vs. CON: F = 3@%,.07; SCHvs. SCH-R: F=1.32,p =
.25). Schizophrenics were the oldest ones havingvarage age of 36.25 years (SD = 12.68),
then patients with schizophrenia-related disorderging a mean age of 34.36 years (SD =
9.61), and the controls were the youngest ones antlaverage age of 29.75 years (SD =
8.39). Moreover, the male/female ratios were reddyi similar among these three diagnostic
groups. The schizophrenic group consisted of 26esnahd 18 females, the schizophrenia-
related patient group contained 9 men and 5 womwérle the control group comprised 41
male and 35 female subjects (SCH vs. CEN= .30, p = .59; SCH-R vs. CON2 = .51, p =
A7; SCHvs. SCH-R{2= .12, p =.73).

In addition, there were 25 schizophrenics (12 m#&l&é8 females) and 39 healthy controls (24
males + 15 females) whose IL-12 and IL-13 in PHiatated whole blood were also
measured. Nevertheless, only 9 schizophrenics (ésremd 3 females) and 23 controls (12
males and 11 females) had completed demographecalocrinological data as well as
detectable IL-12 in vitro productions. No clear pdisty was found between these two
diagnostic groups regarding gender distribution agd (SCH — age: M = 33.89 yrs, SD =
13.92; CON — age: M = 29.78, SD = 7.70; F = 1.15,.89; gender distributiorx?2 = .55, p =
.46). Totally, there were 10 schizophrenics (4 maled 6 females) and 25controls (18 males
and 7 females) having completed data for age, gehdemones, SHBG, and detectable IL-
13. Schizophrenics were apparently older than otsigender distributiong? = 3.13, p =
.08; SCH —age: M = 37.40 yrs, p = 14.77, CON = &fje 28.84, SD = 5.48; F = 6.44, p =
.02). Moreover, the schizophrenic group tended dgehsignificantly less males than the
control group.
Lymphocyte data
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Altogether, there were 72 schizophrenics, 30 pttievith schizophrenia-related disorders,
and 101 controls having lymphocyte-produced cytekidata. However, only 54
schizophrenics, 18 schizophrenia-related patiemd, 98 healthy controls had complete data
for lymphocyte Th1/Th2 cytokines/ratios, hormon&HBG, age, and gendeiThe 54

schizophrenics were averagely 34.43 years old (SI2.42), the controls were 29.24 years
(SD =8.90), and the patients with schizophreniated disorders were 34.00 years old (SD =
10.50). The disparities between any one patienugrand the control group were

conspicuously different, however, not that betwbeth patient groups (SCH vs. CON: F =
8.84, p =.003; SCH-R vs. CON: F =4.10, p = .06HS/s. SCH-R: F =.02, p =.90).

Table 6-1(1) A summary of subject numbers (N), ages (meanmsistal deviations), and
gender distributions (male &, female =2) in both schizophrenic and control group who had
either complete serum or whole blood assay or lyoopte data.

Diagnostic group SCH CON

Gender Q 3 ? 3
Analysis-materials | N; M of age (SD)| N; M of age (SD) N; M of age (SD)| N; M of age (SD
Serum 34, 39.97 (12.14)| 42;32.93 (13.51)35; 29.34(7.84) 40; 29.80 (8.8]
> =76; 36.08 (13.31) > =75;29.59 (8.32)

Whole blood assay| 18; 39.17 (12.39)\ 26; 34.23 (12.7)35; 29.34(7.84)| 41; 30.10(8.9
> =44; 36.25 (12.68) > =76; 29.75(8.39)

Lymphocyte 22;38.41 (13.14)] 32; 31.69 (11.3])45; 29.80(9.01) 53; 28.77(8.84)
> =54;34.42 (12.42) > =98; 27.24 (8.90)

Note

M = mean; SD = standard deviation.
SCH = schizophrenia; CON = healthy controls; ags(y old).

Summary . Table 6-1(1)offers an overview for the demographical dataabfizophrenics and

healthy controls. Totally, 76 schizophrenics, 26grdas with schizophrenia-related disorders,
and 75 controls had complete data for serum ThlfgtiBds, hormones, SHBG, ages, and
genders. The whole blood data for all the parammettated above were also available in 44
schizophrenics, 14 patients with schizophreniatedledisorders, and 76 healthy subjects.
Furthermore, 54 patients with schizophrenia, 18cpsyric patients having schizophrenia-
related disorders as well as 98 control personsdiagal regarding lymphocyte Th1/Th2 ratios
and the rest of parameters mentioned above. Thdgecss were included in the following

analyses.

6.2 Endocrinological data
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Details regarding the means and standard deviabbrise hormone-data in schizophrenics
and normal controls are summarizediable 6-2(1) It's noteworthy that the aim to measure
diverse hormones was to examine whether there mgsignificant difference in any of the

stress/sex_hormonedetween two index-groups because they were belieydave impacts

on Th1/Th2 balance. If there were, then they wdaddncluded into the corresponding multi-

variance analysis ao-variants.

Serum data

In general, patients with schizophrenia-relatedomiers had the lowest cortisol and

testosterone levels, nonetheless, the highestgtimland estradiol levels among these three
diagnostic groups. The controls had the highedisody testosterone, SHBG, but the lowest
prolactin levels. Nevertheless, schizophrenics dlagalues in-between but SHBG; they had

the lowest SHBG levels among these three groups.

Multi-variant comparisons between the 75 healthyjettsand the 76 schizophrenic patients

who had complete data for serum Th1/Th2 ratiosmionies, ages, and gender demonstrated
evident disparities between both diagnostic grompsortisol, prolactin, testosterone, and
SHBG (cortisol: F = 7.47, p = .007; prolactin: A2.68, p < .001; testosterone: F = 6.29, p =
.01; SHBG: F = 10.55, p = .001; estradiol: F = .p15 .91). Between the 26 patients with

schizophrenia-related disordexad control subjectsxisted also marked diversities in terms

of their cortisol and prolactin levels; in additighe difference in testosterone showed a trend
to be significant as well (cortisol: F = 6.21, p04; prolactin: F = 15.36, p <.001; estradiol: F
= 1.19, p = .28; testosterone: F = 2.86, p = .09BG: F = .71, p = .40). However, between
both patient groupeo obvious diversity was observed in those reg@radisol: F = .82, p =
.37; prolactin: F = .24, p = .63; estradiol: F 47,.p = .23; testosterone: F = .01, p = .93;
SHBG: F = 2.76, p = .10).

Whole blood data

Whole blood assay data demonstrated that schizojglsread the lowest levels of cortisol and

testosterone, but the highest estradiol levelse®atwith schizophrenia-related disorders had
the highest prolactin, but the lowest SHBG levélswever, the controls had the highest
cortisol, testosterone, and SHBG levels, althodngr tprolactin and estradiol levels were the

lowest among these three groups.
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The findings from multi-variance analysis revealsa distinct discrepancy between both
patient groupsregarding cortisol, prolactin, estradiol, testoste, and SHBG levels.

Compared to _controls schizophrenicshad significantly lower cortisol and SHBG,

nevertheless, higher prolactin, while patients wgbhizophrenia-related diseasésd
markedly higher prolactin levels (SCH vs. CON —tisot: F = 4.60, p = .03; prolactin: F =
15.20, p < .001; SHBG: F= 3.84, p = .05; testosterd- = 2.89, p = .09; estradiol: F = .17, p
= .68; SCH-R vs. CON — prolactin: F = 11.91, p 810cortisol: F = 1.39, p = .24; SHBG: F
= 2.18, p = .14, testosterone: F = .13, p = .78ad®l: F = .02, p = .88; SCH vs. SCH-R —
cortisol: F =.02, p = .89; prolactin: F = .03, p8¥; estradiol: F = .01, p = .91, testosterone: F
= .52, p=.48; SHBG: F = .07, p = .79).

Additionally, between the 9 schizophrenics and 23ltmy controls having complete ELISA
IL-12 data, the diversities in prolactin and esivhdended to be significantly different.
Schizophrenics tended to have markedly higher ptiolaand lower estradiol levels than
healthy controls (IL-12 — cortisol: F = 1.30, p286; prolactin: F = 3.83, p = .06; estradiol: F =
3.96, p = .06; testosterone: F = .90, p = .35; SHBG 2.10, p = .16). Ten schizophrenic
patients and 25 controls had complete ELISA IL-l8ad between these 2 groups, the
disparity in testosterone levels was significantval. Schizophrenics had remarkably lower
testosterone than their healthy counterparts (ll=-X®rtisol: F = .81, p = .38; prolactin: F =
.10, p = .76; estradiol: F = .25, p = .62; testaste: F = 6.40, p = .02; SHBG: F = .59, p =
45).

Lymphocyte data

Generally speaking, among the subjects who had leenfymphocyte data, schizophrenics
had the highest prolactin, nevertheless, the lowsstdiol, testosterone, and SHBG levels.
The controls had the highest cortisol, testosterand SHBG, but the lowest prolactin levels.
However, the patients with schizophrenia-relatedortlers had the highest estradiol,
nonetheless, the lowest cortisol levels among these diagnostic groups.

Similar outcomes were obtained from multi-variameelysis of lymphocyte data. Between
the 18 patients with schizophrenia-related dis@rd®rd the controls or the schizophrenic
group, no marked difference was shown in cortipoblactin, estradiol, testosterone, and
SHBG. Nevertheless, the 54 schizophrenics did mateeably lower SHBG and tended to
have significantly lower cortisol and testostertenels than the 98 healthy subjects (SCH vs.
CON — SHBG: F =9.21, p = .003; cortisol: F = 3.4 .06; testosterone: F = 3.01, p = .09;
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prolactin: F = 2.50, p = .12; estradiol: F = .0 @1; SCH-R vs. CON — cortisol: F = 2.30, p
= .13; prolactin: F = .41, p = .52; estradiol: E52, p = .47; testosterone: F = .06, p = .81,
SHBG: F = 2.48, p = .12; SCH vs. SCH-R — cortisok .18, p = .68; prolactin: F = .17, p =

.68; estradiol: F = .57, p = .45; testosterone:.B4 p = .36; SHBG: F = .23, p = .64).

Table 6-2(1) A summary of hormone levels including cortisoliolactin, estradiol,
testosterone, and the sex hormone-binding glol@HBG) in schizophrenics and healthy
controls.

Diagnostic group SCH: M(SD) CON: M (SD)
Hormone Material 9 6 9 6\
Cortisol Serum | 160.25 (65.68) |172.18 (66.51| 233.86 (116.24]176.27 (60.94
(ug/L) b3 166.85 (65.97) 203.14 (94.88)

wB 160.00 (70.21) |172.57 (58.25) 233.86 (116.24) 174.52 (61.20)
s 167.43 (62.93) 201.85 (94.92)
Lymph | 165.17 (70.40)|175.87 (70.05| 233.85 (128.21]174.41 (63.01
b3 171.51 (69.73) 201.70 (102.33)
Prolactin Serum | 36.61 (51.82) [27.78 (23.00) | 14.81 (5.80) [15.87 (12.06)
(ng/ml) b3 31.73 (38.60) 15.37 (9.61)
WB 36.65 (47.75) | 28.22 (21.43 14.81 (5.80)  15.7494).
b3 31.67 (34.44) 15.31 (9.56)
Lymph | 44.63 (24.85) |24.85 (20.03) | 17.40 (14.86) | 23.58 (62.90)
b3 32.91 (41.83) 20.74 (47.23)
Estradiol  [Serum | 63.01 (66.44) |31.57 (8.08) | 62.28 (69.01) |32.72 (9.32)
(pg/ml) s 45.64 (47.17) 46.51 (49.54)
WB 77.23 (86.09) | 31.94 (8.84) 62.28 (69.01) 32.651(p.2
b3 50.47 (59.02) 46.30 (49.24)
Lymph | 64.08 (69.93) |30.98 (8.50) | 61.73 (66.70) [31.57 (9.58)
b3 44.46 (47.43) 45.42 (47.91)
(Total) Serum || .53 (.27) 14.56 (2.13) .73 (.93) 16.82 (1.74)
Testosterone | 5 2.75 (2.56) 3.97 (3.37)
(ng/ml) WB .49 (.26) | 4.77 (2.06) 73(93) | 6.84(1.73)
b3 3.02 (2.65) 4.03 (3.38)
Lymph | .58 (.30) |4.65 (2.03) 84 (1.43) ]6.53(2.19)
b3 3.00 (2.56) 3.92 (3.41)
SHBG Serum | 73.49 (45.98) [33.02 (13.41) | 116.38 (62.63[42.41 (17.21)
(nmol/L) b3 51.12 (37.93) 76.93 (57.78)
WB 91.26 (52.67) | 32.90 (13.07 116.38 (62.63) 42.6004)
b3 56.77 (45.15) 76.58 (57.48)
Lymph | 76.25 (45.15) |32.01 (11.20) | 116.09 (65.04|44.42 (27.46)
b3 50.04 (36.91) 77.33 (60.10)
Schizophrenia(SCH) —serum: female N = 34, male N = 42yB (whole blood): female N =
Note 18, male N = 26tymph (lymphocyte): female N = 22, male N = 32;
Control (CON) —serum: female N = 35, male N = 4@hole blood: female N = 35, male N 1
41; lymphocyte: female N = 45, male N = 53.
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Summary . Therefore, regardless of analysis material (seourwhole blood or lymphocyte),

schizophrenic patients had usually lower cortigektosterone, and SHBG, nevertheless,
higher prolactin levels. Their estradiol levels e@omparable to those of healthy subjects.
Those hormones and SHBG may have interacted wahcttiokine network dynamically
when cytokines were produced in vivo. They were atsnstantly present in whole blood as it
was stimulated with PHA to release cytokines imoviiThey together or alone might, hence,
have direct impacts on the balance between theafdIrh2 system according to several lines
of evidence. Thus, they were included into the ysialof serum and whole blood assay data
in order to control their effects on Th1/Th2 ratibany of them was clearly distinguishable

between two index-groups.

6.3 Clinical data

In the following sections, the clinical data ar@oded. There were missing data in distinct
clinical variables including body weight, onset agee-medication, number of episode, wash-
out-period, nicotine abuse, CGI (Clinical Globalpiressions scale) and PANSS (the Positive
and Negative Syndrome Scale) scores. The total atsr(Ns) of distinct clinical parameters
vary not only with analysis material (serum, whbleod, lymphocyte) but also with clinical
variables. The clinical data of schizophrenic pdaSeare summarized imable 6-3(1) as

followed.

Table 6-3(1) A summary of clinical data in male, female, ame twhole schizophrenic
patients.

Clinical data of schizophrenic patients

Clinical Variable| Material Q 4 Total (is) Missing
Diagnostic Serum 29:4:1 28:9:5 57:13:6 0
subgroup WB 15:2:1 20:4:2 35:6:3 0
(par:dis:oth) Lymph 17:4:1 25:5:2 42:9:3 0
lliness duration | Serum 6.68 (7.39) 4.86 (7.88) 5.79 (7.60) 33
(years) WwB 6.00 (6.25) | 6.00(8.39) | 6.00 (7.25) 18

Lymph 6.00 (5.79) | 3.43(5.44) | 4.46 (5.64) 19
Onset age Serum 32.23 (10.41]26.43 (9.73) | 29.40 (10.39 33
(years old) WwB 31.56 (10.36]26.24 (9.98) | 28.08 (10.23 18

Lymph 30.50 (9.58) |126.00 (9.76) | 27.80 (9.81) 19
Number of Serum 2.57 (2.14) 3.10 (4.10) 2.83 (3.24) 34
disease episode WB 1.75 (1.04) 3.59 (4.43) 3.00 (3.76) 19

Lymph 2.15(1.46) | 2.24(1.90) | 2.21(1.72) 20
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1.episode vs. |Serum 8:13 9:12 17:25 34
other episode |WB 4:4 5:12 9:16 19
Lymph 5:8 10:11 15:19 20
Drug-naive vs. |Serum 6:16 7:14 13:30 33
drug-free wB 3:6 3:14 6:20 18
Lymph 4:10 8:13 12:23 19
Drug free Serum 10:2:8 8:1:9 18:3:17 38
< lw: >1w&<3mz3m  (WB 4:0:5 8:1:5 12:1:10 18
Lymph 6:1:6 8:1:10 14:2:16 19
Family psychiatrig Serum 4:16 9:9 13:25 38
history WB 2:10 8:7 10:17 17
(yes vs. no) Lymph 2:10 9:10 11:20 23
Pre-medication | Serum 12 :10 11:10 23:20 33
(yes vs. no) WB 4:5 11:6 15:11 18
Lymph 77 10:11 17 :18 19
Nicotine abuse |Serum 10:11 12 :11 22 :22 32
(yes vs. no) WB 4:4 9:8 13:12 19
Lymph 8:5 13:9 21:14 19
PANSS (global)| Serum 49.09 (11.59) | 50.30 (13.70) | 49.65 (12.48) 33
WB 52.40 (9.00) |53.06 (12.76(52.81 (11.27 18
Lymph 50.55 (13.49(49.73 (11.87]50.20 (12.64 19
PANSS (positive)| Serum 24.35 (7.34) | 22.00 (5.41) 23.26 (6.59) 33
WB 25.90 (6.12) | 23.00 (5.59 24.12 (5.85) 18
Lymph 24.60 (6.06) | 22.15 (5.30 23.20 (5.69) 19
PANSS (negative)Serum 25.43 (7.06) | 27.80 (9.72) | 26.53 (8.38) 33
WB 26.70 (6.11) | 30.88 (7.44) | 29.27 (7.14) 18
Lymph 26.73 (6.08) | 27.35 (9.68) | 27.09 (8.22) 19
CGl: admission | Serum 5.97 (.78) 5.88 (.81) 5.91 (.79) 6
WB 6.00 (.76) 5.81 (.85) 5.88 (.82) 1
Lymph 6.00 (.79) 5.88 (.83) 5.92 (.81) 2
CGl: discharge | Serum 3.90 (.98) 4.02 (.91) 3.97 (.93) 6
wB 4.06 (1.09) |4.04 (.96) 4.05 (1.00) 1
Lymph 4.00 (1.08) |4.09 (1.03) |4.06 (1.04) 2
Note (1) WB = whole blood; Lymph = lymphocytes;
(2) par = paranoid schizophrenia, dis = disorgahsehizophrenia, oth = other
diagnostic subgroups (including catatonic, residsiahple, other schizophrenia);
(3) < 1w =<1 week; >1w&<3m = >1 week & < 3 montl=3m == 3 months.
(4) PANSS = the Positive and Negative SyndromeeS¢a| = Clinical Global
Impressions.

Totally, 76 schizophrenics had total data for imovserum Th1/Th2 ratios, age, gender, and
diverse endocrinological parameters, 44 schizopbneatients had entire whole blood data,
and 54 patients had complete data for in vitro lgogyte Th1l/Th2 ratios and further
variables stated above.

Serum data
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The 76 schizophrenics included 57 paranoid, 13rdeuzed, 2 catatonic, 2 residual, 1
simple, and 1 other schizophrenia. Forty-two sgbliwenic patients had data regarding their
disease episode (first vs. other); 17 of them virertine first, while 25 of them were in the
other episode. Thirty-eight schizophrenics had rimftion about their family psychiatric
history; 13 of them had positive family history, Wh25 of them had no family psychiatric
history. Forty-three of the 76 schizophrenics hathdtoncerning anti-psychotic medication
before recruitment; 23 of them had ever been tdeatith any neuroleptic, whereas 20 of
them had never taken any anti-psychotic before s&lon in the hospital. Equal numbers of
smokers (N = 22) and non-smokers (N = 22) were doamong the 44 schizophrenics who
had data regarding nicotine abuse. Thirty-eightepét had data concerning how long they
had been free of neuroleptics as they were rediuit® of them had been drug-free for one
week or less (but minimum 3 days), 17 of them bdmg of neuroleptics for at least 3
months, and 3 of them for a period in-between. dis&ibutions of various clinical diagnostic
subgroups, disease episode, neuroleptic medicatiocotine abuse, and washout period were
relatively similar in male and female schizophrenidiagnostic subgroupg? = 5.16, p = .40;
disease episodg2 = .10, p = .75; pre-medicatiog? = .02, p = .89; nicotinegz = .21, p =
.65; length of wash-outy? = 1.45, p = .49). The only exception was famikyghiatric
history; it appeared that there were significantigre male than female schizophrenics having
biological relatives who had ever suffered or beeffiering under any psychiatric disordg? (
=3.79, p = .05).

In addition, the CGI scores at admission and digghaf 70 schizophrenics were available.
Forty-three schizophrenic patients had data reggrdnset age, illness duration, and scores
on the PANSS positive, negative, and global sGdtey had averagely been ill for 5.79 years
(SD = 7.60) and had a mean disease-episode ofy2&3 (SD = 3.24). The average of their
onset ages was 29.40 years old (SD = 10.39); natierpis had an earlier onset than their
female schizophrenic counterparts: M = 26.43 yrs, SD = 9.73: M = 32.23 yrs, SD =
10.41). The mean scores on the PANSS negativetiysand global subscale were 26.53
(SD =8.38), 23.26 (SD = 6.55), and 49.65 (SD =8.respectively. Those for the CGI were
5.91 (SD =.79) at admission and 3.97 (SD = .93hayg were discharged. Between male and
female schizophrenics, no noteworthy diversityhose regards stated above was observed
except onset age. The difference between maleamdlé& schizophrenics in onset age tended
to reach a statistic significance level (onset &ge:3.55, p = .07; episode number: F= .27, p
= .61; PANSS positive: F = 1.39, p = .25; PANSSateg: F = .85, p = .36; PANSS global:

55



F = .10, p = .76; CGI at admission: F = .20, p 5; .6GI at discharge: F = .32, p = .58).

Female schizophrenics tended to have later orsatstheir male schizophrenic counterparts.

Whole blood assay data

Among the 44 schizophrenic patients who had coraeplata for whole blood assay Th1/Th2

ratios, hormones, SHBG, age, and gender, there 2Besehizophrenics having data for wash-
out period, 26 having data for drug-naive/free epragje, illness duration, and scores for the
PANSS negative, positive, and global scale, 43 rwadata for the CGI at admission and

discharge, 25 having information about diseaseodgisnumber of episode, and nicotine

abuse, and 27 of the 44 schizophrenics havingfdatamily psychiatric history.

On average, their diseases were manifested aighe@fa28.08 years old (SD = 10.23). They
had been suffering under schizophrenia averagel§ feears (SD = 7.58) and had on average
3 disease episodes (SD = 3.76). There were 35 @draé disorganized, 1 catatonic, 1
residual, and 1 other schizophrenia among theme Nigre in the first, while 16 were in other
episode of disease. Ten of them had positive fapslychiatric history, but 17 of them did
not. Fifteen of them had ever been under neuraapgdication, while 11 had never been
treated with any anti-psychotic. Thirteen were sarslkand 12 were non-smokers. Twelve of
them had been neuroleptic-free for one week or(lests> 3 days), 10 had a drug-free period
of at least 3 months, and 1 had been free of neptiok for a period between 1 week and 3
months. If both_pre-medicatioand disease episodee considered as standards for being

drug-naive/free, then 6 patients were drug-ndineepre-medication + 1. episode) and 20 of
them were drug-free. At admission, their averageesc on the PANSS positive, negative,
global, and the CGI were 24.12 (SD =5.85), 29303 € 7.14), 52.81 (SD = 11.27), and 5.88
(SD = .82), correspondingly. As they were dischdrghe mean score on the CGI was 4.05
(SD = 1.00).

Similar to the serum data, between male and fem@iezophrenics, no clear diversity was
found in any of those variables except family psgtic history. There were proportionally
more schizophrenic men than women who had posfawaly psychiatric history (family
history: x2 = 3.84, p = .05; diagnostic subgroyp:= 3.01, p = .55; episodg? = 1.00, p = .32;
pre-medicationy? = .99, p = .32; nicotine abusez = .01, p = .89; wash-out periogf = 3.07,

p =.22; naive/freeq? = .82, p = .37; CGl at admission: F = .56, p&; @Gl at discharge: F =
.004, p = .95; PANSS positive: F = 1.54, p = .2BNSS negative: F = 2.21, p = .15; PANSS

56



global: F = .02, p = .89; illness duration: F =,.pC= 1.00; episode number: F = 1.32, p = .26;
onset age: F =1.63, p =.21).

Lymphocyte data

Among the 54 schizophrenics, 52 of them had datezerming CGI scores at admission and
discharge, 32 of them had data about wash-outghend family history, 34 of them had data
concerning number of episode and disease episodeV$. other), and 35 of them had data
regarding pre-medication, nicotine abuse, drugel&ize, scores on the PANSS positive,

negative, global scale, onset age, and illnesgdidara

The schizophrenic patients who had complete lymypieo€thl1/Th2 data and other parameters
measured in this study started their diseases alvarage age of 27.80 years (SD = 9.81).
They had been through 2.21 disease episodes (SD2F dnd been ill for 4.46 years (SD =
5.64). As they were recruited in this study, therage scores on the CGI, the PANSS
positive, negative, and global scale were 5.92 £SB1), 23.20 (SD = 5.69), 27.09 (SD =
8.22), and 50.20 (SD = 12.64), respectively. Tygidhere were 42 paranoid, 9 disorganized,
1 catatonic, 1 residual, and 1 other schizophrbaidang complete lymphocyte data. Fifteen
were in their first disease episode, while 19 wereother episode. Eleven patients had
positive family psychiatric history, while 20 ofdim did not. Seventeen schizophrenics had
been pre-medicated, whereas 18 patients had nexam breated with any neuroleptic.
Twenty-one were smokers, while 14 of them were smokers. Fourteen schizophrenic
patients had been drug-free maximum for one weekableast for three days, 16 of them
had been drug-free for at least 3 months; addilipna of them had been free of neuroleptics

for a period in-between.

Nonetheless, no significant diversity was observetiveen male and female schizophrenics
in any of those clinical variables assessed in shisly (family history:x2 = 3.03, p = .08;
diagnostic subgroupk? = 2.88, p = .58; episodg? = .27, p = .60; pre-medicatiog? = .02, p

= .89; nicotinex? = .02, p = .89; wash-out periogf = .42, p = .81; CGI at admission: F =
.29, p = .60; CGI at discharge: F = .10, p = .7BNBS positive: F = 1.62, p = .21; PANSS
negative: F = .05, p = .83; PANSS global: F = 04, .85; illness duration: F = .61, p = .44;
episode number: F = .27, p = .61; onset age: 55,3 = .07). Female schizophrenics tended
to have clear later onsets than their male schiampt counterparts. Moreover, it showed a

trend to have more male than female schizophreviitspositive family psychiatric history.
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Due to incomplete data regarding nicotine abuseimzophrenics, it won't be included in the
multi-variant comparisons between controls andoterischizophrenic subgroups, although it
was thought to have impacts on cytokine productigtiaze-Selch and Pollmacher, 2001).
Instead, it were be analyzed separately and rapantehe section “6.4.3. Nicotine abuse,
Th1/Th2 cytokines and ratios“ in order to examirfgetiner or not nicotine use had influences
on Th1/Th2 cytokines and ratios.

6.4 Thl/Th2 cytokinesand ratiosin schizophrenia

In the subsequent sections, various figures regarchrresponding results are presented. Due
to great deviations of extreme values from the migjand numerous significance markers on
one figure (box-plot) in many cases, the figures laarely visible or differentiable from one
another if without excluding the extreme values auatliers. Therefore, no extreme value and

no outlier is shown in all the figures presenterehe

In addition, because of great diversities in didticytokine levels/productions, it's impossible
to present the results of different cytokines i digure. So, all cytokine levels/productions
and Th1/Th2 ratios shown in all figures of thisagpvere standardized; that is, all cytokines
and Th1/Th2 ratios had a mean of 0 and a standasidttbn of 1.

6.4.1 The whole schizophrenic group

6.4.1.1 Schizophrenia vs. normal subjects

Serum data

Figure 6-4-1-1-1(1)to Figure 6-4-1-1-1(3)offer an overview of the results from comparing
the serum Th1/Th2 cytokine data of all study pgréints.

Totally, 76 schizophrenic patients and 75 healthlyjexts were included into this analysis.
The schizophrenics were significantly older and bladrly reduced cortisol, testosterone, and
SHBG, nevertheless, highly enhanced prolactin tevelcompared to healthy controls.
Therefore, those variables would be involved inftlilowing multi-variance analysis as co-

variants.

Generally speaking, the control group had greateges than the schizophrenic group in all
cytokines measured. Schizophrenic patients hadrlsemim cytokine levels and both serum
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Th1/Th2 ratios. Multi-variance analysis demonstiateat although no obvious diversity was
found between schizophrenics and controls at sioglekine level, both diagnostic groups
remarkably differed from each other in both serumi/Th2 ratios if including age, cortisol,
testosterone, SHBG, and prolactin as co-variafl{t F = .49, p = .48; IL-2: F = .36, p =
55; TNFa: F = .28, p = .60; IL-4: F = .17, p = .68; IL-1B:= .24, p = .62; IL-6: .15, p =
.70). The schizophrenic group had a mean of 14SID £ 12.49) for IFNyIL-4 and 15.50
(SD = 19.66) for IFNy/IL-10 ratio. In contrast, the controls obtainedeaerage of 20.34 (SD
= 18.12) for IFNy/IL-4 and 19.66 (SD = 9.73) for IFMIL-10 ratio. The diversity in IFN-
y/IL-4 achieved a significance level of .02 (F =2.@nd that in IFN/IL-10 ratio reached a
significance level of .002 (F = 10.41).
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Standardized serum Th1/Th2 ratio
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Figure 6-4-1-1-1(1) Standardized serum IFH_-4 (IFN/IL4) and IFN-
y/IL-10 (IFN/IL10) ratio in patients with schizophm&, schizophrenia-
related disorders, and healthy subjects (SCH =zephrenia; SCH-R =
schizophrenia-related disorders; CON = controls).

Even if without co-varying with any parameter oroifily including age as covariant or if
including age, all hormones assessed in this stadg, SHBG as co-variants, the findings
regarding serum cytokine levels and Th1l/Th2 ratiemained relatively constant (no
covariant — IFNy/IL-4: F = 6.10, p = .02; IFN/IL-10: F = 8.06, p = .005; IFN: F = .88, p =
35; IL-2: F = .65, p = .42; TNIB: F = .49, p = .49; IL-4: F = .48, p = .49; IL-10:= .45, p =
.50; IL-6: F = .31, p = .58; age as covariant —#fNL.-4: F = 4.96, p = .03; IFN/ILI-10: F =
6.63, p=.01; IFN¢ F = .67, p = .41; IL-2: F = .46, p = .50; TNE-F = .33, p = .57; IL-4: F
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= .37, p = .54; IL-10: F = .31, p = .58; IL-6: F.24, p = .63; co-vary with all hormones,
SHBG, and age — IFNAL-4: F = 6.08, p = .02; IFN/IL-10: F = 10.51, p = .001; IFN:-F =

A48, p =.49; IL-2: F = .35, p = .55; TNEE-F = .

28,p=.60; IL-4: F = .16, p =.69; IL-1B:=

24, p = .63; IL-6: F = .15, p = .70). That is, igdphrenic patients had markedly decreased

serum IFNy/IL-4 and IFNY/IL-10 ratios than their healthy counterparts, despof

remarkable disparities in age, hormone, and

SHB®d®n both groups.
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Figure 6-4-1-1-1(2) Comparisons of distinct
serum Th1l cytokine levels among patients wi
schizophrenia, schizophrenia-related disorde|
and controls.

Figure 6-4-1-1-1(3) Comparisons of diverse
serum Th2 cytokine levels among patients wit
schizophrenia, schizophrenia-related disorder
and normal controls.

=

: Schizophrenics as a whole group appeared to kawigar serum cytokine levels to

healthy controls. However, if classifying both ssdphrenics and controls together into four

serum IFNy subgroups through conducting cluster analysis exauding the 2 extreme

cases/subgroups (one control the highest one 183tIml and one schizophrenic patient

1635.3 pg/ml), one way ANCOVA demonstrated thatzmphrenics had significantly lower

serum IFNy than controls if including age, cortisol, prolagtiestosterone, and SHBG as co-
variants (F = 6.73, p = .01). Schizophrenics haerayely 39.41 pg/ml IFN-(SD = 20.94)
and controls obtained 48.89 pg/ml IFNSD = 28.93). If dividing the subjects into 5 seru

IL-2 subgroups and excluding the first two highggbgroups/cases (the highest one control

310.0 pg/ml and the second highest one subject seitizophrenia 83.7 pg/ml), the left over

75 schizophrenics tended to have lower serum lev2ls than the left over 74 controls if

including age, cortisol, prolactin, testosteroneg &HBG as co-variants (F = 3.21, p = .08).
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The mean serum IL-2 levels for schizophrenics amdrols were 1.82 pg/ml (SD = .55) and
2.06 pg/ml (SD = .75), correspondingly. If the thihighest case also excluded (one
schizophrenic patient 11.3 pg/ml), the comparisetwben the low serum IL-2 schizophrenic
patients (N = 72) and the low serum IL-2 normal tooils (N = 69) revealed a clear
discrepancy between both serum IL-2 subgroups -Narging with age, cortisol, prolactin,
testosterone, and SHBG (F = 5.15, p = .03). Theageeserum IL-2 level was 1.76 pg/mi
(SD = .40) for the low serum IL-2 schizophrenicgl @n94 pg/ml (SD = .47) for controls.
That is, one schizophrenic subgroup might haveifsigntly lower serum IL-2 than healthy
controls. However, excluding the two extreme serliMF-o values (one schizophrenic
subject 179.2 pg/ml and one control person 56.mpgkchizophrenics had lower TN¥-
than controls; but the reduction failed to reaci significance level (SCH: M = 1.78 pg/ml,
SD =.42; CON: M =1.85, SD = .53; F =.89, p =).35

If clustering subjects of both diagnostic groupsoiwarious serum IL-6 subgroups and
excluding the extreme cases/subgroups (one continel: highest one 450 pg/ml; one
schizophrenic: 112.1 pg/ml; two schizophrenics:23dg/ml; 2 subjects of each group: 8.2
pg/ml), the left over 71 schizophrenics did hawm#icantly higher serum IL-6 levels than
the remaining 72 controls if including age, cottigwolactin, testosterone, and SHBG as co-
variants (F = 5.33, p =.02). Schizophrenic paidrad a mean of 2.52 pg/ml (SD = .93) and
controls had an average of 2.25 pg/ml (SD = .78)mdL-6. If dividing both schizophrenic
and control subjects into three IL-4 subgroupsxteee cases were found; one control had
the highest serum IL-4 (104.1 pg/ml), another aantase and one schizophrenic subject
together obtained a mean serum IL-4 of 15.2 pdfreixcluding the 3 extreme values, the 75
schizophrenics tended to have higher serum IL-A tha remaining 73 controls (F = 3.64, p =
.06). The mean of serum IL-4 was 3.40 pg/ml (SD.26) for schizophrenics and 3.04 pg/ml
(SD = 1.30) for healthy controls. In addition, dkrsanalysis divided subjects of both
diagnostic groups into 4 serum IL-10 subgroups.llglng the extreme cases (one control
subject 471.6 pg/ml and one schizophrenic patiet8.71 pg/ml), uni-variant comparison
revealed that the left over 75 schizophrenics hhdjhaer average of serum IL-10 levels than
the remaining 74 controls; however, the enhancemastnot statistically significant (F = .11,
p =.74). The mean serum IL-10 levels for schizeplus and controls were 2.71 pg/ml (SD =
1.07) and 2.66 pg/ml (SD = 1.27), respectively.
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Summary . Serum data (se@able 6-4-1(1) exhibited no disparity between controls and

schizophrenic patients at single serum cytokinellduncluding extreme cases. Nevertheless,
conspicuous differences were observed in both séRMay/IL-4 and IFNy/IL-10 ratio. If
excluding extreme values, then schizophrenics adfisantly lower serum IFNg however,
markedly higher IL-6; additionally, they showedemdency to have lower serum IL-2, but

higher IL-4 levels than normal subjects.

Table 6-4-1(1) Comparisons of serum cytokine levels and Thl/Tia®%os among
schizophrenics, patients with schizophrenia-reldisdrders, and healthy subjects.

Serum Th1/Th2 cytokine levels and Th1/Th2 ratios: amparisons among
schizophrenia, schizophrenia-related disorders, antealthy controls[M(SD)]

Group ||| Schizophrenia (N =76) Related disorder (26§ Controls (N = 75)

IFN-y 60.41 (184.24)/ 64.44 (136.48) 226.49 (1535.25)/
39.41(20.94)* * 48.89 (28.93)

IL-2 2.91 (9.40) 2.71 (4.03) 6.29 (35.56)
TNF-a || 2.50 (6.29) 1.75 (.50) 4.22 (20.48)
IL-4 3.58 (1.97)3.40 (1.26) 3.22 (1.31) 4.53 (11.78.04 (1.30)
IL-10 4.56 (16.21) 3.79 (7.14) 8.91 (54.16)
IL-6 4.99 (13.5732.50 (.93)* | 3.29 (5.15) 8.39 (51.78)\P25(.78)
IFN/IL4 [} 14.10 (12.49) 20.09 (33.57) 20.34 (18.12)
IFN/IL10}|jl 15.50 (8.26)** 16.48 (7.81) 19.66 (9.73)

(1) Unit of cytokines (IFNy, IL-2...IL-6) = pg/ml ;

(2) IFN/IL4 = IFN-/IL-4; IFN/IL10 = IFN-y/IL-10;

(3) Compared to controls: *$.05; ** p<.01; *** p <.005;
(4) /... (The results from excluding extreme cases)

Whole blood assay data
Figure 6-4-1-1-2(1)to Figure 6-4-1-1-2(3)display the global comparisons and significant
results from multi-variance analysis in schizopleen patients with schizophrenia-related

diseases, and healthy subjects.

Between those 44 schizophrenics and 76 controkestdbywho had complete data for whole
blood assay Th1/Th2 ratios, obvious diversitieages, cortisol, prolactin, and SHBG levels

were found.

Using diagnostic group (schizophrenia vs. contasl)independent variable and whole blood
assay cytokine productions as well as Th1/Th2 sati® dependent variables, multi-variant
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comparisons showed overall reductions in all cytekiand Th1/Th2 ratios except IL-4 if
including age, cortisol, prolactin, and SHBG asveoants into the analysis. Schizophrenics
produced less IFN; IL-2, TNF-, IL-10, and IL-6 in whole blood assay, but sealeteore
IL-4 than their healthy counterparts. Neverthelesgy the decreases in whole blood assay
IFN-y and IL-6 production reached statistic significameeels. On average, schizophrenic
patients released 30469.26 pg/ml of IFNSD = 20852.69), 1635.61 pg/ml of IL-6 (SD =
1098.39), while controls secreted 45391.47 (SD 25838) and 2913.99 pg/ml (SD =
3031.21) of IFNy and IL-6, respectively. The discrepancies in U&th-y and IL-6 achieved

a significance level of .008 (s@able 4-1(2)— IFN+y: F = 6.74, p = .008; IL-6: F =5.87, p =
.008; IL-2: F =.52, p= .47, TNi¢-F =181, p = .18; IL-4: F = .03, p = .86; IL-10:= .58, p

= .45). Furthermore, the means of IgN--10 and IFNy/IL-4 were 29.80 (SD = 20.14) and
889.75 (SD = 1260.87) for schizophrenics and tHoseontrols’ were 39.72 (SD = 26.86)
and 1285.00 (SD = 1427.55), correspondingly. Howewgly the disparity in IFN/IL-10
ratio was unmistakably distinguishable between zyghrenics and healthy controls (IFN-
V/IL-10: F = 4.45, p = .04; IFN/IL-4: F = .74, p = .39).
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Figure 6-4-1-1-2(1) Standardized whole blood assay IF#N=-4 (IFN/IL4)
and IFNy/IL-10 (IFN/IL10) ratio in patients with schizophmia,
schizophrenia-related disorders, and healthy stdh{&CH = schizophrenia;
SCH-R = schizophrenia-related disorders; CON =rodsijt
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In contrast to the results from serum data whicbspite of co-varying with various
parameters, remained relatively consistent, théirfgs from whole blood assay data varied
with covariant(s) included. If without including yanvariable as covariant, the results
demonstrated a similar picture as the outcomesteghabove; schizophrenics had noticeably
decreased whole blood assay IFNL-6 production, and IFN/IL-10 ratios (IFNy/IL-10: F
=452, p=.04; IFNt F = 7.24, p = .008; IL-6: F = 7.25, p = .008; 2L+ = .11, p = .74,
TNF-a: F=1.72, p =.19; IL-4: F = .37, p = .55; IL-1®= .60, p = .44). If only including age
as covariant, the clear reductions in whole blogghg IFNy and IL-6 remained as they were
and that of TNFa showed a trend to be significant as well (IffN- = 8.13, p = .005; IL-6: F
=6.41, p=.01; TNRx: F = 3.43, p = .07; IL-2: F = .55, p = .46; IL8= .01, p = .93; IL-10:

F = 1.59, p = .21). Nevertheless, the decreas&NayllL-10 ratio became less clear (IFN-
Y/IL-10: F = 3.56, p = .06; IFN/IL-4: F = 1.33, p = .25). If all hormones, SHBGdaage
taken into account and included into the analykien exclusively the diversities in IFjNand
IL-6 remained significant (whole blood assay IfMN--4: F = .24, p = .62; IFN/IL-10: F =
2.49,p =.12; IFN¢ F = 4.05, p = .05; IL-6: F = 6.19, p = .01; ILR:= .14, p = .71; TNFR«
F=.92, p=.34;IL-4:F= .14, p = .71; IL-10=F42, p = .52).
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Figure 6-4-1-1-2(2) Comparisons of whole Figure 6-4-1-1-2(3) Comparisons of whole

blood assay Th1 cytokine releases among pa| blood assay Th2 cytokine productions among
with schizophrenia, schizophrenia-related patients with schizophrenia, schizophrenia-related
disorders, and controls. disorders, and healthy subjects.
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Table 6-4-1(2) Comparisons of whole blood assay cytokine semmstiand Th1/Th2 ratios
among schizophrenics, patients with schizophregl@ed disorders, and healthy subjects.

Group

Schizophrenia (N 44)

Related disorder (N =1

Whole blood assay Th1/Th2 cytokine productions an@h1/Th2 ratios: comparisons
among schizophrenia, schizophrenia-related disorder and healthy controlgM(SD)]

1) Controls (N = 76)

IFN-y

30469.26 (20852.26)

25190.84 (18382.08)

45391.47 (33158.28)

IL-2

377.11 (318.32)

289.96 (258.55)

398.99 (360.20)

TNF-a

340.73 (221.26)

333.30 (247.61)

412.58 (322.06)

IL-4

60.61 (47.03)

51.56 (47.93)

54.70 (53.90)

IL-10

1172.98 (699.56)

883.86 (403.35)

1299.87 (947.15)

IL-6

1635.61 (1098.39)

2246.13 (2310.54)

2913.99 (3031.21)

IFN/IL4

889.75 (1260.87)

810.90 (797.61)

1285.00 (1427.55)

IFN/IL10

29.80 (20.14)

34.35 (27.46)

39.72 (26.86)

(1) Unit of cytokines (IFNy, IL-2...1L-6) = pg/ml;
(2) IFN/IL4 = IFN-y/IL-4; IFN/IL10 = IFN-y/IL-10;
(3) Compared to controls: *$.05; ** p< .01.

In addition, comparisons between those 9 schizophpatients and 23 healthy controls who
had whole blood assay IL-12 (ELISA) data showectlear difference between both groups
without including any covariant since both groupsrevsimilar in age, hormones, and SHBG
(ELISA IL-12: F = 1.18, p = .29). Schizophrenicsdha mean of 1.54 pg/ml IL-12 (SD =
1.83), while their healthy counterparts had an ayerof 2.71 pg/ml IL-12 (SD = 3.00).
Similarly, comparing the whole blood assay IL-18ductions (ELISA) of schizophrenics to
those of controls demonstrated no noticeable digplaetween both groups if including age
and testosterone as co-variants due to markedrdispabetween them in those parameters
(SCH: ELISA IL-13 — M = 52.44 pg/ml, SD = 65.21; GOM = 34.01, SD = 29.50; F =1.42,
p = .24). Because the male/female ratios in bo#lgrbstic groups who had whole blood
assay IL-13 data tended to be markedly differemg, whole blood assay IL-13 of both
genders were analyzed separately. No noticeabpauilig in whole blood assay IL-13 was
found between both gender subgroups, although Ibodle and female schizophrenics
averagely produced more IL-13 than controls of @sponding sex{SCH vs.JCON - age:

F =.98, p = .33; cortisol: F = .27, p = .61; patla: F = .33, p = .57; estradiol: F = .02, p =
.89; testosterone: F = 4.26, p = .05; SHBG: F 318=.19; ELISA IL-13: F = .44, p = .51,
QSCH vs.2CON — age: F = 4.64, p = .05; cortisol: F = 1.3 |28; prolactin: F =.01, p =
.94; estradiol: F = .53, p = .48; testosterone: X641, p = .13; SHBG: F = .98, p = .35; ELISA
IL-13: F = .004, p = .95). Averagely, male schizmgtics released 69.57 pg/ml of IL-13 (SD
= 100.91), male controls produced 38.64 pg/ml (SB1:93), female schizophrenic patients
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had 41.02 pg/ml (SD = 33.96), and healthy womemneted 22.11 pg/ml IL-13 (SD = 19.05)

in PHA-stimulated whole blood.

Summary . Schizophrenics showed reduced whole blood adshiyyliL-4 and IFNy/IL-10

ratios. However, only the decrease in IFN-10 reached a significance level. In addition,
schizophrenics also had markedly lower whole blasday IFNy and IL-6 than normal
controls.

Lymphocyte data

Figure 6-4-1-1-3(1)to Figure 6-4-1-1-3(3)give a glance at the findings of comparisons in
lymphocyte data among schizophrenics, healthy otmtand patients with schizophrenia-

related disorders.
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Figure 6-4-1-1-3(1) Standardized lymphocyte IF{H_-4
(IFN/IL4), IFN-y/IL-10 (IFN/IL10), and IFNy/IL-13 (IFN/IL13)
ratios in patients with schizophrenia, schizophaaeiated
disorders, and healthy subjects (SCH = schizopar&CH-R =
schizophrenia-related disorders; CON = controls).

Nevertheless, MANCOVA of lymphocyte data faileddiscover any conspicuous imbalance
between the Thl and Th2 system in schizophrenspitgeof with or without co-varying with
age (no covariant — IFNHL-4: F = .52, p = .47; IFN/IL-10: F = 1.83, p = .18; IFN/IL-13:
F=1.13, p = .29; age as covariant — fN-4: F = .03, p = .86; IFN/IL-10: F = .75, p =
.39; IFNY/IL-13: F = .27, p = .60). Generally speaking, gophrenics produced less
lymphocyte IFNy, IL-4, IL-13, and IL-10; however, they releasedrentlL-12 and had higher
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lymphocyte [FNy/IL-4, IFN-y/IL-10, and IFNy/IL-13 ratios. Nevertheless, only the
reductions in lymphocyte IFN-IL-4, and IL-13 in schizophrenic patients wereegkable if
compared with healthy subjects (Sesble 6-4-1(3)— IFNy: F = 11.76, p = .001; IL-4: F =
6.83, p = .01; IL-13: F = 6.47, p = .01; IL-12: F.7#L, p = .40; IL-10: F = 1.12, p = .29).
Averagely, schizophrenics produced 716.92 NNpots pro 40,000 lymphocytes (SD =
443.74), 338.78 IL-4 spots pro 200,000 cells (S202.56), and 588.87 IL-13 spots pro
200,000 lymphocytes (SD = 390.58), while their tteatounterparts released 1045.25 ¥¢N-
spots (SD = 820.16), 410.47 IL-4 spots (SD = 16)1..48d 806.80 IL-13 spots (SD = 514.61)

with the same cell concentrations as mentionedhizephrenics.
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Figure 6-4-1-1-3(2) Comparisons of lymphocy| Figure 6-4-1-1-3(3) Comparisons of
Th1 cytokine in vitro productions among patie| lymphocyte Th2 cytokine in vitro productions
with schizophrenia, schizophrenia-related among patients with schizophrenia,
disorders, and controls. schizophrenia-related disorders, and controls

Summary : NO clear reduction in any of the lymphocyte I§M-=-4, IFN-y/IL-10, and IFN-

y/IL-13 ratio was found in schizophrenics as a whgteup. Nevertheless, schizophrenic

patients released tremendously less lymphocyteyilHN-4, and IL-13 than healthy subjects.

6.4.1.2 Schizophrenia vs. schizophrenia-related disorders

In order to find out which of the above discoveidul/Th2 abnormalities was specific for

schizophrenia, we compared schizophrenics withroblsgchiatric patients suffering under
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schizophrenia-related disorders such as other psigchind schizoaffective disorders etc. Due
to no significant difference in age, hormones, &4BG between both patient groups, no
further variable except cytokines and Th1/Th2 maticere included into the multi-variance

analysis.

Table 6-4-1(3) Comparisons of lymphocyte cytokine releases ahdl/Th2 ratios among
schizophrenics, patients with schizophrenia-reldisdrders, and healthy subjects.

Lymphocyte data: comparisons among schizophreniachizophreniarelated disorders
and healthy controls[M(SD)]

Group ||| Schizophrenia (N =54) Related disorder (N8} Controls (N = 98)
IFN-y 716.92 (443.74)** 768.38 (648.96) 1045.25 (820.16)
IL-12 371.74 (487.40) 237.31 (190.15) 301.97 (19p.7
IL-4 338.78 (202.56) 395.33 (180.15) 410.47 (161.43)
IL-10 480.65 (509.95) 290.13 (225.43} 535.28 (458.92)
IL-13 588.87 (390.58) 700.65 (409.66) 806.80 (514.61)
IFN/IL4 3.26 (4.17) 2.23 (2.09) 2.88 (2.37)
IFN/IL10|| 5.11 (11.71) 3.76 (2.90) 3.34 (4.10)
IFN/IL13|| 2.37 (4.80) 1.21 (.75) 1.77 (2.21)

(1) Unit of cytokines (IFNy, IL-12...1L-13) = spot; cell concentration: IFi{= pro 40 000 cellg
IL-12 = pro 160 000 cells; IL-4 & IL-13 = pro 20@O cells; IL-10 = pro 80 000 cells;

(2) IFN/IL4 = IFN+/IL-4; IFN/IL10 = IFN-y/IL-10; IFN/IL13 = IFN+/IL-13;

(3) Compared to controls: *9.05; ** p< .01, *** p <.001.

In general, schizophrenics had higher serum ILNK--&, I1L-4, IL-10, and IL-6, nevertheless,
lower IFN+y, IFN-y/IL-4, and IFNy/IL-10 than patients with schizophrenia-relatedodiers.
Schizophrenic patients produced more whole bloadywasFNy, IL-2, TNF-, IL-4, I1L-10
and had higher IFNAL-4. But they released less whole blood assag knd had lower IFN-
y/IL-10 than other psychiatric patients having sopiazrenia-related disorders. In addition,
patients with schizophrenia secreted lower N;NH.-4, and IL-13 in PHA-stimulated
lymphocytes, but had higher lymphocyte Thl/Th2osincluding IFNy/IL-4, IFN-y/IL-10,
and IFNy/IL-13 than their patient counterparts with schiagnia-related psychiatric

diseases.

However, regardless of which analysis material sedum or whole blood or lymphocyte),

no noteworthy alteration was observed in schizaphbseif compared with their psychiatric

counterparts having schizophrenia-related disor¢egs Tables 6-4-1(1), 6-4-1(2) & 6-4-

1(3): serum — IFNy/IL-4: F = 1.75, p = .19; IFN/IL-10: F = .28, p = .60; IFNt F = .01, p =
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92;IL-2: F=.01,p=.92; TNles F= .37, p=.55; IL-4: F = .77, p = .38; IL-1B:= .05, p =
.82; IL-6: F = .39, p = .54; whole blood assay N{IL-4: F = .05, p = .83; IFN/IL-10: F =
45, p = .50; IFNy: F = .72, p = .40; IL-2: F = .86, p = .36; TNFF = .01, p = .92; IL-4: F =
.39, p =.54; IL-10: F = 2.15, p = .15; IL-6: F 83, p = .18; lymphocyte — IFMIL-4: F =
23, p =.63; IFNY/IL-13: F = 1.04, p = .31; IFN/IL-10: F = .23, p = .63; IFNt F = .14, p =
71 1L-12: F=1.29, p = .26; IL-4: F = 1.11, p390; IL-13: F =1.08, p = .30; IL-10: F = 2.34,
p =.13).

Summary . Schizophrenics and patients with related dissrdeemed to be undistinguishable

in those endocrinological and immunological parareimeasured in this study. The next
step is to detect whether the immunological alienst found in schizophrenics were also

observed in patients with schizophrenia-relatedrdisrs if compared to healthy controls.

6.4.1.3 Schizophrenia-related disordersvs. controls

Generally speaking, patients with schizophreniategl disorders had decreased serum
cytokine levels and Th1/Th2 ratios if compared tonmal subjects. Similar findings were
found in both whole blood assay and lymphocyte .d&antrols had higher cytokine
productions in PHA-stimulated lymphocytes and whbleod as well as higher Th1/Th2
ratios than patients with schizophrenia-relatedrdisrs. The only exception was lymphocyte
IFN-y/IL-10 ratio; patients with schizophrenia-relatadadders had higher lymphocyte IFN-

y/IL-10 ratios than controls.

Because normal controls and patients having schieoa-related disorders were of similar
ages, only cortisol and prolactin were included itihte analysis since both groups were
clearly distinguishable in these respects. Howeweilfi-variance analysis showed no marked
alteration in serum and whole blood assay Thl/Th®kines/ratios of patients with
schizophrenia-related disorders if compared to ehofs normal subjects except the whole
blood assay IFN+production (sedables 6-4-1(1) & 6-4-1(2)serum — IFNy/IL-4: F = .03,

p = .86; IFNy/IL-10: F = 2.77, p = .10; IFN: F = .98, p = .32; IL-2: F = .94, p = .34; TNE-
F=112,p=.29; IL-4: F =1.20, p = .28; IL-1B:= .86, p = .36; IL-6: F = .88, p = .35;
whole blood assay — IFMIL-4: F = 1.18, p = .28; IFN/IL-10: F = .42, p = .52; IFNt F =
4.09, p=.05; IL-2: F = .62, p = .43; TNE-F = .24, p = .62; IL-4: F = .02, p = .89; IL-1B:
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=1.75, p =.19; IL-6: F =.71, p = .40). Nonetlsslelymphocyte data demonstrated distinct
changes in IFNtand IL-10 productions as well as a tendency teehdacreased lymphocyte
IFN-y/IL-4 ratios in psychiatric patients suffering undehizophrenia-related disorders (see
Table 6-4-1(3) lymphocyte — IFNy/IL-4: F = 3.41, p = .07; IFN/IL-10: F = .30, p = .59;
IFN-y/IL-13: F = 2.00, p = .16; IFN: F = 4.53, p = .04; IL-12: F = 2.71, p = .10; ILB =
31, p=.58; IL-13: F =.79, p = .38; IL-10: F 83, p = .006). Patients with schizophrenia-
related disorders released markedly less wholedbdssay IFNy¢ as well as lymphocyte IFN-

y and IL-10 if compared to controls.

Summary: The comparisons between schizophrenics, contralsd patients with

schizophrenia-related disorders revealed that fsgnitly reduced serum Th1/Th2 ratios were
only found in schizophrenia, but not in patientsving related diseases. Additional
characteristic Th1/Th2 abnormalities for schizopraanclude lower whole blood assay IFN-
y/IL-10, reduced PHA-stimulated whole blood IL-6,cdeased PHA-stimulated lymphocyte
IFN-y, IL-4, and IL-13 production. Schizophrenics andigrés having related disorders
shared deficits in whole blood assay and lymphotfytéey secretion. However, patients with

schizophrenia-related disorders had noticeablyaedlymphocyte IL-10 secretion.

6.4.2 Distinct schizophrenic subgroups

Since schizophrenia has been considered as a ¢eterous disease, in the following
sections, we attempted to divide the schizophr@aittents into various subgroups and to
examine whether or not any apparent diversity edisgietween/among those schizophrenic

subgroups. However, due to thmited space of this report many missing data in distinct

clinical variables, and thgreat diversity in case numberdetween schizophrenic subgroups

with 2 polarized clinical features (e.g. early-angg late-onset), thBcus of this report lies

on the comparisons betwegander subgroups The outcomes from MANCOVA regarding

different clinical subgroups were briefly summadzen two tables in order to offer an

overview of Th1/Th2 imbalance in diverse schizopioelinical subgroups.

6.4.2.1 Schizophrenic gender subgroups vs. normal controls
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Gender is being increasingly recognized as an itapbfactor influencing CNS structure and
function (Zubieta et al., 1999). The possible rolegender in the etiology of schizophrenia
was likewise lately emphasized (Halbreich and K&t93; Hafner, 2003). In the following

paragraphs, schizophrenic subjects were divided atmale and a female subgroup and

compared to the normal subjects of correspondirg se

6.4.2.1.1 Female schizophrenics vs. female controls

6.4.2.1.1.1 The whole group of schizophrenic anuabfemales

Figure 6-4-2-1-1(1)to Figure 6-4-2-1-1(1-2)give an overview of the differences in serum
Th1/Th2 cytokines/ratios among schizophrenic fesyat®rmal female subjects, and female

patients having schizophrenia-related disorders.
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Figure 6-4-2-1-1(1) Standardized serum IF{i_-4 (IFN/IL4) and IFN-
y/IL-10 (IFN/IL10) ratios in female patients withlezophrenia,
schizophrenia-related disorders, and female healibjects (SCH =
schizophrenia; SCH-R = schizophrenia-related dexadCON = controls).

Serum data
Compared to the 35 normal females, the 34 schismptiwomen were tremendously older

and had significantly enhanced prolactin, but mdikelecreased cortisol and SHBG levels
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(?SCH vs.2CON — age: F = 18.76, p < .001; prolactin: F = 642 .02; SHBG: F = 10.46,

p = .002; cortisol: F = 10.40, p = .002; estradiok .002, p = .97; testosterone: F =1.44, p =
.23). The 15 females with schizophrenia-relate@aliss and the 35 control women were of
relatively similar ages, females patients with sophrenia-related disorders had
tremendously higher prolactin, however, lower cmitievels than healthy womef $CH-R

vs. 2CON — age: F = 2.74, p = .10; cortisol: F = 5.26; ®3; prolactin: F = 22.43, p <.001;
estradiol: F = .45, p = .50; testosterone: F = [©05,.83; SHBG: F = 3.58, p = .06). Between
females of both patient groups, almost no dispanfs found except that schizophrenic
females had markedly reduced testosterone levela their female counterparts with
schizophrenia-related disordefsSCH vs.?SCH-R — age: F = 2.48, p = .12; testosterone: F
=4.95, p =.03; cortisol: F =.001, p =.98; potia: F = 1.29, p = .26; estradiol: F = .43, p =
.52; SHBG: F = .27, p = .60). Those diversitiesorégd here were included into the following

multi-variant comparisons.
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Figure 6-4-2-1-1(1-1) Comparisons of serum Tl| Figure 6-4-2-1-1(1-2) Comparisons of serum

cytokine levels among female patients with Th2 cytokine levels among female patients w th
schizophrenia, schizophrenia-related disorders| schizophrenia, schizophrenia-related disorde s,
female controls. and female controls.

Although the data regarding nicotine abuse (the tatween smoker and non-smoker) were
not complete for all subjects, according to thoaadvailable, no noteworthy disparity was
observed between each pair of the three femalergupg @ SCH vs.2SCH-R — nicotiney?
= .01, p = .93;9SCH vs.2CON - nicotine:x2 = .66, p = .42,9SCH-R vs.92CON —

nicotine:x? = .11, p = .74).
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SCH females vs. CON females
If including age, prolactin, cortisol, and SHBG dnthe analysis due to clear diversities
between schizophrenic and control females, extrgrelar alterations in both serum IFN-
y/IL-4 and IFNy/IL-10 ratios were found in female schizophrenissgTable 6-4-2-1(1)
IFN-y/IL-4: F = 12.85, p = .001; IFNAL-10: F = 10.01, p = .002). The means obtained fo
both serum IFN{IL-4 and IFNy/IL-10 were 10.96 (SD = 5.82) and 14.29 (SD = 6.@t)
female schizophrenic subjects as well as 21.31 £SD4.77) and 19.29 (SD = 8.98) for
control women, correspondingly. Schizophrenic worhad clearly reduced serum Th1/Th2
ratios, compared to their healthy female counteéspakdditionally, female schizophrenic
patients had remarkably lower serum If¥Naevertheless, clearly higher serum IL-4 levels
than healthy women (IFN-F = 6.70, p = .01; IL-4: F = 6.77, p = .01). Téehizophrenic
females had a mean IFNlevel of 35.93 pg/ml (SD = 16.26) and an averdgd level of
3.62 pg/ml (SD = 1.41), while the normal women laagragely 45.69 pg/ml IFN-(SD =
24.22) and 2.67 pg/ml IL-4 (SD = 1.32) in serumrtkermore, schizophrenic females had
lower serum IL-2, however, higher IL-10 and IL-&é¢s than control females; nevertheless,
those disparities were not clear between both ferdegnostic groupsSCH vs.2CON —
IL-2: F =.83, p=.37, TNFx: F = .68, p = .41; IL-10: F = 1.11, p = .30; IL+6:= 2.60, p =
A1),

SCH-R females vs. CON females
However, the comparisons between the 15 femaleergatiwith schizophrenia-related
disorders and the 35 control females showed anqtietures if including cortisol and
prolactin into the analysis for the reason thatdks®s of both groups were obviously different
in both stress hormones. Female patients with sphiznia-related disorders had apparently
enhanced serum IL-6 levels and tended to have areck serum IL-2 and IL-10 levels if
compared to healthy female subjects (IL-6: F = 4pd% .04; IL-2: F = 3.32, p =.08; IL-10: F
= 3.44, p = .07). Female patients with schizoplaerlated disorders obtained averagely 4.02
pg/ml for IL-6 (SD = 6.75), 3.26 pg/ml for IL-2 (SB5.30), and 4.78 pg/ml for IL-10 (SD =
9.38). In addition to the disparities stated abdeepales of both groups were relatively
comparable in the remaining cytokines as well a lserum Th1/Th2 ratios?SCH-R vs.
QCON — IFNy/IL-4: F = 1.28, p = .26; IFN/IL-10: F = .72, p = .40; IFNt F = 2.75, p =
JA0; TNFa: F=.49,p=.49; IL-4: F=1.14, p = .29).

SCH females vs. SCH-R females
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Compared to female patients having schizophren@e® disorders, schizophrenic females
had generally higher serum levels in Thl cytokissh as IFN¢, IL-2, and TNFe, however,
lower Th1/Th2 ratios and Th2 cytokines including4LIL-6, and IL-10. Nevertheless, multi-
variance analysis showed no obvious diversity ueie serum cytokine levels and IyNL--

10 ratio between both female patient groupSCH vs.2SCH-R — IFNy: F = 2.42, p = .13;
IL-2: F =244, p=.13;IL-4: F=.17,p=.68;-B: F=.04, p=.84; TNIec F = 1.24, p =
27; 1L-10: F = 1.65, p = .21). However, schizopticevomen tended to have lower IFNL-

4 ratios than female patients having related-des@sNy/IL-4: F = 3.09, p = .09; IFN/IL-

10: F = 1.01, p = .32).

Table 6-4-2-1(1) Comparisons of serum cytokine levels and Thl/Th#os between
schizophrenic and control males/females who hadptete data for age, gender, hormones,
SHBG, and both Th1/Th2 ratios.

Th1/Th2 ratios and cytokines: comparisons (1) beteen schizophrenic and
control females & (2) between schizophrenic and ctmol males [M(SD)]

Female Male

SCH (N = 34)

CON (N = 35)

SCH (N = 42

CONH 40)

35.93 (16.26}

45.69 (24.22)

80.22 (246.94)

384.69 (2101,

1.85 (.43)

2.04 (.54)

3.76 (12.64)

10.01 (48.6

1.87 (.45)

1.81 (.43)

3.02 (8.46)

6.32 (28.04)

3.62 (LAD"

2.67 (1.32)

3.56 (2.35)

6.16 (16.00)

2.71 (1.09)

2.39 (.83)

6.06 (21.78)

14.61.023

4.50 (7.84)

2.32 (.94)

5.39 (16.95)

13.70 BR).

10.96 (5.82)*

21.31 (14.77)

16.64 (15.60)

19.49 (20.76)

19.65 (8.98)

16.47 (9.16)

(1) Unit of cytokines (IFNy, IL-2...1L-6) = pg/ml;
(2) IFN/IL4 = IFN-y/IL-4; IFN/IL10 = IFN-y/IL-10;
(3) Compared to corresponding sex: £ (05; ** p< .01; *** p < .005; **** p < .001.

19.67 (10.47)

Figure 6-4-2-1-1(2)to Figure 6-4-2-1-1(2-2)offer a glance at the discrepancies in whole
blood assay Th1/Th2 cytokines/ratios among schimpb females, normal female subjects,

and female patients having schizophrenia-relatedrders.

According to the whole blood assay data, the 18aferachizophrenics were extremely older
and had significantly higher prolactin, nevertheldswer cortisol levels than the 35 female
controls @SCH vs.2CON — age: F = 12.44, p = .001; cortisol: F = 69€, .02; prolactin: F
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=7.25, p = .01, estradiol: F = .47, p = .50; tegmone: F =1.11, p =-30; SHBG: F =2.12, p
= .15). The 5 females with schizophrenia-relatesbilers were not significantly older, but
they did have clearly enhanced prolactin, nonetiseldecreased SHBG levels than normal
women @SCH-R vs.2CON — age: F = 3.77, p = .06; prolactin: F = 50483; .001; SHBG:

F =4.22, p =.05; cortisol: F =.90, p = .35; adtol: F = .11, p = .75; testosterone: F = .003,
p = .95). Nevertheless, women of both patient gsowgre relatively comparable in all
respects stated above $CH vs.9SCH-R — age: F = .10, p = .76; cortisol: F = .4E b3;
prolactin: F = 2.18, p = .16; estradiol: F = .0k @3; testosterone: F = 2.05, p =.17; SHBG:
F = 1.86, p = .19). Furthermore, between those lepatients and control females who had
complete whole blood assay Th1/Th2 ratios and emaaogical data, no clear diversity was
shown between each pair of them regarding the smmakemoker ratios{SCH vs.2CON —
x2=.21, p=.659SCH-R vs.2CON —x2=.73, p = .399SCH vs.9SCH-R —x2 = .24, p =
.62).
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Figure 6-4-2-1-1(2) Standardized whole blood assay IfN-4
(IFN/IL4) and IFNY/IL-10 (IFN/IL10) ratios in female patients with
schizophrenia, schizophrenia-related disordersfemdle healthy
subjects (SCH = schizophrenia; SCH-R = schizophreziated
disorders; CON = controls).

SCH females vs. CON females
Multi-variance analysis revealed that schizophrdéemales had highly reduced whole blood
assay IFNy/IL-10 ratios than healthy women (sé@able 6-4-2-1(2) F = 7.86, p = .007).
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Female schizophrenics obtained a mean of 19.64yIENtO (SD = 12.07), whereas female
controls had an average IRNL-10 34.77 (SD = 21.52). Schizophrenic women atsal
reduced whole blood assay IFNL-4 ratios, nevertheless, the difference onlywséd a trend
to be significant (F = 3.30, p = .08). The mean Hidood assay IFN/IL-4 ratios for both
schizophrenic and control female groups were 462313 = 310.06) and 1290.69 (SD =
1620.74), respectively. Additionally, female schoboenics produced markedly less I§N-
and tended to release less IL-6 than their hed#male counterparts; however, no marked
disparity was found in the productions of the ramrag cytokines § SCH vs.2CON — IL-2:
F=.19,p=.67, TNRx F=.91, p=.34; IL-4: F = .31, p = .58; IL-10:= .04, p = .85). The
means of whole blood IFNM-and IL-6 were 23410.06 pg/ml (SD = 13379.42) aB@6120
pg/ml (SD = 751.37) for schizophrenic women as wasll45221.91 pg/ml (SD = 32808.98)
and 3300.15 pg/ml (SD = 3259.17) for control fematmrrespondingly (IFN: F = 5.56, p =
.02; IL-6: F = 3.44, p = .07).
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Figure 6-4-2-1-1(2-1) Comparisons of whole
blood assay Th1 cytokine releases among fel
patients with schizophrenia, schizophrenia-
related disorders, and female controls.

Figure 6-4-2-1-1(2-2) Comparisons of whole
blood assay Th2 cytokine releases among fe
patients with schizophrenia, schizophrenia-
related disorders, and female controls.

male

SCH-R females vs. CON females & SCH-R femaleS@&H females
Nevertheless, the comparisons between female pateth schizophrenia-related disorders
and controls as well as those between both femaléermi groups (schizophrenia vs.
schizophrenia-related disorders) showed similaritie all regards measure@ $CH-R vs.
QCON — whole blood assay IFMH.-4: F = .002, p = .96; IFN/IL-10: F = 2.05, p = .16;
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IFN-y: F = .25, p = .62 ;IL-2: F =.002, p = .97; TN+ = .10, p = .76; IL-4: F = .65, p =
A43; IL-10: F = .04, p = .84; IL-6: F = .64, p =3;49SCH-R vs.2SCH — IFNy/IL-4: F =
1.41, p = .25; IFN/IL-10: F =.002, p = .97; IFN: F = 1.27, p = .27; IL-2: F = .08; p = .78;
TNF-a: F = .14, p = .71; IL-4: F = .65, p = .43; IL-1B:= 1.40, p = .25; IL-6: F = 1.17, p =
.29).

Table 6-4-2-1(2) Comparisons of whole blood assay cytokine lewaid Th1l/Th2 ratios

among schizophrenic and control males/females wdmb ¢omplete data for age, gender,
hormones, SHBG, and both Th1/Th2 ratios.

Whole blood assayrh1/Th2 ratios and cytokines: comparisons (1) beteen
schizophrenic and control females & (2) between sdophrenic and control males
[M(SD)]

Group Female Male
Gender SCH (N = 18) CON (N = 35) SCH (N = 26) CON (N =41)
23410.06 (13379.4:|45221.91 35356.40 (23779.62] 45536.21 (33859(P7)
* (32808.98)
286.66 (194.80) 358.56 (361.86)] 439.74 (37.17 [433.50 (359.60)
293.78 (264.20) 413.25 (284.68)] 373.24 (184.54 .Q1.2354.39)
63.30 (49.37) 54.85 (38.84) 58.75 (46.24) BA(64.55)
1368.32 (926.69) | 1397.22 (800.39) 1037.7/8(86) | 1216.78 (1059.3
1326.20 (751.37) | 3300.15 (3259.17B49.35 (1254.81) |2584.35 (2820.86]
462.03 (310.06) 1290.69 (1620.44)185.87 (1564.02) |1280.13 (1260.25]
19.64 (12.07" 34.77 (21.52) 36.84 (21.74) 43.95 (30.31)

(1) Unit of cytokines (IFNy, IL-2...1L-6) = pg/ml;
(2) IFN/IL4 = IFN-y/IL-4; IFN/IL10 = IFN-y/IL-10;
(3) Compared to corresponding sex: *<p01.

Figure 6-4-2-1-1(3)to Figure 6-4-2-1-1(3-2)give a glance at the results from comparing the
lymphocyte Th1/Th2 data of schizophrenic women,madr females, and female patients

having schizophrenia-related diseases.

The diversities in the epidemiological and endauogical data among these three female
subgroups who had complete lymphocyte data, hor;ydEBG, and age are as followed.
Apart from being significantly older, the 22 sclphoenic females were also evidently
distinguishable from the 45 normal women in colftisprolactin, and SHBG levels.

Schizophrenic females had remarkably lower cortessa SHBG, but higher prolactin levels
than their healthy female counterpafsSCH vs.? CON — age: F = 9.89, p = .003; cortisol:

F =5.48, p =.02; prolactin: F = 8.38, p = .00BB%5: F = 6.66, p = .01; estradiol: F =.02, p
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= .90; testosterone: F = .73, p = .40). Between7tHemale patients having schizophrenia-
related disorders and the 45 female controls, ¢inéy diversities in prolactin and SHBG
reached statistic significance levels, but not dgeh sex hormones, and cortisglSCH-R

vs. YCON — prolactin: F = 17.96, p < .001; SHBG: F =34. = .03; age: F = 2.48, p = .12;
cortisol: F = 1.86, p = .18; estradiol: F = .71 p41; testosterone: F = .01, p = .92). Female
patients with schizophrenia-related diseases hgtlyhihigher prolactin, but lower SBHG
levels than the female controls. However, betwesth patient groups, no clear disparity was
observed in those respectsSCH vs.2SCH-R — age: F = .58, p = .45; cortisol: F = .00,
.98; prolactin: F = .19, p = .67, estradiol: F 6,.4¢ = .51, testosterone: F = 1.94, p = .18;
SHBG: F = .71, p = .41).
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Figure 6-4-2-1-1(3) Standardized lymphocyte IF{dH.-4
(IFN/IL4), IFN-y/IL-10 (IFN/IL10), and IFNy/IL-13 (IFN/IL13)
ratios in female patients with schizophrenia, sopizenia-relate ji
disorders, and female healthy subjects (SCH = ephiznia;
SCH-R = schizophrenia-related disorders; CON =rodsijt

In addition, comparing the ratios of smoker/non-karodemonstrated similarities among
these 3 female diagnostic grousSCCH vs.2CON —x? = .28, p = .609SCH vs.2SCH-R —
x2=.17, p = .689SCH-R vs.2CON —x2 = .02, p = .90).

SCH females vs. CON females
MANCOVA demonstrated that, in addition to a markesdiuction in lymphocyte IFN-
production and a tendency to release less IL-4 dhizephrenic women, no further
discrepancy was found in the other lymphocyte patars between schizophrenic and control
females (se@able 6-4-2-1(3) lymphocyte IFNy/IL-4: F = .21, p = .65; IFN/IL-10: F = .03,
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p = .87; IFNy/IL-13: F = .01, p = .94; IFN: F = 8.33, p = .005; IL-4: F = 3.00, p = .09; IL-

12: F=.71,p = .40; IL-13: F=2.49, p = .12;10: F = .01, p = .94).
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Figure 6-4-2-1-1(3-1) Comparisons of
lymphocyte Thl cytokine productions amon
female patients with schizophrenia,
schizophrenia-related disorders, and female
controls.

Figure 6-4-2-1-1(3-2) Comparisons of
lymphocyte Th2 cytokine productions among
female patients with schizophrenia,
schizophrenia-related disorders, and female
controls.

SCH-R females vs. CON females & SCH-R femaleS@H females
Nevertheless, comparisons between either femalenparoup and normal females failed to
show any marked disparity in lymphocyte cytokinedurction and Th1/Th2 raticySCH-R
vs. QCON — IFNy/IL-4: F = 2.29, p = .14; IFN/IL-10: F = .25, p = .62; IFN/IL-13: F =
76, p=.39; IFN¢y. F=2.62, p=.11; IL-12: F =.002, p = .96; ILH= .42, p = .52; IL-13: F
= 1.06, p = .31; IL-10: F = .76, p = .39SCH-R vs.2SCH — IFNy/IL-4: F = 1.02, p = .32;
IFN-y/IL-10: F = .28, p = .60; IFN/IL-13: F = .50, p = .49; IFNt F = .30, p = .59; IL-12: F
= .37, p = .55; IL-4: F = .46, p = .51; IL-13: F@3, p = .87; IL-10: F = .59, p = .45).

Summary . Schizophrenic females had significantly loweruserIFN+/IL-4, IFN-y/IL-10,

whole blood assay IFNAL-10, serum, whole blood assay, and lymphocyts-{- however,
higher serum IL-4 than female normal subjects,nmitfemale patients having schizophrenia-
related disorders. In addition, schizophrenic worakso tended to have markedly decreased
whole blood assay IFNAL-4, IL-6, and lymphocyte IL-4 if compared to feshe controls.

Nevertheless, female patients having schizophnestgded disorders had significantly
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enhanced serum IL-6 and tended to have elevatednsér-10 levels if compared with
normal female controls. Furthermore, schizophreromen tended to have lower serum IFN-

y/IL-4 than their female patient counterparts hawsngizophrenia-related diseases.

Table 6-4-2-1(3) Comparisons of lymphocyte cytokine levels and /Th2 ratios between
schizophrenic and control males/females who hadptete data for age, gender, hormones,
SHBG, and both Th1/Th2 ratios.

Th1/Th2 ratios and cytokines: comparisons (1) beteen schizophrenic
and control females & (2) between schizophrenic ancontrol males [M(SD)]

Male
SCH (N =32
785.53 (442.71)

Female
SCH (N = 22)
617.13 (435.92)*

CON (N = 45)
1121.88 (969.10)

CONA(53)
980.19 (671.6)

394.95 (459.68)

287.16 (158.10

355.78 (50p.2

311.48 (211.81)

416.50 (164.66)|

357.56 (19Y.14

577.52 (634.72)

553.35 (493.19

414.05 (46D.5

540.22 (413.49)

766.80 (493.92

622.31 (377.04)

3.64 (5.64)
6.27 (17.58)
3.00 (7.19)

3.00 (2.67)
3.66 (4.80)
2.05 (3.03)

3.00 (2.83)
4.31 (4.83)
1.94 (1.95)

2.790Q@)
3.07 (3.43)

1.53 (1.12)

(1) Unit of cytokines (IFNy, IL-12...1L-13) = spot; cell concentration: IFi{= pro 40 000

cells; IL-12 = pro 160 000 cells; IL-4 & IL-13 = @200 000 cells; IL-10 = pro 80 000 celfs;
(2) IFN/IL4 = IFN+/IL-4; IFN/IL10 = IFN-y/IL-10;
(3) Compared to corresponding sex: £ 05; *** p <.005.

6.4.2.1.1.2 Th1/Th2 subgroups of female schizopbrnestients

Although female schizophrenics as a whole group sigdificantly reduced Th1/Th2 ratios
than normal women, they can be further divided imézious heterogeneous subgroups
according to their Th1/Th2 ratios. The followinggens are the report of such attempts.
Serum Th1/Th2 subgroups of female schizophrenics

If including serum IFNy/IL-4 and IFNY/IL-10 as clustering standards at the same time to
classify the female patients, two extremely hetenepus subgroups were obtained: one low
IFN-y/IL-4 and IFNy/IL-10 (abbreviated as low Th1/Th2) as well as dngh Th1/Th2
subgroup (low Th1/ThZ2SCH — IFNy/IL-4: M = 8.21, SD = 3.78; IFN/IL-10: M = 9.70,

SD = 3.73; high Th1/ThZSCH — IFNy/IL-4: M = 14.88, SD = 6.08; IFN/IL-10: M =
20.84, SD = 4.83). There were 20 females in the Tom/Th2 subgroup and 14 in the high
Th1/Th2 female schizophrenic group. These two fensahizophrenic subgroups had highly

different serum IFN/IL-4 and IFNy/IL-10 ratios (IFNy/IL-4: F = 15.58, p < .0001; IFN-
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y/IL-10: F = 57.55, p < .00001). The low Th1/Th2 fae subgroup tended to have higher
scores on the PANSS negative subscale than theomgh{low Th1/Th2 group: M = 27.13,
SD = 6.43; high: M = 21.57, SD = 7.37; F = 3.347 p08). In contrast, the high Th1/Th2
female subgroup had a higher average on the PANSiEve subscale (low Th1/Th2SCH:

M = 23.19, SD = 7.57; high Th1/THRRSCH: M = 27.00, SD = 6.51). It's worthy to notettha
although the low Th1/Th2 female schizophrenics ¢ehid have higher scores on the PANSS
negative scale, their average score was still smailan 28; the mean of all 7 PANSS
negative subscales is 28.

Serum IFNy/IL-4 female schizophrenic subgroups

Further attempts to classify female patients inteeBum IFNy/IL-4 subgroups showed a
tendency - lower serum IFML-4 ratio, lower PANSS positive and negative gcas well as
higher serum IFN/IL-4 ratio, higher PANSS positive and negative regchowever, this
tendency was statistically not significant. Nevellss, serum IFNAL-10 seemed not to
have similar associations with the PANSS scordb@se described above with IRNL-4.
Whole blood assay Th1/Th2 subgroups of females sathzophrenia

If including both whole blood assay IF{H.-4 and IFNy/IL-10 together as classification
criteria into the cluster-center analysis, two féanschizophrenic subgroups were obtained;
they were very different from each other in botholehblood assay IFNAL-4 and IFNy/IL-

10 ratios (IFNy/IL-4: F = 54.52, p < .001; IFNAL-10: F = 8.78, p = .009). Four patients
were divided into the high whole blood assay ThZ/Bubgroups, while 14 of them were
classified as the low Th1/Th2 group. The high TR Temale schizophrenics had an average
of 957.70 (SD = 249.95) for IFMAL-4 and 32.70 (SD = 20.35) for IFMiL-10, while the
low female group had a mean of 320.41 (SD = 118aB)FN-y/IL-4 and 15.90 (SD = 5.24)
for IFN-y/IL-10. Nevertheless, none of those demographidaijcal, and endocrinological
variables was able to distinguish both female sghzenic subgroups from each other.
Lymphocyte Th1/Th2 subgroups of female schizoplareni

Similarly, through clustering the female schizopiice according to their lymphocyte IFN-
y/IL-4 ratios, two extremely heterogeneous subgroumpgerms of lymphocyte IFN/L-4
ratio were obtained, despite that female schizapbseas a whole group did not have
markedly decreased lymphocyte Th1/Th2 ratios (lyougte IFNy/IL-4: F = 14.60, p = .001;
IFN-y/IL-13: F = 6.20, p = .02; IFN/IL-10: F = .29, p = .60). The high lymphocyte IFN-

Y/IL-4 female patient group consisted of 6 persavisije the low one contained 16 patients.
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These two lymphocyte IFNHL-4 female schizophrenic subgroups were, howesienjlar in

all clinical and endocrinological parameters whigdre available in this study.

6.4.2.1.2 Schizophrenic males vs. healthy men

6.4.2.1.2.1 The whole group of schizophrenic androb males

Serum data

Figure 6-4-2-1-2(1)to Figure 6-4-2-1-2(1-2)offer an overview of the results from comparing
the serum Th1l/Th2 data of schizophrenic men, nommales, and male patients having

schizophrenia-related diseases.

The 42 schizophrenic and the 40 control men weresiafilar ages, however, the
schizophrenic males had noticeably lower testosteemd SHBG, but higher prolactin levels
than the control mend(SCH vs.SCON — age: F = 1.53, p = .22; prolactin: F = 8,60;
.005; testosterone: F = 27.64, p < .001; SHBG: F64, p = .007; cortisol: F = .08, p = .77,
estradiol: F = .35, p = .55). No clear disparitysws&nown regarding the distributions of non-
smoker/smoker in both groupg?(= .12, p = .73). Comparisons between the 11 ipafients
with schizophrenia-related disorders and the 4dtlineanale subjects revealed that male
patients had noticeably reduced testosterone lex@ispared to male controls. But both
schizophrenic and control males had relatively lsimeortisol, prolactin, estradiol, SHBG
levels, smoker/non-smoker ratios, and agé$SGH-R: SCON - testosterone: F = 4.11, p =
.05; cortisol: F =2.55, p =.12; prolactin: F 73, p = .20; estradiol: F = .68, p = .42; SHBG:
F=.28, p =.60; age: F = .16, p = .69; nicotixfe= 1.61, p = .21). Between both male patient
groups exhibited similarities regarding cortisolstradiol, testosterone, age, and non-
smoker/smoker ratiocdSCH vs.dSCH-R — cortisol: F = 1.70, p = .20; estradiol: E.#6, p =
.19: testosterone: F = .85, p = .36; age: F = 26, .66; nicotine:x2 = 1.09, p = .30).
Remarkable disparities were found in prolactin &dBG (prolactin: F = 5.74, p = .02;
SHBG: F = 5.10, p = .03). Schizophrenic males highli» enhanced prolactin, however,
significantly reduced SHBG levels compared with engtients suffering under other related
psychiatric disorders.

SCH males vs. CON males vs. SCH-R males
On average, both male patient groups had lowemseytokine levels and Th1/Th2 ratios
than the control males. But schizophrenic maleshigler in vivo cytokine levels and serum

IFN-y/IL-4 than male patients having schizophrenia-eslatisorders.
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Figure 6-4-2-1-2(1) Standardized serum IFMH_-4 (IFN/IL4) and IFN-
y/IL-10 (IFN/IL10) ratios in male patients with sebphrenia,
schizophrenia-related disorders, and male heaithjests (SCH =
schizophrenia; SCH-R = schizophrenia-related des,dCON =
controls).

MANCOVA comparisons between each pair of theseetimale groups failed to detect any
obvious diversity in terms of serum cytokine levatel Th1/Th2 ratios{SCH vs.JCON —
serum IFNyY/IL-4: F =1.90, p = .17; IFNt F = .61, p = .44; IL-2: F = .52, p = .47; TNEF

= 47, p=.50; IL-4: F = .64, p = .43; IL-10: F.45, p = .51; IL-6: F = .43, p = .58/SCH vs.
JCON — IFNY/IL-4: F = .24, p = .63; IFN/IL-10: F = 1.15, p = .29; IFNs F = .08, p = .78;
IL-2: F=.08, p=.78;, TNFx: F = .08, p =.79; IL-4: F = .19, p = .67, IL-1B:= .08, p = .78;
IL-6: F = .07, p = .798SCH vs.dSCH-R — IFNy/IL-4: F = .003, p = .96; IFN/IL-10: F =
45, p =.50; IFNy: F= .08, p=.78; IL-2: F = .06, p = .81; TNF-F = .06, p = .81; IL-4: F =
.62, p = .44; IL-10: F = .12, p = .74; IL-6: F =0,2p = .66). The only exception was the
disparity between the male schizophrenics and nomades in serum IFN/IL-10 ratio.
Schizophrenic males had significantly reduced NAN-10 ratios compared to control men (F
= 4.09, p = .05); the mean IFH{H.-10 ratios for schizophrenic and control men &vé&6.47
(SD = 9.16) and 19.67 (SD = 10.47)able 6-4-2-1(1) which was presented in the
comparisons among various female subject groupsnsuines the parameters stated above in

both male schizophrenics and controls.
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Figure 6-4-2-1-2(1-1) Comparisons of serum | Figure 6-4-2-1-2(1-2) Comparisons of serum
Th1 cytokine levels among male patients witt|] Th2 cytokine levels among male patients witt
schizophrenia, schizophrenia-related disorde| schizophrenia, schizophrenia-related disorde s,
and male controls. and male controls.

Whole blood assay data
Figure 6-4-2-1-2(2)to Figure 6-4-2-1-2(2-2)offer a global view of the outcomes from
comparing the whole blood assay Th1/Th2 data oizephrenic men, normal males, and

male patients having schizophrenia-related diseases

Totally, 26 male schizophrenics and 41 normal mhka$ complete whole blood assay data.
They had relatively similar ages, cortisol, andaibl levels ¢ SCH vs.JCON — age: F =
2.45, p = .12; cortisol: F = .02, p = .90; estr&adide = .10, p = .75). However, the
schizophrenic males had evidently lower SHBG astbtterone, but higher prolactin levels
(SHBG: F = 6.13, p = .02; testosterone: F = 19p/%,.001; prolactin: F = 9.37, p =.003).
Concerning the smoker/non-smoker ratio, no appadegarity was shown between both
male groups ? = .04, p = .84). Nevertheless, (1) between then&le patients with
schizophrenia-related disorders and healthy madesedl as (2) between both male patient
groups, no clear diversity was found in age, nietabuse, SHBG, and all hormones
measured except the SHBG and prolactin levels leetvbeth male patient group$ $CH-R

vs. SCON — age: F = .69, p = .41, nicoting2 = 1.61, p = .21; cortisol: F = .23, p = .64;
prolactin: F = .91, p = .35; estradiol: F = .35; b6, testosterone: F = 3.67, p=.06; SHBG: F
= 1.49, p = .233SCH-R vs.dSCH —age: F = .10, p = .75; nicotine2 = 1.17, p = .28;
cortisol: F = .14, p = .71, estradiol: F = .62, p44; testosterone: F = .30, p = .59; prolactin: F
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= 5.03, p = .03; SHBG: F = 7.43, p = .01). Schizepic patients had significantly higher
prolactin, but lower SHBG levels than male patiemith schizophrenia-related disorders.

Starndardized whole blood Th1/Th2 ratio

IFN/L4
13 ' ' ' (N

N= 26 26 9 9 41 41
SCH SCH-R CON

Diagnostic groups (male)

Figure 6-4-2-1-2(2) Standardized whole blood assay I#N-4
(IFN/IL4) and IFNY/IL-10 (IFN/IL10) ratios in male patients with
schizophrenia, schizophrenia-related disordersnaaied healthy
subjects (SCH = schizophrenia; SCH-R = schizophreglated
disorders; CON = controls).

Averagely, schizophrenic men had lower whole bl@sday Th1/Th2 ratios and cytokine
productions than normal males except IL-2 and IMAdle patients with schizophrenia-related
disorders had lower whole blood assay Th1/Th2 sasind cytokine in vitro releases than
healthy men except IL-4. Nevertheless, schizophreren secreted less TNFand IL-6, but
more IFNy, IL-2, and IL-4 than male schizophrenia-relateggbsatric patients. Moreover,
schizophrenic male patients had increased wholedodssay IFN/IL-4, but decreased IFN-
y/IL-10 ratio if compared with their male patienturerparts with schizophrenia-related

diseases.

Despite of various disparities in age and hormonessingle diversity in terms of whole
blood assay cytokine productions and Th1/Th2 rawtas shown (1) between schizophrenic
and control males, (2) between male patients wathzephrenia-related diseases and healthy
men as well as (3) between both male patient gr@dpE€H vs.SCON — whole blood assay
IFN-y/IL-4: F = .26, p = .61; IFN/IL-10: F = .21, p = .65; IFNt F = .09, p = .76; IL-2: F =
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.00, p=1.00; TNFx: F = .09, p=.77; IL-4: F = .71, p = .40; IL-1B:= .08, p = .77; IL-6: F

= 1.30, p = .263SCH-R vs.JCON — IFNy/IL-4: F .76, p = .39; IFN/IL-10: F = .02, p =
.89; IFNy: F = 1.67, p = .20; IL-2: F= .96, p = .33; TNEF = .06, p = .81; IL-4: F = .01, p =
.95; IL-10: F = .77, p =.38; IL-6: F = .01, p 2;99SCH vs.JSCH-R — IFNy/IL-4: F = .84,

p =.37; IFNy/IL-10: F = .02, p = .89; IFN¢ F = 2.18, p =.15; IL-2: F = .23, p = .64; TNf-
F=.25 p=.62; IL-4: F = .05, p =.82; IL-10:71.07, p = .31; IL-6: F = .05, p = .82). The
results of both the schizophrenic and control ngateup were summarized ihable 6-4-2-
1(2) which is shown in the former section concerning ¢dbmparisons among various female

subject groups.
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Figure 6-4-2-1-2(2-1) Comparisons of whole | Figure 6-4-2-1-2(2-2) Comparisons of whole
blood assay Th1 cytokine productions amoni| blood assay Th2 cytokine productions among i gle
male patients with schizophrenia, schizophre| patients with schizophrenia, schizophrenia-relat ¢d
related disorders, and male controls. disorders, and male controls.

Lymphocyte data
Figure 6-4-2-1-2(3)to Figure 6-4-2-1-2(3-1)give a glance at the findings from comparing
the lymphocyte Th1/Th2 data of schizophrenic meammal males, and male patients having

schizophrenia-related diseases.

Thirty-two schizophrenic and 53 control males haanplete lymphocyte data. They had

similar ages, smoker/non-smoker ratios, cortism|getin, and estradiol levels. But the male

schizophrenics had lower testosterone and SHBGsldban the healthy menfGCH vs.

4CON - age: F = 1.75, p = .19; nicotingz = .75, p = .39; cortisol: F = .01, p = .92;
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prolactin: F = .01, p = .91, estradiol: F = .08=p78; testosterone: F = 15.30, p < .001;
SHBG: F = 5.92, p =.02). Between the 11 male p&igith schizophrenia-related disorders
and the control males, no clear diversity in afjarels mentioned above was detecté8CH-
R vs.4CON — age: F = 2.92, p = .09; nicoting:= 2.68, p = .10; cortisol: F = .33, p = .57;
prolactin: F = .44, p = .51, estradiol: F = 1.165 [29; testosterone: F = 1.42, p= .24; SHBG:
F = .49, p = .49). However, male patients with scphrenia-related disorders had
significantly lower prolactin, however, higher SHBGan schizophrenic men!SCH vs.
d'SCH-R — prolactin: F = 5.11, p = .03; SHBG: F =2.p = .001). Other than these two
diversities stated above, no further disparity whserved between both male patient groups
(age: F =.33, p =.57; nicotine: F =1.21, p 5 @ftisol: F = .31, p = .58; estradiol: F = 1.72,
p = .20; testosterone: F = 1.10, p = .30).

SCH males vs. CON males vs. SCH-R males
Generally speaking, schizophrenic males had rediyoephocyte IFNy, IL-4, IL-13, and IL-
10 productions, however, increased IL-12 releasesal 3 lymphocyte Th1/Th2 ratios if
compared with normal males. In contrast, male ptigith schizophrenia-related disorders
had lower lymphocyte cytokine secretions and Th2/dtios but IFNy/IL-10 if compared to
healthy males. However, compared to schizophremn,male patients with schizophrenia-
related diseases produced less NN:=-4, and IL-13, but more IL-12 and IL-10; in atdn,
they had increased lymphocyte IFNE-4 and IFNy/IL-13, however, decreased IFMHL-10

ratios.

Multi-variance analysis showed that (1) schizoplremales produced remarkably less
lymphocyte IL-13 (F = 4.11, p = .05) and that (2xlenpatients with schizophrenia-related
disorders released markedly less lymphocyte ILHahtcontrol males (F = 4.79, p = .03).
Apart from these two noticeable alterations in boide patient groups, no other noteworthy
diversity was shown between any pair of these tdiagnostic male subgroups $CH vs.
JCON — lymphocyte IFN/IL-4: F = .17, p = .69; IFNAIL-10: F = 1.91, p = .17; IFN#IL-

13: F=1.58, p = .21; IFN:F = 2.13, p = .15; IL-12: F = .26, p = .61; IL= 1.49, p = .23;
IL-10: F =1.27, p = .269SCH-R vs SCON — IFN¥/IL-4: F = .01, p = .93; IFN/IL-10: F =
1.49, p = .23; IFN{IL-13: F = .36, p = .55; IFN¢ F = .06, p = .81; IL-12: F = 2.21, p = .14;
IL-4: F =.01, p=,93; IL-13: F = .10, p = .78SCH vs.JSCH-R — IFNy/IL-4: F = .09, p =
77; IFNY/IL-10: F = .01, p = .95; IFN/IL-13: F = 1.08, p = .31; IFN: F = .54, p = .47; IL-
12: F=.88, p=.36; IL-4: F = .60, p = .44; IL:1B=1.37, p = .25; IL-10: F = 2.19, p = .15).
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The results from both male schizophrenics and otmiare presented imable 6-4-2-1(3)
which is shown in the previous section regardiregth1/Th2 cytokines and ratios in females.
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Figure 6-4-2-1-2(3) Standardized lymphocyte | Figure 6-4-2-1-2(3-1) Comparisons of
IFN-y/IL-4 (IFN/IL4), IFN-y/IL-10 (IFN/IL10), | lymphocyte Th1/Th2 cytokine productions
and IFNy/IL-13 (IFN/IL13) ratios in male among male patients with schizophrenia,
patients with schizophrenia, schizophrenia- | schizophrenia-related disorders, and male
related disorders, and male healthy subjects | controls (SCH = schizophrenia; SCH-R =
(SCH = schizophrenia; SCH-R = schizophrer| schizophrenia-related disorders; CON =
related disorders; CON = controls). controls).

Summary . The only characteristic alteration observed inlenschizophrenics as a whole

group might be reduced serum IFNE-10 ratio and decreased lymphocyte IL-13 produrct

6.4.2.1.2.2 Serum IFNAL-4 subgroups of males with schizophrenia

Serum data

Male schizophrenics as a whole group did not hageifgcantly reduced serum IFMAL-4
ratios. In this section, we attempted to sub-divsdlizophrenic males into various serum
IFN-y/IL-4 subgroups to detect whether or not a subgroimale schizophrenic patients
existed, having significantly reduced serum I§#N-4 ratios compared to healthy males.
Cluster analysis resulted in two distinct serum -4 male schizophrenic subgroups. The
high group contained 20 patients and the low omsisted of 22 male schizophrenics. Both
groups were of similar ages as well as had sindaels of hormones, SHBG, and in vivo
cytokine levels (high IFN4'SCH vs. low IFN43SCH — age: F = .90, p = .35; cortisol: F =
1.51, p =.23; prolactin: F = 1.41, p = .24; esohd- = .12, p = .74; testosterone: F = 1.60, p
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= .21; SHBG: F = .03, p = .87; IFN-F = 1.95, p = .17; IL-2: F = 1.15, p = .29; TNEF =
1.17,p = .29; IL-4: F = .43, p = .52; IL-10: F 46, p = .29; IL-6: F = 1.04, p = .31).

However, both serum IFNMAL-4 male subgroups tremendously differed fromheather in
both serum Th1/Th2 ratios (high IFN#SCH vs. low IFN4JSCH — IFNy/IL-4: F = 20.64, p
<.001; IFNY/IL-10: F = 6.27, p = .02). In addition to sign#ictly decreased IFNAL-4, the
low IFN-y/IL-4 male schizophrenics had markedly reduced YAN-10 ratios compared to
the high ones. The means of IFNE-4 and IFNy/IL-10 ratio were 26.01 (SD = 18.38),
19.97 (SD = 8.95) for the high IFMH-4 subgroup and 8.12 (SD = 3.10), 13.30 (SD 313.
for the low IFNy/IL-4 schizophrenic males. Nevertheless, none efdimical data measured
in this study was sufficient to distinguish bottbgroups of male schizophrenics from each

other.

Comparisons between the 20 high I#N=-4 male schizophrenics and the 40 male controls
showed no noticeable diversity in serum cytokinele and Th1/Th2 ratios, despite of having
significantly higher prolactin, however, lower @sterone and SHBG levels in the high IFN-
y/IL-4 male schizophrenics (high IFNASCH vs.JCON — serum IFN{IL-4: F = .24, p =
.63; IFNY/IL-10: F = .37, p = .55; IFNt F = .18, p = .67; IL-2: F = .11, p = .74; TNEF =
.08,p=.78;IL-4: F = .38, p=.54; IL-10: F =/,p = .79; IL-6: F = .08, p = .77; age: F = .12,
p = .73; cortisol: F = 1.14, p = .29; estradiok=F46, p = .50; prolactin: F = 10.92, p = .002;
testosterone: F = 27.65, p < .001; SHBG: F = 48% .04). The high IFN/IL-4 male
schizophrenics had lower serum levels in all Th2/Tiytokines assessed in this study, but

higher IFNy/IL-4 and IFNY/IL-10 than male controls.

In general, the low IFN{IL-4 schizophrenic males had low serum cytokineels and
Th1/Th2 ratios than male controls. Multi-variancealgsis demonstrated that, unlike the
female schizophrenics, the low IRNL-4 male patient subgroup did not have signifitan
decreased serum IFN-and elevated IL-4 levels if compared to healthylemsubjects.
However, they did have clearly lower IRNL-4 and IFNYy/IL-10 ratios than the normal men
if including prolactin, testosterone, and SHBG irttte analysis as co-variants due to
remarkable disparities between both male groupthése variables (low IFN4SCH vs.
JCON — IFNYy/IL-4: F = 6.80, p = .01; IFN/IL-10: F = 5.78, p = .02; IFN: F = .61, p =
A44; IL-2: F=.60, p=.44; TNle: F = .58, p = .45; IL-4: F = .44, p = .51, IL-1B= .56, p =
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46; IL-6: F = .51, p = .48; age: F = 3.45, p =;.6@rtisol: F = .20, p = .66; estradiol: F = .09,
p = .77; prolactin: F = 3.96, p = .05; testosterdhe 14.10, p < .001; SHBG: F =5.23, p =
.03).

Summary . Male schizophrenics as a whole group showed rfgigntly reduced serum IFN-

y/IL-10. However, there was also a subgroup of nsal@zophrenics who had significantly
decreased serum IFWH.-4 and IFNy/IL-10.

6.4.2.2 Schizophrenic clinical subgroups vs. healthy subjects

The case numbers and the outcomes regarding Thifilb@ance in diverse schizophrenic
clinical subgroups are summarizedliable 6-4-2-2(1)andTable 4-4-2-2(2)

As shown inTable 6-4-2-2(1) a number of schizophrenic clinical subgroups ardgtain a
small number of cases, particularly if compared healthy controls. The results of
comparisons between distinct schizophrenic clinisabgroups and healthy subjects are
briefly summarized infable 6-4-2-2(2)in order to reduce the complexity of this report as

elucidated in a previous section and offer an imgimn of Th1/Th2 imbalance in different

clinical subgroups.

Table 6-4-2-2(1) The case numbers in diverse schizophrenic clisigagroups.

Case numbers of diverse schizophrenic clinical subgups

Analysis materials Serum Whole blood Lymphocyte
Schizophrenic Subgroup  Female Male Female Male fema Male
Paranoid 29 28 15 20 17 25
Non-paranoid 5 14 3 6 5 7
Drug-naive 6 7 3 3 4 8
Drug-free 16 14 6 14 10 13
Premed 12 11 4 11 7 10
No premed 10 10 5 6 7 11
First episode 8 9 4 5 5 10
Other episode 13 12 4 12 8 11
Drug-free< 1 week 10 8 4 8 6 8
Drug-free> 3 months 8 9 5 5 6 10
Positive FH 4 9 2 8 2 9
Negative FH 16 9 10 7 10 10
Acute 7 5 3 5 8 4
Chronic 15 16 6 12 6 17
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Early onset 5 11 2 10 3 12
Middle onset 12 8
Late onset 5 11 7 9 11 9
PANSS positive (>28) 7 3 3 3 3 3
PANSS positive<£28) 16 17 8 13 12 17
PANSS negative (>28) 9 8 5 8 7 7
PANSS negative<(28) 14 12 6 8 8 13
PANSS global (> 56) 6 5 4 5 4 5
PANSS global< 56) 17 15 7 11 11 15
Low CGl-difference 6 15 5 10 15 20
High CGI-difference 23 26 12 16 5 12
>Severely ill(High cGlI-t1)|] 20 27 12 16 14 21
<Markedly ill (Low CGI-t1) | 9 14 5 10 6 11
>Markedly ill (High CGI-t9)| 7 13 5 8 14 23
< Moderate ill(Low CGI-t9)| 22 28 12 18 6 9
Note Whole blood = PHAstimulated whole blood; lymphocyte
PHA-stimulated lymphocytes

Table 6-4-2-2(2) An overview of Thl/Th2 imbalance in various sdpghrenic clinical
subgroups — results of significance tests from MANG.

Th1/Th2 imbalance in different schizophrenic clini@l subgroups

Schizophreni¢ Serum Whole Blood lymphocyte

Subgroup IFN-y/IL4 | IFN-yIL10 [|FN-y/IL4 |IFN-YIL10 ||FN-y/IL4 |IFN-yIL10 |IFN-y/IL-13

Paranoid F=4.18,|F=10.52|n.s. n.s. n.s. n.s.
p=.04 |p=.002

Non-paranoid F = 3.88, F=3.19,|F=6.17, n.s. n.s.
p=.05 p=.08 |p=.02

Drug-naive F =3.42. n.s. n.s.

P=.07

Drug-free F=17.69, n.s. n.s. n.s.
P =.007

Premed F =09.31, n.s. n.s.
P =.003

No premed n.s. n.s.

First episode | F = 3.14, n.s. n.s.
p=.08

Other episod¢ F = 6.87, n.s.
p=.01

Drug-free F =8.83, n.s.
p =.004
n.s. n.s.

Positive FH |F=5.44,|F =5.45,|n.s. F=4.24,|n.s. n.s. n.s.
P=.02 [p=.02 P=.04

Negative FH |F =7.46, |F =15.48|n.s. n.s. n.s. n.s.
P =.008
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P < .001

Acute F=8.82, |[F=9.33, |n.s. n.s. n.s. n.s. n.s.
P=.004 |P=.003
Chronic F=3.46,|F=5.64,|F=3.29,|F=454,|F=8.78, |n.s. n.s.
P=.04 |P=.02 |P=.07 [P=.04 |P=.004
Early onset |F=4.72,|F =9.39, |n.s. n.s. F =448, ns.
p=.03 |p=.003 p=.04
Middle onset | F = 6.07, | F = 8.53,
p=.02 |[p=.004
Late onset |n.s. n.s. n.s. F=6.33, |n.s. F =3.94,
P=.01 P=.05
PANSS n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Positive (>28)
PANSS F=8.88,|F=16.48|n.s. n.s. n.s. n.s. n.s.
positive €28) |p =.004 |p <.001
PANSS F=254,F=2.93,|n.s. n.s. n.s. n.s. n.s.
negative (>28) p=.12 |p=.09
PANSS F=5.49,|F=10.50|n.s. F=3.94,|n.s. n.s. n.s.
negative 28)|p = .02 |p=.002 p=.05
PANSS global|F = 2.87, |F =7.49,|n.s. n.s. n.s. n.s. n.s.
(> 56) p=.09 |p=.008
PANSS global| F = 7.88, | F =9.18, |n.s. n.s. n.s. n.s.
(= 56) p=.008 |p=.003
Low CGI-d F=4.09,|F=4.25F=738, |n.s. n.s. n.s.
p=.05 [p=.04 [p=.008
High CGI-d F=559,|F=8.71,|n.s. n.s. n.s. n.s. n.s.
p=.02 |p=.004
>Severelyill |F=4.25,|F=6.10,|n.s. n.s. n.s. n.s. n.s.
High CGI-t1 |p=.04 |p=.02
<Markedlyill |F=4.52,|F=9.26,|F =4.48, |F =6.40,|n.s. n.s. n.s.
LowCGI-tl |p=.04 |[p=.003 |p=.04 |p=.0L
>Markedly ill |F=4.13,|F=3.59,|F =4.25,|F=5.51,|n.s. n.s. n.s.
HighCGI-9 |p=.05 |p=.06 [p=.04 |p=.02
<Moderate ill |F =4.29,|F=10.83|n.s. n.s. n.s. n.s. n.s.
Low CGI-t9 p=.04 |p=.001
(1) The p-values which aee.10 and< .19 are also listed in order to offer a betterraiav of
Note detailed resultSINCE the case numbers of all the clinical schizophrsniogroups are so

much lower than those of healthy controls (varyleen 2/3 and 1/13).

(2) n.s. = not significant.

(3) CGlI-d = score difference in CGI between at e$ioin and discharge; CGI-t1: CGI sco
at admission; CGI-t9 = CGlI score at discharge (E@linical Global Impressions).

6.4.3 Nicotine abuse Th1/Th2 cytokines and ratios

Due to nicotine being deemed to have impacts ookay productions (Jiao et al., 1998), the

effects of nicotine abuse on Th1/Th2 cytokines eatohs were also examined. Both healthy

controls and patients were included into the anslys
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Serum data
Totally, 62 smokers and 55 non-smokers had completa for serum Th1l/Th2 ratios,
hormones, SHBG, age, and gender. No remarkablesitiyéetween both groups was shown
regarding those respects stated above exceptatdei®ls (age: F = .23, p = .63; cortisol: F =
3.76, p = .06; prolactin: F = .37, p = .55; estohidt = .59, p = .45; testosterone: F =.20, p =
.66; SHBG: F = .70, p = .41). The smokers tenddaatee higher cortisol levels than the non-
smokers. Multi-variant analysis exhibited no markdsparity between both nicotine
subgroups in terms of their serum cytokine leveld @h1/Th2 ratios without co-varying with
any parameter. Smokers had higher serum cytokinelsleand IFNy/IL-4; however, the
increases were not significant (IRNL-4: F= .84, p = .36; IFN{/IL-10: F = .57, p = .45;
IFN-y: F = .90, p = .35; IL-2: F = .83, p = .37; TNF-F = .83, p = .36; IL-4: F = .72, p = .40;
IL-10: F = .98, p=.32; IL-6: F = 1.10, p=.30).
Whole blood assay data
Complete data for whole blood assay Th1l/Th2 ratlmgmones, age, and gender of 53
smokers and 46 non-smokers were available. No disarepancy was detected between both
groups regarding their ages, hormones, and SHB&deaxcept cortisol (age: F = .41, p =
.52; cortisol: F = 3.20, p = .08; prolactin: F =8,1p = .67; estradiol: F = .76, p = .38;
testosterone: F = .08, p = .78; SHBG: F = .22, 64). Smokers tended to have higher
cortisol levels than their non-smoker counterpa@s. average, smokers produced more
cytokines in whole blood assay than non-smokersve¥er, multi-variance analysis revealed
that none of the diversities was significant (IFN- = .003, p = .96; IL-2: F = 2.14, p = .15;
TNF-a: F = .003, p = .96; IL-4: F = .43, p = .52; IL-18:= .14, p = .71; IL-6: F = .08, p =
.77). Similarly, they had higher whole blood as$&l/Th2 ratios than non-smokers. But the
enhancements were not remarkable (WIN-4: F = 1.01, p = .32; IFN/IL-10: F = .16, p =
.69).
Lymphocyte data
Seventy smokers and 62 non-smokers had complete fdatlymphocyte Th1/Th2 ratios,
hormones, age, and gender. Both groups were olfasiages and had similar levels of diverse
hormones and SHBG except that smokers tended ® tigher cortisol levels (age: F = .18,
p = .68; cortisol: F = 3.23, p = .07; prolactin=FL.34, p = .25; estradiol: F = 1.42, p = .24;
testosterone: F = .05, p=.82; SHBG: F = .00, §8}..Generally, smokers had lower averages
for lymphocyte Th1/Th2 cytokines and ratios tham4sanokers except IL-12. Nevertheless,
MANOVA demonstrated that smokers had obviously Iolyenphocyte IFNy and tended to
release less IL-4 and IL-13 than non-smokers. Ruihateworthy disparity in lymphocyte
93



Th1/Th2 ratios was found between both groups FR-=5.04, p =.03; IL-4: F=3.29,p =
.07; IL-13: F = 3.07, p =.08; IL-12: F = .02, p90; IL-10: F = .02, p = .89; IFNHL-4: F =
.09, p =.89; IFNy/IL-10: F = 1.47, p = .23; IFN/IL-13: F = .01, p = .92).

Summary . MANOVA showed that nicotine abuse could have dssantial impact on

lymphocyte IFNy productions, but it did not exert any clear inflae on serum, whole blood

assay cytokines and Th1/Th2 ratios.

Sub-sample (having entire serum, whole blood assay, lymphoirgtaunological variables,
endocrinological parameters, age, and gende) data

In order to explore the possible sources of Thl/ifm2alance within the same schizophreryj
in a later section, a sub-sample only includingséhgsubjects who had complete data
serum whole blood assayymphocyte cytokingsage gender hormones and_SHBGwas

chosen. This sub-sample contained 40 schizophreamds 72 healthy subjects; it merg
contains about 50% of the original schizophrenigjestts who had complete data for ser
Th1/Th2 cytokines, age, gender, and distinct homson

(1) Whole SCH vs. whole CON

This sub-sample shared many similarities with thegimal total samples; they we
significantly older, had remarkably lower cortismid SHBG, but higher prolactin levels thi
their healthy counterparts. However, no remarkdblersity in estradiol and testosterone
found between both groups (age: F = 7.06, p = .008isol: F = 4.18. p = .04, prolactin: F
14.83, p <.001; estradiol: F = .01, p = .94; tetsmwne: F = 1.52, p =.22; SHBG: F = 6.27
= .01). This schizophrenic sub-sample was avera@®l3 years old (SD = 12.32). The mg
cortisol, prolactin, estradiol, testosterone, amB& level for schizophrenic patients wepge
169.25ug/l (SD = 65.34), 32.55 ng/ml (SD = 35.68), 47.9fmpl (SD = 54.04), 3.18 ng/
(SD = 2.67), and 51.63 nmol/l (SD = 40.57), coragpngly. Nonetheless, the control s
sample was 29.68 years old (SD = 8.47) and hadcgebr 204.271g/l cortisol (SD = 96.68)
15.35 ng/ml prolactin (SD = 9.79), 47.11 pg/ml adiol (SD = 50.44), 3.94 ng/ |
testosterone (SD = 3.38), and 77.62 nmol/l SHBG £33.50). The significant differences

those parameters stated above were included imtdalfowing multi-variance analysis ¢

serum and whole blood assay data. For the lympbatgta, only the age was considereq
covariant since isolated lymphocytes were not tlyeexposed to those influencing factqie

such as hormones when they were in vitro stimulaig@oduce cytokines.
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Serum data
Multi-variant comparisons between both schizoplwreand control sub-sample showgd

comparable results to those of the original totafusm sample. As a whole gro

|

schizophrenics had clearly reduced serum YAN-4 and IFNy/IL-10 ratios compared wit ‘
healthy controls. The schizophrenics had a meatilef2 (SD = 5.84) for IFN/IL-4 and an
average of 13.48 (SD = 8.09) for IRNL-10, while the controls obtained an average @42
(SD = 18.42) for IFNy/IL-4 and 19.75 (SD = 9.75) for IFM1L-10. The discrepancies i
both serum Th1/Th2 ratios achieved very signifidamels (serum IFN/IL-4: F = 8.94, p =
.003; IFNy/IL-10: F = 14.08, p < .001). At single cytokinevét, no marked difference w4g

observed between both diagnostic groups if inclydih extreme values and outliers (IFyN
F=147,p=.23;IL-2: F=1.48, p = .23; TNF+ =138, p = .24; IL-4: F = 1.40, p = .2i&
IL-10: F = 1.30, p = .26; IL-6: F = .81, p = .37).

Whole blood assay data
Besides, the schizophrenic sub-sample tended t® thesreased whole blood assay NFNL-
10 if compared to controls (whole blood assay NM-10: F = 3.55, p = .06)
Schizophrenics had an average of 29.82 (SD = 2Gd@6yvhole blood assay IFMIL-10,
while the average for the control group was 383D € 26.41). Additionally, schizophrenig
had markedly decreased whole blood assay yFMd IL-6. The mean IFN-and IL-6
production for schizophrenic patients were 28989318 = 17477.00) and 1592.50 pg/ml (%
= 1011.81), correspondingly. In contrast, thosecaitrol subjects were 44745.33 (SD
32904.80) and 2830.09 pg/ml (SD = 2820.63) in tlenes order as mentioned
schizophrenia (IFN¢ F = 5.66, p = .02; IL-6: F = 5.15, p = .03). Cermung the remaining

cytokine productions, no noteworthy outcome waswb(IL-2: F = .40, p = .53; TNE: F =
2.55, p=.11; IL-4: F = .03, p = .87; IL-10: F9,3 = .53).

Lymphocyte data
Generally, lymphocyte data also confirmed the fagdi from the original total lymphocyf
sample. In addition to IFN; IL-4, and IL-13, no further remarkable alterataas shown i
schizophrenia as a whole group (lymphocyte W= 11.98, p = .001; IL-4: F = 6.34, p
.01; IL-13: F = 6.27, p = .01; IL-12: F = .33, p57; IL-10: F = 2.72, p = .10; IFNHL-4: F =
.60, p = .44; IFNyIL-10: F = .30, p = .59; IFN/IL-13: F = .18, p = .67). Schizophreni(f

released noticeably less lymphocyte IFNIL-4, and IL-13 than controls. The averae

|
productions of IFNy, IL-4, and IL-13 were 714.61 (SD = 433.90), 345(8® = 200.94), an(
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556.35 spots (SD = 333.42) for schizophrenics, evtlibse for normal controls were 1094 |§5
(SD =874.98), 426.22 (SD = 152.45), and 792.8Tss(®D = 505.88).

(2) Female SCH vs. female CON

Totally, 15 female schizophrenics and 34 femaldrotshad serum, whole blood assay, &

lymphocyte Th1/Th2 data. Schizophrenic females wareragely 37.80 years old (SD
13.01), while control females were 29.29 years (3@ = 7.96). Female patients wege
obviously older and had apparently higher proladbat lower cortisol levels than healt
females (age: F = 7.94, p =.007; cortisol: F D4 = .04; prolactin: F = 9.10, p = .004).
average cortisol and prolactin level for schizopicewomen were 163.3pg/ml (SD =
76.00) and 41.23 ng/ml (SD = 41.23), whereas tlioséemale controls were 235.24/ml
(SD = 117.70) and 14.79 ng/ml (SD = 5.81), respebti In addition, female patients tend )
female groups have relatively comparable testosger@and estradiol concentratioffs
(testosterone: F = .72, p = .40; estradiol: F 5 26 .61).
Serum data

to have lower SHBG concentrations than control worfie= 2.97, p = .09). However, bo

On average, female schizophrenics had lower tydibalcytokine levels including IFN-and
IL-2, however, higher Th2-released cytokine sererels such as IL-4, IL-6, IL-10, TN&-
as well as lower serum Th1/Th2 ratios. Neverthelesly the diversities in IFN; IL-6, IFN-
V/IL-4, and IFNY/IL-10 reached significance levels (serum IFN=-10: F = 9.04, p = .004
IEN-y/IL-4: F = 5.52, p =.02; IL-6: F = 5.50, p = .0EN-y: F =5.54, p = .02; IL-2: F = .53
p = .47, TNFea: F = .36, p = .55; IL-4: F = 1.23, p = .27; IL-1B:= 2.61, p = .11). Thg
average IFN¢ and IL-6 level for the schizophrenic females waie67 pg/ml (SD = 13.5
and 6.59 pg/ml (SD = 11.63), whereas those forctrdrol women were 45.77 pg/ml (SD
24.58) and 2.33 pg/ml (SD = .96), respectively. $bleizophrenic females obtained averag
10.78 (SD = 4.47) for serum IFH.-4 and 11.85 (SD = 5.61) for IFMiL-10, while their
healthy female counterparts had a mean of 21.195(3B.98) for IFNy/IL-4 and 19.71 (SO
= 9.10) for IFNy/IL-10.

Whole blood assay data
On the whole, schizophrenic females produced lgskines in PHA-stimulated whole blog
and had lower Thl/Th2 ratios than healthy femalgsegt IL-4. However, only th¢
differences in IFNy and IFNy/IL-10 achieved significance levels; additionalllge disparit
in IL-6 also tended to be significant (whole bloassay IFNy/IL-10: F = 6.56, p = .01; IFN
y/IL-4: F = 2.38, p = .13; IFNt F = 4.36, p = .04; IL-6: F = 3.13, p = .08; ILR:= .27, p =
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.61; TNFa: F=1.90, p =.18; IL-4: F = .38, p = .54; IL-18:= .00, p = 1.00). The mean

|

IFN-y/IL-10 for female schizophrenic patients was 19(3D = 13.13), whereas that f{
healthy women was 34.52 (SD = 21.79). Schizophriamales produced averagely 23162
pg/ml IFNy (SD = 12862.94) and 1354.95 pg/ml IL-6 (SD = 745%.lwhereas contrg
females secreted averagely 45134.33 pg/ml yHSD = 33298.22) and 3365.67 pg/ml |
(SD = 3284.69).

Lymphocyte data

Although the original total female sample did ndtow any diversity in any of th#

lymphocyte Th1/Th2 ratios, the sub-sample did reaesignificant discrepancy between bq
female groups. In general, female schizophreniept released less lymphocyte cytoki
and had lower lymphocyte Th1/Th2 ratios includifgN{y/IL-4 and IFNy/IL-13, but not
IFN-y/IL-10. However, both female groups were only rekahty distinguishable in IFN
y/IL-4 ratio and IFNy production (lymphocyte IFNAHL-4: F = 4.58, p = .04; IFN/IL-10: F
= .05, p = .82; IFN/IL-13: F = 1.33, p = .25; IFN: F = 6.28, p = .02; IL-12: F = .36, p |
55; IL-4: F = .67, p = .42; IL-13: F = 1.15, p 29; IL-10: F = .47, p = .50). Fema
schizophrenics obtained an average of 2.61 (SD25)2and control women had a mean
2.99 (SD = 2.90) for IFN/IL-4 ratio. The female patients produced avera@dy.21 IFNy
spots (SD = 439.99); in contrast, the female cdstreleased averagely 1083.05 Iyl$pots
(SD = 1032.02) pro 40000 lymphocytes.

(3) Male SCH vs. male CON

Comparisons between male schizophrenics (N = 2bantrols males (N = 38 ) showed t
schizophrenic males had significantly higher profgcnevertheless, lower testosterone §
SHBG than male normal subjects, although they woéreelatively similar ages and ha
comparable estradiol and cortisol levels (proladti= 7.15, p = .01, testosterone: F = 17.
p < .001; SHBG: F = 7.58, p = .008; age: F = 146; .23; cortisol: F = .06, p = .8
estradiol: F = .24, p = .63). Schizophrenic maleseraveragely 33.20 (SD = 11.83), w

their healthy male counterparts were 29.80 yeads(8D = 8.82). Furthermore, the mejf
prolactin, testosterone, and SHBG level were 2n&®nl (SD = 21.40), 4.77 ng/ml (SD
2.10), and 31.68 nmol/l (SD = 11.75) for schizopitemen as well as 15.97 ng/ml (SD
12.37), 6.81 ng/ml (SD = 1.78), and 42.61 nmol/D($ 17.75) for control maleg
correspondingly.
Serum data
In contrast to the results from both female groumsiti-variance analysis showed that mifle

schizophrenics had not only lower serum Th1/Thsabut also cytokine levels than nor
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males. Nevertheless, these two male diagnostigpgroauld be evidently differentiated fro
each other exclusively in both serum Th1/Th2 ra{seyum IFNy/IL-4: F = 4.46, p = .04
IFN-y/IL-10: F = 8.69, p = .005; IFN: F = .70, p = .41; IL-2: F = .70, p = .41; TNE-F =
67, p = .42; IL-4: F = .75, p = .39; IL-10: F =5,6p = .42; IL-6: F = .59, p = .45). T
averages of IFN/IL-4 and IFNy/IL-10 were 11.81 (SD = 6.59), 14.46 (SD = 9.23) ||
schizophrenic males and 19.86 (SD = 21.21), 158 10.42) for male controls.

Whole blood assay data
Male schizophrenics generally produced more ILE24 land had higher IFN/IL-10 ratios
than male controls. However, they released lessyiFNNF-a, IL-6, IL-10 and had lowe
IFN-y/IL-4 ratios than control men. Nevertheless, cagtta the whole blood assay data [[@f
female subjects, no single apparent diversity wasd between both male groups in termgfof
their whole blood assay Th1/Th2 ratios and cytoldgeeretions (whole blood assay INI--
4:F =.71, p = .40; IFN/IL-10: F = .04, p = .84; IFNt F = .14, p = .71; IL-2: F = .01, p
91; TNFa: F=.001, p=.98; IL-4: F = .46, p = .50; IL-10= .20, p = .65; IL-6: F = 1.09,
=.30).

Lymphocyte data

By and large, male schizophrenics had lower lymgteocytokine productions, neverthelei,

higher lymphocyte Th1/Th2 ratios than control maMsilti-variance analysis failed to reve

any conspicuous disparity between both male sulpgrao lymphocyte Th1l/Th2 ratio
However, male schizophrenics released significalethg IFNy, IL-4, and IL-13 than thei
healthy male counterparts (lymphocyte IfMN--4: F = .05, p = .82; IFN/IIL-10: F = .61, p

= .44; IFNy/IL-13: F = 1.30, p = .26; IFN: F = 4.42, p = .04, IL-4: F = 4.16, p = .05; IF

Y/IL-13: F = 6.92, p = .01). The mean IRN4L-4, and IL-13 were 768.27 spots pro 400
lymphocytes (SD = 430.14), 352.47 spots pro 200@@phocytes (SD = 188.79), a
569.77 spots pro 200000 cells (SD = 317.21) foizeghrenic men, while those for majg
controls were 1105.22 (SD = 720.39), 436.62 (S[38.70), and 873.62 spots (SD = 515. ! 1)

with the same cell concentrations as stated ireephirenics.

0

The main Th2-shift findings in the sub-sample anmmarized infable 6-4
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Table 6-4 A summary of Th2-shifts in the sub-sample whietluded the subjects who had
complete data for serum, whole blood assay, lymytieocytokines, endocrinological
parameters, gender, and age.

Comparisons between schizophrenic and control subgés who had complete serum,
whole blood assay, and lymphocyte data

Whole Blood lymphocyte

IFN-y/IL4 JENSVAEZON (FN-yiL4 JENSVARZON IFN-yiL4 NENSVILLON [ENTTIRE
n.s.

n.s.

n.s.

6.5 Contributorsof Th1/Th2 imbalance in schizophrenia

In order to detect the individual contribution @fclh parameter measured in this study to the
imbalance of Th1/Th2 systems in schizophrenic ptiemultiple regression were used to
explore the relationships between various Thl/Tatos and other possible influencing
factors measured in this study, using I{fN-4 or IFN-y/IL-10 or IFN+/IL-13 as criterion
and age, hormones, SHBG, and Th1/Th2 cytokinesredigbors. Although the isolated
lymphocytes applied in ELISPOT were not directlypesed to other possible influencing
factors in serum and whole blood, for the reasamt the cytokine producing ability of
lymphocytes could reflect (partially) biologicalgmesses such as aging or degeneration, a

complete modeincluding all Th1/Th2 cytokineassessed in this study, ad@rmonesand

SHBG were firstly utilized to predict all serum, whddood assay, and lymphocyte Th1/Th2
ratios. Then depending upon the fitness of the ¢etmpnodel, predictor(s) could be excluded
in order to improve the envisaging power of the gl@hd to enable a reliable prediction of a
Th1/Th2 ratio.

Due to the small case number in schizophrenic stdb@nd the great number of predictors
involved, the aim to conduct multiple regressioalgsis to the data of schizophrenic patients
was not to generate a multiple regression formuleotider to predict further unknown

schizophrenic cases. The goal was to detect whictnase predictors made a significant

contribution to the variance of a Th1/Th2 ratiohwitthe same subject group. The t-tesB-of
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coefficient (regression coefficient) for each predictor wagspnted as the individual
predictive power or as the magnitude of importaoiceach predictor in forecasting Th1/Th2

ratios. Because the case numbers of the controlsahizophrenic group were somewhat
different, the -coefficients of various predictors in distinct gps won't be directly
comparable. The case numbers in various groupki®ftudy lied between 15 6CH) and
72 (whole CON). The t-values for case numbers withe range of our subjects are relatively
comparable. For example, the t-value of p = .0085N = 15 is about 4.07, for N = 25
(3SCH) is about 3.72, for N = 40 (whole SCH) is ab®®5, while that for N = 72 is around
3.46 etc. Therefore, thie and p-value of each predictor (s€able 6-5-1(1)to Table 6-5-
3(3)) were presented in the following sections in ortercompare their magnitudes of
importance in envisaging Th1/Th2 ratios betweefedsht groups. Furthermore, tRevalue
represents the cumulative predictive power of mtedi assembly included in the
corresponding modeR2-value is the portion of a criterion that can beleated through the

predictors included in the model of multiple regies analysis.

6.5.1 Serum data

The complete model using age, cortisol, prola@stradiol, testosterone, SHBG, IFNH.-2,
TNF-a, IL-4, IL-10, and IL-6 as predictors appeared edufficient to envisage both serum
IFN-y/IL-4 and IFNY/IL-10 ratios in the whole group of schizophrenitse whole control
group, the male schizophrenics, the male contesid, the female control group, but not the
female schizophrenic group (whole SCH — IffN=-4: F = 22.10, p <.001; IFNAL-10: F =
35.49, p < .0001; whole CON — IF{H.-4: F = 13.30, p < .001; IFNAL-10: F = 11.64, p <
.001; SCH — IFNy/IL-4: F = 23.59, p < .0001; IFNAL-10: F = 105.12, p < .000CON

— IFN-y/IL-4: F = 13.44, p < .001; IFNAL-10: F = 5.27, p < .0019CON — IFNy/IL-4: F =
6.36, p < .001; IFN/IL-10: F = 17.31, p < .0019SCH — IFNy/IL-4: F = 6.21, p = .15; IFN-
y/IL-10: F = 8.58, p = .11).

Whole SCH vs. whole CON

Comparisons of the predictive power of individugtakine in serum (se@able 6-5-1(1)
showed that the principal abnormalities of schizeplts were (1) much too strong influence
from IFN-y (+) as well as (2) IL-4 (-) and IL-10 (-) if thehele schizophrenic group was
regarded as a homogenous entity and compared Wwéhwhole controls. Within the

schizophrenic group, IFN-and IL-4 significantly correlated with serum IRNLE-4 (IFN-y: t
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=10.38, p <.001; IL-4: t =-8.93, p <.001). Semioutcomes were found between IFNL-
10 and serum IFNAL-10 in schizophrenia (whole SCH — serum IN-= 14.85, p < .001;
IFN-y/IL-10: t = -9.12, p < .001). In controls, IFN-IL-4, and IL-10 likewise played
important roles in predicting serum IRNL-4 and IFNYy/IL-10 variances, the importance
magnitudes of these three cytokines were not aswbedming as those in schizophrenics
(whole CON — serum IFNAL-4 — IFN-y: t = 4.23, p < .001; IL-4: t =-5.11, p < .00&rsm
IFN-y/IL-10: IFN-y: t = 10.05, p < .001; IL-10: t = -6.40, p < .00Epr serum IFNyIL-4
ratio, no other important factor existed among ¢hparameters measured except NFahd
IL-4, while for serum IFNy/IL-10 ratio, estradiol and IL-6 additionally terdléo play a role
in the balancing between IFNand IL-10 in schizophrenics and controls, respebti(whole
SCH — estradiol: t =1.97, p = .06; whole CON -6lLt+=-1.89, p = .06).

Table 6-5-1(1) A summary of the individual contributions of pretdrs in serum IFN/IL-4
and IFNY/IL-10 variance in the whole schizophrenic and oalngroup (results from multiple
regression).

The individual contributions of predictors in forecasting serum Th1/Th2 ratios
(Whole SCH vs. Whole CON)

Criteria Serum IFN-y/IL-4 Serum IFN-y/IL-10

SCH (N = 40) CON (N =72) SCH (N = 40) CON (N =72)
Predictor T p T p T p T P
IFN-y 10.38 | .000***** 4,12 |.000Q***** .00 Q***** .00Q*****
IL-2 -.16 | .87 72 A7 .85 A1 -.30 .76
TNF-a 91 37 -1.65| .11 -.67 S5l -.69 .49
IL-4 -8.93 |.000***** -5.19 |.000***** .08 .94 -.94 .35
IL-10 .23 .82 -.93 .36 -9.12| .000***** .00Q*****
IL-6 -.68 |.50 -97 | .34 1.19] .25 -1.8008
Cortisol -1.14 | .26 142 | .16 -22| .83 .54 .59
Prolactin | .47 .65 -.25 | .80 -91| .37 .16 .87
Estradiol [-92 | .37 .09 .93 1.97|.06 -.62 | .54
Testosterong 91 37 -06 | .95 -.78 44 14 .89
SHBG 1.21 | .24 -31 | .76 -36| .72 -91 .37
Age -50 | .62 21 .84 -1.27 .22 -13] .90
Adjusted |R2?= .87 R2 = .68 Rz=.91 Rz = .64
Signif. test| F =22.10, p < .000F = 13.30, p < .000}F = 35.49, p < .0001F = 11.64, p < .000

Besides, the complete model explained higher péages of serum IFNAL-4 and IFNy/IL-
10 variance in schizophrenics, compared to healtitoyects (whole SCH — serum IRNL-4:

adjusted R2 = .87, F = 22.10, p < .0001; ¥N-10: adjusted R2 = .91, F = 35.49, p < .0001;
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whole CON — IFNy/IL-4: adjusted R2 = .67, F = 35.49, p <.0001; #/N.-10: adjusted R2 =
.65, F =12.07, p <.0001).

Table 6-5-1(2) The individual contributions of predictors in ésaging the variances of
serum IFNy/IL-4 and IFNy/IL-10 in schizophrenic and control females (resuftom
multiple regression analysisnderlined= complete modekhaded= new model)

The individual contributions of predictors in forecasting serum Th1/Th2
ratios (Y SCH vs.2CON)

Criteria Serum IFN-y/IL-4 Serum IFN-y/IL-10

SCH (N =15) CON (N = 34) SCH (N =15) CON (N = 34)
Predictor T p T p P T p
IFN-y 277 |.11 5.24 | .000***** . 46 11.68 | .00Q*****
3.27 |.05* 5.32 |.000***** . .30 11.95 | .000*****
IL-2 - 77 |.52 -.01 |1.00 . A1 .78 44

-.68 |.55 -06 |.95 . .03* .83 42
TNF-a 124 |.34 -.68 |.50 -.65 .58 -.04 .97

1.29 |.29 - 70 1.49 . 46 -.03 |.97

IL-4 -1.36 |.31 -4.13 |.000***** . .08 -.63 |.53
-1.79 | .17 -4.27 | .000***** . .03* -.63 |.54

IL-10 37 75 .03 97 . .04* -6.48 |.000*****
.20 .86 .10 .92 . .006***  |-6.70 |.000Q*****

IL-6 -57 |.63 .02 .99 . A2 -.86 .40
-40 |.72 -07 |.95 . .04* -85 |.41
Cortisol -.96 |.44 .57 .58 . A1 -1.66 |.11
-98 |.40 .56 .58 . .04* -1.69 |.11
Prolactin -37 |.75 -.28 |.78 . .28 .09 .93
.04 .97 -38 |.71 . .09 13 .90
Estradiol -.93 |.45 .32 15 3.52 .07 -1.31 |.21
-87 |.45 27 .79 . 1026 -1.32 |.20
Testosteronq .78 .52 .09 .93 -1.89 .20 -71 .49
.60 .59 -.001 |1.00 . .04* -69 |.50
SHBG 1.20 |.36 .65 |.53 . .24 1.06 (.30
1.25 |.30 57 .58 . 13 1.15 |.26
Age .57 |.63 50 |.62 : .96 =23 |.82

Adjusted | R2 =-82(.86) |R?=.66(.67) Re =87(91) R? =.86(.86)

Signif.test |F=6-24p=15F = 6.36, p<.001 |F=858p=231 |F=17.31 p<.0001
F=8.70,p=.05F =9.37, p<.001 |F=14.01,p=.03 |F=19.73, p <.0001

Female SCH vs. female CON

In contrast to female controls whose serum MN-4 and IFNy/IL-10 could be significantly
and only explained by IFN; IL-4, and IL-10, none of the predictors includedthis study

was able to reliably envisage serum IN=-4 and IFNy/IL-10 in schizophrenic women if

using the_complete modeThe only exception was IL-10 for IFMIL-10; however, the

extent of importance dropped if compared to thdtaalthy females (s€eable 6-5-1(2)— (in
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black) YCON serum IFNyIL-4 —IFN-y: t = 5.24, p < .001; IL-4: t = -4.13, p < .001)NF
y/IL-10 — IFN+y: t = 11.68, p < .001; IL-10: t = -6.48, p < .001LSCH serum IFN¢IL-4 —
IFN-y: t = 2.77, p = .11; IL-4: t = -1.36, p = .31; IFMIL-10 — IFN+y: t = .91, p = .46).

Table 6-5-1(2-1) The inter-correlations among the predictors whigére included in the
model to forecast serum IFMH.-4 and IFNy in female schizophrenic patients and normal
female controls.

Serum Data: female schizophrenics versus female dools (inter-correlations among
the predictors of serum IFNy/IL-4 and IFN-y/IL-10).

IL-4 IL-6 IFN-y |E2 IL-10 | Cort Testo| TNF

09 | .16 | 02 | 12| .12| .04 A9 .0]
. -11 | .10 | .27 | -05|-49 |-61 |.29 |.12
28 |. .02 |.14 | .19 | .16 | .18 .09 |-.40
-45 | -.45 |-.69 -11 |08 | -36| -32 | .03 | -22
51 |.20 |.61 |-.65 09 |-34 |-01 | .21 | -23
-38 |-.69 |-84 |.81 |-.67 .03 |.37 10 | -.10
36 |60 .41 |-52 |.09 |-48 .39 -16 | -.04
-20 |-83 |-.74 |.64 |-38 |.89 [-53 -.04 | -.10
74 |54 |70 |-77 |.77 |-86 |.49 |-.67 19
24 |74 |06 |-24 | .11 | -45| .35 |-55
-68 |-.19 |-65 |.73 [-91 |.71 |-24 | .41
-38 |-.66 |-87 |.82 |[-65 |.96 |-58 |.86

The left bottom corner = schizophrenic females (53 ; the right above corner = control females(
34). E2 = estradiol; Cort = cortisol; Testo = tastoone; Prl = prolactin; TNF = TNé&:- SHBG = sex
hormone-binding globulin

After various attempts, a new model dropping agsulted in similar outcomes in female

controls (IFNy: t = 5.32, p < .001; IL-4: t = -4.27, p < .001)ewertheless, those of
schizophrenic females had changed a lot; the predipower of IFNy was significant, but
not that of IL-4 (IFNy: t = 3.27, p = .05; IL-4: t = -1.79, p = .17). Thew model could only
predict 67% serum IENAL-4 variance in control females, but 86% in schizoplo@vomen
(RCON: F =7.16, p <.0019SCH: F = 8.70, p = .05). The new model also revktiat the

imbalance in serum IFNAL-4 in schizophrenic females could be a consegeaenf
interactive effects of cytokines, hormones, and dgat is, among the predictors included in
the model existed close inter-correlations as shiowirable 6-5-1(2-1)which were obtained
simultaneously with the outcomes from multiple esgion stated above; however, they were

totally different in normal females.
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Male SCH vs. male CON

Table 6-5-1(3) An overlook of the importance indexes of predistéor serum IFN¢IL-4
and IFNy/IL-10 variance in schizophrenic and control mal@ssults from multiple
regression)

The individual contributions of predictors in forecasting serum Th1/Th2
ratios (3SCH vs.4CON)

Criteria Serum IFN-y/IL-4

SCH (N = 25) CON (N = 38) SCH (N = 25) CON (N = 38)
Predictor | T P T p T P T p
IFN-y 8.62 | .00Q***** 2.08 |.05* 20.15 | .00Q***** 5.75 |.000*****
IL-2 -.15 .89 44 .67 1.71] .11 -.26 .80
TNF-a .96 .36 -1.29] .21 -37 72 -1.1y .25

IL-4 -8.68 |.000***** |1-3.37 |.002*** |-.04 |.97 -76 | .46

IL-10 2.29 |.04* -1.28 | .21 -6.87 | .00Q***** -3.51 |.002***
IL-6 -2.03 |.07 -15 | .88 -15 | .89 -99 | .33
Cortisol -20 |.85 1.35 | .19 -03| .98 .80 43
Prolactin 1.18 | .26 .07 .95 2.20]. .10 .92
Estradiol |1.96 |.07 -63 | .54 2.07 |.06 -30 | .77
Testosterong-1.38 | .19 .96 .35 -88 | .40 .81 43
SHBG 2.68 |.02* -1.32 | .20 -1.23| .24 27
Age -77 | .46 .08 .94 -2.25.04* 19 .85
Adjusted | R2=.92 R2=.79 R2 =98
Signif. test| F =23.59, p <.000F =13.44 p <.001|F =105.12, p < .0001

The same new model stated above also improvedawerpof predictor assembly for serum
IEN-y/IL-10 in schizophrenic women. Nevertheless, it causewbst no change in female
controls @SCH — the complete model: F = 8.58, p = .11; nevdehoF = 14.01, p = .03,
QCON - the complete model: F = 17.31, p < .0001; nevdel: F = 19.73, p < .001). The
new model could interpret 91% and 86% variance estire IFNy/IL-10 ratio in female
schizophrenics and controls, respectively. In adrfemales, the most essential factors which
made the greatest contributions to IMN--10 variance were IFN~and IL-10 (IFNy: t =
11.95, p <.001; IL-10: t = -6.70, p < .001). Howevit was not that case in schizophrenic
women. IL-10, with a slightly weakened effect, Istilayed the most important role.
Nonetheless, a variety of other factors except y=¢emed to be involved in the balancing
between IFNy and IL-10 in female schizophrenic patients (IL-18:-6.83, p = .006; IFN- t
=1.25, p = .30). They included estradiol, IL-4sttesterone, IL-2, IL-6, prolactin, and cortisol
(estradiol: t = 4.68, p = .02; IL-4: t = -4.13, p.G3; testosterone: t = -3.48, p = .04; IL-2: t =
3.74, p = .03; IL-6: t = 3.64, p = .04, prolactin= 2.49, p = .09; cortisol: t = 3.53, p = .04).

The significant contributors of serum IRNL-10 ratio for schizophrenic females were much
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more widespread than those for healthy females. édew the importance of IFM-in
predicting IFNy/IL-4 remained unnoticeable in female schizophresubjects (t = 1.25, p =
.30).

If compared male schizophrenics to male controisaddition to enhanced influences from
IFEN-y, IL-4, and IL-10 on IFNy/IL-4 as well as IFNy¢IL-10 in schizophrenic males, there
were further influencing factors which remarkablyntributed to the imbalance of serum
IFN-y/IL-4 and IFN¥/IL-10 in male schizophrenics (sé@&ble 6-5-1(3)— JCON: serum
IFN-y/IL-4 — IFN-y: t = 2.08, p = .05; IL-4: t = -3.37, p = .002; IRNL-10 — IFN+y: t = 5.75,

t <.001; IL-10: t = -3.51, p = .00Z'SCH: serum IFN{/IL-4 — IFN-y: t = 8.62, p < .001; IL-
4:t=-8.68, p < .001; IFN/IL-10 — IFN+y: t = 20.15, p < .001; IL-10: t = -6.87, p < .Q01
They include serum IL-10 and SHBG for IRNL-4 as well as prolactin and age for IFN-
y/IL-10. Nevertheless, those factors did not play sole in serum IFN/IL-4 and IFNy/IL-

10 in controls §SCH serum IFN{IL-4 — IL-10: t = 2.29, p = .04; SHBG: t = 2.68,9.02;
IFN-y/IL-10 — prolactin: t = 2.20, p = .05; age: t =22, p = .04, CON serum IFNyIL-4 —
IL-10: t =-1.29, p = .21; SHBG: t = -1.32, p = ;4BN-y/IL-10 — prolactin: t = .10, p = .92;
age: t=.19, p =.85).

Similar to the findings concerning female schizaptics, the complete model could elucidate
more Th1l/Th2 ratio variance in schizophrenic madtemn in control mend{SCH — serum
IFN-y/IL-4: adjusted Rz = .92, F = 23.59, p < .0001; H/N.-10: adjusted R2 = .98, F =
105.12, p < .00013CON — serum IFN{/IL-4: adjusted R2 = .79, F = 13.44, p < .0001; {FN
y/IL-10: adjusted R2 = .56, F = 5.26, p <.001).

6.5.2 Whole blood assay data

The complete model was also able to significantBdpct whole blood assay IFMH-4 and
IFN-y/IL-10 in the whole schizophrenic patients, the ehoontrol group, the male and
female control group (whole CON — whole blood adéay-y/IL-4: F = 15.38, p < .001; IFN-
y/IL-10: F = 15.26, p < .001; whole SCH — IRNL-4: F = 3.62, p =.003; IL-4: F=9.94, p <
.001;JCON — IFNY/IL-4: F = 6.77, p < .001; IFN#IL-10: F = 9.28, p < .0012CON — IFN-
V/IL-4: F = 9.64, p < .001; IFN/IL-10: F = 23.72, p < .001). For male schizophesnithe
model was only capable of envisaging the variaricghole blood assay IFNAL-10, but not
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that of IFNy/IL-4. However, for schizophrenic females, it falle predict whole blood assay
IFN-y/IL-4 and IFNy/IL-10 sufficiently (?SCH — whole blood assay IFMH.-4: F = 2.07, p
=.11; IFNY/IL-10: F =9.00, p < .0019SCH — IFNY/IL-4: F = 6.26, p = .15; IFN/IL-10: F
=9.83, p = .10).

Whole SCH vs. whole CON

In controls, apart from both key cytokines Ignd IL-4, TNFa seemed to have an essential
contribution to_ whole blood assay IFML-4 ratio (seelable 6-5-2(1)— whole CON — whole
blood assay IFN¢ t = 7.70, p <.001; IL-4: t =-4.79, p < .001; Fhi: t = -2.45, p =.02). On

the contrary, schizophrenics had reduced influefroes both IFNy and IL-4 on IFNy/IL-4,
nevertheless, an enhanced impact from IL-6 (wh@é&l S whole blood IFN¢ t = 2.24, p =
.03; IL-4:t =-3.40, p =.002; IL-6: t = 2.06, p.65).

Table 6-5-2(1) A summary of the individual contributions of pretdrs for whole blood
assay IFNy/IL-4 and IFNy/IL-10 variance in the whole schizophrenic and oaingroup
(results from multiple regression).

The individual contributions of predictors in forecasting whole blood assay
Th1/Th2 ratio (whole SCH vs. whole CON)

Criteria Whole blood IFN-y/IL-4
SCH (N = 40) CON (N =72) SCH (N = 40) CON (N=72)
Predictor T p p p
| FN_y . 7 . 70 i OOO***** .000***** .000*****
IL-2 A2 .20 .84 A1 . A1
TNF-a .68 50 -2.45 | .02%** A1 A2
IL-4 : -4.79 |.00Q****** .16 .004***
IL-10 -38 71 1.67 10 L00Q***** L00Q*****
IL-6 : .40 .69 .23 .27
Cortisol 49 .63 A2 91 52 .61 ) .90
Prolactin  [-.35 |.73 -1.00 .32 .16 .87 27
Estradiol -.33 74 .15 .88 -.92 .37 . .67
Testosteron 71 A3 .90 A7 .64 .25
SHBG A7 .64 -.10 .92 1.50 .15 A1
Age .15 .89 .75 45 2.02 .05* .26
Adjusted Rz = 45 Rz2=.71 R2=.73
Signif. test| F=3.62,p =.00% =15.83,p<.0001| F=9.94,p<.000

For the variance of whole blood assay I#N-10, in addition to IFNy and IL-10, the ages

of schizophrenic men also exerted marked impaci&Nny/IL-10 ratios. However, instead of
age in schizophrenia, IL-4 appeared to have coraidte influences on IFNAL-10 ratios in

healthy subjects, in addition to IFNand IL-10 (whole SCH — whole blood assay If£N-=
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5.43, p <.001; IL-10: t = -4.93, p < .001; ages 2.02, p = .05; whole CON — IFN-t =
10.39, p <.001; IL-10: t =-9.16, p < .001; IL#4= 3.02, p = .004). Whole blood assay data
suggested that the major resources of Th1l/Th2 mmcal in schizophrenia were rather
decreased, but not increased IfNE-4, and IL-10 impacts. Additionally, other facs could
have been involved; they include TNf-IL-4, IL-6, and age. TN+ made a markedly
negative contribution to whole blood assay fN-4 variance in normal controls, while IL-
6 made a noticeably positive one to IFM-=-4 in schizophrenics. IL-4 and age also markedly
contributed to IFNyIL-10 variance in healthy controls and schizopiognrespectively. In
addition, the explainable portions of whole bloeday IFNy/IL-4 and IFNy/IL-10 variance
through the complete model were 45% and 73% foizephrenics as well as 71% and 71%
for controls.

Female schizophrenics vs. control females

Although the_complete modelas able to predict 76% variance _of whole blooshgdFN-

Y/IL-4 ratio in female controls, it failed to make a able prediction of whole blood assay
IFN-y/IL-4 in female schizophrenics (séeble 6-5-2(2)— QCON: F = 9.64, p < .001;
QSCH: F = 6.26, p = .15). For healthy female sulsjelfiN-y and IL-4 played the major roles
in the balance between IFNand IL-4 (whole blood assay IFj+ = 5.20, p <.001; IL-4: t =
-3.06, p = .006). Besides, TNFmight play a crucial role and IL-10 seemed to fiectively
involved in the balancing process between Wahd IL-4 @CON — whole blood assay TNF-
a:t=-2.46, p =.02; IL-10: t =1.76, p = .09).

New modelkeeping all parameters but SHBG was able to efiity predict_whole blood
assay IFNy/IL-4 ratio in both schizophrenic and control femaleSCH: R2 = 88, F = 10.09,
p =.04;2CON: R2 =76, F = 10.58, p < .001). Compared tocimaplete model, no obvious
change was observed in control females regardirgirtiportance magnitudes of various
predictors (whole blood assay IFNt = 5.16, p < .001; IL-4: t =-2.98, p = .007; FN: t = -

2.56, p = .02). However, the alterations in fenskizophrenics were manifold regarding the

forecasting powers of various predictors. Almostrgwpredictor significantly contributed to
the imbalance between IFjNand IL-4 except SHBG (age: t = 5.45, p = .01; @cbh: t = -

4,93, p =.02; IL-4: t =-4.52, p = .02; testostept = 4.01, p = .03; IL-6: t =-3.23, p =.05;
IFN-y: t = 3.04, p = .06; estradiol: t = -2.81, p = .@drtisol: t = 2.58, p = .08; IL-10: t = 2.39,
p =.10; TNFe: t = 2.36, p = .10). Interestingly, the first twwost important contributors of
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IFN-y/IL-4 variance were neither IFM-nor IL-4, but age and prolactin. IFNwas on the

sixth and IL-4 on the third place.

Table 6-5-2(2) The individual contributions of predictors in ésaging whole blood assay
IFN-y/IL-4 and IFNy/IL-10 in female schizophrenics and controls (reswf multiple
regressionunderlined= complete modekhaded= new model).

The individual contributions of predictors in forecasting whole blood assay
Th1/Th2 ratios (?SCH vs.?CON)

Criteria Whole blood IFN-y/IL-4

SCH (N = 15) CON (N = 34) SCH (N = 15) CON (N = 34)
Predictor T p T p T p T p
IFN-y 249 [.13 5.20 |.000* 357 |.07 10.18|.000*+++*
3.04 |.06 5.16 |.0007** {431 |.02* 10.11|.000%*****
IL-2 -.61 .61 -.06 -95 125 |.34 2.07 |.05*

-.89 44 .02 .98 1.78 |.17 2.17 |.04*

TNF-a 195 |.19 -2.46 | .02* 2.63 |.12 -.7/8 |.45
2.36 .10 -2.56 |.02* 3.26 |.05* -.86 |.40
IL-4 -3.68 |[.07 -3.06 |.006** -1.08 |.39 1.24 |.23
-4.52 |.02* -2.98 |.007** -1.39 |.26 1.40 |.18
IL-10 182 |.21 176 .09 -4.30 |.05* -10.82/.000*****
2.39 .10 1.66 A1 -5.73 |.01** -11.07) .000*****

IL-6 -2.63 |.12 -79 .44 -3.79 |.06 1.74 |.10
-3.23 |.05* -.59 .56 -4.75 |.02* 2.08 |.05*
Cortisol  11.49 .28 24 .81 35 |76 28 |.78
2.58 .08 -.07 .95 1.00 |.39 -10 |.92
Prolactin - 1-2.80 |.11 -04 |97 -1.58 |.26 .82 .42
-493 |.02* -.04 97 -3.21 |.05* 82 |.42
Estradiol 1-2.31 |.15 -39 -70 -4.37 |.05* -44 |.67
-2.81 |.07 .40 .70 -5.35 |.01** -43 |.67
Testosterong? 58 A2 -.54 .60 74 .54 -.17 |.87
4.01 .03* -.29 A7 145 |.24 A7 .87
SHBG -.17 .88 -.86 .40 .23 .84 -1.05 (.31
Age 3.98 |.06 -.68 |.51 222 .16 2.39 |.03*
5.45 .01* -.49 .63 3.25 |.05* 2.73 |.01**
Adjusted |R2==82(.88) R2=.76(.76) R2 =-88(.92) R2 =.89(.89)

Signif.test|—=6=26-p=25 |F=9.64,p<.001 |F=983p=420 ([F=2372,p< .00

F=10.09,p=.04 |[F=10.58,p<.001 |F=15.65,p=.02 |F=25.65, p <.000§

The complete model also failed to reliably envisagaole blood assay IFMAL-10 in

schizophrenic females (F = 9.83, p = .10)._A newdelaropping SHBG improved the
collective envisaging power of all predictors irnvisaging IFNy/IL-10 in female patients (R2
=.92, F = 15.65, p = .02). The exclusion of SHE@ to solely a minor alteration in IL-6 in

female controls; IL-10 and IFNkept their dominant roles as usual, IL-2, IL-6dage still
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played crucial roles in the IFML-10 balancing process2CON — whole blood assay IL-10:
t=-11.07, p<.001; IFN:t=10.11, p < .001; age: t = 2.73, p = .01; -2 2.17, p = .04,
IL-6:t = 2.08, p = .05).

Table 6-5-2(2-1) A summary of the inter-correlations among thedpters which were

included in the model to envisage whole blood asddy-y/IL-4 and IFNy in female
schizophrenic patients and normal women.

Whole blood assay data: female schizophrenics versfemale controls (inter-
correlations among the predictors of whole blood asy IFN-y/IL-4 and IFN-y/IL-10).

-46 | .12

- 73 |.75 |.46
-61 |.22 |.67 |.47
-58 .20 |.63 |.46 |.77

56 |-77 |-15 |-70 |-.38 |-.50
.05 |-40 .12 | -11| .09 | 39| .13

.81 |-66 |-50 [-.89 |-43 |-44 |.60 |.19
-06 |.04 | -27| -28| .02 | -12] .01|-.60
A48 |-47 | .00 | -40| -46|-51 |.57 |.23
57 |-16 |-77 |-41 |-78 [-91 |.38 |-38

The left bottom corner = schizophrenic females (53 ; the right above corner = control females(
34). E2 = estradiol; Cort = cortisol; Testo = tastoone; Prl = prolactin; TNF = TNé&:- SHBG = sex
hormone-binding globulin

The new model could predict as much variance oflevidood assay IFN/L-10 as the
complete one in control females (R2 = .89, F = B5G< .001). In contrast, distinct changes
occurred in female schizophrenics after excludiktB& regarding the predictive power of
individual predictor. The new model significantlyegicted 92% variance of IFMIL-10 in
female patients (F = 15.65, p = .02), in contrasB9% in control females. A variety of
additional parameters made significant contribigiam envisaging whole blood assay IFN-
V/IL-10; estradiol, IL-6, TNFa, age and prolactin seemed to be effectively in#dlin the
balancing process between IgNind IL-10 @ SCH — whole blood assay IFj+t = 4.31, p =
.02; IL-10: -5.73, p = .01;estradiol: t = -5.357p01; IL-6: t =-4.75, p = .02; TNB: t = 3.26,

p = .05; age: t = 3.25, p = .05; prolactin: t 2243.p = .05). IL-10 played the most important
role in the balancing process, but not IFFNRstead, estradiol took over the role of IFNFhe

predictive powers of IFN~and IL-10 were also much weakened in schizophriamales if
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compared with those in control women. Furthermtire,results from whole blood assay data
likewise demonstrated that instead of a few dontigantributors, there were various primary
influencing factors being able to predict whole ddoassay Th1l/Th2 ratios in female

schizophrenics. Those essential influencing factmnselated closely with one another in

schizophrenic women, whereas those in normal fesrditenot (se@able 6-5-2(2-1).

Male schizophrenics vs. male controls (whole blood)

The complete modednabled the predictor assembly to make a signifipeediction of both

whole blood assay Th1l/Th2 ratios in control menwdédner, only IFNy/IL-10 in
schizophrenic males (s@@ble 6-5-2(3)—- §SCH — IFNy/IL-4: F = 2.07, p = .11; IFN/IL-
10: F = 9.00, p < .001YCON — IFNy/IL-4: F = 6.77, p < .001; IFN/IL-10: F = 9.28, p <
.001).

Comparisons showed that schizophrenic males hawetrdously decreased impacts rather

from IFN-y than from IL-10 on whole blood assay IFNE-10 ratio. Healthy subjects had

additional remarkable contributions from testosterand SHBG, whereas schizophrenics had
an extra marked input from IL-6, in addition to doant influences from both IFM-and IL-

10 (3SCH — whole blood assay IFj+ = 4.40, p = .001; IL-10: t = -4.47, p = .00L:6: t =
2.38, p = .047CON — IFNy: t = 7.26, p < .001; IL-10: t = -5.47, p < .00&stosterone: t = -
3.03, p = .006; SHBG: t = 2.30, p = .02). MoreoJer4 and estradiol also tended to exert
evident effects on whole blood assay If#N=10 ratio in male controls (IL-4: T = 1.77, p =
.09; estradiol: F = 1.85, p =.08). The explaingimetions of IFNy/IL-10 ratios through the
complete model were relatively comparable in batbugs ¢'SCH: adjusted R2 = .80, F =
9.00, p < .001ZCON: adjusted R2 = .73, F = 9.28, p < .001).

The explicable part of whole blood assay I#fN-4 variance through the alternative model

excluding age and prolactin was similar to that #ee complete model in controls.
Nevertheless, in contrast to the complete modelndgw one was able to predict the variance
of IFN-y/IL-4 sufficiently in the schizophrenic groug)CON: R2 = .65, F = 7.91, p < .001;
dSCH: R2= .52, F = 4.69, p = .004). The new modbsed a significant shortage in whole
blood assay IFN+production in male schizophrenics, compared tdtinganen ¢'SCH: t =
1.42, p = .183CON: t = 6.02, p < .001). However, the predictpmvers of whole blood
assay IL-4 in envisaging IFMiL-4 variances were relatively comparable in baotlale
groups ESCH: t =-2.61, p = .02fCON: t = -2.69, p = .01). IL-6 also showed a termyeto
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predict whole blood assay IFMH.-4 significantly in male patients, but not in faacontrols
(ISCH: t = 2.10, p = .06JCON: t = -.57, p = .57). Besides, only 42% and &&%he IFN-
y/IL-4 variance could be clarified by the model ichgophrenic and control males,

correspondingly.

Table 6-5-2(3) The individual contributions of predictors in ésaging whole blood assay
IFN-y/IL-4 and IFNY/IL-10 in male schizophrenics and controls (resubifs multiple
regressionunderlined= complete modekhaded= new model).

The individual contributions of predictors in forecasting whole blood assay
Th1/Th2 ratios (3SCH vs.4dCON)

Criteria Whole blood IFN-y/IL-4
SCH (N = 25) CON (N = 38) SCH (N = 25) CON (N = 38)
Predictor T p T p p T P
IFN-y 1.20 .25 6.06 .0QQ***** . 001**** | 7.26 |.00Q*****
1.42 .18 6.02 .00 Qr****
IL-2 -67 |.92 -96 .35
-1.18 |.26 -.59 .56
TNF-a -.194 |.85 -08 .94

-.01 .99 -.15 .89

IL-4 -2.35 |.04* -2.60 |.02*
-2.61 |.02* -2.69 |.01*
IL-10 =77 .46 -.42 .68 . 001 ****
-.75 .46 -.30 A7
IL-6 193 |.08 -67 |51 2.38 |.04*
2.10 .06 -.57 Y4
Cortisol .70 .50 =72 48
.83 42 =77 45
Prolactin  |-.70 .50 -1.14 .27
Estradiol .03 .98 1.23 .23
.24 .81 .88 .39
Testosterong-.36 73 -1.04 |.31
-.40 .69 -.73 A7
SHBG 1 49 -09 .93
.69 51 .19 .85
Age -26 .80 87 -39 1.22
Adjusted |R?2==35(.42) R2 =.65(.65) R2=.80
Signif.test|F=268%+p=41 |F=6.77,p<.001 |F=9.00,p<.001
F=272,p=.04 |F=7.91, p<.0001

6.5.3 Lymphocyte data

Whole schizophrenic group vs. whole control group

The complete modetnabled reliable predictions of lymphocyte IFMN--4, IFN-y/IL-10 as
well as IFNy/IL-13 ratio in both controls and schizophrenich¢le CON — IFNy/IL-4: F =
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55.30, p < .001; IFNAIL-10: F = 4.50, p < .001; IFNAL-13: F = 4.10, p < .001; whole SCH
— IFN+/IL-4: F = 4.26, p = .001; IFN/IL-10: F = 8.04, p < .001; IFNAL-13: F=4.21, p =
.01). It was able to explicate 89%, 35%, and 32%awnae of lymphocyte IFN/IL-4, IFN-
y/IL-10, and IFNy/IL-13 in controls, respectively. On the contraityelucidated 48%, 67%,
and 48% Th1/Th2 variance in schizophrenics in thees order as stated in controls (see
Table 6-5-3(1).

Apart from the predominant factors IFNand IL-4, other parameters such as testosterone,

SHBG, and age also played crucial roles in envigadymphocyte IFNyIL-4 in controls.

Instead, IL-13 and estradiol additionally exertediceable powers in forecasting IRNL-4
ratio in schizophrenics (whole CON — lymphocyte #N = 15.36, p <.0001; IL-4: t = -9.58,
p <.001; age:t =3.11, p =.003; SHBG: t = -2 88 .006; testosterone: t = -2.58, p = .01;
whole SCH — IL-13: t = 2.20, p = .04; estradiok 11.85, p = .08).

Table 6-5-3(1) A summary of the individual contributions of pretdrs in lymphocyte IFN-
y/IL-4, IFN-y/IL-10, and IFNy/IL-13 variance in the whole schizophrenic and oangroup
(results from multiple regression).

The individual contributions of predictors in forecasting lymphocyte
Th1/Th2 ratio (whole SCH vs. whole CON)

OICIEY  Lymphocyte IFN-y/IL-4 Lymphocyte IFN-y/IL-13
SCH (N=40) CON (N=72) SCH (N=40) CON (N=72) SCH (N=40) | CON (N=72)

Predictor p p p p p p
IFN-y 000+ .000% | . 68 001+ . 002%* | 4,01 | 0007
*%

IL-12 - 78 1. 23 58| 0010 |- 22 - 68 30|76

IL-4 -5.55 | .000* |.9.58 |.000% |-1. 28 .09 . 17 2.07 04

*k

IL-13 : .04* -1. 12 . 93 - 41 -5.18 .00 | -3.33| -001***

*

IL-10 . 92 -29 | .77 -3.42| 0027+ |- 0000+ |- .69 -1.3q -20

Cortisol 11 -07 | .94 32 -76 45 - . A
Prolactin | A7 -35 | .73 001% | .39 ) ) -39[ 70
Estradiol .08 ~92 | .36 61 | 55 T . . -.88| 38

Testosterong . 82 -2.58| .01** -.65 52 19 . . 1. .09

SHBG . 45 -2.88|.006* |-43 | .67 . 79 . -1.3518
Age - 91 3.11 |.003** |3.04 |.005* |. 71 . . 36|72
Adjusted Rz = .89 R2 = .67
Signif.test F =55.30, | F = 8.04,
p <.0001 |p<.001
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However, prolactin, IL-12, and age were furthereesisl predictors for lymphocyte IFM1L-

10 ratio in schizophrenic patients, in addition tellQ (whole SCH — prolactin: t = 3.73, p =
.001; IL-12; t = 3.58, p = .001; IL-10: t = -3.4p, = .002; age: t = 3.04, p = .005).
Interestingly, lymphocyte IFN-production was unable to significantly predict HyMN_-10
ratio in schizophrenia (t = .41, p = .68). IL-10 svaot even on the first or the second
important place, either. Instead, prolactin andLB_{ook over the first two most essential
roles. However, in controls, IL-10 and IRNook the dominant roles in predicting IFNL-

10 ratio; besides, IL-4 also tended to make a ntadamtribution (whole CON: lymphocyte
IL-10: t = -4.41, p < .001; IFNs t = 3.42, p = .001; IL-4: t = 1.74, p = .09).

For lymphocyte IFNyIL-13 ratio, the diversity between both groups was riearc The

complete model could only enlighten 32% of I§N--13 variance in controls, however, 48%
in schizophrenics (whole CON: F = 4.10, p < .00hple SCH: F = 4.21, p = .001). In both
controls and schizophrenics, IRNand IL-13 took over the first and the second @mtie in
envisaging IFNy/IL-13 (whole CON — lymphocyte IFN:-t = 4.01, p <.001; IL-13: t = -3.33,
p = .001; whole SCH — IFN:t = 3.39, p = .002; IL-13: t = -5.15, p < .00The predicting
power of IFNy was somewhat reduced and that of IL-13 slighttyeéased in schizophrenics,
compared to those in normal controls. In additihr4 could significantly and testosterone
showed a tendency to predict IFNL-13 ratio in control subjects, but not in schiwenic
patients (whole CON — IL-4: t = -2.07, p = .04;tteterone: t =-1.71, p = .09).

Female schizophrenic patients vs. control females

The complete modetould reliably predict lymphocyte IFMiL-4, IFN-y/IL-13, and IFN-

y/IL-10 in female controls, but not those in schiaognic women (se€able 6-5-3(2) YSCH
— lymphocyte IFNy/IL-4: F = 2.45, p = .25; IFN/IL-13: F = 4.57, p = .12; IFN/IL-10: F =
1.98, p = .319CON — IFNy/IL-4: F = 28.16, p < .001; IFNAL-13: F = 2.29, p = .05; IFN-
V/IL-10: F = 2.42, p = .04).

An alternative modeldropping IL-10 and prolactin led to amendment loé tcollective

forecasting power of the remaining predictors ihizgphrenic females. But it did not cause
any remarkable alteration in control femal@SCH: R2= .72, F =4.94, p = .03CON: Rz =
.90, F =32.69, p <.001). Comparing the individuiadictive power of each predictor in both

groups showed that in control women, INsnd IL-4 took over the most dominant two
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places in envisaging lymphocyte IRNL-4 ratio. Additionally, age, IL-12, and testosterone

also made remarkable contributions in this reg&@GQN — lymphocyte IFNg t =10.43, p <
.001; IL-4: t =-5.07, p < .001; age: t = 2.53, @02; IL-12: t = -2.27, p = .03; testosterone: t =
-2.06, p =.05; IL-13: t = -1.45, p = .16; cortisbk -1.20, p = .24; estradiol: t = -1.15, p =;.26
SHBG: t = -1.51, p = .15). Nonetheless, it was tiat case in female schizophrenics;
testosterone was the most crucial one within theliptors included, then age and I§N-
(SCH - testosterone: t = 3.50, p = .02; age: t 4,30= .03; cortisol: t = -3.00, p = .06;
SHBG: t = 2.39, p = .06; estradiol: t = -1.80, p13; IFNy: t = 2.97, p = .03; IL-13: F = -
2.49,p=.06; IL-4:t=.10, p =.92; IL-12: t £.76, p = .14). In addition, SHBG, cortisol, and
IL-13 tended to have significant predicting powtrenvisage IFN/IL-4 in schizophrenics.
Surprisingly, IL-4 did not even play a minor rotethe balance of lymphocyte IFMH.-4 in

female patients.

Table 6-5-3(2) The individual contributions of predictors in ésaging lymphocyte IFN-
V/IL-4, IFN-y/IL-10, and IFNy/IL-13 in female schizophrenics and controls (resubf
multiple regressionunderlined= complete modekhaded= new model)

The individual contributions of predictors in forecasting lymphocyte
Th1/Th2 ratios (SCH vs.2CON)

(OICIEY Lymphocyte IFN-y/IL-4 Lymphocyte IFN-y/IL-13

SCH (N=15) | CON (N=34) | SCH (N=15) | CON (N=34) | SCH (N=15) | CON (N=34)
Predictor T p T T p T p T p T p
IFN-y 2.14 .12 10.28 | .o00 | -.89 44 1.38 |.18 152 |.23 2.87 |.009*
297 |.03* 10.34 |. -1.02 | .37 128 |.22 218 |.07 2.76 |.01*
IL-12 -.65 |.56 -1.04 . 240 |.10 -1.63 |.12 -.63 |.58 =10 |.92
-1.76 | .14 -2.27 |. 2.84 .05* -1.80 |.07 -.34 .75 -.94 .36

. .92 -5.07 |. .92 A1 1.77 |.09 256 |.04* -1.04 |.31
IL-13 -1. 20 -2.02 |. =12 91 =61 :55 -2.64 |.08 -2.25 | .04*
.06 -1.45 |. -3.83 |.009** |-2.35 |.03*
IL-10 =12 92 -1.71 .10 =74 | .51 -2.14 |.04* -39 |.72 -1.42
-.87 43 -2.16 |.04*
Cortisol -1.81 |.17 -9 .35 1.21 31 -.21 .84 -.94 42 -.37

00 |06 |‘120 |. 140 |23 |-14 |89 |20 |25 |86
Prolactin | -. .94 -2 .82 -.89 .44 -1.53 |.14 - g7

-1.16 |.31 -1.56 |.13 .21
Estradiol [-1.14 |.34 -1.26 | .22 .68 55 -1.00 |.33 -.16 |.88
.13 -1.15 |. T7 .48 -1.09 |.29
Testosterond 1. 21 -2.48 |.02* ].93 42 -1.04 |.31 . 22
.02* -2.06 |.05* 1.38 .24 -1.03 |.31 . .04*
SHBG - .27 -1.64 |.12 -1.30 |.29 -39 |.70 : .52
.06 -1.51 |.15 -.67 .53 -.60 55

Age : -20 2.87 |.009* 1150 |.23 28 18 152 |.23
.03* 2.53 .02* -1.50 |.21 .24 .82 3.23 .02*
Adjusted | R =53(72) R? =.90(.90) R? =—74(.80) RE= 32(34) | R ==44(66) R =.30(.31)

Signif.test| F=245-p=-25 | E=28.16.p < 0001 F=4.6#-p=-42 | F=2.42,p = 04 | F=2-98p=31 | F=2.29.p= 05
F=4.94,p=.05 |F=3269 p<.0004 F=666p=.04 |F =313, p=.01 |F=447,p=.04 |F=282 p=.02
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According to the complete moddéFN-y and IL-13 had made the most crucial contributitans

lymphocyte IFNy/IL-13 in healthy women, however, not in schizophrenmdies ¢ CON —
lymphocyte IFNy: t = 2.87, p =.009; IL-13: t = -2.25, p = .04SCH — lymphocyte IFN¢ t
=1.52, p =.23; IL-13: t = -2.64, p = .08). Anatative modetiropping IL-10, estradiol, and
SHBG enabled the remaining predictors to reliabletast lymphocyte IFNAL-13 in both
schizophrenic and control femalegSCH: adjusted R2 = .66, F = 4.47, p = .G4CON:
adjusted R2 = .31, F = 2.82, p = .02). The impdrtaonors” of IFNy/IL-13 balance in

female schizophrenics were IL-13, age, testosteramé IL-4 @SCH — lymphocyte IL-13: t
=-3.83, p =.009; age: t = 3.23, p = .02; testoste: t = 2.58, p = .04, IL-4: t = 2.56, p = .04,
IFN-y: t = 2.18, p = .07). IFNronly showed a tendency to be able to predict yAN-13
variance. The power of IFM-n envisaging IFN¢IL-13 in schizophrenic females was also
weaker compared to that in healthy women. Neveztiselthe predicting power of IL-13 was
stronger than that in female controls. Furthermtre, alternative model explicated 31% of
IFN-y/IL-13 variance in female controls, however, 66%@hizophrenic womerCON: F =
3.70, p = .0079SCH: F = 4.53, p = .03).

A alternative modedtropping IL-13 could predict lymphocyte IF{H -10 significantly and

explain about 80% of its variance in schizophremomen (F = 6.66, p = .04), in contrast to
34% in female controls (F = 3.13, p = .01). Howevwao single predictor except IL-12
showing an obvious contribution to the variancelfe-y/IL-10 in female schizophrenics
(YSCH — lymphocyte IFNs t =-1.02, p = .37; IL-12: t = 2.84, p = .05; Lt = .92, p = .41;
IL-10: t = -.87, p = .43; prolactin: t = -1.16, p.31; estradiol: t = .77, p = .48; testosterore: t
1.38, p =.24; age: t =-1.50, p = .21; SHBG: t6¥; p = .53). Similar findings were found in
normal female subjects; no other parameter exdefdIsignificantly predicted lymphocyte
IFN-y/IL-10 variance @ CON — lymphocyte IL-10: t =-2.09, p = .05; IL4= 1.77, p = .09;
IL-12:t=-1.80, p = .08; IFNs t = 1.32, p = .20; age: t = .24, p = .82; cottise= -.14, p =
.89; prolactin: t = -1.56, p = .13; estradiol: tE09, p = .29; testosterone: t = -1.03, p = .31;
SHBG: t = -.60, p = .55). In addition, IL-4 and 112 tended to have marked impacts on
lymphocyte IFNy/IL-10 balance in control women.

Male schizophrenics vs. male controls

The complete modedould reliably predict all 3 lymphocyte Th1/ThZios in control males,
although it failed to predict any lymphocyte Th1ZTiatio significantly except IFNAL-13 in
male schizophrenics (s@@able 6-5-3(3)— dCON — lymphocyte IFN/IL-4: R2 = .95, F =
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71.10, p < .001; IFNAIL-10: R2 = .62, F = 6.53, p < .001; IFpH.-13: R2 = .81, F = 15.02, p
< .001;3SCH — IFNy/IL-4: F = 2.55, p = .06; IFN#IL-10: F = 1.85, p = .15; IFN#IL-13:
Rz=.70, F = 2.78, p = .04).

Multiple regression analysis showed that the ptegicpower of lymphocyte IFN-to

envisage IFN#IL-13 in schizophrenic males was much weaker than thaontrol males,

while those of IL-13 were relatively comparable vibeén both male groups?SCH —
lymphocyte IFNy: t = 1.80, p = .10; IL-13: t = -4.16, p = .002CON — IFNy: t =4.34, p <
.001; IL-13: t = -5.13, p < .001). Besides, SHBGmed to play a role in this regard in
healthy males (F = 1.83, p =.08).

Table 6-5-3(3) The importance indexes of predictors for lymphechFNv/IL-4, IFN-y/IL-
10, and IFNy/IL-13 variance in schizophrenic and control ma(essults from multiple
regressionunderlined= complete modehaded= new model)

SCH (N=25)

Th1/Th2 ratios (§SCH vs.45CON)

CON (N=38)

SCH (N=25)

CON (N=38)

The individual contributions of predictors in forecasting lymphocyte

(O] Lymphocyte IFN-y/IL-4 Lymphocyte IFN-y/IL-13

SCH (N=25)

CON (N=38)

Predictor

T P

T

T P

T P

T

p

IFN-y

2.88 .01**
2.99 .01

13.61
13.76

1.83 -09
1.99 .07

3.34 .003***
3.47 .002**

1.80

.00Q***x*

IL-12

-13 -90
.14 .89

-.81
=72

1.02 .33
1.15 .27

-.04 97
.19 .86

IL-4

-3.45 .004***
-3.70 .002%**

-9.78
-9.94

-1.06 .30

1.08 29
1.18 .25

IL-13

2.13 .05*
2.23 .04*

=51
-.57

-1.02 .33
-1.21 .24

.32
.02

IL-10

-.002 1.00
-.02 .99

1.45
1.41

-2.84 .01**
.007**

-4.80
-4.92

Cortisol

-1.05 .31

1.05
1.03

.83

-.65

Prolactin

-42 .68

-1.56
-1.54

.66
.63

2.70
271

Estradiol

=807 .35

173
171

.90
.85

44
.06

Testosterond

-61 55
.63 .54

-1.45
=1.33

.51
.33

-1.23
-.48

SHBG

.61

-85

1.42

Age

42 -68
.46 .65

94
1.16

. -09
2.04 .06

-.86
SOl

Adjusted

R2=—42(.46)

R? =.95(.96)

R? =-28(.37)

R2=.62(.61)

R2=.81

Signif.test

F=3.02, p=.03

@

DF =71.10, p <.0001f

F =80.05, p <.0001

F=185-p=15
F=259 p=.05

F=6.53,p<.001

F=278,p=.04

F =7.55, p <.00]

F =15.02, p <.000

A new modeldropping SHBG enhanced the cumulative envisagimgep of the included

predictors to forecast the variance_of IMMN--4 in schizophrenics (R?2 = .46, F = 3.02, p

.03). Comparisons showed that the predictive powérboth IFNy and IL-4 were much
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weaker in schizophrenic males than control m&é8QN — lymphocyte IFNg t = 13.76, p <
.001; IL-4: t = -9.94, p < .0015SCH — IFNy: t = 2.99, p = .01; IL-4: t = -3.70, p = .002).
Moreover, IL-13 also played an essential role iadgeting lymphocyte IFN/IL-4 in male
schizophrenics (t = 2.23, p = .04). This model ghtened 96% IFN/IL-4 variance in

healthy males, in contrast to 46% in schizophremeo.

A model excluding cortisol and SHBG improved thesgictive power of the model to
forecast_IFNy/IL-10 in schizophrenic males, nevertheless, almost @ amange that in
control men {SCH: from R2 = .28, F = 1.85, p = .15 to R2 = .B% 2.59, p = .053CON:
from R2 = .62, F = 7.71, p < .001 to R2 = .61, .85, p < .001). In male subject with
schizophrenia, both IFN-and IL-10, particularly IFNg had markedly weakened predictive
powers to forecast IFNAL-10 if compared to those in control malesGQON — lymphocyte
IFN-y: t = 3.47, p =.002; IL-10: t = -4.92, p < .001SCH — IFNy: t = 1.99, p = .07; IL-10: t

= -3.15, p = .007). Additionally, prolactin appearte play an essential role in healthy males,
while age seemed to have a marked impact onyWHN10 in schizophrenics (prolactin: t =
2.71, p = .01; age: t = 2.04, p = .06). Moreovhrs reduced model explicated exclusively

37% IFNY/IL-10 variance in schizophrenic men, in contras1% in male controls.

6.6 Influencing factorsof Th1/Th2 cytokinesin schizophrenia

In the subsequent sections, the inter-correlatmm®ng various cytokines, hormones, and
SHBG were examined in order to discover possiblecs of Th1l/Th2 cytokines deficits in
schizophrenia from those parameters measureddsrstidy. Such comparisons might offer an
overview for the possible consequences of changirggrtain cytokine in order to restore
Th1/Th2 balance, if re-balance of Th1l/Th2 regardesd a co-target of treatment in
schizophrenics. The outcomes from the complete hrm@esummarized iAppendix 6-6(1)

to 6-6(8)

6.6.1 IFN+y: cortisol, prolactin (serum), IL-10, IL-6, IL-4 (wk®blood)

Serum data

The complete model, including serum IL-2, TRFiL-4, IL-10, IL-6, hormones, SHBG, and
age as predictors, was able to predict 100% vagiaicserum IFNy level in the whole

control group and male controls (whole CON: F = 7853, p < .001; male CON: F =
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13914.45, p < .001). However, it could not suffitlg predict the variance of serum IRNA
the whole schizophrenic group, males with schizepia, female schizophrenics and control
females (whole SCH: F =1.62, p = .15; male SCH:ES85, p =.15; female SCH: F=2.01, p
=.31; female CON: F = 1.45, p = .22).

Whole SCH vs. whole CON
Dropping testosterone, age, and SHBG, the predigiower of the remaining predictors was
improved; it could explain 21% variance of serurNd¥in the whole schizophrenic group,
while it only caused minor changes in controls (lsh8CH: R? = .21, F = 2.28, p = .05;
whole CON: R?z = 1.00, F = 25558.02, p < .001). bhisophrenia, cortisol played a
significant role and prolactin tended to make akadrcontribution to the variance of serum
IFN-y (whole SCH — cortisol: t =-2.42, p = .02; prolact = 1.99, p = .06). In contrast, both
prolactin and cortisol played only secondary rolesenvisaging serum IFN-level in
controls; instead, serum IL-6 was the most impart@ontributor. In addition, IL-10 also
tended to make a remarkable contribution to fFriance (whole CON — IL-6: t = 3.15, p =
.003; IL-10: t = 1.93, p = .06). The results reeeakthat barely 80% IFN-variance in
schizophrenics were unexplainable through the patens assessed in this study.

Male SCH vs. male CON
An alterative model dropping prolactin and SHBG ofitthe multiple regression analysis
improved the forecasting power of the remainingdmters in the male schizophrenic group.
It could explain 38% variance of serum IFNF = 2.60, p = .05). Nevertheless, none of the
predictors alone was able to make a significantlipten for serum IFN¢ in schizophrenic
men (IL-2:t =.82, p =.42; TNE: p = 1.07, p = .30; IL-4: t = 1.34, p = .20; IL=1t0= .80, p
= .44; IL-6: t = -.06, p = .95; cortisol: t = -1.5p = .14, estradiol: t = -1.07, p = .30;
testosterone: t = -1.28, p = .22). The new moddl bt cause too much alteration and
explained, as the complete model, 100% varianceeofim IFNy in control males (F =
17771.93, p <.001). In contrast to male schizaplbes serum IL-2 and IL-6 played essential
roles in envisaging IFN-variance in control males (IL-2: t = 3.46, p =200L-6: t = 2.28, p
=.03).

Female SCH vs. Female CON
For both female groups, the only alternative mdmkehg able to make a sufficient prediction
for serum IFNy was to keep IL-2, IL-10, prolactin, and testostero The new model
explained 46% serum IFNvariance in female schizophrenics, while it exgaied solely 18%

variance of IFNy in female controls{SCH: F = 3.92, p = .04?CON: F = 2.78, p = .05).
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For schizophrenic women, prolactin seemed to glaymost dominant role. Instead, both IL-
2 and IL-10 made significant contributions to serliflN-y variance in healthy females
(?SCH - prolactin: t = 3.42, p = .002CON — IL-10: t = 2.25, p =.03; IL-2: t = 2.02,9
.05).

Summary . Serum data exhibited,

(1) IL-10, IL-6 were the primary predictors and 2Lwas the secondary contributor for
serum IFNy in the whole control group, while cortisol was tt@minant and prolactin
was the secondary influencing factor for serum Kkt the whole schizophrenic
group.

(2) Healthy males had clear contributions from llasad IL-6, while no single dominant
factor was found in females.

(3) No single primary “donor” of serum IFivariance was found among the parameters
measured in this study in male schizophrenics, @deeprolactin played an essential
role in predicting serum IFN-n female schizophrenics.

Whole blood assay data

Whole SCH vs. whole CON
Comparisons of whole blood assay data between Huewschizophrenic and control group
showed that IL-10, IL-4, and IL-6 were the most ortant contributors of whole blood assay
IFN-y variance, although the magnitudes of importancithe$e three parameters were much
weaker in schizophrenics than those in controlso{@$CH — whole blood assay IL-10: t =
5.70, p <.001; IL-4: t = -3.05, p = .003; IL-6=t3.09, p = .003; whole CON — IL-10: t =
2.90, p =.007; IL-4: t = -2.12, p = .04; IL-6: tZ02, p = .05). In addition, prolactin and
testosterone also played essential roles in piadigthole blood IFNy in vitro production in
schizophrenics and controls, respectively (profadtE 2.07, p = .04; testosterone: t = 2.18, p
= .04). Apparently, all the parameters togetheladtenvisage 61% and 63% variance of IFN-
y in the whole schizophrenic and control group, egpondingly (SCH: F = 10.98, p < .001;
CON: F=4.37, p =.001).

Male SCH vs. male CON
Although the complete model could predict 58% vare of whole blood IFN-in vitro
production in control males, it failed to achiemattin schizophrenic merfCON: F = 5.65,
p < .001; male SCH: F = 2.35, p = .07). A new moderlpping cortisol enhanced the

predicting power of the remaining parameters inisaging whole blood assay IFNin male
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schizophrenics. It enabled the predictors inclugiethe model to explicate 42% variance of
IFN-y (F = 2.76, p = .04) in male schizophrenic patieNtsnetheless, none of the predictors
dominated over the others and made a noticeabl&ilwation to IFNy variance. The only
exception was IL-10; it tended to make a signiftqarediction for whole blood IFN-in vitro
production in schizophrenic med$CH — whole blood IL-10: t = 1.85, p = .09). Thawne
model only raised minor alterations in control nsa{&2? = .58, F = 6.27, p < .001). IL-10,
prolactin, IL-6, and IL-2 all made significant cabutions to whole blood assay IFN-
variance in male controlg{CON — whole blood assay IL-10: t = 3.47, p = .0@@lactin: t =
2.20, p =.04; IL-6: t = 2.20, p = .04; IL-2: t 517, p = .04).

Female SCH vs. female CON
The complete model could significantly predict thariance of whole blood assay IRN-
production in female healthy subjects and expl@&®®f IFNy variance. Nevertheless, it did
not succeed in making a reliable prediction for #¢Necretion in schizophrenic females
(RCON: F =5.86, p <.0013SCH: F = 2.99, p =.20). The complete model revktiat IL-
10 played a dominant role in predicting whole bldBN-y in vitro production and IL-6 also
tended to do so in control womeA@QON — IL-10: t = 3.45, p =.002; IL-6: t = 1.99/06).

An alternative model dropping SHBG and cortisol ledimprovement of the cumulative
forecasting power of the remaining predictors ihizgphrenic females. It explained 76%
variance of whole blood IFN-in vitro production (F = 6.05, p = .03). Neverttsd, none of
the parameters kept in the model alone was ablmake a marked contribution to the
variance of whole blood assay IFNn schizophrenic females (IL-2: t = 1.92, p = .INF-
a:t=-29,p=.78; IL-4: t = .25, p = .81; IL-10= 1.58, p = .18; IL-6: t = -.08, p = .94;
prolactin: t = 1.16, p = .30; estradiol: t = .647p55; testosterone: t = -.48, p = .65; age: t =
.16, p = .88). The new model explicated 65% vagamicwhole blood assay IFiin control
women (F = 7.66, p < .001); IL-10, IL-6, and IL-4ere essential in envisaging IRN-
Besides, TNFx tended to make a marked contribution as WeCON — IL-10: t = 4.19, p <
.001; IL-6:t=2.38, p =.03; IL-4: t = -2.07, p.65; TNFa: t =1.93, p =.07).

Summary . Whole blood assay data showed:

(1) IL-10, IL-6, and IL-4 were the 3 most importgredictors for whole blood assay IFN-

y in both schizophrenic and control group.
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(2) Both IL-10 and IL-6 were crucial contributo fwhole blood assay IFMvariance in
normal males. Nevertheless, IL-10 was the only reatde and IL-6 was rather a
secondary influencing factor in healthy females.

(3) In addition, no single factor among those Ja@lga measured in this study was found
to be able to predict whole blood assay WNignificantly in both male and female
schizophrenics.

Lymphocyte data

Despite that the complete model explained 44%, &4r%d,42% variance of lymphocyte IFN-
y release in the whole control group, male normalestis, and control females, the model
failed to make a reliable prediction for lymphocytEN-y secretion in the whole
schizophrenic group and both schizophrenic gendegreups (whole CON: F = 6.49, p <
.001; JCON: F = 6.71, p < .0019CON: F = 3.39, p = .007; whole SCH: F = .79, p 4;.6
dSCH: F =153, p = .23)SCH: F = .60, p =.77). For the whole control groli-13, IL-
10, and age dominated over the other parametamsvisaging lymphocyte IFNproduction
(whole CON — IL-13: t = 3.51, p = .001; IL-10: t314, p = .003; age: t = 2.07, p = .04).
Similarly, IL-13 and IL-10 also made remarkable tridnutions to the variance of lymphocyte
IFN-y production in female control subjecte@QON — IL-13: t = 3.34, p = .003; IL-10: t =
2.09, p = .05). For the male controls, prolactin, 10, and IL-12 played essential roles in
predicting lymphocyte IFNrrelease { SCH — prolactin: t = 2.53, p = .02; IL-10: t = 2,5b=
.02; IL-12: t = 2.52, p = .02).

Attempts to find an alternative model within thergraeters measured in this study for the
whole schizophrenic group and female schizophrefaitesd. However, a model dropping IL-
13, testosterone, SHBG, and age improved the r#jalof the remaining predictors in
forecasting IFNy in schizophrenic men. It explicated 31% variantlmphocyte IFNy (F =
2.76, p = .04). IL-4 took over the dominant role carp those parameters assessed in
contributing to lymphocyte IFN-variance in male patients (t = 2.54, p = .02). &itheless,
the new model could clarify 64% of lymphocyte IyNariance in control males (F = 11.77, p
< .001). Among the predictors included, IL-12, adtol, prolactin, and IL-10 made the
substantial contributions to lymphocyte IFNariance in male healthy controls (IL-12: t =
3.54, p =.001; estradiol: t = -2.87, p = .007;la@ctin: t = 2.79, p = .009; IL-10: t = 2.68, p =
.02).

121



Summary . Lymphocyte data demonstrated,

(1) IL-13, IL-10, and age were the crucial conttdrg for lymphocyte IFN¢ variance in
the whole control group. Nevertheless, no singleeesal “donor” of lymphocyte
IFN-y variance was found in the whole schizophrenic grou

(2) Prolactin, IL-10, and IL-12 were very importantforecasting lymphocyte IFM-in
control males, while IL-4 was the only crucial facin this regard in schizophrenic
men.

(3) IL-13 and IL-10 were essential for lymphocykiNHy production in healthy females,
whereas none of the parameters measured made dicaign contribution to

lymphocyte IFNy in female schizophrenics.

6.6.2 IL-12: prolactin, IL-10 (lymphocyte)

The complete model facilitated reliable predictiafslymphocyte IL-12 production in the
whole control group and male controls, however,thetother groups (whole CON: F = 5.64,
p <.001;JCON: F =5.38, p < .001CON: F =2.04, p = .08; whole SCH: F=1.39, p4 .2
dSCH: F=1.14, p = .40SCH: F=3.21, p = .14).

Whole SCH vs. whole CON
A new model keeping IL-10, IL-4, IL-13, prolactinestosterone, and age improved the
reliability of predictor assembly in the whole satphrenic group. It enlightened 20% and
39% lymphocyte IL-12 variance in the whole schizapic and control group, respectively
(whole SCH: F =2.59, p =.04; whole CON: F = 8% .001). IL-10 and age were the most
dominant contributors for lymphocyte IL-12 releasecontrols; instead, prolactin was the
only primary “donor” of IL-12 variance in schizogmia (whole CON — IL-10: t = 4.25, p <
.001; age: t=3.12, p =.003; whole SCH — pratad¢t= 3.03, p = .005).

Male SCH vs. male CON
A reduced model including IFN-IL-10, IL-4, testosterone, and age led to amation of
predictive reliability of the model in schizophremnhales (F = 2.89, p = .04). The new model
explicated 28% and 54% lymphocyte IL-12 variancesahizophrenic and control men,
correspondingly. IL-10 offered the primary conttion to IL-12 variance in male
schizophrenics; instead, the individual predictisvers of age and IFMwere significant in
control men {SCH — IL-10: t = 2.40, p = .03/CON — age: t = 2.33, p = .03; IFjt = 2.11,
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p = .04). In addition, IL-10 tended to make a mdrl@ntribution to lymphocyte IL-12
secretion in control males as well (t =1.91, 97).

Female SCH vs. female CON
Excluding IFNy, cortisol, and estradiol, the new model explairg@6 and 26% of
lymphocyte IL12 variance in control and schizopliceiemales, respectively?(CON: F =
5.38, p = .02;2SCH: F = 2.68, p = .03). The primary contributorliofl2 production was
prolactin in schizophrenic females, but that in &srcontrols was IL-104{SCH — prolactin: t
=3.96, p =.0052CON —IL-10: t = 2.91, p = .007). Additionally, testerone tended to have

a marked contribution to IL-12 variance in schizagtic women (t =-2.02, p =.08).

Summary .

(1) IL-10 and age were the essential contributordyfmphocyte IL-12 production in the
whole control group, while prolactin made a markedtribution to IL-12 release in
the whole schizophrenic patients.

(2) IFN-y was the dominant influencing factor for lymphocytel2 in male controls,
while IL-10 significantly contributed to lymphocytdL-12 variance in male
schizophrenics.

(3) IL-10 was important in lymphocyte IL-12 prodiget in female controls, while

prolactin was essential in this regard in femalezxphrenics.

6.6.3 IL-2: cortisol, estradiol, testosterone, IL-4 (serum)FFiN(whole blood)
Serum data
For both the whole schizophrenic and control graspwell as both female groups, no
common model could be found due to having diffefefiliencing factors for serum IL-2 in
these groups.

Whole SCH vs. whole CON
The complete model enabled an explication of 10886ra IL-2 variance in the whole control
group, but not in the schizophrenic one (whole CBN: 15375.15, p < .001; whole SCH: F
=1.17, p = .35). TNFEr dominated over the others included in the moddl m@ade a clear
contribution to serum IL-2 variance in controls=(8.88, p < .001). Besides, IFNtended to

be able to predict serum IL-2 variance significaitl controls (t = 1.50, p = .08).

A model keeping TNF, cortisol, and estradiol showed that (1) cortig@ls the primary

contributor for serum IL-2 in schizophrenics andl é&tradiol also played a secondary role in
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this regard, although the new model was only ablenvisage 13% variance of serum IL-2
(whole SCH: F =2.99, p =.04; cortisol: t = -2.945 .02; estradiol: t =-1.78, p = .08).

Male SCH vs. male CON
Similar findings were obtained for healthy malek), the model explained 100% serum IL-2
variance and (2) TN was the primary influencing factor among thosduded in the
model @CON: F = 16692.27, p < .001; TNE-t = 10.00, p < .001). In addition, IL-10
tended to have a noticeable effect on serum IL-Znale controls (t = -1.85, p = .08).
Nevertheless, no single parameter assessed instilnly was able to make a significant
prediction of serum IL-2 in male schizophrenics.

Female SCH vs. female CON
For both female groups, no common model could lb@dosince serum IL-2 of both groups
obviously had diverse influencing factors. Howewan, individual model dropping age for
schizophrenic females showed that (1) estradidtosterone, cortisol, and IL-4 could
significantly predict serum IL-2, (2) that IL-6 té&d to be able to forecast IL-2 sufficiently,
and (3) the model was able to explain 84% of sdiutvariance SCH: F = 8.06, p = .03;
estradiol: t = -6.17, p = .004; testosterone: tG84p = .02; cortisol: t = -3.52, p =.02; IL-4: t
=3.40, p =.03; IL-6: t = -2.51, p = .07). A modaeping IFNy, TNF-a, IL-4, cortisol, and
testosterone for control females was found. It leitédl a single dominant predictor TNF-
for serum IL-2. However, the new model could exatigconly 20% IL-2 varianceé(CON: F
=2.62, p=.05; TNFx: t =2.13, p =.04).

Summary .

(1) TNF-a was the dominant factor in the whole control grompereas cortisol was the
essential one in the whole schizophrenic group nwisaging serum IL-2. The
explainable portion of serum IL-2 through the potalis included was only 13% in the
schizophrenic group.

(2) TNF-a was the only important contributor of serum ILi2male controls, while none
of those parameters assessed made a significantibcion to serum IL-2 in
schizophrenic men. Serum IL-2 variance in malezxttirenics was impossible to be
reliably explained by any of the parameters assessthis study.

(3) TNF-a was crucial in predicting serum IL-2 in female trois, However, estradiol,
testosterone, cortisol, and IL-4 were importanthis regard in schizophrenic women.
The explainable part of serum IL-2 variance was 8d%male schizophrenics.
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Whole blood assay data
The complete model could predict whole blood agke®¥ variance reliably in all groups but
female schizophrenics (whole SCH: F = 9.45, p <1.;00hole CON: F = 4.06, p < .001,;
dSCH: F=11.20, p <.00ECON: F=3.10, p =.03CON: F=3.22, p =.00%SCH: F =
2.04, p = .30).

Whole SCH vs. whole CON
TNF-a played a dominant role in envisaging whole bloo@ lin vitro production in both the
whole schizophrenic and control group (whole CON:.50, p <.001; whole SCH: t = 4.01,
p <.001). IL-6 and age also tended to have mairk@adcts on whole blood assay IL-2 release
in schizophrenics and controls, respectively (who@N — IL-6: t = -1.81, p = .08; whole
SCH — age: t = 1.83, p = .08). Furthermore, thdamgable portions of whole blood assay IL-
2 were 57% and 62% for schizophrenics and contcolsgspondingly.

Male SCH vs. male CON
The results from male patients were similar to ¢holsthe whole schizophrenic group. TNF-
was the major contributor and age tended to magigraficant contribution to whole blood
assay IL-2 variance (TNE: t = 3.23, p < .001; age: t = 1.81, p = .09). omtrast to the
findings in the whole control group, a series ofiatales were involved or tended to be
involved in whole blood assay IL-2 release in n@atrols; they included TNE; IL-6, IFN-
y, testosterone, age, and SHBG. Nevertheless, tlielnexplicated similar portions of IL-2
variance in both male groupgCON: 75%;35SCH: 72%).

Female SCH vs. female CON
Similar outcomes were gained from female contrdlsfF-a was the primary “donor” of
whole blood IL-2 in vitro secretion and, additidgalprolactin likewise tended to exert a
marked influence on IL-2 (TNBE: t = 4.03, p = .001; prolactin: t =1.80, p =).09

A reduced model dropping IL-6, age, and cortisgbrioved the envisaging reliability of the
predictors in schizophrenic women. However, the ehadso led to a change in control
females SCH: F = 5.35, p = .032CON: F = 4.54, p = .002). The new model explicated,
instead of 62% by the complete model, only 46% whmbod assay IL-2 variance in female
controls. It explained, nevertheless, 71% of IL&iance in schizophrenic females. THF-
kept its dominant role in the new model in healtbgales, while no single predictor alone
could significantly predict whole blood IL-2 in wit production in female subjects with
schizophreniaYCON — TNFa: t = 4.10, p <.001).
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Summary .

(1) TNF-a0 seemed to play an essential role in predicting leviwood IL-2 in vitro
production in all groups but female schizophrenics.
(2) No single parameter was able to make a notieeaintribution to whole blood asssay

IL-2 variance in schizophrenic women.

6.6.4 TNFa: IL-4, testosterone, SHBG (serum), IL-2, IL-4 (whbleod)
Serum data
The complete model could make a reliable predictibeaerum TNFa in all groups but both
schizophrenic gender subgroups and normal femaleds. It explained 100% serum TN
variance in the whole controls and healthy maldso{fes CON: Rz = 1.00, F = 25598.08, p <
.001; SCON: R2 = .47, F = 38493.99, p < .001; whole SCH: E.24, p = .04SCH: F =
1.40, p = .28QSCH: F = .82, p = .65CON: F = 1.57, p = .18).

Whole SCH vs. whole CON
IL-2 was the primary source of serum TMHevel in the whole control group. Instead, 1L-4,
testosterone, and SHBG offered the major contmgtito serum TNIF variance in the
whole schizophrenic group (whole CON — IL-2: t 88.p < .001; whole SCH — IL-4: t =
3.15, p <.001; testosterone: t =-2.69, p = .HMBG: t =-2.44, p =.02).

Male SCH vs. male CON
No common model was found for both male groups rsken to compare the forecasting
powers of diverse predictors. The major influendiacfors of serum TNIin male controls
consisted of IL-2, IL-10, and cortisof CON — IL-2: t = 10.00, p < .001; IL-10: t = 2.54/9
.02; cortisol: t =-2.15, p = .04). A new model gewgy IL-4, IL-10, and estradiol could explain
25% serum TNF& variance in male schizophrenics (F= 3.67, p =..88)ong them, IL-4 and
estradiol made significant contributions to theiarace of serum TN+ (FSCH — IL-4: t =
2.77, p =.01; estradiol: t = -2.48, p = .02).

Female SCH vs. female CON
However, no reliable model could be found amongphmmeters assessed in this study for
predict serum TNFr in female schizophrenics. Nevertheless, a modepmng IL-10,
testosterone, and age ameliorated the predictingpiléy in female controls. It enlightened
25% serum TNFx variance (F = 2.40, p = .05). IL-4 had a significaredicting power and
IL-2 tended to have one in envisaging ThRariance in female controls (IL-4: t = 2.29, p =
.03; IL-2: t = 2.00, p = .06).
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Summary .

(1) IL-2 was essential in predicting serum TNFn the whole controls, while IL-4,
testosterone, and SHBG were important in this m@spethe whole schizophrenics.
The explainable portion of serum TNFin schizophrenia was only 47%, in contrast
to 100% in control.

(2) IL-2, IL-10, and cortisol were crucial for semur NF-a in male controls, whereas IL-4
was the only primary influencing factor for serutdH-a in male schizophrenics. The
explainable part of serum TNd&was only 25% in schizophrenic men.

(3) IL-4 was important to predict serum TNf4in female controls, while no single
variable could make a significant prediction ofuiserTNF-a in schizophrenic women.
Serum TNFe variance in female schizophrenics was impossiblbet explicated by
any variable assessed in this study.

Whole blood assay data
The complete model could predict whole blood as&diz-a reliably in all groups but male
schizophrenics (whole CON: F = 17.39, p <.001; MI8CH: F =5.84, p < .00ECON: F =
14.69, p < .0014SCH: F = 2.56, p = .06CON: F = 5.31, p < .001QSCH: F = 12.92, p =
.03). It allowed to envisage 72%, 70%, 80%, 73%J 8% whole blood assay TNF-
variance in the whole schizophrenic group, the wlaaintrols, male controls, healthy females
as well as female schizophrenics, respectively.

Whole SCH vs. whole CON
IL-2, IL-4, and IL-6 were the primary contributoier TNF-a variance in the whole control
group, while IL-2 and age played dominant rolegmvisaging whole blood TNE-in vitro
secretion in schizophrenics (whole CON — IL-2: 7.80, p < .001; IL-4: t = 3.30, p = .002;
IL-6:t=2.45, p =.02; whole SCH - IL-2: t = 4,01 < .001; age: t = -2.05, p = .05).

Male SCH vs. male CON
Excluding estradiol out of the model improved thedictive reliability of parameters
included in the model in male schizophrenics amskrhonly minor alterations in control men
(YSCH: F =3.03, p = .03{CON: F = 15.55, p < .001). IL-2 was the most esakfdactor in
predicting whole blood TNIe in vitro production in both male group§ CON — IL-2: t =
6.88, p < .0013SCH — IL-2: t = 3.36, p = .005). In addition, ILeBso made a significant
contribution to TNFea variance in control men (t = 2.36, p = .03).

Female SCH vs. female CON
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In the female control group, IL-2 made a markedtgbuation to whole blood TNFr in vitro
secretion. IL-4, instead of IL-2, was the esserftinor” of TNF-a variance in the female
schizophrenics{CON — IL-2: t =4.03, p = .003SCH — IL-2: t = 3.77, p = .03).

Summary . Generally, IL-2 appeared to be indispensablepfedicting whole blood TNIe in

vitro production. In addition, IL-4 was also impanmt in this regard in the whole control

group and the female schizophrenic subgroup.

6.6.5 IL-4: TNF-q, estradiol, IL-2 (serum), IL-10, IFN; TNF-a (whole blood)
Serum data
The complete model was not sufficient to make ialoé# prediction for the variance of serum
IL-4 in female controls, the whole schizophrenioupr as well as both schizophrenic gender
subgroups, although it could explain 98% serum Na#dance in the whole control group and
healthy males (whole SCH: F=1.86, p = .@8CH: F=1.64, p=.200SCH: F=2.25,p =
.27, 9CON: F = .76, p = .68; whole CON: F = 258.05, p081; JCON: F = 192.14, p <
.001). However, the outcomes for the whole congr@lup and normal males indicated no
single dominant contributor for serum IL-4 variandgut all predictors together could
envisage serum IL-4 variance reliably and suffitierNevertheless, for female controls, it
was not that case; neither essential nor reliathb@6r” of serum IL-4 variance could be found
among those parameters measured in this study.

Whole SCH vs. whole CON
An alternative model dropping both IL-6 and cortisSmproved the reliability of the
predictive power in the whole schizophrenic groufhaut causing any major alteration in the
whole control group (whole SCH: F = 2.43, p = .080le CON: F = 288.00, p <.001). The
new model was capable of illuminating 25% and 9&¥tu® IL-4 variance in schizophrenics
and controls. As in the complete model, no singlmishant contributor of IL-4 variance was
observed in controls, while TN&-and testosterone played dominant roles in prexycti
serum IL-4 in schizophrenics (whole SCH — ThiFt = 3.51, p = .001; testosterone: t = 3.15,
p = .004). Additionally, SHBG in schizophrenia teddto make a significant contribution to
IL-4 variance as well (t = 1.98, p = .06).

Male SCH vs. male CON
Dropping IL-2 and IL-10 out of the model, the reddanodel could enlighten 35% and 98%
serum IL-4 variance in male schizophrenics androtgtrespectively {SCH: F = 2.65, p =

.05; 4CON: F = 250.27, p < .001). For healthy control neisted no single dominant
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contributor for serum IL-4 variance, whereas estiaahd TNFea took over the crucial roles
in predicting serum IL-4 in schizophrenic maledr@diol: t = 2.65, p = .02; TNk t = 2.57,
p = .02). Furthermore, prolactin in schizophrenigles likewise tended to make a noticeable
contribution to IL-4 variance (t = 2.06, p = .06).

Female SCH vs. female CON
Various attempts did not succeed in finding a commadiable model for both female groups.
A new model keeping IL-2, TN cortisol, prolactin, estradiol, and testosteroaeld make
a reliable prediction for serum IL-4 variance. lu@dated 54% serum IL-4 variance in

schizophrenic females (F = 3.77, p =.04).

Summary

(1) No single dominant influencing factor was fouind serum IL-4 in the whole control
group and healthy males.

(2) TNF-a and testosterone were crucial for serum IL-4 alinole schizophrenic group,
while TNF-a and estradiol made significant contributions touse IL-4 variance in
the male schizophrenic group. The explainable portif IL-4 variance was only 25%
in the whole schizophrenic group.

(3) IL-2 was the primary predictor in female schohcenics. Nevertheless, none of the
variables measured in this study was able to maletiable prediction of serum IL-4
in normal women.

Whole blood assay data
The complete model enabled a reliable predictiowlobdle blood assay IL-4 variance in the
whole schizophrenic group, the whole control groupale controls, and female
schizophrenics, nonetheless, not in male schizoptgeand female controls (whole SCH: R?
= .55, F = 8.94, p < .001; whole CON: R2 = .58, B.56, p = .0033CON: R2 = .72, F =
9.57, p <.0019SCH: R2= .98, F =11.38, p = .04SCH: F = 1.17, p = .39PCON: F =
1.47,p = .21).

Whole SCH vs. whole CON
IL-10 and IFNy dominated over the others in envisaging whole dlassay IL-4 variance in
both schizophrenic and control group (whole CONL40: t = 6.54, p < .001; IFN. t = -
3.05, p =.003; whole SCH — IL-10: t = 3.80, p 810IFN+y: t = -2.12, p =.04). Compared to
the control group, the influences of IL-10 and IFNvere much weaker in the whole

schizophrenic group. Moreover, TNFalso played a very important role in this regard i
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controls, but it was not that case in the schizeptargroup (whole CON — TNE: t = 3.30, p
=.002; whole SCH — TNe: t = 1.57, p = .13).

Male SCH vs. male CON
A new model keeping IFN; TNF-a, IL-10, and IL-6 enabled a reliable predictionvdiole
blood assay IL-4 in male schizophrenics and ledpbsinminor changes in control male
subjects §SCH: F =2.81, p = .05/CON: F = 19.29, p < .001). It enlightened 71% whole
blood assay IL-4 variance in control men, but c2R#6 in schizophrenic males. IL-10 was
the most important, then IL-6, and finally IRN-n envisaging whole blood assay IL-4 in
male schizophrenics. The importance magnitudek-6fand IFNy only showed a trend to be
significant §SCH — whole blood assay IL-10: t = 2.93, p = .0096: t = 1.95, p = .07; IFN-
y. t=-1.78, p = .09). IL-10 was likewise the mdsiminant contributor of whole blood assay
IL-4 variance in control males. Besides, TNFplayed an essential role in this regard as well
(SCON — IL-10: t = 6.45, p < .001; TN&: t = 2.47, p = .02).

Female SCH vs. female CON
Dropping IL-2, both sex hormones, and SHBG improviee predictive reliability of the
remaining parameters in both female groupSCH: F = 17.52, p <.00ECON: F = 2.50, p
= .05). The new model could explain 21%, howev8gp8vhole blood assay IL-4 variance in
schizophrenic and control females, respectively. the female controls, IFN-made an
important contribution to whole blood IL-4 in vitgoroduction and TN+ showed such a
tendency as well (IFN=t =-2.17, p = .04; TNkEx t = 2.00, p = .06). It's noteworthy that the
new model changed the relative magnitudes of inapog among the predictors in female
schizophrenic patients. TNé-was the most important factor in the complete modhile
IL-10 dominated over the remaining parameters énrtbw one. However, the role of TNf-
in envisaging whole blood assay IL-4 in female gais remained noticeable in the new
model @SCH — IL-10: t = 3.77, p = .005; TNé&=t = 3.22, p = .01). Moreover, cortisol also
tended to make a clear contribution to whole bl@asday IL-4 variance in schizophrenic
females (t = 1.90, p = .09).

Summary .
(1) Both IL-10 and IFNy were important in forecasting whole blood IL-4 witro
production in both schizophrenic and control group.
(2) IL-10 was essential for envisaging whole bloassay IL-4 release in both male
subgroups
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(3) TNF-0 made a significant contribution to whole bloodagsH_-4 variance in female
schizophrenics; nevertheless, no single dominamdfavas found in healthy females.

Lymphocyte data
The complete model could generally predict lymphiedy-4 production reliably in distinct
groups except the male controls (whole CON: F 32®= .005; whole SCH: F = 3.84, p =
.002;dSCH: F =3.60, p=.0%3SCH: F=2.45, p = .04CON: F = 10.14, p = .02{CON:
F=1.23, p =.31). It forecasted 22%, 57%, 72%p5and 96% lymphocyte IL-4 variance in
the whole control group, the whole schizophreniougr male schizophrenics, female
controls, and schizophrenic women, respectivelyiods attempts failed to find any proper

model to envisage lymphocyte IL-4 in control males.

Lymphocyte IL-13 was the most crucial contributor lymphocyte IL-4 variance in both the
whole schizophrenic group, the whole control graspwvell as both female subgroups (whole
SCH: t = 3.40, p = .001; whole CON: t = 4.55, 081; YCON: t = 3.02, p = .006SCH: t

= 4.19, p = .01). In addition, prolactin and ageiceably contributed to lymphocyte IL-4
variance in the whole schizophrenics and femaleptst as well (prolactin: t = 2.17, p = .03;
age: t =-2.98, p = .04). However, for the maleizgbhrenics, instead of IL-13 and prolactin,
IFN-y and age were the first two dominant influencingtdes for lymphocyte IL-4 (age: t =
3.00,p =.01; IFN£ t=2.36, p =.03).

Summary .
(1) IL-13 was important in both schizophrenic amahtcol group; additionally, prolactin
was very important for predicting lymphocyte IL#the whole control group.
(2) Prolactin played an important role in lymphacyt-4 secretion in male controls,
while IFN-y and age were essential in this regard in malesphrenics.
(3) IL-13 was crucial in both female subgroups. iBes, age also made a significant
contribution to lymphocyte IL-4 variance in femalehizophrenic patients.

6.6.6 IL-10:IL-4, IFN-y (whole blood)

Serum data

In general, the complete model was sufficient t&ena reliable prediction of serum IL-10 in
the whole schizophrenic group and male controlsyewer, not in the other groups (whole
CON: F = 20654.58, p < .00F,CON: F = 20553.89, p < .001; whole SCH: F = .7%, §2;

JSCH: F=1.11, p= .4%SCH: F = .66, p =.74)CON: F = 1.65, p = .15).
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Whole SCH vs. whole CON
No further model out of the parameters assess#ddgrstudy was able to predict serum IL-10
reliably in the whole schizophrenic patients. Hoe tvhole controls, IL-6 and IFMwere the
most essential predictors for serum IL-10; togethign the others, they could explain 100%
variance of serum IL-10 (whole CON — F = 20654 .p8; .001; serum IL-6: t = 6.27, p <
.001; IFNy: t = 2.11, p = .04).

Male SCH vs. male CON
In the complete model, IL-6, TN&; and age were the first 3 dominant influencingdescfor
serum IL-10 in male controls (adjusted R?2 = 1.06; E0553.89, p < .001; serum IL-6: t =
6.16, p <.001; TNFs: t = 2.54, p =.02; age: t = 2.03, p = .05). Néwelless, no model could
be found in this study enabling a reliable predictof serum IL-10 in male schizophrenics.

Female SCH vs. female CON
Similarly, we failed to find any reliable model angpthe variables included in this study to
predict serum IL-10 in the schizophrenic femalesv@theless, dropping IL-2, TNé- and
estradiol improved the model reliability; but itlightened only 28% IL-10 variance in female
controls (F = 2.57, p = .03). Among those paranseitept in the new model, SHBG, cortisol,
IL-6, and IFNy significantly contributed to the variance of serlicalO in control women
(SHBG: t = 2.83, p =.009; cortisol: t =-2.31, p03 ;IL-6: t = 2.07, p = .05; IFN=t = 2.06,
p =.05).

Summary .

(1) Apparently, the important influencing factor§ serum IL-10 in all schizophrenic
subgroups were beyond the scope of our assessments.
(2) IL-6 and IFNy in the whole control group, IL-6 and age in thelen@ontrols as well
as SHBG, cortisol, IL-6, and IFMin healthy women are likely crucial for serum IL-
10 variance.
Whole blood assay data
The complete model was able to make a sufficieatliption for whole blood IL-10 in vitro
production in the whole schizophrenic group, theletcontrol group as well as both control
gender subgroups (whole SCH: F = 5.48, p < .00hlev@ON: F = 12.99, p < .00E,CON:
F =10.56, p < .0019CON: F = 4.21, p = .002). It explicated relativeiynilar portions of
whole blood assay IL-10 variance in distinct grgupsy were 68%, 65%, 74%, and 68% for
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the whole schizophrenic patients, the whole cosjiratale controls, and normal females,
correspondingly.

Whole SCH vs. whole CON
Both IL-4 and IFNy played dominant roles in envisaging whole bloodagsIL-10 in the
whole schizophrenic and control group (whole CON.4:t = 6.54, p < .001; IFN¢ t =
5.70, p < .001; whole SCH — IL-4: t = 3.80, p =100FN-y: t = 2.90, p = .007). Besides,
SHBG also tended to make a marked contribution holev blood assay IL-10 release in
schizophrenia (t = 1.99, p = .06).

Male SCH vs. male CON
As in the whole control group, both IL-6 and IFNeok over the dominant roles in predicting
whole blood assay IL-10 release in male contrdtepagh the model failed to predict whole
blood assay IL-10 reliably in schizophrenic melCON — IL-6: t = 5.51, p < .001; IFN-t =
3.25, p = .0037SCH: F = .98, p = .51).

A new model keeping IFN; TNF-a, IL-4, and SHBG led to improvement of the predieti
power of the model in male schizophreni€CON: F = 31.74, p < .00¥SCH: F = 2.94, p
= .05). It explicated 77%, nevertheless, only 24kol blood assay IL-10 variance in control
and schizophrenic men, correspondingly. For botlergeoups, IL-4 and IFN-were the first
two most essential contributors for whole bloodagtdé-10, although the magnitudes of both
parameters in envisaging IL-10 were much weakenate patients{CON — IL-4: t=7.14, p

< .001; IFNy: t = 3.93, p < .001JSCH — IL-4: t = 2.81, p = .01; IFN-t = 2.00, p = .06).
Furthermore, SHBG appeared to play an importaetiropredicting whole blood assay IL-10
release in healthy males as well (t =-2.24, ©3}..

Female SCH vs. female CON

Regardless of in the complete or reduced model-yRMas the dominant contributor for
whole blood assay IL-10 variance in female cont(otsmplete model — IFN=t = 3.45, p =
.002; reduced model — IF-t = 3.36, p = .003). The complete model couldlaxp68%,
while the reduced one only explicated 51% wholeoBl@ssay IL-10 variance in normal
women (complete model: F = 4.21, p = .002; reduvedel: F = 4.42, p = .002). However,
the reduced model improved the predictive religpdif all included predictors and explicated
82% whole blood assay IL-10 variance in female z=mbirenics (F = 7.38, p = .04).

Nevertheless, no single dominant contributor wasdbin schizophrenic females.
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Summary .

(1) IL-4 and IFNy were the dominant contributors for whole bloodagsid-10 release in
the whole schizophrenic group, the whole controlugr and male controls.
(2) IL-4 could have made a significant contributimnwhole blood assay IL-10 variance
in male schizophrenics.
(3) IFN-y was the primary factor for predicting whole bloadsay IL-10 in female
controls, while no single dominant one was founteimale schizophrenics.
Lymphocyte data
The complete model enabled a reliable predictiotymiphocyte IL-10 in all control groups,
but not in any schizophrenic group (whole CON: B.44, p < .0013CON: F =3.36, p =
.006; QCON: F = 3.04, p = .01; whole SCH: F = 1.52, p 8; 4SCH: F = 1.00, p = .49;
QSCH: F=.52, p=.82).
Whole SCH vs. whole CON
According to the complete model, only IFNand IL-12 made significant contributions to
lymphocyte IL-10 variance. Nevertheless, a new rhddepping IL-4, testosterone, and age
increased the importance of IL-13 in envisaging pyiocyte IL-10 in healthy subjects, in
addition to IFNy and IL-12 (complete model — IFN-t = 3.14, p = .003; IL-12: t = 3.27, p =
.002; new model — IFN:t = 3.68, p < .001; IL-12: t = 3.49, p =.001:18: t = -2.31, p =
.02). Although the new model ameliorated the ptaatcreliability in schizophrenia (F =
3.38, p = .04), no single predictor in the new madade a significant contribution except
SHBG (t = 2.02, p = .05). Besides, the new moddy explained 20% lymphocyte IL-10
variance in schizophrenia, whereas 40% in con{®@H: F = 2.38, p = .04; CON: F = 7.78,
p <.001).
Male SCH vs. male CON
A new model keeping IFN; IL-12, IL-13, and cortisol enhanced the predietreliability of
the included parameters. It explicated 27% lymphodly-10 variance in male schizophrenics
(F = 3.18, p = .04). Among those predictors, IL-iAde a significant contribution to
lymphocyte IL-10 production (t = 2.64, p = .02). @ contrary, IFN¢ played the primary
role, while IL-12 was only secondary for lymphocytel0 release in schizophrenic men
(IFN-y: t =2.46, p = .02; IL-12: t = 1.86, p = .07).
Female SCH vs. female CON
Among the parameters involved in this study, no ehogas found to make a reliable
prediction for lymphocyte IL-10 secretion in femalehizophrenics.
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The complete model exhibited that IL-12 and I#Neould significantly predict the
lymphocyte IL-10 variance in control females. Adalially, IL-13 showed a trend to make a
remarkable contribution as welPEGCH — IL-12: t = 2.73, p = .01; IFM-t = 2.09, p = .05;
IL-13:t =-1.99, p = .06).

Summary .

(1) IFN-y and IL-12 were the major contributors of lymphecilt-10 release in the whole
control group, while no single dominant one wasbin the schizophrenic group.

(2) IFN-y was the primary influencing factor for lymphocyle-10 in male controls,
whereas IL-12 had a noticeable impact on lymphotit#0 in male schizophrenic
patients.

(3) IFN-y and IL-12 were also important for predicting lynoglte IL-10 in female

controls. However, the essential factors of lymphedL-10 in female schizophrenics

remained unknown.

6.6.7 IL-13:1L-4 (lymphocyte)

The complete model facilitated a reliable predictad lymphocyte 1L-13 production in both
the whole schizophrenic and control group as welbath female groups, however, not both
male subgroups (whole CON: R2 = .26, F = 3.45,.0(4; whole SCH: R2= .48, F = 2.63, p
=.02;CON: R2 = .69, F=5.22, p =.002SCH: R2= .95, F = 7.60, p = .03CON: F =
.86, p =.584'SCH: F = 1.03, p = .47).

For the whole controls as well as healthy femaktegh IL-4 and IFNy made significant
contributions to lymphocyte IL-13 variance, while the whole schizophrenic group and
female patients, IL-4 took over the only dominaolerin predicting IL-13 release (whole
CON — IFNy: t = 3.51, p = .001; IL-4: t = 3.40, p = .002CON — IFNy: t = 3.34, p = .003;
IL-4: t = 3.02, p =.006; whole SCH — IL-4: t = 8,9 < .001;9SCH — IL-4: t = 4.19, p =
.01). Nonetheless, no reliable model within the sneaments of this study could be found in
order to forecast the lymphocyte IL-13 secretiobath male groups.

Summary .
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(1) For both the whole control group and femaletems, IL-4 and IFNy were essential
for forecasting lymphocyte IL-13 production.

(2) Nevertheless, for both the whole schizophrgmmup and female patients, IL-4 was
the only dominant parameter in this regard.

(3) For both male subgroups, the essential cortbrbuof lymphocyte IL-13 remained

unclear.

6.6.8 IL-6: IFN-y, TNF-, estradiol, IL-4, IL-2 (whole blood)

Serum data

Multiple regression demonstrated that a model ohalg IFN+y, IL-2, TNF-a, IL-4, IL-10,
various hormones, SHBG, and age allowed a relipf@diction of serum IL-6 in the whole
control group and the healthy males, nevertheteststhe remaining groups (whole CON: F =
22507.37, p < .00LCON: t = 22131.61, p <.00RCON: t =1.47, p = .21; whole SCH: F =
91, p=.55SCH: F = .85, p= .60 SCH: F =.93, p = .60).

No proper model within our measurements could beegeed to predict serum IL-6 reliably
in all schizophrenic groups. However, the completeddel explained 100% variance of
serum IL-6 in both the whole control and male conhtgroup. Among the parameters
assessed, the individual predictive powers of ILabd IFNy reached significance levels in
both control groups stated above (whole CON — ILt106.27, p < .001; IFN: t = 2.97, p =
.004; JCON — IL-10: t = 6.16, p < .001; IFM-t = 2.21, p = .04). For female controls, a new
model dropping TNF&, IL-4, age, and both sex hormones was able to naakeliable
prediction for serum IL-6. Nevertheless, it explezhonly 23% serum IL-6 variance in female
controls (F = 2.74, p = .04). Among the predictasclusively cortisol make a significant
contribution to serum IL-6 variance and IL-10 tedde do so in healthy females (cortisol: t =
2.24,p=.03;IL-10: t = 2.00, p = .06).

Summary .
(1) The crucial factors involved in serum IL-6 \arce remained unknown in all
schizophrenic subgroups.
(2) For the whole control group and normal malés10 and IFNy were essential to
predict serum IL-6. Instead, cortisol could play ierportant role in this regard in

female controls.
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Whole blood assay data

Whole SCH vs. whole CON
Comparisons between the whole schizophrenic anttaiaroup demonstrated that no single
parameter made a substantial contribution to wbhéded assay IL-6 variance in the whole
schizophrenic group, while IFM- testosterone, and TNi-were the crucial influencing
factors for whole blood IL-6 in vitro production the whole control group (whole CON —
IFN-y: t = 3.09, p = .003; testosterone: t = -2.59, 0%, TNFa: t = 2.45, p = .02). In
addition, IL-2 also showed a tendency to have &eable contribution to IL-6 in controls (t
=-1.81, p =.08).

Male SCH vs. male CON
Dropping IL-10 and prolactin ameliorated the prédig reliability of the model in male
schizophrenics. The model enlightened 39% wholeodlaassay IL-6 variance in
schizophrenic men (F = 2.74, p = .04). Neverthelasssingle parameter was observed to
make a significant contribution to the variancewdfole blood assay IL-6 in schizophrenic

males.

The new model improved the collective forecastiogver of predictors and explained 27%
whole blood assay IL-6 variance in healthy males=(B.51, p = .03). In contrast to the
findings in male schizophrenics, there were a war@d parameters being able to predict
whole blood assay IL-6 significantly. They includ#eN-y, IL-2, TNF-a, IL-4, cortisol, and
estradiol ECON — IFNy: t = 3.30, p = .003; IL-2: t = -2.81, p = .009; F: t = 2.68, p =
.01; IL-4: t =-2.31, p = .03; cortisol: t = -2.0d4 = .05; estradiol: t =1.78, p = .09).

Female SCH vs. female CON
The complete model allowed a reliable predictionwdfole blood assay IL-6 in healthy
female subjects, however, not in the female schimmgc patients{CON: F = 2.99, p = .01;
QSCH: F = 1.65, p = .37). A model keeping IFN¥NF-qa, IL-4, cortisol, estradiol, and age
ameliorated the predicting power of the model ihizaphrenic women. The new model
explained 58% and 40% whole blood assay IL-6 vagam schizophrenic and control
females, correspondinglyyCON: F =4.17, p = .003 SCH: F = 4.23, p = .03). The essential
predictors of whole blood assay IL-6 in schizoplzemomen included TNFe, estradiol, and
IL-4, whereas those in healthy females containédtyfcortisol, and ages{ CON — IFNy: t
= 2.93, p =.007; cortisol: t =-2.67, p = .01; age -2.16, p = .049SCH — TNFe: t = 3.62,
p =.007; IL-4: t =-2.61, p = .03; estradiol: tZ81, p =.02).
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Summary .

(1) The essential predictors for whole blood ad$a§ in the whole control group were
IFN-y, testosterone, and TNi-whereas IFN¢twas the only noticeable contributor in
this regard in the whole schizophrenic group.

(2) No single dominant influencing factor was fouiod male schizophrenics, although
TNF-a, IL-2, and IFNy were shown to be essential in predicting wholeotilassay
IL-6 in normal men,

(3) TNF-a, estradiol, and IL-4 were important for whole kdoassay IL-6 production in
female schizophrenics. In contrast, IFNzortisol, and age might play primary roles in

predicting whole blood assay IL-6 release in fentaletrols.

6.7 Correlations between Th1/Th2 cytokines/ratios and psychopathology in

schizophrenic subjects

Since so far no theoretical or biological basedatis any relationship between cytokines and
the scores on various PANSS scales (negative iymsifiobal), instead of multiple regression
analysis, the Pearson-correlations between thesasr various PANSS scales and cytokines
from distinct materials were calculated. The resate summarized ihable 6-7.

Serum data

Serum data included 48 schizophrenic patients wawihformation about serum cytokines,
Th1/Th2 ratios as well as scores on various PAN&Ses. They revealed no noteworthy
correlation between any Th1/Th2 cytokine or ratid any subscale of the PANSS. The only
exception was the correlation between serum IL-2 #re score on the PANSS global
subscale (PANSS positive — serum IFN-= .05, p =.73; IL-2: r = .01, p = .97; TNE-r =

.04, p =.80; IL-4: r =-.06, p = .68; IL-10: r 02, p = .88; IL-6: r = .07, p = .64; IFN-y/IL-4:
r=.06, p = .64; IFN/IL-10: r = .10, p = .09; PANSS negative — seruN r = -.01, p =
96; IL-2:r=.22, p=.14; TNl r =-.06, p = .71; IL-4: r = .01, p = .93; IL-10= -.13, p =
.39; IL-6: r = .10, p = .50; IFN/IL-4: r = .03, p = .82; IFN¢IL-10: r = .09, p = .53; PANSS
global — serum IFNg r = .15, p =.32; TNF¢: r = .12, p = .40; IL-4: r =-.06, p = .68; IL-10:
=.05, p=.75. IL-6: r = .16, p = .29; IFMH-4: r = .22, p = .13; IFN/IL-10: r = .13, p =
.39). Serum IL-2 levels correlated positively witlte scores on the PANSS global scale (r =
.36, p =.01).
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Table 6-7 The Pearson correlations between the scores mousasubscales of the PANSS
(negative, positive, global) and cytokine levelsfprctions in serum, PHA-stimulated whole
blood and lymphocytes in the whole group of schiwepic patients.

Summary of correlations between Th1/Th2 cytokinesAtios and psychopatholog

Whole blood assay lymphocyte
PANSS PANSS
Positive | Negativel Global | Positive| Negative Global

-.07 322
-.09 -.51*
-.03 A7
.02 .26
-.38 -.09
-.25 .04
14 49
.02 .08
.16 AT
.07 A42*

(18)(23) | (18)(13) | (18)(13)
34 34 34

IFN4 = IFNY/IL-4; IFN10 = IFNY/IL-10; IFN13 = IFNy/IL-13.

Whole blood assay data

Totally, 34 schizophrenics had data for whole blegtbkine in vitro productions, Th1/Th2
ratios as well as diverse PANSS scores. Obviouscagsns were found (1) between whole
blood IL-4 in vitro productions and scores on th&NSS positive scale, (2) between IFN-
y/IL-4 ratios and the PANSS negative scores, (3)vbeh IFNy/IL-10 ratios and the PANSS
negative scores as well as (4) between JAN4 ratios and scores on the PANSS global
subscale. The corresponding Pearson correlatioffiderts were -.38 (p = .03), .47 (p =
.006), .42 (p = .02), and .38 (p = .03). Furthemndhe relationship between IRNand the
PANSS negative scale tended to be significant ds(we .32, p = .06). In addition to those
significant findings stated above, no further rekaate correlation was observed between any
other cytokine and score of any PANSS subscale @A Nositive — whole blood assay IFN-
Y. r=-07,p=.68; IL-2: r =-.03, p = .89; TNF-r = .02, p =.90; IL-10: r = -.25, p = .16; IL-
6:r=.02, p=.91; IFN/IL-4: r = .16, p = .38; IFN/IL-10: r = .07, p = .68; PANSS negative
— whole blood assay IL-2: r = .17, p = .35; THNFF = .26, p = .14; IL-4: r =-.09, p = .62; IL-
10: r=.04, p = .81; IL-6: r = .08, p = .65; PAN§®Bbal — whole blood assay IFj+ = -.05,
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p=.79;IL-2:r=.03, p=.89; TNB: r = .07, p =.69; IL-4: r = -.23, p = .19, IL-10= -.04,
p=.82;IL-6:r=.01, p=.96; IFNAL-10: r = .15, p = .40).

Moreover, 18 schizophrenic patients had whole blasshy IL-12 data (ELISA) and distinct
PANSS scores. Thirteen schizophrenics had datadiegawvhole blood assay IL-13 (ELISA)
and diverse PANSS scores. However, no notewortily was found between whole blood
assay IL-12 or IL-13 and various PANSS scores ex@gphat between scores on the PANSS
negative scale and whole blood assay IL-12 (r = p54 .05) and (2) that between scores on
the PANSS global scale and whole blood assay I[(-£3.56, p < .05).

Lymphocyte data

Nevertheless, the results from the 47 schizophsenito had lymphocyte Th1/Th2 data and
PANSS scores showed no marked correlation betwegrdyaphocyte cytokine production
or Th1/Th2 ratio and scores on any PANSS subs@#&IES positive — lymphocyte IFM-r
=-04,p=.81;IL-12: r =-.02, p = .92; IL-4=r-.06, p = .71; IL-10: r = .02, p = .90; IL-13: r
= .06, p =.70; IFN/IL-4: r = .13, p = .38; IFN/IL-10: r = -.06, p = .74; IFN/IL-13: r = -
.01, p =.93; PANSS negative — lymphocyte lifN-=-.04, p = .80; IL-2: r = .12, p = .45; IL-
4:r=.09, p=.55; IL-10: r = .15, p = .34; IL-183= .06, p = .70; IFN/IL-4: r = -.22, p = .13,
IFN-y/IL-10: r = -.18, p = .24; IFN/IL-13: r = -.20, p = .19; PANSS global — lymphoeyt
IFN-y: r =-11, p = .45; IL-12: r = .05, p = .74; IL-4= -.03, p = .87; IL-10: r = -.01, p = .97,
IL-13: r = -.05, p = .74; IFN/IL-4: r = -.01, p = .95 ; IFNAIL-10: r = -.03, p = .85; IFN-
y/IL-13:r =-.07, p = .62).

Others: In addition, (1) the scores on the CGI at admissiorrelated positively with serum
IL-6 levels (N = 39, r = .36, p = .02) and (2) onsge was positively associated with
lymphocyte IL-4 production and lymphocyte IRNL-10 ratio (N = 24; IL-4: r = .41, p = .05;

IFN-y/IL-10: r = .41, p = .05).
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7 Conclusion and discussion

A summary from epidemiological studies and thevah¢ literature indicates Th2-shift is

possibly found in at least a subgroup of schizoplareThe related literature includes (1)
distinct immune dysfunctions described in schizepia, (2) the correlations between one

part of schizophrenic patients and viral infectidging the pre-, peri-, or postnatal pha&

the substantial role of the immune system in virldctions, and (4) the relationships between
Th2-shift and some viral infections. Thereforesthtudy aimed at investigating Th2-shift in
schizophrenia. Th2-shift was defined as a reduE@dyiIL-4 or IFN-y/IL-10 or IFN-/IL-13

ratio, compared to healthy controls.

Additionally, the close relationships between themune and endocrine system have been
suggested. Various hormones such as cortisol, gihojatestosterone, and estradiol were

shown to influence Th1/Th2 balance. In order touem3d h1/Th2 imbalance in schizophrenia

is rather a result of disease process than an metadf distinct hormones, those hormones
stated above were also included into the multiararé analysis as co-variants. The purpose
to include those endocrinological parameters ihtoanalysis was (1) to control their effects

on Th1l/Th2 cytokines/ratios and (2) to examine rthadividual contributions towards

Th1/Th2 imbalance in schizophrenia.

Th2-shift in schizophrenia was explored at serunmoley blood, and lymphocyte three
different levels. The collected CPDA blood sampksvpartially used for whole blood assay
and partially for lymphocyte isolation. Both whdi®od and_lymphocyts were stimulateth
vitro with PHA for 46 hours. The analysis methods contained CgtomBead Array (CBA),
Enzyme-linked ImmunoSPOT (ELISPOT), and Enzyme-kohkimmunoSorbent Assay
(ELISA). CBA was applied to analyze IFN-IL-2, TNF-a, IL-4, IL-10, and IL-6 in serum
and stimulated whole blood, ELISA was for the as@lyof IL-12 and IL-13 in whole blood
after 46-hour PHA stimulation, while ELISPOT wa®dgo detect IFNg IL-12, IL-4, IL-13,
and IL-10 in PHA-stimulated lymphocytes.

The key questions of this study were: (1) whethernot a Th2-shift occurred in any

schizophrenic subgroup, (2) if it did, which of tBpidemiological and clinical parameters
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could characterize the specific schizophrenic soggfs), and (3) if it did, which of those

immunological and endocrinological parameters mesasin this study had contributed to the

variance of the Th1/Th2 imbalance in schizophre@iar hypothesis was that Th2-shift was

observed in at least a subgroup of schizophreifies.results provided supporting evidence

for Th2-shift hypothesis in at least one schizoplorsubgroup.

7.1 Primary findings of this study

The main results regarding Th2-shift in schizopraemclude:

>

>

Significant serum _Th2-sh#tincluding reduced IFN{IL-4 and_IFNy/IL-10 occurred

in schizophrenia;

The whole female schizophrenics, whereas only amegreup of male patients
showed marked serum Th2-shifts. The whole groumale schizophrenics had only
significantly reduced serum IFML-10 ratios;

Serum Th2-shifts seemed to be schizophrenia-spdoitause no noticeable serum

Th2-shift was observed in patients with schizoplarealated disorders.
Serum Th2-shift (either reduced IRNL-4 or IFN-y/IL-10) was also observed in
distinct clinical subgroups except schizophrenice-gominated with positive

symptoms;

Whole blood assay Th2-stfi(significantly reduced whole blood assay IgMN--4
and IFNy/IL-10 ratio) were related to no resporiewards treatments;

Non-paranoid schizophrenic patients, chronic sgtizenics, patients having positive
family psychiatric, and patients being drug-free3d months had markedly reduced
whole blood assay IFMAL-10 ratios.

Early-onsetschizophrenics had significantly reduced serum-yiN-4 and IFNy/IL-
10, nonetheless, increased lymphocyte {AN-4 and IFNYy/IL-13. Late-onset
schizophrenics had noticeably decreased lymphdEyey/IL-4 and IFNy/IL-13, but
no clear alteration in serum IFMH.-4 and IFNYy/IL-10 ratios if compared to normal
subjects.

Chronicschizophrenics had markedly reduced lymphocyteyHIN4 ratios.

Further major outcomes concerning the importanuénfcing factors for the variances of

diverse Th1/Th2 ratios in schizophrenia are a®veodd:

142



e IFN-y, IL-4, IL-10, IL-6, andTNF-a were the essential contributors for (both serum
and whole blood assay) Th1/Th2 ratios in the wisal@zophrenic group
e IFN-y, IL-4, IL-10, SHBG, prolactin, age, IL-6, and testosterone had mabstantial

contributions to the variance of Th1l/Th2 ratiogrnale schizophrenics

e IFN-y, IL-4, IL-10, IL-2, IL-6, cortisol, estradio) testosterone, prolactin, and age could

significantly predict Th1/Th2 ratios in schizophiewomen

In addition, other principal findings regarding thelationships between various cytokine
levels/productions, Th1/Th2 ratios, and psychopathoinclude:
«» Scores on the PANSS positive scale were inversddyad to whole blood assay IL-4;
% Scores on the PANSS negative scale correlated iwelyatvith whole blood assay IL-
12, however, positively with IFNAIL-4 and IFNy/IL-10 ratio;
%+ Scores on the PANSS global scale associated palgitnith serum IL-2, whole blood
assay IL-13, and IFNAL-4 ratio in schizophrenia.

7.2 Comparisonswith other cytokine studies

Hitherto, no result was published regarding Thl/TinBalance in schizophrenia. However,
there are a number of studies investigating cytlkmvivo levels and in vitro productions in
schizophrenics. In general, the variances of cykevel/production in serum and in PHA-
stimulated whole blood as well as Th1/Th2 ratioh@althy controls were greater than those

in schizophrenia and these in males were greaaerttiose in females.

7.2.1 IFN+y: reduced in vitro IFN¢in a schizophrenic subgroup

IFN-y is the major Thl cytokine. The main biologicaliaty of IFN-y in the CNS is to
activate microglia, to induce and up-regulate MH@xlglial cells. In the peripheral system,
IFN-y modulates T-cell growth and functional differetiba as well as inhibits the IL-4-
induced B-cell growth.

In vivo IFN-y levels

Serum IFNy has been rarely studied for the reason that iisnsdevel is often under the
detectable limitations of various available commadranalysis methods. Corresponding to the

results of Gattaz et al. (1992) and Becker et E90Q), we found no marked difference
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between schizophrenics as a whole group and heatihtrols. However, if excluding the
only extreme control case out of the analysis atingrto the results of cluster-center
analysis, schizophrenics as a whole group had feigntly decreased serum IFNAf
compared to normal controls. Furthermore, if mal®edle schizophrenic patients were
compared to controls of their corresponding sexnttonly the decrease in female
schizophrenics reached a significance level, buthad in male patients.

In vitro IFN-y productions

As the vast majority of studies investigating whbleod in vitro IFNy production, we also
found that schizophrenics as a whole group hadfsigntly reduced whole blood assay IFN-
y productions if compared to healthy subjects (Kak@net al., 2001; Arolt et al., 2000;
Rothermundt et al., 1998; Arolt et al., 1997; Wiklkdeal., 1996; Hornberg et al., 1995; Katila
et al., 1989; Moises et al., 1985). In additiore tRN-y deficit in schizophrenia was observed
not only at whole blood but also at lymphocyte leMevertheless, IFN-reductions at both
whole blood and lymphocyte level also occurred me subgroup of psychiatric patients
having schizophrenia-related disorders. It migltigate that decreased whole blood assay
and/or lymphocyte IFN+ reduction is likely rather a common deficit amopgychiatric

patients with schizophrenia or schizophrenia-relaliseases.

If both genders were compared separately, only dberease in female schizophrenics
remained significant. Male schizophrenic patientsl Hower whole blood assay IFN-
productions than male controls; however, the deerelid not reach any statistic significance
level. Similar findings exhibited in lymphocyte IFNrelease; female patients had markedly
reduced lymphocyte IFN; while the reduction in male schizophrenics was afovious if

compared with their healthy counterparts of theesasx.

7.2.2 IL-2: likely decreased in a subgroup of schizophrenics

IL-2 is another typical Thl cytokine. It is an a@&n-unspecific T-cell growth factor in the

peripheral system. In the CNS, IL-2 is able (1)rtodulate NMDA receptor of mesolimibic

neurons and (2) to damage the blood brain baBBBj.

In vivo serum IL-2 levels

Reports regarding serum IL-2 level in schizophremiare not many also due to its
undetectable in-vivo level in some subjects. Oudgtincluded 76 schizophrenics and 75

controls and had no missing data. Similar to thieaues of Erbagci et al. (2001), Kaminska
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et al. (2001), Theodoropoulou et al. (2001), Xuakt(1994), and Gattaz et al. (1992) ,
nevertheless, in contrast to those of Zhang €2802) and Kim et al. (1998), schizophrenics
as a whole group were found to have decreased sér2ntevels in this study; however, the
decrease was not significant . As a matter of fénet,study of Zhang et al (2002). included
only treatment-resistant schizophrenics (critenaresponse to at least 3 anti-psychotics after
a treatment foe 3 months or over at full dose, equivalent to giMlomazine 1000 mg/day).
We did not have any data in this regard of ourgmas. The study of Kim et al. (1998)
contained almost 50% (7 of 16) undifferentiated izgbhrenics, while no single
undifferentiated schizophrenic was recruited in swudy. Furthermore, another reason why
serum IL-2 was enhanced in Kim’s study, but notspaould be that the patients in Kim’s
study were either drug-naive or had been drugftrea longer time% 6 months) than ourg(

3 days). We also found that drug-naive schizophbrpatients or schizophrenics with longer
washout periods had higher serum IL-2 than drug-foe patients with shorter washout
periods, although the increases were not statilstisgnificant.

In vitro IL-2 secretion

Similar to the findings of the majority of relevastudies (Kaminska et al., 2001; Kowalski et
al., 2000; Arolt et al., 2000; Kim et al., 1998;22allo et al., 1998; Rothermundt et al., 1998;
Ausubel et al., 1997; Wilke et al., 1996; Hornbetal., 1995; Ganguli et al., 1995; Ganguli
et al.,, 1992; Ganguli et al., 1989; Villemain et 4987), we showed decreased whole blood
IL-2 in vitro production in schizophrenia. Neverbgs, the reduction was not statistically
significant. However, two further studies demortsaincreased whole blood assay IL-2 in
schizophrenia (Cazzullo et al., 2002; Cazzullolet2®01). In these 2 studies, exclusively or
almost only paranoid schizophrenics were recrui@g. study included nearly 2 to 4 times as
many paranoid patients as those two studies meattiabove. Paranoid schizophrenics were
found to produce more IL-2 in stimulated whole lhooot only than their non-paranoid
schizophrenic counterparts but also than normgkstg However, the increases didn’t reach
any statistic significance level. The reason fa thiscrepancy might be that the drug-free-
periods in both studies stated above were muclelogg? weeks & < 104 weeks) than ours
(= 3 days). We compared schizophrenics with distinag-free-periods to controls and found

the longer the drug-free period, the higher thele/fadood IL-2 in vitro production.

Furthermore, as Arolt et al. (2000) reported, wed dhiled to find any noteworthy correlation

between IFNy, IL-2 whole blood in vitro production with psychajmology measured with
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the PANSS scale. Nonetheless, a significant cdroaldetween serum IL-2 and scores on the

PANSS global scale was shown in our schizophreaitiepts.

7.2.3 IL-12:reduced in a female patient subgroup?

IL-12 is a Thl-cytokine and important for Thl-diéatiation and IFN¢ production. Binding
of IL-12 to IL-12R induces STAT4, which is partiaaly crucial for Thl-responses. The
major biological activities of IL-12 contain indmg IFN+y, activating NK cells, and

promoting NK cytotoxicity.

The only report regarding IL-12 in schizophreniasweom Kim et al. (2000). Kim’s study
contained 25 male schizophrenic patients; 60% ethvere drug-naive and the remaining
40% patients had been free from neuroleptics foeadt 6 months. They found no difference
in plasma IL-12 between schizophrenics and healtntrols. We also replicated no marked
disparity between schizophrenics and controls it lbdhole blood assay and lymphocyte IL-
12 in vitro production. However, if males and feeslanalyzed separately, no noticeable
disparity in lymphocyte and whole blood assay ILwl&s found between both male groups as
Kim et al. (2000) reported. Nevertheless, femal@zaphrenics tended to have lower whole

blood assay IL-12 production than female controls.

7.2.4 TNFqa: unaltered

TNF-a can be produced by both Thl- and Th2-cells. It éféects on various immune and
non-immune cells. On the endocrine system, TNBtimulates hormones such as ACTH,
CRH, prolactin, but inhibits some others like TSFgH, and GH. On the CNS, it may alter
the integrity of the BBB, stimulate glial cellsjgger apoptosis, and up-regulate different

adhesion molecules.

In accordance with the relevant studies (Kaminglal.e2001; Erbagci et al., 2001; Xu et al.,
1994), we likewise found unaltered serum T&Hevel and whole blood TNE- in vitro
production in schizophrenia. Nevertheless, Theqoouou et al. (2001) reported of
increased serum TNé&-in schizophrenia. Theodoropoulou’s study includ@&ddrug-naive
first-episode schizophrenics (ca. 65%) and furtk@rbeing ill for at least 2 years. Our
schizophrenic subjects exclusively contained lbss t17% drug-naive patients. Drug-naive
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schizophrenics were found to have higher serum @N&vels than drug-free patients in our
study, although the enhancement was not statistisgnificant. Maybe, proportionally less
drug-naive schizophrenics in our study was theaqtlon for the diversity in serum TNF-
between our study and that of Theodoropoulou e{2801). Furthermore, Naudin et al.
(1997) also found that enhanced serum TiNiR-18 chronic schizophrenics (illness duration:
range 5 — 20 years, M = 14.1 years); besides, 15eoh (81%) were medicateHowever, no
medicated schizophrenic patient was included in siudy. We found that patients being
drug-free for< 1 week had higher serum TNFlevels than those being free of neuroleptics
for at least 3 months, although the increase wassigaificant. Likely, medication was the

cause leading to the discrepancy between our stadyhat of Naudin et al. (1997).

7.2.5 IL-4:increased serum IL-4 in female schizophrenics

IL-4 is the key Th2 cytokine. IL-4 is important naly for Th2-differentiation but also for its
development. IL-4 stimulates the synthesis of Ig@d IgE, but inhibits that of IgG3, 1gG2a,
and 1gG2b in activated B-cells. In addition, IL-4&egts inhibitory effects on the pro-
inflammatory cytokines such as IIB3,11L-6, IL-8, and TNFe as well as IL-2-induced NK cell

activation.

Reports concerning IL-4 in schizophrenia are rhrdine with the finding regarding paranoid
schizophrenics in the study of Kaminska et al. (30@ve found no alteration in serum IL-4
level in either the whole group of schizophrenitigrés or only paranoid schizophrenics, if
compared to normal controls. However, we found fleatale schizophrenics had clearly
higher serum IL-4 levels than their normal femalartterparts. On the contrary, male patients
had reduced serum IL-4 if compared to healthy m&Nesertheless, the decrease in serum IL-

4 failed to reach any statistic significance level.

Corresponding to the result of Wilke et al. (199®)r data showed that schizophrenics as a
whole group had increased whole blood IL-4 in vgroduction than healthy subjects, despite
of their genders. However, the augmentations i@ Nhole blood in vitro production were

statistically insignificant.

7.2.6 1L-10:unchanged
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IL-10 can be secreted by Thl- and Th2-cells in andt is found as cytokine synthesis
inhibitory factor and able to inhibit diverse imnaurcells, especially on T, B, NK, and

monocytes/macrophages. On T cells, IL-10 inhildis $ynthesis of Thl cytokines such as
IFN-y, IL-2, and TNFp.

In line with most findings regarding whole blood-10 in vitro production, we found that
schizophrenics as a whole group and healthy cantreleased similar amounts of IL-10
(Cazzullo et al., 2002; Kaminska et al., 2001; Ratiundt et al., 1998). Hitherto, two studies
examined serum IL-10 in schizophrenics; one foumd iacrease in serum IL-10 in
schizophrenics (Maes et al., 2002) and the othewst a reduction in paranoid patients
(Kaminska et al., 2001). Our results revealed #ithizophrenics (ca. 2/3 of them paranoid
schizophrenics) as a whole group had decreasethskr10. However, if excluding these
two extreme cases (one control and one schizophresthizophrenics had higher serum IL-
10 levels than normal subjects, although the irsgadid not reach any statistic significance

level.

7.2.7 IL-6: possibly increased serum IL-6 in a schizophrenbgsoup

IL-6 is released by many cell-types including Thellss But the major producing cells are
monocytes/macrophages, fibroblasts, and endothekdls. IL-6 is involved in various

immune functions such as B- and cytotoxic T-ceffedentiation, acute-phase reactions, and
hematopoiesis. In addition, IL-6 exerts distindieefs on the CNS including activating the

hypothalamic-pituitary-adrenal axis.

In accordance with the majority of reports conaggnserum IL-6, our schizophrenics as a
whole group had also higher serum IL-6 levels tleantrols if excluding extreme cases
(Zhang et al., 2002; Kaminska et al., 2001; Maeal.e2000; Lin et al., 1998; Naudin et al.,
1997; Maes et al., 1996; Naudin et al., 1996; Xaletl994; Maes et al., 1994; Ganguli et al.,
1994; Shintani et al., 1991).

In fact, most of the studies stated above inveg@@nly a schizophrenic subgroup with a
certain clinical feature. For example, Kaminskaaét (2001) investigated only paranoid
schizophrenics in their study. The studies of Zhangl. (2002) and Maes et al. (2000) only
contained treatment-resistant schizophrenics. TBestidies of Naudin et al. (1996; 1997)
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solely examined schizophrenics under neurolepticdicagion and chronic patients,

respectively. The study of Xu et al. (1994) merelgluded schizophrenics under neuroleptic
medication and control subjects. The schizophrgaidents in the study of Shintani et al.
(1991) were in remission. Lin et al. (1998) fourwhtt enhanced serum IL-6 was shown
exclusively in treatment-resistant schizophrenbtg, not in non-treatment-resistant patients.
Furthermore, elevated serum IL-6 was only foundgchizophrenics younger than 35 years
old in the study of Maes et al. (1994). Therefdeken together, increased serum IL-6 is
supposed to be observed rather in one schizophsebigroup than the whole schizophrenic

patients.

To date, solely Kaminska et al. (2001) reportedvbble blood IL-6 in vitro production in
paranoid schizophrenia; they found no alteratiomawelher, our results revealed that
schizophrenia as a whole group had highly reduckdlevblood IL-6 in vitro production
compared with controls. If only compared paranatizophrenics to healthy subjects, the

reduction in whole blood IL-6 in vitro productiomly showed a trend to be significant.

7.2.8 1L-13:decreased in a female schizophrenic subgroup?

IL-13 is another major Th2 cytokine. The receptbliel3 (IL-13R) shares IL-4R, IL-2Ry,
and STAT6 with IL-4R. Thus, IL-13 and IL-4 have fiional similarities such as inducing
IgE switching in B-cells. But the principal functial difference between both cytokines lies
in their effects on T cells. In contrast to IL-4-13 has barely effects on T-cells because T-

cells don’t express IL-13R.

So far, no report regarding IL-13 in schizophremas published. We found that
schizophrenics as a whole group had significandguced lymphocyte IL-13 in vitro
production. However, at whole blood level, no mdrldversity was found among those
schizophrenics and controls whose IL-13 productionBHA-stimulated whole blood were
over the detectable limitation of ELISA. Neverttesdethere were clearly more controls than
schizophrenics having undetectable whole bloodyaksd3. Besides, if both genders were
analyzed separately, female schizophrenics exdilaiteendency to have higher whole blood
IL-13 in vitro production than their healthy femaleunterparts.

7.3 Interpretations of resultsregarding Th1/Th2 imbalance in schizophrenia

149



In this study, Th2-shift was examined not only lne twvhole schizophrenic group but also in
diverse schizophrenic subgroups because schizdphtems been regarded as a very
heterogeneous disease (Riley, 2004). Th1/Th2 imbelalescribed in the whole group of
schizophrenic patients doesn’t hint at mandatotgrations in all subgroups with diverse
epidemiological or clinical features. The magnitsidd Th1/Th2 imbalance could vary with

their characteristic features. Since distinct sgbiiwenic subgroups to identify in order to
improve therapeutic effects is one of the goalscimzophrenia research, examining Th1/Th2
imbalance in diverse schizophrenic subgroups sdent® requisite. However, due to the
limit of space, this report concerning statistic findinfgcuses on gender subgroupsrhe

other important reason for focusing on gender sgfirenic subgroups was that the role of
gender in the structures and functions of the CNSS been increasingly emphasized
(Halbreich and Kahn, 2003; Hafner, 2003; Zubietalgt1999). Therefore, the test results for
diverse schizophrenic clinical subgroups were dmigfly presented. Nevertheless, they were

also discussed in the following sections.

7.3.1 Serum Th2-shift found in most schizophrenicubgroups

Clear reduction in both serum IFML-4 and IFNy/IL-10 was observed in many
schizophrenic subgroups as patients were hosgithliZh2-shift in serum could represent
only one of many common dysfunctions that led toi=zwphrenic symptoms or deterioration
of symptoms in subjects with schizophrenia. Schizepia is regarded as a heterogeneous
disorder with diversity in symptoms, course, pragjapand probably etiology . Th2-shift per
se could indicate a heterogeneous abnormality Isecaither reduction in IFM-or elevation

in IL-4, IL-10 or both could, but not necessariyye rise to Th2-shift.

A few schizophrenic subgroups without serum ThZtshi

Although schizophrenics as a whole group had gleadluced serum IFNM4L-4 and IFN-
y/IL-10 ratio (Th2-shift), there were also some schizophrenic subgroupsviiom no
noticeable serum Th2-shift (either reduced NfN-4 or IFN-y/IL-10) was observed. Those
subgroups include one subgroup of male patienktsz@ghrenics pre-dominated with positive
symptoms, schizophrenic patients being drug-free db least 3 months, and late-onset
patients. However, if examining the means, standandations, and case numbers of those

schizophrenic subgroups stated above with cammight be more proper to claim that (1)
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schizophrenics pre-dominated with positive symptafias not have clear serum Th2-shifts
and (2) one subgroup of male schizophrenics had emeeased serum Th1/Th2 ratios.
Schizophrenic patients dominated with positivegioms
The reason why schizophrenic patients dominatel positive symptoms had no Th2-shift is
unknown. So far, no direct evidence in this regamb reported. Depressive or psychotic
symptoms are well-known side effects of IFN theréppbmeier et al.,, 2000). One decade
ago, Inglot et al. demonstrated that the schizapbarpatients with high IFN response had
dominant positive symptoms (Inglot et al., 1994gviirtheless, in the patients with low IFN
response dominated rather the negative symptomanéld schizophrenia was found to have
significantly increased serum IL-6 and IRNbut reduced IL-2, IL-4, and IFM-in PHA-
stimulated or Newcastle virus-induced in vitro progon (Kaminska et al., 2001).
Accordingly, Thl-shift, Instead of serum Th2-shif, likely observed in one subgroup of
paranoid schizophrenia since increased serumyikhs found in paranoid schizophrenia
(Kaminska et al., 2001). Positive symptoms mighiohate paranoid schizophrenia in the
earlier period of hospitalization, but both are m®ntical (Loza et al., 2003). That subjects
with schizophrenia dominated with positive symptonagl no clear Th2-shift was not the
result of any endocrinological parameters measumethis study. Schizophrenic patients
dominated and those not dominated with positive pdgms had comparable cortisol,
prolactin, estradiol, testosterone, and SHBG lev8lshizophrenic patients not dominated
with positive symptoms had, however, noticeablyucsd serum IFN/IL-4 and IFNy/IL-10,
but not patients dominated with positive symptomsompared with healthy subjects. Both
schizophrenic subgroups had significantly lowertasterone levels than normal subjects.
Schizophrenics dominated with positive symptoms been lower testosterone than their
schizophrenic counterparts not dominated with pasgymptoms. Lower testosterone levels
are supposed to favor Th2-shift since testosteveamefound to inhibit Th2 cytokines (Huber
et al., 1999). In contrast to schizophrenic patembt dominated with positive symptoms,
those patients dominated with positive symptoms mad h2-shift, despite of having lower
testosterone levels. Schizophrenics not dominatgld positive symptoms had extremely
higher prolactin levels than controls, but not @aits dominated with positive symptoms.
Prolactin was found to shift the development of €lper subpopulations towards Thl
(Matalka, 2003b). Schizophrenic patients dominatdtth positive symptoms had no Th2-
shfit, despite of having lower prolactin levels rthtéheir schizophrenic counterparts not
dominated with positive symptoms. Even prolactinerex its effects on IFN- not

monotonically as Matera and Mori (2000) reportede toutcomes regarding Th1/Th2
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imbalance in schizophrenic subgroups dominatednadiominated with positive symptoms

remained similar after considering the influenceprolactin.

In addition, there were proportionally more femaleshe subgroup dominated with positive
symptoms than control subjects. The probability fiemales to have Th2-shift is higher
(Giron-Gonzalez et al., 2000). So “gender” mustnio¢ the cause of lacking Th2-shift in
schizophrenics dominated with positive symptomsl/Th2 imbalance could be not involved
in the occurrence of positive symptoms.

One subgroup of male schizophrenic patients
Further dividing the male patient subgroup resultecdbne subgroup having significantly
reduced serum IFNAL-4 and IFNy/IL-10 ratio and another subgroup having enhanaet b
Th1/Th2 ratios. However, none of the epidemiololgiead endocrinological measures
obtained in this study was able to clearly distisguboth subgroups of male schizophrenic
patients from each other. The subgroup of maleeptihaving enhanced Th1/Th2 ratios was
more heterogeneous than the other one with Th2sst@farding their Th1/Th2 ratios. There
could exist one subgroup of male schizophrenicsinigaa clear Thl-shift. Typical Thl
cytokines such as IFM-and IL-2 were ever found to be enhanced in schimapa or diverse
schizophrenic subgroups in some studies (Zhanb, &0®2; Ebrinc et al., 2002; Kaminska et
al., 2001; Kim et al., 2000; Hornberg et al., 1998jnong them, only Kim et al. (2000)
investigated male schizophrenic patients. On theraoy, the major Th2 cytokines such as
IL-4 and IL-10 were decreased in PHA-stimulated lehblood and serum, respectively
(Kaminska et al., 2001). Whether or not one subgroumale schizophrenics has Thl-shift
requires further examination because the resutisi fcomparing both major cytokines of
Th1/Th2 systems separately could be different ftbose investigating the ratios between
both key cytokines.
Clear, but heterogeneous serum Th2-shift in ferseliizophrenia
In addition, although the female schizophrenic gua8 as a whole group had markedly
reduced serum IFNAL-4 and IFNy/IL-10, they could be further divided into 2 very
heterogeneous subgroups. The discrepancy betwesa ttvo subgroups of female patients
was even greater than that between the whole fes@ieophrenic group and healthy
women. Similar to those two subgroups of male sihrenics, no variable assessed in this
study enabled a clear differentiation between bstibgroups of female schizophrenic
patients. Th2-shift in this study, defined as digantly reduced ratio between two major

Th1/Th2 cytokines, could be raised by either (lyanarkedly reduced serum IFNer (2)
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solely significantly enhanced IL-4, IL-10 or (3) tho The causes of Th2-shifts in female
subjects with schizophrenia might contain at |@ast the 3 possibilities stated above. Thus, 2
very heterogeneous subgroups could be gained wiieifemale schizophrenic patients. In
order to detect whether Th2-shift in female schiwepic patients was caused by different
abnormalities, multiple regression was conductediltiple regression analysis is used to
examine the inter-correlations between a critereond various predictors. The results
regarding the causes of Th2-shift in female peoytd schizophrenia were discussed in a
latter section.

More reduction in IFNIL-10 than in IFNy/IL-4

Moreover, the magnitudes of Th2-shifts were diffiergn various subgroups as well as in
distinct Th1/Th2 indicators (IFNHL-4, IFN-y/IL-10). Generally, the reduction in serum IFN-
y/IL-10 was greater than that in serum IgM-=-4 ratio in most schizophrenic subgroups. The
reason why the reduction in serum IgN:-10 was normally more severe than that in serum
IFN-y/IL-4 could be that there are more cell types ponoly IL-10 than those producing IL-4
(Yssel et al., 1993; Yssel et al., 1992). The chancenforce the positive feedback for I1L-10
production was, hence, also increased. These fsdifurther suggest that deficits in
schizophrenia or in at least one subgroup of sghmmnics could be not limited within the
Th1/Th2 systems. Schizophrenia has been suggestediaorder with multiple abnormalities
(Miyamoto et al., 2003). The other IL-10 producimglls such as ThO or Th3 or
macrophages/monocytes could have been involvedhityTh2-imbalance in at least one
subgroup of schizophrenia. The exceptions werezephrenics having positive family
psychiatric history, patients with more severe sywms at admission (Clinical Global
ImpressionEGI score= 6), at discharge (CGI scoeeb) as well as those patients with barely
changed symptoms after 8-week-treatment (mean C&ksdifference between admission
and discharge = .52, SD = .60).

Exception 1: schizophrenic patients having pesitamily psychiatric history
Schizophrenic patients with positive family psy¢h@history had not only less significantly
reduced serum IFNAL-10 but also IFNy/IL-4 than their schizophrenic counterparts with
negative family history. The explanation might hattthere were proportionally more women
in the schizophrenic subgroup with negative fanhigtory than in the one with positive
family history. In contrast to male subjects, tH&¥ystem usually dominates over the Thl in
females (Giron-Gonzalez et al., 2000).

Exception 2: schizophrenic patients having sesgneptoms or non-responders
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The outcomes from diverse CGl-variables showed #ratind 2/3 of the schizophrenics
having severe symptoms at admission and discharye wales. More than 70% of the

schizophrenic patients who did not respond to agtibotic treatment were men.

The schizophrenic subgroups having higher CGI scatedmission and at discharge as well
as the subgroup having less improvement in sympgererity (smaller CGI difference)

contained proportionally more males if compared th@ corresponding schizophrenic
subgroup with the opposite clinical feature. Thieizaphrenic subgroup having smaller CGI-
difference had particularly more men than the sobgrhaving greater CGl-difference

between admission and discharge. Compared to femalales usually tend to have a shift
towards Thl (Giron-Gonzalez et al., 2000). Thusgséh subgroups having more severe
symptoms and the small CGl-difference schizophresubgroup had less pronounced
reduction in both serum IFMIL-4 and IFNy/IL-10. Similar to the finding of Maes et al.

(Maes et al., 2002), we found that patients hawmall CGI-difference between admission

and discharge_(non-respondetad relatively enhanced serum IL-10 (reduced reelfeN-

y/IL-10 ratios) if compared to healthy subjects.

The findings stated above could indicate that therces of Th2-shift in the schizophrenic
patients having severe symptoms (CGIl scaré§ could be rather principally limited within
the Thl/Th2-systems because they had comparahletiaas in serum IFN{IL-4 and IFN-
y/IL-10. The sources of Th2-shift in those schizaptic subgroups mentioned above could be
originated from the common producing cells of Iladd IL-10 in serum — Th2 and/or mast
cells. Hence, although IL-10 is produced by muchereell-types in serum than IL-4 (Yssel
et al., 1993; Yssel et al., 1992), the magnituderelative elevation in both Th2 cytokines
were similar. In contrast, the low CQdatients or neuroleptic responders (higher CGI
difference) likely had further deficits in other-IlO0 producing systems such as ThO, Th3,
macrophages/monocytes, or others. Therefore, ttenewf the relative increase in serum
IFN-y/IL-10 was higher than that in IFMIL-4. Further deficiency in other IL-10-producing
systems could lead to even more overproductiorLihOl relative to IFNy. As Maes et al.
(2002) suggested, schizophrenia may be accompéawgiesh activation of the monocytic and
Th2 system as well as various alterations in the [Jfimphocyte subpopulation. Macrophage-
T-lymphocyte was once postulated to explicate hbe $chizophrenic symptoms occur
(Smith, 1992). According to the macrophage-T-lymphe theory, chronic macrophage
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activation with subsequent failure of activated mabages to properly control T-lymphocyte
secretion of IL-2 and IL-2R is proposed as the ®hslogical mechanism of schizophrenia.

7.3.2 Th2-shift = likely characteristic for schizofrenia

Schizophrenia-specificeduced both serum Th1/Th2 ratios and whole bl@sdylFNy/IL-10
Markedly reduced serum IFMiL-4, IFN-y/IL-10, and whole blood assay IFMH.-10 ratio
were possibly schizophrenia-specific since theyeweot observed in psychiatric patients
having schizophrenia-related disorders. Schizoptsemight have either pro-Th2 or contra-
Thl or both factors, whereas patients having sgiimnia-related disorders possibly had
either contra-IL-4 or pro-IFN~or both factors in serum and PHA-stimulated whied. So,
people with schizophrenia had enhanced lymphocyté&/Th2 ratios, but significantly
reduced serum und whole blood assay Thl/Th2 ratius.the contrary, patients with
schizophrenia-related disorders had reduced lympgbpavhole blood assay, and serum
Th1/Th2 ratios. However, the extents of reductiorwhole blood assay and serum Th1/Th2
ratios were less evident than those in PHA-stinedldgmphocytes. Those pro- or contra-Thl
or Th2 factors could be endocrinological parameseish as prolactin, cortisol, testosterone,
estradiol, and SHBG since they were reported toehempacts on Th1l/Th2 cytokines
(Protonotariou et al., 2004; Dimitrov et al., 20@enkov, 2004; Matalka, 2003b; Xie et al.,
2002; Elenkov and Chrousos, 2002; Miyaura and Iw2082; Angele et al., 2001; Giltay et
al., 2000; Franchimont et al., 1998). Nevertheldssth patient groups were relatively
comparable in terms of those endocrinological V@& mentioned above. The differences
between both patient groups could be, hence, eithised by other unknown factors or

disease process.

At lymphocyte levels, schizophrenic patients haphisicantly reduced IL-4 and IL-13, while
patients having schizophrenia-related disorders reathrkably decreased IL-10. However,
both patient groups had noticeably reduced {FNeompared with healthy subjects. It could
hint at that altered lymphocyte IL-4 and IL-13 aather characteristic for schizophrenia, but
changed IL-10 is more possibly found in schizoplaeelated disorders. Reduced IfyN-
could be just a common deficit of patients with igophrenia and schizophrenia-related
diseases. That is, the disparity in Th1/Th2 imbadapetween patients with schizophrenia and
those having schizophrenia-related disorders nbgihtaused by the abnormalities in the Th2-
sytem, but not in the Thl-subset.
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Th2-shift defined as reduced IFML-4 ratio in PHA-stimulated whole blood was latel
described in iInsomniac men (Sakami et al., 2008). soudy showed no significant reduction
in IFN-y/IL-4 ratio obtained from PHA-stimulated whole btban the whole schizophrenic
group. Among diverse schizophrenic subgroups, nogwp but those having severe
symptoms either at admission or discharge (CGleseb) as well as those non-responders
(less symptom improvement after 8-week-treatmehogwed Th2-shift in PHA-stimulated
whole blood. However, those 3 CGI schizophrenic gsobps in our study showed
additionally Th1/Th2 aberrations if compared toomsiac men. They include significantly
reduced IFNy/IL-4 and IFNy/IL-10 in serum as well as IFMiL-10 in PHA-stimulated
whole blood. Besides, in our study, significantgduced IFNy/IL-4 in stimulated whole
blood in those CGI schizophrenic subgroups resuitech simultaneously considering the
impacts of different hormones, whereas that of 8alat al. (2002) did not. Lately, chronic
alcohol use was reported to shift the developmént-belper lymphocytes towards Th2,
using IgE and IFN¢tas Th2 and Th1l indicator (Starkenburg et al., 2@@iminguez-Santalla
et al., 2001). In our study, schizophrenic patiemt® had alcohol abuse or addiction were
excluded. Thus, Th2-shift in schizophrenia foundthis study was not a consequence of
chronic alcohol consumption. Th2-shift was alsonidun phorbol myristate acetate (PMA)-
and ionomycin-stimulated whole blood in autisticldfen (Gupta et al., 1998). The study of
Gupta et al. (1998) and ours differ from each otinemany aspects such as mitogen(s),
mitogen concentration, incubation duration, and ynatiner procedures. Most important of
all, we calculated the ratio between IyNnd IL-4 to determine the balance between Thl and
Th2, but not Gupta et al. (1998). As shown in @suits, the outcomes from examining I¥N-
and IL-4 separately and those from simultaneoushsitlering both IFNrand IL-4 as a ratio
could be different. Moreover, Gupta et al. (1998) dot demonstrate significantly reduced
serum IFNy/IL-4 or IFN-y/IL-10 or decreased IFNMAL-10 in PHA-stimulated whole blood
in autistic children. Reduction in whole blood as$BN-y/IL-4 doesn’'t mean a necessary
decrease in serum IFMH-4 because different endocrinological and immogaal
components are involved in Th1l/Th2 balancing iruseand PHA-stimulated whole blood.
So, significantly reduced IFNAL-4, IFN-y/IL-10 in serum und IFN/IL-10 in whole blood
after 46-hour-PHA-stimulation could be rather spedor schizophrenia.

Lymphocyte IFNy/IL-10: no relationship with schizophrenia

156



Lymphocyte IFNy/IL-10 appeared not to be associated with any sgiieenic subgroup due
to none of the schizophrenic subgroups showingateyation in this regard. Altered IFN-
y/IL-10 in stimulated leukocytes could still occarschizophrenia. Our study won’t be able to
offer any evidence in this respect. However, osuits implicate that changes in IRNL-10
obtained from serum und stimulated whole bloodcimzophrenics could rather an interactive
effect of diverse components at least betweenrtimune and endocrine system than just a
simple deficit at lymphocyte level. In fact, a fg@ars ago a bio-pathogenetic hypothesis in
schizophrenia was postulated (Altamura et al., 199@cording to the bio-pathogenetic
hypothesis, dysfunctions in both the hypothalamicHary-adrenal axis (HPA) and the
inflammatory response system, especially cytokings, schizophrenia were claimed.
Endocrinological parameters such as prolactin,ismrtestradiol, testosterone, and the sex
hormone binding globuline (SHBG) could have beeroived in the pathogenesis of
schizophrenia. Those hormones were also measurdatlisnstudy. The effects of those
endocrinological parameters were discussed interlaection “7.4. Possible causes of Th2-
shift in schizophrenia”.
Reduced lymphocyte IFNIL-4: shared by patients with schizophrenia ardtegl disorders
Older schizophrenic subgroups such as chronic aredanset schizophrenia were found to
have significantly reduced lymphocyte IRNLE-4, especially chronic schizophrenics. Patients
with schizophrenia-related diseases also showeddency to have reduced lymphocyte IFN-
y/IL-4 ratio. It might indicate that within the verpeterogeneous patient group with
schizophrenia-related disorders likely existed @udgroup sharing the deficit, reduced
lymphocyte IFNy/IL-4, with chronic and late-onset schizophreniam® studies investigated
Th1/Th2 balance in peripheral blood mononucleds@d found that the magnitude of Th2-
shift seems to correlate positively with age (Pnotariou et al., 2004; Gasparoni et al., 2003;
Sandmand et al., 2002). Age could have contribtddgmphocyte Th2-shift in chronic and
late-onset schizophrenia. However, age is not tig @ause of Th2-shift in chronic and late-
onset schizophrenia since lymphocyte Th2-shift iaesth after the effect of age was
controlled. Th2-shift in PHA-stimulated lymphocyt@schronic and late-onset schizophrenia
was not the result of age-induced alterations moua endocrinological parameters, either.
The isolated lymphocytes examined in this studyewast exposed to any endocrinological
parameter as they were stimulated to secrete aekiFurthermore, in addition to reduced
lymphocyte IFNy/IL-4, noticeably decreased IFMH.-4 and IFNY/IL-10 in serum und in
PHA-stimulated whole blood were also observed imowit schizophrenia, but not in
schizophrenia-related disorders.
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7.3.3 Gender differences in Th1/Th2 imbalance by bzophrenics

More marked serum Th2-shift in schizophrenic fermale

Female schizophrenics as a whole group had cleams&h2-shifts, whereas rather only one
subgroup than the whole male schizophrenics hadshifs if both serum IFN/IL-4 and
IFN-y/IL-10 taken into account. As a whole group, malhizophrenics had merely
noticeably reduced serum IFRMHL-10 ratios. In addition, there could be one swog of
male schizophrenic patients having enhanced seRNrylL-4 and IFNy/IL-10 ratios, but
not female patients. However, those epidemiologicel clinical data obtained in this study
failed to characterize this subgroup of male padiefurthermore, female patients had
remarkably lower serum IFM-but significantly higher serum IL-4 levels thdreir healthy
female counterparts. In contrast, the whole mahezsphrenic patients and normal males did
not have obviously distinguishable serum Iifldnd IL-4 levels. Those findings from multi-
variance-analysis presented above appeared to Sudigat the paradigm of Thl1l/Th2
antagonism (Wang et al., 2002) was observed in lEemehizophrenic patients, but not in
male patients. Thus, significantly reduced seruM-yfn female schizophrenics seemed to be
caused by noticeably enhanced IL-4. It's notewottiat both significantly decreased IFN-
und increased IL-4 in female schizophrenic patievgse the results from comparing to the
IFN-y and IL-4 of healthy females separateljhey are not the results from comparing the
ratios between IFN-and IL-4. Thus, the outcomes from multi-variancelgsis actually
indicated that the paradigm of Th1/Th2 antagonssifikely to find in at least one subgroup of

female patients, but not necessarily in the wheredle schizophrenic group.

On the contrary, no significantly elevated serum4iland no reduced IFM-in male
schizophrenic patients don’t obligatorily hint ato” Th1/Th2 antagonism in male patients”.

The reason is that multi-variance-analysisrves to _examine the diversities in certain

variables between/among distinct groupat not to_detect the relationships among various

parameters within the same groapin the case of multi-regressidrne differences in serum

IFN-y/IL-4 and IFNy/IL-10 between male and female schizophrenic pttieauld be raised
by testosterone and estradiol because females lyduae higher estradiol and lower
testosterone levels than males. Testosterone wasdfdao be more inhibitory to Th2
cytokines, whereas estradiol rather promoted th@itiafy et al., 2000; Huber et al., 1999).

Males were, thus, found to have higher Th1l/Thgtbut females were shown to have lower
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ones (Giron-Gonzalez et al., 2000). Therefore, 3hits including decreased IFMH.-4 and
IFN-y/IL-10 were more explicit in female patients thamale schizophrenics.

Different influencing factors for serum Th1/Th2 iadance

The results from multiple-regression showed whith-dl-y, IL-2, TNF-a, IL-4, IL-10, IL-6,
cortisol, prolactin, estradiol, testosterone, SHBBd age could significantly predict the
values of Th1/Th2 ratio (IFNHL-4 or IFN-y/IL-10) within the same group of subjects and
which could not. That is, which variables have manel which have less influence on the
Th1/Th2 balance.

Multiple regression of serum Th1/Th2 ratios demaist that male schizophrenics had

highly enhanced influencefsom IL-4, IL-10, and IFNy. In contrast, female patients had

markedly reduced impacfsom IL-4, IL-10, and IFNy on their Th1/Th2 ratios if compared to

their healthy counterparts of the same sex. Adaliicessential influencing factors in male
schizophrenics included SHBG and IL-10 for IFN--4 as well as age and prolactin for IFN-
y/IL-10. However, those important contributors fdfNHy/IL-10 in female patients were
estradiol, SHBG, IL-4, IL-2, IL-6, prolactin, andcortisol while no single remarkable

predictor was found for IFNHL-4.

Instead of both testosterone and estradiol, SHB&im@ortant to predict IFNAL-4 in male
schizophrenic patients. So far, no direct evidesttewed a connection between SHBG and
IFN-y/IL-4. However, SHBG binds to both testosterone asitadiol (Anderson, 1974). Even
if SHBG doesn’t have direct influence on Th1l/Thflas it's still possible for SHBG to exert
its impacts indirectly through both sex hormonesToi/Th2 balance. Our finding regarding
SHBG implicated that it was rather the balance betwestradiol and testosterone essential
for generating IFN#IL-4 in male schizophrenic patients, but not testoone and estradiol
separately. If combined the findings from both serilFN-y/IL-4 and IFNy/IL-10 in male
schizophrenic patients together, they seem to ateiadditional deficits in the hypothalamic-
pituitary-adrenal (HPA) axis and gonadal functiom®ficiency in the pituitary-gonadal
function was already described over 2 decadesragmle schizophrenic patients (Brambilla,
1980). In female schizophrenic patients, there veeen more influencing factors contributed
to the variance of IFN/IL-10 than those in male schizophrenic patientcept testosterone
and TNFa, the other immunological and endocrinological &ales measured in this study

were significantly correlated to IFMiL-10. For the variance of IFNAL-4, no single factor
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assessed in our study alone was able to predicimi@sure of IFN/IL-4 significantly.
However, all the predictors together enabled alpédi prediction of IFN/IL-4. The reason
was that among those predictors IFNIL-2, TNF-a, IL-4, IL-10, IL-6, prolactin, cortisol,
testosterone, estradiol, SHBG, and age existed tamgled inter-correlations in female
subjects with schizophrenia. That is, serum Thl/iimi2alance in female patients was more a
collective effect of many factors than of a few wonjant factors. Another alternative
explanation for the wide-spreading influencing éastfor Th2-shift in female subjects with
schizophrenia could be that Th2-shift in female izgbhrenics was not homogeneous.
Multiple regression concerning Th1/Th2 ratios iméde schizophrenic patients also showed
no or less evident correlations between N;NL-4, IL-10, and IFNy/IL-4, IFN-y/IL-10.
These outcomes actually indicated that within th®le female schizophrenic group likely
existed at least 3 different subgroups; one sulgh@s only highly enhanced IL-4, a second
one has only markedly reduced IfNand a third one had increased IL-4, IL-10 as sl|
decreased IFN- So, if all 3 subgroups of female schizophrenitgmés mixed together, the
associations between the major Th1/Th2 cytokines @rl/Th2 ratios become less clear. It
could be the reason why there were so many importdluencing factors or no clearly
dominant influencing factor in female schizophreni®ifferent influencing factors could
have contributed to the variance of Th1/Th2 ratialistinct subgroups. We also detected 2
very heterogeneous subgroups within the whole godudpmale patients. That schizophrenia
is etiologically heterogeneous was already sugdesteg time ago (Kinney and Matthysse,
1978).

More Th1/Th2 cytokines less sufficiently explainadnale schizophrenic patients

Multiple regression analysis at single cytokineelenevealed that in male schizophrenics, (1)
less than 40% of the IFM-IL-12, TNF-a, and IL-4 variance could be explained and (2) ¢hos
of IL-2, IL-6, and IL-10 were not explicable thrdughe other parameters assessed in this
study. Nevertheless, in female patients, the vaeaof IL-12 could not be explicated
sufficiently, while those of TN, IL-6, and IL-10 were unexplainable through thenagning
variables measured. The variables including ¥#£N--2, TNF-a, IL-4, IL-10, IL-6, prolactin,
cortisol, estradiol, testosterone, SHBG, and ageswaly able to explain about 1/3 of the
variance of the major Th1/Th2 cytokines includifidNty, IL-4, and IL-10 in male subjects

with schizophrenia.

Taken together, similar to the findings of Pellaget al. (Pellegrini et al., 2003), our results

lead us to the conclusion that the physiologicaloek of Th1l/Th2 cytokines regulating T-
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helper polarization may be different in men and wamThe diversities in this regard is
schizophrenia appeared to be likely due to dysfanah other Th1/Th2 related systems even
greater and more complicated. Apart from testosterand estradiol, there are many other
factors believed to be able to induce gender diffee in Th1/Th2 balance. One such example
IS progesterone; progesterone receptor-A/-B ratiere higher in the brains of males than in
those of females at all ages (Camacho-Arroyo ¢t28l03). Gender and endogenous sex
steroids are, thus, thought to be responsible feureendocrine-immunological sexual
dimorphism (Chisari et al., 2000).

7.3.4 Sources of Th2-shift in schizophrenia: beyonligmphocyte and whole blood

In our study, Thl/Th2 cytokines were examined aedhdifferent levels - serum, PHA-

stimulated whole blood and lymphocytes. The findirigom Iymphocyteand whole blood

were resulted from 46-hour stimulation with PHAgmarisons of the outcomes from both
analysis materials offered a possibility to examimgether Th1l/Th2 imbalance in
schizophrenia was an aberration within the lympb®cystem or rather a deficit involved
additional factors such as the endocrine systermgaoing the findings from seruto those
from PHA-stimulated whole bloodould further confirm whether the sources of Thitsn
schizophrenia were limited within the whole blogdtem or more. The serum Th1/Th2 ratios
likely represented an in-vivo equilibrium betweenttb subsets of T-helper cells and others.
However, the Th1/Th2 ratios in PHA-stimulated whdikwod were rather the in vitro
approximations of the Th1/Th2 balancing in vivoeaf#6-hour PHA-stimulation. The crucial
diversities between the in-vitro whole blood and th-vivo serum system were manifold. (1)
First, the endocrinological (and other) systeméile to excluding the involvement of the
CNS and others, did not react dynamically, butljikemained constant as cytokines were
produced in the whole blood system. (2) Secondljerént mitogens were shown to have
distinct effects on lymphocytes (Sofuni and Yoshi#i892; Stiernberg et al., 1987; Freund
and Blair, 1982). The unspecific effects of mitogeich as PHA and those of natural stimuli
in vivo might be different on diverse cell typesdistinct cytokines. These two major reasons

may have led to the discrepancies between thenfysdrom serum and whole blood assay.

In the whole schizophrenic group and most schizepior subgroups, lymphocyteh1/Th2
ratios including IFNy/IL-4, IFN-y/IL-10, and IFNy/IL-13 were averagely enhanced if

compared to normal subjects. The data from PHAwdated whole bloodrevealed,
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nevertheless, opposite outcomes. Those findingeadtetl that the sources of Th2-shift in
schizophrenia probably lied outside of lymphocytEs2-shift in schizophrenics is still likely
to observe at leukocyte level. However, this stodyld not offer any evidence in this regard
since only lymphocytes were analyzed. Comparisatsvdéen the results from seruamd
whole bloodassay data among various schizophrenic subgrewesled that Th2-shifts were
more pronounced in serum than in whole blood adsagddition to those reasons stated in
the previous paragraph, they also suggested tked there more “pro-Th2” and/or “contra-
Th1” factors in the in-vivo system than in the itre whole blood system. That is, factors
outside of the lymphocyte and whole blood systemh maticeably contributed to the serum
Th2-shift in schizophrenia. Schizophrenia has begplicated as much more likely to be a
heterogeneous disorder resulting from interactioesveen multiple factors (Kirch, 1993).
Our study also confirmed the statement of Kirch9@)9 Some of those pro- and contra-Thl
or Th2 factors could be parameters from the endeaystem such as diverse hormones. The
impacts of distinct hormones on Th1/Th2 balancesvagscussed in the section “7.4. Possible

causes of Th2-shifts in schizophrenia”.

7.3.5 Other essential factors than those measuredvolved in Th1/Th2 balancing in
schizophrenic patients

Comparisons between the serum and whole blood ada#y resulted from multiple

regression in the whole schizophrenic and corgroup further implicated that there might be

some other factors involving in Th1/Th2 balancingstimulated whole blood. Those factors
were, nevertheless, not examined in this studysTthe explainable portions of whole blood
assay Th1/Th2 ratios in schizophrenics throughptiedictors included were lower than those

in serum. However, it's not that case in normaljscis.

The data from both male subgrougdso indicated the possible involvement of otheicial

factors than those assessed in this study in theyllE-4 balancing in stimulated whole
blood in schizophrenic men. That's why only baré0¢6 IFNy/IL-4 variance in stimulated
whole blood, but over 90% serum IRNL-4 variance was explainable through predictors
included in this study in male schizophrenics. Canilyy, data regarding IFNAL-10 revealed
that further factors took part into the processsefum IFNy/IL-10 balancing in controls;
however, they were not investigated in this studg kkely missing or “not required” in the

balancing of serum IFNAL-10 in male schizophrenics. Therefore, 73% wholleod assay
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IFN-y/IL-10 variance, nonetheless, only 56% serum §AN-10 variance in male controls
was explicable. But in schizophrenic males, thelarpble portions of serum and whole
blood assay IFN/IL-10 were 98% and 80%, respectively. The lymphecglata of male
subjects further confirmed the insufficiencies bbde variables assessed in this study to
envisage the variances of Th1l/Th2 ratios in schiemmpa. So, the explicable portions of
lymphocyte IFNy/IL-4, IFN-y/IL-10, and IFNy/IL-13 in schizophrenic men were 46%, 37%,

and 45%, whereas those in male controls were 9%, &nd 81%, correspondingly.

Nevertheless, the comparisons between both fendigreaupsshowed that there could be

further factors which were involved in serum IfN--4 balancing in healthy females, but not
“required/present” in IFN/IL-4 balancing in female schizophrenics. Hence, ¢éxplainable
parts of serum and whole blood assay NfN-4 in female controls were 76% and 67%,
while those in female patients were 88% and 86%respondingly. Those factors could be
not as many and important as those in male pafisotsthe diversities in the explainable
portions of Th1/Th2 ratios were smaller betweenhbieimale groups. Nevertheless, those
parameters included in the multiple regression rhaebled a sufficient and reliable

prediction of serum IFN#IL-10 variance in female patients.

The possible candidates for other influencing fesctaf Th1/Th2 imbalance in schizophrenia
than those hormones measured in this study couldcdiecholamines, progesterone,
melatonin, dihydroepiandrostene sulphate (DHEABJ, lauman growth hormone (Yamashita
et al., 2000; Petrovsky and Harrison, 1998). Cailachines were lately found to inhibit Thl
cytokines such as IL-2, IL-12, and TNF-but to enhance Th2 cytokines like IL-4, IL-10dan
IL-6 (Qiu et al., 2003). Progesterone was showbedable to suppress Thl, but to enhance
Th2 development directly (Miyaura and Iwata, 2002glatonin, the main hormone of the
pineal gland, was found to be abnormal in schizempiar (Jiang and Wang, 1998) and to have
impacts on Th1/Th2 cell mediated immune responBeglfavendra et al., 2001; Kuhlwein
and Irwin, 2001).

7.3.6 Th2-shift = function of disease process, agelated changes, anti-psychotic
medication, distinct hormones etc.
Disease process
Th2-shift appeared to be rather a result of disgaeeess since drug-naive schizophrenics
also showed reduced serum and whole blood assajyrihlatios, although drug-naive
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patients and healthy subjects were relatively coatga in terms of their ages, cortisol,
prolactin, estradiol, testosterone, and SHBG levddditionally, many schizophrenic
subgroups demonstrated reduced serum and whold blegay IFN/IL-4 and IFNy/IL-10
ratios after the effects of age and distinct horesowere controlled. Disease process per se
could have contributed to Th2-shift in schizophaeni

Neuroleptic treatments

Neuroleptic treatment could alter IRMIL-4 ratio since (1) Song et al. (2000) showedi-a b
modal effect of clozapine on whole blood IFNR vitro production and (2) Cazzullo et al.
(2002) reported of time-dependent actions of risipere on IFNy and IL-4 in vitro secretion.
Our data implicated that anti-psychotics appeacesluppress both serum IRNand IL-4in

schizophrenics. The reason was that pre-medicatedaphrenics had lower serum IRN-

IL-4, and serum Th1/Th2 ratios than drug-naivegrds. However, the repressive effecfs

neuroleptics on serum IL-4 seem to be wedkan those on IFN-because the reductions in

both serum Th1/Th2 ratios were more evident inzgbtirenics with pre-medication than in
drug-naive patients. That is, neuroleptic medicatiould have contributed to serum Th2-shift

in schizophrenia. Nevertheless, neuroleptics apgesy have promoting effects on whole

blood assay IFNt but suppressiveffects on whole blood assay IL-4 and IL-thOfavor of

Thl-shift. So, pre-medicated patients had higheslerblood assay IFN-and Th1/Th2 ratios,

however, lower IL-4 and IL-10 productions than dnajve schizophrenics. Diverse effects
of neuroleptics on the same cytokine at serum ahdlevblood level were described; for
example, clozapine was found to reduce IL-10 imoviproduction (Song et al., 2000),
however, to increase serum IL-10 (Maes et al., 2008e effects of (some) neuroleptics on
Th1/Th2 balance might be mediated primarily by acth (Meaney et al.,, 2004) and
indirectly by gonadal hormones (Smith, 2003). Tlffeats of these hormones on Th1/Th2

ratios were discussed in “ 7.4. Possible caus@f@fshift in schizophrenia”.

Nevertheless, serum Th2-shifts in schizophreniaewast only the effects of neuroleptic

treatment since pre-medicated schizophrenics esthiibited tremendously decreased serum
Th1/Th2 ratios after excluding the effects of patila, a crucial indicator of neuroleptic

medication, and testosterone. In addition, drugengbatients also had reduced serum
Th1/Th2 ratios.

Age-related abnormalities

Younger schizophrenic subgroups such as drug-naiveé early-onset schizophrenics

exhibited increased lymphocyte IRNL-4 (Thl-shift), while older subgroups like chion
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and late-onset patients showed decreased lymphdteptg/IL-4 ratios (Th2-shift). An age-
related shift towards Th2 in peripheral blood mamdear cells was lately described
(Sandmand et al., 2002; Karanfilov et al., 199%)e Pproductions of the major Th2 cytokines
IL-4 and IL-10 were increased with age, nevertteles change was found in Thl cytokines
such as IFN¢ and IL-12 (Plackett et al., 2003). The lymphociytel/Th2 imbalance in
schizophrenia could be partly ascribed to the ageponent. However, serum Th2-shift
remained clearly observable in diverse schizopbrenbgroups after the effect of age was
controlled.

Hormones

Distinct hormones were shown to have impacts o/ Tl balance (Dimitrov et al., 2004;
Zhang et al., 2004; Skjolaas et al., 2002; Hubenlgt1999). The influences of diverse
hormones on Th1/Th2 balance were elucidated itter Isection “7.4 Possible causes of Th2-
shift in schizophrenia”.

7.3.7 Whole blood assay Th2-shifts reflect no respse towards treatment?

In addition, data from diverse CGI (Clinical Glodaipressions) subgroups pointed out that
there was at least one schizophrenic subgroup whgsgtoms at discharge remained as
severe as they were hospitalized, despite of 8-sregkment. This subgroup (ca. 1/3 — 2/5 of
the whole schizophrenic subjects) had noticealiyyeed whole blood assay Th1l/Th2 ratios
as well as, to a less extent, decreased serum hRIdtios. Marked shifts in both whole
blood assay Th1/Th2 ratios in the schizophreniageulp with low CGlI-difference might
implicate that Th2-shift in PHA-stimulated whole obd was either stronger and/or
maintained longer> 46 hrs) than the other subgroup having high C@éxince. Findings
from serum/whole blood assay IL-10 and IL-4 als@ppsarted both explanations. The
schizophrenics with low CGI-difference had highenoke blood IL-4 and IL-10 in vitro
productions, nonetheless, lower serum IL-4 and OL{gvels than their schizophrenic
counterparts with high CGl-difference. The averaghole blood assay IL-4 of the
schizophrenics with low CGI-difference was evenhleig than that of normal subjects.
Another alternative explanation is that there cooddfurther essential, however, unknown
“pro-Th2” and/or “contra-Th1l” factors that triggererh2 overproductions in stimulated
whole blood. But those factors did not exist anavorked differently due to interactions with
other influencing factors in serum. Those factould be diverse endocrinological

parameters such as cortisol, prolactin, testoséeramd estradiol. Those hormones were
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shown to influence Th1/T2 balance (Dimitrov et &004; Elenkov, 2004; Skjolaas et al.,
2002; Huber et al.,, 1999). They were discussedhm mext sections. Until now, no
examination investigates the relationship betweeatment resistance in schizophrenia and
Th1/Th2 balance. However, serum IL-10 was fountde¢celevated in schizophrenic patients
resistant to treatment with neuroleptics (Maed.e802). In line with the finding af et

al. (2002), our schizophrenic patients resistaniatds neuroleptic treatments also showed a

relative enhancement in serum IL-10.

7.4 Possible causes of Th2-shift in schizophrenia

In the following sections, the results from mulériance analysis and multiple regression

analysis were combined. Multiple regression analyss used to detect the inter-variable

relationships within the same group of subjectse Trtter-variable correlations between the
criterion Th1/Th2 ratios (either IFNHL-4 or IFN-y/IL-10) and the predictorscluding IFN-

y, IL-2, TNF-q, IL-4, IL-10, IL-6, prolactin, cortisol, testostare, estradiol, SHBG, and age
were evaluated in schizophrenia and controls seglgraThey serve to examine the
importance of each predictor in forecasting the suea of Th1/Th2 ratio within the same
group. According to the findings from multiple regsion, which of those predictors
mentioned above significantly predicted the craeri(IFNy/IL-4, IFN-y/IL-10) could be
determined for schizophrenia and controls separaféhe outcomes from multi-variance
analysis revealed in which of the predictors and criterimtesd above differentiated
schizophrenic patients significantly from their hiea counterparts. If a predictor is essential
in envisaging the variance of Th1/Th2 ratio(s) withhe same group and is significantly
different between schizophrenics and healthy stsjeélen the predictor might be the cause

of the Th1/Th2 imbalance in schizophrenia.

The findings discussed here are mainly originatedhfthe serum data because they reflect
the real, complex inter-correlations among thogarpaters stated above in vivo. In addition,
serum Th2-shift was observed in the majority ofizgbhrenic subgroups examined in this
study, but not whole blood assay or lymphocyte $hi#t. Secondarily, whole blood assay
data are considered for the following reasonstl{&)data from whole blood assay are better
approximations of settings in vivo than lymphocyata. (2) The serum and whole blood
assay data were analyzed by the same analysis dn@@iBa\). The comparability between the

data from serum and whole blood assay is, hengbéghithan those between serum or whole
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blood assay and lymphocyte data. (3) Whole blosaysdata could offer further information
regarding reactions of Th1/Th2 and other system(gitro towards short-term stimulation. In
contrast, sera were obtained after at least 3-dashout period and likely gave a view at a
different stage of Th1/Th2 balancing from that shawwhole blood assayigure 7-4 gives

a glance at the key causes of Th2-shifts in sclhipa.

7.4.1 The whole group of schizophrenic patients

The serundata in both schizophrenia and controls did shawtaeable Th1/Th2 antagonism

as described by Mosmann and Coffn{a889). That is, IFN¢ positively correlated to the
IFN-y/IL-4 and IFNy/IL-10 ratio, while both IL-4 and IL-10 were negatly related to IFN-
y/IL-4 and IFNy/IL-10, respectively. The antagonism between NEnd IL-4 as well as
between IFNy and IL-10 in PHA-stimulated whole bloodas still clearly to observe in
healthy controls. In schizophrenia, the extentrdgonism between whole blood assay NFN-
and IL-4 seemed to be reduced after 46-hour PHAw#tion, but not that between IRN-
and IL-10. Data from PHA-stimulated lymphocysmonstrated antagonism between W-N-
and IL-4 or IL-10 or IL-13 in healthy subjects. Hewver, the antagonistic relationship
between lymphocyte IFN-and IL-10 appeared to be disrupted in the wholezephrenic
group.

Less or insufficiently or unreliably explained THB2 ratios/cytokines in schizophrenia

In general, the explainable parts of both Th1/Tdtis through the predictors included in this
study were similar in serum and PHA-stimulated whiolood in controls. Nevertheless, the
explicable portion of the IFN/L-4 variance in stimulated whole blood was exolaly
about 50% of that in serum IFMH.-4 ratio in schizophrenics. The explainable pairtthe
whole blood assay IFNAL-10 variance was only around 80% of that in serfN-y/IL-10

in schizophrenic patients. In addition, the premligtassessed in this study could either not
sufficiently or not reliably envisage serum cytakilevels such as IFM-IL-4, IL-10, and IL-

6 in schizophrenia. On the contrary, it was not ta&e in controls.

Summarized findings from multiple regression andtivariance analysis

Multiple regression analysisom both_serumand whole blood assajata demonstrated that

the major causes of Th1/Th2 imbalance in schizaparevere primarily from IFNg IL-4,

and IL-10. IL-6, TNFe, and age might be additionally involved in the Wehblood assay
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Th1/Th2 balancing in schizophrenics. The resultsiragle cytokine level further pointed out
that cortisol, prolactin, and testosterone/SHBGIaondirectly play a role in Th2-shift in

schizophrenics since they were significantly relatelFN-y, IL-4, and IL-10.
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Figure 7-4 The major causes of Th1/Th2 imbalance in schizaph (the red arrows:
specific for female schizophrenics; the blue arrastsracteristic for male
schizophrenics; the black arrows: likely commonlboth genders).

Schizophrenics as a whole group had generally I@saim cytokine levels, Th1/Th2 ratios,
SHBG, testosterone, and cortisol, however, highelaptin levels than healthy controls. If
excluding extreme values out of analysis, the wisaleizophrenic group had significantly
decreased serum IFN- noticeably enhanced serum IL-4 and IL-6. The amadities
described above and eventually Th2-shifts in sqihizenia could be caused by deficiencies in
at least one of the following biological regulatogrcuits: (1) the typical Th1/Th2
development/regulation pathways, (2) the newly dieed APC-IL-6/SOCS/CIS pathways
(Diehl and Rincon, 2002), (3) the cytokines-HPAlpotin-Th1/Th2 loop, (4) the cortisol-
HPA-prolactin-Th1/Th2 circuit, and (5) the prolacHBG-testosterone-Th1l/Th2
connections. In addition, (6) CD30 was lately dimad as an important co-stimulator

molecule being able to regulate the balance betweérand Th2 (Pellegrini et al., 2003).
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Possible causes of Th2-shift in schizophrenia

Deficits in the IL-6/SOCS/CIS pathways
Since both key cytokines of the Th1/Th2 systemsserdm IL-6 were remarkably altered in
schizophrenia, they implicated the cause(s) of 3ifts was/were likely located at a site
where both systems were involved. Newly, Diehl &idcon (2002) suggested that APC-
derived IL-6 has two faces on Th1l/Th2 differentati On one hand, IL-6 is capable of
activating Nuclear Factor of Activated T cells (NFA indirectly increasing IL-4 gene
transcription and IL-4 production. On the other dhaAPC-derived IL-6 is also able to inhibit
IFN-y releases through inducing SOCS1, SOCS3, and CiligedbOCS/CIS family along the
JAK1/STAT3 pathway. These two pathways are indepentb each other. This route of the
APC IL-6 to inhibit IFNy is not related to IL-12 or IL-4 (Diehl and Rinco2002). Since
serum IL-6 was enhanced in the whole schizophrgrocip in addition to IFNrand IL-4,
possibly the APC IL-6 pathways to inhibit IFNand to promote IL-4 were malfunctioning.

Deficiencies in the IL-12/STAT4/erm/T-bet &/or ILATAT6/GATA3/c-maf pathway
Another alternative site(s) being able to causeoahalities in both Th1/Th2 systems could
be within the typical Th1/Th2 differentiation patays because activating either pathway
promotes the development of its own system, bubitghthat of the other. The classical Thl
developmental/regulatory route is through the ILSIAT4/erm/T-bet pathway (Agnello et
al., 2003; Rao and Avni, 2000). The typical differation pathway for the Th2 system is via
the IL-4/STAT6/GATA3/c-maf loop (Agnello et al., @8; Rao and Avni, 2000). Particularly,
T-bet and GATA-3 are major inducers of Thl and Tdiferentiation by controlling the
productions of their respective cytokines. Addiaby, they are also involved in the
commitment and stable maintenance of the Thl ar@l girenotypes (O'Garra and Arai,
2000). Therefore, maybe one or more componenthedet two classical pathways were
defective in schizophrenia.

CD30 & Th1/Th2 balance
The CD30 antigen is a member of the TNF receptpedamily (Gruss et al., 1994). The
function of CD30 in mature peripheral T lymphocytesunclear, but there is evidence that
CD30 can act as a signal transduction moleculdddtéii et al., 2003). Ligation of CD30 by
its ligand CD30L leads to rapid activation of tinaniscription factor NB (linked to Bcl 2
expression) in T cells (McDonald et al., 1995). kB-was found to bind to IL-4 promoter in
vivo upon T cell activation and is, therefore, dthg involved in IL-4 transcription (Li-Weber
et al., 2004). Besides, signaling through CD30 pia® the development of Th2 cells (Del
Prete et al., 1995). So, CD30 is generally uses rmaarker for Th2 cell populations (Okumura
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et al., 1999). Although the detailed working mecdhkars remained unknown, CD30 likely
triggered mechanisms which may regulate (1) thesiphygical balance between Thl and Th2
functions by integrating Thl and Th2 specific cytekproduction including IFNs IL-4, IL-
10, IL-2, IL-12p40, IL-12p70, IL-5 and (2) Bcl 2 rdezule expression (Pellegrini et al.,
2003). Th2-shifts in schizophrenia could be raisg@dbnormality in CD30 since Th2-shifts in
schizophrenia in this study resulted rather fromrgwoduction in IL-4 and IL-10 as well as
from under-secretion of IFN-
Diverse hormones and Th1/Th2 balance
In addition, the lymphocyte Th1/Th2 ratios inclugliiFN-y/IL-4, IFN-y/IL-10, and IFNy/IL-
13 were slightly enhanced in schizophrenia. Howetver serum and whole blood assay IFN-
y/IL-4 and IFNY/IL-10 were (significantly) decreased if comparedhealthy subjects. They
indicated that some unknown “contra-Th1” and/or%dih2” factors possibly had suppressed
Th1l and/or promoted Th2 cytokines in serum and Ritisulated whole blood. Candidates
being able to influence Th1/Th2 balance in schizepia might be prolactin, cortisol, and
SHBG/testosterone according to the results of mileltregression and MANCOVA. The
reason was that they were found to have impactsTbit/Th2 balance and clearly
distinguishable between schizophrenics and controls
Prolactin & Th1/Th2
Highly elevated prolactin seemed to be an overwhwjmaberration in schizophrenics.
Enhanced prolactin levels in schizophrenic patientsy be the results of anti-psychotic
medication (Meaney et al., 2004). Neverthelessaptim abnormality was already described
in un-medicated, drug-naive schizophrenics aboa decade ago (Abel et al., 1996; Van
Cauter et al., 1991). Hyperprolactin in schizopkaeis not an obligatory consequence of
neuroleptic treatments. Apart from neuroleptic tireents, there are some other factors such
as stress or cytokines (e.g. IfNand TNFe) that could have impacts on prolactin release.
IFN-y and TNFe have the potential to act directly on anterioupétry cells to slow the rate
of prolactin release (Abel et al., 1996; Van Caeteal., 1991; Walton and Cronin, 1990). The
hyperprolactin in our patients could be partly do@€lecreased TNE-and, particularly, IFN-
y. But both IFNy and TNFe have no effect on the inhibition of prolactin mde mediated by
dopamine (Abel et al.,, 1996; Van Cauter et al., 119%alton and Cronin, 1990). The
dopaminergic tuberoinfundibular pathway is respolesifor dopamine-mediated prolactin
release; this pathway is inhibited in acute striesg]ing to increased prolactin levels. Over 2
decades ago, a model of schizophrenic susceptibalienvironmental stress was constructed
(Leff et al., 1983). The stress could be eithertaairess in the form of life events and/or
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chronic stress in the form of the emotional atmesehn the patient's home (Leff, 1981).

Increased prolactin levels in schizophrenia cowddised partially by acute stress. Another
possible rationale for the hyperprolactin in ounigophrenics could be reduced cortisol since
cortisol was newly found to have inhibitory effects prolactin releases from pituitary (Hyde

et al., 2004; Uchida et al., 2004).

Regardless of the resources of increased prolgmtotactin was reported to amplify [FN-
release (Hyde et al., 2004; Matalka, 2003a; Breidthet al., 2002; Rovensky et al., 1999). It
was ever regarded as a Thl phenotype due to ltg/dbiactivate IFNy and interact with IL-

12 (Matera, 1997). Our schizophrenic patients ldgdpite of having higher prolactin levels
than controls, reduced serum and whole blood askayTh2 ratios. The results implicated
that the prolactin pathway to promote IfgMelease could be somehow deficient, so leading to
IFN-y deficiency. Moreover, the impacts of prolactin I6iN-y could be not monotonic. A
high concentration of prolactin likely leads tohmt a decrease than an increase of IL-2-
induced IFNy synthesis (Matera and Mori, 2000). So, the treroasly reduced IFN+in
schizophrenia could be induced by hyperprolactinadidition, activation of T lymphocytes
mediated by the interaction of prolactin, prolacceptors, and the JAK2/STATS pathways
leads to production and release of various Th2koy&s including IL-4, IL-5, IL-6, and IL-10
(Vera-Lastra et al., 2002). Enhanced serum IL-4 l&r@ in our schizophrenic patients was
possibly, at least in part, attributed to hyperagetih. Hence, it could be that either down-
regulation in the IFN¢ promoting route and/or up-regulation in the Th2o&ine-promoting
pathway via prolactin occurred in schizophreniaatidition, SOCS3 can be enhanced and
CIS can be induced by prolactin (Dogusan et al.0020 Highly reduced IFN¢ in
schizophrenics could be additionally raised by mgp#actinism via SOCS3 and CIS.

Prolactin appears to be able to exert its impantshe Th1/Th2 system via distinct routes.
Nevertheless, excluding the effect of prolactin2-Bhifts in schizophrenia remained clear,
especially, in serum.
Cortisol, SHBG/testosterone & Th1/Th2

Corresponding to the outcomes of Taherianfard ahdri&y (2004), we found that

schizophrenics had lower cortisol, total testosterand estradiol levels. But the diversity in
estradiol between schizophrenics and controls didreach any significance level in our
study. However, the sex-hormone binding globulitdB&), an agonist of estradiol, was
found to be extremely lower in schizophrenics thanhealthy subjects. Both markedly
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reduced cortisol and SHBG appeared to be age-irgtens abnormalities since they were
lately found to vary positively with age in normglbjects (Purnell et al., 2004; Elmlinger et
al., 2002).

Cortisol in humans can act as more than just stressones; they were newly shown (1) to
have a significant influence on neuroenergeticstreesy could modulate activity-related
changes in brain glycogen metabolism (Allaman et 2004) and (2) to be involved in
modulation of hippocampal neuron excitability, meynéormation, and neurodegeneration
(Davies and MacKenzie, 2003). Moreover, DHEA/caitisratios (DHEA =
dehydroepiandrosterone) were implicated to be abladentify a particularly impaired
subgroup of medicated chronic schizophrenia (Hastisl., 2001). An attenuated cortisol
response towards psychosocial stress was descibativerse patient groups (Buske-
Kirschbaum et al., 2003). We also found markedturced cortisol levels in schizophrenia as
a whole group if compared with healthy subjects.ci@ased cortisol levels in our
schizophrenic patients could be raised by psychakatress. However, reduced cortisol
levels in our schizophrenic patients could alsot l@ih an altered regulation of DHEA-S
(Dehydroepiandrosterone sulphat) since DHEA-S matyaa an anti-glucocorticoid agent
(Marklund et al., 2004). Regardless of the posssalerces of cortisol abnormality, cortisol
was found to induce a shift from Thl to Th2 (Viseeml., 1998; Franchimont et al., 1998).
Despite that cortisol was shown to be reduced ihizephrenics in this study, our

schizophrenic patients showed clear Th2-shiftemms.

SHBG, a protein binding to testosterone with hidgffindy, was newly implicated in

Alzheimer’s disease (Hoskin et al., 2004). Testoste was significantly associated with
cognitive function in elderly males (Yaffe et &002) and found to be lower in men with
Alzheimer’s disease (Hogervorst et al., 2003). Loaedrogen levels are linked to increased
plasma amyloi@ peptide 40 in older men with memory loss or demag(@illett et al., 2003).

The abnormalities in SHBG and testosterone likalggested a cognitive alteration in
schizophrenia. The reason for reduced SHBG level®ur schizophrenic subjects was
unknown. SHBG normally responds to circulating destrone and estrogen (Hoskin et al.,
2004); therefore, reduced SHBG in schizophreniagssigd an abnormal decrease in its
production and regulation. But decreased testas¢eno our schizophrenic patients might be
resulted from hyper-prolactin since prolactin-infus led to reduction of testosterone

(Romanowicz et al., 2004). Decreased testosterontd chave somewhat diminished Th2-
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shifts in the schizophrenics of this study sincesdis reported to inhibit Th2 and to promote
Th1l cytokines (Huber et al., 1999). Up to now, apart concerning the influence of SHBG
on Th1/Th2 balance was published. SHBG could, hewevwave impacts on Th1/Th2 balance
at least indirectly via testosterone and estradiate changes in SHBG levels lead to
alterations in estrogen production and testostesmtizity (Anderson, 1974). Nevertheless,
excluding the effect of testosterone and SHBG, edrkh2-shifts were still observed in our

schizophrenic patients.

Somehow, it's very difficult to differentiate cagsand results in this case since Th1/Th2
cytokines, prolactin, SHBG/testosterone, and aolrtiave influences on and are influenced
by one another reciprocally. Not only diverse homem have influences on cytokines.
Cytokines such as IL-6, TNF, and IRNzould also play an important role in modulation of
hormone secretion by directly influencing speciinizymes of steroid genesis in various

endocrine cell types (Herrmann et al., 2002).

7.4.2 Male subjects with schizophrenia

Similar to the results in the whole group of healtontrols, all serum, whole blood assay,
and lymphocyte Th1/Th2 ratios of control males sbdwlear antagonisms between IFN-
and IL-4, IL-10, IL-13 according to the findingsofn multiple regression. That is, IFN-
significantly positively correlated to IFMiL-4, IFN-y/IL-10, and IFNy/IL-13 in healthy
controls. In contrast, the major Th2 cytokines IL44-10, and IL-13 were markedly
negatively associated with IF{H.-4, IFN-y/IL-10, and IFNy/IL-13, correspondingly.
However, the antagonism between whole bloassay IFNyIL-4 and that between
lymphocytelFN-y/IL-10 and IFNy/IL-13 were lacking in schizophrenic males. Mal®jsats
with schizophrenia appeared to have a disturbedganistic mechanism between both T
helper-systems in both in vitro systems.

Except cortisol, all parameters measured were Wreebin Th1/Th2 balance in male patients
Even though both the whole schizophrenic grouptaedmale schizophrenic subgroup had a
disrupted Th1/Th2 antagonism, the results concgrtiie possible causes of Th2-shift from
multiple regression in male schizophrenic subjsbswved a different picture from that in the
whole schizophrenic group. Except cortisol, all ttker parameters measured in this study
such as SHBG, age, prolactin, estradiol, testoségrand IL-6 might be directly involved in
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serum and whole blood assay Th1/Th2 imbalance ile s&hizophrenics, in addition to the
key factors IFNy, IL-4, and IL-10. In addition, IL-2 and TNE&-likely played an indirect role
in the Th1/Th2 balancing in schizophrenic men bseathey were significantly related to
IFN-y and IL-4, respectively.

Involvement of various endocrinological parametemsiale schizophrenic patients

Male schizophrenics had in general lower serum kiy® levels, testosterone, SHBG,
however, higher prolactin levels than control miencontrast to the results from the whole
group of schizophrenic patients, all hormones exceptisol measured in this study exerted
effects on the Th1/Th2 ratios in males with schimepia according to the findings from

multiple regression analysis.

Generally, Th2-shift in male schizophrenic patients less explicit than that in their female
schizophrenic counterparts. Males were found tavsadigher Th1/Th2 ratio compared with
females (Giron-Gonzalez et al., 2000). The reas@hitbe that males had higher levels of
testosterone than females since testosterone wasnsto favor Thl-shift (Huber et al.,
1999). However, testosterone was not the explamdbo the diversity in Th1/Th2 ratios
between both male subject groups in our study lsceaale subjects with schizophrenia had
markedly lower testosterone levels than male ctsitiReduced testosterone levels in male
schizophrenic patients might be the outcomes ateably elevated prolactin since injection
of prolactin resulted in decreased testosteronan@owicz et al., 2004). Various factors
could have effects on prolactin; they include néptic medication, cortisol, TNE; and
IFN-y (Hyde et al., 2004; Wallaschofski et al., 2003; IM#a and Cronin, 1990). Higher
prolactin in male schizophrenics probably was altesf neuroleptic medication. But it was
unlikely an outcome of changes in cortisol, TMFand IFNy, because male schizophrenic
patients and controls had comparable levels iretipasameters.

Summarized findings from multi-variance and muttiptgression analysis in male patients
Schizophrenic men as a whole group had neither edéylkhigher serum IL-4 nor noticeably

lower serum IFNy than male controls. The findings from multi-vagananalysisn which

IFN-y and IL-4 were surveyed separately seemed to iadelithat IFNy and IL-4 did not
antagonize each other in male schizophrenics. Maliance analysis is applied to compare
the differences in diverse variables between orrgmarious groups. The outcomes from
multi-variance analysis only suggested no markeegrdity in IFNy, IL-4, and IFNy/IL-4
ratio between both male diagnostic subgroups. Hewethe findings from_multiple

regressionof serum Th1/Th2 ratios revealed that IfNeorrelated tremendously positively,
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while IL-4 and IL-10 associated extremely negagvelith IFN-y/IL-4 and IFNy/IL-10 in
schizophrenic men. That is, those male schizopbsenwho had lower serum IFiNalso had
higher serum IL-4 and IL-10 and vice versa. Comgppdoefemale subjects with schizophrenia,
male schizophrenic patients had less marked rezhscin both serum IFNAL-4 and IFN-
y/IL-10 ratios. The reason could be that males hgbdn levels of testosterone than females
since testosterone was shown to favor Thl-shifimthert et al., 2004; Burger and Dayer,
2002). Reduced testosterone levels in male schieog patients could, therefore, have
contributed to the less pronounced reductions ith s@rum IFNy/IL-4 and IFNy/IL-10
ratios. The explanation for why the reduction imuse IFN+/IL-4 in male subjects with
schizophrenia was less obvious than in female ephiznics could be that IL-4 mRNA
expression were found to be lower in males thaenmales; testosterone, at least in part, may
be responsible for the decreased Th2 cell respangeales in vivo (Hayashi et al., 2003).
Possible causes of Th2-shift in schizophrenic males

Further deficit(s) in the macrophage system in rsalézophrenia?
Male schizophrenic patients had significantly restiserum IFN{IL-10, but not IFNy/IL-4
ratios if compared with healthy males. Deficits hait the typical Th1/Th2 differentiation
routes could be less explicit in schizophrenic mabecause IL-10 is not a typical Th2
cytokine. Th1/Th2 imbalance caused by deficits imitthe classical Th1/Th2 developmental
pathways might have been compensated by testostenoce testosterone was found to favor
Th1l development (Giltay et al., 2000). In additiagrgould indicate further deficit(s) in other
sites than the typical Th1/Th2 pathways. In hum#nd0 is produced by activated CD8+ T
cells, CD4+ T cells (Yssel et al., 1992), macrogsignonocytes, and mast cells (Verreck et
al., 2004; Haddad et al., 2003). Reduced serumWHN10, but not in whole blood assay
IFN-y/IL-10, could suggest that the sources of imbalanceerum IFNyY/IL-10 lie at least
partially in the factors which were excluded in tbemulated whole blood system. The
candidate factors could be macrophages or mast sieite both cell types were not or less
likely found in whole blood. Macrophages were mdikely than mast cells as another
possible sites of deficit in male subjects withisophrenia because macrophages produce
both IFNy and IL-10, but not IL-4 (Yanagawa et al., 1999yElaand Spitalny, 1983). Over-
activation in the macrophage/monocytes system cddgpen in male subjects with
schizophrenia. Abnormality in macrophages was #gtadready observed in schizophrenia
over 2 decades ago (Livni et al., 1979). Possialbggenic mechanisms behind lymphocyte
activation and macrophage dominance were oncedenesi as the causes of acute psychotic

symptoms (Nikkila et al., 2001). The macrophagesfhiphocyte theory was ever postulated
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as a possible etiological mechanism in schizoparédmith and Maes, 1995). Accordingly,
chronically activated macrophages and T-lymphocytese previously proposed as the
fundamental mediators of schizophrenia. Over-atitimaof macrophages could have led to
over-production of IL-12 and IL-10. Additionally, eonsistent hyper-production of IL-12
could again result in persistently elevated IL-1@ aeduced IFNy TNF-a, and IL-6 levels
(Portielje et al., 2003).

Hormones: prolactin, SHBG/testosterone
Further factors such as prolactin and SHBG/testoisée could have partly contributed to
Th1/Th2 imbalance in male schizophrenics since butle subgroups were remarkably
different in those variables. They were elucidatedhe previous section “7.4.1.The whole
group of schizophrenic patients”. The male schizepits of this study had evidently
“accelerated aging” regarding their testosteronvelte Their testosterone levels were much
lower than those in male controls, despite thal Imoale subgroups were of similar ages. Our
male patients had only about 2/3 of the averagéraloestosterone level. The reduction ratio
in testosterone of our male schizophrenics waslairto that of normal men at the age of 70
yrs (Vermeulen, 2003). Decreased testosteronedeneahale people with schizophrenia may
be caused by significantly elevated prolactin aslgatin injection led to reduction in
testosterone (Romanowicz et al., 2004). The rolegnoadal steroids such as testosterone in
neurite outgrowth, cell differentiation, cell deadynaptogenesis, and the determination of
cell position in earlier developmental phases wepmrted over one decade ago (Tobet et al.,
1994). Neuronal loss was prevented by simultaneolmsinistration of testosterone in vivo
and in vitro (Mizoguchi et al., 1992). Progressaral long-term sex hormone imbalance was
found to lead to degenerative changes in the CNfi({Bvich et al., 2003). Markedly reduced
testosterone and SHBG could hint at a neurodeg@ve@rocess occurring in one subgroup
of male schizophrenic patients. In addition, theyplicate possible cognitive dysfunctions in
schizophrenic males since they were shown to ledirio cognitive function in Alzheimer’'s
disease (Hoskin et al., 2004; Hogervorst et alQ320Moreover, reduced testosterone and
SHBG likely explained why the Th1/Th2 ratios wesed overt in male schizophrenics than in
their female schizophrenic counterparts becaustostesone is thought to shift the
development of T-helper cells towards Thl (Hubegalet 1999). Although elevated serum
prolactin concentrations often correlate with alomalities in immune responses (Brand et al.,
2004), increased prolactin levels in male schizepiur patients were probably raised by
neuroleptic medication (Meaney et al., 2004). Ritawas found to trigger the production of
Th1l cytokines like IFNy, IL-12 and TNFe, but not Th2 cytokines such as IL-6 and IL-10
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(Carreno et al., 2004; Rovensky et al., 1999). Lelssr Th2-shift in male people with

schizophrenia could be ascribed to the elevatigrafactin levels.

Those endocrinological parameters might have doeatdirect impacts on Th1/Th2 balance.
Nevertheless, they were not the only causes. S&hitrshift defined as significantly reduced
IFN-y/IL-10 ratio in schizophrenic males remained clatier the effects of those hormones

mentioned above were controlled.

7.4.3 Females with schizophrenia

Disturbed Th1/Th2 antagonism at serum, whole blaod, lymphocyte levels

The results from_MANCOVAshowed that female schizophrenics had noticeaddiyiaed
serum IFNy, but enhanced IL-4 if compared to healthy womeheyl seemed to suggest
Th1/Th2 antagonism in female subjects with schizepia. In contrast, the findings from
multiple regressiomevealed no antagonism between both T-helpermsgsbecause IFN-did
not significantly correlate to IFNAL-4, IFN-y/IL-10, and IFNy/IL-13, while IL-4, IL-10,

and IL-13 were not markedly related to the 3 Th2/Tatios stated above, respectively. The
findings from both MANCOVA and multiple regressidagether actually implicated that
female schizophrenics could be further subdivided it least 3 heterogeneous subgroups
according to their Th1/Th2 ratios. One subgrouplcdcanly have highly elevated IL-4 or IL-
13 or IL-10, a second one might have noticeablyiced IFNy, and a third one likely had
abnormalities in the key cytokines of both Thl/Té&tems. Th2-shift in female patients

appeared to be more heterogeneous than that mntlaée schizophrenic counterparts.

Summarized findings from MANCOVA and multiple regséon in schizophrenic females

MANCOVA demonstrated that schizophrenic females had génétplower serum Th1/Th2
ratios, characteristic Thl cytokines such as {N-2, cortisol, and SHBG, however, (2)
higher prolactin, Th2 cytokines such as IL-4, IL&, well as Th1/Th2 produced cytokines
like IL-10 and TNFe levels if compared to control females. Neverthgldsoth female

subgroups were quite comparable regarding testosteand estradiol.

Nevertheless, the findings from multiple regressaoalysisof Th1/Th2 ratios in which both

IFN-y and IL-4 of the same subject were consideredeas#iime time offered another picture.

They demonstrated that all parameters assessdusirstudy except SHBG obviously had

been involved in Th1l/Th2 balancing. As elucidatetbo\ee, superficially, female
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schizophrenics appeared to be more homogenousinegarh1/Th2 ratios; the whole female
patients had clear Th2-shifts. If considering tlh&ses of Th2-shifts, schizophrenic females
were heterogeneous as a whole group; this coulgalarexplain why the contributors of
Th1/Th2 variances were so widespread in schizopheomen.
Possible causes of Th2-shift in female schizoplrpatients

The APC IL-6/SOCS/CIS pathways
Thus, for those female patients who had primarilyreased IL-4 or predominantly decreased
IFN-y, deficits in the APC IL-6/SOCS/CIS loops statedthe foregoing section were more
likely because the pathways of IL-6 to inhibit IFNand to promote IL-4 function
independently (Diehl and Rincon, 2002). Maybe, twmvn-stream component(s) of the
pathway to promote IL-4 or the route to inhibit Hy\vas/were somehow up-regulated.

Typical routs for Th1/Th2 development
For those schizophrenic women who had alterationdFN-y and IL-4 simultaneously,
shortages in both classical Th1/Th2 differentiatronts are also possible except the IL-6
alternative pathways. So, up-regulation of the Eg&tem results in down-regulation of the
Th1l system (Finkelman and Urban, Jr., 2001; Kroeshait., 1996).

Stress hormones
Furthermore, hormones such as cortisol and prolactild also have made their contribution
to Th2-shift in schizophrenic women because thegeveown to influence Th1/Th2 balance
(Dimitrov et al., 2004; Elenkov, 2004) and sigréfintly different between schizophrenic and
control females.

Cortisol

Female schizophrenic patients as a whole group viarad to have markedly reduced
cortisol, but not males with schizophrenia if comgghto healthy subjects of corresponding
sex. Males have normally higher cortisol levelsntii@males in response to stress (Sauro et
al., 2003). Alterations in cortisol in female sutige with schizophrenia might be associated
with stress (Raison and Miller, 2003). Neverthelesstisol can act more than just as a stress
hormone. It was found to be able to modulate newmotvity-related changes in brain
glycogen metabolism (Allaman et al., 2004). Theralso evidence for a relationship between
chronic changes in circulating cortisol and the mmgmmpairments in schizophrenic patients
(Walder et al., 2000; Newcomer et al., 1998). ddidon, it was thought to (1) play a
potential role in the expression of psychosis (Waldt al., 2000) and to (2) positively
correlate with ratings of positive, disorganizedd averall symptom severity, but not with

negative symptoms (Walder et al., 2000). The plasoréisol response to apomorphine (a
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dopamine agonist) and to ipsapirone (a 5HT1A padgonist) were also found to be
markedly blunted in patients with schizophrenia pamned to normal controls (Lee and
Meltzer, 2001; Meltzer et al., 2001). The findin@ncerning ipsapirone was only observed in
female people with schizophrenia (Lee and MeltZ2001). Furthermore, neuroleptic
responders were shown to have a higher cortispbrese towards apomorphine compared to
non-responders (Meltzer et al., 2001). Reducedsobievels in female schizophrenics of this
study might be not only caused by stress but likdép by certain cognitive dysfunction; in
addition, they could also implicate the responsésfemale schizophrenic patients to

neuroleptic treatments.

Although Braun et al. (1997) found that Thl and Tb8ponses were equally affected by
cortisol, evidence accumulated over the last 5-4&ry indicates that glucocorticoids inhibit
the production of IL-12, IFNt IFN-a, and TNFe by antigen-presenting cells and Thl cells,
but up-regulate the production of IL-4, IL- 10, afid13 by Th2 cells (Elenkov, 2004).
Schizophrenic females had noticeably reduced abrtisat could have contributed to Th2-
shift. No matter how cortisol impacts Th1l/Th2 balan after controlling the effects of
cortisol, Th2-shift remained clear in female pat$en

Prolactin
Elevated prolactin levels were also detected inalenschizophrenic patients. Increased
prolactin might be a result of neuroleptic medwat{Meaney et al., 2004); however, it's not
an obligatory consequence of anti-psychotic treatm®rolactin abnormality was ever
described in drug-naive schizophrenics over 1 deeam (Abel et al., 1996; Van Cauter et
al., 1991). Prolactin was even found to be abledifferentiate distinct schizophrenic
subgroups such as paranoid and disorganized st¢hiemnp from each other (Segal et al.,
2004). Schizophrenic patients reacted towards teptio treatment with hyperprolactinaemia
were found to have increased probability to haveDRR)Alallele (Young et al., 2004).
Enhanced prolactin in schizophrenia could be gartiasulted from the abnormal reaction to
neuroleptic treatments that was caused by geneficitd. In addition, many other factors
could influence prolactin levels in schizophrenixamples include IFN; TNF-a, and
cortisol. They can slow down or inhibit the releadeprolactin on anterior pituitary cells
(Hyde et al., 2004; Uchida et al., 2004; Walton @ndnin, 1990).

Despite of the source and nature of elevated prolat schizophrenia, prolactin was shown
to favor Thl shift (Dimitrov et al., 2004). Prolacicould exert its effects on Th1/Th2 cells
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via diverse pathways such as JAK2/STATS5, prolacticeptor, IL-2, SOCS3/CIS, NkB,
and IRF-1 (interferon regulatory factor 1) (Braricak, 2004; Vera-Lastra et al., 2002; Matera
and Mori, 2000; Dogusan et al., 2000; Matera, 198¢hizophrenic women had significantly
reduced Th1/Th2 ratios, regardless of having higimetactin than healthy females. Even if
prolactin impacts IFNtin a bi-modal manner as Matera and Mori (2000¢desd, Th2-shift

in female schizophrenic patients remained significdter the effects of prolactin were taken

into account.

7.5 Strategiestorestore Th1/Th2 balance in schizophrenia

In the subsequent sections, the strategies tolagdm Th1/Th2are recommended within the

framework of neuroleptic treatmeim schizophreniaf Th2-shifts regarded as biological

features of schizophrenics which might contribatehie outbreak of disease and therefore as

a co-target of treatment.

7.5.1 The whole group of schizophrenic patients

The whole schizophrenic group had lower cortisélB&, however, higher prolactin than the
control group. In addition, they had significantbyver IFN-y, nevertheless, higher IL-4 and
IL-6 than controls if excluding extreme values. Tley issues in conceptualizing
pharmacological therapies for schizophrenic patieimclude: (1) increasing IFM-and
lowering IL-4, IL-6 simultaneously, (3) down-regtitay prolactin, (4) up-regulating cortisol
and (5) SHBG/testosterone. Generally, the mediadministered to schizophrenic subjects in
order to restore the balance between both Thl/fs2esis has to promote IFN-and
suppress IL-4 in both serum and whole blood asA&ddlitionally, it must promote IL-6 in
whole blood assay, but suppress IL-6 in serum. Glueae the therapeutic issues stated
above, further investigation using multiple regress analysis is required. More
schizophrenic patients are also needed due toverwnt of many essential predictors in
Th1/Th2 balancing in schizophrenia and due to tbemicated inter-correlations among

those predictors.

To date, schizophrenics are treated principallyhwmiguroleptics. However, so far, no study

systematically investigates the effects of distmeidicines/neuroleptics on diverse serum and
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whole blood assay Th1l/Th2 ratios in schizophrenatiepts and healthy controls,
simultaneously considering the effects of divemaetdrs from the endocrine system. Which
neuroleptic should be administered to schizophrpat@ents in order to redirect the Th2-shift
still remains unknown. Nevertheless, within thenfeavork of present neuroleptic treatment in
schizophrenia, generally speaking, anti-psycholiasing high affinity for dopamine D2
receptors, particularly typical neuroleptics (Halld Sallemark, 1987), are not suitable to treat
schizophrenics with Th2-shift. Typical neuroleptiwsre found to have a rather long-lived
prolactin increasing effect (Meltzer et al., 198B)evated prolactin is in turn not preferred.
However, a newest study showed that haloperidoy d&l to a minor, non-significant
increase in serum prolactin levels of schizophremd schizoaffective patients (Volavka et
al., 2004).

According to available evidence, the effects obpatidol on Thl cytokines are controversial
(Rudolf et al., 2002; Kowalski et al., 2000; Kim ak, 2000; Polimacher et al., 1997,
Boukhris et al., 1988). Nearly no report regarding effects of haloperidol or other typical
neuroleptics on Th2 cytokines was published. Ominfacher et al. (1997) showed no effect
of haloperidol on plasma IL-6 at medium dosage.rétoee, haloperidol is likely due to its

effect of provoking prolactin production and thadecreasing serum/whole blood assay IL-2

less suitable for schizophrenics having Th2-shift.

Atypical neuroleptic risperidone also caused sigaiit elevation of prolactin levels that
appeared to be dose-dependent (Volavka et al.,)28@Aough another study showed that the
risperidone-induced hyperprolactin declined afteto-B-month treatment in children and
adolescents (Findling et al., 2003). Risperidons feand, additionally, to increase serum IL-
10, IL-6, sIL-2R as well as IL-10 and IL-2 in vitproduction (Cazzullo et al., 2002; Maes et
al., 2002; Maes et al., 1996). Besides, risperidbad impacts on both IFM-and IL-4
production in a time-dependent manner (firstly mland later increased) (Cazzullo et al.,
2002). The effects of risperidone on Th1/Th2 cyteki seem to be highly complicated. But
another atypical neuroleptic clozapine demonstrai@tactin-sparing effects due to its low
affinity to dopamine D2 receptors in the dopamimetgberoinfundibular pathway (Hamner,
2002). Moreover, the relevant literature mostlygesis that clozapine increases several Thl
cytokines and/or their receptors including IFNH.-2 in vitro production, plasma TNE;
STNF-Rp55, sTNF-Rp75, and slIL-2R (Rudolf et al.020Song et al., 2000; Haack et al.,
1999; Hinze-Selch et al., 1998; Muller et al., 198Maes et al., 1996; Pollmacher et al., 1995;
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Maes et al., 1994). However, clozapine was alsaddo increase serum and plasma IL-6 in
(acute) schizophrenics (Maes et al., 2002; Maesal.et1997). That is, it's possible for
clozapine to cause Th2-shift via the APC IL-6/SOQIS/ pathways (Diehl and Rincon,

2002). Nevertheless, clozapine_is relatively margable than the other neuroleptics to treat

schizophrenics with Th2-shift because it increales cytokines and has less hyperprolactin

effect.

7.5.2 Male schizophrenic patients

Male schizophrenics had in general lower serum kiy® levels, testosterone, SHBG,
however, higher prolactin than control men. Theanapncerns to redirect Th2-shifts in male
patients contain: (1) increasing IRN-(2) lowering prolactin, and (3) increasing
testosterone/SHBG. Clozapine, supplemented withosesone, might be beneficial in
schizophrenic males having Th2-shift for the reastvat (1) clozapine could increase I¥N-
IL-2, IL-6, TNF-a (Rudolf et al., 2002; Song et al., 2000; Haacklet1999; Hinze-Selch et
al., 1998; Maes et al., 1994), (2) that clozapias less prolactin-provoking effects (Volavka
et al., 2004), and (3) that testosterone promotels While inhibits Th2 cytokines (Giltay et
al., 2000; Huber et al., 1999). Elderly men 40 years) who had a total testosterone level
lower than 3 ng/ml were suggested to undertakeodgsbne replacement (Basaria et al.,
2002). The average total testosterone level ofnoale schizophrenic patients was 4.56 ng/mi
(SD = 2.13 ng/ml). That is, one subgroup of ouremathizophrenic patients had extremely
low testosterone levels; their testosterone lewelisee comparable to those of males older than
70 years old. This subgroup of male patients mayfitpfrom testosterone supplement.
However, whether or not a combination with testaste is proper to treat male
schizophrenic patients required further examinatioacause (1) Th2 cytokines were lower in
male schizophrenics and (2) use of testosteroniel ¢ead to further decrease in SHBG which
might be not favorable due to noticeably decreaSeétBG in male schizophrenicsn
addition, one subgroup of male schizophrenic ptiérad rather enhanced Th1l/Th2 ratios
compared to healthy male subjects; for this subgradditional supplement of testosterone

could be detrimental.

7.5.3 Female patients with schizophrenia
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In female schizophrenics, all parameters measubsibosly had participated in Th1l/Th2
balancing in accordance with the findings from npldt regression analysis. Additionally, the
major cause of Th1l/Th2 imbalance in female patiargs either extremely reduced IFNor
highly enhanced IL-4 or both. Schizophrenic femdilad generally lower serum IFN-L-2,
cortisol, SHBG, and both serum Th1/Th2 ratios, havehigher prolactin, TNFet, IL-4, IL-

6, and IL-10 levels if compared to control femalEsmale schizophrenic patients had the
lowest serum and whole blood assay N;NE-2, nonetheless, the highest whole blood assay

IL-4 and serum prolactin level among these 4 gesdbgroups.

Medicines administered to female schizophrenicsingavTh2-shifts had to enhance
serum/whole blood assay IFNand/or decrease serum/whole blood assay IL-4, heme
decrease serum IL-6, but increase whole blood ais#® depending on their Th1/Th2
deficits. As elucidated in the section “7.5.1. Twikole group of schizophrenic patients”, it
requires further examinations in order to find eutich medicine/neuroleptic can achieve
such therapeutic effects. Hitherto, investigationthis regard are lacking. Before conducting
such a study, systematic examinations of diveragoheptics on distinct Th1/Th2 ratios
under the consideration of various endocrinologpeabmeters in schizophrenia and controls
are firstly needed. In the following sections, reooendations are made within the framework
of present anti-psychotic treatment because neuticeare currently the most often used

psychotic agents in schizophrenia.

As the results from MANCOVA and multiple regressiamalysis shown, Th2-shift in
schizophrenic women is very heterogeneous. Soyét'g essential to ascertain which factors
could contribute to Th2-shfit of which subgroupfemale patients. That is, which of those
predictors contribute to Th2-shift mainly resulttdm reduced IFN¢ which influencing
factors contribute to Th2-shift primarily origindté&rom elevated IL-4, and which parameters
contribute to Th2-shift caused by both decreasétyiland augmented IL-4.

So far, clozapine appears to have advantages loweather neuroleptics in terms of restoring

Th1/Th2 balance. Clozapine was shown to (1) inereamious Thl cytokine productions

such as IFN¢ and IL-2 (Rudolf et al., 2002; Song et al., 206&ack et al., 1999; Hinze-

Selch et al., 1998; Muller et al., 1997; Maes etE)96; Pollmacher et al., 1995; Maes et al.,

1994) and (2) to have less hyperprolactin effé¢tdgvka et al., 2004), although it was found

to increase serum IL-6 (Maes et al., 2002; Maesalet 1997) which is not desired.
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Furthermore, it's noteworthy that among distinctokynes, prolactin, cortisol, estradiol,
testosterone, and SHBG existed very tangled irdeetations in schizophrenic females as
shown in the results from multiple regression. @e@nin one variable could lead to
alterations in many other factors. So, if restaraidf Th1/Th2 is considered as a co-target of
treatment in female schizophrenics, then how tHastors vary with one another might be

crucial to achieve favorable effects and requiréhier examinations.

Currently, due to the neuroprotective role of agtro (Sortino et al., 2004; Alexaki et al.,
2004), there is so-called estrogen hypothesisok&aljas, 2004). The estrogen hypothesis
proposes that the lower need for neuroleptic dmdemale schizophrenia patients is caused
by the antidopaminergic effect of estrogens, arad when estrogen production decreases at
menopause, the need for neuroleptic drugs increasefemale schizophrenia patients
(Salokangas, 2004). Estrogen add-on therapy isefttre, deemed as promising (Moller,
2003) because it can augment the treatment efééastipsychotic medication (Liao et al.,
2002; Grigoriadis and Seeman, 2002)Th2-shifts are some of the many primary biological
defects leading to (certain) schizophrenic symptatmsn the supplement could be harmful
for those schizophrenic women having Th2-shift sift) estradiol was found to exert rather
inhibitory effects on Thl cytokines, but promotirggfects on Th2 cytokines and (2)
schizophrenic and control women had relatively caraple estradiol levels (Lambert et al.,
2004; Burger and Dayer, 2002; McMurray et al., 208@dber et al., 1999; Salem et al., 1999).
In addition, the use of estrogen replacement therapconjunction with antipsychotic
medication in postmenopausal women with schizoparéas its limit. It may help reduce
negative, but not positive, symptoms (Lindamer let 2001). Besides, there is individual
variability for response to estrogen supplementagmssibly associated with onset age (Liao
et al., 2002). Probably, estrogen supplement caappéed to female schizophrenic subjects
having late onset because late-onset schizophpatients did not have serum Th2-shift.
Neuroleptic combined with estrogen won't deterieraerum Th2-shift in schizophrenic

women and could be, thus, helpful for this subgrolfemale schizophrenic patients.

7.6 Criticsand questionsfor further investigations
7.6.1 Critics on this study

In this study, the major cytokine levels in serund @roductions in stimulated whole blood
were assessed with Cytometric Bead Array (CBA). blygest advantage of CBA is that
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both Thl and Th2 key cytokines of the same indigidvere measured together with the same
material (serum/supernatant). Unlike in conventioBhISA, for each single cytokine, a
certain amount of material is required to measwaehecytokine separately. Therefore, the
comparability of the indicators of both Th1/Th2 t&yss in the same subject is very high due
to no inter-assay variance among distinct cytokimgisin the same participant.

The principal shortage of this study concerns gmaphocyte data (ELISPOT). Using the
separating isotonic solution with a density of Z.0iot only lymphocytes but also 8-9% of
monocytes and 1-2% of mast cells/basophils weratmsd. It would be better if either only
lymphocytes or complete leukocytes were separatgdnot cells mixed with a small amount
of different cell types. It's harder to draw a eleanclusion using partly mixed cell types for
analysis than just using one or all leukocytes.tAapdrawback of this study is that no other
psychiatric patients with the same disorder (eagiepts only with schizoaffective disorder or
patients only having bipolar disorder) were incldides reference group to compare with the
schizophrenics. Comparisons with a patient growgnigamixed diseases won't be able to
clarify whether or not schizophrenics share whiefiait(s) with which disorder(s) due to the
heterogeneity in a patient group with mixed illresssAdditionally, the case numbers of
diverse schizophrenic clinical subgroups are nethi small. Some schizophrenic subgroups
had only about 1/13 of the cases in healthy camtrBlarticularly for multiple regression
analysis, it would be better to have a higher numdfeschizophrenic cases because there
were so many predictors involved. Other drawbaoktude no data regarding the menstrual
cycles of females with schizophrenia and no infdromarelating to precise washout periods.
Nevertheless, the purpose to obtain the menstryakes was to control their effects on
Th1/Th2 balance in female patients. In this stusdyum estradiol levels were measured and
included as a possible covariant of Th1/Th2 imbedaim schizophrenic women. It's rather a
biological parameter like estradiol than a clinigakiable such as menstrual cycle exerting
direct effects on Th1l/Th2 ratios. Therefore, inahgdestradiol into the study should have
compensated the shortage of no data concerninghémstrual cycles of female subjects. In
addition, the precise washout periods were misgingome patients. The aim to obtain
washout periods is also to control their effectsTdrl/Th2 balance. Serum prolactin is an
indicator of neuroleptic treatment and was assess#us study. As stated above, it's rather
biological parameters like prolactin having dir@tipacts on a biological process such as
Th1/Th2 balancing. It's not a clinical variabledikvashout period having direct influences on

Th1/Th2 cytokines. So, inclusion of prolactin as@variant into the analysis should have
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countervailed the drawback of not having completieda regarding washout period in
schizophrenic patients.

7.6.2 Questions for further investigations

Th2-shifts appeared to be schizophrenia-specifraumo-endocrinological deficits. However,
in this study, we won’t be able to detect whichisophrenic symptoms are Th2-shifts related
to. We only found out that Th2-shifts had no obgi@aonnection with positive symptoms. So

the first question is: which schizophrenic symptehié/are Th2-shift-relevant

Neurotransmitter, particularly dopamine, hypothesisschizophrenia has been dominating
this field for many decades. Despite of the insigficy of dopamine hypothesis to elucidate
all schizophrenic cases, it may be able to illunenthe pathogenesis of at least one
schizophrenic subgroup and therefore remains a$othes of neurochemical research in the
past five years. Since (1) we found serum Th2-shifere observed in most schizophrenic
subgroups and (2) various elements in the dopamsym¢hesis were lately found to have
diverse impacts on distinct Th1/Th2 cytokines (Garal., 2003; Ghosh et al., 2003; Alaniz et
al., 1999), possibly there is one schizophrenigsulp having both dopamine and Th1/Th2

abnormalities. Therefore, the second questiorsisheére any connection between dopamine

abnormalities and Th2-shifts in schizophrenif®here is, what kind of relationship exists

between both biological features in schizophremitemts?Clarifying questions of this kind

might be helpful to select “proper patients” fouitable neuroleptics targeting the dopamine
system” and thus avoid diverse side effects sirmealeptics are frequently administered to

schizophrenic patients.

To the end, some more questions are addresseavistigations in the future:

(1) In this study, serum/whole blood assay/lympheciFN+/IL-4, IFN-y/IL-10, and
lymphocyte IFNy/IL-13 ratio were used to indicate Thl/Th2 balanae
schizophrenia. We found that one subgroup of sghmEnics who had markedly
reduced whole blood assay IRNL-4 and IFNY/IL-10 ratio might be treatment-
resistant due to barely change in severity of spmgt after 8-week-treatment. In
addition, we also found early-onset schizophrehas reduced lymphocyte IFdH-

4 and IFNy/IL-13, while late-onset schizophrenics had enhdniseth lymphocyte
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Th1/Th2 ratios. Are these three Th1l/Th2 indicattrgether or separately able to
differentiate distinct schizophrenic subgroups frone another?

(2) Obviously, neuroleptics have direct or indir@opacts on Th1/Th2 ratios. Since (a)
neuroleptics belong to the psychotic agents oftesgibed to schizophrenics and (b)
Th1/Th2 imbalance has been associated with a yaoétdiseases, it might be
important to clarify which neuroleptic has what diof effect on which (Th1/Th2)
cytokine under what kind of experimental conditiororder to optimized therapeutic
effects.

(3) Hyperprolactin is frequently associated to -@stychotic treatment. But according to
the latest literature, it is not necessary the Itesti neuroleptic therapies. Since
prolactin could influence Th1l/Th2 cytokines via titist routes, it could be also
indispensable to disentangle the relationships éetvprolactin and diverse Th1/Th2
cytokines in order to (a) restore Th1l/Th2 balance ) to avoid prolactin-induced
side effects such as sexual dysfunction in schimapbs.
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Suln nary

Schizophrenia is a complex disease, in which exaepgenetic component external
influencing factors also play an important role.idgmiological data further indicate a
possible role of viral infection as an environmérigetor in the etiology of schizophrenia.
Th2-shift has been associated with distinct virdéctions. Diverse lines of immunological
evidence point out that a Th2-dominated conditionld be observed in at least one subgroup

of schizophrenia.

(1) Aims: This study is designed to explore (a) the baldretereen Th1/Th2 systems and (b)
eventually to detect the possible causes of Thl/ifmi2alance among the parameters
investigated in this study in schizophrenic pasent

(2) Questions
(@) Is a significant Th2-shift observed in any gopihrenic subgroup after the effects of

diverse endocrinological parameters are takenantount?

(b) If yes, can this schizophrenic subgroup be attarized through any clinical or
epidemiological variable?

(c) If yes, which of those immunological and endloaiogical parameter(s) assessed in
this study could make remarkable contribution(s)tite variances of the Th1/Th2
ratios in schizophrenia?

(3) Hypothesis
(@) To question (2a), A Th2-shift is supposed ta@uocin at least one subgroup of

schizophrenics; that is, the Th1/Th2 ratio(s) s/significantly reduced. The IFM}L-
4, IFN+y/IL-10, and IFNy/IL-13 ratio are used as indicators of Th1/Th2 bhaéa

(b) Question (2b) and (2c) are open questions;ypothesis in these regards is assumed.

(4) Methods:

(a) Analysis materials include serum, whole blood, and isolated lymphesyt‘Total
serum data” means that all data for serum cytokavels, serum Th1/Th2 ratios,
hormones, SHBG, gender, and age were availablela8iyn “complete whole blood
assay data” means that all data for whole bloodyasgtokine productions, whole
blood assay Th1/Th2 ratios, hormones, SHBG, gemuahel age were obtained. “Entire
lymphocyte data” means that all data for lymphoogy#okine secretions, Th1/Th2
ratios, hormones, SHBG, gender, and age were tetlec
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(b) Subjects: Totally, 114 schizophrenic patients and 101 gadubjects had participated
in this study. Among them, 76 schizophrenics anah@®nal subjects had total serum
data, 44 patients and 76 normal controls had camplbole blood assay data as well
as 72 schizophrenic patients and 98 controls haedymphocyte data.

(c) Variables comprised _immunological endocrinological and diverse _ clinical

parameters. The immunological variables consisteihd cytokines such as IFi-
IL-12, IL-2, and TNFe as well as Th2 cytokines including IL-4, IL-10,-113, and IL-
6. The endocrinological parameters contained twessthormones cortisol and
prolactin, two sex-hormones estradiol and testosteras well as the sex hormone
binding globulin (SHBG). Clinical data included amimation regarding clinical
diagnostic subgroups, family psychiatric historye-medication, disease episode,
drug-naive/drug-free, washout-period, onset agjgest duration, scores on the CGI
(at admission & discharge) as well as on diverdescales of the PANSS (positive,
negative, global).

(d) Analysis methods contained Cytometric Bead Array (CBAELISA, and ELISPOT

CBA was used to measure serum and whole blood dBday, IL-2, TNF-a, IL-4,
IL-10, and IL-6. ELISA was applied to assess whioleod assay IL-12 and IL-13,
while ELISPOT was utilized to detect IFp{L-4, IL-10, IL-13, and IL-12 production
at lymphocyte level. Furthermore, hormone levelsarum such as cortisol, prolactin,
estradiol, testosterone, and SHBG were obtainagsing corresponding Elecsys Kit.
(e) Design: All schizophrenic patients were firstly analyzagl a whole group and then
divided into distinct subgroups according to thgenders and various clinical
features; these were the independent varialdlee main_dependent variableere
Th1/Th2 ratios including IFN#IL-4, IFN-y/IL-10 (serum, whole blood, lymphocyte),

and IFNy/IL-13 (lymphocyte). If any marked disparity in agarious hormones, and
SHBG between any schizophrenic subgroup and cantiteéy were included into the
analysis as co-varianis order to control their effects on Th1l/Th2 baann the
corresponding index-groups.

(H Major dtatisticss MAN(C)OVA and multiple regression analysis. MAN@VA was
applied to unravel the question (2a) and (2b), evimlultiple regression analysis was
utilized to solve the question (2c).

(5) Primary results:

(@) The results supported our hypothesis “Th2-simftat least one schizophrenic
subgroup”.
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(b) Findings regarding Th1/Th2 imbalance in schimepia (outcomes from
MANCOVA):

(©)

The in vivo serum data indicated a clear Th2-shifschizophrenia as a whole
group _after excluding the effects of age and vaidwrmones (particularly

prolactin)

Serum Th2-shift appeared to be schizophrenia-speasfthe data shown no Th2-

shift in patients with schizophrenia-related disvsd

Female schizophrenics as a whole group had signilic decreased serum IFN-
y/IL-4 and IFNy/IL-10 ratios, whereas male schizophrenics as devbmup had
only noticeably reduced serum IRNL-10 ratios if compared to the
corresponding sex of controls.

Reduced serum IFMAL-4 and IFNy/IL-10 were likewise observed in various
clinical schizophrenic subgroups with noticeablgraased probabilities except
schizophrenics pre-dominated with positive symptoms

Significantly reduced whole blood assay IFM--10 ratios were found in non-
paranoid, chronic schizophrenics, patients withitp@s family history or being
drug-free for longer than 3 months, and schizophsehaving lower scores on the
PANSS negative scale. It's worthy to note that emafve schizophrenics also
showed a tendency to have decreased whole bloagl H34¥-/IL-10 ratios.

Those schizophrenics whose symptom severities resdanearly unaltered after
8-week treatment had tremendously lower whole blsghy IFNyIL-4 and IFN-
y/IL-10 ratios than their healthy counterparts.

Early-onset schizophrenics had noticeably reduardns IFNy/IL-4 and IFN-
y/IL-10, nonetheless, enhanced lymphocyte NM-4 and IFNY/IL-13 ratios.
Late-onset schizophrenic patients did not have etlykdecreased serum Th1/Th2
ratios. But they did show significantly reduced pimocyte IFNy/IL-4 and IFN-
y/IL-13 ratios.

The possible causes of Th1/Th2 imbalance inzephrenia (results from multiple

regression):

For schizophrenics as a whole group, mainly N¢NE-4, and IL-10 had been
involved in serum Th1/Th2 balancing. IL-6 and TNFeould have contributed to

the balancing between IFlNand IL-4 in whole blood assay, while IL-4 and age
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might have impacts on the whole blood assay YAN-10 imbalance in
schizophrenia.

» For schizophrenic females, although the variableasured in this study were able
to predict serum IFN{IL-4 sufficiently & 67% or 2/3), no clear source for the
variance of serum IFNAL-4 could be found. On the contrary, the balance
between whole blood assay IRNand IL-4 was markedly influenced by a variety
of parameters including IFM- IL-4, TNF-a, IL-6, prolactin, estradiol,
testosterone, and age. Similarly, numerous vasatdeld significantly predict the
serum and whole blood assay IFNLE-10 in schizophrenic women. Among those
predictors existed very tangled inter-correlatiomscontrast to those in female
controls.

* For the whole group of male schizophrenics, theeeewikely some other crucial
factors than those measured in this study invoivethe IFNy/IL-10 balancing.
Age, prolactin, and estradiol were important foe trariance of serum IFMIL-
10, while IL-6 was essential for the whole bloodsas IFNy/IL-10 in male
patients, in addition to IFN-and IL-10. Furthermore, no significant influence
from testosterone, SHBG, and estradiol on the whimed assay IFN/IL-10 was
found in schizophrenic men as in the case of matérals.

(d) Psychopathology and Th1/Th2 ratios in schizepla. The scores on the PANSS
negative subscale were found to correlate posytivéth the whole blood assay IFN-
y/IL-4 and IFNY/IL-10 ratios. In addition, the scores on the PAN§&bal scale also
had a positive association with the whole bloocdgp$BN-y/IL-4.

(6) Conclusion and Discussion

(@) The results of this study revealed clear sefith-shifts in distinct schizophrenic
subgroups and offered supporting evidence for thH&-dhift hypothesis of
schizophrenia.

(b) Th2-shifts in schizophrenia seemed to be rather consequences of complicated
interactions among disease process, age-relatearrablities (particularly in
hormones), and anti-psychotic medication. But thaye not simply the results of

anti-psychotic treatment and/or aging-induced atiens.
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Zusammenfassung

Die Schizophrenie ist eine komplexe Erkrankung, bker neben einer genetischen
Komponente aul3ere Einflussfaktoren eine wichtigeRapielen. Epidemiologische Studien
weisen auf eine mdgliche Rolle von Virusinfektiorsda Umwelt-Faktor in der Atiologie der
Schizophrenie hin. Eine Verschiebung der speziéacimmunantwort in Richtung T-helfer-
2-Antwort (ein sogenannter Th2-shift) wurde beisettiedenen Virusinfektionen beobachtet.
Einige immunologische Untersuchungen weisen auchirmlest bei einer Subgruppe der

Schizophrenie auf einen Th2-shift hin.

(1) Ziele: Diese Studie dient (a) der Untersuchung der Tha/Balance der spezifischen
Immunantwort unter Bericksichtigung der Effekte sebwedener endokrinologischer
Parameter und (b) der Identifizierung der moglictumsachen des gestorten Thl/Th2-
Gleichgewichts; die hier untersuchten EinflussgroBeziehen sich auf unterschiedliche
Hormone.

(2) Fragestellungen
(a) Lasst sich eine Th2-Verschiebung bei einer 8yijge der Schizophrenie beobachten,

nachdem die Einflusse diverser endokrinologischarafeter mitberlicksichtigt
worden sind?

(b) Wenn ja, ist diese Subgruppe durch klinischerodpidemiologische Variablen
charakterisierbar?

(c) Wenn ja, welcher oder welche der untersuchtenmunologischen und
endokrinologischen Parameter tragen zur Streuurg) Tdel/Th2-Verhéaltnises bei
schizophrenen Patienten bei?

(3) Hypothese
(&) Zur Frage (2a) ist eine Th2-Verschiebung angenen; d.h., die Th1/Th2-Quotienten

sind deutlich reduziert. Die Quotienten IFNE-4, IFN-y/IL-10 und IFNy/IL-13
wurden als Indikatoren der Th1/Th2-Balance betetcht

(b) Frage (2b) und (2c) sind offene Fragen, weskalbe Hypothese im Bezug auf diese
beiden Fragen gestellt wurde.

(4) Methoden:

(a) Analyse-Materialien schlielen Serum, Voll-Blut und isolierte Lymphaayt ein.
.Vollstindige Serum-Daten“ bedeutet, dass alle BDatBir Serum-Zytokin-

Konzentrationen, Serum Th1/Th2-Quotienten, Hormor&IBG (Sexhormon-
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bindendes Globulin), Geschlecht und Alter vorhandearen. Ebenso bedeutet
.vollstandige Voll-Blut-Daten”, dass alle Daten kigiich der in vitro Zytokin-
Produktion im Voll-Blut nach einer 46-stindigen Pi®imulation, Voll-Blut-
Th1/Th2 Quotienten, Hormone, SHBG, Geschlecht urterAerhoben wurden.
.Vollstandige Lymphozyten-Daten* bedeutet, dass Blaten hinsichtlich der in-vitro
Zytokin-Freisetzung bei Lymphozyten, Th1/Th2-Quoten, Hormone, Geschlecht
und Alter verfugbar waren.

(b) Sudien-Teilnehmer: Insgesamt nahmen 114 schizophrene Patienten @hddsunde
Probanden an die Studie teil. Unter ihnen hattersct8zophrene Patienten und 75
Kontrollen vollstandige Serum-Daten, 44 Patiented @6 normale Kontrollen hatten
vollstandige Voll-Blut-Daten, 72 schizophrene Patié® und 98 gesunde Teilnehmer
hatten vollstandige Lymphozyten-Daten.

(c) Variablen umfassen hauptséchlich immunologische, endokrgisthe und
verschiedene klinische Parameter. Die immunologisdfariablen bestehen aus Th1l-
Zytokinen wie IFNy, IL-12, IL-2, TNF-a und Th2-Zytokinen einschlief3lich IL-4, IL-
10, IL-13 und IL-6. Die endokrinologischen Kenngedldsetzen sich aus den
folgenden Parametern zusammen: zwei Stress-Hori@onésol und Prolactin, zwei
Geschlechts-Hormone Ostradiol und Testosteron, esalgis Geschlechts-Hormon-
bindende Globulin (SHBG). Die erhobenen kliniscibaten schliel3en die Folgenden
ein: klinische diagnostische Subgruppen, Familianamese bezlglich psychiatrischer
Erkrankungen, Medikation vor der Aufnahme, Kraridepisode, Antipsychotika-
frei/Antipsychotika-naiv, Wash-out-Periode, Erstifiestationsalter der Erkrankung,
Krankheitsdauer, CGI-Werte bei der Aufnahme undlgssung (CGIl = Clinical
Global Impressions), sowie die verschieden PANSSbskalen (Negativ-
Symptomatik, Positiv-Symptomatik und Globale Synmmtadik; PANSS = Posivtive
and Negative Syndrome Scale).

(d) Analyse-Methoden enthalten Cytometric Bead Array (CBA), ELISA undISPOT.
CBA wurde zur Messung von IF-IL-2, TNF-a, IL-4, IL-10 und IL-6 im
Zellkulturuberstand des Voll-Blut-Assays und im @arverwendet, ELISA wurde zur
Bestimmung der IL-12- und IL-13-Produktion im PHArsulierten Voll-Blut-Assay
eingesetzt, wahrend ELISPOT zum Erfassen der m-#Htoduktion von IFNg IL-
12, IL-4, IL-13 und IL-10 bei Lymphozyten benutzt ukde. Die

Serumkonzentrationen der Hormone Prolactin, Cdrt{3stradiol, Testosteron, sowie
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SHBG wurden mit entsprechenden Reagenzienkits aalys@nautomaten Elecsys

2010 erhoben.

(e) Auswertung: Die schizophrenen Patienten wurden zuerst ale ganze Gruppe
untersucht, danach nach Geschlecht und verschieddimeschen Eigenschaften in
unterschiedliche Subgruppen eingeteilt; die soldetdn verschiedenen Subgruppen
sind die unabh&ngigen Variablen. Die wichtigen algigen Variablen sind Th1/Th2-
Quotienten einschlieBlich IFMiL-4, IFN-y/IL-10 (Serum, Voll-Blut-Assay,
Lymphozyten) und IFN/IL-13 (Lymphozyten). Bei auffalligen Unterschiedje
bezuglich Alter, oder Hormonkonzentrationen und $HBzwischen einer
schizophrenen Subgruppe und den entsprechendenokemtwurden diese Parameter
als Kovarianten in die Analyse eingeschlossen, bra Effekte auf die Th1/Th2-
Balance bei den zu vergleichenden Gruppen zu kihetem.

(H Satistik: MAN(C)OVA und Multiple Regression. MAN(C)OVA wusd verwendet,
um die Fragestellung (2a) und (2b) zu untersuchgihyrend Multiple Regression zur
Beantwortung der Fragestellung (2c) diente.

(5) Priméare Ergebnisse

(a) Die Ergebnisse dieser Studie unterstiitzen andgpothese einer Th2-Verschiebung
zumindest bei einer Subgruppe der Schizophrenie.

(b) Befunde bezilglich der Thl/Th2-Balance in Scgbimenie (Resultate der
MAN(C)OVA):

» Die Serum-Daten deuteten auf eine eindeutige Thadheebung bei schizophrenen
Patienten als Gesamtgruppe hin, nachdem die EffekteAlter und verschiedener
Hormone (insbesondere Prolactin) ausgeschlossesewavaren.

« Die Th2-Verschiebung im Serum scheint Schizophrepezifisch zu sein, wie die
Daten der Patienten mit schizophrenie-ahnlicher@gmatik zeigen.

* Im geschlechts-spezifischen Vergleich zu gesundesbdden hatten weibliche
schizophrene Patienten signifikant reduzierte unbtsowohl fir Serum IFNAL-4
als auch fir IFN¢IL-10, wahrend mannliche Patienten ausschlie(#iclen deutlich
verminderten Serum IFNMAL-10 Quotient zeigten.

* Reduzierte Serum IFMAL-4- und IFNy/IL-10-Quotienten wurden ebenfalls bei
diversen klinischen Subgruppen beobachtet aul3esdbgzophrenen Patienten mit
vorwiegender Positivsymptomatik.

* Ein deutlich reduzierter IFNAL-10-Quotient im PHA-stimulierten Voll-Blut wurde

(a) bei Nicht-Paranoid oder chronischen schizopmeatienten gezeigt, bei
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Patienten, die (b) eine positive psychiatrische ikamnanamnese hatten und (c) vor
Einschluss in die Studie langer als 3 Monate Antipstika-frei gewesen waren

oder (d) bei Aufnahme in die stationar-psychiatressBehandlung niedrigere Werte
auf der PANSS-Negativ-Skala hatten. Bemerkenswerieise zeigten auch

Antipsychotika-naive Patienten mit Schizophreniadenziell einen betrachtlich

reduzierten IFN#IL-10-Quotient im Voll-Blut.

» Die schizophrenen Patienten, deren Symptome naer 8twochigen Behandlung
fast unverandert blieben, hatten auffallend niedBgFNy/IL-4- und IFNy/IL-10-
Quotienten im Voll-Blut als die gesunden Probanden.

* Die schizophrenen Patienten mit einem frihen Kraitkhusbruch hatten
aulRergewohnlich reduzierte Serum IfN=-4- und IFNy/IL-10-Quotienten, aber
einen erhdhten IFNAL-4 und IFNY/IL-13 in PHA-stimulierten Lymphozyten. Im
Gegensatz zeigten diejenigen mit einem spaten Auokbkeine Anderung der
beiden Serum Th1/Th2-Quotienten, jedoch auffalleeduzierte IFNy/IL-4- und
IFN-y/IL-13-Quotienten bei in-vitro stimulierten Lymphygen.

(c) Die mdoglichen Ursachen der Thl/Th2-Dysbalana Bchizophrenie-Patienten

(Ergebnisse von Multiple-Regression):

» FUr die schizophrenen Patienten als ganze Gruppenwarwiegend IFNg IL-4
und IL-10 an die Balance zwischen dem Thl- und $k&em beteiligt. IL-6 und
TNF-a kénnten zur Balance zwischen IFNind IL-4 im PHA-stimulierten Voll-
Blut beigetragen haben, wahrend IL-4 und das Adfgensichtliche Einflisse auf
die Balance zwischen IFNund IL-10 im Voll-Blut bei Patienten mit Schizogmie
gehabt haben durften.

* FUr die schizophrenen Patientinnen wurde keine eeitige Quelle fur das
Ausbalancieren zwischen Serum INind IL-4 gefunden, obwohl die gemessenen
Variablen in der Lage waren, die IRNL-4-Varianz zuverlassig vorherzusagen
(d.h. 267% oder 2/3 der Varianz waren dadurch erklarbBds Abgleichen
zwischen IFNy und IL-4 im Voll-Blut nach PHA-Stimulation wurdéher von den
komplexen wechselseitigen Korrelationen unter NsMN--4, TNF-a, IL-6, Prolactin,
Ostradiol, Testosteron und Alter beeinflusst. Abimlkomplexe Inter-Korrelationen
unter diesen obengenannten Kenngrol3en wurden dbemf@m Ausgleichen
zwischen IFNy und IL-10 sowohl im Serum als auch im PHA-stimdée Voll-

Blut beobachtet.
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 Fir mannliche schizophrene Patienten gab es vaomuteinige andere
entscheidende Faktoren, welche in dieser Studiet mjepruft worden waren, die
jedoch an der Balancierung zwischen IfNind IL-10 im Voll-Blut beteiligt
gewesen waren. Im Gegensatz zu gesunden Probaddetek Alter, Prolactin und
Ostradiol zusétzlich am Abgleichen von Serum NFN-10 beteiligt gewesen sein.
Hingegen war IL-6 am Abgleichen von IRNL-10 Voll-Blut-Assay bei
mannlichen schizophrenen Patienten beteiligt. Beacshverte Beitrdge von
Testosteron, SHBG und Ostradiol zur Balancierung Woll-Blut IFN-y/IL-10 wie
im Fall der Kontrollen waren bei mannlichen Paenmit Schizophrenie nicht zu
beobachten.

(d) Psychopathologie und Th1/Th2-Quotienten: Derclischnittiche Messwert auf der
PANSS-Negativ-Skala korrelierte positiv mit Voll4#BtAssay IFNy/IL-4 und IFN-
y/IL-10. Aul3erdem war der Mittelwert auf der PANS®Ial Skala ebenfalls positiv
mit Voll-Blut IFN-y/IL-4 assoziiert.

(6) Schlussfolgerung und Diskussion

(a) Die Ergebnisse dieser Studie zeigen deutlich2-\Merschiebungen im Serum bei
verschiedenen schizophrenen Subgruppen und bietesm esher unterstlitzenden
Hinweis fur die Hypothese der Th2-Verschiebung 8chizophrenie.

(b) Th2-Verschiebungen bei schizophrenen Patiestéeinen eine komplexe Folge von
Wechselwirkungen von Krankheitsprozess, Hormonend uantipsychotischer
Medikation, jedoch wahrscheinlich nicht nur ein &e&g der antipsychotischen
Behandlung oder der durch Alterung ausgeldstenndedingen zu sein.
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Appendix 6-6(1) The resources of serum, whole blood assay ,yangHocyte IFNy in
schizophrenics and controls (results from the cetepinodel).

Criteria = IFN- y. magnitude of importance by individual predictor

Whole CON|Whole SCH| & CON J SCH Q CON O SCH
Serum (N=72) (N = 40) (N =38) (N =25) (N =34) (N =15)
IL-2 1.80 (.08) |[.40(.69) |[3.18 (.004) |[.75 (.47) .86 (.40) 1.48 (.24)
TNF-a 82 (42) 1.07 (29) || .77 (45) 86 (.41) 1.08 (.29)-.18 (.87)
IL-4 -10(.92) | .54 (.60) 11 (91) || 1.09(30)| -6800.5 |[-1.33(28)
IL-10 2.11 (.04) [[-02(99) |[1.00(.33) |[.60(56) |[1.72(10) ||-.16 (.89)
IL-6 2.97 (.004) [[-03(98) |[221(.04) |[-04(97) |[51(61) ||1.46 (29)
Cortisol -42(.68) |[-2.18(.04) |[.42 (:68) -1.28 (:22) | .07 (.95) 72 (52)
Prolactin_ |[1.38 (.17) || 1.76 (.09) || 1.11(.28)|| .01 (.99) 78Y.44 ||3.78 (.03)
Estradiol |-.08 (.94) || -1.23(23) || -1.30 (20)|| -84 (41)|| -(@®0) |[1.55 (.22)
Testosterong-1.12 (.27) || -.25 (.81) .66 (.52) -1.05 ((31)) -1(@2) ||-2.11 (.13)
SHBG 113 (.26) || .01 (1.00) || .37 (.72 -08 (93)| -1.3mj |[-.35(.75)
Age -96 (34) |[-93(36) || -152(19)| -94(37)|| -084 |[-1.02(38)
Adit;gfrﬁf'?resl'l R2=1.00 Rz =39 R2=1.00 Rz =64 R2 =-42 R2 ==44
WB " ||F =18575.53||F = 1.62, F=13914.45||F = 1.85, F =1.45, F=2.01,
p <.001 p=.15 p <.001 p=.15 p=.22 p=.31
IL-2 57 (.57) 23(.82) 2.27 (.03) |[ .05 (.96) -38 (.71)[1.30 (.28)
TNF-a 150 (14) || 1.38(18) || -90(38) || 1.05(31)| 1.70). |[-.24(.83)
IL-4 -3.05 (.003) |[-2.12 (.04) ||-1.20 (:24) ||-1.35 (:20) ||-1.74 (10) |[.21(.85)
IL-10 5.70 (.000) [[2.90 (.007) |[3.24 (.003) |[1.67 (.12) ||3.45 (.002) |[.92 (.43)
IL-6 3.09 (.003) [[2.02(.05) |[2.30(.03) |[1.42(.18) |[1.99 (.06) [-.03 (.98)
Cortisol -74(46) || .62 (54) 73 (47) 28 (.78) -28 (.78)|[-.02 (.98)
Prolactin _ ||2.07 (.04) |[.40(.69) |[1.99 (.06) ||-.34 (74) |[.28(78) ||.50 (.65)
Estradiol |[-1.16 (25) || 1.20 (24) || -1.26 (22)]| 1.08 (:30)| <«=®) || .49 (.66)
Testosterongl.43 (.16) (|2.18 (.04) |]1.45 (.16) .72 (.49) -.17 (.87) -.24 (.83)
SHBG 1.30 (20) || -50(.62) || 1.42(17)|| .20 (.84) 55).59 |[-.07 (.95)
Age .88 (.38) 17 (97) || -1.06 (30)|| -84 (42)|| .8®3 [[.10(.93)
AdjSuiZtr?i?Tesu Rz = .61 Rz = .63 Rz =58 Rz =69 Rz = .62 Rz =92
Lymph “T||F=10.98, ||[F=4.37, F = 5.65, F = 2.35, F =5.86, F=2.99,
p <.001 p =.001 p <.001 p =.07 p <.001 p=.20
IL-12 1.00 (.32) |[.13(89) |[2.52(.02) |[.01(.99) -39 (.70) |[ .48 (.66)
IL-10 3.14 (.003) ||.80 (43) ||[2.55(.02) |[.17(87) |[2.09(05) |.17 (.87)
IL-4 -01(.99) |[1.57(13) || -.78 (44) |[2.36 (03) |[-.45(.66) || .89 (42)
IL-13 3.51(.001) |[-42(.68) || 1.05(.30) || -.73 (48) |[3.34 (.003) ||-.31 (.77)
Cortisol -1.72 (09) || .10 (.92) ‘112 (27)|| 91(.38) 03[9 ||.86(.44)
Prolactin_|.66 (.51) 38(71) |[2.56(02) |[1.52(15) || -.80(44) || -70(52)
Estradiol |[-1.23(22) || .77 (.45) -1.69 (10)|| -79 (44| -4 |[1.41(23)
Testosteronf-.97 (.34) .33 (.75) .18 (.86) -.22 (.83) -.51 (.61 ||.16 (.88)
SHBG 1.10 (27) || -73(47) || -26 (80) || .08 (.94) -419).6 |[-.96 (.39)
Age 2.07 (.04) |[.45 (.66) 84 (.41) -89 (.39) |[.87(39) |[.92 (41)
Adjusted Rz = .44 R2 ==06 Rz = .61 Rz =48 R2= .42 Rz ==40
Signif. test F =6.49, F=.79, F=6.71, F=1.53, F = 3.39, F = .60,
p<.001 |lp=.64 p<.001 |lp=.23 p=.007 |lp=.77
|Note ||WB = whole blood; Lymph = lymphocyte; Adjusted Jasted R?; Signif. = significance.
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Appendix 6-6(2) The resources of lymphocyte IL-12 in schizopheerand controls (results

from the complete model).

| Criteria = IL-12: magnitude of importance by indivi dual predictor

Whole CON|Whole SCH| < CON 4 SCH ¢ CON ¢ SCH
Lymph N=72) || (N=40) | N=38) |[ (N=25) || (N=34) | (N=15)
IFN-y 1.00(32) |[.13(89) |[2.52(02) |[01(95) |[-39(70) || .48(66)
IL-10 327 (002) [78(44) |[1.27 (22) |[2.12(05) |[2.73(01) |[-1.09 (:34)
IL-4 114 (26) || .67(51) || 1.15(26) || .79 (44) || -.041.97|-66 (.54)
IL-13 ~48(64) ||-44(66) ||-15(89) |[16(88) ||.94(36) |58 (.60)
Cortisol  ||~77 (45) || .15(88) || .21(84) || -61(55) || -L.127j.2|[-53 (62)
Prolactin_||-39 (:70) |[2.80 (.009) ||-1.53 (14) || -.08 (.94) || .91(37) [|3.17 (.03)
Estradiol  ||1.07 (29) || .16 (87) || .97 (34) || -19(86)|| .33 (75)|[.10 (.93)
Testosteronkl.65 (10) || .00 (33) || -10(92) || 1.20 (25)| 9213 |[-1.75 (.16)
SHBG 108(28) || 24(82 | 93(36) || 14(89) || .02(99)|[1.12(33)
Age 233(02) |[1.11(28) |[1.56(13) |[-63(54) |[.25(81) |[-79 (.48)
Adjusted |[R2= .40 |[R2=-32 |[R2=54 |[R2=-45 |[R2=-47 |[R2=-89
Signif. test F =5.64, F=1.39, F =5.38, F=1.14, F=2.04, F=3.21,

p <.001 p=.24 p <.001 p=.40 p=.08 p=.14
[Note |[Lymph = lymphocyte; Adjusted = adjusted R?; Sigrifsignificance.
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Appendix 6-6(3) The resources of serum and whole blood assayitLs2hizophrenics and
controls (results from the complete model).

| Criteria = IL-2: magnitude of importance by individ ual predictor
Whole CON|Whole SCH| & CON J SCH Q CON Q SCH
Serum (N=72) (N = 40) (N =38) (N =25) (N = 34) (N =15)
IFN-y 1.50 (.08) |[ .40 (.69) 52 (.61) 75 (.47) .86 (.40) |[1.48 (.24)
TNE-q 9.88 (.000) |[.77 (45) |[10.0 (000) ||-.08 (:94) || 1.91(.07) || .76 (.50)
IL-4 -08(.94) || .42(68) 81 (.42) -16 (.88) | -.929.37|[3.07 (.05)
IL-10 -61(54) |[[1.13(27) ||-1.85(08) |[-20(85) |[-.05(.96) [[1.22(31)
IL-6 1.13(26) |[-98(34) |[-28(78) [[.02(98) |[-37(71) |-2.45(.09)
Cortisol -02(99) |[[-2.10(05) |[1.04(31) | -1.32(21) || .82(42) -2.98 (.06))
Prolactin _|[-50 (.62) || .16 (.87) 76 (46) || -27(79) || 42768 |[-1.69 (.19)
Estradiol |-.02(.99) || -1.92(07) || -.64(53) || -32(76)|| .284. |[-5.80 (.01)
Testosteronkl.23 (22) || .19 (.85) 91 (.37) .83 (.42) 75 (.46) |[2.70 (.07)
SHBG 72 (.48) 1.26 (22) || -65(52) || -39 (7)) || -3=:47 |[1.53(22)
Age 39 (.70) -60 (55) || .64 (.53) 32 (.75) -53 (.60)||.71 (:53)
AdustedR |[R2=1.00 |[Rz==82 |[R2=1.00 |[Rz==27 |[R2==35 |[Re==1
Jont-Tes| F = 15375.15|F = 1.17,  ||F = 16692.27||F = .44, F=1.08, ||F=6.46,
WB p <.001 p=.35 p <.001 p=.91 p=.42 p=.08
IFN-y 57 (.57) 23 (.82) 2.27(03) |[ .05 (.96) -38 (.71)[1.30 (.28)
TNE-a 7.50 (.000) |[4.01 (.000) |[7.08 (.000) |[3.23 (.007) ||4.03 (.001) |[.72 (:53)
IL-4 -1.33(19) || -.65(52) || -86(40) || -61(56)|| -316) |[-.73(52)
IL-10 28 (.79) -88(39) || -.82(42) || 58(57) 1.67 11|41 (.7)
IL-6 -1.81(.08) || 1.57 (.13) ||-2.60(.02) |[1.49 (.16) || -1.09 (.29) || -.15(.89)
Cortisol -21(83) |[-74¢47) |[ -1.75 09)|[ -02(99) || -683) |[.23(84)
Prolactin ||.43 (.67) .88 (.39) -56 (58) || 1.10(29)|| 1.80).09|[.19(.86)
Estradiol ||.57 (:57) .09 (.93) 1.41(17) || -09 (93)| .09}1.93 ||-.20 (.85)
Testosteronf.02 (.99) -.58 (.57) -1.85 (.08)|| -.96 (.35) - 147(). -.33 (.76)
SHBG -42(68) |[-04(97) || 74 (47) || .49 (69) -468)6 |.76 (.51)
Age 10 (.92) 1.83(.08) || 1.76 (09) || 1.81 (09)| -.84y4 |[-.09 (.93)
Adjusted Rz = .57 R? = .62 Rz =.75 R2=.72 R? = .62 Rz ==88
Signif. Test|[F=9.49, [[F=4.09, |[[F=1120, |[F=310, |[F=322 [|[F=2.04,
p <.001 p =.001 p <.001 p=.03 p =.009 p=.30
|Note ||WB = whole blood; Adjusted = adjusted R2; Signifsignificance.
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Appendix 6-6(4) The resources of serum and whole blood assay @ NFschizophrenics
and controls (results from the complete model).

| Criteria = TNF- a: magnitude of importance by individual predictor

Whole CON|Whole SCH| & CON J SCH Q CON O SCH
Serum (N=72) (N = 40) (N =38) (N =25) (N = 34) (N =15)
IFN-y .82 (.42) 1.07 (29) |[ .77 (45) .86 (.41) 1.08 (.29)[-.18 (.87)
IL-2 9.88 (.000) |[.77 (.45)  |[10.0 (.000) |[-.08 (.94) || 1.91(.07) || .76 (.50)
IL-4 45 (.66) ||3.15 (.004) |[-.50 (.62) |[2.25 (.04) |[2.05 (.05) [[-.10 (.93)
IL-10 1.13(.26) |l.24(81) ||2.54(.02) ||-.62(55) |[.18(.86) |[-.64 (.57)
IL-6 1.38 (\17) ||-.43(.67) |-.04(.97) |[.62(55) |[1.04(.31) |[.43(.69)
Cortisol -75(.46) || 1.59 (.12) |[-2.15 (.04) |[-.35(.73) .45 (.66) 1.15 (.34)
Prolactin  |[.47 (.64) -1.20 (.24) || .78 (.45) -1.68 (12)) -868). |.21(.85)
Estradiol |[-.21 (.83) .93 (.36) 1.16 (.26) || -1.99 (.07)] .4&).6 |[.86 (.45)
Testosteronk-1.36 (.18) |[-2.69 (.01) |[-1.49 (.15) || .38 (.72) -43(67) || -.76 (.50)
SHBG -17 (.86) |[-2.44 (02) |[1.02(32) | -1.02(.33)|[ -.56(.58) || -1.89 (.16}
Age .05 (.96) -13(.90) || -.46 (.65) || .41 (.69) -.06 .95 |[-.42 (.70)

Qdusied® J|R?=1.00 [[Re=.47 |JRz=100 |[Re=<B4 |[R2=—44 [|[R2=%5

WB “|F = 25598.08||F = 2.24, F =38493.99||F = 1.40, F=1.57, F = .82,

p <.001 p=.04 p<.001 p=.28 p=.18 p=.65
IFN-y 150 ((14) |[1.38(18) || -91(38) || 1.05(31)] 1.7aD). |[-.24 (.83)
TNF-o 7.50 (.000) |[4.01 (.000) |[7.08 (.000) ||3.23 (.007) |[4.03 (.001) |[.72 (.53)
IL-4 3.30(.002) [[1.57 (13) |[ 1.68(.11) || 1.07 (.30)|| 1.30 (.21)|3.77 (.03)
IL-10 -41(68) || .36 (.72) 71 (.49) -1.08 (.30)| -1.4me). ||-.43(.70)
IL-6 2.45(.02) |[-.16(.88) |[2.62(.01) |-46(.66) | 1.56(.13) || 2.19 (.12)
Cortisol 1.22 (23) || -12(.90) [[2.07 (.05) ||.04 (.97) 1.28 (21) || -72(52)
Prolactin  |[-1.54 (.13) || -.55(59) || .04 (.97) -57(58)|| -1.6BL) |[.77 (50)
Estradiol  |[.54 (.59) .05 (.96) -1.32 (20)|| .04 (.97) 1.03).31||2.07 (.13)
Testosteronf.82 (.42) .80 (.43) 1.35(.19) .20 (.85) 1.05 (.30)-.75 (.51)
SHBG .39 (.70) 42 (.68) 1.03 (31) || .07 (.94) 28 (.71) |[.29 (.79)
Age 84 (.40) |[-2.05(.05) |[-75(46) |[-1.58(14) || .64 (.53) -1.21 (.31)
Adjusted |[Rz2=.72 Rz=.70 Rz =80 Rz =-68 R2= .73 R2 = 98
Signif. test ||[F=17.39, |[F=5.84, |F=14.69, ||F=256, |F=531 |[F=1292

p <.001 p <.001 p <.001 p=.06 p <.001 p =.03
[Note ||WB = whole blood; Adjusted = adjusted R?; Signifsignificance.
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Appendix 6-6(5) The resources of serum, whole blood assay, anghpcyte IL-4 in
schizophrenics and controls (results from the cetepinodel).

| Criteria = IL-4: magnitude of importance by individ ual predictor

Whole CON|Whole SCH| & CON d SCH ¢ CON ¢ SCH
Serum (N=72) | (N=40) || (N=38) || (N=25) || (N=34) || (N=15)
IFN-y -10(.92) | .54 (.60) 211 (91) [ 1.09 (30)|[ -.6800.5 |[-1.33(.28)
IL-2 -08 (.94) || .42(.68) .82 (.42) -16(.88) || -@37) |[3.07 (.05)
TNF-o 45(.66) ||3.15 (.004) |[-50 (.62) |[2.25(.04) [[2.05(.05) ||-.10(.93)
IL-10 03(98) |[.31(76) ||-42(68) |[.41(69) ||-.75(46) |-.78(.49)
IL-6 35(73) |[.03(98) |[.65(52) |[-52(61) |-.08(.94) |[1.67 (.19)
Cortisol 44 (.66) .05 (.96) 1.35 (19) || .74 (48) || .87-(40) || 1.92 (.15)
Prolactin .01 (1.00) || .98 (.34) -32(75) || 1.781.10||1.19 (25) || 1.47 (24)
Estradiol -50(.62) || .53 (.60) -92(.36) |[2.27 (.04) ||-89(.38) || 2.69 (.07)
Testosterond| 1.05 (.30) ||2.85 (.008) ||.54 (.59) .63 (.54) -.44 (.66) -1.70 (.19
SHBG -55(58) || 1.73(.09) || -.36 (72) || .98 (.35) (1) -.84 (.46)
Age .09 (.93) .81 (.43) 49 (.63) 41 (.69) -7y, |[-.50 (.65)
Adused  |IlRz= 08 |[R2==42 |[Rz=.98 |[R2=58 |[R2==27 |[R2==89
WB gitTest e = 258,05, |[F=1.86, ||F=192.14,||F=1.64, ||F=.76, F =2.25,
p<.001 ||p=.09 p<.001 |[p=.20 p=.68 p=.27
IFN-y -3.05 (.003) |[-2.12 (.04) |[-1.20 (24) |[ -1.35(20) || -1.74 (10)|| .21 (.85)
IL-2 -1.33(.19) || -.65(52) || -.86 (.40) || -.61(56)|| -316) |[-.73(52)
TNF-a 3.30 (.002) ||1.57 (13) |[1.68(.11) |[1.07 (:30) |[1.30(21) |[3.77 (.03)
IL-10 6.54 (.000) |[3.80 (.001) ||5.51 (.000) |[2.64 (.02) |[[1.24 (23) ||1.03 (.38)
IL-6 -79(43) |[1.72¢10) || 129 (2n)|| 126 (23)| .m®f |[-2.08 (.13)
Cortisol ~67 (51) || .54 (59 -1.83 (.08)|| -45(66)|| 1.3} |[1.01(.39)
Prolactin_ ||1.05 (.30) || .26 (.80) 81 (42) .01 (.99) -1.32 1.20(-.89 (.44)
Estradiol  ||.04 (.97) 53 (.60) 1.50 (.15) || -.10(.92)|| .85 (.41)|[-1.42 (.25)
Testosterond[.32 (.75) 84 (.41) -1.22 (23)|| .67 (.51) -.44 1.67 ||.84 (.46)
SHBG 13 (90) |[-34(74) || .73 (47) -53(60) | -.67105 |[-.36 (.75)
Age 1.18 (:24) || .76 (.46) 1.29 (21) || .87 (.40) .86 (.40) |[1.24 (.30)
Ag{gﬁgngeJ‘] Rz= 55 |[R2=.58 |[Rz=.72 |[Re=50 |[Rz==42 |[R2=.98
Lympie IF = 8.94, |[F=356, |[F=957, ||[F=117, |[F=147, [[F=11.38,
p<.001 |lp=.003 |lp<.001 |lp=.39 p=.21 p=.04
IFN-y ~01(.99) |[157(13) |[ -.78 (44) |[2.36 (03) |[-45(66) || .89 (42)
IL-12 1.14 (26) ||.67(51) |[1.15(26) ||.79(44) |[[-.04(97) ||-.66 (:54)
IL-10 ~75 (.45) || .06 (.95) ~53(60) || .12 (.91) 59 (.56) [[-.11 (.92)
IL-13 3.40 (.001) ||4.55 (.000) |[1.29 (:21) |[1.37 (19) |[3.02 (.006) ||4.19 (.01)
Cortisol -1.78 (08) || -.04 (97) || -1.08 (29)|] .24 (82) (@R |[-1.17 (31)
Prolactin |[2.17 (03) |[.44 (66) |[2.17 (04) |[-1.03(32) || .76 (.46) 1.79 (.15)
Estradiol |-.89(.38) || -.81(43) || .08 (.94) 27 (.79) -63 .54 ||-1.41 (.23)
Testosteronf-.78 (.44) .92 (.36) -1.11 (.28)|} .10 (.92) -0%(.9 |[-1.47 (.22)
SHBG 82 (42) 57 (.57) -23(82) || 85 (41) 33 (.75) |[.98 (.39)
Age -93(.35) [[1.08(29) |[.44(66) [[3.00(.01) |[-1.51(.15) |[-2.98 (.04)
Adjusted Rz =22 Rz = 57 Rz =06 Rz=.72 Rz =52 Rz = .96
Signif. test |F=2.93, ||F= 384, |F=123 |[F=3.60, |[F=245 [F=10.14,
p = .005 p =.002 p=.31 p =.02 p=.04 p=.02
|Note ||WB = whole blood; Lymph = lymphocyte; Adjusted Jasted R?; Signif. = significance.
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Appendix 6-6(6) The resources of serum, whole blood assay, anghpcyte IL-10 in
schizophrenics and controls (results from the cetepinodel).

| Criteria = IL-10: magnitude of importance by indivi dual predictor

Whole CON|Whole SCH| & CON d SCH ¢ CON ¢ SCH
Serum (N=72) |[ (N=40) || (N=38) || (N=25) |[ (N=34) || (N=15)
IFN-y 2.11 (.04) |[-02(.99) |[1.00(.33) |[ .60 (.56) 1.72 (10)] -1e9}.8
IL-2 -61(54) ||1.13(27) || -.72(48) || -20(85)]| 05..96) | 1.22 (.31)
TNF-o 1.13(26) || .24 (81) |[2.54(.02) |[-62(55) || .18(.86) -.64 (.57)
IL-4 03(98) |[.31(76) ||-42(68) |[.41(69) ||-.75(46) |-.78(.49)
IL-6 6.27 (.000) |[1.64 (.11) |[6.16 (.000) ||.89 (.39) |[1.82(.08) |[1.04 (.38)
Cortisol -31(.74) || .29 (.78) 1.06 (.30) || -.65 (.53)|[-2.01 (.06) || 1.08 (.36)
Prolactin -10(.93) || -41(68) || -33(74) || -1.883% | .47 (.64) 43 (.70)
Estradiol 45 (.65) -12(.91) || 43(.67) -30 (.77)|[-15 (88) || .96 (.41)
Testosterond| .81 (.42) -.87 (.40) -.81 (.43) 1.29)( || .75 (.46) .97 (.40)
SHBG .16 (.88) 111 (28) || -.81(43) || -1.49 (.16]2.64 (.02) ||-1.30 (.29)
Age 1.44 (15) || -.27 (79) |[2.03(05) |[.22(.83) 57 (.57) -.67 (.55)
Adusted [R2=1.00 |[Re=-22  [[Re=100 |[Re=-40 [Re=-456 [[Re=-A
Tl F = 20654.58(|F = .71, F=20553.89(F =1.11, |[F=1.65 |[F= 66,
WB p <.001 - <.001 - - -
. p=.72 p p=.42 p=.15 p=.74
IFN-y 5.70 (.000) |[2.90 (.007) |[3.25 (.003) |[1.67 (.12) |[3.45 (.002) |[.92 (.43)
IL-2 28 (.78) -88(39) || -82(42) || .58 (.57) 1.67 J.11|[-.41 (.71)
TNF-o -41(68) |36 (72) |[71(49) |[-1.08(.30) |[-1.44 (.16) |[-.43 (.70)
IL-4 6.54 (.000) ||3.80 (.001) |[5.51 (.000) ||2.64 (.02) |[1.24 (23) |[1.03 (.38)
IL-6 -58(57) ||-.67(51) ||-17(.86) |[-58(57) |[.29(77) |[.91 (.43)
Cortisol .60 (.55) -38 (.71) || .39 (70) .63 (.54) 1.19 (.25)[-1.19 (.32)
Prolactin _ ||-1.57 (.12) ||.23(:82) ||-1.12(27) ||-20(84) ||-1.80 (.09) ||.75 (.51)
Estradiol  ||.44 (.66) -1.16 (.26) || -.16 (.:88) || .02(.99) 1.1%}.2 ||-.002 (1.00)
Testosterond|-.76 (45) || -1.53 (.14) || .16 (.88) 72 (49) || 744 |[-.80 (.49)
SHBG .04 (.97) 1.99 (.06) || -1.37 (.18)|| .49 (.63) 71).49 |[.92 (.43)
Age -1.06 (.29) || .72 (.48) -67(51) || -35(73)|| 7474 ||-.94 (42)
adusted [R2= 65, [[Re=.68 |[Re=.74, |[Re=45 |[R2=68 |[R®==85
Lvm Sr'lg”' TF=1299, |F=5.48, ||F=1056, ||F=.98, F=421, ||F=5.03,
ymp p<.001 |lp<.001 |[p<.001 |p=.51 p=.002 |[p=.11
IFN-y 3.14 (.003) |[.80 (43) |[2.54(02) |[.17(87) [[2.09(.05) |[.17 (.87)
IL-12 3.27 (002) |[.78 (44) |[1.27 (22) |[2.11(05) |[2.73(01) |[-1.09 (.34)
IL-4 -75(.45) || .06 (.95) -53(.60) || .12 (.91 59 (.56) |[-.11 (.92)
IL-13 -1.54 (13) ||.66 (51) ||-65(52) |[.41(69) |[-1.99(.06) |[.21(.84)
Cortisol 25 (.80) 127 (22) || -14(89) || .77 (.45) 17 (.87)|[.21 (.85)
Prolactin_ |-.18(.86) || -.76 (45) || -1.01(32)| -24 (81| .2 .82 (.46)
Estradiol |-51(.62) || 1.32(.20) || .61 (.55) 08 (94 || -383.7 ||.67 (54
Testosteronf-.83 (.41) .22 (.83) .16 (.88) -.60 (.56) -1.23).2 ||-.78 (.48)
SHBG -1.12 (27) || 1.72(10) || -55(59) || .39 (.70) 2258 |[.80 (.47)
Age 34 (74) |[19(85) |[-20(85) |[.15(88) [[1.16(26) |[-.21(.84)
Adjusted |[R2=.38 |[Re=24 |[Re=39 |[R2=-42 [[Re=57 |Re=-57
Signif. test |[F=544, |F=152, |[|F=3.36, |[F=1.00, |[F=3.04, |[F=.52
p <.001 p=.18 p =.006 p=.49 p=.01 p=.82
|Note ||WB = whole blood; Lymph = lymphocyte; Adjusted Jasted R2; Signif. = significance.
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Appendix 6-6(7) The resources of lymphocyte IL-13 in schizophterand controls (results

from the complete model).

| Criteria = IL-13: magnitude of importance by indivi dual predictor

Whole CON[Whole SCH| & CON d SCH ¢ CON ¢ SCH
Lymph (N=72) (N =40) (N =38) (N =25) (N =34) (N =15)
IFN-y 3.51 (.001) ||-.42 (.68) 1.05 (.30) -.73 (.48) ||3.34 (.003) ||-.31 (.77)
IL-12 -.48 (.64) -.44 (.66) -.15(.89) .16 (.88) .94 .36 |.58 (.60)
IL-10 -1.54 (.13) .66 (.51) -.65 (.52) 41 (.69) -1.9%5). || .21 (.84)
IL-4 3.40 (.001) ||4.55 (.000) ||1.29 (.21) 1.37 (.19) 3.02 (.006) ||4.19 (.01)
Cortisol .51 (.61) -.21 (.84) 1.35(.19) 1.01 (.33) -.57 (.58) .48 (.66)
Prolactin -.40 (.69) 37 (.72) -11 (.91) .61 (.56) .05 (.96) ||-1.43 (.23)
Estradiol .59 (.56) .31 (.76) -.79 (.44) 1.06 (.31) .57 (.58) || .63 (.57)
Testosterong:88 (.38) -57 (.57) 43 (.67) -1.80 (.09 -.223).8 [|2.02 (.11)
SHBG -.39 (.70) -.39 (.70) -43 (.67) 74 (.47) 1.4®).1 ||-.41 (.70)
Age -.99 (.33) -.57 (.58) -.83 (.41) -.55 (.60) .409).6 2.52 (.07)
Adjusted Rz = .26 Rz = .48 R2 ==04 Rz =-43 Rz = .69 Rz = .95
Signif. test F = 3.45, F =2.63, F = .86, F=1.03, F=5.22, F=7.60,

p =.001 p=.02 p=.58 p=.47 p =.001 p=.03
|Note || Lymph = lymphocyte; Adjusted = adjusted R?; Sigrifignificance.
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Appendix 6-6(8) The resources of serum and whole blood assayitlLs6hizophrenics and
controls (results from the complete model).

Criteria = IL-6: magnitude of importance by individ ual predictor

Whole CON|[Whole SCH & CON J SCH Q CON 9 SCH
Serum (N=72) (N = 40) (N =38) (N =25) (N =34) (N = 15)
IFN-y 2.97 (.004) |[-.03 (.98) |[2.21(.04) |[-.04(.97) || .51(61) || 1.46 (.24)
IL-2 1.13(26) || -98(34) || -73(47) || 02(98) || -37 |[-2.45 (.09)
TNF-a 138 (17) || -43(67) || -04(97) || 62(55) || roaf3 |[.43(69)
IL-4 35(73) ||.03(98) |[65(52) ||-52(61) ||-08(94) ||1.67(19)
IL-10 6.27 (.000) ||1.64 (.11) |[6.16 (.000) |[.89 (:39) ||1.82 (.08) [[1.04 (.38)
Cortisol  ||1.44 (16) || 49(63) || -69(50) || .35(73) || 1.59).13|[-1.45 (24)
Prolactin_||-1.19 (24) || -.99(33) || -42(68) || 37(72) || -936). ||-1.85(.16)
Estradiol ||-10 (93) || -1.23(23) || 31(76) || 1.67 (12)|] -38) |[-2.37 (.10)
Testosteront56 (58) || -.95 (35) || .59 (56) || -151 (16| -1408 |[|2.09 (.13)
SHBG 53(60) || .44(67) || 27(79) |[ 73(48) | -49(63)[.88 (44)
Age -79(43) || 50(62) || -95(35) || .76 (46) || -.76 .45 ||.88 (44)

é%z;t‘?lfjesl‘] R2=1.00 R2 =-26 R2=1.00 R2 =42 R2 =-42 R? ==

WEB ' F =22507.37||F = .91, F =22131.61}|F = .85, F=1.47, F=.93,

p <.001 p=.55 p<.001 |lp=.60 p=.21 p = .60
IFN-y 3.09 (.003) |[2.02 (05) |[2.30 (.03) |[1.42(.18) |[ 1.99 (.06) |[ -.03 (.98)
IL-2 -1.81 (.08) || .57 (.13) |[-2.60 (.02) |[1.49 (16) || -1.09 (.29) || -.15 (.89)
TNF-o 245 (02) ||-16(88) |[2.62(.01) ||-46(66) ||1.56(13) [[2.19 (.12)
IL-4 -79(43) |[1.72(10) |[-1.29 (21) |[1.26 (23) || 53(60) ||-2.08 (.13)
IL-10 -58(57) ||-67(51) |[~17(86) ||-58(57) |[.29(77) |[.91 (:43)
Cortisol  |-1.23(22) || -1.38 (.18) || -1.97 (.06)|| -1.46 (17] e€(11) || .71(.53)
Prolactin_||.98 (33) |66 (52) ||-56 (58) ||-13(.90) ||1.43(17) |92 (43)
Estradiol ||-73 (47) || -1.33(20) || 159 (12) || -19(85)| -1(@®) |[-1.54 (.22)
Testosteronff-2.59 (.01) [|.33 (.75) -1.36 (.19) || 1.18(.26) -1.40 (.18} .8®}.
SHBG 90 (37) || .69 (50) || L1z (27| 124 (24| -1@@) |[-39(73)
Age 112 (27) || -04(97) || 157 (13) || -31(76)|[-2.46 (02) |[1.33 (28)
Adjusted |[Rz=.30, |[R2=54 ||[Re=-22 ||R2=-63 |[R2=.60 |[R2=-36
Signif. test [[F=371, |[F=298, |[F=197, [F=202 |[F=299, |[F=1.65,

p <.001 p=.01 p =.08 p=.11 p=.01 p=.37
[Note ||[WB = whole blood; Adjusted = adjusted R?; Signifsignificance.
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