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Abbreviations

Al = antibody index, B. burgdorferi = Borrelia burgdorferi, CSF = cerebrospinal
fluid, C. pneumoniae = Chlamydia pneumoniae, CP = chronic progressive, EAE =
Experimental autoimmune encephalomyelitits, ECL = enhanced chemiluminescence,
ELISA = Enzyme-linked-immunosorbent assay, |IEF = Isoelectric focusing, Ig =
immunoglobulin, MBP = Myelin Basic Protein, MOG = Myelin Oligodendrocyte
Glycoprotein, MS = Multiple Sclerosis, OD = Optical density, OIND = other
inflammatory neurological diseases, OND = other neurological diseases, PCR =

Polymerase chain reaction, RR = relapsing remitting,



Summary

Multiple Sclerosis (MS) is one of the most frequent organic diseases of the nervous
system, with a prevalence of 30-60 per 100,000 inhabitans. It is charcterized by an
inflammatory destruction of the myelin sheaths in the white matter of the central
nervous system, which may lead to severe disability and death. The underlying
mechanism has not been clearly elucidated yet, but involves an attack of the body’'s
immune system against some of its own neural tissue antigens. One of the
immunopathologic hallmarks of MS is the chronic intrathecal production of
immunoglobulin (1g). This contains 1gG of very restricted variability, i.e. oligoclonal
IgG, and in addition, recognizes a panel of different pathogens such as measles,
rubella, and herpes zoster virus. While the antigen-specificity of the largest part of
oligoclonal 1gG in multiple sclerosis is unknown, the oligoclonal 1gG arising during
CNS infections are reactive against the specific pathogen. Recently, a link between
Chlamydia (C.) pneumoniae and multiple sclerosis has been claimed. To test the
possible role of C. pneumoniae in multiple sclerosis, we analyzed @) whether there is
intrathecal 1gG production against C. pneumoniae in multiple sclerosis and b) whether
the oligoclonal IgG in the CSF of multiple sclerosis patients recognize C.
pneumoniae.

By studying paired serum/CSF samples from 120 subjects (definite multiple sclerosis:
46; probable multiple sclerosis: 12; OIND: 35; OND: 27) by ELISA, we found that
24% of all patients with definite multiple sclerosis, but only 5% of patients with other
inflammatory or non-inflammatory diseases produced 1gG specific for C. pneumoniae
intrathecally (definite multiple sclerosis versus OIND: p = 0.027). The presence of
intrathecal 1gG to C. pneumoniae was independent of the duration of disease and

relatively stable over time. The major CSF oligoclonal 1gG bands from multiple



sclerosis-patients with an intrathecal |g-production to C. pneumoniae did not react to
C. pneumoniae by |EF-Western as seen by isolectric focusing and subsequent affinity-
mediated immunoblot (IEF-Western) towards purified elementary bodies and
reticulate bodies of C. pneumoniae. By contrast, the 1gG in the CSF of control
patients with neuroborreliosis strongly reacted with their specific pathogen, Borrelia
burgdorferi by IEF-Western. Concomitant analysis of the CSF of 23 patients with a
nested PCR for C. pneumoniae was negative in all cases. Together, these findings
strongly suggest that the immune response to C. pneumoniae is part of a polyspecific
intrathecal Ig production, as is commonly observed with other pathogens. This argues

against a specific role of C. pneumoniae in multiple sclerosis.



Zusammenfassung

Die Multiple Sklerose (MS) ist eine der haufigsten organischen Erkrankungen des
zentralen Nervensystems, mit einer Prévalenz von 30-60 pro 100.000 Einwohner. Sie
zeichnet sich durch eine entzindliche Zerstorung der Myelinscheiden aus. Eine
prominente immunpathologische Verdnderung bei der MS ist die intrathekale
Produktion von Immunglobulinen (Ig). Diese umfassen sogenannte oligoklonale
Banden, die mit IEF darzustellen sind und deren Vorhandensein auch fur die
Diagnosefindung von Bedeutung ist. Dartberhinaus produzieren MS-Patienten
intrathekal 1g gegen eine Vielzahl verschiedener Pathogene, wie zum Beispiel
Masern-, Roteln- und VarizellaZoster-Viren. Wéahrend die Antigenspezifitdt der
oligoklonalen 1gG bei der MS weitestgehend unbekannt ist, reagieren die wéhrend
einer Infektion des ZNS gebildeten oligoklonalen 1gG mit dem spezifischen Pathogen.
Kirzlich wurde ein Zusammenhang zwischen Chlamydia (C.) pneumoniae und der
Multiplen Sklerose postuliert. Um diesen Erreger auf seine mogliche Rolle bei der
Multiplen Sklerose hin zu prifen, analysierten wir a) ob die Multiple Sklerose mit
einer intrathekalen Produktion von 1gG gegen C. pneumoniae verbunden ist und b) ob
die oligoklonalen 1gG im Liquor cerebrospinalis (CSF) von MS-Patienten C.
pneumoniae erkennen.

Indem wir gepaarte Serum-/CSF-Proben von 120 Patienten (gesicherte MS: 46,
wahrscheinliche MS: 12, andere entzindliche neurologische Erkrankungen: 35,
andere nichtentziindliche neurologische Erkrankungen: 27) mit dem Enzyme-linked
Immunosorbent Assay (ELISA) untersuchten, fanden wir, dass 24% aller Patienten
mit gesicherter MS aber nur 5% der Patienten mit anderen entziindlichen oder
nichtentziindlichen Erkrankungen des ZNS intrathekal 1gG spezifisch gegen C.

pneumoniae produzierten (gesicherte MS versus andere entziindliche Neurologische



Erkrankungen: p = 0,027). Die Anwesenheit intrathekaler 1gG gegen C. pneumoniae
war unabhangig von der Krankheitsdauer und im zeitlichen Verlauf relativ stabil. Die
hauptséchlichen oligoklonalen IgG-Banden im Liquor der Patienten mit Multipler
Sklerose und intrathekaler 1g-Produktion gegen C. pneumoniae reagierten nicht mit
C.p. Dies wurde in einem affinitétsvermittelten Immunoblot (IEF-western-blot)
gesehen. Im Gegensatz dazu reagierten die IgG im CSF von Kontrollpatienten mit
Neuroborreliose kréftig mit ihrem spezifischen Pathogen, Borrelia Burgdorferi, in der
|EF-western-blot-Analyse.  Zusammengenommen liefern diese Befunde starke
Hinweise darauf, dass die Immunantwort gegen C. pneumoniae Teil einer
polyspezifischen intrathekalen 1g-Produkton ist, wie man sie bei der MS gewdhnlich
auch gegen andere Pathogene nachweist. Dies spricht gegen eine spezifische Rolle

von C. pneumoniae bei der Pathogenese der MS.



Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central
nervous system (CNS) affecting 30-60 out of 100,000 inhabitants of Central Europe,
the etiology of which remains unknown. Both infectious agents and pathological
autoimmune reactions to CNS antigens have been implicated in the etiology of
multiple sclerosis (Noseworthy et al., 2000). Recent neuropathological data have not
only provided evidence for an important role of anti-myelin autoantibodies (Genain et
al., 1999), but have also pointed to a considerable immunopathological heterogeneity
of multiple sclerosis (Lucchinetti et al., 1998). Specifically, two patterns of multiple
sclerosis plagues were identified that would be consistent with infectious or toxin-
induced demyelination (Lucchinetti et al., 2000). The pathogenetic heterogeneity of
multiple sclerosis has obvious therapeutic consequences.

An infectious etiology of multiple sclerosis has been suspected for more than a
century, results from different areas of investigation pointing in this direction.
Epidemiologic analysis of all cases of MS on the Faroe Isands from 1920 to 1977
indicated a point source epidemic of MS, probably introduced by British troops or
their baggage. Thus, MS on the Faroe Islands appeared to be a transmissible, most
likely infectious, disease. Furthermore, studies of identical twins of which one hasMS
have shown that the disease develops in only 30% of second twins, indicating that
more than a susceptible genotype determines disease (Spielman et al, 1982). Over the
years a large number of different viruses have been linked to multiple sclerosis
(Meinl, 1999), including measles virus, herpesviruses such as Epstein-Barr virus and
human herpesvirus 6, human retroviruses (especially human T-cell-leukemia virus

type 1), JC polyoma virus. To confuse matters further, anti-viral immune responses,



including intrathecal antibody production to such common pathogens as measles,
rubella and herpes zoster viruses, are quite common in multiple sclerosis patients:
they can be found in 60%, 60% and 50% of M S patients, respectively, and are present
individually or in combination in more than 90% of MS patients (Reiber, 1995).
These polyspecific anti-viral 1gG do not correspond to the major oligoclonal 1gG
bands of the CSF and are considered as a bystander reaction (Measles-Rubella-Zoster
(MRZ-) reaction) (Sindic et al., 1994; Luxton et al., 1995; Reiber et al., 1998).
Furthermore, patients with multiple sclerosis have predominantly low affinity
antibodies against these pathogens in the CSF, whilst patients with a primary viral
infection have predominantly high affinity antibodies against the causative organism
(Luxton et al., 1995).

Very recently, C. pneumoniae has been linked to multiple sclerosis. Sriram
and colleagues reported on a multiple sclerosis patient who failed to respond to
Immunosuppressive treatment, but had C. pneumoniae in the CSF and improved
dramatically after antibiotic treatment (Sriram et al., 1998). In a larger cross-sectional
study, the same group reported that C. pneumoniae could be cultured from 64 % of
multiple sclerosis patients versus 11 % of controls and polymerase chain reaction
(PCR) allowed the detection of C. pneumoniae genome in 97 % of multiple sclerosis
patients versus 18 % of OND controls (Sriram et al., 1999).

C. pneumoniae is an obligate intracellular bacterium that infects alveolar
macrophages, monocytes and endothelial cells, including human brain
microvasculature endothelial cells (Maclntyre et al, 2002) and infects only humans,
generally causing pharyngitis, bronchitis and pneumonia. Over the last decade,
substantial evidence of a causative role of C. pneumoniae in atherosclerosis has

accumulated. In the field of neurology, C. pneumoniae has been detected in affected
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brain tissue from patients with Alzheimer disease, the pathology of which is distinctly
different from MS. Several case reports (summarized in Y ucesan et al., 2001) of acute
CNS manifestations such as Encephalitis, meningitis, Guillain-Barré-Syndrome
associated with C. pneumoniae infection hint toward a possible neurotropism of the
organism. Chlamydia bacteria have been linked to a chronic encephalopathy in cows,
which is called sporadic bovine encephalomyelitis (Sriram et al., 1998; Harshfield,
1970). Serology indicates that about half of the population in developed countries
have had contact to C. pneumoniae (Hargreaves et al., 1994) and that seroconversion
to C. pneumoniae interestingly usually occurs at 5 to 15 years of age (Thom DH et al.,
1991), the same time epidemiologic studies have indicated that MS is acquired, even
though disease does not usually develop until after puberty. If C. pneumoniae
were linked to the pathogenesis of certain subtypes of multiple sclerosis, this would
have striking therapeutic consequences. Indeed, based on previous results (Sriram et
al., 1999), clinical trials of antibiotic therapy are now underway (Treib et al., 2000).
Several contradictory brief reports, mostly in the form of letters, have meanwhile
appeared, shedding doubt on the Chlamydia hypothesis. The number of patients
studied in these scattered reports was small, and data were mainly based on PCR
analysis (Layh-Schmitt et al., 2000; Boman et al., 2000; Treib et al., 2000; Pucci et
al., 2000; Hammerschlag et al., 2000; Li et al., 2000). However, the PCR detection of
C. pneumoniae in the CSF is not standardized and the contradictory results might be
explained by different PCR protocols, different strategies to extract DNA, different
handling of the CSF, amount of CSF drawn, cell number in the CSF, and other
variations.

On the basis of experience with other infectious CNS diseases, it is evident

that a negative PCR in the CSF does not exclude an infectious agent as a cause of
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disease. For example, in herpes simplex encephalitis the PCR is positive only at the
beginning of the disease. After about two weeks the PCR is usually negative, but the
diagnosis can retrospectively be established by specific 1gG production to herpes
simplex virus and by specific reactivity of oligoclonal bands to this virus assessed by
isoelectric focusing (IEF) with subsequent affinity mediated immunoblot (IEF-
Western). This serological feature is very stable and reliable (Sauerbrei et al., 2000).
Likewise, in neuroborreliosis the diagnostic sensitivity of the PCR from CSF was
estimated to be just 17 %, and the diagnosis is routinely based on an intrathecal 1gG
production to Borrelia (B.)burgdorferi (Lebech et al., 2000).

The aim of our present study was to test the Chlamydia hypothesis. We
studied a total of 120 patients, using a combination of techniques, including
conventional serology, |EF Western, and PCR. Immunoglobulins are stable outside
the body and the experiments are not affected by the amount of CSF obtained and the
speed of further processing. Most importantly, we examined the oligoclonal bands,
which are present in 97% of MS patients (Zeman et al., 1995) and despite their not
being restricted to MS, have been considered the “holy grail” in the search for the
solution of the MS problem. Because, if C. pneumoniae infection was
pathogenetically relevant, it would be expected that the major CSF oligoclonal bands
are directed to this pathogen (Gilden, 1999).

We found that an intrathecal 1gG production to C. pneumoniae is indeed more
common in multiple sclerosis patients than controls. However, in contrast to a
previous report (Sriram et al., 1999), all our PCR results were negeative. More
importantly, we report the novel finding that in multiple sclerosis patients, the major
CSF oligoclonal bands are not directed to C. pneumoniae as assessed by |EF-Western.

This is in dtriking contrast to another chronic bacterial CNS infection,
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neuroborreliosis, where |EF-Western analysis revealed a strong reactivity of B.
burgdorferi-specific oligoclonal bands. Taken together, our results suggest that the
intrathecal immune response to C. pneumoniae in multiple sclerosis is probably a
bystander reaction, very similar to the well-known Measles-Rubella-Zoster (MRZ)

reaction (Reiber et al., 1998).
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M aterials and M ethods

Patients

Paired serum and CSF samples from a total of 120 patients were analyzed. Of these,
12 patients were diagnosed as possible multiple sclerosis, 35 as RR-multiple sclerosis,
and 10 as CP-multiple sclerosis (Poser et al., 1983). Thirty-five patients with diseases
such as viral encephalitis, Guillain-Barré syndrome, meningitis, and chronic
inflammatory demyelinating polyneuropathy were classified as other inflammatory
neurologic diseases (OIND). Twenty-seven patients with diseases such as disc
prolaps, headache, vertigo, and cerebral infarct were classified as other neurological
diseases (OND) (Table 1). The serum and CSF samples were analysed in a blinded
manner. For analysis of the antigen-specificity of the oligoclonal bands by IEF-

Western, four additional patients with definite neuroborreliosis were examined.

Serology

An ELISA specifically detecting 1gG reactive with C. pneumoniae was obtained from
Hain Diagnostics (Nehren, Germany, manufactured by Savyon Diagnostics, St
Ashdod, Isragl). Purified elementary bodies of strain TW-183 were used as antigen. In
a recent comparative analysis this ELISA performed well in comparison with
complement fixation and microimmunofluorescence (Persson, Boman, 2000).
Seropositivity was assessed according to the instructions of the manufacturer using a
1:100 dilution of the serum. To determine the presence of anti-C. pneumoniae 1gG in
the CSF, the spinal fluid was diluted 1:2. In analogy to evaluation of serum samples,

CSF samples were scored positive for C. pneumoniae, if the measured optical density
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was at least twice the optical density of the negative control, which was measured

around an OD of 0.2.

Determination of intrathecal 1gG production

To assess the presence of an intrathecal 1gG production against C. pneumoniae, CSF
was diluted 1:2 and the corresponding serum was diluted to the same concentration of
IgG. The specific intrathecal 1gG production antibody index (Al) was then calculated
as Al = ODcsr : ODgym. INnthe case of an intrathecal 1gG production, the corrected Al
was calculated as Al X Qiga/Qiim- Qiim Was calculated as described (Reiber, Lange,
1991). An Al > 2 was considered to indicate a significant and reliable intrathecal 1gG
production against the pathogen studied.

Immunoglobulins (Ig) in the CSF are either blood-derived or have been produced
intrathecally.

The proportion of blood-derived Ig is dependent upon blood-CSF-barrier function,

measured as the CSF/serum concentration quotient of Albumin (Alb), Qaip.

_ c(Alb) _
A c(Albg)  c(1gGs)

In patients that show no intrathecal 1g production, the relation between the
CSF/Serum concentration quotients of 1g (Qig) and Albumin (Qaip) has been
empirically determined.

Based on these measurements and on the laws of diffusion (of molecules acrossthe
blood-CSF barrier), Reiber developped a formula by which one can calculate a

maximum value for Q,q , termed Qiim(1g), in the absence of intrathecal 1g production.
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A Qg exceeding Qiim(1g ) indicates that part of Ig in the CSF originates from antibody
forming cells within the CSF space.
Qim(lg) =the statistical upper limit of a blood-derived Ig fraction in CSF

(comprising +/- 3 standard deviations or 99% of cases)

Qin(19G) = 0.93/|(Qu,)? +6:10 °|-1.7-10°2

The specific intrathecal immune response of a certain antibody species is expressed as
Antibody Index (Al).
Al = ratio between the specific antibody CSF/Serum concentration quotient, Qgpec, and

the total 1g CSF/Serum concentration quotient, Qg

Quec = Al Al = Qe
Spec =
ABg ng

If there is intrathecal antibody synthesis, we refer to Qiim(1g ) instead of Q4

JYpE:
Qlim

Example of a patient(GCE) with an intrathecal immune response to Chlamydia
pneumoni ae:
C(Alb.g) =0.223g/1

c(Alb,) = 45.6g/1
- Q,, = 4.89-10°

c(19G.& ) = 0.1249 /1
c(1gG¢) =12.8g/1
= Qe =9.69-10°°
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Q. (19G) = 0.93/(4.89-10 %)+ 6-10 °|-1.7.10 ® = 350.10°°

Specific antibodies directed against Chlamydia pneumoniae were detected by ELISA:
OD s0nm (CSF) = 0.691

OD450nm (%rum) = 0460

0691

= Qe = 1.53

0460 ~—

Since CSF and Serum were diluted to equivalent concentrations of 1gG for ELISA,
Al = Qspec = 1.53

Al must be corrected for the intrathecal 1gG synthesis:

QI 9G

im

Al'= Al -

=153.2.77=4.24

Since Al’ is greater than 2, this patients CSF contains intrathecally produced 1gG

against C.p.

Culture and processing of C. pneumoniae and B. burgdorferi

The C. Pneumoniae and B. Burgdorferi antigens being used in the IEF-Western blots
have been prepared by M. Hartmann, Institute for Medical Microbiology, FSU Jena,
and B. Wilske, Max-v-Pettenkofer-Institute, Munich, respectively, as described

(Derfuss, Gurkov et al., 2001)
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|[EF-Gels

An isoelectric focusing (1EF) of 1g in the CSF can be performed in an agarose gel or a
polyacrylamide gel. Agarose gels are more suitable for affinity mediated transfer, but
polyacrylamide gels allow a better resolution of individual bands. Since the purpose
of this part of the study was to perform a sensitive |EF Western analysis, agarose gels
were chosen for these experiments. In addition, oligoclonal banding was revealed at
high resolution in a subset of patients using polyacrylamide gels.

To perform the |EF in agarose gels, unconcentrated CSF and serum were subjected to
an IEF gel pH 3 — 10 according to the manufacturer’s guidelines (Titan Gel
Electrophoresis Kit, Helena BioSciences, UK). All agarose |EF gels were run under
the same conditions. Briefly, the 1gG in CSF were diluted to 50 pg/ml in 0.9 % NaCl
if they had a concentration higher than 50 pg/ml, and were used undiluted if they had
a concentration lower than 50 pg/ml. The 1gG in the serum was diluted to the
respective CSF concentration. Five pl of the dilutions of CSF and serum were used
for the IEF gel. After focusing, the gels were blotted on nitrocellulose paper for 30
min with aweight of 1 kg. The blotted 1gGs were detected with anti-human-1gG-HRP
and ECL as a substrate.

To determine the antigen-specificity of oligoclonal bands in the CSF, IEF and a
subsequent affinity mediated immunoblot were performed. To this end the
nitrocellulose paper was coated with 10 pg/ml antigen (5 ml / 12 cm?) (C.
pneumoniae or B. burgdorferi) in 0.1 M carbonate buffer pH 9.5 overnight at 4°C
before blotting. To block non-specific binding the nitrocellulose paper was
subsequently incubated in 10% low fat milk powder for 1 h at room temperature. Asa
control, a part of the membrane was coated only with 10% milk powder for 1 h at

room temperature. The |EF-Western protocol was adjusted such that no 1gG blotted to
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the membrane coated with milk powder. After blotting the 1gG were detected with
anti-human-1gG-peroxidase (supplied with the Kkit) or goat anti-human-IgG-biotin
(Sigma) and streptavidin-peroxidase (Jackson). Anti-human-1gG-peroxidase was used
to detect B. burgdorferi specific oligoclonal bands. For detection of C. pneumoniae
specific oligoclonal bands the sensitivity had to be increased and the biotin-
streptavidin system was used. Using this biotin-streptavidin system the sensitivity
could be increased by a factor of around 10. The blots were developed with the
enhanced chemiluminescence (ECL) system. The signals were detected with X-ray
films or the LAS 1000 (Fuji, Straubenhardt, Germany). For pl determination a
calibration kit from Amersham Pharmacia was used. The marker was stained in the
agarose gel with Coomassie.

To validate the quality of the antigen and the coating procedure, a dot blot assay was
performed. To this end, 2.5 pg of the antigen preparation were dotted on the
membrane. After the spot had dried the membrane was blocked with 10 % milk
powder for 1 hour a room temperature. Then the membrane was incubated with
different dilutions of sera for 30 min at room temperature. Bound 1gG were detected
with goat-anti-human-peroxidase and the blot was developed with ECL.

IEF was also performed in polyacrylamide gels (Amersham Pharmacia Biotech,
Uppsala, Sweden) in a subset of patients to visualize the oligoclonal bands with this
method. The gels were run according to manufacturer’s instructions. Briefly, 20 pl of
serum and CSF diluted to an 1gG concentration of 0.02 mg / ml were added on sample
application pieces located 4 cm from the anode. The gel was run for 1.5 hours at 1500

V and 10°C. Subsequently, proteins were silver stained as described (Wurster, 1983).
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Results

Seroprevalence and intrathecal production of 1gG specific for C. pneumoniae

First, we screened all patients and controls for the presence or absence of a serum and
CSF 1gG response to C. pneumoniae. The proportion of seropositive patients was
similar in the multiple sclerosis and control groups: About 50 % of all studied patients

showed serological evidence of prior infection with C. pneumoniae (Table 1).

Table 1. 1gG responseto C. pneumoniaein serum and CSF

Group
Probable Definite Definite
MS RR-MS CP-MS OIND OND
n 12 35 11 35 27
Seropositive 5/12 16/35 7/10 16/35 16/25
to C.p. (42%) (46 %) (70 %) (46 %) (64%)
Intrathecal /12 9/35 2/11 2/35 1/26
IgG to C.p. (8%) (26%) (18%) (6%) (4%)

Thistable shows the number of patients studied and their classification. The number and percentage of
patients who are seropositive for Cp and who displayed an intrathecal 1gG production to Cp with an Al

> 2 are shown. C.p. = Chlamydia pneumoniae. MS = multiple sclerosis

In this regard, there was no difference between multiple sclerosis patients and
controls. Sixty patients were seropositive for C. pneumoniae. Out of these, 37 % had

anti-C. pneumoniae 1gG in the CSF. This ELISA is not sensitive enough to detect
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transudation of 1gG into the CSF of marginally seropositive patients. Conversely,
among the identified 15 patients with an intrathecal 1gG production to C. pneumoniae,
11 scored positive for anti-C. pneumoniae 1gG in the serum.

In contrast, 26 % of patients with RR-multiple sclerosis and 20 % of patients
with CP-multiple sclerosis (mean = 24 % for all patients with definite multiple
sclerosis), but only 6 % of the OIND and 4 % of the OND patients showed an
intrathecal 1gG production to C. pneumoniae (Table 1). The specific Al in all patients
with an intrathecal 1gG response to C. pneumoniae was between 2.1 and 8 with a
mean Al of 3.86. The difference between the proportion of patients with an intrathecal
IgG response to C. pneumoniae in the definite multiple sclerosis group (11/46) and
the OIND group (2/35) was statistically significant (Chi® test: p = 0.027). The
presence or absence of an intrathecal 1gG production to C. pneumoniae did not
correlate with disease duration: Eleven multiple sclerosis patients with intrathecal 1gG
production to C. pneumoniae had a mean disease duration of 10.4 years, whereas 29
multiple sclerosis patients without intrathecal 1gG production to C. pneumoniae had a
mean disease duration of 10.0 years. Taken together, the results demonstrate that there
is a difference between multiple sclerosis and controls in the intrathecal, but not in the

serum 1gG response to C. pneumoniae.

Stability of the antigen-specific intrathecal 1gG production over time

We assessed the temporal stability of anti-C. pneumoniae IgG by repeat CSF analysis
in 9 patients. The time interval between the two CSF collections ranged from three
weeks to 8 months. Five of these 9 patients showed an intrathecal 1gG production to
C. pneumoniae. In all 9 patients, the responder status (that is, presence or absence of

an intrathecal 1gG response) remained unchanged over the observation period. In
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eight of the nine cases, the quantitative specific Al to C. pneumoniae was very stable
over time. In one OIND patient, the corrected Al to C. pneumoniae dropped from 8.1
to 3.4 after 5 months.

In one multiple sclerosis-patient, we compared the time course of C.
pneumoniae-specific 1gG to the reactivity against several other infectious agents
(Measles, Rubella, VZV, CMV and HSV). This patient, who had had clinically
definite remitting-relapsing multiple sclerosis for twelve years, had elevated Alsto all
these agents. This type of response has been described as the “Measles-Rubella-Zoster
(MRZ)” reaction (Reiber et al., 1998). CSF was obtained at two time points, 6 months
apart. After the first CSF sample revealed an intrathecal 1gG response to C.
pneumoniae, the patient was treated with doxycyclin (200 mg per day p.o.) for two
weeks. As shown in Table 2, all Als remained essentially unchanged. Together, the
results show that the intrathecal immune response to C. pneumoniae, as well as to

other infectious agents, is quite stable over time.
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Table 2: Longitudinal stability of intrathecal IgG production against different

pathogens

Date of lumbar puncture
Corrected Al November 1999 July 2000
C. pneumoniae 2.8 2.1
B. burgdorferi negative negative
Measles virus 9.1 9.9
Rubella virus 22.2 18.6
Varizellazoster virus 17.6 21.3
Cytomegalovirus 19 2.5
Herpes simplex virus 2.6 19

CSF and serum of a patient with definite RR-multiple sclerosis was analysed for 1gG against
different viral antigens and C. pneumoniae at two different time points by ELISA. The corrected Al

that describe the intrathecally produced 1gG against the different pathogens are shown.

Antigen-specificity of oligoclonal bands

Next, we tested the antigen-specificity of CSF oligoclonal bands by IEF-Western
blotting, using C. pneumoniae, B. burgdorferi, and milk powder as antigens. Low fat
milk powder is commonly used as a blocking reagent and served here to control the
specificity and evaluate unspecific transfer. This analysis was done in all 15 samples
with an intrathecal 1gG production to C. pneumoniae (Table 1), in three samples with

a high C. pneumoniae-specific OD in the ELISA in both serum and CSF and
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additionally as a control in 8 samples without anti-C. pneumoniae 1gG as assessed by
ELISA.

Eleven of the 15 patients with an intrathecal 1gG production to C. pneumoniae
had definite multiple sclerosis. In none of these 11 multiple sclerosis-patients were the
oligoclonal bands in the CSF specific for C. pneumoniae. Ten of them did not show
any specific response to C. pneumoniae in the |EF Western. A representative example
is shown in Figure 1A. In one of these 11 patients, weak reactivity to C. pneumoniae

was evident by |EF-Western (Figure 1B).

Figure 1: Lack of reactivity of multiple scler osis oligoclonal bandsto C.
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Figure 1. In A and left pand of B, CSF and serum of two multiple sclerosis-patients were analysed by
|IEF-Western. Both patients had an intrathecal 1gG production to C. pneumoniae by ELISA. Patient
GCe (A) (Al = 4.6) did not show any reactivity to C. pneumoniae in the |IEF Western, while patient

KoYu (B) (Al = 2.4) displayed a wesk reactivity that seemed to be distinct from the major oligoclonal
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bands. The membranes were coated with C. pneumoniae or milk powder asindicated. Immunoglobulin,
which was affinity-mediated to the coated membranes, was detected with anti-human 1gG-bictin,
streptavidin-peroxidase, and ECL. The immunoglobulins blotted to the uncoated membranes were
detected with the less sensitive system using anti-human 1gG-peroxidase and ECL. |EF markers, which
areindicated |eft in panel B, were stained in the gel with Coomassie. Theright pand in B shows | EF of
serum and CSF of patient KoYu in a dlver gained polyacrylamide gel. The region between pH 9.3

(indicated by the presence of cystatin C in the CSF) and pH 6.5 is shown.

Two of the 4 control patients with an intrathecal 1gG production to C.
pneumoniae displayed reactivity to C. pneumoniae in the IEF Western. One
representative example (patient HuM) of these two is shown (Figure 2B). This patient
presented with hypoglycaemic coma, having a 32-years-history of typel-diabetes.
PCR to detect C. pneumoniae in the CSF was not done in this patient. The other
patient (NM) was diagnosed with limbic encephalitis of unknown origin and focal
epileptic seizures. The CSF of this patient did not contain C. pneumoniae as assessed
by PCR. It should be noted that the IEF-Western reactivity in these patient samples
was only detected by the very sensitive method of applying streptavidin/biotin. This
indicates that only a small minority of the 1gG in the CSF was directed against C.

pneumoniae.
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Figure 2: Weak reactivity to C. pneumoniae in special cases
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Figure 2. In A (left pand) the IEF Western of a patient PoVe (probable multiple sclerosis) with ahigh
1gG response to C. pneumoniae in both serum and CSF, but without an intrathecal Ig production to C.

pneumoniae (Al = 1.3) is shown. Both serum and CSF react to C. pneumoniae by |EF Western. In B
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the |EF Western of patient HUM is shown. This patient, who suffered from a hypoglycemic coma and a
long-standing diabetes mellitus, had an intrathecal 1gG production against C. pneumoniae. In the IEF
Western analysis IgG reactive to C. pneumoniae both in CSF and serum can be seen. The vertical line
in A and B indicates that CSF and serum were run on different gels under the same focusing
conditions. In A (left panel) and B membranes were coated with C. pneumoniae, milk powder as
contral, or were left uncoated. 1gG was detected with anti-human 1gG-bictin, streptavidin-peroxidase,
and ECL on coated membranes and with the less sensitive anti-human 1gG-peroxidase on uncoated
membranes. The right panel in A shows IEF of serum and CSF of patient PoVe in a silver stained
polyacrylamide gel. The region between pH 9.3 (indicated by the presence of cystatin C in the CSF)

and pH 6.5 is shown.

Three patients with high reactivity in serum and CSF to C. pneumoniae by
ELISA, but without an intrathecal 1gG production to C. pneumoniae (Al = 0.9, Al =
1.0, and Al = 1.3) were also analysed by IEF Western. Two of them (PoVe with
probable multiple sclerosis, LuAl with definite CP-multiple sclerosis) showed
reactivity in both serum and CSF in the C. pneumoniae-directed IEF-Western. The
third (ZiSa with RR-multiple sclerosis) did not react by |EF-Western. Of note, 1EF-
Western analysis also detected bands in the serum of patients PoVe and LUAl. Again,
specificity of this reactivity was confirmed by using milk proteins and B. burgdorferi
as control antigens (data not shown). One representative example (PoVe) is shown in
Figure 2A. The patient PoVe, who had probable multiple sclerosis, showed the
strongest response to C. pneumoniae by |EF-Western. However, even in this patient,
the very sensitive detection system was required (Figure 3). Importantly, since none
of these two patients showed a quantitative intrathecal 1gG response to C.
pneumoniae, this bacterium is unlikely to be involved in their disease. The Al did not

correlate with |EF-Western reactivity. This might be explained by the fact that the Al
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reflects the ratio between CSF and serum reactivity and does not necessarily mirror

the total amount of 1gG in the CSF.

Figure 3: Comparison of the IEF Western response to C. pneumoniae and B.

burgdorferi using detection systemswith different senstivities
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Figure 3. CSF and serum of patient NB 3 (neuroborrdiosis) and CSF of patient PoVe (probable
multiple sclerosis) were tested with different detection systems for their reactivity to B. burgdorferi and
C. pneumoniae, respectively. Detection was performed either with the more sensitive anti-human 1gG-
biotin and streptavidin-peroxidase (indicated as B+SA-PO) or with the less sensitive anti-human 1gG-
peroxidase (indicated as PO). C. pneumoniae reactive oligoclonal bandsin the CSF of patient PoVe can
be observed only with the more sensitive detection system, whereas a strong reactivity to B.

burgdorferi in the CSF of patient NB 3 can aready be seen with the less sensitive detection system. As

28



indicated, membranes were coated with C. pneumoniae, B. burgdorferi, or milk powder as control. The

applied 1gG concentrations of samples from NB3 and PoVe were identical.

For additional specificity control of the IEF-Western analysis, 8 patients (4
with RR-multiple sclerosis, two with probable multiple sclerosis, one with CP-
multiple sclerosis, and one OIND patient) were studied who did not have reactivity to
C. pneumoniae in the CSF measured by ELISA. When these 8 patients were analysed
by IEF-Western for reactivity to C. pneumoniae, none of them showed any reactivity

even when evaluated with the highly sensitive detection system.

Further evaluation of the IEF Western Blot system and comparison with the
Immune response to B. burgdorferi

To further validate our IEF-Western system, we analysed serun/CSF pairs from four
patients with definite neuroborreliosis by 1EF Western. These four control patients
with neuroborreliosis showed a strong intrathecal 1gG production to B. burgdorferi

with amean Al of 43.4.
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Figure4: |IEF Western reactivity against B. burgdorferi of patientswith

neuroborreliosis
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Figure 4. CSF of patient NB 1 with neuroborreliosis (panel A) was taken at the onset of disease and
showed an intrathecal production of 1gG against B. burgdorferi with an Al of 4. CSF of patient NB 2
(panel B) was taken one year after onset of neuroborreliosis, the specific Al was 22. CSF and serum
were separated by IEF and subsequently blotted to a nitrocellulose membrane coated with B.
burgdorferi or milk powder. The IgG affinity mediated to the coated membranes and the 1gG blotted to

the uncoated membranes was detected with anti-human 1gG-peroxide.

All four patients showed — as expected — B. burgdorferi-specific oligoclonal
gG in the CSF (Figures 3 and 4). In addition, we analysed the reactivity of serum
from the four patients to B. burgdorferi by IEF-Western. In three patients B.
burgdorferi-specific reactivity was observed by |EF-Western in both serum and CSF.
One representative patient is shown in Figure 4. In one patient the IEF-Western

reactivity to B. burgdorferi was detected in CSF only (Figure 4B). In al 4
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neuroborreliosis patients B.burgdorferi-specific oligoclonal 1gG was readily detected
with the less sensitive detection protocol using anti-human Ig-peroxidase, whereas
detection of reactivity to C. pneumoniae by IEF-Western required the sensitive
detection system (Figure 3). One of these neuroborreliosis patients was also cross-
examined with C. pneumoniae and did not react to this agent by |IEF-Western (data
not shown). The B. burgdorferi specific 1gG response in CSF was strong and
distributed over a broad range of pl (Figures 3 and 4). That makes a direct comparison
of the oligoclonal 1gG detected in the uncoated membrane with the B. burgdorferi-
specific oligoclonal 1gG difficult. This observation is in accordance with an earlier
study about B. burgdorferi-specific oligoclonal 1gG in the CSF (Martin et al., 1988).
As reported in the previous section, most of the patients who had a detectable
intrathecal 1gG production to C. pneumoniae in ELISA showed only weak or no
reactivity of their oligoclonal bands to C. pneumoniae in |EF-Western, even with the
sensitive technique. To exclude the possibilities of insufficient coating of the
nitrocellulose membrane or alteration of the Chlamydia antigen during or after
coating, we performed a series of additional experiments. First, CSF-1gG of patients
PoVe and HuM reacted by IEF Western to C. pneumoniae, but not to B. burgdorferi
(Figure 2 and data not shown). CSF of patient PoVe was run in parallel as a positive
control in all IEF Western experiments searching for C. pneumoniae reactivity.
Second, to further evaluate the efficiency of binding of C. pneumoniae, membranes
were coated with C. pneumoniae and blocked with 10 % milk powder as for the IEF-
Western, and diluted serum samples were applied directly to the coated membranes
without prior |EF-separation. Subsequently, the membranes were developed with the
same detection system as used for the IEF-Western method. With this method,

reactivity of the serum samples that were positive by ELISA could be detected at
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dilutions down to 1:30,000. The results of these experiments show that the C.
pneumoniae antigens bind efficiently to the nitrocellulose membrane and can be

readily recognized by patients” antibodies.

Discussion

Our analysis of 120 paired CSF and serum samples from multiple sclerosis patients
and controls revealed the following: a) a positive serum 1gG response to C.
pneumoniae was observed in about 50 percent of multiple sclerosis patients and
controls; b) in 20-25 % of multiple sclerosis-patients, but only 4-6 % of controls, there
is clear evidence for intrathecal synthesis of antibodies directed against C.
pneumoniae and c) |EF Western blotting demonstrated that in multiple sclerosis the

major CSF-specific oligoclonal bands are not directed against C. pneumoniae.

Seroprevalence and intrathecal 1gG production

The overall seroprevalence of C. pneumoniae in multiple sclerosis patients and
control OIND and OND patients was similar. About 50 % of the patients and controls
were seropositive for C. pneumoniae. This is within the range of expected
seropositivity in the normal population. For example 43 % of basic trainees of the US
airforce had preexisting Abs to C. pneumoniae (formerly called TWAR strain)
(Hargreaves et al., 1994). This finding alone - that only about half of the multiple
sclerosis patients show serological evidence of previous infection with C. pneumoniae

- would argue against arole for C. pneumoniae in all multiple sclerosis-patients.
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In contrast to the proportion of overall seropositivity, which was essentially
identical between multiple sclerosis patients and controls, there was a clear difference
in the proportion of patients with intrathecal antibody production to C. pneumoniae.
This finding raises the question as to whether in this subgroup of multiple sclerosis-
patients, C. pneumoniae is directly linked to the pathogenesis or whether the
intrathecal 1gG production to C. pneumoniae is part of a bystander immune response

known as the “MRZ reaction” (Luxton et al., 1995; Reiber et al., 1998).

Specificity of oligoclonal 1gG in the CSF of multiple sclerosis patients

Intrathecal 1gG production and oligoclonal bands in the CSF represent typical
laboratory features of MS and other inflammatory and infectious diseases of the CNS.
The antigen-specificity of the oligoclonal 1gG in MS is largely unknown. In the case
of infectious CNS disease, at least part of the intrathecally produced oligoclonal 1gG
is directed to the specific pathogen. This has been reported for different virus
infections of the CNS (Ddrries, ter Meulen, 1984), B. burgdorferi and
neuroborreliosis (Martin et al., 1988), and other infections of the CNS (reviewed by
Gilden, 1999). Furthermore, the oligoclonal IgG in the CSF are stable over time in
multiple sclerosis patients, suggesting that they are caused by a specific and chronic
activation of B cells (Walsh, Tourtellotte, 1986), presumably by an antigen-driven
response (Smith-Jensen et al., 2000). Therefore we tested whether the oligoclonal 1gG
present in multiple sclerosis CSF were specific for C. pneumoniae. For comparison,
we analysed paired CSF/serum samples from patients with neuroborreliosis and
determined the reactivity of their oligoclonal bands to the specific pathogen of this

disease, B. burgdorferi.
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The IEF-Western experiments revealed that the major oligoclonal 1gG bands
in the CSF of multiple sclerosis-patients did not react with C. pneumoniae. In
contragt, all four analysed control patients with neuroborreliosis showed a strong
intrathecal 1gG-production against B. burgdorferi and strong reactivity of oligoclonal
bands to this bacterium detectable by |EF-Western.

What might be the reason for the strong reactivity of CSF oligoclonal 1gG of
neuroborreliosis patients to B. burgdorferi on the one hand and lack of reactivity of
the major oligoclonal 1gG of multiple sclerosis-patients to C. pneumoniae on the
other? The 1gG response to a specific pathogen involves a high percentage of the CSF
lg. About 20 % of the CSF IgG has been estimated to recognize measles virus in the
case of subacute sclerosing panencephalitis (Conrad et al., 1994). In contragt, the
concentration of those I1gG that belong to the polyspecific immune response such as
IgG directed to measles, rubella, and zoster virus represent together only about 2 % of
the IgG in the CSF (Reiber et al., 1998). In addition, the intrathecal polyspecific 1gG
in multiple sclerosis is usually of low affinity in contrast to the 1gG directed against a
specific pathogen (Luxton et al., 1995). Both the low affinity and lower concentration
of the anti-C. pneumoniae 1gG in multiple sclerosis as compared to the anti-Borrelia
IgG in neuroborreliosis might account for the weak or absent reactivity to C.
pneumoniae in the affinity mediated |EF Western.

Our finding that the major oligoclonal 1gG in the CSF of multiple sclerosis-
patients are not directed against C. pneumoniae argues that the intrathecal 1gG
production against C. pneumoniae in a subgroup of multiple sclerosis is part of a
polyspecific activation of B cells in the CSF. Longitudinal analysis revealed that the
intrathecal 1gG production to measles, rubella, and herpes zoster viruses, and a a

lower level also to cytomegalovirus, herpes simplex virus, and C. pneumoniae, is



guite stable over time. Furthermore, the polyspecific 1gG response to measles, rubella
and zoster occurs rather independently of disease duration and is usually present at the
onset of disease (Reiber et al., 1998).

Two patients (one with probable multiple sclerosis (PoVe) and one with
definite CP-multiple sclerosis (LuAl)) showed a few oligoclonal bands specific to C.
pneumoniae in both serum and CSF. However, a highly sensitive detection system
was required to demonstrate this reaction. The ELISA results indicate that these two
patients had a rather high concentration of 1gG against C. pneumoniae in both serum
and CSF. Importantly, they did not show a specific intrathecal 1gG production to C.
pneumoniae (Al<2). The finding that these two patients showed C. pneumoniae-
specific oligoclonal bands in the CSF and serum by IEF-Western validates the 1EF-
Western analysis. However, since these two patients did not display an intrathecal 19G
production to C. pneumoniae, there is no evidence that this agent is causally related to

their disease.

Weak reactivity in |EF Western in special cases

One patient without evidence of an inflammatory CNS disease showed an
intrathecal 1gG production to C. pneumoniae and C. pneumoniae-specific oligoclonal
bands in the IEF-Western analysis detected in both serum and spinal fluid. This might
seem surprising, but it has been reported that an intrathecal 1gG synthesis developsin
5-10 % of patients with non-inflammatory neurological diseases (Tourtellotte,
Tumani, 1997). An intrathecal 1gG synthesis in patients presenting with non-
inflammatory neurological diseases is frequently regarded as an immune scar, since
an intrathecal 1gG synthesis persists for many years after overcoming of an

encephalitis or meningitis.
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Another patient, who had limbic encephalitis of unidentified origin, showed an
intrathecal 1gG production to C. pneumoniae and C. pneumoniae-specific oligoclonal
bands exclusively in the CSF, but not in the serum. The CSF of this patient did not
contain C. pneumoniae detectable by PCR. It should be noted that the reactivity to C.
pneumoniae by IEF-Western was much weaker than the reactivity of the
neuroborreliosis patients to B. burgdorferi and required a highly sensitive detection
method. It remains to be established whether in this single case of encephalitis of
unknown origin C. pneumoniae plays a pathogenic role. This patient recovered

without a specific therapy.

Animal models and the Chlamydia hypothesis

The reports on the presence of C. pneumoniae in MS patients that incited us
to examine the matter have also led to increased efforts to show a role for C.
pneumoniae in CNS autoimmunity in experimental allergic encephalomyelitis (EAE),
the animal model for multiple sclerosis. One study (Du et al., 2002) could show that
EAE in mice induced by immunization with myelin antigens was worsened by
concomitant infection of the animals with C. pneumoniae. The bacteria were also
shown to be present in the CNS by Immunohistochemistry and PCR, but only in the
tissue of animals suffering from EAE. Proliferation and IFN-y production of
autoreactive T cells was enhanced in diseased animals, but there was no evidence of
cross-reactivity or molecular mimicry between the autoantigens and C. pneumoniae.
Another group (Lenz et al., 2001) used a C. pneumoniae-derived peptide, which
shows homology to myelin basic protein, to induce EAE in rats, whereas
immunization with a sonicated C. pneumoniae preparation produced mild EAE in one

out of five ratsonly. An intriguing study (Maclntyre et al., 2002) examined the effects
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of C. pneumoniae infection of human brain microvascular endothelial cells on
expression of proteins involved with blood brain barrier permeability and found that a
downregulation of occludin by 60% at 36-48h post infection could allow for transient

fluctuations in the permeability of the blood brain barrier.

PCR results and comparison of the data with other reports

Different approaches including the culture of C. pneumoniae and PCR
analysis of the CSF and autoptic brain have been undertaken to analyse a potential
role for C. pneumoniae in the pathogenesis of multiple sclerosis. The detection of C.
pneumoniae by culture is difficult and not very sensitive, because the viability of the
organism decreases rapidly outside the host cell (Maass, Dalhoff, 1995). Since C.
pneumoniae could not be detected by PCR in 23/23 of our CSF samples (Ten patients
with definite RR-multiple sclerosis, 3 patients with definite CP-multiple sclerosis, 5
patients with OIND and another 5 with OND) and since the PCR is more sensitive
than culture, we did not attempt to culture C. pneumoniae (Derfuss, Gurkov et al.,
2001).

Others looked at the presence of C. pneumoniae in multiple sclerosis patients
brains. C. pneumoniae was not detected by PCR in any of the analysed patient and
control specimens (Morre et al., 2000; Hammerschlag et al., 2000). These findings
are consistent with the conclusion drawn from our different experimental approach.

Different groups have looked for C. pneumoniae in CSF by PCR with highly
ambiguous results. While the first report described positivity in 97 % of the CSF of
multiple sclerosis patients (Sriram et al., 1999), two other studies were completely
negative (Boman et al., 2000; Pucci et al., 2000). Another study detected C.

pneumoniae by PCR in the CSF in 5/10 patients and then in a second series in 2/20
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patients by PCR (Layh-Schmitt et al., 2000). Yet another study detected C.
pneumoniae by PCR in 2/8 multiple sclerosis patients and found intrathecal 1gG
production in 8/22 multiple sclerosis patients (36%) (no data about control patients
were reported) and initiated a placebo-controlled multicenter study to evaluate the
efficiency of an antibiotic treatment with Roxithromycin (Treib et al., 2000). In
contrast, however, another group detected C. pneumoniae in a high percentage of the
CSF of both multiple sclerosis-patients and controls (Li et al., 2000). We did not find
reproducible evidence for the presence of C. pneumoniae genome in any of the
studied 23 CSF samples. The diverging results of previous PCR studies may depend
on cell number, CSF amount, handling of the probe, and the specific PCR protocol.
Still, one must consider that a negative PCR does by no means exclude an
involvement of C. pneumoniae, since it has been established that in another chronic
CNS disease, neuroborreliosis, in only about 17 % of the patients can B. burgdorferi
be detected by PCR (Lebech et al., 2000).

For these reasons we focused our study not on PCR or culture, but rather on
the 1gG response in the CSF and in serum. IgG is stable outside the body and the
results are not affected by the amount of CSF obtained or the speed of further
processing. Most importantly, it has been well established that oligoclonal bands
specific for the respective pathogen arise in all kinds of infectious CNS diseases
(Gilden, 1999). More recently, another group has studied CSF samples from 25
adolescents with MS by ELISA and found intrathecal 1gG production against C.
pneumoniae in seven patients (28%). Furthermore, the authors calculated the
proportion of anti-C. pneumoniae antibodies within the intrathecally produced total
IgG to range from 0.01 to 0.8% only and thereby underpin our observations (Rostasy

et al., 2003).
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Taken together, our sudy shows that a subgroup of about 25 % of multiple
sclerosis-patients produces intrathecal 1gG against C. pneumoniae. | mportantly, even
in this fraction of multiple sclerosis patients the major oligoclonal 1gG in the CSF do
not recognize C. pneumoniae. This strongly argues against a pathogenic role of this

agent in multiple sclerosis.

39



References

Boman J, Roblin PM, Sundstrom P, Sandstrom M, Hammerschlag MR. Failure to
detect Chlamydia pneumoniae in the central nervous system of patients with MS.

Neurology 2000; 54: 265

Bradford MM . A rapid and sensitive method for the quantitation of microgram
guantities of protein utilizing the principle of protein-dye binding. Anal.Biochem.

1976; 72:248-54: 248-254.

Conrad AJ, Chiang EY, Andeen LE, Avolio C, Walker SM, Baumhefner RW, et al.
Quantitation of intrathecal measles virus IgG antibody synthesis rate: subacute
sclerosing panencephalitis and multiple sclerosis. J.Neuroimmunol. 1994; 54: 99-

108.

Derfuss T, Gurkov R, Then Bergh F, Goebels N, Hartmann M, Barz C, Wilske B,
Autenrieth I, Wick M, Hohlfeld R, Meinl E. Intrathecal antibody production against
Chlamydia pneumonia in multiple sclerosisis part of a polyspecific immune response.

Brain 2001; 124:1325-1335.

Dorries R, ter Meulen V. Detection and identification of virus-specific, oligoclonal
IgG in unconcentrated cerebrospinal fluid by immunoblot technique.

J.Neuroimmunol. 1984; 7: 77-89.

DuC, Yao S, Ljunggren-Rose A, Sriram S. C. pneumoniae infection of the central
nervous system worsens experimental allergic encephalitis. J Exp Med. 2002;

196:1639-44.

40



Genain CP, Cannella B, Hauser SL, Raine CS. Identification of autoantibodies
associated with myelin damage in multiple sclerosis [see comments]. Nat.Med. 1999;

5: 170-175.

Gilden DH . Chlamydia: arole for multiple sclerosis or more confusion?

[editorial;comment]. Ann.Neurol. 1999; 46: 4-5.

Hammerschlag MR, Ke Z, Lu F, Roblin P, Boman J, Kalman B. Is Chlamydia
pneumoniae present in brain lesions of patients with multiple sclerosis?

J.Clin.Microbiol. 2000; 38: 4274-4276.

Hargreaves JE, Zajac RA, Kuo CC, Wang SP, Grayston JT. Chlamydia pneumoniae
strain TWAR pharyngitis in US Air Force basic trainees. J Am.Osteopath.Assoc.

1994; 94: 51-54.

Harshfield GS . Sporadic bovine encephalomyelitis. JAmM.Vet.Med.Assoc. 1970;

156: 466-477.

Layh-Schmitt G, Bendl C, Hildt U, Dong-Si T, Juttler E, Schnitzler P, et al. Evidence
for infection with Chlamydia pneumoniae in a subgroup of patients with multiple

sclerosis. Ann.Neurol. 2000; 47; 652-655.

Lebech AM, Hansen K, Brandrup F, Clemmensen O, Halkier-Sorensen L. Diagnostic
value of PCR for detection of borrelia burgdorferi DNA in clinical specimens from
patients with erythema migrans and lyme neuroborreliosis. Mol.Diagn. 2000; 5: 139-

150.

41



Lenz D, LuL, Conant S, Wolf N, Gérard H, Whittum-Hudson J, Hudson A,
Swanborg R. A C. pneumoniae-specific peptide induces experimental allergic

encephalomyelitisin rats. JImmunol 2001; 167: 1803-08.

Li W, Ming X, Cook B, Blumberg B, Dowling P. Chlamydia pneumoniae sequence
frequently present in both MS and control spinal fluid. [Abstract]. Neurology 2000;

54(Suppl. 3): A165

Lucchinetti C, Bruck W, Parisi J, Scheithauer B, Rodriguez M, Lassmann H.
Heterogeneity of multiple sclerosis lesions: implications for the pathogenesis of

demyelination [see comments]. Ann.Neurol. 2000; 47: 707-717.

Lucchinetti CF, Brueck W, Rodriguez M, Lassmann H. Multiple sclerosis: lessons

from neuropathology. Semin.Neurol. 1998; 18: 337-349.

Luxton RW, Zeman A, Holzel H, Harvey P, Wilson J, Kocen R, et a. Affinity of
antigen-specific 1gG distinguishes multiple sclerosis from encephalitis. J.Neurol.Sci.

1995; 132: 11-19.

Maass M, Dalhoff K. Transport and storage conditions for cultural recovery of

Chlamydia pneumoniae. J.Clin.Microbiol. 1995; 33: 1793-1796.

Macintyre A, Hammond C, Little C, Appelt D, Balin B. C. pneumoniage infection
altersthe junctional complex proteins of human brain microvascular endothelial cells.

FEMS Microbiol Letters 2002, 217: 167-172.

Martin R, Martens U, Sticht-Groh V, Dorries R, Kruger H. Persistent intrathecal
secretion of oligoclonal, Borrelia burgdorferi- specific 1gG in chronic

meningoradiculomyelitis. J.Neurol. 1988; 235: 229-233.

42



Meinl E . Concepts of viral pathogenesis of multiple sclerosis. Curr.Opin.Neurol.

1999; 12: 303-307.

Morre SA, De Groot CJ, Killestein J, Meijer CJ, Polman CH, Vander Valk P, et d. Is
Chlamydia pneumoniae present in the central nervous system of multiple sclerosis

patients? [letter]. Ann.Neurol. 2000; 48: 399

Noseworthy JH, Lucchinetti C, Rodriguez M, Weinshenker BG. Multiple sclerosis.

N.Engl.J.Med. 2000; 343: 938-952.

Persson K, Boman J. Comparison of five serologic tests for diagnosis of acute

infections by Chlamydia pneumoniae. Clin.Diagn.Lab.lmmunol. 2000; 7: 739-744.

Poser CM, Paty DW, Scheinberg L, McDonald WI, Davis FA, Ebers GC, et a. New
diagnostic criteria for multiple sclerosis: guidelines for research protocols.

Ann.Neurol. 1983; 13: 227-231.

Preac-Mursic V, Wilske B, Reinhardt S. Culture of Borrelia burgdorferi on six solid

media. Eur.J.Clin.Microbiol.Infect.Dis. 1991; 10: 1076-1079.

Pucci E, Taus C, Cartechini E, Morelli M, Giuliani G, Clementi M, et a. Lack of
Chlamydiainfection of the central nervous system in multiple sclerosis [letter].

Ann.Neurol. 2000; 48: 399-400.

Reiber H, Lange P. Quantification of virus-specific antibodies in cerebrospinal fluid
and serum: sensitive and specific detection of antibody synthesisin brain. Clin.Chem.

1991; 37: 1153-1160.

Reiber H. Die diagnostische Bedeutung neuroimmunologischer Reaktionsmuster im

Liquor cerebrospinalis. Lab.Med. 1995; 19:444-462

43



Reiber H, Ungefehr S, Jacobi C. The intrathecal, polyspecific and oligoclonal immune

response in multiple sclerosis. Mult.Scler. 1998; 4: 111-117.

Rostasy K, Reiber H, Pohl D, Lange P, Ohlenbusch A, Eiffert H, Maass M, Hahnefeld
F. Chlamydia pneumoniae in children with MS: Frequency and quantity of intrathecal

antibodies. Neurology 2003;61:125-128.

Sauerbrei A, Eichhorn U, Hottenrott G, Wutzler P. Virological diagnosis of herpes

simplex encephalitis. J.Clin.Virol. 2000; 17: 31-36.

Sindic CJ, Monteyne P, Laterre EC. The intrathecal synthesis of virus-specific

oligoclonal I1gG in multiple sclerosis. J.Neuroimmunol. 1994; 54: 75-80.

Smith-Jensen T, Burgoon MP, Anthony J, Kraus H, Gilden DH, Owens GP.
Comparison of immunoglobulin G heavy-chain sequences in MS and SSPE brains

reveals an antigen-driven response [see comments]. Neurology 2000; 54: 1227-1232.

Sriram S, Mitchell W, Stratton C. Multiple sclerosis associated with Chlamydia

pneumoniae infection of the CNS. Neurology 1998; 50: 571-572.

Sriram S, Stratton CW, Yao S, Tharp A, Ding L, Bannan JD, et a. Chlamydia
pneumoniae infection of the central nervous system in multiple sclerosis [see

comments]. Ann.Neurol. 1999; 46: 6-14.

Tourtellotte WW, Tumani H Multiple Sclerosis Cerebrospinal Fluid. In: Multiple
Sclerosis: Clinical and pathogenetic basis. Edited by CS Raine, H McFarland.

London: Chapman&Hall, 1997: 57-79.

Treib J, Haass A, Stille W, Maass M, Stephan C, Holzer G, et a. Multiple sclerosis

and Chlamydia pneumoniae [letter; comment]. Ann.Neurol. 2000; 47: 408-411.



Walsh MJ, Tourtellotte WW. Temporal invariance and clonal uniformity of brain and

cerebrospinal 1gG, I1gA, and IgM in multiple sclerosis. J.Exp.Med. 1986; 163: 41-53.

Wurster U Demonstration of oligoclonal 1gG in the unconcentrated cerebrospinal
fluid by silver stain. In: Electrophoresis “82. Edited by D Stathakos. Berlin: de

Gruyter, 1983; 249-259.

45



Curriculum Vitae

Persinliche Daten
Geboren am 18.03.1975 in Munchen
Aufgewachsen und wohnhaft in 85368 Moosburg a.d. Isar, Bohmerwaldstr. 19

Schullaufbahn:

1980 -1985 Grundschule Moosburg
1985 -1994 Gymnasium Moosburg
7/1994 Abitur mit Note 1,1
Zivildienst

9/1994 — 11/1995  Pflegedienst im Kreiskrankenhaus Freising

Studium der Humanmedizin

11/1995 —4/2003 LMU Minchen

9/1998 —8/1999  Guy'sKing'sand St. Thomas' School of Medicine, London
7/2002 — 12/2002 Duke University School of Medicine, Durham

4/2003 Arztliche Priifung mit Note 1

Berufliche Tétigkeit

8/2003 — 10/2003  Unternehmensberatung als Summer Associate bei McKinsey
& Company, Inc., Health Care Sector, Diisseldorf

Seit 2/2004 AIP an der Klinik fur Hals-, Nasen und Ohrenheilkunde der
LMU Muinchen

Preise und Stipendien

12/1995 Bichergeldpreis gemél’ dem Bay. Begabtenforderungsgesetz
11/1997 Aufnahme in die Studienstiftung des deutschen Volkes
6/1998 Einjahriges Vollstipendium des DAAD zum klinischen

Medizinstudium in London

1/2001 Einjahriges Forschungsstipendium der Case Western Reserve
University, Cleveland

46



e Forschungstatigkeit

11/1999 - 3/2001  Experimentelle Promotionsarbeit am I nstitut fur
Klinische Neuroimmunologie Minchen / Max-Planck-
Institut fir Neurobiologie

5/2001 - 4/2002  Research Scholar am Department of Pathology, Case
Western Reserve University, Cleveland

2/2002 Gastforscher am National I nstitute for Respiratory
Disorders, Mexico City

e Publikationen

Derfuss T, Gurkov R, Then Bergh F, Goebels N, Hartmann M, Barz C, Wilske B,
Autenrieth I, Wick M, Hohlfeld R, Meinl E (2001) Intrathecal antibody
production against Chlamydia pneumoniae in multiple sclerosisis part of a
polyspecificimmuneresponse. Brain 124(Pt 7):1325-35. Derfuss and Glrkov
contributed equally.

Ott PA, Guerkov R, Dittrich MT, Durinovic-Bello |, Putnam AL, Gottlieb PA,
Boehm BO, Anderson MR, Lehmann PV (2002) Quantification of Glutamic
Acid Decarboxylase 65 Determinant Recognition in Type 1 Diabetes by
Single Cell Analysis of I FN-y Production. The FASEB Journal 16 (5): A 764.24
(Abstract)

Guerkov R, Targoni O, Kreher C, Boehm BO, HerreraMT, Tary-Lehmann M,
Lehmann PV, Schwander SK (2003) Detection of Low Frequency Antigen-
Specific IL-10-Producing CD4+ T Cellsvia ELISPOT in PBMC: Cognatevs.
Non-Specific Production of the Cytokine. Journal of Immunological Methods
279:111-121

Kreher C, Dittrich MT, Guerkov R, Boehm BO, Tary-Lehmann M. (2003) CD4+
and CD8+ cellsin cryoper served human PBM C maintain full functionality in
cytokine ELISPOT essays. Journal of Immunological Methods 278:79-93

Ott P, Berner B, Herzog BA, Guerkov R, Yonkers NL, Boehm BO, Durinovic-
Bello I, Lehmann PV, Anthony DD. (2004) CD28 costimulation enhancesthe
sengitivity for detection of antigen specific memory effector CD4 and CD8
cell populationsin human ELISPOT assays. Journal of Immunological
Methods 285 (2):223-235

Ott P, Dittrich MT, Herzog BA, Guerkov R, Gottlieb PA, Putnam AL, Durinovic-
Bello I, Boehm BO, Martin S, Tary-Lehmann M, Lehmann PV. (2004)
Recognition of multiple peptide determinants on GADG65 and Proinsulin in
human type 1 diabetes suggests T cell repertoire engagement by determinant
spreading. Journal of clinical immunology 24(4):327-39

47



Danksagung

Mein Dank gilt meinem Mentor Prof. Dr. Edgar Meinl fir die engagierte und
geduldige Betreuung dieser Arbeit. Prof. Dr. Reinhard Hohlfeld danke ich fir die
Mitbetreuung und Fursprache. Die Zusammenarbeit und der fruchtbare
Gedankenaustausch mit Dr. Tobias Derfuld waren mir eine grof3e Hilfe. Dank sagen
mochte ich auch Prof. Dr. Wekerle fur die freundliche Aufnahme am M ax-Planck-
Institut.

Mein grofdter Dank gebiihrt meinen Eltern, die in mir die Begeisterung fir die
Medizin entfachten und mich stets auf meinem Werdegang unterstiitzt haben.

48



