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Chemokines and Cysteine proteases in diabetiekidisease Introduction

1. Introduction
1.1 Chronic Kidney Disease

Chronic Kidney Disease (CKD) is a gradual and peegive loss of kidney
function that often leads to End Stage Renal Ds¢BSRD). The loss of renal function
usually takes many years to occur and there mayb®/mptoms at early stages of the
diseasé In fact, progression may be so gradual that sgmptdo not occur until
kidney function is less than one-tenth of norm&@RD is the most advanced form of
CKD which requires kidney replacement to ensurgisal’.

The development and progression to CKD involves ynemmplications and
consequences that finally lead to ESRD. Kidney &selmproving Global Outcomes
(KDIGO) conceptual model describes the variousestagsk factors and complications
associated with the progression of CKD to kidnelifa and death(Figure 1). KDIGO
defined CKD as abnormalities of kidney structurefuorction present for 3 months or
longer. The CKD is classified into different stagkased on the decline in the

glomerular filtration rate (GFR) and the severifyatbuminurid (Table 1).

Complications

Screening CKD risk Diagnosis & Estimate Replacement
for CKD risk reduction treatment progression by dialysis &
factors Screening Treat Traat transplantation
for CKD r,umr::r[bid comp lications
conditions Prepare for
Slow replacement
progression

Figure 1: Conceptual model of chronic kidney diseas This diagram presents the continuum of
development, progression, and complications of mibrkidney disease. Green circles represent staiges

chronic kidney disease, aqua circles represent npateantecedents, lavender circles represent
consequences, and thick arrows between ellipsesseqt risk factors associated with the development
progression, and remission of chronic kidney diseaSomplications’ refers to all complications of

chronic kidney disease and interventions for ieattment and prevention, including complications of
decreased glomerular filtration rate and cardiovasaisease. Adapted from A.S.Lewvety al?
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Table 1: Prognosis of chronic kidney disease: Theevised classification of Chronic Kidney Disease
by KDIGO. Adapted from KDIGOKIidney International2013

Paersistent albuminuria categories
Description and range

Al A2 Al
Prognosis of CKD by GFR
and Albuminuria Categories: Normal to Moderataly Severaly
rildhy : i
KDIGO 2012 e e incroasad ncreased
<30 mg'g 30-300 ma'g =300 ma'g
<3 ma'mmol 3-30 mgfmimol =30 ma'mmol

G1 Mormal or high

G2 Mildly decreasad

Mildly to moderately
decreased

Modarataly to
savarely decraasad

Gla

G3b

G4 Severely decreased

GFR categories (ml/min/ 1.73 m?)
Description and range

G5 Kidney failura

The colours represent the intensities of risk. Grdéew risk (if no other markers of kidney diseasre,
CKD); Yellow: moderately increased risk; Orangegthrisk; Red: very high risk
Abbreviations: GFR, glomerular filtration rate

Though the abnormalities of kidney damage genemigertained from albuminuria,

other objective measures (urine sediment, pathotwgyaging studies, acid-base and
electrolyte disorders due to tubular disordershistory of kidney transplantation) also
help in assessing the disease (KDIGO Kidney Intevnal 2013).

The prevalence of CKD continues to increase woudiévand approximately 600
million people are affected worldwide. For exam@&D affects about 14 to 15% of
the adult US population and is projected to inaehg 50% in the next 20 yelrs
Diabetes, obesity and hypertension are the mostmmmcauses that account for
approximately two thirds of the cases of chronitatdailure and ESRDother diseases
and conditions such as autoimmune and hereditagrdtrs® infections® (HBV,
HCV and HIV) and diabetic nephropathy (ONjhave shown to be associated with the
development and progression of CKD. Among these,i®bhe of the major causes of
CKD®.
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1.2 Diabetic Nephropathy
Diabetes Mellitus

Diabetes Mellitus (DM) is characterized by hypeoglgmia with disturbances in
carbohydrate, protein and fat metabolism causeddnyplete or relative insufficiency
of insulin secretion and/or insulin actfdn

There are mainly two forms of diabetes mellitussulin-dependent diabetes
mellitus (IDDM) and non-insulin dependent diabeteslitus (NIDDM). IDDM or type
1 diabetes (T1D) is characterized by a progressestruction of the insulin-producing
B-cells in the pancreas, usually due to auto-immu@sponse, which leads to insulin
deficiency. In addition to that, various genetia amvironmental factors, for example,
exposure to viruses also contribute to T1D whichoaats for about 10-15% of all
people with DM?.

Non-insulin-dependent or adult-onset diabetes tmslior type 2 diabetes (T2D)
is characterized by insulin resistance or relatngulin deficiency. This is the most
common form of diabetes and accounts for almos®®- of all cases of diabetes in
adults worldwide. The incidence of T2D is mainlyedto lifestyle changes, such as
high-fat diet and physical inactivity and yet, s&legenetic epidemiological studies
demonstrate that both obesity and T2D are highherited traits>. There are other
forms of DM namely, maturity onset diabetes of jleeing (MODY) and gestational
diabetes (GD) occurring with relatively low prevate.

Prevalence of Diabetes

The worldwide prevalence of diabetes for all agrugs is estimated to be 2.8%;
of which 8.3% are reported to be adults betwee@®@ge in year 2031 According
to International Diabetes Federation (IDF), thealtatumber of people living with
diabetes across the world is around 366 million exykected to hit 552 million by the
year 2030 and it is equal to 3 new cases everyetOnsl or 10 million per year. In
general, on an average, nearly 8% of adults liwvmbighly developed countries have
diabete$’. According to ‘London School of Economics (LSEpkigtes report’ 2012,
diabetes prevalence in European population has bemrasing over the past two
decades and it has estimated that among all Eunopeantries, Germany has the
highest diabetes prevalence rate of 8.9% and appabely 6 people per every hour die
from diabetes and complications associated with Today, it is estimated that one in
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every 13 persons in Germany has diabetes. The $iifaes that by 2030 the number
of people with diabetes will increase to 8 milliavhich corresponds to 13.5% of total

diabetic population (www.dzd-ev.de).

Diabetes and its complications

Uncontrolled and prolonged hyperglycaemia in di@bpatients often leads to
several macro and micro vascular complications.okajicrovascular complications
include retinal abnormalities (diabetic retinopathgutonomic, sensory, and motor

neuropathies (diabetic neuropathy) and renal impet (DN).

Diabetic nephropathy

DN is the leading cause of CKD in the Western woddd is one of the most
significant long-term complications leading to i@eased morbidity and mortality in
patients with T2B°. Approximately 25-30% of patients with T1D or T2l develop
overt DN, where half of all patients will requireethodialysis treatmeHt DN is
characterized by hypertension, progressive albun@nglomerulosclerosis, and decline
in GFR, leading to ESRD. Based on the decline & @R and albuminuria, DN is
classified into 5 stag&&(Table 2).

In DN, the glomerular tuft undergoes a slow but goessive structural
remodelling characterized by glomerular hypertrgpagcumulation of extracellular
mesangial matrix, and podocyte damdg&igure 2). The latter have been shown to
account for the progression of micro-albuminur@nirearly stages to overt proteinuria.
These changes eventually lead to glomerular sdteras late stage DN which
progressively destroys the renal function and ln&tads to kidney failure. The
development and progression of DN to ESRD involwadtiple pathomechanisms
(Figure 3) that finally contribute to the scaringt g@lomerulus, known as
glomerulosclerosis which is manifested by eitherdutar or diffuse lesions

(www.emedline.com).
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Table 2: KDOQI classification of different stages asociated with various stages of DN.

Characteristic

Stage Description GFR* Prevalence
features %

1 Kidney damage witt Glomerular >90 3.3
normal or slight hyperfiltration
increase in GFR

2 Kidney damage witt Thickened GBM, 60-90 3
mildly reduced GFR expanded mesangium

3 Moderately impaired Microalbuminuria 30-59 4.3
GFR

4 Severe impaired GFF Macroalbuminuria 15-29 0.2

5 Kidney failure ESRD <15 or

dialysis 0.2

Adapted and modified from Levest. af®.
*mL/min/1.73 nf

Abbreviations: GFR, glomerular filtration rate;
GBM, glomerular basement membrane;
ESRD, end stage renal disease;
KDOQI, Kidney Disease Outcomes Quality Initiativ

Figure 2: Periodic acid—Schiff stain of glomeruli.(A) Normal glomerular with wide open capillaries
and normal vasculature. (B) Mesangial matrix acdatman, thickened GBM and collapsed capillaries
(Obtained from http://drugline.org).
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Dlabetic milieu
Hyperglycemla, hyperinsulinemia, advanced glycation end products,
hemodynamic alterations, reactive oxygen species, hormones (angiotensin )

Clrculating inflammatory cells
{monocytes, lymphocytes, neutrophlis)

- Kidney cells
——=| Endothelial, mesangia], EDFIHE‘”HI, tubular cells and podocﬂes

¢

Intracellular downstream
signaling cascades
(MAPK, IkB, JAK-STAT)

| Inflammatory @ Chemokines
cytokines ‘ . ™ |Adhesion molecules [
Renal Infiltration, cell accumulation and activation -
l Kidney damage
Proteinuria -<—{ Diabetic nephropathy

Figure 3: Overview of multiple pathomechanisms invived in the progression of DN.Adapted from
J.F Navarreet al?°

1.2.1 Pathophysiology of diabetic nephropathy
Glomerulosclerosis

Glomerulosclerosis is a major cause of DN. The kigreent and progression of
DN to glomerulosclerosis involves all cell typese@angial cells, endothelial cells and
podocytes) in the glomerular tuft. Recent studegsort that both the glomerulus and the
tubulointerstitium are involved in the pathophysmit changes contributing to
progression of the disedSeThough mesangial cells are in front in the depelent and
progression of the disease, the cross talk betwbarell types plays an important role
in the evolution of diabetic glomerulosclerosis.wéwer, the loss of podocytes, the
glomerular epithelial cell that represents the naainstituent of the glomerular filtration
barrier (GFB), is the crucial driver of progressitmwards glomeruloscleroéis? A
number of factors, including genetic, mechanicall anmunological stresses, as well

as toxins, can cause podocyte infdi.
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Podocytes loss

The GFB is a highly specialized blood filtrationituconsisting of three major
components: the fenestrated endothelial cell, tlemegrular basement membrane
(GBM), and the visceral epithelial cells, calleddpoytes. Podocytes are highly
specialized epithelial cells of mesenchymal origicated on the urinary aspect of the
GFB?"?® Growing evidences suggest that loss of podocgtags a key role in the
progression towards glomerulosclerosis. For exammduction in the number of
podocytes is proportional to the extent of albumimin many diseases including BN
31 focal segmental glomerulosclerosis (FSGS) and Hgphropathy’ % Various
insults, including genetic, mechanical, and immogalal stress, as well as toxins, alter
the structural and functional cytoskeleton of tloelgrytes and its slit diaphragti>
Since these podocytes are terminally differentisdiad cannot undergo cell division,
any repair/proliferative response of surviving pogtes often lead to podocyte
detachment from the GBM either as a consequenseléthal injury or from apoptotic
or necrotic deatfi*’, now referred to as “mitotic catastropffe® Mitotic catastrophe is
defined as “cell death during mitosis” by an incdete assembly of the chromosomes
and the mitotic spindle in the pro-metaphase wilhen leads to aberrant chromosome
segregatioff. Such cells die either immediately within mitosis shortly after via
apoptosis or necrosis. Morphologic features of twteatastrophe include multiple
nuclei, micronuclei or irregularly shaped nutiét*? In vitro studies suggest that
cultured podocytes lack the ability to reproduce ih vivo podocyte cytoskeletal
phenotypé&®. In addition, several experimental models haveresfid that either
podocyte depletion or podocyte injury is sufficiémtinduce glomerulosclerosis and the
degree of podocyte depletion positively correlategth the severity of the
glomerulosclerosfé*> Furthermore, it has been show that replacememodbcytes
(either recovery or repair) contributes to the esgion of glomerulosclero&fg®
However, a large body of evidence over the pasadksuggest the involvement of
many inflammatory pathways that finally leads talpoyte loss and glomerulosclerosis
in DN,
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1.2.2 The role of inflammation in the pathophysiolgy of diabetic nephropathy

As depicted in figure 3, all components of diabetidieu (high glucose,
hemodynamic changes, metabolic abnormalities, ambdarglycation end products
(AGEs), and oxidative stress act on all types ainky cells (endothelial, mesangial,
epithelial, tubular cells, and podocytes) and atéwiverse molecular signal cascades.
Activation of these signalling pathways resultnfiltration of circulating inflammatory
cells, which amplifies and perpetuates the inflatamya process in the kidney to
produce various cytokine and chemokines, finallguleng in development and
progression of DN. Many studies have shown thabrmiorinflammation is associated
with the progression of kidney disease in T2D, ymg the role of inflammatory

processes in the disease progression

Recruitment of inflammatory cells

There are increasing evidences suggesting thevier@nt of immune cells in
the DNP°L The chemokines produced by elements of diabeiiieundirect the
migration of leukocytes into kidney and promotetlier inflammatiof®>> The steps
involved in the recruitment of leukocytes into kéynare discussed in detail in

“chemokines and chemotaxis” section.

Macrophages

Macrophages are one of the central mediators @il nascular inflammation in
diabetes mellitus, and promote EfNIt has been shown in renal biopsies of human DN,
macrophages accumulate in the glomeruli and intiewsteven in the early stages of the
disease. Recent studies also demonstrate that phage-derived products can induce
further inflammation in the diabetic kidney. Aftenfiltration into tissues, these
macrophages produce various cytokines, reactivgaxgpecies (ROS), profibrotic and
anti-angiogenic factors which are crucial mediatofsrenal damage. In different
experimental models of DN, renal macrophage accaimoul correlates with increased
chemokine production, glomerular and tubule-intgaét injury, and progressive
fibrosis. Adoptive transfer studies in a mouse nhoflexperimental glomerulonephritis
showed that macrophages can induce proteinuria medangial proliferatiof.
Together, macrophages and their products exacenidenmation in the kidneys of

patients with DM implicating their pathological eoin DN.
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Macrophages recruitment

Research during the past decade demonstrated thbetid patients with
nephropathy have elevated plasma levels of ICAMt&(cellular adhesion molecule-
1)*®. ICAM-1 on vascular endothelium actively controfe homing of macrophages
into the kidney. ICAM-1 serves as a ligand for LEAen monocytes, facilitating
leukocyte adhesion and transmigration. It has ls@monstrated that various factors
such as hyperglycentia AGEs®, oxidative stress, and hyper-insulinemia can induce
ICAM-1 expression in kidneys of both type 1 andeyp diabetic mice. ICAM-1
deficient db/db mice showed significant reduction a@lbuminuria, glomerular and
tubulointerstitial injury and associated with retlog in the number of glomerular and
interstitial macrophag&% In addition, in experimental DN, blockade of csfithe
receptor for colony stimulating factor-1, and tmajor cytokine known to promote
local macrophage proliferation, prevented the psgion and development of the
diseas&"

1.3 Chemokines and chemokine receptors
1.3.1 Chemokines

Chemokines constitute a large family of small, et and structurally related
proteins that are mainly involved in leukocyte attior?>. Like cytokines, chemokines
have other activities, including regulation of aggnesis, fibrosis, proliferation, and
apoptosi&*®® Almost all cell types have the ability to produitese proteins whose
molecular weight is in the range between 8 and D@&.Kro date, approximately 50
chemokines have been discovéfddable 3).

Chemokines are classified on the basis of numbérpasition of the first two
conserved N-terminal cysteine residues, CXC andde@ending on whether they have
an intervening amino acid (X) between them (CXC)ave adjacent (CEY®® In
addition, two other classes of chemokines have wkscribed: Ilymphotactin (C or
SCY¢ and fractalkine (CX3C o8CY(. The former one lacks an N-terminal cysteine,
while the latter exhibit three amino acids betwdenfirst two cysteines and is also the
only membrane-bound chemokine attached via a miiki stal®. In 2000, a
nomenclature system was introduced to describeclieenokines based on the ligand
(L), their receptors (R) and subgroups they beloAy’®"* Some CXC chemokines are
further classified by the presence of three amiad anotif ‘E-L-R’ (glutamic acid-

9
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leucine-arginine) at N-terminal of the first consst cysteine residue. These E-L-R-
CXC chemokines are the potential neutrophil chett@aants. In contrast, the CXC
chemokines that lack the E-L-R motif bind differ&XC receptors on lymphocytes and
inhibit angiogenesfé

In addition, chemokines are further divided acaogdio their function, homeostatic and
inflammatory chemokines (Table 3). Inflammatory io&ines or inducible cytokines
are produced in response to acute and chronic mnil@ory processes, while
homeostatic chemokines are produced constitutivahd usually control the
homeostatic trafficking of leukocytes under steathte conditions and have so-called
"housekeeping" functions, like homing and migratiomaematopoiesis, immune
surveillance, and adaptive immune respofis€<® For example, consistent expression
of CCL17/TARC and CCL19/MIP{8 at high levels in thymus and lymph nodes are
responsible for physiological migration of T andlBnphocytes into the lymphoid
organd*™ However, some chemokines fall into both categodepending on the
biological context or pathological state, callecudtl function chemokine&®. These
chemokines are involved in adaptive immunity, Tmphopoiesis, trafficking of T and
B cell in small intestine, dendritic cell developmheand homing to particular anatomic

compartments’®

1.3.2 Chemokine receptors

Interaction with specific receptors is a cruciatedminant of the chemokines
spectrum. Chemokine receptors belong to the G-protupled receptor (GPCR)
serpentine super family and contain extra, intrd eytoplasmic domaid$®® As with
any G-protein-mediated activation cascade, thereakenterface contributes to the
specificity of ligand recognition, which triggetset exchange of GDP for GTP on the
Subunit of the G-protein. This G-protein, then d@ates from the receptor and binds to
the effector molecules which then activate the aligg cascade in the cytoplasmic loop
of the effector cell. This process ultimately leéolsell mobilization and activatiéh®:

In addition, chemokine receptors with structuratfees that are inconsistent with a
signalling function have also been described. Theseptors are called “silent or non-
signalling receptors” which do not signal via tlgpital G-protein-mediated pathways,
but regulate inflammatory and immune reactionsewesal ways, including by acting as
decoy receptors and scavenger receftdt8> To date, more than 20 chemokine

receptors have been molecularly defined (Table 3).

10
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Table 3: List of chemokines and chemokine receptors

Nomenclature Old name Beptor
Proinflammatory chemokines

CC family

CCL1 [-309 CCRS8

CCL2 CCL2 CCR2

CCL3 MIPS CCR1, CCR4
CCL3L1 MIP P CCR1, CCR5

CCL4 MIPB CCR5

CCL5 RANTES CCR1, CCR3, CCR5
CCL7 MCP3 CCR1, CCR2, CCR3
CCLS8 MCP2 CCR2, CCR5
CCL11 Eotaxin CCR3

CCL13 MCP4 CCR1, CCR2
CCL23 MPIF-1 CCR1

CCL24 Eotaxin-2 CCR3

CCL26 Eotaxin-3 CCR3

CCL28 MEC CCRI10

CXC family

CXCL1 GROe CXCR2

CXCL2 GROB CXCR2

CXCL3 GROy CXCR2

CXCL5 ENA-78 CXCR2

CXCL6 GCP-2 CXCR1, CXCR2
CXCL7 NAP-2 CXCR1, CXCR2
CXCL8 IL-8 CXCR1, CXCR2
CXCL9 MIG CXCR3A, CXCR3B
CXCL10 IP-10 CXCR3A, CXCR3B
CXCL11 ITAC CXCR3A, CXCR3EXCR7
CXCL14 BRAK, BMAC, MIP-Z  Unknown

CXCL16 CXCR6

CXsCL1 Fractalkine GER1

Mixed function chemokine and receptors

CC family

CCL17 TARC CCR4

CCL20 MIP3 CCR6

CCL21 SLC CCR7

CCL22 MDC CCR4

X-C family

XCL1 Lymphotactin XCR1

XCL2 SCMB XCR1
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Nomenclature Old name Beptor

Homeostatic chemokine and receptors

CC family

CCL14 HCC-1 CCR1
CCL15 HCC-2 CCR1, CCR3
CCL16 HCC-4 CCR1, CCR3
CCL18 PARC PITPNM3
(Jingqgi Cheret. al.2011)

CCL19 ELC CCRY7
CCL25 TECK CCR9
CCL27 CTACK CCR10

CXC family

CXCL4 PF4 CXCR3B
CXCL12 CXCL12/B CXCR4, CXCR7
CXCL13 BCA-1 CXCR5

Silent chemokine receptors

Receptor Ligand
CCX CKR CCL19, 21, 25
DARC CCLy, 2,5,7,8, 11, 13, 14, 16, 18,
CXCL1, 35,6, 8
D6 CCL2,3,4,5,7,8,11,12,13,14,22, 23, 24
CCRL2 CCL19

Chemokines and chemotaxis

The immune system has adapted to respond to aeigfoantigen and/or tissue
damage, and other physiological instfltsThis ability is greatly depending on
chemokine networks to recruit specific leukocyteghe right place by process called,
chemotaxis, which involves three steps: rollingyesion and transmigratititt® (Figure
4).
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Figure 4: The mechanism of chemotaxisAdapted from J.F. Navaret. al.2011*°

E-selectin, ICAM-1 and vascular cell adhesion moled (VCAM-1) are cell
adhesion molecules that actively control the tragemion of leukocytes into renal
tissue via the adhesion cascHdeirst step is "rolling" of leukocytes through the
capillary endothelium. This transient process imeslthe selectins on the endothelium
which interact with mucin receptors on the leukesyvia labile interactions causing a
rolling behaviour of the leukocyte along the celiface and this allows the firm
adhesion of leukocytes to the endothefitfi Chemokines secreted in response to pro-
inflammatory signals, are thought to bind GAGs ordathelial cell surface as a
mechanism for retention at the inflammatory %it&his adhesion is an irreversible
process required for the subsequent trans-endatleadiravagation of the cells from the
blood into tissue along chemokine gradi&his This process is called “haptotaxis”
Once the activated leukocyte reaches the site ssuéi damage, it produces more

effective chemokines and cytokines locally and taxmcerbates tissue dam&ge

Function of chemokines

In addition to chemotaxis, chemokines have othfrcef including, changes in
cell shape, extension of lamellipodia through dybstal restructuring, release of
oxygen radicals, and cytotoxic proteins from nepitits, basophils, and eosinophils.

Besides these pro-inflammatory effects, chemokihase also attributed to other
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growth promoting functions. For example, the CX@ilg chemokines are identified as
growth factor&®®. The chemokine growth-related oncogenéGRO-) was originally
identified as an autocrine growth factor for melmaocells®. IL-8 and epithelial cell-
derived neutrophil attractant-78 (ENA-78) have shote be angiogeni®®’, while
platelet factor-4 (PF-4), interferon (IFN)-induabprotein (IP-10) , monokine induced
by interferony (MIG), stromal cell-derived factor-1 (SDF-1), aleN-inducible T-cell
alpha chemoattractant (I-TAC)/CXCL11 act as angitstfactorS®% Chemokine
RANTES (regulated upon activation, normal T celpmssed and secreted) can induce
eosinophil and basophil degranulafin To summarize, the expression of chemokines
helps in determining the micro-vascularization witthe tissue during embryogenesis,

wound healing, tumor growth and chronic inflammatio

1.3.3 Role of chemokines and chemokine receptorsc¢hronic kidney disease

Chemo-attraction is an essential component of the¢ defence mechanism to
attract leukocytes to sites of inflammation andation’®> Chemokines and chemokine
receptors are an integral part of this process hade been implicated in the
pathophysiology of many infectious and inflammatdigease€$”. Since inflammation
is often a double-edged sword, this robust protectiesponse can sometimes be
deleterious in many inflammatory diseases charae@r by recruitment of
inflammatory cells into tissues including DN, re@g in organ dysfunctid®? Since
MCP-1 (monocyte chemo-attractant protein-1) or C@b#l CXCL12 are amongst the
chemokines of interest, | would like to elaboratdlgcuss these molecules and their
role in DN.

1.3.4 CCL2/MCP-1

CCL2 is the first discovered and most extensivelydied chemokin® It
belongs to CC-class chemokine family that exhibiitss most potent chemo-tactic
activity towards monocytes-macrophage (MJMlineage and promotes their
transmigration into various tissdé3 It is expressed by various cells in the kidney,
including M/Mg, mesangial cells, podocytes, and tubular t¥[f8! Recent studies in
experimental glomerulonephritis model have demaistr that CCL2/CCR2 system
plays an important role in the pathogenesis of canats formation and progressive

tubulo-interstitial lesions via M/M recruitment'?. There are numerous evidences
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suggesting the role of this chemokine in kidneyedses of various etiologies. For
example, unilateral ureteral obstruction in raty@ased the urinary CCL2 levels which
are correlated with the degree of obstructidnThe presence of collagen types Ill and
IV deposits in mesangial region and interstitidiliration of M/Mg in experimental
obstructive uropathy model indicate the role of @Gh the pathophysiology of kidney
diseases”. It is also postulated that the degree of albumiénis proportional to the

active tubular chemokine expression in the proximbules®.

Role of CCL2/MCP-1 in diabetic nephropathy

Almost all components of the diabetic milieu indute over expression of
CCL2 in renal cells. Previous studies have dematestr the role of CCL2 and its
receptor CCR2 in the pathogenesis of DN. In padievith T2 DN, increased urinary
excretion of CCL2 was correlated with CD68- postiwfiltrated macrophages in the
interstitiunf®. In addition, increased urinary CCL2 excretion pasitively correlated
with N-acetylf-D-glucosaminidase (NAG) excretion, a marker of ulab injury,
implicating the role of CCL2 in tubulointerstitialamagé'®. This was evident by
immuno-histochemical analysis amdsitu hybridization, where a strong up regulation
of CCL2 expression was found in tubular cells. dshalso been shown that type 1
diabetics with micro-albuminuria have increasedsmia levels of CCLY’. Targeted
deletion or inhibition of CCL2 in Tl or T2 diabetienice prevented the
glomerulosclerosis by blocking macrophage recruiime® the glomerutt®**® In
another study, administration of anti-CCL2 antibodies protectda tkidney from
glomerular sclerosis and interstitial fibro$% Hemodynamic factors and renin
angiotensin system (RAS) are also shown to indu@edn the kidne}**?2 Inhibition
of angiotensin converting enzyme (ACE) or the mafeicorticoid receptor also
suppressed renal CCL2 production and improved émalrfunction in patients with
T1D and T2D***%

Numerousin vitro studies also revealed the role of CCL2 in diabkttney
disease. High glucose treatment on endotheliak dsblated from diabetic subjects
resulted in an increase of CCL2 relddSe Several recent studies have also
demonstrated that the cultured podocytes expresR2C&nd thus, with exogenous
CCL2 treatment, they reorganize their actin cyttetb@ and show increased motility,

suggesting the direct effects of CCL2 on the glargrcells®’. In vivo, these signalling
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changes translate into foot process effacement pamtbcytopenid*? In addition,
CCL2 targets the slit diaphragm and induces thendmgulation of nephrin via Rho-
kinase-dependent mechanigfis

Furthermore, studies have convincingly demonstr#étedrole of CCL2 in the
development of DN. For example, liep”®® mice and in streptozotocin (STZ) induced
DN, CCL2 deficiency reduced renal monocyte and/@crmphage accumulation and
abrogated the progression of diabetic renal iff§’}° Previous studies from our lab
have documented that, in uninephrectomized db/die mith T2D, blockade of CCL2
with mNOX-E36 spiegelmer prevented the diabetieygaulosclerosis and restored the
GFR by inhibiting glomerular macrophage recruitméntlate-stage of DN°. This
study represents the CCL2 as promising theraptartet in DN.

Collectively, the pro-inflammatory chemokine, CCLpromotes tissue

inflammation and remodelling by recruiting and aating immune cells in DN.

1.3.5 CXCL12/SDF-1

The first identified lymphocyte homing chemokineX@L.12, chemokine (C-X-
C motif) ligand 12, also known as stromal cell-ded factor-1 alpha (CXCL13, is a
unique homeostatic chemokine that signals througlC®4 and CXCR7 (also known
as RDC-1), but, with greater affinity to CXCR¥#'*2 CXCL12 was originally isolated
as a pre-B-cell growth-stimulating factdtand subsequently shown to regulate trans-
endothelial migration, proliferation and differemtton of hematopoietic ceff¥.
Moreover, it is important for the regulation of heastatic trafficking and distribution
of cells in the different compartments and sub-cartipents of the immune syst&m
137.
CXCL12 exhibits pro-inflammatory activities by reding immune cells to inflamed
tissues in autoimmune diseases such as rheumatbrttis. (RA), nephritis, or murine
lupus erythematost&*%° On the other hand, CXCL12 also exhibits antiéinfmatory
activities by augmenting antigen-specific T cefipensé&**? suggesting that CXCL12
acts as a double edged sword in mediating thenmmfiation.

Furthermore, studies have shown that CXCL12/CXCRéd plays a key role in
tissue repair and regeneration in a number of des@aodels like pancreatic beta cell

143
D

loss in T1D'* endovascular injury**, and ischemic acute renal failuf&. For

example, CXCL12 plays a protective role in renahpgenesis by mediating tubular
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epithelial cells (TECs) protection (by preventingds apoptosis) against ischemia-
reperfusion injury®®, suggesting its role in tissue repair. In ischemrigocardium,
CXCL12 executes a tissue protective and tissuenergéive function by decreasing the
apoptosis and up-regulation of vascular endothgfiaivth factor (VEGF). The study by
Yoshitsuguet.al. reported the key role of CXCL12/CXCR4 axis in ttevelopment of
renal vasculature during embryogenesis, where CXXHekreting stromal cells
surround CXCR4-positive epithelial components afyeaephrons and blood vessels in
the embryonic kidnéy’. In glomeruli, the CXCL12-secreting podocytes winend in
close proximity to CXCR4 positive endothelial celldemonstrating the role of
CXCL12 in kidney developmeHt® In addition, CXCL12 or CXCR4 KO embryos
display defects in vascularization of the gastestihal tract, demonstrating the organ-
specific essential functions of CXCL12/CXCR4 in ddbvessel formatiofi®*>°

The role of CXCL12 is not restricted to tissue iepad regeneration. Various studies
demonstrate that the CXCL12 plays a key role im-dmmune diseas&¥. In lupus-like
immune complex glomerulonephritis in NZB/NZinMce, CXCL12 blockade prevented
the glomerulonephritis which was attributed to lassoantibody production and T cell
recruitment to glomeruli, indicating its potentinlameliorating lupus nephriti.

In addition, CXCL12 promotes tumor metastasis inots organs expressing
increased CXCL12 levels, including lymph nodesgluliver, and bone marrow; and
also in lower expressing organs including smalkstine, kidney, skin, brain, and
skeletal muscf@? CXCL12 signaling also supports tumor growth aithg promoting
cancer cell survival or by promoting angiogenB&isRecent studies have shown that
inhibition of CXCL12 and CXCR4 decreased endotheivation and organ injury
and improved animal survival in shiga toxin induceénal injury where
CXCR7/CXCR4/CXCL12 pathway plays a key role in thathogenesis of uremic
syndrome in human and mi¢é It has been shown that, transgenic mice over
expressing CXCR4 selectively in podocytes, causetemuria and glomerular crescent
formation®®. It is also evidenced by Balabaniahal that, glomerulonephritis was
prevented by blocking CXCL12, and this activity wasiributed to less podocyte
proliferation and T-cell recruitmeff. These studies suggest that CXCL12 creates a
microenvironment for the homing of other cells udihg progenitor cells during repair

and hence contributes to tissue regeneration.
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Role of CXCL12 in diabetic nephropathy

So far little is known about the role of CXCL12 IDN. By its name,
“homeostatic” chemokines, CXCL12 display functiahat are independent of tissue
inflammation. Homeostatic chemokines are ratherstitwtively expressed, as they
contribute to the physiological homing and migratmf immune cells in bone marrow
or lymphoid organs. For example, recent work froor @boratory has shown that,
CXCL12 is constitutively expressed by podocytes @xdCL12 blockade with NOX-
Al12 spiegelmer prevented diabetic glomerulosclerosa way that was independent of
glomerular macrophage recruitment. CXCL12 blockads shown to have a profound
effect on podocyte count and proteiniitfaHowever, the mechanism underlying the
protective effect of CXCL12 blockade on DN remaingttlear. In addition, there was
no increase in bone marrow-derived progenitor dellkidneys of treated db/db mice
observed. Thus, this enhancer effect on the capatiintra-glomerular progenitors to

restore podocytes in DN is suspected and hencddsheistudied further.

1.4 Cathepsins

The lysosomal/endosomal compartments are rich wtepses involved in
degradation of proteins. The human genome encodes timan 600 proteases which are
involved in various physiological functions incladi complement activation, signal
transduction, intracellular house keeping and digjran of intra and extra cellular
matrix protein®®. Cathepsins (Cats) are a class of globular preseasghich are
predominantly distributed in the lysosomal compamis involved in protein
turnover®’. The term “Cathepsin (Cat)” was derived from thee€k word, kata-
“down” and hepsein“boil”’, meaning “digest”. Normally Cats are locdten lysosomes
of the cells, but also reside in other compartmeish as phagosomes, and endosomes
and they can be secreted in certain pathologicalditons. Studies revealed that
secreted forms of Cats are critical for degradatbrihe extracellular matrix during
inflammatory or adaptive resporisé Based on the mechanism of catalysis and
structure, Cats are classified into three groupsteine, serine and aspartic Cats (Table
4).
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Table 4: Classification of cathepsins and their tsue distribution

Family Group Organs showing the most expression

Cysteine cathepsins

CCs expressed Cathepsin B Liver, thyroid gland, kidney, spleen
ubiquitously Cathepsin F Heart, skeletal muscle, brain, testis, ovary,
macrophages

Cathepsin H  Liver, kidney, spleen

Cathepsin L Liver, thyroid gland, kidney

Cathepsin O  Liver, kidney, placenta, ovary

Cathepsin X  Liver, lung, kidney, placenta

Cathepsin C  Kidney, placenta, lung, spleen, cytotoxic T
lymphocytes

CCs expressed in Cathepsin S Spleen, lymph nodes, antigen presenting cells,
limited tissues heart, cornea, testis, thymus
Cathepsin K Osteoclasts, macrophages, epithelial cells of
gastrointestinal, respiratory and urinary tract of
human embryo and fetus, adult human lung
Cathepsin V' Cornea, testis, thymus
Cathepsin W Spleen, lymph nodes

Serine cathepsins Cathepsin A Testis, epididymis
Cathepsin G Human cerebral cortex, intervertebral discs

Aspartic cathepsins  Cathepsin E  Surface of epithelial mucus-producing cells of
the stomach
Cathepsin D  Retina, human epithelial breast cancer cells

Adapted and modified from Ki Young Choi, et.al 2041 Berdowska, 2062>°

1.4.1 Cysteine cathepsins

The cysteine cathepsins (CCs) are predominantlyomeqtidases, and are
located intracellularly in endolysosomal vesicl&&e majority of Cats fall into this
category which consists of 11 Cats in humans andflfieir counterparts in mice. In
addition, eight additional Cats have been idertifieghich are expressed only in the
placenta of mick® (Table 4). Cats activity is regulated intracelilyby stefins (stefin
A and B) and extracellularly by cystatins (cystafipand kininoger§®. CCs represent
the major types of proteases abundantly found inmmals as well as in

microorganisms (bacteria and virtf) They are expressed throughout different types
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of tissues and cells. Cats B, C, F, H, L, O, andr& expressed constitutively and are
thought to have housekeeping functiGhswhereas, the expression of some CCs is
regulated and is noticeably high in specific cgpds. For example, Cat K is mainly
found in osteoclast¥®®, Cat W is expressed only in cytotoxic cells, irtjigalar NK
cells®**®> while Cat V is expressed only in humans and abisemice®®. Moreover,
Cat S is selectively expressed in antigen presgratis such as B-cells, macrophages
and dendritic cells. However, it has been show tthe expression levels of Cats may
alter in many patho-physiological conditions. Itwell documented that CCs are over

expressed in many cancers, cardiovascular andimumone diseasé¥

1.4.2 Pathophysiological role of cysteine cathepsin

CCs patrticipate in various physiological systemd are upregulated in many
inflammatory disorders. Due to their increased egpion and activity, CCs serve as
candidate disease markers in many diseases inglutieumatoid arthritis, multiple
sclerosis, atherosclerosis and various cancenaslbeen shown that Cats D, F, L, S and
V are important participants in antigen processing presentation, while Cats K, L and
S play a key role in the development of atherossigf’**°*’® Moreover, the novel
insights into CCs function in many human disease&lbeen gained by the generation
of knockout and transgenic mice. Studies in mickcamt for Cat K or Cat S have
confirmed a role of Cat K in bone remodelling andt G in MHC Il presentation
respectively’’. In addition, Cat L-deficiency has been showndase development of
myocardial fibrosis and phenotypes in skin, whik B-deficient mice exhibit reduced
TNF-induced apoptosis of hepatocyt8sOn the other hand, Cat S and B have been
shown to be involved in the clearance of immune mlemes and thereby protect the
mice from neuronal death. Mice deficient in botht Gaand B exhibited reduced
degradation of immune complexes and thereby induapoptosis of cerebral neurons,
resulting in deatH? In addition, these two Cats are also shown tdnvelved in
tumour angiogenesis. It is well documented that Cat B is involved ggulation of
innate immunity via activation of inflammasom&sMoreover, Cats B, H, K, L, and S
are involved in other inflammatory conditions suel silicosis and sarcoidosis
characterized by ECM degradation, suggesting thke rof Cats in disease
pathogenesté’. More recent studies have demonstrated that Ca3sapl important role

in the development of renal disedgés
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1.4.3 Role of cysteine cathepsins in proteinuric #ney diseases

In 1994, Shechtegt.al. published that, in STZ induced rats, the develagnoé
diabetic renal hypertrophy with increased renaltgiro content was correlated with
decreased activity of Cats B and L in kidnm&ysin another study, the altered expression
of Cats B, L and H in tubules of rats with polydgskidney disease has also been
demonstrated®. These two studies described that, the expregsitern of Cats varies
at different stages of the disease for differentsCBut, until recently, the exact role of
Cats in the kidney has not been well studied. 1842@Reiseret.al. demonstrated that,
Cat L is involved in the pathogenesis of podocytet forocess effacement (migration
and detachment from GBM) which leads to proteirfdfid_ater in 2007, Sanjat.al.
demonstrated the direct role of Cat L in the dewelent of proteinuric kidney
disease<”* The authors demonstrated that dynamin is normediyired to maintain the
ultra-filtration barrier in kidneys, possibly vizgulation of the actin cytoskeleton in
podocytes. In LPS or puromycin amino nucleosideiaedl nephropathy, the induction
of Cat L expression in podocytes cleaves the dynahan evolutionary conserved site,
resulting in reorganization of the podocyte aciitoskeleton, leading to podocytes loss
and proteinurid®. In addition, various cytokines induce the up tetion of CCsin
vitro andin vivo. It has been noticed that cytokines IL-4 and ILifh@uce the up-
regulation of Cat L in glomerular epithelial célf§

Recent studies revealed that Cat L serves as attand sensitive biomarker
to assess the degree of kidney injury (gender Bpeend management of chronic
kidney diseasg®. On the other hand, immunostaining on bovine kjgnevealed that
Cat S is localized in proximal tubufé$ Further, studies in mice and humans have
confirmed that, elevated levels of Cats S, L andnBplasma are associated with

worsening of diabeté¥.

1.4.4 Cathepsin S

Cat S, a major catalytic papain cysteine protedsehs predominately present
in the spleen, lymph nodes, and all antigen presgntells, such as monocytes,
macrophages, B cells and dendritic cells wherelalyp a pivotal role in antigen
presentatiol®. Unlike other proteases, Cat S shows its proteolgttivity both at
neutral and slightly basic pH and can function hotide and outside the lysosortfés
Its activity is tightly regulated by its endogendnbibitor cystatin ¢, Cat S activity is
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reported to be involved in the pathophysiology @y inflammatory and auto immune
diseases, including rheumatoid arthritis, osteogisroatherosclerosis and cancers.
Indeed, recent studies indicate that increasedrs&uels of Cat S are associated with
increased mortality risk in patients with cardiomalar and renal disease, cancer,
obesity and diabet&%¢ In addition, Cat S inhibition in various inflammay mouse
models showed promising protective effects suggegstihat, Cat S can be a potent
therapeutic target for autoimmune and inflammatbsprders®’ ¢

It was shown that macrophages express high levielaciive Cat S, which
contribute to extensive ECM remodelling. For exampCat S deficiency or small
molecule inhibitors reduced the atherosclerotiaqpés by reducing the macrophage
infiltration and accumulation, suggesting that Sailays an important role in leukocyte
migration®**®® Recent studies have demonstrated that angiotdhsims found to
stimulate the mMRNA expression of Cat S in smoottscteucells and modulated the
inflammation and apoptosis in atherosclerbSisVarious factors and cytokines are
known to induce Cat S in many other cell typesuduoig adipocytes, endothelial cells
and smooth muscle cells. For example, various flammmatory cytokines including
TNF-o and IFNy are potent inducers of Cat S in endothelial catid play a role in the
degradation of extracellular elements such as liemaind collagen§®+%°

Apart from its potent proteolytic activity and mating the inflammation, recent
studies have shown that Cat S is differentiallyregped during kidney and fetal lung
developmerif™. In contrast, Cat S activity has also been propaseplay a part in the
development of cancer by tumor angioged&SiDNA microarray analysis revealed
that in Ochatoxin A (OTA) nephropathy, proximal @l cells (PTC) expressed high
levels of Cat S, indicating the role of Cat S ia trevelopment of kidney disea&&s
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1.5 Animal models of diabetic nephropathy

Ideal animal models which provide an experimenigteam of unparalleled
flexibility are very essential for studying any maalian diseases. The advantage of
using mouse model attributes to their fully studiethome, the lower maintenance, cost
effectiveness, and short reproductive cycles. ®eeai experimental models of DN has
provided valuable information regarding many aspeadf DN, including
pathophysiology, progression, and new therapetrétegjies®.

According to “The Animal Models of Diabetic Com@itmons Consortium”
(AMDCC), any mouse models used to study human tkabend diabetic complications
should meet the minimum criteria and exhi$0% decline in GFR over the lifetime of
the animal>10-fold increase in albuminuria compared with colstifor that strain at
the same age and gender, and pathology of kidnaggaiced mesangial matrix
expansion,= nodular sclerosis mesangiolysis, any degree ofrialde hyalinosis,
glomerular basement membrane thickening ®b50% over baseline and
tubulointerstitial fibrosis)’™.

In recent years, there were several genetic mouskels of diabetes (Table 5)
established and the best characterized modekE”® type 2 diabetic mice. The
db/db mouse is the most widely used mouse mod&RB¥. First described in 1966 in
Jackson laboratories, tlid gene encodes a G-to-T point mutation of the |egoeptor,
which is transmitted in an autosomal recessiveidashrhis leptin receptor mutation
(LepR*™) results in abnormal splicing and a defective péme for the adipocyte-
derived hormone leptin which is altered in the Hijptamus. Due to this fact, these
mice do not feel a sense of satiety due to hypgiphand develop obesity with high
leptin levels and hyper-insulinemia. Kidney funatim these mice on the C57BL/KS
background has been intensively investigated ahibigs some features similar to early
human DN, class | to Ill. DN in the C57BL/KsJ (dbjdnouse is initially expressed as
increased urinary albumin excretion at the age oWweékks without evidence of
glomerular lesions by light microscopy. After 16ekeof age, there is a very consistent
three fold increase in mesangial matrix expansimhat about 6 month of life, signs of
diabetic kidney damage are visible. The animalswslam increasing necrosis and

tubular dilatation, tubular atrophy, interstitiddfosis and leukocyte infiltrates.
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Table 5: List of mouse models studied for diabetinephropathy

Animal model Strains reported Diabe type
Streptozotocin C57BL/6J, C57BLKS, Type |
Balb/c, ICR,

DBA2, ROP
Encephalomyocarditis- DBA, Balb/c Type |
-virus D variant
Ins2 Akita C57BL/6, C3H Type |
NOD Inbred line derived from Type |
ICR (out bred line)
db/db C57BL/6, C57BLKS, Type I
DBA, FVB, CBA
ob/ob C57BL/6, Type I
DBA2, FVB/N
Agouti (Ay) KK, C57BL/6 Type I
C3H, FVB
High-fat diet C57BL/6 is a main Type Il
-susceptible strain
db/db eNOS -/- BKS Type Il
NONCcNZO10/LtJ NON/LtJ+NZO/HILt ype I
BTBR®"°" BTBR Type I
GIPR" transgenic CD1 pEl
GLUT1 transgenic C57BL/6J Non-diabetic

podIR -/- (podocin or
- nephrin promoter)
FVB)

Mixed genetic backgrdun
(C57BL/6, 129/SV and

-transgenic mice
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1.6 Spiegelmers-next generation Aptamers

To achieve CCL2 and CXCL12 antagonism, we used RINfamers
(Spiegelmer), a patented technology of NOXXON Plar(Berlin). RNA-aptamer
binds to the active site of target chemokines arakes them biologically non-
functional.

An aptamer is a nucleic acid structure that card im a target molecule
conceptually similar to an antibody that recogniaasantigen. Aptamers have binding
characteristics similar to peptides or antibodwsh affinities in the low nanomolar to
the picomolar range. However, there are severailmiaks to aptamers as useful
therapeutic products. As relatively small moleculgstamers demonstrate circulating
half-livesin vivo in the order of minutes. This situation can berasdsked by attaching
large inert molecules to aptamers (e.g. polyetheyigiycol) to reduce their elimination
via the kidney and hence increase their presencthencirculation. Nevertheless,
aptamers, as natural nucleic acid polymers, areeoto rapid degradation by nucleases
that are present in all tissues in the body.

Spiegelmers are bio-stable aptamers, have all thersg characteristics of
aptamers but possess a structure that preventsnatizydegradation. While aptamers
are created from the natural D-nucleotides, whieh racognized by the nucleic acid
degrading enzymes, Spiegelmers are synthesizdteanitror image L-oligonucleotide
and are not degraded by any nucleases since thenmoasuch enzymes in the body
capable of interacting with these unnatural molegti. Spiegelmer technology is
based on the simple concept that if an aptamershischatural target, the mirror image
of the aptamer will identically bind the mirror ige of the natural target (Figure 5).
The process of aptamer selection is carried ounhagthe mirror image target protein;
an aptamer against this unnatural mirror image b&ined. More important, this
Spiegelmer is now resistant to nuclease degradatgmegelmers should not be
confused with antisense RNAs as in that, they do dicectly interfere with
transcription or translation of their target mollesu'®®. They are designed to bind
specifically to extracellular proteins, either aceptor or its ligand, similar to the
behaviour of a monoclonal antibody, aptamer origepSpiegelmers appear to be non-
immunogenic, even under the most inductive conaitidor antibody formation in
rabbits. These molecules are termed “Spiegelmerhfthe German word “Spiegel”

meaning “mirror”.
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natural target mirror-image target selection

RNA

SPIEGELMER TECHNOLOGY d

) amplification

Spiege Imer (L.-RNA) aptamer (D-RNA)
binding to the natural target binding to the mirror-image target

Figure 5: Representation of Spiegelmer generatior.-enantiomer of the target is processed to get the
selective binding D-aptamer. Highly selective Daapér for mirror image (L-target) is then amplified
and then mirrored to get L-aptamer which has thectige binding property for natural D-target. (Bak
from www.noxxon.net)

D-RNA L-RNA

L 0 12 24 36 48 60 0 12 24 36 48 60
[seconds] [hours]

Figure 6: Representation of Spiegelmer stabilityLeft panel with D-enantiomeric RNA which degrades
in seconds when incubated in human plasma at 3Wi@le L-enantiomeric RNA is stable even at 60 h
of incubation in human plasma (right panel) (Takem www.noxxon.net)
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Summary of Spiegelmer properties

* High binding specificity to their target

» Comparable binding affinity as antibodies (lowamolar-picomolar)
« Stable in human plasma and after injection imionals

* Non-immunogenic

* Low toxicity (target-based)

» Synthesized using standard chemistry (scalable)

* No biological contaminants

 Easy to formulate (polar) with excellent solutyili
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2. Research hypothesis
Targeting chemokines

Previous work from our laboratory has shown that L&Z®ICP-1 and
CXCL12/SDF-1 both contribute to glomerulosclerogismice with T2DM through
different mechanisms. CCL2 mediates macrophageecklanflammation, whereas
CXCL12 contributes to podocyte loss. Inhibition@E€L2 by mMNOX-E36 showed the
protection from diabetic glomerulosclerosis andtaesd the GFR by preventing
glomerular macrophage recruitment. Thus, CCL2 kddekprevents the progression of
DN by interfering with macrophage-driven glomeruiaflammation. Inhibition of
CXCL12 by NOX-Al12 significantly reduced the degre# glomerulosclerosis,
increased the number of podocytes, prevented thet af albouminuria and maintained
the peritubular vasculature without affecting glool@r macrophage infiltration.
Nevertheless, the mechanism underlying the pretedtffect of CXCL12 blockade on
DN remains unclear. Therefore, the aim of the stwdg to evaluate the effect of dual
blockade of both chemokines on the progression Mf /e hypothesized that dual
blockade of both chemokines; compared to monotlesagf either CCL2 or CXCL12

antagonists, might have beneficial effects in arebrated mouse model of DN.

Targeting cathepsins

Cat S is a member of cysteine protease family weawlin pathogenesis of
various inflammatory and auto-immune diseases.odaripro-inflammatory cytokines
upregulate the Cat S expression in various cdjse@ally in macrophages and promote
their infiltration to the inflamed tissue. In addit, Cat S is also known to degrade the
extracellular matrix in various compartments andnpote vascular remodelling.
Previous studies with inhibitors for Cats otherntf@at S confirmed their role in the
progression of kidney diseases, but, so far, the od Cat S in DN has not been
explored. Cat S inhibition was immunosuppressivesameral models of autoimmune
diseases, implicating its use as a potential tamékeat autoimmune and inflammatory
diseases. Since inflammation and vascular damageth&r major mediators in the
progression and development of DN, we hypothesthatl Cat S inhibition might be

protective in progressive DN.
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3. Material and methods
3.1 Materials

Instruments and chemicals
Instruments

Anaesthesia

Isoflurane anaesthesia chamber

Balances
Analytic balance, BP110S
Mettler PJ 3000

Cell culture incubators
Type B5060 EC-CQ

Centrifuges
Heraeus, Minifuge T

Heraeus, Biofuge primo

Heraeus, Sepatech Biofuge A

ELISA reader
Tecan, GENios Plus

Fluorescence microsocopes
Leica DC 300F
Olympus BX50

TagMan sequence detection system

Harvard Anaestbgsiam, UK.

Sartorius, Géttingen, Garyn
Mettler-Toledo,Greifensee, Switned

Heraeus Sepatech, Minchen, Germany

VWR International, Darmstader@any
Kendro damdtory Products GmbH, Hanau,
Germany

Heraeus Sepatech, MinGermany

Tecan, Crailsheim, Germany

Leicgdviosystems, Cambridge, UK
Olympus Misoopy, Hamburg, Germany

ABI prism ™ 7700 sequence detector PE Biosystenataistadt, Germany

RT-PCR

Light cycler 480, Roche, Germany
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Materials

Other equipment

Cryostat RM2155
Cryostat CM 3000

Glucometer accu check sensor
Homogenizer ULTRA-TURRAX T25

Microtome HM 340E

Nanodrop

pH meter WTW
Thermomixer 5436
Vortex Genie 2™
Water bath HI 1210

Chemicals and reagents

RNeasy mini kit
RT-PCR primers

Cell culture

DMEM-medium

Dulbecco’s PBS (1X)

FSC

Penicillin/streptomycin (100X)
RPMI-1640 medium
Trypsin/EDTA (1X)

Antibodies
714

B-Actin

Cat S

CD3
CD11b
CD45
F4/80 FITC

Leica Microsystems, Bensheim, Gegma
Leicackbisystems, Bensheim, Germany
Roche, Mannheim, Ggrma

IKA GmbH, Staufen, Geany

Microm, Heidelberg, Germany

PEQLAB Biotechnology GmbH, Erlangen,

Germany

WTW GmbH, Weilheim, Germany

Eppendorf, Hamburg, Germany
Bentddobein AG, Zurich, Switzerland

Leica Microsystems, Bensheimn@aay

Qiagen GmbH, Hilden, Germany
MetahiMartinsreid, Germany

Biochom KG, Berlin, Germany

PAA Laboratories GmbH, ColGermany
Biochom KG, Berlin, Germany

PAA Laboratories GhpCoélbe, Germany
GIBCO/Invitrogen, Paisley, ScotdablK
PAA Laboratories GmbH, Colbe, Ggany

AbD Serotec, Dusseldorf, Germany
Cell signalling, Danvers, MA

R&D Systems, Minneapolis, MN, USA
BD Pharmingen, Hamburg, Germany
BD Pharmingen, Hamburg, Germany
BD Biosciences, Mannheim, Germany

Caltag Laboratories, Bulingame, CA, USA
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Materials

Goat anti-rat HP

HP linked anti-Rabbit secondary Ab

Ki-67

Ly6eC+

Ly6G

Mac?2

Rat anti-mouse neutrophils
Rat anti-mouse CD74
WT-1

ELISA kits
Albumin
MCP-1/CCL2
Creatinine FS

CXCL12

Chemicals

Acetone

Acrylamide 30%

AEC substrate packing
Beta-mercapto ethanol
Bovine Serum Albumin
Calcium chloride
Calcium dihydrogen phosphate
Calcium hydroxide

DAPI

DEPC

Diluent C for PKH26 dye
DMSO

EDTA

Eosin

Ethanol

Dianova, Hamburg, Germany
Cell signallibgnvers, MA

Dako Deutschland GmbH, Hamburg, Germany
BD Pharmingen, Hamburg, Germany
BD Pharmingen, Hamburg, Germany
Cederlane, Ontario, Canada

AbD Serotec, Dusseldsefmany

BD Biosciences
Santa Cruz Biotechnology, CA, USA

Bethyl Laboratories, TX, USA

R &D Systems, Minneapolis, MN, USA
DiaSys Diagnostic System, GmbH,

Holzheim, Germany

R &D Systems, Wiesbaden, Germany

mdle Darmstadt, Germany
Carl Roth GmbH, Karlsruhe, Germany
Biogenex, San Ramon, USA
Roth, Karlsruhe, Germany
Roche Diagtics, Mannheim, Germany
Merck, Darmstadt, Germany
Merck, Darmstadt, Gegm
Merck, Darmstadt, Germany
Sigma-Aldrich, Steinheim, Germany
Fluka, Buchs, Switzerland
Sigma-Aldrich Chemicals,r@any
Merck, Darmstadt, Germany
Calbiochem, SanDiego, USA
Sigma, Deisenhofen, Germany

Merck, Darmstadt, Germany
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Materials

Formalin

Hydroxyethyl cellulose

HCI (5N)

Inulin-FITC

Isopropanol

MACS-Buffer

Oxygenated water

Penicillin

Phosphate Buffer Saline (DPBS)
Roti-Aqua-Phenol

Skim milk powder

Sodium acetate

Sodium chloride

Sodium citrate

Sodium dihydrogenphosphate
Streptomycin

TEMED

Tissue freezing medium
Trypan Blue

Xylol

Miscellaneous

Anti-FITC micro beads

Cat S activity assay kit

Cell death detection (TUNEL) kit
CellTiter 96 proliferation assay
Needles

Pipette’s tip 1-100@Q.L

Plastic histo-casettes
Pre-separation filters

Merck, Darmstadt, Germany
Sigma-Aldrich, Steinheim,r@any
Merck, Darmstadt, Germany
Sigma-Aldrich, Steinheim, Germany
Merck, Darmstadt, Germany
Miltenyi Biotec, Bergisch Gladbach, Gsany
DAKO, Hamburg, Germany
Sigma, Deisenhofen, Germany
PAN Biotech GmbH;nGzeny
Carl Roth GmbH, Karlsruhe, Germany
Merck, Darmstadt, Germany
Merck, Darmstadt, Germany
Mer€lgrmstadt, Germany
Merck, Darmstadt, Germany
Merck, Dardtstaermany
Sigrbeisenhofen, Germany
Santa Cruz Biotechnology, Santa Cruz, CA
Leica, dlosh, Germany
Sigma, Deisenhofen, Germany

avck, Darmstadt, Germany

Miltenyi Biotec, Germany

BioVision, Inc., MilpitaGA, USA
Roche Diagnostiggnnheim, Germany
Promega, Mannhé&iarmany

BD Drogheda, Ireland

Eppendorf, Hamburg, Germany

NeolLab, Heidelberg, Germany
Miltenyi Biotec, Bergish @Gitach,

Germany

SuperFros® Plus microscope slides  Menzel-Glaser, Braunschvi@gmany

Syringes Beciickinson GmbH, Heidelberg, Germany
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Tissue culture dishes 100x20 mm TPP, Trasadingeitiz&land

Tissue culture dishes 150x20 mm TPP, Trasadingeitiz&land

Tissue culture dishes 35x10 mm Becton Dickinsoankiin Lakes, NJ, USA
Tissue culture flasks 150 ém TPP, Trasadingen, Switzerland

Tubes 15 and 50 mL TPP, Trasadingen, Switzerland

Tubes 1.5 and 2 mL TPP, Trasadingen, Switzerland

* All other reagents were of analytical grade and @emercially available from
Invitrogen, SIGMA or ROTH.
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3.2 Methods
3.2.1 Part |
3.2.1 Animal studies

Male diabetic C57BLKS db/db mice or non-diabetic785/6 mice 5-6 week
old were obtained from Taconic (Ry, Denmark) anddeal in filter top cages with a
12 hrs dark/light cycle. All animals had unlimitadcess to food and water throughout
the study duration. At the age of 6 weeks uninegbray (1K mice) or sham surgery
(2K mice) was performed as described below. Alhaaliexperiments were approved
by the local government authorities.

Animal model-Uninephrectomized db/db mice
Surgical procedure of Uninephrectomy

Uninephrectomy (1K mice) or sham surgery (2K miegs performed under
general anaesthesia using isoflurane. Anesthetized were positioned laterally on the
operation bed. Under deep anaesthesia a flankanotg about 1-1.5 cm was made on
the dorsolateral side just below the thoracic cages to reach kidney easily. A silk
suture (2-0) was passed around the right kidneyadted tying off all blood vessels and
ureter the kidney was rapidly excised out usingueved scissors. In sham operated
group of mice, the kidney was lefft situ. Skin incision was closed with silk suture and
wound clamps (Figure 7). All mice received analged drop of Novaminsulfon,
Ratiopharm GmbH, Germany, 1:200, orally administgleefore and after surgery.
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Figure 7: Schematic representation of uninephrectom
A: Making flank incision.

B: Tying off the kidney’s vessels and ureter wiilk suture.
C: Excision of the kidney after ligation.

D: Wound closing with silk suture and wound clamps.
This image was kindly provided by Dr. Volha Ninidhu

3.2.2 Route and rationale of test material adminisation

The chosen route of administration was subcutanesuhe animals can tolerate
a large number of subcutaneous administrationse godttter than numerous intra-
peritoneal injections. Also, handling is easier @inel compound exposure is longer in
the circulation by this route.

Test substance and formulation

Spiegelmer Sequence

MNOX-E36 (CCL2 antagonist) 5' GGCGACAUUGGUUGGGCAUGECGA
GGCCCUUUGAUGAAUCCGCGGCCA-3

NOX-A12 (CXCL12 antagonist) 5-GCGUGGUGUGAUCUAGAUGUUGG
CUGAUCCUAGUCAGGUACGC-3'

revNOX-A12 (control antagonist) 5-GCAUGGACUGAUCCIGAICGGUUA
UUAGAUCUAGUGUGGUGCG-3'

To distinguish possible target-specific from unsfiesubstance class effects, a non-

functional spiegelmer with the reverse sequenceN@X-Al12 was used. The
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Spiegelmers were modified with 40 kDa branched @blylene glycol (PEG) at the
3'-end (MNOX-E36) or at the 5-end (NOX-A12 andN@&X-A12). mNOX-E36 and
NOX-A12 bind to CCL2 and CXCL12 respectively, wihb-nanomolar affinities. All

spiegelmers were dissolved in isotonic 5% glucaodation for administration.

3.2.3 Study design

At the age of 4 months, 1K db/db mice with docurednblood glucose levels
>11 mmol/L and albumin/creatinine ratios >3 (ratiocage-matched wild-type mice =
0.1) were divided into four groups (n = 10-12) eathhese groups received either nil
(no injections) or subcutaneous injections of 50/kggNOX-A12, mNOX-E36 or
control Spiegelmer in 5% glucose or 5% glucosdfiae a vehicle control, on every
other day (Figure 8). This dose corresponds to h#ykg NOX-Al12 or 14.4 mg/kg
MNOX-A36 if based on the oligonucleotide part of tholecule as anhydrous free acid.
The treatment dose and injection intervals were paoable to our previous db/db
mouse studies with similar formulations of Spiegeisntargeting these chemokines.

Treatment was continued for 8 weeks.

>»MNOX-E36-PEG (anti-CCL2)
> MNOX-A12-PEG (anti-CXCL12)
%) >MNOX-A12-PEG + mNOX-E36-PEG
; >revNOX-A12

“ > Vehicle (5% Glucose)
E - (50mg/kg, s.c every other day)
Unineohrectomv at 6week

1 I,

*> &> &> > . g > >

0 1 2 3 4 5 6
Month of life —

Figure 8: Treatment protocol |
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3.2.4 Glomerular filtration rate

5% FITC-inulin was dissolved in two ml of 0.9% Naf@tilitated by heating the
solution in boiling water. Mice were anesthetizathg isoflurane for approximately 20
seconds. 5% FITC-inulin (3.74L/g body weight) was injected retroorbitally under
anaesthesia within 10 seconds. Under general dresést blood was drawn from the
retro orbital plexus at 5, 10, 15, 20, 35, 60 af@dr@n post administration. Since pH
significantly affects FITC fluorescence value, eatlisma sample was buffered to pH
7.4, by mixing 10uL of plasma with 4QuL of 500 mM HEPES (pH 7.4). The titrated
samples were then loaded onto a 96-well plate ail 5€ample/well. Fluorescence was
determined with 485 nm excitation, and read atm38mission.

A two-compartment clearance model may be emplogedHe calculation of
GFR. In a two-compartment model used, as depictédgure 9, the initial, rapid decay
phase represents redistribution of the tracer ftoeintravascular compartment to the
extracellular fluid. Systemic elimination is alsocars, but the distribution process is
relatively dominant during this initial phase. Dhgithe later phase, slower decay in
concentration of the tracer systemic clearance had tracer from the plasma
predominates. At any given time (tX), the plasmacemtration of the tracer (Y) equals

to Ae utx + Be ftx +Plateau.

Span1
+ Span?
+ Plateau

Plateau

Half-lives
Time

Figure 9: Representation of two phase regression ote
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The parameters of above equation could be calcllaseng a non-linear regression
curve-fitting program (GraphPad Prism, GraphPadiv&oe, Inc., San Diego, CA).

GFR was calculated using the equation:
GFR= l/(Alo. + B/p)

Where | is the amount of FITC-inulin delivered Imgtbolus injection; A (Spanl) and B
(Span2) are the y -intercept values of the two yleates, andr and are the decay

constants for the distribution and elimination gsasespectively.

Plasma, urine and tissue collection

At 24 weeks of age, after treatment, blood samplese collected under
isoflurane anaesthesia. Small blood samples (ard®dgL) were collected in micro
centrifuge tubes containing EDTA (10 pL of 0.5 Mwusmn per 200 pL of blood) and
plasma was separated by centrifugation at 10,000fgy 5 min and stored at -20 °C
until used for different cytokine estimations. Wrisamples were collected at every
alternate week from 16 weeks of age till 24 weekd stored at -20 °C for further
analysis. Tissues were harvested for histopathcddgvaluation and RNA analysis at
the end of the treatment period. All samples weolected 3-4 h after the last

Spiegelmer injection.

3.2.5 Plasma CCL2 and CXCL12 ELISA

Plasma chemokines were estimated using commertl&AEkits following the

manufacturer’s instructions.
CCL2 ELISA

Protocol (in brief)

1) The NUNC 96 well ELISA plate was captured ovghtiat 4 °C with the capture
antibody (1: 250 dilution) in coating buffer (Phbsggpe buffer, pH 6.5)

2) Next day the plates were washed 3 times withwthsh buffer (PBS with 0.05%
Tween- 20) and blocked with the assay diluent (REBB 10% FBS) for 1 h.
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3) Again the wash steps were repeated 3 timeswelloby addition of standards,
samples and sample diluent (blank) into the welliacubated at RT for 2 h.

4) This was followed by 5 washes.

5) Then the detection antibody (1:250 dilutionutild in assay diluent was added and
incubated the plate at RT for 1 h.

6) The wells were washed again for 7 times andhatad with 100uL of TMB
substrate (1.1 mixture, A and B) for 10-20 min)daled by addition of 10QL 2 N
H,SO,.

7) The absorbance was read at 450 nm using a sphotometer.

CXCL12 ELISA

Plasma levels of CXCL12 were measured using comaiekd from R&D

system and the materials provided and used a@law/§,

Protocol (in brief)

1) To the pre-coated 96 well plate, added 50 pulstahdards, samples and sample
diluent (blank) and incubated at RT for 2 h.

2) Washed the plate 3 times

3) Then incubated the plates for 1 h at RT withjegated detection antibody diluted
in assay diluent.

4) Repeated the step2.

5) Added 200 pL of substrate solution and incubdtad10-20 min, followed by
addition of 50uL of stop solution.

6) The absorbance was read at 450 nm using a sphotometer.

3.2.6 Urine albumin/creatinine ratio (UACR)
Urine albumin ELISA

Urinary albumin levels were determined using alburBLISA kit from Bethyl
Laboratories following manufacturer’s instructioridenerally albumin levels in urine
samples from db/db mice were quite high, so urmm@mes were diluted 1000 times

with water before estimation.
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Protocol (in brief)

1) The NUNC 96 well ELISA plate was captured ovghtiat 4 °C with the capture
antibody (1:100 dilution) in coating buffer (carlzwe-bicarbonate pH 9.6)

2) Next day the plates were washed 3 times withwthsh buffer (Tris, NaCl with
0.05% Tween- 20) and blocked with the blocking s8ohu (Tris, NaCl with 1%
BSA, pH 8) for 1 h

3) Again the wash steps were repeated 5 timeswelloby addition of standards,
samples and sample diluent (blank) into the weltsiacubated at RT for 2 h.

4) This was followed by 5 washes.

5) Then the HP-conjugated detection antibody (@gested) diluted in assay diluent
was added and incubated the plate at RT for 1 h.

6) The wells were washed again for 7 times andhbatad with 100 uL of TMB
substrate (1:1 mixture, A and B) for 10-20 min Leblour reaction developed,
followed by addition of 10QuL 2N H,SO,.

7) The absorbance was read at 450 nm using a sphotometer.

Urine creatinine measurement

Urinary creatinine levels were measured using emtynreaction (Jaffe’ reaction
using biochemical kit from Diasys). Urine sample®rev diluted 5 to 10 times
(depending on the expected concentration rangé)distilled water. Different dilutions
of standard were prepared using the stock prowd#dthe kit. Working monoreagent
was prepared by mixing 4 part of reagent 1 (R1) hpdrt of reagent 2 (R2) provided
with the kit. 10 pL of each of the diluted sampdesl standards were added to a 96 well
plate with flat bottom (Nunc maxisorb plate). 200 @¢f monoreagent was added to each
well and absorbance for was read at 490 nm inatedyl after and 1 (A1) and 2 (A2)
min of addition using ELISA plate reader. The charig absorbanceA( A) was
calculated ad\A = [(A2 — Al) sample or standard] — [(A2 — Al) bld. Creatinine

content of samples was calculated as:

Creatinine (mg/dL) :AA sample AA standard * Concentration of standard (mg/dL)
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Urinary albumin to creatinine ratio

Urinary albumin to creatinine ratio was calculatgter converting values for
albumin and creatinine to similar units (mg/dL).bAmin content for each sample

calculated (mg/dL) was divided by creatinine coh{emy/dL) for the same sample.

3.2.7 RNA isolation, cDNA preparation and real-timeguantitative (RT-PCR)

Renal tissue from each mouse was snap frozenurdligitrogen and stored at -
80 °C. Real time RT-PCR was performed in pooledmas (5 animals from each
group) on a TagMan ABI 7700 Sequence Detection efystising a heat activated
TagDNA polymerase (Amplitag Gold, PE BiosystemspntCols comprising ddyD
were negative for target and housekeeper geneseRri were from Metabion,
Martinsried, Germany. From each animal total reRAIA preparation and reverse

transcription were performed as described.

Isolation of RNA from tissues

When animals were sacrificed on termination of shely, small parts of tissue
from each mouse were preserved in RNA-later angkdtat -20 °C until processed for
RNA isolation. RNA isolation was carried out usiRg§lA isolation kit. In short, tissues
(30 mg) preserved in RNA-later were homogenizedgibiade homogenizer for 30 s at
14500 rpm in lysis buffer (60QL) containing B-mercaptoethanol (1@L/mL). The
homogenate was centrifuged at 15000 rpm for 3 moh 260uL of supernatant was
transferred to fresh DEPC-treated tube. To thisaegmount (35@L) of 70 % ethanol
was added and whole mixture was loaded on RNA colamd processed for RNA
isolation as per the manufacturer’s instructionldted RNA was stored at -80 °C until
further used.

RNA quantification and purity check

For quantification isolated RNA samples were didute DEPC water (2L of
RNA + 98 uL of DEPC water, 50 times dilution) and absorbawes measured at two
wavelengths 260 nm and 280 nm.
Amount of RNA g/ uL) = O.D. at 260 nm * 40 * 50 (dilution factor)/ @0
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The ratio of optical densities at 260 nm and 280 isman indicator for RNA purity
(indicative of protein contamination in the RNA gales). Only samples with a ratio of

1.8 or more were considered to be of acceptablityua

RNA integrity check

Further quality check (if necessary) was performsitig a denaturing RNA gel.
In short, 2% Agarose gel with Ethidium-bromide wasted, RNA samples were mixed
with  RNA loading buffer (4:1 ratio) (Sigma) and werloaded on the gel.
Electrophoresis was carried out at constant v@1(@0 V) using MOBS running buffer
for 1 h and the gel was read on a gel documentapoparatus under UV lamp. RNA
samples showing a single bright band were condideréoe of good quality. Loss of

RNA integrity could be detected as smear formaiiotive agarose gel (Figure 10).

P e e

e bl P e g b0 e 0 B

Figure 10: Regsentative agarose gel for RNA integrity check

cDNA synthesis

The RNA samples isolated according to the procedlgtiled above were
diluted in DEPC water to a concentration gig/20 uL. The master mix was made to a
volume of 15uL and added to 2g/30 uL RNA samples were taken in separate DEPC
treated micro centrifuge tubes which were mixed plated at 42 °C on a thermal
shaker incubator. After 90 min, the cDNA sampleseaedllected and stored at -20 °C
until use for real-time RT-PCR analysis.

The master contains the following componentsgiL9of 5x buffer (Invitrogen,
Karlsruhe, Germany), &L of 25mM dNTP mixture (Amersham Pharmacia Biotech,
Freiburg, Germany), gL of 0.1 M DTT (Invitrogen, Karlsruhe, Germany)ul of 40
U/uL RNasin (Promega, Mannheim, Germany), QL50of 15 pg/mLlinear acrylamide
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(Ambion Ltd, Cambridgeshire, UK), 0.pL of Hexanucleotide (Roche, Mannheim,
Germany) and LL of Superscript (Invitrogen, Karlsruhe, Germany)daHO in case

of controls.

Real-time quantitative (TagMan) RT-PCR

The cDNA samples prepared as described above watedd1:10 a dilution for the
real-time RT-PCRThe following protocol used for RT-PCR: Pre-incubatwas carried
out for 5 min at 95 °C to ensure the activationtloeé polymerase and complete
denaturation of cDNA samples. This was followedalyplification for 40 cycles, each
comprising of 15 seconds incubation at 95 °C andet®nds incubation at 60 °C. For
melting curve initial 95 °C for 5 s followed by 8& for 1 min with continuous heating
was used. The RT-PCR for the reference genes (BB&\Yy was carried out under
similar conditions. The CT values were calculatsthg the Light Cycler 480 and the
results were normalized with respective referenmeegexpression for each sample. In
all cases controls consisting of dgHwere negative for target or reference genes. All
designed SYBR green primers for all genes evaluatest obtained from Metabion
(Martinsried, Germany) (Table 6). All gene expreasvalues were normalized using
18s RNA as a house keeping gene. All primers usedamplification were from

Metabion (Martinsried, Germany).

3.2.8In vitro studies

Normal renal tissues were obtained from four p&ierephrectomized because of renal
cell carcinoma, in agreement with the Ethical Cottesi onhuman experimentation of
the Azienda Ospedaliero-Universitaria Careggi, éhoe, Italy. 293 (HEK-293) were
purchased from ATCC (Manassas, VA, USA) and cuttuae specified by the supplier.
The HACAT cell line was a gentle gift of Dr. Rosaaitina (Florence, Italy). Human
renal progenitors were obtained by immune-magrsetiting for CD133 after depletion
of digested total renal cell suspensions for CD#8 @odocalyxin, as previously
describedf. Primary cultures of human renal progenitors we89% positive for
CD133 and CD24 co-expression, as checked by FA@lysie. Podocyte markers were
absent. For podocyte differentiation, cells weeated for 2 days with VRAD medium

(vitamin D3, retinoic acid and dexamethasone-supplded DMEM) as previously
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Table 6: Oligonucleotide primers used for SYBR-Green RT-PCR

Target Primer sequence
CCL2 Reverse : CCTGCTGTTCACAIECC
Forward : ATTGGGATCATCTTGGGT
CXCL12 Reverse : TTTCAGATGCTTGACTBGG
Forward : GCGCTCTGCATCAGTGAC
TNF Reverse : AGGGTCTGGGCCAIAACT
Forward : CCACCACGCTCTTCTGTAC
iINOS Reverse : TGAAGAAAACCCCTTGCT
Forward : TTCTGTGCTGTCCCAGAG
Nephrin (NPHS1) Reverse : CTCTTTCTACCG@ARCG
Forward : TTAGCAGACACGGACACAGG
Podocin (NPHS2) Reverse : CAGGAAGCAGATGICAGT
Forward : TGACGTTCCCTTTTTATC
IL-6 Reverse . CCAGAGGAAATTTRATAGGC
Forward : TGATGCACTTGCAGAAAACA
18s RNA Reverse : AGGGCCTCACTAABATCC
Forward : GCAATTATTCCCCATGAACG

describedNephrin mRNA quantification was performed assaydemand kits (Applied

Biosystems, Warrington, URy?%according to the manufacturer's recommendations
and Tag-Man RT-PCR was performed using a 7900HTI Heae PCR System

(Tagman, Applied Biosystems) as previously desdffd To accurately compare

samples by means of real-time RT-PCR, identical memof cells (n=10000) were

analyzed in all experiments and GAPDH was usedviduate mRNA quality and

integrity.
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3.3 Methods part Il
3.3.1 Animal studies

Male diabetic C57BLKS db/db mice 5-6 week old welbt¢ained from Taconic
(Ry, Denmark) and housed in filter top cages with2ah dark/light cycle. All animals
had unlimited access to food and water throughloeitstudy duration. At the age of 6
weeks uninephrectomy (1K mice) was performed asries] in “Methods part I”. All

animal experiments were approved by the local gowent authorities.

3.3.2 Cat S inhibitor R05461111

RO5461111 (CAS 1252637-46-9) is a competitive iitbrbof the active site of
Cat S. The nitril function of RO5461111 allows clevd reversible inhibition of Cat S.
It was provided by F. Hoffmann-La Roche, Ltd., BaSavitzerland. The synthesis and
drug development of RO5461111 has been describatr2010121918.

3.3.3 Study design

At the age of 4 months, 1K db/db mice with docuradnblood glucose levels
>11mmol/L and UACR >3 (ratio in age-matched wilghéymice = 0.1) were divided
into two groups (n=10-12) and one group fed withodf@lrug mix contained
RO5461111 (87.5 mg/kg, delivering a daily dose @®fnig/kg body weight) and other
group fed with standard food from 16 weeks of alj4 weeks (Figure 11). Tissues
were harvested for histopathological evaluatiornthet end of the treatment period.
Blood and urine samples were obtained at monthgrals.
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\! > Vehicle- standard chovad libitum

ﬂ > RO5461111, food drug ad mix
— :

(87.5 mg/kg food)
Uninephrectomy at 6 week old

1 LeLlLlr

b g g g g o g o g o g

0 1 2 3
Month of life —

I
(é)]
»

Figure 11: Treatment protocol I

3.3.4 RNA isolation, cDNA preparation and Real-timeguantitative (RT-PCR)

The detailed protocols for RNA isolation, cDNA paegtion and RT-PCR were
explained in “Method section, Part I". In brief,tab RNA from whole kidney was
extracted using RNeasy mini extraction kit follogrithe manufacturer’s instructions.
1pg of RNA was transcribed into cDNA using Supeptci. The cDNA was further
subjected to real-time PCR using the specific aligeotide primers (300 nM,
Metabion, Martinsried, Germany) for the genes tiste Table 7. Quantitative detection
of MRNA expression was performed using a Light €ydi80, using SYBR green (SA
Biosciences). The mRNA expression values for allegewere normalized to 18s rRNA

in the respective cDNA preparations.
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Table 7: Oligonucleotide primers used for SYBR-Grer RT-PCR

Target Primer sequence
Cat A Forward : AGAGCGGTCAGGCCAAGAEC
Reverse :CGCGGTTCCGGGCATCTCTG
CatB Forward : CTGCGCGGGTACTTAGGAG
Reverse : CAGGCAAGAAAGAAGGATCAAG
CatD Forward : TTCGTCCTCCTTCGCGATT
Reverse : TCCGTCATAGTCCGACGGATA
CatK Forward : GCCAGGATGAAAGTTGTAT
Reverse :CAGGCGTTGTTCTTATTCC
Cat L Forward : GTGGACTGTTCTCACGCAC
Reverse : TATCCACGAACCCTGTGTCA
CatS Forward : AAGCGGTGTCTATGACGEC
Reverse : GAGTCCCATAGCCAACCACAAG
IL6 Forward : TGATGCACTTGCAGAAXCA
Reverse : ACCAGAGGAAATTTABTAGGC
TNF alpha Forward : AGGGTCTGGGCCATAGBT
Reverse :CCACCACGCTCTTAIITAC
INOS (NOS1) Forward : TTCTGTGCTGTCCCAGAG.
Reverse : TGAAGAAAACCCCTTGCT
eNOS (NOS3) Forward : TGGGCAACTTGAAGAGTGG
Reverse : AGAGTTCTGGGGGM®IKCA
Ccl2 Forward : CCTGCTGTTCACAGTTGCC
Reverse : ATTGGGATCATCTTGCTGGT
Nphs2 (Podocin) Forward : TGACGTTCCCTTTITRTC
Reverse : CAGGAAGCAGATGTCEAGT
Nphs1 (Nephrin) Forward : TTAGCAGACACGGACAGG
Reverse :CTCTTTCTACCGCQIATG
VCAM Forward : CCGGCATATACGAGTGTHAA
Reverse : TCGGGCGAAAAATAGTCCTT
ICAM Forward : GTCACCGTTGTGATCAG
Reverse : AACAGTTCACCTGCACGGAC
18s Forward : GCAATTATTCCCCARBCG
Reverse : AGGGCCTCACTAAABRDCC
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3.3.5 FACS analysis of kidney cells

Flow cytometric analysis of the whole kidney cekparation was performed on
a FACS Calibur flow cytometer from BD Biosciencds brief, kidneys were
mechanically disrupted and incubated in 1x HanKarz®ed salt solution (HBSS)
containing 1 mg/mL collagenase type | and 0.1 mg@labxyribonuclease type | for 20
min at 37 °C. After washes, tissues were incub@tefl ml 2 mmol/L EDTA in 1x
HBSS for 20 min at 37°C. The supernatant contairsotated cells was kept on ice and
the remaining pellet was incubated in 5 ml of 1mmgktollagenase-I in 1x HBSS for 20
min at 37 °C. The suspension was subsequently ¢pdbsrugh a 19-gauge, 27-gauge
needle, and pooled with the first supernatant ftbe EDTA incubation. Cells were
filtered through a 7@an cell strainer and washed twice in PBS. All waghsteps were
performed in FACS buffer. The renal leukocytes wiwen characterized by using the
following conjugated antibodies: PE anti-CD45, ARGti-CD11b, anti-Gr-1, FITC
anti-Ly6C and anti-Ly6G.

In cell culture stimulation experiments, the mogsamerular endothelial cells
(GENCs) were washed with PBS and incubated withlibgn buffer containing either
FITC anti-Annexin V or PE propidium iodide. Apoptotells in the supernatants were

washed, counted and analysed for the same surfadeerm mentioned above.

3.3.6 Protein isolation and western blotting
Protein isolation

Proteins from kidney tissue were extracted using/MRbuffer (Sigma, Germany)
containing protease inhibitors (Roche, Germany)biief, part of the kidney tissue
stored at -80 °C was homogenized using blade honigyefor 30 seconds at 4 in RIPA
buffer (500 uL) containing protease inhibitor. The lysates whent maintained at
constant agitation for 2 h at 4 °C. The samplesevithen centrifuged for 20 min at
12000 rpm at 4 °C. Then the supernatant (proteiss) separated into a new tube and

the pallet was discarded. Protein estimation wa dsing Bradford’'s assay.
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Western blotting

After determination of protein concentrations, & of the protein was mixed
with 5x SDS loading buffer (100 mM Tris-HCI, 4% SDP30% glycerol, and 0.2%
bromophenol blue) for Western blot analysis. Samplere heated at 95 °C for 5 min.
Proteins were separated by SDS PAGE and then é¢raedfto a poly-vinylidene
difluoride (PVDF) membrane. Non-specific bindingth@ membrane was blocked for 1
h at room temperature with 5% milk in Tris-buffergaline buffer (TBS, 20 mM Tris-
HCI, 150 mM NacCl, and 0.1% Tween 20). The membrawese then incubated
overnight at 4 °C with primary antibodies. Aftersténg, the membrane was incubated
with respective secondary antibodies in TBS. Thgnas were visualized by an
enhanced chemiluminescence system (Amersham, Byiekmshire, UK).

3.3.7 Invariant chain assay with mouse splenocytes

Mouse splenocytes were isolated by mechanicaingast the whole spleen,
followed by red blood cell depletion using Triton200 lysis buffer for 30 min and
centrifuged at 10,0009 for 20 min to remove thé debris. The supernatants were then
loaded onto 10% SDS-PAGE; the proteins were thansterred onto nitrocellulose
membrane and incubated with antibody against moGf&/4 antibody (BD
biosciences), later incubated with anti-rabbit Heamdary antibody. The membrane
was developed with ECL (GE Healthcare, Buckinghamsh/K).

3.3.8In vitro studies

All cells were cultured as previously describ&d Murine immortalized
podocytes were allowed to proliferate in RPMI 16#@dium (GIBCO/ Invitrogen,
Paisley, Scotland, UK) containing 10% fetal calfuse, 100 U/ml penicillin, 100
mg/mL streptomycin and 10 U/ml mouse IFNimmunoTools, Firesoythe, Germany)
at permissive temperature (33 °C), 5%CCells were differentiated at non-permissive
conditions (37 °C), 5% CPOwithout IFN+ supplement for 10-14 days. For ECIS
experiments, primary podocytes were isolated fromuse glomeruli as described
elsewhere. All cells were cultured in RPMI 1640 @MAXTM-1 medium
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supplemented with 10% FBS and 1% of penicillin astteptomycin. TECs were
isolated and were grown to confluence in DMEM/F1€dm containing 10% fetal calf
serum, 1% penicillin—-streptomycin, 125 ng/mL prg&adin E1 (Calbiochem), 25
ng/mL EGF (Sigma), 1.8g/mL L-thyroxine (Sigma), 3.38 ng/mL hydrocortisoaed
2.5 mg/mL of insulin-transferrin-sodium selenitgoplement (I-TSS) (Sigma). All cells
were stimulated with different concentration of@lge. HUVECs were stimulated with
indicated growth factors and cytokines (R&D Systerfr 24 h. All cells were
stimulated in serum free media. Cell-free supemntatavere analysed for Cat S secretion

by Luminex kit (in-house established).

3.3.9 Electric cell impedance sensing assay (ECIS)

Cat S induced changes in resistance and capacitdrai cells was analyzed
using an ECIS device (Applied Biophysics Inc., N¥SA). Briefly, cells were re
suspended in complete media and seeded in eightefH5 array plate containing
small gold-film electrodes at a density of 100,a@Ms/well in a volume of 400 pL
media. Both the ECIS arrays and the measuremetnbrstaere kept in an incubator
with high humidity at 37 °C and 5% GOCell attachment and confluency was
monitored in terms of resistance/capacitance atye¥@ sec for up to 24 h. Complete
mono-layer covering the electrodes was confirmettosicopically prior to stimulation.
All cells were then stimulated with different dose$ Cat S with or without
RO5461111. Capacitance was analyzed for indicateé points at 4000 Hz. All

experiments were performed at least twice, eveng in duplicates.

3.3.10In situ hybridization

In-situ hybridization was performed using QuamigeView RNA ISH Tissue
Assay Kit (Affymetrix / Panomics Solutions). Thesag uses proprietary chemistry for
the target specific probe sets and branched-DNAasigmplification for detection of
specific signal. Specific probe sets for mouse Ca8& F4/80 mRNAs were designed
by Affymetrix based on the following sequences: NIM1267695 and NM_021281 for
CTSS, NM_010130 for EMR1. Tissue sections of 4 u#ppred from Formalin Fixed
Paraffin Embedded (FFPE) mouse kidney tissues wenented onto micro slides (X-
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tra ™ Adhesive, Leica) and processed according to maturer instructions. Briefly,
slides were baked for 1 h at 60 °C (Thermobriteb@b Molecular) and fixed in 10%
formaldehyde for 1 h at RT. De-paraffinization veahieved using Histo-Clear reagent
(National Diagnostics). Pre-hybridization condisowere found to be optimal with 10
min of boiling at 95 °C and 10 min incubation & 2C with Protease QF diluted
1/100x. Target probe set hybridization (Type-6 opd-1 probe sets for blue or red
staining respectively) was carried out for 2 h & 4. Hybridized probes were
amplified using PreAmplifier Mix QT and Amplifier M QT oligonucleotides
incubating slides at 40 °C for 25 and 15 min re8pely. Slides were then exposed to
Label Probe conjugated with alkaline phosphataséé€l Probe 6-AP or 1-AP for blue
or red staining respectively) for 15 min at 40 1@l 4o Fast Blue or Fast Red Substrates
at RT for 15 min or at 40 °C for 30 min respectwalVhen 2-Plex assays were carried-
out, incubations with Label Probe 6-AP and FaseBhubstrate were carried out before
incubations with Label Probe 1-AP and Fast Red tates Slides were counterstained
with Gill's Hematoxylin stain for 5-10 seconds afl .RAfter every incubation step,
slides were washed 2-3 times in washing solutidBS Pr water according to the
manufacturer instructions. Imaging was performedleunbright field with a Zeiss
microscope equipped with an Axiocam MRC camera.

3.3.11In vivo microscopy on the mouse cremaster muscle

The surgical procedure and the technical setugnfarivo microscopy on the
mouse cremaster muscle have been previously dedcritor analysing post-ischemic
leukocyte responses, the post-capillary vessel eatgnin a central area of the spread-
out cremaster muscle were randomly chosen amorsg ttiat were at least 150 pm
away from neighboring post-capillary venules andl mibt branch over a distance of at
least 150 um. After having obtained baseline reogsl of leukocyte rolling, firm
adhesion, and transmigration in all the vessel segen ischemia was induced by
clamping all supplying vessels at the basis of dremaster muscle using a vascular
clamp (Martin, Tuttlingen, Germany). Stagnancy oo flow was then verified bin
vivo microscopy. After 30 min of ischemia, the vascutéamp was removed and
reperfusion was restored for 160 min. Measuremesgi® repeated at 120 min after
onset of reperfusion. For the quantitative analysfs the leukocyte migration
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parameters, Caplmage software (Dr. Zeintl, Heidglb&ermany) was used. Rolling
leukocytes were defined as those moving slower thanassociated blood flow and
quantified for 30 s. Firmly, adherent cells weletermined as those resting in the
associated blood flow fanore than 30 s and related to the luminal surfarelPp0 um
vessel length. Transmigrated cells were counteggions ofinterest (ROISs) covering
75 pum on both sides of a vessefer 100 um vessel length. For measurement of
centerline blood flow velocity, green fluorescenticraspheres (2 pum diameter;
Molecular Probes, Leiden, The Netherlands) werecied via an arterial catheter and
their passage through the vessels of interest wererded. From measured vessel
diameters and centerline blood flow velocity, agpamwall shear stress was calculated,
assuming a parabolic flow velocity profile over tressel cross section.

As a measure of microvascular permeability, leakalgEITC dextran (Sigma
Aldrich) into the perivascular tissue was analys&ftier 130 min of reperfusion, FITC
dextran was applied intra-arterially. Fluorescemtesivo microscopy measurements
were performed 30 min later on five post-capillaegsel segments atite surrounding
perivascular tissue. Mean gray valudsfluorescence intensity were determined by
digital image analysi@émage J) in six randomly selected R(B8x50 um), localized~
50 um distant from the venule under investigatiBenotyping of transmigrated
leukocytes was performed on paraffin-embedded dissmctions immunostained with
rat-anti-mouse CD45, Ly6G, or F4/80 mAb (Seroterfo@l, UK) and counterstained

with Mayer’s hemalaun.

3.3.12 Human studies

Human renal biopsies from patients and controlsewesllected within the
framework of the European Renal cDNA Bank -Kronezgeénius Biopsy Bank (ref).
Diagnostic renal biopsies were obtained from p#iexiter informed written consent
and with approval of the local ethics committeese(Bpezialisierte Unterkommission-
SPUK fur Innere Medizin, University of Zurich). BdtRNA was isolated from micro-
dissected samples taken from the tubulo-interstempartment. The fragmentation,
hybridization, staining and imaging was performedaading to the manufacturer’s
guidelines (Affymetrix). For a detailed descriptiand access to the deposited raw data

of the protocol see reference (ref). A single prbbhsed analysis tool, Chipinspector
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(Genomatix Software GmbH, Munich), was used fomdipt annotation, total
intensity normalization, significance analysis of icroarrays and transcript
identification based on significantly changed pmoheef). Real-time RT-PCR on
biopsies from DN (n=12), and controls (living dosolLD, n= 9) was performed.
Reverse transcription and real-time RT-PCR werdopaed as reported earlier (ref).
Pre-developed TagMan reagents were used for C&TSSE, NM_004079) and the
housekeeper gene GAPDH (Applied Biosystems). Déwaws are normalized to
GAPDH and target gene expression in the controlodols set as 1. The mRNA
expression was analysed by standard curve quatiific

53



Chemokines and Cysteine proteases in diabetiekidisease Results

4. Results

4.1 Part |

4.1.1 Plasma CCL2 and CXCL12 levels

To assure Spiegelmer exposure and its biologidalitycin vivo, we determined
plasma CCL2 and CXCL12 levels at the beginning also at the end of the study.
Anti-CXCL12 or anti-CCL2 Spiegelmer injections sifigantly increased the plasma
levels of either chemokines in 1K db/db mice (Fegad). Plasma CCL2 and CXCL12
levels remained undetectable or low in sham-opérali®db mice and vehicle- or
control Spiegelmer-treated 1K db/db mice. This icating that Spiegelmer

antagonists retain their molecular targets in theutation'3°1>1%
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Figure 11: Plasma chemokine levels in Spiegelmerdated db/db mice.Plasma CCL2 and CXCL12
levels were determined in 14 and 24 week old uriregomized db/db mice by ELISA which represent
before and after treatment. Data are means + S|BND.O01 versus 24 week vehicle group.
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4.1.2 Effect of dual blockade on body weight and bbd glucose

Treatment with CCL and CXCL12 dual blockade in @pihrectomized db/db
mice did not show any significant changes in bodgight and blood glucose levels
compared to the vehicle-treated mice (Figure 1B)s Suggests that foatimixdid not

influence the physiology of the treated mice.
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Figure 12: Blood glucose levels and body weight iruninephrectomized db/db mice. (A)
Uninephrectomized db/db mice with different treattsenvere monitored for blood glucose levels and (B)
body weight from baseline at 16 weeks until the efithe study at 24 weeks of age. Data are means *
SEM.
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4.1.3 Dual CCL2/CXCL12 blockade has additive effés on glomerulosclerosis in
db/db mice

Renal histopathology

Renal histomorphology in 6 months old db/db miceovetd moderate
glomerulosclerosis as compared to age-matched 2tcdrabetic mice which was
aggravated to diffuse glomerulosclerosis by eaniypephrectomy of db/db mice. CCL2
as well as CXCL12 inhibition reduced the extent gfomerulosclerosis in
uninephrectomized db/db mice to the level of agéched sham-operated db/db mice

while the control Spiegelmer had no effect (FigLgg.

Vehicle

Figure 13: Renal pathology in 6 months old db/db ngie. Renal sections from 1K mice of the different
treatment groups were stained with periodic aciifS(PAS). Stains show representative glomeruir
each group (original magnification 400x).
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Glomerulosclerosis

Dual CCL2/CXCL12 blockade improved glomerular péddigy with
significantly less severe lesions and more norrfaahgruli as compared to either of the
monotherapies. 1K db/db mice with dual blockadepldiged even less glomerular

pathology than age-matched 2K db/db mice (Figuje 14
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Figure 14: PAS stains from ‘Figure 13’ were scored for theeaxtof glomerulosclerosis from 0-4 as
described. From each mouse 15 glomeruli from eanhlrsection were graded by that score. The graph
illustrates the mean percentage of each score + 8&M all mice in each group. Uninephrectomy was
associated with a shift towards higher scores ongrulosclerosis as seen in the control Spiegeémedr
vehicle-treated 1K db/db mice. Note that singleckéme with either antid-chemokine Spiegelmer
significantly reduced the overall scores as congbdececontrol Spiegelmer-treated 1K db/db mice (*
p<0.05). Moreover, dual blockade further signifidtaneduced the percentage of glomeruli with a ecbr
and also increased the percentage of glomeruli ailtore 1 as compared to either single chemokine
blockade (T p<0.05).
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4.1.4 Dual CCL2/CXCL12 blockade improves the renalunctional parameters and

reduces proteinuria in db/db mice

Glomerular function rate

In CKD like DN, the decline in the GFR is assoaiateith progression of the
disease over a period due to loss of filteringighiWe therefore determined the GFR
by assessing FITC inulin clearance kinetics ingadlups of mice. Uninephrectomy was
associated with a reduced GFR as compared to aah@RR of about 350 mL/min in
mice. Either CCL2 or CXCL12 blockade significanthcreased GFR in 6 months old
1K db/db mice (Figure 15). Dual CCL2/CXCL12 blockadias associated with the

highest GFR compared to monotherapies.
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Figure 15: GFR in 6 months old db/db mice GFR was determined by FITC-inulin clearance kazein

all groups at the end of the study as describechéthods. Note that 1K db/db mice treated with dual
chemokine blockade has higher GFR levels. Datars@ns+ SEM from at least 6 mice in each group. *
p<0.05, ** p<0.01 versus control-Spiegelmer tredt&ddb/db mice.
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Albumin/creatinine ratio (ACR)

In DN, the progression of kidney disease is assediavith increase in ACR,
which is an important clinical parameter of glomarudysfunction. We compared
UACR at the beginning and at the end of the treatraeurse in all groups. CCL2 as
well as CXCL12 blockade significantly reduced UAG#¥en compared to control
spiegelmer treatment at 6 months (Figure 16). Woampared to baseline UACR,
CXCL12 as well as dual blockade most effectivelgvyanted proteinuria.
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Figure 16: Albuminuria in 6 months old db/db mice UACR were determined as a functional marker
of the glomerular filtration barrier at the inifiaih (4 months) and termination of treatment (6 rheht
Data are presented as meanst SEM from at least® imieach group. ** p<0.01, **p<0.001 versus
control-Spiegelmer treated 1K db/db mice in thgpeesive group.

4.1.5 Dual CCL2/CXCL12 blockade and glomerular celtounts in db/db mice
Ki-67+ proliferating glomerular cells

Glomerular pathology is often related to an altecetl turnover of glomerular
cells, for example, mesangial cell proliferatiordaxtracellular matrix accumulation.
Therefore, we determined the total numbers of glomae Ki-67+ proliferating

glomerular cell. Total numbers of glomerular cellsre determined by counting DAPI
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Figure 17: Proliferation of glomerular cells in 1K db/db mice. Renal sections from mice of all groups
were stained for the proliferation marker Ki-67 ahé numbers of DAPI+ cell nuclei were counted in
renal sections from mice of all groups as indicaldte graphs show the mean number of positive gells

15 glomeruli + SEM in sections from 6 months old dis/db mice of each group.

* p<0.05, ** p<0.01 versus control Spiegelmer treaht

positive nuclei in glomerular tufts cross sectiddene of the interventions significantly
affect the total number of cell nuclei in glomerukafts (Figure 17). The overall
numbers of Ki-67+ proliferating cells within glom#dir were low but CCL2 and
CXCL12 blockade both significantly reduced theinrers in glomeruli (Figure 17).

4.1.6 CCL2 blockade reduces leukocyte numbers inggheruli of 1K db/db mice

Chemokine-mediated glomerular pathology in db/diberian be mediated by
leukocyte recruitment®™*® We therefore evaluated the number of glomerular
leukocytes by immunostaining for CDA45. Significanttimbers of CD45 positive
leukocytes were detected in glomeruli of vehiclecontrol Spiegelmer-treated 1K
db/db mice (Figure 18). The numbers of glomerul@4& positive leukocytes were
significantly reduced by CCL2 but not by CXCL12 thadé***>> The numbers of
glomerular leukocytes were also reduced with dir@nmokine blockade, accordingly
(Figure 18).
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Figure 18: Glomerular leukocyte infiltrates in 1K db/db mice. Renal sections from 1K mice of all
treatment groups were stained for CD45 (originalgnifécation 400x). The graph shows the mean
number of CD45 positive cells in 15 glomeruli + SEMsections from 6 months old 1K db/db mice of
each group. Note that only anti-CCL2 Spiegelmeeaéd the number of glomerular CD45+ cells (*
p<0.01 versus control Spiegelmer, # versus bothati@napies).
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4.1.7 Dual CCL2/CXCL12 blockade and renal mRNA expession of
proinflammatroy and podocyte parameters in db/db mce

We determined the mRNA expression levels of leuk®cgnd podocyte-related
genes in kidneys of 1K db/db mice. Both antagonaits not significantly alter
intrarenal expression of their target gene (Figiée However, CCL2 blockade, and not
CXCL12 blockade, was associated with lower mRNAelswof iINOS, a parameter of
activated macrophages (Figure 19). The cytokin® Kkhowed a trend towards lower
levels in all treatment groups. In contrast, CXCL4ldckade increased the mRNA
levels of nephrin and podocin, two podocyte paramsetmuch more than CCL2
blockade. Dual chemokine blockade increased these godocyte markers most

significantly (Figure 20).
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Figure 19: Renal mRNA expression in 1K db/db miceRNA isolates from kidneys of 1K db/db mice
underwent quantitative real-time PCR for a numbegames as indicated. Data are expressed as means o
the ratio of the specific mMRNA versus that of 1&NA + SEM. * p<0.05, ** p<0.01, *** p<0.001
versus vehicle).
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Figure 20: Renal mRNA expression in 1K db/db miceRNA isolates from kidneys of 1K db/db mice
underwent quantitative real-time PCR for a numbegames as indicated. Data are expressed as means o
the ratio of the specific mMRNA versus that of 1&NA + SEM. * p<0.05, ** p<0.01, *** p<0.001
versus vehicle).

4.1.8 Dual CCL2/CXCL12 blockade has additive effeston podocyte numbers in
db/db mice

We have previously documented that CXCL12 blockatects 1K db/db mice
from podocyte loss, as another marker of glomerpéhology in db/db micé”. We
questioned whether dual chemokine blockade cowe baditive protective effects on
podocytes. Thus, we quantified glomerular podocygedVT-1 immunostaining in all
groups of 1K db/db mice. Compared to an averagebeurof 15-20 WT-1 positive
podocytes in murine glomerular cross sections (datashown) the 6 months old 1K
db/db mice revealed only an average of 11 cellglmnerular cross section. CCL2 and
particularly CXCL12 blockade both significantly neased glomerular podocyte counts
(Figure 21). Interestingly, dual CCL2/CXCL12 blodea showed a small but
statistically significant additive effect up to anerage of 17 WT-1 positive cells per

glomerular cross section (Figure 21).
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Figure 21: Podocyte numbers in 1K db/db miceRenal sections from 1K mice of all treatment groups
were stained for WT-1 (original magnification 400X)he graph shows the mean number of WT-1
positive cells in 15 glomeruli + SEM in sectionsrit 6 months old 1K db/db mice of each group. Note
the potent effect of the anti-CXCL12 Spiegelmertb@ number of podocytes (* p<0.05 versus control

Spiegelmer) and the additive effect of dual bloekadrsus anti-CXCL12 monotherapy (1 p<0.05 versus

both monotherapies).
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4.1.9 CXCL12 suppresses nephride novo expression of podocyte progenitors

How does CXCL12 blockade significantly increase gmde numbers and
nephrin expression without any direct effect on quydes, which we had previously
excluded®® Given the critical role of CXCL12 in the maintesarof stem cell niches
in multi-organ systems, we evaluated the posgybilitat podocyte-derived CXCL12
may regulate the potential of renal progenitorscétl differentiate toward podocytes.
Several groups have recently reported that a subdgiogn of parietal epithelial cells
(PECs) in glomeruli represent progenitor cells hade the capacity to differentiate into
mature podocytes by progressively migrating anteghtiating from the urinary pole
of the Bowman’s capsule toward the glomerular'ttft® We therefore questioned
whether CXCL12 serves as a factor that regulateslifierentiation of renal progenitor
cells towards the podocyte phenotype. We indeediqusly reported that® culturing
human renal progenitors in the VRAD medium oveedqa of 2 days resulted in their
differentiation into podocytes, as demonstratechbyel expression of nephrin, WT-1,
synaptopodin, podocin, PDX, and anti-glomerulartbegial protein 1 (GLEPP-1) at
both mMRNA and protein levels. Since in our vivo models CXCL12 blockade
upregulated nephrin expression, in this study waduated primary cultures of human
renal progenitors, which are already known to eswreeceptors for CXCL1Z, for
their potential to up regulate nephrin mRNA expi@ssn presence or absence of this
chemokine. The human embryonic kidney epithelidlllcee 293 (HEK293) and human
keratinocyte cell line (HACAT) were evaluated asdifidnal controls for nephrin
MRNA expression before and after treatment with YRAs shown in Figure 21A, the
effect of VRAD treatment was irrelevant in HEK298 well as in HACAT cell lines,
while it induced a strong up-regulation of nephnfRNA expression in primary
cultures of human renal progenitors, as assessequbgtitative RT-PCR. Of note,
adding recombinant CXCL12 suppressed nephrin mRNAegulation in a dose-
dependent manner (Figure 22A). When CXCL12 was Keldcwith anti-CXCL12
spiegelmer,de novomRNA expression of nephrin was no longer compredisan

effect that was not observed with the unspecifitticn spiegelmer (Figure 22B).
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Figure 22: CXCL12 andde novo nephrin expression in renal progenitor cells(A) HEK293, HACAT
and human renal progenitors were cultured in VRABdmm as described in methods. Data are
expressed as fold increase versus the respectiveated cell type, as assessed in identical nurmber
cells. On human renal progenitors, recombinant CXZlwas added at different concentrations as
indicated and nephrin mRNA expression was deternimereal-time RT-PCR. (B) Cells were cultured
as before plus adding anti-CXCL12 or control Spiege. Note that only anti-CXCL12 Spiegelmer
prevented the CXCL12-mediated suppressiodeohovonephrin mRNA expression. Data are expressed
as fold increase versus VRAD-treated renal progeniB), as assessed in identical number of detsa

in A and B are means + SEM. * p<0.05.
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4.2 Results part Il

4.2.1 Cathepsin S expression in murine and humanpeg 2 diabetic kidney disease

Cat S is associated with the pathophysioldgmany inflammatory diseases and
its inhibition by small antagonists was shown to illmunosuppressive in several
mouse models. Previous studies with other cathephihitors suggested its protective
role in diabetic kidney disease, but, so far, tile of Cat S in DN is unknown.

To study the role of Cat S in the progressibuliabetic kidney disease, first we
quantified the mRNA expression levels of cysteirs¢ &, B, D, K, L and S in all solid
organs of wild type BL6 mice. Gene expression feafvealed that Cat S is only found
to be consistently expressed at much lower mRNAI&eas compared to other Cats,
especially in the kidney (Figure 23A). But, whee tienal Cat S expression of 6 months
old T2D male db/db mice was compared with theidwjlpe counterparts, a moderate
induction was noted for Cats A, D, and S (FigureBR3Interestingly, early
uninephrectomy, which induces hyperfiltration asaacelerating patho-mechanism of
glomerulosclerosis in T2D db/db mice, significaniigluced Cat S selectively among
all other studied Cats both at mRNA (Figure 24Ad amotein level (Figure 24B) as
compared to age matched controls.

Further, Cat S immunostaining on kidneys frérmonths old T2D male db/db
mice displayed strong positivity in epithelial celbf proximal tubuli (Figure 25A).
These cells, however, lacked any Cat S mRNA siggah situ hybridization (Figure
25B), implying that filtered Cat S protein gets @iasly reabsorbed from the glomerular
filtrate but is not produced by TECk situ hybridization displayed Cat S mRNA
positivity only in single cells within glomeruli dnthe tubulointerstitium that co-stain
with the mononuclear phagocyte markers F4/80 an@8PBigure 25B).
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Figure 23: Expression of CCs in kidneys of wild typ and db/db mice.(A) mMRNA expression pattern
of CCs in all solid organs of wild type C57BL6 mi¢B) Differential mMRNA expression levels of CCs in
kidneys from 6 months old db/db- sham operatedwandephrectomized mice. Age matched WT mice
served as a control. Data are expressed as medhe dditio of the specific mMRNA versus that of 18S
rRNA (n=5-12 mice in each group). * p<0.05 (db/dk tersus Sham operated mice); #p<0.05 (WT
versus Sham operated mice)
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Figure 24: Expression of Cat S(A) The relative expression of Cat S in kidney$afieeks or 6 months
old C57BL6 mice or db/db sham or uninephrectomizgce. (B) Western blot analysis of Cat S levels in
kidneys extracts from 6 months old C57BL6 and diskiédm or uninephrectomized mice. Protein loading
was corrected for sample protein concentrations [sadtin was used as a control. Data in A are
expressed as means of the ratio of the specific AR&sus that of 18S rRNA. Data in A and B are
means + SEM of 5-12 mice in each grotyp<0.05, **p<0.01, ***p<0.00lage matched controls.

To further explore the functional relevance of Gain human diabetic kidney
disease, we performed both microarray and quawgtaeal time PCR analysis on
micro-dissected kidney tissue samples received fammndependent set of 4 and 5
healthy and diseased individuals respectively. Eothlysis revealed a 2-3 folds higher
Cat S gene expression level at both glomerulartabdliar compartments as compared
to healthy kidney (Figure 26).

Thus, Cat S expression is selectively induaetbng other Cats in diabetic
kidney disease, which originates to mononuclearropage infiltrates. In addition,
tubular cells of the mouse kidney are loaded witht G protein even under
physiological conditions, which suggests that dattng Cat S passes the GFB barrier
and gets reabsorbed by proximal TECs. Togetherseth@bservations raise many

possibilities for the potential role of Cat S ire thathogenesis of DN.

69



Chemokines and Cysteine proteases in diabetiekidisease Results

®- ¢

- ;A' < > <
| F4/80-Cat'S - "o

a""

Figure 25: Cat S in-situ hybridization and immunohistochemistry. (A) Kidney sections were prepared

for Cat S immunostaining and (B) for in-situ hylization as described in methods. Cat S mRNA
expression is indicated by red colour. Co-stairiggither F4/80(macrophages), CD68 (myeloid DCs) is
shown in blue colour, respectively. Representaitivages are shown here at original magnifications of

100x, 200x.
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Figure 26: Cathepsin S gene expression in human DMicroarray and real time PCR analysis were

performed on micro-dissected glomeruli and tubutstitial compartments from human biopsies tissues
of patients with DN ( n=5), and controls (living iy, LD, n=7). Gene expression of Cat S gene was
significantly upregulated in DN, as compared totoms. Shown are the fold changes of the transcript
with the highest probe coverage and quantitativeSCenRNA expression by real-time RT-PCR. Shown

are the fold changes of the expression.
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4.2.2 RO5461111 inhibits Cat S activity in db/db nae

To test the functional contribution of Cat S in lmbées, we used the inhibitor
RO5461111 (Figure 27AR05461111 is a potent and highly selective compdbad
inhibits human Cat S with an 4¢gof 0.4 nM and murine Cat S of 0.5 nM. No submicro-
molar inhibition of any other Cats (Cat B, Cat Kat@ and Cat V) tested was detected
(Table 8). Oral administration of RO5461111 by famtmix (87.5 mg/kg of food) to
male db/db mice resulted in a dose of 10 mg/kg bedight and resulted in robust
lipl0 (substrate for Cat S) fragment accumulatiorspleens taken at 6 month of age
(Figure 27B). RO5461111 bioactivity vivo was also tested by measuring the plasma
Cat S activity on Z-VVR-AFC substrate at the begmgnand at the end of the study.
RO5461111 treatment significantly suppressed thenph Cat S activity as compared to
vehicle-treated mice at 6 month of age and versaselme activity at treatment
initiation at 4 month of age (Figure 27C).

Furthermore, RO5461111 treatment significantly doagulated the kidney Cat S
expression at 6 months as evident by real time B@Rwestern blot (Figure 27D and
27E). Together, RO5461111 is an orally availablalsmolecule Cat S antagonist with
favorable pharmacodynamic and pharmacokinetic lpofio efficiently block Cat S

over a prolonged period of time in mice (with T2D).

Table 8.1n vitro enzyme inhibition assay

Cathepsin ICs0
Human Cat S 0.4 nm
Mouse Cat S 0.5 nm
Human Cat K >25 pum
Human Cat L 49 pm
Human Cat B 44 pm
Human Cat V 1.3 um
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Figure 27: RO5461111 selectively inhibits Cat S awity in db/db mice (A) Chemical structure of
R05461111. (B) Invariant chain p10 levels weremeated from spleen tissue using western blottingy. (C
The plasma Cat S activity was determined using ZRVAM-C substrate, before and after treatment at 6
months old and baseline expression at 16weekshstthdnice. (D) RenainRNA expression levels of
Cat-S in 1K db/db mice were determined by gPCR.M#Eltern blot analysis of Cat S protein
levels in kidney of 1K db/db mic®ata in D are expressed as mean+SEM of the ratibeo§pecific
mMRNA versus that of 18s ribosomal RNA. *p<0.05, £p01, ***p<0.001 versus vehicle group (B, C
and D) and #p<0.01 versus 16week old db/db mice (C)
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4.2.3 RO5461111 treatment reduces glomerulosclerssn db/db mice

To test whether pharmacological blockade of Cati® WR0O5461111 affects
kidney disease in T2D, we fed uninephrectomized dbfdb mice with either food
admix that contained RO5461111 or standard dietaffiment was continued for 8
weeks from age 4 to 6 months, when kidneys werevenh for analysis. RO5461111
treatment significantly reduced the number of glare affected by global
glomerulosclerosis and increased the number offectafd glomeruli as compared to
mice fed with control diet (Figure 28A). Togethklpckade of Cat S showed an overall
improvement in the kidney pathology by reducing tlg@merulosclerosis in

uninephrectomized db/db mice (Figure 28B).

4.2.4 RO5461111 treatment reduces podocyte lossdin/db mice

Podocytes are an essential part of the GFB andgytelinjury and loss are the
patho-mechanistic hallmark of proteinuria and glantwsclerosis in diabet&s So, we
wondered whether RO5461111 treatment has any pireezffect on podocytes loss in
the glomeruli of uninephrectomized db/db mice. Ef@re, we quantified WT-1
positive cells in glomeruli of both treated andreated 1K db/db mice at 6 month of
age. RO5461111 treatment significantly increases ttital numbers of glomerular
podocytes (Figure 29A and Figure 29B) and this wssociated with a significant
increase in the renal MRNA expression levels ofpgbdocyte slit diaphragm-related
markers nephrin and podocin (Figure 29C). Togetterapeutic Cat S blockade with
RO5461111 significantly prevented podocyte lossrimephrectomized db/db mice.
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Figure 28:R05461111 reduces the glomerulosclerosis 6 month old 1K db/db mice: (A) Renal
pathology in 6 months old db/db mice: Kidney sewtifrom both treated and untreated mice were staine
with Periodic acid-Schiff (PAS) reagent. Stainecgas show representative glomeruli from each group
(original magnification 400x). (B) PAS sections westored to analyse the extent of glomerulosclerosi
15 glomeruli from one renal section were scorediding a semi-quantitative fashion ranging from &s4
described in the methods section. Note that unimepbmy was associated with a shift toward higher
scores of glomerulosclerosis as seen in vehicktddemice, but with RO5461111 treatment the overall
scores were significantly reduced. The graph iaiss the mean percentage of each score + SEM from
all mice in each group. Original magnification, 400
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Figure 29: Podocyte numbers in 1K db/db mice. (A) Renal sestitom 1K mice of both treatment
groups were stained for WT-1. Original magnificatid00x. (B) The graph shows the meantSEM WT-1
positive cells in 15 glomeruli in sections from émtlo-old 1K db/db mice of both treated and untreated
groups. (C) Renal mRNA expression in 1K db/db mRBIA isolates from kidneys of 1K db/db mice
underwent quantitative real-time PCR for genesndscated. Data are expressed as mean+SEM of the
ratio of the specific mMRNA versus that of 18s ritmosl RNA* p<0.05, ** p<0.01 versus vehicle group

4.2.5 RO5461111 treatment reduces albuminuria in ddb mice

Macroalbuminuria is a clinically important diagnesand prognostic biomarker
of glomerular injury in diabetes. So, we measuré&@CR at the end of the study in both
treated and untreated animals. The beneficial £ftdcRO5461111 treatment on
glomerulosclerosis and podocyte loss was associatigd a 60% reduction of
albuminuria as compared to the control diet-feadidbmice (Figure 30).

Together, Cat S blockade with RO5461111 signifigaptevented podocyte
loss, proteinuria, and glomerulosclerosis in T2Ddbkmice.
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Figure 30: Albuminuria in 6-month-old db/db mice. UACR weretermined as a functional parameter of
glomerular filtration at the end of the study. Date given as the meantSEM from at least eight inice
each group. ** p<0.01 versus vehicle group

4.2.6 Cat S directly injures glomerular endothelialcells rather than podocytes

To confirm the striking effect of Cat S inhibitian podocytes and to observe
whether Cat S has direct effect on podocytesitro, we used the ECIS assay system
which allows us to quantify monolayer barrier fuant by assessing trans-cellular
electric capacitance (ref). Surprisingly, incregsdoses of recombinant Cat S had no
effect on podocytes or other epithelial cell typegure 31A and 31B) while the trans-
cellular capacitance significantly increased in olagers of GEnC (Figure 31C). This
effect was reversible by RO5461111 co-incubatioa @tiose-dependent manner (Figure
31C). How does Cat S affect endothelial barriectiom? We found that Cat S exposure
led to a dose-dependent-detachment of GEnC frotareutlishes, a process that could
be prevented by RO5461111 co-incubation (Figure )31D contrast, podocytes
adherence remained unaffected by Cat S. Toge@er,S does not directly impair
barrier function or detachment of epithelial cedlsch as podocytes and TECs, but it

leads to a dose-dependent detachment of endotbeligl
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Figure 31: Cat S impairs the endothelial barrier functionin vitro: (A) Primary murine podocytes, (B)
Tubular epithelial cells (TECs) and (C) GEnCs wetdtured on ECIS culture ware and grown to
confluency. Cells resistance and capacitance weaityzed for indicted time. Observe that Cat S had n
effect on of podocytes or epithelial cell typesdrd B), while the trans-cellular capacitance sigaiftly
increased in monolayers of GEnCs (C). This effeat weversible by RO5461111 co-incubation in a
dose-dependent manner (C). (D) FACS analysis was do floating GEnCs released into media after
Cat S stimulation. Data in A and B are expressetbasalized resistance or capacitance + SEM faehr
independent experiments. Data in C are represexgddtal cell number in millions. *p<0.05, *p<0.01
versus control medium
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4.2.7 RO5461111 reduces oxidative stress-inducedsealar permeability in vivo

Oxidative stress is a major element of endothehafunction in diabetes that
contributes to diabetes complications such as t@lgomerulosclerosis. To test
whether Cat S is a mediator of oxidative stresasteel endothelial dysfunction, we
performed M. cremastem vivo microscopy upon local ischemia and monitored
leukocyte recruitment and FITC-dextran leakage friv intravascular compartment
into the interstitial space (as am vivo model of endothelial activation and barrier
dysfunction). RO5461111 treatment significantly ueed the trans- endothelial
migration of leukocytes as well as the extravasatiof dextran from the
microvasculature (Figures 32A-C). In addition, s&sdhave reported that mice lack in
eNOS gene (endothelial nitric oxide synthase) dmed the DN. To confirm the
treatment effect on endothelial vasculature in dbAdce, we measured the mRNA
expression levels of endothelial damage markersdAMCICAM and eNOS in kidneys
of both treated and untreated mice at 6 month R@b461111 treatment significantly
down regulated VCAM, but not ICAM as compared tdiete fed mice (Figure 32D).
Interestingly, eNOS expression was moderately upated in treatment group,
indicating that R05461111 treatment restored thaotrelial vasculature (Figure 32D).
Thus, Cat S mediates oxidative-stress induced w~as@ular permeability. As
proteinuria is a biomarker of endothelial dysfuagtin diabetes, the Cat S-dependent
albuminuria in db/db mice should relate to thismpdraenon.
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Figure 32: In vivo microscopy of cremaster muscledn vivo microscopy was performed on cremaster
muscle post-capillary venules as described in ntth@A) Leukocyte trans-endothelial migration was
determined 130min after reperfusion. (B) MicrovdacuFITC-dextran leakage was determined 30min
after dextran injection, i.e 130min after repenfunsi(C) Representative images illustrate the irsereat
vascular dextran permeability with (right) or withanhibitor (left image). (D) Renal mMRNA expressio
of ED markers in 1K db/db mice. RNA isolates fromreys of 1K db/db mice underwent quantitative
real-time PCR for genes as indicated. Data areesspd as mean*SEM of the ratio of the specific
MRNA versus that of 18s ribosomal RNA. Data in AaBd D are means + SEM. # p< 0.05 versus
vehicle.
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4.2.8 Cat S blockade reduces glomerular leukocyteecruitment and inflammation
in db/db mice with T2D

Chemokine mediated leukocyte infiltrates play a kele in renal vascular
inflammation in diabetes mellitus, and promote DM local production of pro-
inflammatory mediators. Given the role of Cat Slenkocyte extravasation through
activated endothelia, we speculated that Cat Sdvalglb promote glomerular leukocyte
recruitment and glomerular inflammation. Flowcytdrnee analysis of renal cell
suspensions prepared from uninephrectomized 1Kbdimide at the end of the study
showed that RO5461111 treatment had significantguced intrarenal CD45+
leukocyte infiltrates, half of them each being mephils and Ly6C+ mononuclear

phagocytes (Figure 33).

2 0- Il Vehicle
[J RO5461111
P 1.5
3 *%
T 1.0- =
e
X
o i *
0.5 N T
%
0.0 - — .
CD45+ Neutrophils  CD11b/Ly6C+

Figure 33: FACS analysis of whole kidney cells for CD45 pastieukocytes, Ly6C and 7/4 double
positive neutrophils and CD11b and Ly6C double fpasimacrophages. For each sample 50,000 events
were counted. Graphs represent the mean percenitagents for each group. Data represented ar@ mea
+ SEM (n =5-7), * p<0.05, * p<0.001 versus vehitrkeated group.

Infiltrating glomerular macrophages are hallmark a€nal vascular
inflammation, and their accumulation is a charastier feature of DN. We therefore
evaluated the number of glomerular macrophagesianmei( sections stained for Mac2
(Figure 34A). Immunostaining revealed that RO54@11ireatment had significantly
reduced the numbers of glomerular as well as ititieatsmacrophages compared to wild
type and sham-operated db/db mice (Figure 34A di).3
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Figure 34: (A) Renal sections from both treated and untreatézk were stained for Mac2. (original

magnification x400). Values are shown as numberpositive cells in 15 glomeruli. (B) The

representative graphs show the number of Mac2 ipesitells from each group. Note that all
inflammatory leukocyte humbers were reduced inttneat group. *** p<0.001 versus vehicle treated
group, # p<0.01, db 2K vs vehicle

We further determined the mRNA expression levelgpfinflammatory and
macrophage activation markers in kidneys of 6moottisLK db/db mice. In correlation
with less macrophage number, RO5461111 treatmenifisantly reduced the renal
MRNA expression levels of proinflammatory cytokings6 and TNF and macrophage
related markers, INOS and CCL2 (Figure 35).
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Figure 35: Renal mRNA expression in 1K db/db mice. RNA isedafrom kidneys of 1K db/db mice
underwent quantitative real-time PCR for genesndicated. Data are expressed as mean+SEM of the
ratio of the specific MRNA versus that of 18s ribosl RNA. * p<0.05 versus vehicle group

Together, Cat S-driven endothelial dysfunction Imese an increased
microvascular permeability, which includes leuk@cytansmigration and blockade of
Cat S reduced renal leukocyte recruitment andnmftation in db/db mice with T2D.
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5. Discussion

5.1 Chemokine blockade in diabetic nephropathy

DN is a leading cause of CKD It is well accepted that, inflammation plays a
crucial role in promoting the development and pesgion of DN. Numerous
pathomechanisms including increased local expressid growth factors and
inflammatory mediators are known to induce ©NThe majority of chemokines
belongs to the latter group of factors becauseirgtammatory chemokines promote
tissue inflammation and remodelling by recruitingdactivating immune cells in DN
like in other types of kidney diseas®¥'*° For example, targeted deletion or inhibition
of CCL2 and their receptor CCR2 prevented the glalosclerosis by blocking
macrophage recruitment to glomeruli of mice with &fid T20****® Moreover, recent
studies from our laboratory have shown that delayesket of CCL2 blockade was able
to prevent diabetic glomerulosclerosis by prevantiglomerular macrophage
recruitment in late-stage DN of uninephrectomizbftih mice with type 2 diabet&8

In addition, a subgroup of the chemokine super lfgrkhown as ‘homeostatic’
chemokines, displays functions independent of ¢issilammatior®. For example,
blockade of CXCL12 prevented diabetic glomerulosds which was independent of
glomerular macrophage recruitment, but a profoufidce on podocyte counts and
proteinuria was document&d Therefore, we hypothesized that dual blockadbooif
chemokines; compared to monotherapies of eitherZo@ICXCL12 antagonists, might
have beneficial effects in an accelerated mouseshradN.

Data of the present study confirm our previous resppon CCL2 blockade with
Spiegelmers in the same experimental set up. Irptégent as well as in the previous
studies CCL2 blockade resulted in a 50-60% redoatioglomerular leukocytes, which
entirely represent macrophages in the db/db mowsehsetup®. These findings are
consistent with data from models of T1D and T2LCei2-deficient mice or with CCR2
blockade in 1K db/db mi¢&**® CCR2+ macrophages belong to the proinflammatory
(M1) phenotype that contribute to intrarenal infraation and tissue damage via the
release of ROS or cytokines like TNE-As such anti-CCL2-Spiegelmer-treated 1K
db/db mice revealed lower numbers of glomerulakdeytes which were associated
with lower intra-renal mRNA levels of INOS, IL-6 dMNF-u at the end of the study.
Consistent with our previous findings the protectiivom glomerulosclerosis with
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CCL2 blockade correlated with some lower levelpufteinuria and a higher GER
Thus, CCL2 blockade prevents the progression ofdyNhterfering with macrophage-
driven glomerular inflammation.

The present study also reconfirms our previous dat&CXCL12 blockade in
this model™ It was interesting that NOX-A12 prevented the guession of
glomerulosclerosis in 1K db/db mice without affagtiglomerular leukocyte counts
indicating that the homeostatic chemokine CXCL12n@& involved in glomerular
leukocyte recruitment. We had recently reported @4CL12 is rather constitutively
expressed in podocytéd CXCL12 blockade increased podocyte numbers irdfudb
mice also in the present study. Furthermore, CXChldtkade increased the renal
MRNA expression levels of nephrin and podocin, pdocyte slit membrane-related
proteins that serve as markers of podocyte diffeor’®. Podocyte damage is an
important pathomechanism promoting the progressiodiabetic glomerulosclerosis
and seems to result from various triggers thatefopbdocyte dedifferentiation and
podocyte apoptosis-

Till now, it remains unclear whether the benefi@éfiect of CXCL12 blockade
on podocyte numbers relates to a protective efiagbodocyte death or detachment or
are rather due to enhanced podocyte regeneratam lcal podocyte progenitors, e.g.
from PEC&%?% The latter concept may be more likely becauseCC2 blockade also
mobilizes hematopoietic progenitor cells from thene® marroi’>?%> Moreover, in
recent years, several studies have clearly denatedtthe existence of renal progenitor

system (both glomerular and tubular) in the kidAé$ 22|

Figure 36). These studies
have demonstrated that the renal progenitors wédwieHocalized between vascular and
urinary pole express both progenitor and podocysgkers, which proliferate and
differentiate to generate novel podoc¢t&sin addition, inhibition of Notch signalling
enhanced renal progenitor growth and incregsedocyte numbers in experimental
models of FSGS. By usingin vivo multi-photon microscopy, Peterét.al. have
demonstrated that, renal progenitors replaceddbsiepodocytes in rat models of PAN
nephriti€®® Consistent with these studies, o vitro studies demonstrated that
CXCL12 suppressed the induced maturation of rer@ignitors towards podocytes as

documented by inhibition afe novanephrin expression. This effect was specific to
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Figure 36: Representative diagram for kidney regermation by different types of renal and
extrarenal progenitors. CD24+CD133+ renal progenitors (red) are localiaethe urinary pole and are
in close contignuity with podocytes (green) at exéremity (the vascular stalk) and with tubularaien
cells (yellow) at the other extremity. A transitadrcell population (red/green) displays featuregitier
renal progenitors (red) or podocytes (green) andlines between the urinary pole and the vasculk. p
At the vascular stalk of the glomerulus, the traosal cells are localized in close continuity withlls
that lack progenitor markers, but exhibit the podecmarkers and the phenotypic features of
differentiated podocytes (green). On the opposite, sat the urinary pole, transitional cells (rexdigw)
with a mixed phenotype between tubular cells (y@lland progenitor cells (red). The direction of
differentiation is indicated by the arrows. Adapfezm Romagnanét.al. 2013%

renal progenitors and was not observed in othehelml cells. Ouin vitro finding that
CXCL12 blockade reverts this inhibitory effect oephrin expression may correspond
to ourin vivo observation where CXCL12 blockade increased reeghrin mRNA
expression and podocyte numbers. Thus, CXCL12 blbekmay enhance renal
progenitors differentiation toward the podocyteetfige, thus enhancing podocyte
regeneration.

One could thus hypothesize that dual blockade \ami-CCL2- and anti-
CXCL12-Spiegelmers could lead to Spiegelmer-Spragel interaction effects like
complex formation or additive off-target effectsowkver, the plasma chemokine level
analysis confirmed that dual blockade does notifsigmtly affect the biological
activity of each Spiegelmer in terms of bindingt®natural target (in the plasma). This
observation is consistent with the finding that #ik/db mice with dual blockade
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recapitulate the biological effects of single bladk. For example, 1K db/db mice
treated with dual blockade displayed the reductibglomerular leukocytes and a trend
towards lower INOS and TNE&-expression to the same extent as seen with CCL2
blockade. In addition, dual blockade also incregsediocyte numbers and nephrin or
podocin mMRNA expression to the same extent as\wdbrCXCL12 blockade only. As

a result the combination of these blockades wasmotent than single blockade in
preventing diffuse glomerulosclerosis as evidenogdignificantly less glomeruli with
global glomerulosclerosis and significantly morermal glomeruli. This additive
therapeutic effect was less prominent for GFR anotemuria because CXCL12
blockade by itself already had a profound effecttioese two functional endpoints.
Together, these data first document that chemokimagonist combinations hold a
potential for additive preventive effects on (diti)e glomerulosclerosis when the
individual chemokine targets mediate different patlechanisms in the specific disease
process, i.e. inflammation and renal progenitofedéntiation toward the podocyte
lineage.

There are some limitations to the conclusions drixem the present two studies.

1. Based on previous studies in our laboratory, onlysiagle dose of
Spiegelmers (50 mg/kg body weight) was used. Buatight be possible
that higher doses are even more effective.

2. This study lacks supporting evidence from humanegrgents. However,
Anti-CCL2 Spiegelmer (NOX-E36) is already in Phdlseclinical trials to
treat the diabetic kidney disease, whereas, NOX-Ahfered phase lla

clinical trials to treat multiple myeloma. (www.nan.com)

5.2 Cathepsin S inhibition in diabetic nephropathy

In this study, we have demonstrated that Cat Ssp#ay important role in the
progression of DN and inhibition of Cat S with R63411 offers protection from the
development of kidney disease in T2D. To the bésiuo knowledge, this is the first
study that investigated the role of Cat S in thth@genesis of DN.

Patients with diabetes and atherosclerosis havgehiGat S plasma levels and
the elastolytic properties of Cat S contribute tacno vascular complications and

mortality'®+186299210 However, the functional role of Cat S in microvalsr diabetes
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complications is not yet explored. We had hypottessithat Cat S contributes to kidney
disease in T2D. Our studies confirm that Cat Slipea to the diabetic kidney and that
Cat S inhibition with R05461111 reduces proteinuripodocyte loss, and
glomerulosclerosis in db/db mice. Additionalvitro andin vivo experiments suggest
that Cat S contributes to endothelial dysfunctioBD), which is a central
pathomechanism in microvascular complications abdtes.

Cat S mRNA expression in the healthy mouse kidnay lew as determined by
RT-PCR andin situ hybridization, but immunostaining revealed stropgsitivity,
especially in tubules, which was consistent in macel humans. This implies that
circulating Cat S protein is filtered and passivedabsorbed in the renal tubules.
However, advanced DN was associated with a sigmficcrease in renal Cat S mRNA
expression, which we could not properly localizeitmgitu hybridization, most likely
due to a lack of sensitivity of the method. Can®nunostaining of mouse and human
kidneys with advanced DN displayed increased pasitin all compartments and in
vascular endothelial cells and infiltrating leuktes; respectively. It is of note that
therapeutic Cat S inhibition drastically reducedale Cat S mRNA and protein
expression, wherein the reduction in protein expogswas much more pronounced,
implying that the inhibition of systemic Cat S egpsion reduces the amount of renal
deposition of Cat S protein. However, also the céida of proteinuria may account for
this effect.

Cat S inhibition has a potent protective effectppoteinuria and podocyte loss
and, to a lesser extent, on glomerulosclerosis. o&dd loss is the central
pathomechanism of DN progression as loss of podscgannot easily be replaced so
that glomerular scaring progressively contributesttte loss of renal functidh We
have identified Cat S-related biological effectattbontribute to disease progression,
i.e. ED and renal inflammation that were abrog&tgtherapeutic Cat S inhibition.

ED has been implicated as a potential and centttiopnechanism for both
diabetic and non-diabetic renal vascular complcafi’. As shown in figure 37,
various factors of the diabetic milieu contributethie development of ED which finally
leads to DN. Microalbuminuria, a clinically imponta diagnostic and prognostic
biomarker of glomerular injury, is now thought te lan early biomarker of ED, as
increased vascular permeability leads to albumiakdge from the glomerular

capillaries into the urirfé? (Figure 38). In fact, micro-albuminuria is not ays a
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predictor of progressive DN but rather of cardiadar complications in diabetes as
well as in the non-diabetic populatfdi**® ED involves several alterations of normal
endothelial cell functions, including increaseddative stress’.

Our in vivo microscopy studies document that Cat S is a madadt vascular
permeability upon oxidative stress. Cat S inhiliticsignificantly improved
microvascular permeability of FITC-dextran, a fimglithat may explain the reduction of
proteinuria with Cat S inhibition in T2D db/db mid@urin vitro studies document that
Cat S specifically and dose-dependently increasedotkelial cell monolayer
permeability by inducing endothelial cell detachmand death, an effect that was not

found with podocytes or other epithelial cells. B#t S toxicity on endothelial cells
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Figure 37: Factors that contribute to the development of enddtelial dysfunction in patients with
diabetes. Factors including reactive oxygen species, eNOStivation and advanced glycation end
products contribute to a reduction in the levelsitfic oxide in the endothelium, which in turn desato
endothelial dysfunction. Abbreviation: eNOS, enédithi nitric oxide synthase. Adapted and modified
from Nakagawa, Tet.al.201G*2
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Figure 38: Schematic representation of the relative changes oarring at GFB. Various factors
released during the early stages of diabetic glatopathy damages the endothelial fenestrations lwhic
increases the vascular permeability leading to ralbuleakage. Adapted from Karalliedde et, al
2017

in vivo is less severe, probably due to the presenceatégmse inhibitors®#? Vice
versa, decreased levels of cystatin C are assdciaith progressive cardiovascular
disease by increasing the vascular activity ofaipst proteasét’.

ED in DN is further associated with reduced eNOBressioA*’, which is now
thought to be an important pathophysiological lb&ween ED and the functional and
histopathological alterations in BN. In fact, db/db mice show impaired eNOS
activation along the progression of DN and resgpraNOS activity reduced the
albuminuria as a marker of improved £D Also Cat S inhibition increased renal eNOS
expression, which was associated with less prot@inand protection from
glomerulosclerosis in T2D db/db mice. These findirsgiggest that circulating Cat S
and potentially local production of Cat S contribtd ED in diabetes, which manifests
as increased microvascular permeability (prote&uri and  progressive
glomerulosclerosis, the latter, for example, balrngen by less eNOS production. Cat S
inhibition has the potential to reverse these pa@hanisms in T2D db/db mice.
Finally, neo-angiogenesis is another consequenceEDf that contributes to the
microvascular complications of diabetes, whichriseh by Cat .

Tissue remodeling in DN is also driven by locallanimation involving
intrarenal cytokine and chemokine production aredrétruitment of pro-inflammatory

and pro-fibrotic macrophages that amplify the inflaatory response and produce pro-
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fibrotic mediators, respectivél{?*?> ED supports this process by endothelial cell
activation, luminal expression of adhesion molesuéend chemokines that support
macrophage recruitmefit Cat S has the potential to modulate this inflanemya
component of vascular disease as activated maaeph@roduce Cat S and contribute
to vascular remodeling in atherosclerosis and \taséoflammatiori®®*#®89 |n fact,
our data are consistent with this concept, as Canhhfibition reduced intrarenal
expression of VCAM and ICAM as well as renal leuiec recruitment and the
expression of pro-inflammatory mediators such a8,ITNF-a, INOS, and CCL2. The
significant reduction of intrarenal Cat S protexpeession correlated with the lower
number of leukocytes in db/db mice treated with RE@EL11, suggesting that
infiltrating leukocytes are a major source of Cair8duction inside the diabetic kidney.
This would be consistent with the strong Cat Snstgi intensity in infiltrating
leukocytes into the renal interstitium in patiemtgh advanced DN, which were not
seen to the same extent in the mouse model.

Together, Cat S inhibition is protective on kidrdigease in T2D db/db mice.
Our data suggest that Cat S is a mediator of EDictwlimplies microvascular
permeability and inflammation, both driving tissuemodeling, i.e. progressive
glomerulosclerosis. We conclude that Cat S is ai@dalso of microvascular diabetes
complications, which adds onto its known pathogenie in macro-vascular disease.
This implies that Cat S inhibition, for example wRO5461111, could elicit protective
effects on vascular complications in diab&&dHowever, there are some limitations to
the conclusions drawn from this study.

1. Only a fixed dose of Cat S inhibitor R05461110 (ng/kg body weight)
was used throughout the study. But it might be iptesghat higher doses
are even more effective.

2. It might be possible that blockade of Cat S leadifferent results in other
disease models. However, clinical trials with oti@at S inhibitors were

shown to be more effective and safe in patiente Riteumatoid Arthritis.
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6. Summary and conclusion

CCL2/MCP-1 and CXCL12/SDF-1 both contribute to germosclerosis in type
2 diabetic mice, yet through different mechanis@SL2 mediates macrophage-related
inflammation while CXCL12 contributes to podocytss. Antagonism of CCL2 and its
receptor CCR2 are currently under phase Il clinigals for the treatment of diabetic
kidney disease, whereas CXCL12 inhibition was alsown to be protective in various
mouse models including, T2D. Dual blockade was iB@gmtly more effective than
monotherapies in preventing glomerulosclerosis. E®lockade reduced glomerular
leukocyte counts and renal INOS or IL-6 mMRNA expras. CXCL12 blockade rather
maintained podocyte numbers and renal nephrin amtbg@n mMRNA expression.
Consistently, CXCL12 blockade suppressed nephrilNfRp regulation in primary
cultures of human renal progenitors induced toeddftiate towards the podocyte
lineage. All aforementioned parameters were sigaifily improved in the dual
blockade group which also suppressed proteinuriavears associated with the highest
levels of GFR. Blood glucose levels and body weigkte identical in all treatment
groups. Together, dual blockade of CCL2 and CXCtdiihd to be superior compared
to single blockade in preventing the progressiodiabetic glomerulosclerosis because
both approaches target different disease pathomesrhs, i.e. inflammation and
progenitor differentiation towards the podocyteelge. Thus, dual CCL2/CXCL12
blockade could be a novel strategy to more effityeprevent glomerulosclerosis in
T2D.

Cat S is an elastolytic cysteine protease, knowndtiwve vascular wall
degeneration, a process that is independently assdcwith progressive vascular
disease and all-cause mortality in patients wittocit kidney disease. Previous studies
have shown that Cat inhibition was protective inmiaas animal models of kidney
diseases. In addition, Cat S inhibition was evolasda novel therapeutic target in
inflammatory and vascular disorders, but the pathey role of Cat S in kidney
remodelling and progression of DN is not explorBekatment with the orally available
specific Cat S antagonist RO5461111 from month @f-&ge significantly reduced
albuminuria, podocyte loss, and glomerulosclerosis association with lower
glomerular and tubulointerstitial macrophage indiles as well as pro-inflammatory
cytokines. In addition R05461111 significantly lowd the mRNA expression of

adhesion molecules, VCAM and ICAM and restored eN@fressionln vitro studies
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with glomerular endothelial cells have documentéoixéc effect of Cat S on endothelial
cells in terms of viability, detachment, and perbiy. In vivo microscopy studies
revealed that cathepsin S inhibition with RO5461idfaroved oxidative stress-induced
microvascular permeability. Together, Cat S is r@utating mediator of endothelial
dysfunction driving albuminuria and progressivenag disease in T2D and Cat S
blockade with R05461111 could be a novel therapestrategy to prevent the

progression of DN and diabetes associated comjalitsat
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7. Zusammenfassung und Fazit

CCL2/MCP-1 und CXCL12/SDF-1 sind beide an der Eokiing der
Glomeruloskerose im Rahmen von Typ 2 Diabetis bhgteidies aber durch
unterschiedliche Mechanismen. CCL2 mediiert durclakidphagen vermittelte
Entziindungen wohingegen CXCL12 zum Podozytenvetefitagt. Die Antagonisten
von CCL2 und seinem Rezeptor CCR2 befinden sich embam in der Phase Il der
Zulassung (klinische Studien) fur diabetische Ner&rankungen, zudem wurde auch
gezeigt, dass CXCL12 Inhibierung einen protektivéiffekt in verschieden
Mausmodellen zeigt, inklusive T2D. Es zeigte sitdss durch eine duale Blockade eine
signifikante Verbesserung der Glomerulosklerose hwacsbar war. Die CCL2
Blockade fuhrte zu einer verminderten renalen Leyteninfiltraton und ebenso zu
einer verringerten renalen Expression von iNOS eolki6 mRNA. Blockade von
CXCL12 fuhrte zu einem geringern Schwund an Podworeynd renalem Nephrin sowie
Podocin mRNA Expression. Alle genannten Parametsewin der dualen Blockade
signifikant verbessert, aul3erdem konnte eine vetente Proteinurie und eine hdhere
glomeruléare Filtrationsrate nachgewiesen werdenutzBtkerwerte zeigten keine
Unterschiede in den verschiedenen Gruppen. Zusafassend ergibt sich daraus
folgendes: eine gekoppelte Blockade von CCL2 undCCX ist einer Blockade der
einzelnen Komponenten uberlegen. Dies zeigt sicteinPravention der Progression
der diabetischen Glomerulosklerose. Eine duale k&lde von CCL2 und CXCL12
konnte eine neue effizientere Therapie darsteltarbei Patienten mit einem T2D eine
Glomerulosklerose zu verhindern.

Cathepsin S ist eine Cystein-Protease, die duroteélyse elastischer Fasern
GefalRe degeneriert. Ein Prozess der mit dem Foeiseh vaskularer Erkrankungen in
Verbindung gebracht wird, die auch begleitend Weibgischen Nierenerkrankungen
auftritt. Studien bestatigen das Cathepsin Intghitizu einer Verbesserung in
Tiermodellen mit Nierenerkrankungen fuhrt. Zudgétzlwurde CatS als ein neuer
therapeutischer Ansatzpunkt flr entzindliche unskukiire Veranderungen bestatigt.
Jedoch ist die Rolle von CatS im Bereich des ,Nien@modelling“ und der Progression
von diabetischer Nephropathie bisher nicht untdrsudierzu wurde ein spezifischer
CatS Antagonist RO5461111 an M&ause obiger Linieimem Alter von vier bis sechs
Monaten oral verabreicht. RO5461111 reduzierteifskgimt die mMRNA Expression des
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Adhasionsmolekiils VCAM und stellte die eNOS mRNApEession wieder her.In
vitro Studien mit glomerularen Endothelzellen zeigtereritoxischen Effekt von CatS,
der sich hinsichtlich der Funktionsfahigkeit, Ablédg und Durchlassigkeit der Zellen
darstellte. Mikroskopischa ivivoUntersuchungen zeigten das eine CatS Inhibition mit
RO546111 zu einer Verringerung des oxidativen Sé&®sfiihrt und dadurch eine
geringere microvaskulare Permeabilitat auftritas Resume aus dem obigen ist, dass
CatS ein im Blut zirkulierender Mediator fur endelible Dysfunktion ist. CatS
vermittelt Alouminurie und fortschreitende NieretipzElogie in T2D. R0546111 kdnnte
als Antagonist von CatS ein neues Therapeutikurstel@n um die Progression der
diabetischen Nephropathie zu mindern und den digth vermittelte Komplikationen

zu behandeln.
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9. Abbreviations

ACE angiotensin converting enzyme
AGEs advanced glycation end products
Ang Il angiotensin Il

ATI1R angiotensin Il type 1 receptor
AT2R angiotensin Il type 2 receptor

BM basement membrane

BSA bovine serum albumin

cDNA complementary DNA

Cat(s) cathepsin(s)

CCL chemokine C-C motif ligand

CCR chemokine C-C motif receptor
CXCL chemokine C-X-C motif ligand
CXCR chemokine C-X-C motif receptor
CX3CR chemokine C-X3-C motif receptor
CKD chronic kidney disease

CT cycle threshold

DARC duffy antigen receptor for chemokines
ddH,O double distilled water

DEPC diethyl pyrocarbonate

DM diabetes mellitus

DMEM Dulbecco’s modified Eagle’s medium
DMSO dimethyl sulfoxide

DN diabetic nephropathy

et al. et alii = and others

eNOS endothelial nitric oxide synthase
ECM extracellular matrix

ED endothelial dysfunction

EDTA ethylenediamintetra-acetic acid
ELISA Enzyme-Linked Immunosorbent Assay
ESRD end-stage renal disease

FACS fluorescence activated cell sorting
FCS fetal calf serum

FITC fluorescein iso-thiocyanate

GBM glomerular basement membrane
GENnC glomerular endothelial cell line
GFR glomerular filtration rate

GPCR G protein-coupled receptor

HE hematoxylin-Eosin

HIV human immunodeficiency virus
hpf high-power-field

h/hrs hour/hours

ICAM-1 intercellular adhesion molecule-1
le. id est = in other words

IL interleukin

IL-8 interleukin-8

IFN-y interferony

IP-10 interferon inducible protein-10
kDa kilo dalton
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Abbreviations

K/DOQI
MCP

min

MIP
mL/min
M/M@
MNOX-E36
MNOX-Al12
MRNA
NADPH
NF-kB
NO

NOS
O.D.
PAS
PBS
PCR
PKC
RANTES
RAS
revNOX-A12
RNA
RNase
ROS
RPM
RPMI Medium
rRNA

RT
RT-PCR
S

STZ

T1D

T2D
TECs
TGFB
Thl
TNF-a
TZDs
UACR
uuo
VCAM-1
VEGF

VS

viv

WT
WT-1

1K

2K

kidney disease outcomes quality initiative
monocyte chemoattractant protein
minute/min

macrophage inflammatory protein
milliliter/minute
monocytes / macrophages
anti-CCL2 Spiegelmer
anti-CXCL12 Spiegelmer
messenger ribonucleic acid
nicotinamide adenine dinucleotide phosphate
nuclear factoxB

nitric oxide

nitric oxide synthase

optical density

periodic acid Schiff

phosphate buffered saline
polymerase chain reaction
protein kinase C

regulated on activation normal T cell eegsed and secreted
renin angiotensin system

control Spiegelmer for NOX-A12
ribonucleic acid

ribonuclease

reactive oxygen species
revolutions per minute

cell culture medium

ribosomal ribonucleic acid

room temperature

real-time reverse transcription-polymei@san reaction
second

streptozotocin

type 1 diabetes

type 2 diabetes

tubular epithelial cells
transforming growth factds-

T helper cell type 1
tumor necrosis factax-
thiazolidinediones

urinary albumin creatinine ratio
unilateral urethral obstruction
vascular cell adhesion molecule-1
vascular endothelial growth factor
Versus

volume/volume

wild type

wilms tumor 1

1 kidney

2 kidneys
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10. Appendix

FACS buffer

Sterile DPBS 500 mL
Sodium azide 500 mg ( 0.1%)
BSA 1 g (0.2%)

10X HBSS (Hank’s Balanced Saline Solution) witl@aitMg

For 1000 mL:

KCI 49
KH,POy 0.6¢
NacCl 80g¢

NaHPO,.2H,O 0.621 g
Dissolve in 1000 mL and autoclave.

DNAse stock solution (1 mg/mL)

DNAse (type III) 15000 U/6 mg (Sigma D5025)

To prepare 1 mg/mL solution, add 6 ml of 50% (W@Biycerol in 20 mM Tris-
HCI (pH 7.5), 1 mM MgCGl

Can be kept at -20 fOr several weeks.

Caution: Solution is stable only for 1 week a4 °

Collagenase / DNAse solution
1 mg/mL Collagenase, 0.1 mg/mL DNAse in 1X HBS&H{wa, Mg)

For 10 mL:

Collagenase (type 1) (Sigma C0130) 10 mg
1 mg/mL DNAse stock solution 1mL
HBSS (with Ca, Mg) 9mL

To be pre-heated in 37 °C water bath before use.
Caution: Prepare freshly every time (Stable onlyféw days)

Citrate buffer 10X

110 mM Sodiumcitrate in ddi®
Adjust pH 6.0 with 2 N NaOH

1Y)
0p)

2.74 M NaCl

54 mM KCI

30 mM KH,POy

130 mM NaHPQyin ddH,O
Adjust to pH 7.5 with HCI
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