Role of IP-10 and its receptor CXCR3 in
development and progress fibrosis in kidney
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REETEREICIICTTENA > BLULOREEORE LHBRA
DIEHIZDOVWTHRH L TER. T TIZ interleukin-8 (IL-8)IZB L TIIAMHB L
W37 HREZ2HSMNIT L (Kidney Int, 1994, J Exp Med, 1994). & 51Z
monocyte chemoattractant protein-1 (MCP-D)IZDWT, b MIL—T7AB %, IgA BIiE
BLUBREBRERBISRMBEARARZOE IMNOERER > EERABTEDR
iE - ERIZHIT S MCP-1 OBE 2B 5 ML 72 (Kidney Int 1996, 2000). = 512
ENBRBIZBVWTAREZENAR S NIEREENBFOMMZBRO TR
MCP-1 IXBHRBOETE EHITHEMU . ARENICIIMERMLE Vo 2R
BREMNICELESTEIENS, MCP-1 RFERZMOITEOERRTFTDH
% Z & &ML (J Leukoc Biol 1998, Kidney Int 2000). HIIX CHETHEBRET
JVIZH UL MCP-1 ik 2 H 5 Uk & T ABMEERFESDR, BELERE - ME
WML E 2R L= (FASEBJ, 1996). X 512 MCP-1 & ZDZA4 CCR2 24
RIENADTETHIERIVRMEMERETH 52 2 ERMEEE-CHE R
{LORBEMNRIETH S & E2RLTER. T2bb MCP-1 2242 HVWiEE
F# % Am Soc Nephrol 2003), CCR2 fl #3#£(J Am Soc Nephrol 2003)3 & IXCCR2
R8T 7 A(J Am Soc Nephrol 2003)Z VWA Z LICK D EDHERHEEZRLTEE.
BIZ T MCP-1/CCR2 IZRFZZNB TN D OREBLESNCZEELOS 7T
{=7EIZ EE /L p38 mitogen activated protein kinaseMAPK)BEEEZRA WS Z &I
E DT EHA > OMEZEN LU TEITHEIN— 7 ABRJ Am Soc Nephrol 2003)72 5
TR ERETEL - RIE &ML AM Soc Nephrol 2000, Am J Kidney Dis 2001) D
ENEHREZRLTER UEXD T EIA D IBRBORE - #RICEETD
D, W - RBHEE Vo RBRBRIZNA, RAEMEREOMHN S BERR
DEBERMIEICDIZEERBRENSTERD DB EMNRFEINS.

—%, EfTHEBRBOBREESE X5 LT, LRRIGRRZERHEIED S
5T, BEMROBEL BEIIERCEIN TEBNIBRETHS. —K&
WBIBRSTRE/FBREETALNIHMFIIEBEE EE LORUANE
V., ZOBELE/EBEERE/TRAE TIIMDIEE, MinEE, Mo LBER
SUNICHIBARERBENEELEZOSNTVA. LM LRSS INETTIENA
CREKBBRE/RBELVIERE /EEBFIBIZRINIETOLEIA
THICHBINTVARWY. CXC ¥ EHAHAT773IYU—IZBT % interferon



inducible protein (IP)-10 {3t FIGIRBIZB WV TRENRE I NTHB D REHKAN
HEND. 5T IP-10 FHELEE DA 5T BEAMBOMEERZRT. Z
PTEE EEERE /THRARIIBWT IP-10 RNE0ERZN L TEERR
HERFELTVWAIEZRBT S, ISRRHENEREIIBREBOREZH
LROWFERERFTHD, TOBRRITRUBCEERRETH 5.

ZITBRABBIECRME LEMBETRIANERINTNVS
IP-10/CXCR3 IZEH L, BRERS NICBETIEREICADRE S & Z0HIfIC
LB HRMEL OB EEBIBBRICDITHERT - .
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ZEBEROBAERS VCREANDEEIZDONT

IXCHIZBREIIBIT S IP-10 EFD2E/ CXCR3 OFIFE T A
RBIZBWVWTHRHMNLE. TO#HR, E13.5IZBWTIP-1072 5T CXCR3 1IY T A
RBRRIZBWTRIERERE LS NICHENIZEREANAOND T EAHBAL .
RUABREZ 1BEEAMNITRRATEZ EEZ5NTNS. ZOHfE, REvER
123 % D A2 nephrogenic area EFEIIN S EE TH 5. 4% T D nephrogenic area
IZ IP-10/CXCR3 OREBNBHENS. LHLARNS, —H, ITABENEATS
EREAE IP-10/ICXCR3 RENA SN Lo, ZOEENSBRKATIEE
DOBRENIFRABZENEZNDH OO, IP-10/CXCR3 IIBREIZRASHOFEEIIT
LTWBbDEHERIEINS.

—7%, —H IP-10/CXCR3 REEMHEE L XU ARRE ZHWTRLE
BHRBEEETTIZERLEEZ B, IP-10725 N2 CXCR3 & b ICHE B M/
5 N RME L MBI R 2R, ZOHICREERNA S NS IP-10/CXCR3
D&RB 2T 5 BT, BEREEETTIIVERRICH IP-10 Pindik 5
7ol TOMR, i IP-10 PRFIERSHIIBNT, MRS LBEL THR
Fitk 4 HCRME LEZMBROBAEMNEMT S I EMHBHALE (K1) . 5T
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INSDFRKD, HLIP-10 PRIFIEHEGICK D BRMEE LEMROF
A S NCHEREITED in vivo 725 NIZ in vito THEERINE. lEXD,
IP-10/CXCR3 IBHAICHET A EIIMA T, BEERICREANTETS
IP-10/CXCR3 3B RME LM OBECHBIZEE T3 Z RSN,
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2) IP-10/CXCR3 DETHBHREICBREICB T 28R
ik
Backgroud. Fibrosis is a hallmark of progressive organ diseases. Interferon

(IFN)-inducible protein of 10 kD (IP-10/CXCL10) is a potent chemoattractant for
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activated T lymphocytes, natural killer (NK) cells, and monocytes. IP-10 also has
several additional biologic activities via its receptor, CXCR3, however, the involvement
of IP-10 in the pathogenesis of renal diseases remains unclear.

Methods. IP-10 and its receptor, CXCR3 were up-regulated in the course of
progressive renal fibrosis in a UUO model. These findings were confirmed by evidence
that mRNA expression of IP-10 and CXCR3 was increased in response to inflammatory
stimuli. The impacts of IP-10 on renal fibrosis were investigated in a unilateral ureteral
obstruction (UUO) model in CXCR3 deficient mice and mice treated with anti-IP-10
neutralizing monoclonal antibody (mAb). Anti-IP-10 mAb (5 mg/kg/day) was injected
intravenously once a day until the day of sacrifice on days 1,4 and 7. The effects of
IP-10 were further confirmed in cultured tubular epithelial cells.

Results. Blockade of IP-10/CXCR3 signaling promotes renal fibrosis 4 and 7
days after ureteral ligation, as evidenced by increase in interstitial fibrosis as well as in
hydroxyproline contents, concomitant decrease in hepatocyte growth factor (HGF)
expression and converse increase in transforming growth factor (TGF)-§, in diseased
kidneys. IP-10 blockade affected neither macrophage nor T cell infiltration in diseased
kidneys in this model.

Conclusions.  These results suggest that IP-10 via CXCR3 signaling is
responsible for balancing profibrotic TGF-8, and anti-fibrotic HGF, and thus may

contribute to eventual anti-fibrotic processes in the interstitium of the kidney.

Introduction

_..11_



Fibrosis is characteristic in progressive organ diseases, leading to organ failure.
It is noted that fibrosis in interstitium is the determinant of the prognosis of renal
diseases. =~ Accumulating data on a molecular basis suggest that monocyte
chemoattractant  protein  (MCP)-1/macrophage  chemotactic and activating
factor/CCL2-transforming growth factor (TGF)-$, axis is be a common regulatory
pathway of chronic renal inflammation, resulting in renal fibrosis [1-4]. In contrast,
physiological and adaptive mechanisms to prevent or cope with progressive fibrosis
have been implicated. For examples, hepatocyte growth factor (HGF) ameliorates the
initiation and progression of chronic fibrosis by the inhibition of TGF-B, expression in
various experimental models [5-7], suggesting that delicate balance between TGF-B,
and HGF activity in diseased kidneys may contribute to either fibrotic or antifibrotic
events. Even though HGF is supposed to be a strong candidate for preventive
mechanisms in renal fibrosis [6], molecular understandings involved in antifibrotic
processes remain limited.

Interferon (IFN) -inducible protein of 10 kD (IP-10/CXCL10) identified as a
product of genes induced in response to IFN-y is a well-known member of the CXC
chemokine family [8]. Originally, IP-10 is described to be a potent chemoattractant
for activated T lymphocytes, natural killer (NK) cells, and monocytes, participating in
Thl predominant immune response [9]. In addition to Thl immune response, IP-10
via its cognate receptor, CXCR3 is also reported to be involved in human
glomerulopathy, including mesangial proliferative glomerulonephritis (GN), rapidly

progressive GN, membranoproliferative GN, lupus nephritis and nephrotoxic nephritis
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[10-13]. Further, IP-10 plays a role in maintaining the podocyte function in glomeruli
and anti-IP-10 antibody treatment exacerbates the glomerular alteration in Thyl.l
glomerulonephritis [14]. Therefore, a disturbed protective role of IP-10 from insults
may contribute to alteration of glomerular lesions. In contrast, impacts of IP-10 on
progressive interstitial lesions, including renal fibrosis, are poorly understood.

These findings prompted us to explore whether IP-10 takes part in protection
from renal insults in progressive renal lesions. To address this issue, we examined the
roles of IP-10 in renal fibrosis, characteristic to progressive renal lesions, in a unilateral
ureteral obstruction (UUO) model in CXCR3 deficient mice and mice treated with
anti-IP-10 neutralizing antibody. We describe here that blockade of IP-10/CXCR3
signaling promotes renal fibrosis, with concomitant decrease in HGF expression and

reverse increase in TGF-, in diseased kidneys.

Materials and Methods
Animals

Mice deficient in the expression of CXCR3 were generated by the process of
. gene targeting in murine embryonic stem cells and a breeding colony was maintained
under specific pathogen-free condition [15]. Control male Balb/c mice, aged 8 weeks,
were obtained from Charles River Japan (Atsugi, Kanagawa, Japan). All procedures
used in the animal experiments complied with standards set out in the Guidelines for the

Care and Use of Laboratory Animals in Takara-machi Campus of Kanazawa University.
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Unilateral ureteral obstruction model

The general procedure of a UUO model is well described elsewhere [16]. In
brief, CXCR3 deficient mice and wild-type mice were anesthetized with diethyl ether
and pentobarbital sodium. A flank incision was made and the left ureter was ligated
with 4-0 silk suture at two points. Sham operation was performed in a similar manner,
except for left ureteral ligation. For pathological examination, both obstructed and
contralateral kidneys were harvested from UUO animals 1, 4, and 7 days after ureteral
ligation. CXCR3 deficient mice were sacrificed only 7 days after ureteral ligation.

(N=6)

Blockade of IP-10 treated with anti-IP-10 antibody in renal fibrosis

To evaluate the impact of IP-10 on renal fibrosis as well as infiltrates in
diseased kidneys, anti-IP-10 monoclonal antibody (mAb) [17] (5 mg/kg/day) or mouse
IgG as a negative control was administered to Balb/c male mice intravenously 1 hour
before ureteral ligation and injected once a day until the day of sacrifice. This
antibody was obtained by immunizing mice with rat CXCL10/Fc fusion protein, and
then screened by measuring the binding to the rat CXCL10/Ac2A fusion protein. In
addition, it is confirmed that this mAb blocks mouse CXCL10-induced chemoattractive
effect [18]. For pathological examination, obstructed kidneys as well as contralateral
ones were harvested from UUO animals 1, 4 and 7 days after uretefal ligation (N=6, 8,
8 for each group at each time point). Sham-operated age-matched male Balb/c mice

were used as a normal control (N=6).
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Tissue preparation

One portion of the renal tissue was fixed in 10 % buffered formalin (pH 7.2),
embedded in paraffin, cut at 4 um, stained with hematoxylin and eosin, periodic acid
Schiff’s reagent (PAS), or Mallory-Azan and observed under a light microscope. Two
independent observers with no prior knowledge of the experimental design evaluated
each section. Mean interstitial fibrotic area, expressed as blue in Mallory-Azan
staining, was evaluated from the whole area of cortex and outer medulla in the
individual complete sagittal kidney section and expressed as percentage/mm’ of the

field by using Mac Scope version 6.02 (Mitani Shoji Co., Ltd., Fukui, Japan).

Immunohistochemical studies

The other portion of fresh renal tissue, embedded in O.C.T. compound and
snap-frozen in n-hexane cooled with a mixture of dry ice and acetone, was cut at 6 um
on a cryostat (Tissue-Tek systems; Miles, Naperville, IL, USA). The presence of
macrophages or T cells was detected immunohistochemically using rat anti-mouse
F4/80 monoclonal antibody (clone A3-1; BMA Biomedicals AG, Augst, Switzerland)
or rat anti-mouse CD3 monoclonal antibody (clone 17A2; R&D Systems, Minneapolis,
MN, USA). Interstitial infiltrated F4/80-positive macrophages and CD3-positive T
cells were counted in the whole area of the outer meduila, where cell migration was
maximal, and expressed as the mean number + standard error (SEM)/mm®. The

presence of IP-10 and CXCR3 was demonstrated immunohistochemically on
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formalin-fixed, paraffin-embedded renal tissue specimens using the indirect
avidin-biotinylated peroxidase complex method with rabbit anti-mouse IP-10 polyclonal
antibodies (clone: sc-13951; Santa Cruz Biotechnology, Santa Cruz, CA, USA) and
rabbit anti-mouse CXCR3 polyclonal antibodies (clone: sc-14641; Santa Cruz
Biotechnology), respectively. Interstitial CXCR3-positive cells and IP-10-positive
cells were also counted in the whole area of cortex and outer medulla, and expressed as
the mean number + standard error (SEM)/mm®. The presence of TGF-B, was
demonstrated immunohistochemically on formalin-fixed, paraffin-embedded renal
tissue specimens using the indirect avidin-biotinylated peroxidase complex method with
rabbit anti-mouse TGF-B, polyclonal antibodies (clone: sc-146; Santa Cruz
Biotechnology). The positive area of TGF-B, was evaluated from the whole area of
cortex and outer medulla, and expressed as percentage/mm’” of the field by using Mac
Scope version 6.02. To evaluate the specificity of these antibodies, tissue specimens
were stained with normal rabbit IgG, or antibodies for TGF-B,, IP-10, or CXCR3

absorbed with the excess amount of each molecule or a blocking peptide.

Dual staining

To determine the phenotypes of CXCR3-positive cells, dual-labeled
immunohistochemistry was performed. In brief, formalin-fixed, paraffin-embedded
renal tissue specimens were first incubated with rabbit anti-murine CXCR3 polyclonal
antibodies (Santa Cruz), using the indirect avidin-biotinylated alkaline phosphatase

complex method.  After this process, specimens were incubated with rabbit
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anti-murine TGF-B;, polyclonal antibodies (Santa Cruz) using the indirect

avidin-biotinylated peroxidase complex method.

Measurement of hydroxyproline contents in renal tissue

To further qualify renal fibrosis, hydroxyproline (HP) contents were measured
according to a previous study [19]. Renal tissue was excised in 5-mm cubes and dried
for 16 h at 120°C. HP amount was calculated by comparison to standards and the data
were expressed as the amount per renal tissue (pg/mg tissue). Age-matched normal

mice (n=6) were used as controls.

Proximal tubular epithelial cell culture and experimental procedure

Mouse proximal tubular epithelial cells (mProx24) [20] were cultured in RPMI
1640 (Invitrogen, Carlsbad, CA, USA) containing 10% heat-inactivated fetal calf serum
(FCS), 100 U/ml penicillin, and 100 pg/ml streptomycin in a humidified atmosphere
(5% CO,/95% air) at 37°C. Subconfluent cells were made quiescent by incubation
with RPMI 1640 containing 0.1% FCS for 24 hours. Quiescent cells were incubated
with 5 uM H,0, in RPMI 1640 containing 0.1% FCS. For the induction of IP-10 and
CXCR3, mProx24 cells were incubated with 5 uM H,O, in the presence of INF-y (100

ng/ml) and/or tumor necrosis factor (TNF)-a (25 ng/ml) for 24 and 72 hours.

Detection of transcripts of IP-10, the monokine induced by IFN-y (Mig), IFN-inducible

T cell o chemoattractant (I-TAC), CXCR3, TGF-8,, and HGF in diseased kidneys and
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cultured proximal tubular epithelial cells

To determine transcripts of IP-10, Mig, I-TAC, TGF-B, or HGF, total RNA
was extracted from the whole kidney, in order to perform real-time reverse transcription
polymerase chain reaction (RT-PCR). cDNA was reverse-transcripted from 1 pg total
RNA from each mouse, by using a SuperScript II RNase H reverse transcriptase
(Invitrogen). Reverse transcription was performed using the following parameters: 10
minutes at 25°C, 30 minutes at 48°C, and 5 minutes at 95 °C. Similarly, total mRNA
extracted from cultured proximal tubular epithelial cells was analyzed for the detection
of mRNA expression.

PCR amplifications are performed on the ABI Prism 7900HT Sequence
Detection System (Applied Biosystems, Foster City, CA, USA), using 384-well
microtiter plates. They are performed in a total volume of 20 ul, containing 1 ul
cDNA sample, TagMan Gene Expression Assays (Applied Biosystems) and TagMan
Universal PCR Mater Mix (Applied Biosystems), using the universal temperature
cycles: 10 min at 94°C, following by 40 two temperature cycles (15 s at 94°C and 1 min
at 60°C). Assay IDs of TagMan Gene Expression Assays were Mm00438259_m1 for
IP-10 [21], MmO00434946_m1 for Mig [22], Mm00444662_m1 for I-TAC [23],
Mm00441724_m1 for TGF-; [24], MmO001135185_m1 for HGF [25], and
Mm00446953_m1 for beta-glucuronidase (GUS) [26]. mRNA expression of 1P-10,
TGF-B,, and HGF in each sample was finally described after correction with GUS
expression. No PCR product was detected in the real-time RT-PCR procedure without

reverse transcription, indicating that the contamination of genomic DNA was negligible.
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Gels of the PCR products after quantification of IP-10, TGF-B,, HGF or GUS by
real-time RT-PCR showed a single band (data not shown).

Similarly, to determine CXCR3 transcripts, the cDNA products from total
RNA were amplified by PCR. Primers for CXCR3
(5-GAACGTCAAGTGCTAGATGCCTCG-3’ [sense];
5-GTACACGCAGAGCAGTGCG-3’ [antisense]) [27] were used to detect CXCR3
transcripts. The housekeeping gene GAPDH was used for PCR controls. Scanner
analysis of photographs of the DNA-stained agarose gels was evaluated by the band
intensity comparison of GAPDH expression versus CXCR3 expression in computer

image analysis.

Statistical analysis
The mean and SEM were calculated on all the parameters determined in this
study.  Statistical analyses were performed using Mann Whitney U test or

Kruskal-Wallis test. p<0.05 was accepted as statistically significant.

Results

IP-10/CXCR3 expression in diseased kidneys in a UUO model
To determine the involvement of IP-10/CXCR3 signaling in real fibrosis, the
presence of IP-10 and CXCR3 was evaluated immunohistochemically on days 1, 4 and

7 after unilateral ligation of the kidney. IP-10 was faintly detected in a normal mouse

_19_



kidney or a sham-operated mouse kidney (data not shown). In contrast, IP-10
expression was up-regulated especially in infiltrates in interstitium as well as tubular
epithelial cells. Supporting this notion, IP-10 mRNA was increased, which reached a
peak on day 4. Although up-regulated expression of IP-10 in diseased kidneys was not
altered by the neutralization of IP-10 by the treatment of anti-IP-10 antibody, On the
other side, CXCR3, a cognate receptor for IP-10, was hardly detected in a normal
mouse kidney either by an immunohistochemical analysis or by RT-PCR (Fig 2a, c, d).
In contrast, CXCR3 was increased by ureteral ligation as evidenced by the increase in
number of CXCR3-positive cells (Fig 2b, c) and by the enhanced expression of CXCR3
mRNA. IP-10 inhibition further increased the number of CXCR3-positive cells in

interstitium on day 7 and the expression of CXCR3 mRNA on day 4.

IP-10 blockade exacerbated renal interstitial fibrosis

To determine the impact of IP-10 on progressive renal fibrosis, renal lesions

expressed as blue in Mallory-Azan staining and HP contents were examined.
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Normal mice or sham-operated mice hardly exhibited renal damage including
renal fibrosis. Severe interstitial fibrosis was observed in the outer medulla in diseased
kidneys in IgG-treated mice 4 and 7 days after ureteral ligation, as evidenced by
increase in interstitial fibrosis and in HP contents. IP-10 inhibition further increased
renal fibrosis in diseased kidneys induced by ureteral ligation as compared with that of
mice without inhibition of IP-10 on days 4 and 7. Thus, IP-10 blockade promoted

progressive renal interstitial fibrosis in kidney.
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Increase in renal interstitial fibrosis in CXCR3 deficient mice

To confirm thé impact of IP-10/CXCR3 signaling on progressive renal
fibrosis, renal lesions were examined in CXCR3 deficient mice 7 days after ureteral
ligation. Renal fibrosis was further increased in diseased kidneys in CXCR3 deficient
mice, as evidenced by increase in interstitial fibrotic area as well as HP contents. It was
similar to that observed in mice treated with anti-IP-10 mAb. Thus, IP-10/CXCR3

signaling appears to play a role in the pathogenesis of renal interstitial fibrosis.

Renal TGF-B, expression was increased by anti-IP-10 mAb treatment

To clarify the molecular mechanisms involved in increased fibrogenesis by
IP-10 blockade, TGF-§,, a potent fibrogenic molecule, was examined. Up-regulated
TGF-, protein was detected mainly in renal tubular epithelial cells and infiltrates in
mice after ureteral ligation, as compared with that in normal mice or in sham-operated
mice. Importantly, IP-10 inhibition up-regulated TGF-f, immunoreactivity in diseased
kidneys on day 4. Similarly, TGF-$, mRNA expression was enhanced by ureteral
ligation, which was further augmented by IP-10 inhibition on day 1. Furthermore, to
determine the TGF-B; expression in CXCR3- positive cells, dual staining was
performed. Dual positive cells for CXCR3 and TGF-f, were detected in renal tubular
cells and infiltrates by ureteral ligation, which was further augmented by IP-10
inhibition on days 4 and 7. Thus, the blockade of IP-10 up-regulated the expression of

TGF- $,, which might, in turn, contribute to the increase in fibrogenesis in diseased

kidneys.
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Anti-IP-10 mAb treatment reduced transcripts of HGF in diseased kidneys

Transcripts of HGF, a potent antifibrogenic factor, were further evaluated in
diseased kidneys. Transcripts of HGF were up-regulated in diseased kidneys by
real-time RT-PCR, whereas these were faintly detected in a normal mouse kidney or a
sham-operated mouse kidney. In contrast, transcripts of HGF in diseased kidneys
were less induced by IP-10 blockade on day 4. Thus, the blockade of IP-10 inhibited

the expression of HGF, which might result in the increase in fibrogenesis in kidney.

Interstitial F4/80-positive macrophages and CD3-positive T lymphocytes were not
affected by anti-IP-10 mAb treatment

Since IP-10 is a potent chemoattractant for activated T lymphocytes and
macrophages, whether IP-10 has impacts on interstitial cell infiltration was examined.
Positive cells for F4/80 or CD3 were counted on days 1, 4 and 7. F4/80-positive
macrophages infiltrated mainly in the outer medulla in diseased kidneys. The number
of infiltrated F4/80-positive macrophages in interstitium did not differ by anti-IP-10
mAb treatment at any time point after ureteral ligation. Similar to F4/80-positive
macrophages, the number of infiltrated CD3-positive T lymphocytes in diseased
kidneys in mice treated with anti-IP-10 mAb was not statistically different from that
observed in mice treated with IgG. Therefore, IP-10 blockade affected neither

macrophage nor T cell infiltration in diseased kidneys at least in this particular model.
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Anti-IP-10 mADb treatment reduced transcripts of Mig in diseased kidneys

To determine whether Mig and I-TAC, other ligands of CXCR3, were
concerned with anti-IP-10 treatment, transcripts of Mig and I-TAC were evaluated by
real-time RT PCR. The expressions of Mig and I-TAC were hardly detected in a
normal mouse kidney by real-time RT-PCR. In contrast, the expression of Mig and
I-TAC was increased by ureteral ligation. Transcripts of Mig in diseased kidneys were
down-regulated by IP-10 blockade on day 4, whereas IP-10 inhibition failed to change

the expression of I-TAC.

Expression of IP-10/CXCR3 in cultured renal tubular epithelial cells

Next, whether tubular epithelial cells are capable of producing IP-10 or
expressing CXCR3 in response to inflammatory stimuli including INF-y, TNF-a and
H,0O, was examined in mProx24 cells. Transcripts of IP-10 were faintly detected in
mProx24 cells without stimulation. However, transcripts of IP-10 were up-regulated
in response to INF-y, which was further augmentated by the co-existence of TNF-a.
Similarly, CXCR3 expression was hardly detected without stimulation. By contrast,
INF-y enhanced the expression of CXCR3 mRNA. These results are confirmative to
our findings that IP-10 and CXCR3 were up-regulated in tubular epithelial cells in

diseased kidneys in a UUO model.

Discussion

In the present study, we explored to determine the inhibitory impacts of IP-10 by
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anti-IP-10 mAb treatment on renal fibrosis induced by ureteral ligation. We now
report that inhibition of IP-10 promoted progressive renal fibrosis, concomitantly with
up-regulation of TGF-B, and decrease in HGF expression in diseased kidneys.
Increase in renal fibrosis was also confirmed in CXCR3 deficient mice. We also noted
that anti-IP-10 mAb treatment affected neither F4/80-positive macrophages nor
CD3-positive T cell, which infiltrated into the diseased kidneys. Taken together, we
presume that IP-10 is required for anti-fibrotic process involved in progressive renal
insults via balancing HGF and TGF-8,.

The most compelling part of this study is that blockade of IP-10 activity
promoted renal fibrosis. Renal fibrosis, the characteristic to progressive renal disease,
is the determinant of prognosis of renal diseases. Therefore, it is of importance to
clarify molecular mechanisms involved in renal fibrosis, thereby establishing the
therapeutic strategies for renal fibrosis. Thus far, MCP-1/TGF-B, axis has been
established to a key role in fibrogenic responses in kidney [1,2]. Supporting this
notion, an intrinsic regulatory loop in which MCP-1 stimulates TGF-$, production by
resident glomerular cells has been suggested in the absence of infiltrating immune
competent cells [28]. Further, MCP-1 blockade reduced renal fibrosis, with the
concomitant decrease in TGF-B, expression [3,4,29]. In the present study, IP-10
blockade up-regulated TGF-f, expression in diseased kidneys. IP-10 production was
strongly induced in the presence of IFN-y and TNF-a, both of which are known to be
key molecules in renal fibrosis [30-32]. Collectively, once renal insults including

IFN-y and/or TNF-a activate tubular epithelial cells, IP-10 expression is up-regulated.
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Thus, IP-10 might have a protective role for renal fibrosis to quench TGF-f,-associated
fibrotic processes.

To examine whether IP-10 blockade has an impact on HGF mRNA
expression was analyzed in diseased kidneys. HGF has been reported to attenuate
renal fibrosis via the suppression of TGF-  and platelet-derived growth factor
[30-32]. We have uncovered down-regulation of HGF expression in diseased kidneys
by IP-10 blockade, possibly resulting in promoting renal fibrosis. Whether TGF-
directly reduces HGF expression in renal tubular epithelial cells remains unclear at
present. In addition, it is not clear whether IP-10 induces HGF expression in tubular
epithelial cells. In this study, HGF expression was not detected in tubular epithelial
cells by real-time RT PCR. However, IP-10 expression in response to IFN- and/or
TNF- might contribute to antifibrotic process, with the up-regulation of HGF in
addition to the decrease in TGF-  in diseased kidneys.

In this manuscript, anti-IP-10 mAb treatment did not affect the infiltration of
immune competent cells, including T cells and macrophages on which CXCR3 is
expressed. Consistent with these, the blockade of IP-10 hardly affected mRNA
expression of IP-10, Mig and I-TAC. Recent studies revealed that neutralization of
IP-10 decreases the infiltration of T cells in diseased organs, including kidneys
[15,33,34]. Therefore, the dose of mAb examined in this study might not be sufficient
to prevent the infiltration of T cells or macrophages. However our findings are
consistent with the previous report that blockade of IP-10 enhanced the urinary levels

of protein of Thy 1.1 glomerulonephritis [14]. In this report, there were no differences
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in numbers of ED1- and CD5-positive inflammatory cells in glomeruli by anti-IP-10
mADb treatment, suggesting that IP-10 contributes to maintaining the structure and the
function of podocytes, not to inflammatory cells. In this study, CXCR3 was also
up-regulated in response to IFN- in cultured tubular epithelial cells as well as in
diseased kidneys. Therefore, anti-IP-10 mAb treatment may have an impact on
CXCR3, at least, expressed on tubular epithelial cells, and not on immune competent
cells. Taken together, progressive renal fibrosis caused by IP-10 blockade might not
result from the modulated inflammatory responses.

In conclusion, blockade of IP-10/CXCR3 promoted renal fibrosis possibly by
disturbing the antifibrotic mechanism mediated by in TGF- and HGEF. Thus,
IP-10/CXCR3 might contribute to an antifibrotic therapeutic strategy in progressive

renal fibrosis.
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