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<ABSTRACT>
FR167653, a p38 Mitogen-Activated Protein Kinase

(MAPK) Inhibitor, Ameliorates Fibronectin and Type

IV Collagen Expression in Diabetic Glomeruli

Young-Soo Song

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Shin-Wook Kang)

Background. Diabetic nephropathy is characterized by glonzerul
hypertrophy and ECM accumulation, and the p38 MARIthway is known to
be activated in diabetic glomeruli, leading to acréase in fibronectin and type
IV collagen expression. This study was undertakeintestigate the effect of a
p38 MAPK inhibitor, FR167653, on urinary albumin cegtion and on

glomerular fibronectin and type IV collagen expiessn diabetic rats.

Methods. Thirty-two Sprague-Dawley rats were injected withuent (C,
N=16) or streptozotocin intraperitoneally (DM, N3l@Eight rats from each
group were treated with 10 mg/kg/day FR167653 (C+BRI+FR) for 3
months. At the time of sacrifice, 24-hour urinarfpuanin excretion was
determined by ELISA. Glomerular p38 MAPK and c-ANE3ponsive element
binding protein (CREB) activities were determiney Western blot with
phospho-specific antibodies, and glomerular fibotineand type IV collagen
MRNA and protein expression were determined bytie® PCR and Western
blot, respectively, with sieved glomeruli.



Results. The ratio of kidney weight to body weight (KW/BWh DM
(1.54+0.13%) was significantly higher than thaCimats (0.53+0.04%; p<0.01),
and the increase in KW/BW was ameliorated by FRB87&dministration
(0.84+0.07%; p<0.01). FR167653 also significantiyibited the increase in
albuminuria in DM rats (C, 0.40+0.06 mg/day; C+FBRA1+0.07; DM,
1.99+0.22 mg/day; DM+FR, 1.04+0.19 mg/day; p<0.0&lomerular p38
MAPK and CREB activities were significantly incredsin 3-month DM rats
compared to C rats, and FR167653 significantly gdwied the increase in p38
MAPK and CREB activities in DM glomeruli (p<0.03jibronectin and type IV
collagen mRNA expression were significantly inceshén DM glomeruli and
these increases were inhibited by 86.8% and 79.88$pectively, with
FR167653 treatment (p<0.05). FR167653 also amédidrahe increases in
fibronectin and type IV collagen protein expressioiM glomeruli (p<0.05).

Conclusions. These findings suggest that p38 MAPK could be tergtal
target for preventing nephropathy in diabetes.
Key words: diabetic nephropathy, p38 MAPK, albunniapufibronectin, type 1V
collagen
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[.INTRODUCTION

The molecular and cellular mechanisms responsdrlelibetic nephropathy
remain incompletely resolved. While studies indicainvolvement of
hyperglycemia via the stimulation of growth facieduced cellular
hypertrophy ?, increased production of extracellular matrix piot(ECM)>*,
and decreased production of matrix-degrading pratss ° the underlying
signal transduction mechanisms mediating theseepsas have been less well
explored.

Numerous studies reveal protein kinase C (PKC) activationdiabetic
glomerul’ and in mesangial cells cultured under high gluccseditiong °.
PKC propagates the physiologic responses of recégénd interactions via an
array of downstream signals, such as mitogen-detivgprotein kinases
(MAPKSs). p38 MAPK, one of the MAPK family, is knowto be activated in



response to stress signals such as proinflammatytokines®™, ultraviolet
irradiatior”, osmolality changé§ and oxidantS, leading to alterations in cell
growth, prostanoid production, and other cellulgsfdnctions® *’. Increased
p38 MAPK activity has been observed in the aortadiabetic rats and in
vascular smooth muscle cells and mesangial celtared under high glucose
condition$®?. Recently, Kang et &l have demonstrated that the glomerular
p38 MAPK mRNA expression and activity were increhsediabetic rats along
with increased MAPK kinase (MKK) 3/6 activity, suegfing the involvement
of the p38 MAPK pathway in the pathogenesis ofyegidmerular hypertrophy

and extracellular matrix accumulation.

FR167653{1-[7-(4-fluorophenyl)-1,2,3,4-tetrahydr(&yridyl)pyrazolo(5,1
-c)(1,2,4) triazin-2-yl]-2-phenylethanedion sulfamonohydrate} was first
discovered to be a dual inhibitor of interleukih)¢lL and tumor necrosis factor
(TNF)-a. production in lipopolysaccharide (LPS)-stimulatagman monocytes
and phytohemagglutinin-stimulated human lymphod&§teBurthermore, FR
167653 effectively ameliorated ischemia/reperfudigory in various organs,
including kidney>?>. Recent studies suggest that FR167653 reducep Andl
TNF-a production via specific inhibition of p38 MAPK adty*®?% With the
kidney, chronic allograft nephropathy, crescentiongerulonephritis, and
autoimmune injury were attenuated with adminisbratof FR167653 by its
anti-inflammatory actiof?®’. Besides an anti-inflammatory effect, FR167653
completely suppressed the development of protenun experimental
nephrotic syndrome and effectively prevented glatusclerosis and renal
dysfunction in chronic adriamycin (ADR) nephropathpespite the previously
reported beneficial effects on various kidney digsa little is currently known
of its effect on diabetic nephropathy.

In this study, we examined the effect of FR16765%8 tbe p38 MAPK
pathway in isolated glomeruli from diabetic ratesiles p38 MAPK, we also



studied: (1) c-AMP-responsive element binding gro(€ REB), a transcription
factor which is known to be under control of p38 RK (2) fibronectin, a key
ECM produced by mesangial cells; and (3) type Magen, a main ECM
produced by podocytes.



II. MATERIALSAND METHODS

1. Animals

All animal studies were conducted under an appropectocol. Rats
weighing 250-280 g were injected either with dilugm=16, Control (C)] or
with 65 mg/kg streptozotocin (STZ) intraperitongdih=16, Diabetes (DM)].
Eight rats from each group were treated with 10kgiglay of FR167653 by
gavage (C+FR, DM+FR) for 3 months. Rats were housad a
temperature-controlled room and were given freesgt¢o water and standard
laboratory chow during the 3-months study period.

Body weights were checked monthly, and kidney wisighere measured at
the time of sacrifice. Systolic blood pressure (pBRs measured by tail-cuff
phlethysmography at 3-months. Blood glucose wassuared by glucometer
and 24-hour urinary albumin excretion was deterching ELISA (Nephrat I,
Exocell, Inc., Philadelphia, PA).

2. Total RNA extraction

Glomeruli were isolated by sieving. Purity of tHergerular preparation was
greater than 98% as determined by light microscopyal RNA was extracted
as previously describ&d Briefly, 100pl, of RNA STAT-60 reagent (Tel-Test,
Inc., Friendswood, TX) was added to the glomerulhich were lysed by
freezing and thawing three times. Another 100f RNA STAT-60 reagent
was then added and the mixture was vortexed amedsfor 5 minutes at room
temperature. Next, 1@ of chloroform was added and the mixture was shake
vigorously for 30 seconds. After 3 minutes, the tonig was centrifuged at
12,000 X g for 15 minutes af@ and the upper agueous phase containing the
extracted RNA was transferred to a new tube. RNA precipitated from the

aqueous phase by adding 4Q0 of isopropanol and then pelleted by



centrifugation at 12,000 X g for 30 minutes &€4The RNA precipitate was
washed with 70% ice-cold ethanol, dried using aefipéac, and dissolved in
DEPC-treated distilled water. Glomerular RNA yialdd quality were assessed
based on spectrophotometric measurements at thelemagh of 260 and 280

nm.

3. Reversetranscription

First strand cDNA was made by using a Boehringemhha&im cDNA
synthesis kit (Boehringer Mannheim GmbH, Mannhe&Barmany). Twaqug of
total RNA extracted from sieved glomeruli were mseetranscribed using 10
UM random hexanucleotide primer, 1 mM dNTP, 8 mM Nig@G0 mM KCl,
50 mM Tris-HCI, pH 8.5, 0.2 mM dithiothreithol, 23 RNAse inhibitor, and
40 U AMV reverse transcriptase. The mixture wasurated at 30C for 10
minutes and 4Z for 1 hour followed by inactivation of the enzy®aied9C for

5 minutes.

4. Real-time polymer ase chain reaction (PCR)

The primers used for GAPDH, fibronectin, and typ¥ Collagen
amplification were shown in Table 1. cDNAs fromia$ RNA of glomeruli per

reaction tube were used for amplification.

Using the ABI PRISM 7700 Sequence Detection System (Applied
Biosystems, Foster City, CA), PCR was performedwittotal volume of 20
uL in each well, containing 1AL of SYBR GreefiPCR Master MiXApplied
Biosystems), fuL of cDNA, and 5 pmol sense and antisense prinfernsner
concentrations were determined by preliminary eixpemts that analyzed the

optimal concentrations of each primer. Each samna@e run in triplicate in



separate tubes to permit quantification of the gesrenalized to the GAPDH.
The PCR conditions used were as follows: for GAPD8%, cycles of
denaturation at 94°& for 30 sec, annealing at B for 30 sec, and extension
at 72C for 1 minute; and for fibronectin and type IV leglen, 38 cycles of
denaturation at 94°& for 30 sec, annealing at ®2 for 30 sec, and extension
at 72C for 30 sec. Initial heating at 95 for 9 minutes and final extension at

72°C for 7 minutes were performed for all PCRs.

After PCR, the temperature was increased from 6@3UC at a rate of
2°C/min to construct a melting curve. A control lwatit cDNA was run in
parallel with each assay. The cDNA content of egmdcimen was determined
using a comparative.Gnethod with 2*2CT The results were given as relative
expression of fibronectin and type IV collagen nalimed to the GAPDH
housekeeping gene and expressed in arbitrary Biggals from C glomeruli
were assigned a relative value of 1.0. In pilotezkpents, PCR products run on

agarose gels revealed a single band.

Table 1. Primers sequences and PCR conditions

Sequence (5" 3) Annealing Temperature No. of cycles
(°C)

GAPDH
Sense GACAAGATGGTGAAGGTCGG 58 35
Antisense CATGGACTGTGGTCATGAGC

Fibronectin
Sense GCAAGCCTGAACCTGAAGAGACC 62 38
Antisense CCTGGTGTCCTGATCATTGCATC

Type IV Collagen
Sense GGCTGGCCACTGTTGATATGT 62 38
Antisense TCGGCTAATACGTGTCCTCAAG




5. Western blot analysis

Sieved glomeruli were lysed in sodium dodecyl 28l{gDS) sample buffer
(2% sodium dodecyl sulfate, 10 mM Tris-HCI, pH 618% [vol/vol] glycerol),
treated with Laemmli sample buffer, heated at°@dor 5 minutes, and
electrophoresed in an 8% acrylamide denaturing Bdifacrylamide gel.
Proteins were then transferred to a Hybond-ECL mant using a Hoeffer
semidry blotting apparatus (Hoeffer Instrumentsy Seancisco, CA), and the
membrane was then incubated in blocking buffer & @BS, 0.1% Tween-20,
and 8% nonfat milk) for 1 hour at room temperatfiodpwed by an overnight
incubation at 4C in a 1:100 dilution of polyclonal antibodies t88MAPK,
phospho-specific p38 MAPK, CREB, phospho-specifREB (New England
Biolabs, Inc., Beverly, MA, USA), extracellular dan of fibronectin, type IV
collagen, orB-actin (Santa Cruz Biotechnology, Inc., Santa CiQA). The
membrane was then washed once for 15 minutes dod tor 5 minutes in 1 x
PBS with 0.1% Tween-20. Next, the membrane wasbatad in buffer A
containing a 1:1000 dilution of horseradish perazigetlinked goat anti-rabbit
IgG (Amersham Life Science, Inc., Arlington Heighls). The washes were
repeated, and the membrane was developed with milcinginescent agent

(ECL; Amersham Life Science, Inc.).

6. Pathology

Slices of kidney for immunohistochemical and immiliarescence staining
were fixed in 10% neutral buffered formalin, prased in the standard manner,
and 5um sections of paraffin embedded tissues were ediliSlides were
deparaffinized, hydrated in ethyl alcohol and waslwe tap water. Antigen
retrieval was carried out in 10 mM sodium citratdfér for 20 minutes using a

Black and Decker vegetable steamer. For fibronestaining, the primary



polyclonal antibody to extracellular domain of Bimectin (Santa Cruz

Biotechnology, Inc.) was diluted in 1:100 with 2%sein in BSA and was
applied for overnight incubation at room temperatuAfter washing, the

secondary goat anti-rabbit antibody for fibronestias added for 20 minutes,
and the slides were washed and incubated withtiarierabbit-PAP complex

for 20 min. DAB was added for 2 minutes and thdesiwere counterstained
with hematoxylin.

For type IV collagen staining, the polyclonal aotly to type IV collagen
(Santa Cruz Biotechnology, Inc.) was diluted inQD With 2% casein in BSA
and was applied for overnight incubation at roompgerature. After washing, a
secondary Cy3-conjugated AffiniPure donkey antitgaatibody (Jackson
ImmunoResearch Laboratories, West Grove, PA) wdedébr 60 minutes and
then washed for 10 minutes.

A semi-quantitative score for measuring intensityilaronectin and type IV
collagen staining within glomeruli was determineg bxamining thirty
glomeruli in each section and by digital image gsial (MetaMorph version
4.6r5, Universal Imaging Corp., Downingtown, PA).

7. Satistical analyses

All values are expressed as the meastandard error of the mean (SEM).
Statistical analysis was performed using the siedis package SPSS for
Windows Ver. 11.0 (SPSS, Inc., Chicago, IL). Resulere analyzed using the
Kruskal-Wallis non-parametric test for multiple cpamnisons. Significant
differences by the Kruskal-Wallis test were furtheonfirmed by the
Mann-Whitney U test. P values less than 0.05 wensidered to be statistically

significant.
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[l.RESULTS

1. Animal data (Table 2)

All animals gained weight over the 3-months expernital period, but weight
gain was highest in C rats (p<0.01). The ratioidh&y weight to body weight
in DM rats (1.540.13%) was significantly higher than those in G880.04%),
C+FR (0.520.06%), and DM+FR rats (0.88.07%; p<0.01). The mean blood
glucose levels of C, C+FR, DM, and DM+FR rats wédd.1#9.2 mg/dl,
106.3t7.9 mg/dl, 473.216.3 mg/dl, and 467#12.5 mg/dl, respectively
(p<0.01). Compared to the C group (@@®M6 mg/day), 24-hour urinary
albumin excretion was significantly higher in theMDgroup (1.990.22
mg/day; p<0.05), and FR treatment significantlyua=ztl albuminuria in DM
rats (1.04+0.19 mg/day; p<0.05).

Table 2. Animal data of the four groups

Control Control+FR DM DM+FR
Kidney weight/Body weight (%) 0.53+0.04 0.59+0.06  .54+0.13 0.84+0.07
Blood glucose (mg/dl) 110.049.2 106.3+7.9 473.2+16.3  467.2+125
Urinary albumin excretion (mg/day) 0.40+0.06 0.41#0 1.99+0.23 1.04+0.19

" p<0.01 vs. C, C+FR, and DM+FR grouh,p<0.01 vs. C and C+FR grougs,P<0.05 vs. C,
C+FR, and DM+FR groups.

2. p38 MAPK activity and protein expression

Figure 1shows a representative Western blot of equal amoahtprotein

11



from the lysates of sieved glomeruli from the faguoups. The blot was first
probed with an antibody to phospho-specific p38 MARhen stripped and
probed with an antibody that recognizes total pF8¥. Phospho-specific p38
MAPK levels, which represent p38 MAPK activity, wesignificantly greater
in DM glomeruli compared to C and C+FR glomeruk@5). Densitometric
measurements revealed a 1.8-fold increase in p3&KiActivity in DM
relative to C glomeruli. FR167653 treatment neadymalized the increase in
glomerular p38 MAPK activity in DM rats (p<0.05h tontrast, there was no
significant difference in total p38 MAPK levels amipthe four groups.

Control Control+FR DM DM+FR
1 1 1 1 1 1 1

Proshopis VAP — —

Figure 1. A representative Western blot of glomarphospho-specific and total p38 MAPK in C,
C+FR, DM, and DM+FR groups. Phospho-specific p38MAlevels were significantly greater
in DM glomeruli compared to C and C+FR glomeruk@5), and FR167653 treatment nearly
normalized the increase in glomerular p38 MAPK\attiin the DM group (p<0.05). In contrast,
there was no difference in total p38 MAPK levelsoaig the four groups.

3. CREB activity and protein expression

In order to determine whether activation of the p88PK pathway could
induce parallel increases in the activity of a p88PK target transcription
factor, | examined the activity and protein expi@ssof CREB. | subjected

glomerular protein lysates to immunoblotting usingntibodies to



phospho-specific (activated) CREB and to total CREBe representative blot
in Figure 2 shows that CREB activity was signifidgnincreased in DM
glomeruli relative to C and C+FR glomeruli (p<0.0l1lpensitometric
measurements revealed a 2.3-fold increase in CREf&itg in DM compared
to C glomeruli. Similar to p38 MAPK activity, FR1633 treatment
ameliorated the increase in glomerular CREB in Bit4 (p<0.01). In contrast,

there was no significant difference in total CREBdls among the four groups.

Control Control+FR DM DM+FR

PhoSphO-CRED e i S -—_—;w —
Total CRED == S —————————

Figure 2. A representative Western blot of glomaryhospho-specific and total CREB in C,
C+FR, DM, and DM+FR groups. CREB activity was sigintly increased in DM glomeruli
relative to C and C+FR glomeruli (p<0.01), and FRAE3 treatment ameliorated the increase in
glomerular phospho-specific CREB in the DM group<(j®1). In contrast, there was no
difference in total CREB levels among the four greu

4. Fibronectin and type |V collagen mRNA and protein expression

In order to correlate my observations to evolvinigbdtic nephropathy, |
examined the mMRNA and protein expression of fibctineand type IV
collagen, key ECM proteins of mesangial cells aodoeytes, respectively. The
glomerular fibronectin/lGAPDH and type IV collage®BDH mRNA ratios
were 2.1-fold and 1.9-fold higher, respectively, 1 compared to C rats
(p<0.05), and these increments in fibronectin aymk tlV collagen mRNA

13



expression in DM glomeruli were inhibited by 86.8¥td 79.9%, respectively,
with FR167653 treatment (p<0.05; Fig. 3). The protexpression of
fibronectin and type IV collagen protein showedikimpatterns to their mRNA
expression (Fig. 4). On the other hand, FR 1676&&ment had no effects on

fibronectin and type IV collagen mRNA and protekpeession in C rats.
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Figure 3. Glomerular fibronectin/lGAPDH and type téllagen/GAPDH mRNA ratios in C,
C+FR, DM, and DM+FR groups. Fibronectin mRNA angeyV collagen mRNA expression
were significantly increased in DM compared to Gl @&+FR glomeruli (p<0.05), and these
increments in fibronectin and type I¢ollagen mRNA expression in DM glomeruli were
significantly inhibited by FR167653 treatment (p3%).

* p<0.05 vs. C, C+FR, and DM+FR groups.

Control Control+FR DM DM+FR
1 11 1 1 1 1 1

Fibronectin == -’—-%b
> -3 . 5 s b M
s i
TypelV collagen - . S——
e

pocin —> (R

Figure 4. A representative Western blot of glomardibronectin and type I\tollagen in C,
C+FR, DM, and DM+FR groups. Fibronectin and type dWllagen protein expression were
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significantly increased in DM relative to C and G¥Blomeruli (p<0.05), and these increments
in fibronectin and type IVcollagen protein expression in DM glomeruli wergngiicantly
inhibited by FR167653 treatment (p<0.05). In costiréhere was no difference fractin protein

expression among the four groups.

5. Pathology

Immunohistochemical  staining for  glomerular fibroie and
immunofluorescence for glomerular type IV collageonfirmed the Western
blot findings. Glomerular fibronectin staining withmesangial regions and
type IV collagen staining along the GBM were sigmiftly stronger in DM
compared to C and C+FR rats, and FR167653 treatimigibited the increases

in fibronectin and type IV collagen accumulatiodM rats (Fig. 5, Fig. 6).
(A)

DM DM+FR167653
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(B)

200
175
150
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100
75
50
25

Semiquantitative Score

C C+FR DM DM+FR

Figure 5. (A) Immunohistochemical staining for fibectin in C, C+FR, DM, and DM+FR
groups. There was a significant increase in glotaerfibronectin protein expression in DM
compared to C and C+FR rats, and this increaseama$iorated by FR167653 treatment (x 400).
(B) Semiquantitative immunohistochemical score gtwmerular fibronectin was significantly
higher in DM relative to C and C+FR rats (p<0.0&8)d this increment was inhibited by the
administration of FR167653.

* p<0.05 vs. C, C+FR, and DM+FR groups.
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Figure 6. (A) Immunofluorescence staining for tyecollagen in C, C+FR, DM, and DM+FR

C

DM
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groups. There was a significant increase in glotaetype IV collagen protein expression in DM
compared to C and C+FR rats, and this increaseama$iorated by FR167653 treatment (x 400).
(B) Semiquantitative immunofluorescence score fdomgrular type IV collagen was
significantly higher in DM relative to C and C+FRs (p<0.05), and this increment was inhibited
by the administration of FR167653 (p<0.05).

* p<0.05 vs. C, C+FR, and DM+FR groups.
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V. DISCUSSION

Diabetic milieu is known to activate the p38 MAPHKtipway in various cells
and organ$>", however, the consequences of inhibiting p38 MAdRKivation
under diabetic conditions have not been well exgadoFurthermore, thie vivo
effect of a p38 MAPK inhibitor on diabetic nephrtipa has not yet been
investigated. In this study, | demonstrate for fingt time that fibronectin and
type IV collagen expression and accumulation inbeii glomeruli were
ameliorated with the administration of FR16765838 MAPK inhibitor.

p38 MAPK is a member of the MAPK family and is knowas a
“stress-activated kinase” along with c-Jun N-amteaminal kinase (JNHK.
Recent works have shown that high glucose activa81MAPK in cultured
vascular smooth muscle cells and mesangial *‘€éflsincreased p38 MAPK
protein as well as activation of p38 MAPK was atbserved and characterized
in aortas and glomeruli derived from diabetic ¥at§hese findings suggest that
activation of the p38 MAPK pathway under diabetnditions,in vitro andin
vivo, may play an important role in the pathogenesidiabetic complications.
Once p38 MAPK is activated, it phosphorylates sagviEanscription factors at
serine and threonine residues, thereby regulatmg g@xpression. Biochemical
studies have demonstrated that the p38 MAPK siggatiathway activates
various transcription factors, including CRE®. CREB is a member of a
transcription factor family which converts rapiddatransient signals into
long-term changes in gene expression by bindinght® c-AMP response
element (CRE). Since the fibronectin promoter dosta CRE located —170 bp
of the fibronectin gene, activated CREB can bind (®RE portion of the
fibronectin gene, leading to fibronectin mRNA exgmiert’. Kreisberg et &f
have demonstrated that activation of protein kin@sby high glucose plus
TGF{3 or PMA induced phosphorylation and activation &®EB, resulting in

the stimulation of fibronectin transcription in raegial cellsin vitro.

19



Furthermore, Kang et ‘dlshowed that p38 MAPK was activated in podocytes
cultured under high glucose conditions with condantiincrement in collagen
a5(IV) mRNA and protein expression. These studiggyest that activation of
p38 MAPK in diabetic conditions are involved in EGnthesis, and treatment
with a p38 MAPK inhibitorin vivo ameliorated p38 MAPK phosphorylation
and the increase in fibronectin and type IV collagexpression were

subsequently inhibited.

FR167653 was originally developed as a dual inbibaf IL-1 and TNFe
productio®. Since the inflammatory process, which is charamzd by
induction of numerous cytokines and/or chemokinasd infiltration of
macrophages, lymphocytes, and neutrophils, has hegaticated in the
pathogenesis of various diseases, many investgydiave tried to investigate
the effect of FR167653 in these conditions. Previcstudie$? have
demonstrated that FR167653 ameliorated ischemifitepion injury in liver,
lung, heart, pancreas, and kidney possibly by itibib of proinflammatory
cytokines production. In an animal model of humapuk erythematosus, renal
expression of monocyte chemoattractant protein-CPM) and TNFx were
reduced and IgG levels in the diseased kidney wermeased by FR167653,
resulting in prolonged survival and attenuated Irgpathologic changé$
FR167653 also reduced urinary excretion and rex@aession of MCP-1 in rat
with nephrotoxic serum nephritis, an animal modél hmman crescentic
glomerulonephriti¥. Six days after the introduction of nephrotoxicuse, the
structure of the glomeruli and interstitium appéaa¢gmost normal and urinary
protein excretion was also normal in rats treatéith WR167653 for 6 days.
When the experiment was extended to 56 days, gldossierosis and
interstitial fibrosis were significantly alleviatednd renal function was well
preserved in the FR167653-treated group even thoBER167653 was
administrated for only 6 days. Since glomerulaiitiation of leukocytes has a

major role in the pathogenesis of lupus nephritigl anephrotoxic serum
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nephritis, the effects of FR167653 seem to be ntedliy its anti-inflammatory
actions, i.e. inhibition of cytokines production fmonocytes and macrophages.
In contrast, cellular infiltration within glomeruis not extensive in diabetic
nephropathy, therefore, the effect of FR167653 ore tynthesis of

proinflammatory cytokines in diabetic glomeruli wast evaluated in this study.

Besides the anti-inflammatory effects, recent st€itif® have revealed that
FR167653 is a selective p38 MAPK inhibitor, and tipgridine and
fluorophenyl rings within FR167653 are essentialdimding to p38 MAPK. In
addition, previous study demonstrated that FR167653 did not affect the
activities of other protein kinases, such as egitalar signal-regulated
kinase-1/2 (ERK1/2), JNK, protein kinase C, or piotkinase A. In contrast to
SB203580, another p38 MAPK inhibitor, it is knowmat FR167653 has no
effect on cyclooxygenase (COX)-1 or COX-2 actitityBy inhibiting the p38
MAPK pathway, renal NAD(P)H oxidase expression angderoxide formation
were suppressed and renal damage was amelioratdeRbg7653 in Dahl
salt-sensitive rats with heart faildtesuggesting that the renoprotective effect
of FR167653 was associated with the inhibition xiflative stress. In addition,
the study by Koshikawa et*aldemonstrated that p38 MAPK activation played
an important role in podocyte injury in proteinuglomerulopathies, including
rat puromycin aminonucleoside (PAN) nephropathy ambuse ADR
nephropathy. They showed that inhibition of the p@&PK pathway by
FR167653, which was introduced 2 days before tdedtion of nephropathy
and for 14 days thereafter, completely suppressettipuria and reversed the
changes in nephrin and connexind3 expression. Eadyment with FR167653
also effectively prevented glomerulosclerosis asmhat dysfunction even in the
chronic phase of ADR nephropathy. Furthermore rea¢étent with FR167653
prevented actin reorganization induced by PAN gdHn immortalized mouse
podocytes. Taken together, it seems that FR167@&b3exert renoprotective
effects by inhibiting the p38 MAPK pathway per sevarious kidney diseases,
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even in which inflammatory cell infiltration is mmal or insignificant.

In contrast to the study by Koshikawa et alhere have been some studies
suggesting that p38 MAPK activation is rather appdide process to maintain
cytoskeleton in podocytes. Aoudijit et®atlemonstrated that treatment with a
p38 MAPK inhibitor significantly augmented complemnediated
cytotoxicity in vitro and observed an increment in proteinuria in anadel of
passive Heymann nephritis (PHN) vivo, when FR167653 was administrated
from 7 to 14 days after the induction of nephrogabh another study by Dai et
al’’, inhibition of p38 MAPK decreased fibrillar act{fA)/G-actin (GA) ratio,
disrupted and clumped FA filaments, and increasgoptasmic GA monomers
in high glucose-stimulated podocytes, suggestirad 88 MAPK activation
was necessary in maintenance and preservationeofi¢tin cytoskeleton in
podocytes cultured under diabetic condition. | obsé a significant decrease in
24-hour urinary albumin excretion in FR167653-teelaDM rats compared to
DM rats. The impact of p38 MAPK inhibition on protaria has been
inconsistent. Although the reasons for the divergdiects are unclear, species
differences and differences in cells and nephropatip38 MAPK inhibitors

used in the experiments, or treatment durditionvo may contribute.

Since ECM synthesis was focused on in this studjidInot evaluate the
changes in slit diaphragm-associated molecules tarctaral changes of
podocytes. Additional studies are needed to veh#in vivo effect of a p38
MAPK inhibitor on podocytes.

In summary, FR167653 inhibited p38 MAPK activatiand ameliorated
fibronectin and type IV collagen expression in @b glomeruli. These
findings suggest that p38 MAPK could be a potent#abet for preventing
nephropathy in diabetes.
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V.CONCLUSION

| investigated the effects of FR167653, a p38 MARtbitor, on p38 MAPK
and CREB activities, and fibronectin and type IVilagen expression in
isolated glomeruli from diabetic rats.

Thirty-two Sprague-Dawley rats were divided intafagroups; control (C),
C+FR, DM, and DM+FR. The ratio of kidney weight body weight and
24-hour urinary albumin excretion were determinfidre8 months. Glomerular
p38 MAPK and CREB activities were determined by Weas blot with
phospho-specific antibodies, and glomerular fibotineand type IV collagen
MRNA and protein expression were determined byties PCR and Western

blot, respectively, with sieved glomeruli.

1. The ratio of kidney weight to body weight (KW/B\vt DM (1.54t0.13%)
was significantly higher than that in C rats (@68®4%; p<0.01), and the
increase in KW/BW was ameliorated by FR167653 adbtmation
(0.84t0.07%; p<0.01).

2. 24-hour urinary albumin excretion was signifitarhigher in the DM
group (1.920.22 mg/day) compared to the C group (8106 mg/day;
p<0.05), and FR167653 treatment significantly redualbuminuria in DM rats
(1.04£0.19 mg/day; p<0.05).

3. Glomerular phospho-specific p38 MAPK protein mg3sion in DM rats
was 1.8-fold higher than that in C rats (p<0.05)d &R167653 treatment
nearly normalized the increase in glomerular p38RAKAactivity in DM rats
(p<0.05).

4. Glomerular phospho-specific CREB protein expagssn DM rats was
2.3-fold higher than that in C rats (p<0.01) and 16R653 treatment

ameliorated the increase in glomerular CREB agtivitDM rats (p<0.01).
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5. Glomerular fibronectin mRNA and protein expressivere significantly
increased in DM compared to C rats (p<0.05), arebehincrements in DM
glomeruli were inhibited by 86.8% and 82.7%, respety, with FR167653
treatment (p<0.05).

6. Glomerular type IV collagen mRNA and protein egsion were
significantly increased in DM compared to C rat<(j®5), and these
increments in DM glomeruli were inhibited by 79.9%4d 64.9%, respectively,
with FR167653 treatment (p<0.05).

7. Immunohistochemical staining for fibronectin ealed a significant
increase in glomerular fibronectin protein expressin DM compared to C,
and this increase was ameliorated by FR167653tedt(p<0.05).

8. Immunofluorescence staining for type IV collagenealed a significant
increase in glomerular type IV collagen proteinreggion in DM relative to
C rats, and this increase was ameliorated by FRE®B#&atment (p<0.05).

In conclusion, these findings suggest that p38 MABHKId be a potential target

for preventing nephropathy in diabetes.
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< ABSTRACT (IN KOREAN)>

p38 mitogen—activated protein kinase
AA A FR1676530] T WA ALEA] W

fibronectin % A 43 collagen®d] 239

W S AMEe gesdes
7149 FHo] FAA] Ao, 9x  F Felx p38
mitogen—activated protein kinase (MAPK) 7 Z°2] X35 %3}
fibronectin®} A 4% collagen®] #do] F7lsl= ZAoE HIHFHL
Atk FR167653 {1-[7-(4-fluorophenyl)-1,2,3,4-tetrahydro-8(4-
pyridylpyrazolo(5,1-¢c)(1,2,4)triazin-2-yl]-2-phenylethanedion

sulfate monohydrate}- interleukin-13} tumor necrosis factor-o

BAe JAAMTI= 'adE 7H1 A=, p38 MAPK 7= A=



AA ot} olo E AFqME T WMAE tidez p38 MAPK
AAARQ  FRI1676537F 2441 45w wjd=z AFA U
fibronectin¥ A| 43 collagen? @dol] vA& P FolrH 1z}

sheieh,

v W 32 vl 9] Sprague-Dawley WA E thZT+ (16 wvhg])3
streptozotocin & FZAU R Fodte] dnE FEAIN G (16 vt
ghoz o], 7 FellA 8 mhElde p38 MAPK JAA
FR167653 & 1 ¥ 10 mg/kg &Fo=2 3 7/1&3t wid A7 Fo313
om (C+FR, DM+FR), WA 8 wgA & 9oks F4390tt (C,
DM). B 2 3704 ¥ 24 AzF 2e A6t
ELISA & ZA3tglon, s 8A7 §F sieve & o]&at] 3 AT
AE Agol AH&3ATh AF7Al W p38 MAPK 9F p38 MAPK o 2] &}
o Z2HHE HAARRIAR] c-AMP-responsive element binding protein
(CREB)®] &™) gl gl 3
Al 4 & collagen mRNA ¢} & TdL2 247} real time-PCR
Western blot ©°.2 #4330 Tk 2 2HE o839
fibronectin ol et WA e G} 2| 4 collagenol] tist H

G = Ak

L
2
4
ra
=
(0
oft
filo

E+= Western blot © 2, fibronectin I}

ru&‘i

3

J;

2 3 G 53 309 F AFl dE A FANE DM FFolA
1.5440.13% %, C o9 0.5320.04%9 C+FR w9 0.59+0.06%°l
Hlate] fostAl FUtEon, o¥E F7HE FR167653 Fol=
ou A AdAHAJT (p<0.01). E3ZH, FRI167653 & DM TollA
o)Al F7HE 24 A =EHR MRS FosHA AT (C,
0.40+0.06 mg/day; DM, 1.99+0.22 mg/day; DM+FR, 1.04%0.19
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mg/day; p<0.05). Phospho-specific p38 MAPK 9} phospho-specific
CREB & ©o]&3% Western blot #2417 p38 MAPK ¢ CREB 9]
2= C ol Hste] DM wolA z+zF 1.8 #f (p<0.05), 2.3 Hj
FHEALH  (p<0.01), °l#Ed Frh= FR167653 Folz 77t
77.8% (P<0.05), 63.4% (p<0.01) A= ACE WAl F p38
MAPK ¢} & CREB o] @] 22 u o Apolel o|m] gl Apol7}
AT Fibronectin @ Al 4 & collagen ¢ mRNA 232 C T
Hlslo] DM ol Al z+zh 2.1 W, 1.9 ¥ Z7}E %l o, FR167653 &
DM oA S57F8 fibronectin 2+ Al 4 & collagen ¢ mRNA &S
oo Al JAAIFATE. Western blot 9 AlFZ JMoz FA

fibronectin @ #| 4 & collagen ¢ @ THE mRNA &d Fd7)

s,
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