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The Effect of FR167653, p38 Mitogen—-Activated Protein Kinase (MAPK)
Inhibitor, on the Expression of Slit Diaphragm-Associated Proteins in
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Purpose : This study was undertaken to investigate the effect of a p38 mitogen-activated protein
kinase (p38 MAPK) inhibitor, FR167653, on urinary albumin excretion and on the expression of slit
diaphragm-associated proteins in diabetic rats.

Methods : Thirty-two Sprague-Dawley rats were injected with diluent [control (C), N=16] or streptozo-
tocin intraperitoneally (DM, N=16). Eight rats from each group were treated with 5 mg/kg/day
FR167653 (C+FR, DM+FR) for 6 weeks. At the time of sacrifice, 24-hour urinary albumin excretion
was determined by ELISA. Glomerular nephrin, P-cadherin, and ZO-1 mRNA and protein expression
were determined by real-time PCR and Western blot, respectively, with sieved glomeruli.
Results : Urinary albumin excretion was significantly higher in DM compared to C rats, and this
increase in albuminuria was significantly inhibited by the administration of FR167653 in DM rats.
Glomerular phospho-p38 MAPK protein expression was significantly increased in DM rats compared
to C rats, and FR167653 treatment significantly attenuated the increase in phospho-p38 MAPK
expression in DM glomeruli. Nephrin mRNA and protein expression were higher in 6-week DM
compared to C glomeruli, and these increases were significantly abrogated with FR167653 treatment
in DM rats. In contrast, FR167653 had no effects on the decrease in P-cadherin expression and the
increase in ZO-1 expression observed in DM glomeruli.

Conclusion : These findings suggest that FR167653, a p38 MAPK inhibitor, reduce the amount of
albuminuria in early diabetic nephropathy, and this anti-proteinuric effect seems to be related with the
change of glomerular nephrin expression.

Key Words : Diabetic nephropathy, p38 mitogen-activated protein kinases, FR167653

04 25¢, +<1:2008\d 3¢ 20¢
WE kil s3] BAXTER AlZAT4]9] A edofl o]ste] AT U5
gtg/\ /ﬁr,gr—,l = 1fg4 ou-ﬂ]:Hal—JL 4—v]_\;HaL LH—v]_aL,ﬂ A

- 280 -



Dong-Ryeol Ryu, et al.: The Effect of p38 MAPK Inhibitor in Diabetic Nephropathy

LHAH]EE% (endothelial layer), AF-3] 7] A% (glomerular
basement membrane), Z18]al =49} (slit diaphragm)©]
EAsE SAEZ (podocyte layer) 2= o] F-071 AFEA]
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nephrin, P-cadherin, zonula occludens-1 (ZO-1), CD2-
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Mitogen-activated protein kinases (MAPK)= 3%
A=l ofato] MAE HIAGE 4S5t 3 m dds
A2 Fo] shE, HA7FA|= extracellular
signal regulated kinase-1/2 (ERK1/2), stress—activated
c-Jun N-amino terminal kinase (JNK/SAPK), p38
MAPK, 7183 big MAPK (ERK 5) 5°] MAPK =
Sehs Aom WA Q. o] F p38 MAPK: A7 ¢
Z2 MolEFIQL Ae]M AbRer M3} = Alsl AE# A
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p38 MAPK JAIAE dAA] o] EF7} 7ol 4
A A% B, AP A3 @y a3 9 AE)
Age] AW mddA o gdt 938 b Aol
FR167653 (Fujisawa Pharmaceutical Co., Osaka, Japan)
o AT A4 MolEglRle] wale ofAeta'?, wHYA

Mo A= NADP)H oxidase?] 2#1¢} NO AYA|ol-&-&
(bioavailability) el 7]oi3hd, dly AR ZE 2
Y A A EL] o]F (migration) S EHH 0 R AA|gh=
T O o] Ahge] muddEdl”, Bl Sk A
TR 5 2doa] FR167653¢ <)%+ p38 MAPKS]
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o] Wo} FAlE &4 2 wﬂw A7k MAPK®| #4435}
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AAe] Eas e AP wH|Ek AgoR B ATeA
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w34 B2 BEElaL, p38 MAPKSF Al=dt ok oy
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FA 230-270 go| &4 ¥ (Sprague-Dawley rats)
R2ulElE ARgsld e, olF 16vkElE $19Hs B FAksH
o] izt (C)o&, 18]al YA 167F]= streptozotocin
(STZ) 65 mg/kgs =74 FAkete] Gt (DM) o2 ARS
Atk FR1676532 A®2] dimethyl sulfoxide (DMSO)

of =ef Abgatglon, Cat B BiearolA 4zt 8] -
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S Egste] elik € &9 (phosphate buffered saline,
PBS)el =71 & A-&o] 200, 150 ¥ 75 um¢<l stainless
sieves 22 AT T 75 um AFel ZAY AFAE

A olgssck

Z RNA+ RNA STAT-60 reagent (Tel-Test, Inc.,
Friendswood, TX, USA)Z o|&3sle] F=3Iic) st
ARl 100 o] RNA STAT-60 reagents 3718kar
AT S 33 WHESle] {871 ¥, 700 uLe] RNA
STAT-60 reagentE 7|6l vortexd § Aol 583t
Ttk o]F 160 uL¢] chloroforme 7Fskar 30&7F i
3] EE50] S §F 387 A0 HIgE vh, 4ColA
12,000 X g2 15%7F 9A=Ee & J5ds A=2E tube
Z A of7]e) 400 uL2] isopropanolS #H7Fslkal 4°Cell
412,000 X g2 303F 45tk RNA HHdELS
70% ice-cold ethanolZ A%, Speed Vacg o|-&&te] A
% A1 ¥ DEPC-T2 3AAIZ. #2]8 RNA <%
+ spectrophotometry’t 260 nm¥} 280 nmeolA =A%
optical density (O.D.) 3= o|&35to] 213513

cDNA+ Boehringer Mannheim cDNA synthesis kit
(Boehringer Mannheim GmbH, Mannheim, Germany)
< ol]gslo] Atk AFEARREE #2d F RNA 5 2
ug2l RNAe°] 10 uM random hexanucleotide primer, 1
mM dNTP, 8 mM MgCl2, 30 mM KCI, 50 mM Tris—
HCI, pH 85, 0.2 mM dithiothreithol, 25 U RNAse inhi-
bitor, Z12]aL 40 U AMV reverse transcriptaseS #7}s}
Aok o] EFFEL 30°ColA 1048, 42°CllA 1AIRE a8

99°C oA 5879 incubation FAHES A & -70°Col B
st

4. Real time-polymerase chain reaction
(RT-PCR)

2A&lo] ARE3F primer ¥ PCR Z7-& Table 19 7]&3F
ule} 2l RT-PCRS ABI PRISM® 7700 Sequence
Detection System (Applied Biosystems, Foster City,
CA, USA)E AHg-3te] 238191 o, 10 ul. SYBR Green”
PCR Master Mix (Applied Biosystems), 25 ng cDNA,
Z18]aL 5 pmol sense®} antisense primers ¥3F3F 20 ul
kS Z3ME2 A8tk PCR HHS- Folli= 215 60°Coll
A 95 CE F7MA Aoixl sl 341 (dissociation curve)
S RIS

288 o1g3l g gPHow ztzke] PCR AHES
el o A= nephrin, P-cadherin, Z1&]a. Z0O-1
mRNA #&S GAPDH mRNA o= wAsie] wA|s
Ak dizarellAe] frdxah HES 12 Aslo] 7t wollA 9]
Stz oigh A B2 JehlSleh on] AEd
] 2} PCR primer2] PCR AHES 2% agarose gelollA] &

dFae] B MEee d1se

— Hl=2 T

o

Chilf == 9l Western blot &4

Z} 2] AFEAE sodium dodecyl sulfate (SDS) sam-
ple buffer (2% sodium dodecyl sulfate, 10 mM Tris—
HCl, pH 6.8, 10% [vol/voll glycero)& o]&3&lo] &3lA|

Table 1. Sequences of Primers and PCR Conditions

Sequence (5'—3')

Annealing Temperature (C)

Nephrin 62
Sense CCTGCACCACCAACTGCTTAGC
Antisense CCAGTGAGCTTCCCGTTCAGC

P-cadherin 53
Sense AGTGGGCCACGAGGTACAGA
Antisense ACGCCATGCCGGTGAGT

70-1 60
Sense CGAGGCATCGTTCCTAATAAGAA

Antisense GACCTCGAAACCTCCAGAAGTCT

GAPDH 60
Sense TGCCAAGTATGATGACATCAAGAAG
Antisense AGCCCAGGATGCCCTTTAGT
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2% AE gede 4°ColM 10,000 X g2 1087 LA
g3k A=y el Bio-Rad kit (Bio-Rad Labo-
ratories, Inc., Hercules, CA, USA)S o] &3] s=s 2
Qg 5 50 pug¥ SEske] -70°Col RAsIrk 50 ugo] &
WO aemmli sample buffer® %], 100°C& 5&7F 714
3 3 8% H 12% acrylamide denaturing SDS-polya-
crylamide gel& ©]&3dt] A71955 itk 7195 $
geld] &M semidry blotting 71A1S ©]-&3t>] Hybond-
ECL nitrocellulose membrane (Amersham Life Science,
Inc., Arlington Heights, IL, USA)°ll o]AA1Zt}. Mem-
braneS 2204 1A]7F &<t blocking buffer A (1 X
PBS, 0.1% Tween-20, 18]31 8% nonfat milk) % *]*]3F
T 1:5002.2 3]41 % polyclonal anti-phospho—p38—-MAPK
antibody (New England Biolabs, Inc., Beverly, MA,
USA), anti-p38 MAPK antibody (New England Biolabs,
Inc.), anti-nephrin antibody (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA), anti-P-cadherin antibody
(Zymed Laboratories, Inc., San Francisco, CA, USA),
anti-ZO-1 antibody (Zymed Laboratories, Inc.), T
anti-f -actin antibody (Santa Cruz Biotechnology,
Inc.)Z 4°CollA 3154 &9k WH-S-AIZ YL Membranes 1 X
PBS¢} 0.1% Tween-20% 1587+ 13], 583t 23] |3k
% 1:1,0000% 3A¥ horseradish peroxidase-linked
anti-mouse IgG7} £&% buffer Aol 1A17F &<k HFS-A]
71 ©}2 ECL chemiluminescent A]2F (Amersham Life
Science, Inc.)& col&ste] 7SSt As v
TINA image software (Raytest, Straubenhardt, Ger-
many)E °o|&3te] O.D.2 =353

|2l

6. HIHY M

A 228 AXEE AEA 292 OCT compound
(Tissue-Tek”; Sakura Finetek U.S.A. Inc., Torrance,
CA, USA)E o]&slo] 5417 tha 5 um HHe| &efol
=& ARSI W x5 s 945 ARk Setol=
AZAZ] 3 acetone L E 1AEF S, sodium azide?}
3 0.1% HoOp PBSE 220l A] 2041 wkE-AIA )

HEFEAS =9t Nephrin 928 €3] anti-nephrin
antibody (Santa Cruz Biotechnology, Inc.)E 1:1002.2

sjsle] AeolA 3417 Bk WHEAZS PBSE AIRE

bl ot

Lo

T Cy3 (red)-conjugated IgG (Jackson ImmunoResearch

Laboratories, West Grove, PA, USA)ZE 60&7F 924
At} 18] 11, anti-P-cadherin antibody (Zymed Labora-
tories, Inc.)¢} anti-ZO-1 antibody (Zymed Laboratories,
Inc)E 1110002 3|Aste] Aol 3AIRE 53t WAl
I PBSE AA3 & Cy2 (green)-conjugated IgG
(Jackson ImmunoResearch Laboratories)E A&-sle] 60

23k WAk

7. SHEAN

B eAls Wt Reeat (SEM)E AT E7
A2 SPSS A 223 A998 12.0% (SPSS, Inc,,

Chicago, IL, USA)& o|&sitt ZAxE2 Kruskal-
Wallis t Hlalg v HAS ARgate] EA819om,
Kruskal-Wallis #1737 SAIEH4 2o)7) 9= 49 Mann-
Whitney U 77802 gRIsIrk p zke] 0.05 Wwkel %

SJEgE Row sk

E o}

1. &2 X

HI

A7 713F Bl ot BFllA] AlFe] Fkekl o, Cat
(402+6 g)# C+FR* (398+7 g)ollA] DM (2704 g)
¥} DM+FR (3028 g)oll vlate] fFolstAl 7kttt
(p<0.05). o]¢ok= tixH o= wixE SN u 4% A
= o Ao A= C (0.76+£0.05%) 3 C+FR- (0.78
+0.06%)° Hl3tle] DMt (1.09%0.08%)3 DM+FR*
(1.03%0.08%) A1 eJm] A =*kH (p<0.05).

I f 657 F ¥9& C#, C+FRE, DM, 281
DM+FRl4 ZF2F 95.840.9 mg/dL, 99.1+0.5 mg/dL,
466.2+13.9 mg/dL, 18]l 464.1+188 mg/dLE Ci}
C+FRel ml3le] DMw® DM+FRIOIA 2Jol9lA =3t
th (p<0.01). 24417 =9 ek Cot (0.29%0.04
mg/day)® C+FRi* (0.32+0.04 mg/day)ell H|ale] DM
T (1.09%0.17 mg/day, p<0.05)°l4 froldt 712 Bl
o o235t Z7k= FRI67653 Fol= ou|Al A= At
(0.38+0.05 mg/day, p<0.05) (Table 2).

- 283 -



The Korean Journal of Nephrology 2008;27:280~289

2. AtPA|LH phospho-p38 MAPK®t & p38 MAPK

of ch wl

Western blot& o]-§3le] #2418k AlA1W] phospho—p38
MAPK®] i 2o Catoll 4] dijZatol| Hlgte] 238 F7}
Hom o]g)dk F71= FR167653 Fol= 72% A= ATk
(p<0.05). BHA| % p38 MAPK®| v W& 4 & A}
olol] frojgk zfol7} glSlrt (Fig. 1).

3. AFAILE nephrin mRNAR} SHeio] dis

AFEAIY nephrin/GAPDHS] mRNA & H|&= DM+
X Caroll Hlste] 198 FriEIlem, oje Fh=
FR167653 A= 2 74% <AEAT} (p<0.05) (Fig. 2A).

AFEAIU nephrin Whle] e oJA] Citol] B]ste] DM
A 1.6¥] =71, DM+FRToI4= ©]2]%F nephrin
whale] Wk =717} 89% AIE AT (p<0.05) (Fig. 2B).

4. AFPAILH P-cadherin 2 ZO-1 mRNASQ} Ehuio|

E g

AFEAIW P-cadherin/GAPDHS] mRNA #Ha vl=

[of C+FR DM DM+FR
I 1 I 1 I 1 I 1

Phospho-p38 MAPK — e
\
e ————

Fig. 1. Glomerular phosphorylated p38 MAPK protein ex-
pression in DM was increased 2.3 times compared
with control (C) rats (p<0.05), and this increase was
significantly inhibited with FR167653 treatment (p<
0.05). On the other hand, FR167653 had no effect on
glomerular phosphorylated p38 MAPK protein ex-
pression in C rats, and there was no difference in
total p38 MAPK protein expression among the four
groups.

= 65 5 Coll vlstke] DMl 9u Al 2H4E
o1} (p<0.05), DM+FR+*3} DM+ Afolof|= P-cadherin/
GAPDH mRNAZ®] & o] frojgh xpo]7} hare]=] 2k
t} (Fig. 3A). Western bloto2 #4138 A}EAY P-cad-
herin®] wh ¥H& AA] DMzl Coll HIste] 2]2]9iA|
EJT (p<0.05). 28y, FR167653 **+= Ci-d DM
T Bl A AFAY] P-cadherin®] w9 Hde] ofu|glE
B WAA FBkei (Fig. 3B).

AR ZO-1/GAPDHS] mRNA & H]&= Citoll H]
ko] DMwollA o8kl S7FE 1o (p<0.05), DM+FR
T3 DM AkelellE ZO-1/GAPDH mRNAS] & w9

A 2
o o
z 2
5 T
o
< T
Q 17
£
£
o
(4]
Z0
c C+FR DM+FR
B c C+FR DM DM+FR
I 1 | 1 I 1 I 1
Nephrin — — — e —

p-actin —» = o cone e D oSS GESD S

Fig. 2. Glomerular nephrin/GAPDH mRNA ratio was signi-
ficantly higher in DM compared with control (C)
rats at 6 weeks after DM induction, and FR167653
treatment significantly inhibited the increase in
glomerular nephrin/GAPDH mRNA ratio in DM
rats. FR167653 had no effect on glomerular nephrin
mRNA expression in C rats (Panel A). Densitometric
quantitation revealed that there was 1.6 times in-
crease in glomerular nephrin protein expression in
DM relative to C rats (p<0.05), and this increase
was significantly inhibited with FR167653 treatment
(p<0.05). On the other hand, there was no difference
in B -actin protein expression among the four groups
(Panel B). 'p<0.05 vs. C and DM+FR.

Table 2. Animal Data of the Four Groups

Control (N=8) C+FR (N=8) DM (N=8) DM+FR (N=8)
Body weight after 6 weeks (g) 4026 3987 270+4" 302+8"
Kidney Wt./body Wt. (%) 0.7610.05 0.780.06 1.09+0.08" 1.03£0.08"
Blood glucose (mg/dL) 95.8%£0.9 99.1+0.5 466.2+13.9° 464.1+188°
Urinary albumin excretion (mg/day) 0.29+0.04 0.32£0.04 1.09£+0.17 0.38+0.05"

"p<0.05 vs. Control; "p<0.05 vs. DM; Tp<0.01 vs. Control
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Fig. 3. Glomerular P-cadherin/GAPDH mRNA ratio was
significantly lower in DM rats than control (C) rats.
However, P-cadherin/GAPDH mRNA ratio was not
changed with FRI167653 treatment in DM rats
(Panel A). Similarly, P-cadherin protein expression
was significantly lower in DM rats than C rats
assessed by densitometry (p<0.05). FR167653 treat-
ment did not affect P-cadherin protein expression
in C and DM rats. There was no difference in S -
actin protein expression among the four groups
(Panel B). 'p<0.05 vs. C.
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Fig. 4. Glomerular zonula occludens-1 (ZO-1)/GAPDH
mRNA ratio was significantly higher in DM com-
pared with control (C) rats at 6 weeks after DM
induction. However, FR167653 treatment had no
effect on glomerular ZO-1/GAPDH mRNA ratio in
C and DM rats (Panel A). Densitometric quantita-
tion revealed that there was a significant increase
in glomerular ZO-1 protein expression in DM rela-
tive to C rats (p<0.05). FR167653 had no effect on
glomerular ZO-1 protein expression in C and DM
rats. There was no difference in B -actin protein
expression among the four groups (Panel B). p<
0.05 vs. C.

ololl= zlol7) ATt (Fig. 4A). AFFAIY ZO-1 b -
& w3k Caroll wiske]l DMolA frolahAl S7hslont
(p<0.05), FR167653 = C3 DM+ Z5ollA ARA)
Wl ZO-1¢] & el em|gle J3e wXA| Rakd
3, B -actin®] ©] WL BE G Ajolof 9]l9)E A}
o|7} 1At} (Fig. 4B).

g or BAs) 2 Azl AREA] Well A nephrin
ke 8- | o) ATl F3kEo] 9l o Western blot
o] Axte} FARH DMrollA 57k 915, DM+FRoA]
= o]#]gh nephrin ©¥e] W F7PrL A=A (Fig.
5A). 3#, Catoll vlste] DMatell A 745 e P-cadherin
Tt S7FE AW ZO-1 HES FRI67653 A 2lel] <J5}e]
ojulol WskE Holx| ekt (Fig. 5B, 5C).

rl

o
ph

213k FR1676532] Wil 714 ay7F A Al 5ol A
W= p38 MAPK &/d3te] 4l % nephrin 2@ W}
o] 37 #Eo] S-S BT
A AHSe] Wl p3g8 MAPK 4317} mix)e
Al tiair= o] A7 Adpp BRE 2] G 9
Al ARAIRE mEEo R A=gh v R kA Aol A
p38 MAPK®} =1 g5 21x[8l MAPK kinase 3/6 (MKK
3/6) 2 35 212191 c-AMP responsive element binding
protein (CREB)°] &43l%o] ¢-AMP responsive
element (CRE)$} Z2g3o 24 fibronectin F4xe] 2&
ol F7kevhs Wt glom® ), gy AWE ]
&3 W25 AP iR S Al 8
WA, At AR, )il A4 phospho-
p38 MAPK®] o] Z7heths A7 Az o
FR1676532 =8 lipopolysaccharide® x}=3F thall A
E ¢} phytohemagglutinin &2 A}=3F 3 TLo| A interleu-
kin-13} tumor necrosis factor-a 2 AAS JAE= oF
Az AEEdon'? A4S v ole] FrlolA /)
P 38 dels At Qe Ao g ®

o, Pz LIk Fato] M ATANG, A £,

g A4S ol
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C+FR

DM+FR

Fig. 5. Immunofluorescent staining for glomerular nephrin expression revealed
that nephrin staining confined within podocytes and slit diaphragm
was significantly stronger in DM compared to control (C) and C+FR
rats, and FR167653 treatment inhibited the increases in nephrin ex-
pression in DM rats at 6 weeks after DM induction (Panel A). Glo-
merular P-cadherin expression (Panel B) was significantly lower
and glomerular ZO-1 expression (Panel C) was significantly higher
in DM rats than C rats. However, FR167653 treatment did not affect
P-cadherin and ZO-1 expression in C and DM rats (x400).

T3 W o)A TOA L AlRS 28-S YERIATRE
BuEE Q. #el|= puromycin aminonucleoside

nephropathy =24 FR1676532 A3+ 79 vl
o] whalo] omQA 7AE QO™ T adriamycin nephrof
pathy X2+ FR1676530] AFFAI A 85 217 715
AL dgaisiths A a7} Al ol FHe] 412
sloj A #EE olgfd ARET T vy 4 gy
FRI67653¢] p38 MAPK 43} o] 28l 7]913h= 2
o= dulA vk AR B2 ATelE E78tar p3d
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ANTF Skl 212AE o] 83 T T AelAE dix
o Hlale] nephrin®] L@e] o)k YIQF”. EF, P
B A to R 9 AT A %= Bonnet 57 STZ
2 97l 88 AEad 189 WA oAl nephrin mRNA
g}_ =]
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ol ukE] R} olo) QA awuiar Bask Wb
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