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Expression and Regulation of PC-cell Derived Growth Factor in a Rat
Model of Progressive Renal Disease

Sayaka ARAKAWA

The PC-cell derived growth factor (PCDGF) was originally purified from teratoma tumor
cells and has multiple physiological actions on cell growth, migration, and transformation. The
expression of PCDGF seems to be well regulated under normal conditions but little is known about
the regulatory mechanisms under various pathological conditions. Progressive renal diseases are

etiologically multifactorial and can result in irreversible renal failure. In this study, we investigated
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the link between PCDGF and progressive renal disease using the remnant kidney, a suitable model
for the study of progressive renal disease. The presence of high PCDGF mRNA and protein levels
correlated with renal dysfunction. Immunohistochemical studies showed PCDGF expression in the
kidneys of sham-operated rats, which was strong in the medulla but weak in the cortex. However,
in the remnant kidneys, PCDGF expression was markedly increased in tubular epithelial cells of
atrophic nephrons in the cortex at 8 weeks, which was also confirmed by in situ hybridization.
Furthermore, PCDGF expression further increased with wide expansion at 16 weeks. Next, we
examined the effect of hypoxia on PCDGF expression in tubular epithelial cells since chronic renal
hypoxemia is considered a pathogenic mechanism of progressive renal disease. Exposure of
cultured human renal epithelial cells to 24-hr hypoxia (5% and 1% oxygen) increased both
the mRNA and protein levels of PCDGF in these cells. Our results suggest the involvement of
PCDGEF in the progression of renal diseases through abnormal overexpression in cortical tubular

epithelial cells in response to chronic renal hypoxemia. (Accepted on October 17, 2007) Kawasaki
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5/6FHE TNV OEREBETICHES L TnE7,
ZF 09 B RME R E D b B REIR N IC B
BLTwWasEENTWAY, RAEHEEREE
WA 70 YRR S, RERREEEZ
KT &85, ZHITBERMEEMIME (peritu-
bular capillary ; PTC) DIFEE FIZ2%H 0,
AT A 7 T v BAL OB 7 R IR 2
FlafE 4%, ZhIF CTESRFIZEL K&
LC, BRARYPERAME W YR EOREE 2K+
ThbEISNTERZY, HE, BEOE
KB FESEAESRF O T2 A S S Z LAt
ML TE ALY, (BB KEERE L PTC %
WA S, RAERRAE I E OMMEIL 2 5] 35
A0, BRI T ARG & LT,
JIF B 33 i TR - %o, LA PAY B2 A e B g X T
(vascular endothelial growth factor ; VEGF) 72 &
DEF ST RBETFRIUIFEIND D, #T
PEOERAEEREZIZ B I2EATHTH S,
1E% 7 &40 < PCDGF 13, BEO%EE LR
HI THRWREIARD L5205, BEDRME
EETEBOTHWERZBDLDOATHY,
HEARRIRE ICIIRESRO STV WY,
PCDGF 25 fiif& R0 B2 72 & Dk~ IR BIZB 5
FTHEVIMETEDHHIZLED LT, ETHEE
YEHIZ BT 5 PCDGE O FBIRe # D% L
TOMERIRZ IR TRV, EITHERRE
I2B1} % PCDGF DX H 2 R4 5 72012,
F 415/ 6BMET VBT 2 ZOHRAR TR
RN L7, S5\, B Bz ez
W% & PCDGE SO BRICOWT D
a2 17 - 7.
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Animals

1K 250-300 g O P Wistar 5 v b & W
7z. 5/6FHME, 9, XRT7 VL VRARK
T BIRD 2 KOG Z T - 72,
TR Y EBIBOB X Z2/30HEBANEE L
B, 1THEMBRICAEEZEMBL, 5/6FH
L7 fiifg, 28 (n=5), 4#(n=5),

N o AT RSS2 51F B PCDGF 8B O f#HT 35

8 (n=5), 16:8% (n=5) OF V-7
WA B L7z, A HEEEE & L C sham ope &f
(Control ;n =5) ZER L7z, &4 DB
WZARE L IMEDRE, B & D24k HFIRZ ATV,
REAEZE L. BRI 2Kz H
W, ME7 L7 F= ol (sCr), MHRFEHR
fii (BUN) %l L7z,

B, AFRIEERRFEYERTES
AR (No04-004, 2004) Db &, JIGERK
B EBARSHCE D W TENE L 7.

In situ hybridization

WHBEE L VIER LR %2, 1.0g/ml o7
5 4 5 —+¥ K (Sigma Chemical, USA) THL
Pf #%, hybridization solution ¢ 30 43 [#] pre-hyb-
ridizatin L7z, 0%, YRV IFTr=>
(Dig) 7 X)L 7-PCDGFRNA 71 — 7 (5-
TAAAGGGGTGGGTGCCCGTGGGTGAAATGC
ATCGCGTGTGA-3’) T55C, 18H¥ [ hybridi-
zation % 47 - 72. 0.0l mol/L V) ¥ P& #% 1
(pH 7.4) TEiF#, HRPIZ#% 7 ¥ ¥ T Dig it
{& (Dako, Japan) ZH{MLA ¥ F 22— hL
7z. BeiE, ¥ 7 3/ XY F Y~ (DAB ; Dako,
Japan) THro72. TN HDOEERICIE, &T7T
VFRVATU—=TBIY, B ATu—TD
i % v CiT-o 72,

Immunohistochemistry

YA 4 um DI8T T 4 VYR % B
v, WRMESVFF 257 —BiEtEHET S
DIZ, A¥ =& 3%EEEILKEK TR
24T o 7. —REBKIERY 70— F LY
PCDGF #iffk (Santa Cruz, USA) % 100457 B
THw, 4 CT—MAf vyFax=1L7% ZK
PiRIZC A P 774 V¥ Y VAT A ¥ MAX
-POMULTI ¥ v b (=5 L A, Japan) % H
WT, DABTHH L7z, 24T 47 -2 F
o—) & LT, ¥ AIgGl (Santa Cruz, USA)
BT L.
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RNA isolation and quantitative real-time PCR

Total RNA (%, TRIzol (Invitrogen Japan) T
RRRAR, F o IIREERME LR S Al L
72. Ready-To-Go T-Primed First-Strand Kit
(Amersham Biosciences, USA) T cDNA O &K %
475 72. Real-time quantitative PCR %, TagMan
Universal PCR Master Mix (Applied Biosystems,
USA) % H \ T Applied Biosystems Sequence
Detector 7700 C il & L 7z. PCDGF O f## 13,
forward primer (5’-TCACACGCGATGCATTTCA
-3’) & reverse primer (5’-CTGCCCTGTTGGTC
CTTTGT-3") B X #0710 —7 (5-FAM-
CCACG GGCACCCACCCCTTACT-TAMRA-3’)
EAWTIT o7z, WEMIE, F4DF Y TVT
FYVENVT VT F-3- YRIETFTe Fay
+—+ (GAPDH) I & CTHIlE L T 24T -
7.

Immunoblot analysis

AR, oM SEAERMILL, 1A
J7ay v EfTo . W LAEAR, 7.5
% @ SDS-PAGE T & Xk ) % 1T\, PVDF
YTV VIR L, ATV VL, BRT
200f%5 AR O ¥ ¥ K1) 7 1 — F Vi PCDGF i
f& (Santa Cruz, USA) &, 100057 7 4
¥ Hi o~tubulin ¥ & (Santa Cruz, USA) T %
NENTREMA Y FaxX—= L7 Y7 FVIE
ECL-plus system
(Amersham Biosciences, USA) T%¥, L~ b
YT AVANER S Lz, Bl L7
¥ FiZ NIH Image analysis software ver. 1.61T

western  blotting  detection

Em L7,

Cell culture and hypoxia conditioned assay
EHEYr P& ML (Cambrex BioScienc,
USA) |Z Renal Epithelial Cell Basal Medium (Camb-
rex) XA FaavFv Yy (0.5mg/ml), &
FERBEERT (10pg/ml), =¥ A7) ¥
(0.5pg/ml), Y I—F¥Afa=> (6.5pg/
ml), FFZ2A7=) Y (10pg/m), £ ¥ =
Y (Gug/ml), ¥v¥~<4 ¥y (1n0g/ml)
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RO 2%y VR RIMEZHML CHEEZIT-
7=, AKEEFIC BT B PCDGF O3Bl i+ %
72, BERT % B2 EnGEoORmIcEZ,
#IR21337°C T Normoxia, 5 % O, (5 % hypoxia)
& 1% 0, (1% hypoxia) DR T T 245
4 vFa2x—}FL, mRNA R OVEHEME %
BIhoT-.

Statistical analysis

EEE & FREICTITV, F0Bo%4
EAF2—-F VY OtREEZ, F7HTEV
BERY 2 NVFORERZHCTHT L. P
<0.05% MEHFIICEREED Y & L7z,

= £

Sy MS/6BEETIVICH T 2 BREE L
PCDGF OFEIHEDELE

E% © % &% T ik PCDGF @ % B3 55 W
7%, PCDGF (3 £ % 72 Ml K o 5 1y 72 IR P 12
ko “C?%ﬁé hﬁ%é““”rm. &k 413, quanti-
tative real-time PCR & £ & 71 v M2 T,
S5 v N5/6%HE T NIZ BT B PCDGE ©
mRNA BHB L OHEHABH L ZOERE LT
7-. PCDGF mRNA (Fig. 1A) & PCDGF & H
(Fig. 1B) % Control #£ 2B W T H BENED
5N72A5, 5/6FHE TN TIRE R (B
R BIMAEED 5 N7z, mRNA X5/6% 4% 8
3 T % Control #f & g L T 2.2, 16:HT
2. 5B INAA SN, EEIE 8B TIE
#2.545, 168 TRF2L7TEOMMAA S W7z
(Fig. 1C). JR & & 1% Control B & i L T
REREM A B BN % R 72, F 22 UM,
sCr, BUN & 238 X ) BRMICH R % EH %238
W7z (Table 1). ThHOKELD, 5/6EHH
E5)V T, PCDGF |3 EHRER £ WY
ENAHERFTHY, BREREDOETEZDR
HEISHELTWS Z R I N,
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Fig. 1. Expression of progranulin is induced in the remnant kidney.
(A) Quantitative analysis of progranulin mRNA in sham-operated control and remnant kidneys at 2, 4, 8, 16 weeks after
nephrectomy. Results were normalized to GAPDH and presented as Mean + SEM in triplicate independent experiments.
‘P <0. 01 vs. Control, “P < 0. 05 vs. Control, P < (. 001 vs. Control. (B)Representative Immunoblot of progranulin
in sham-operated (day 0) and remnant kidneys at 2, 4, 8, 16 weeks after nephrectomy. Each two independent results
are presented. (C)Quantitative analysis of progranulin immunoblot in sham-operated control and remnant kidneys at 2, 4
, 8, 16 weeks after nephrectomy. Results were normalized to o-—tubulin and presented as Mean + SEM in triplicate inde-

pendent experiments. "P < 0. 01 vs. Control.
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Table 1. Basic biological data in rats with remnant kidney.
Control 2 weeks 4 weeks 8 weeks 16 weeks
SBP (mmHg) 114+6 136 £ 11* 159 + 12* 174 £17* 191 £ 12*
sCr (mg/dl) 0.29+0.03 036+0.05** 051+£0.09%* 1.10+0.43* 3.10 £ 1.00*
BUN (mg/dl) 159+1.5 20.0+2.6* 32.1+£52% 562+10.6* 90.1 +37.0*
UP (mg/day) 9.1+21 13.6+52 39.5+32% 1274+232*% 3264+69.3*

SBP ; systric blood pressure, sCr ; serum creatinine, BUN ; blood urea nitrogen, UP ; urinary protein. n = 5in each group.

“P <0. 01 vs. Control, P <0. 05 vs. Control.

Sy F5/6BHEETIVICH T 5 PCDGF OHIHE
)=Fc

1E 8B/ T PCDGF 1, FICHEOESE
N R PRAE BRI CRED BB DS, K
BTORBRIHVI EPMOENATNEY. &4
13, 5/6% % D PCDGF 5B /I % HiE

Yuty THiES L7z, Control T E# CTId54ER
K, RHEEDHICEFLALREAFROLNT
(Fig. 2A-a, d), BIEOHEGE LR ICHEBPA

O 5N (Fig. 2B-a). 5/6EHitk 8 MIZBIT
%, PCDGF & 113, BEHEAEOAL LT

(Fig. 2B-b), ZE OZEMRME LR TH @
SEMPTD SN (Fig. 2A-b). —77, SHRIRKME

MIZIZZF0RBIIFRO SNk o7z (Fig. 2A-
e). SHICIGATIE, TEEYLREICHITTIA
5 PE L RS b R M O B e S BB AYRR 0
5h (Fig. 2A-¢), —#BKR 7 < 2 ERIIIC
LEIZ X7 (Fig. 2A-f). PCDGF % & ¢
BRI & T B 721, T4 135/6% 4 8 H
& 5 )L T in situ hybridization % H > T mRNA

® R 1E % A~ 7-. PCDGF @ mRNA 13 J& fl &
FREMBETERBELTEY, FRCEHRME IS

WTIFZEHTH 7. TR RERBOBRLE
—F L Tw7 (Fig. 3B).

EMETFTTOE FREELRMERICE TS

PCDGF DFIH
:hi“@@%‘*%lb 5/6FHE FNIZB W
BB S o sk JR A2 BV, PCDGF O3S HH% 358

é NBZEPHERINL. 5/6EMET VTR
1BVED RN COMBRFRREAS, FRMIE [ E
EERMEEELEAHPLTWED20, F
725/6 W TV TIE, FiE L2 RAME B2
BB IR E IS5 ERTWEY, Zhbo
i H D, R TOMRERFRIRRE DR M LBz
ML o> PCDGF 53 % #5385 % W REMEDSE 2
Sne. fKEEZ ML AHY, PCDGF OFH %
FESTDLNE) P MEET 572012, EHEE b
Wb MR & 24 R RKEE R (5%, 1% 0,)
ICRBELC, PCDGFOMRNA B X O'&EH %
ERL EBEAMNLZAGHERENIC
PCDGF @ mRNA (Fig. 4A) 3 X 0°&H (Fig.
4B) I A #H#E /2. Normoxia & L L T,
PCDGF mRNA i 5 % O, TH1.6f%, 1% O,
TIE 1.9 & A &2 L 7. PCDGF & A
b5%0, THL2ME, 1%0, THLKELEA
=z L7 (Fig. 4C). 2o DRFR LD,
PR AN R F2 4R B8 25 PCDGF D583 % i3 %
Z EHERR SN,
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Fig. 2. Induction of progranulin occurs in tubular epithelial cells of the remnant kidney model.
(A) Immunohistochemistry images of progranulin in the cortex of sham-operated control (a, d) and remnant kidneys at
8 (b,e),16 (c,f) weeks after nephrectomy. Arrowhead indicates positive staining of PCDGF. Original magnification ;
a, b, c; X 100. d, e f;X 200. (B) Immunohistochemistry images of progranulin in the medulla of sham-operated
control (a) and remnant kidneys at 8 (b) weeks after nephrectomy. Arrowhead indicates positive staining of PCDGF.
Original magnification ; X 400.
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a0 /f‘i;aiilﬁ&li\" ‘
Fig. 3. Progranulin is induced in tubular epithelial cells of atrophic nephrons.

In situ hybridization of progranulin mRNA in the cortex of remnant kidney at 16 weeks after nephrectomy. Images present
sense probe (A) and antisense probe (B). Original magnification, X 200. Arrowhead indicates false positive staining,

and arrow indicates positive staining of PCDGF.
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%z b A, LW EH#ECTIL PCDGF 13 #H
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R B R 5 1L %950 mmHg T3 % DI2xf L,
BEE OMF 0 E1210~20 mm Hg &, BEE DR
M4 1 e M (IR R R H 2. &
nooFEY, KEEEA b L A PCDGF O
BICHE L TWwWAZ EEREL, IEEEHHRIC
BT 5 HERME LM BT PCDGF ©
RBAHRLFD SN EEEMT TS,
TR BV TIREEE A b L A 3kk4
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& 1% F ® 9 B, Hypoxia-response elements
(HREs) 1%, cis Hlfl7 0 € — % —fH T2
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Fig. 4. Progranulin expression is increased by hypoxia in tubular epithelial cells.
(A) Quantitative analysis of progranulin mRNA in normal human renal epithelial cells exposed to normoxia and hypoxia
(5% orl1% 0, ). Results were normalized to GAPDH and presented as Mean * SEM in triplicate independent ex-
periments. (B) Representative immunoblot of progranulin in normal human renal epithelial cells exposed to normoxia and
hypoxia. (C) Quantitative analysis of progranulin immunoblot in normal human renal epithelial cells exposed to normoxia
and hypoxia. Results were normalized to ci—tubulin and presented as Mean + SEM in triplicate independent experiments.
P <0. 05 vs. Normixia.
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2 N7, Hypoxia inducible factor-1 (HIF-1)
1%, HREs ICHA T AR ICKIGT S5 W
FTH5HY. HIF-LIIEH RBET TRIAENE
TH 5N, BESEOETIC L B4 REBEE
RGBT 5 BIEFD S TE— % — T, HREs
LHEAEL, BEEETOBEOHMINCEST
52, L L, PCDGF OB #kE o Bk 7 5F
WIBED L ZARETH LD, —2ODRHHE L
T, HIF-17%%% R [ E# 2 T PCDGF Oz
BT 2 EENEZ OND.

BYEOBIKEERIREIL, PICR A 70 V¥
DWW, MATFHIREE, BILA ML, WE
DML EOL R T REZFR T 5%, B
FEOMATEBT, M EOBRER 2 KEE %
HESRF (2 E % it el L BB/ D
%L E3NTWDY, BRERFIE I & dliki
MEALIZEES- LT, X 5 IZFRANE HE ok
ALIZER R DL & FRAE M~ OB R A
ZRTEEL. TREREBREOHEIZO RN
%50, ZORERIL, TERAICBITHEEE
DENFER L RANE R OB Z RS2 5.
IRFE A b L RAE MM 2 L, £
7o, AV UFY AMOMIE a5 — 7 VAR
ZUHET 20, 2L OhDREEHEF MR
FE, B IKT L CRRi @ < o & IR,
RANEME OB RESETLE ) Z &N
HHI L TWw 53,

PCDGF ® B2 BT AL ENE K72 S H» I
ZoTwizw, ZHIZHT A DD 1D
(&, PCDGF D3N4S i b = e 5 %,
L) ZETHDH., ABFZEIZBWT, 5/6B
TNV OFEEET L —F L T PCDGF D5 H
HBILHET S Z LV L % - 72, PCDGF X
AR EEFRLZ X3 5 i VI B IR T Cd % Wl EE
PED3H Y, KRR OBFLC BV THAMESE
ARMFHER, ~ 707 7 = U2 ENsE 59,
5/6FHEE 7V T b BOHLER A O KRAME TN <o 4
HER, ~r7 077 —YoREENSED SR,
oM FAME R & MO 7ok 2 %R
T. o T, 5/6BWMETNLICB VT,
PCDGF (& Z 1 & O M5l 2 Fld L, 208X
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IS %R, SR HERRAE L OEITICE S 5
RS ZE Z b5,

b ) — 2D, PCDGF 255/ 6844 € 7
L ORME LM OAEFIZHESE L TwE, &
WIHZETHL., FHERHE LRI 58]
LTwaERT & LToPCDGF Off) %13 |k
BEARAF AT =V AIZHGLTWwEEEZ bR
T \» %%, PCDGF |Z autocrine ¥ 7= & paracri-
ne DFRETFELTERHTAEEZSR, K
B WIS B & T o5 PCDGE @ 6 8
X, MR AT RS — Y A EBELBE L ET
BT EDTRBENT VS EREEIZ, WD
2 ONEBHINE & PCDGF o 38 %) 58 81454 B £ 4
DIDIZRLETH B, LA IR T,
PCDGF D 3gH A3 % R MG Lz iR i2 B ©
HbHEV)RERER. BEREBEEL, —
ey e AR BEROS & LT, M FE L2 IRE X
%30, 5/6BHE SN TR, METHEDORIEE
LT, {KERFREIE T — @M o A PR M oo 1
Wl R L%, HIF-1% VEGF X IASHiAIc B W
THELRBREAZREL-TIEFALATY
52,3 g2 | VEGF |3 PTC @ J§ 4 & Rl
FHERELIHT 5%, 72 HIF-1121%, #
DRFRZHENE I L V2 OBET ORI %Z
FHETOMAEN D 5, HIF-1 DG,
VGEF X b dAFAIC, Billcst U CHlEko B
WEMBHICEHEB L TWv 5%, PCDGF i3 in
vitro T I PR M NG 2 M@ X, B0 i 3 1 28 L
L7-EEREE R 2 RAE L, invivo T ZE
DREIEREFE T E 2 g LY, ke
DOWFFEIZ L D, 5/6F €7V Tid, PCDGF @
HRBMMRREICLVFEIND Z LAVHBHL
72, ZO#EFIE, PCDGF PMEmEF IS LT,
MEFTEIEHL L ZRETLH00 Lk
Wy,

PCDGF D 4T B B2 B 1 5 & B 0 fE L
A 720121E, 4% PCDGF OXKIBE TV,
Wi ey —2HWTORFPLEELE
2HNb. EITHEREOESRFIZE % RR
PRI BT, KERSR R RN B o RAE L
BEMRE2BLCEELZERNTH S, o T
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PCDGF A HE O ER T TH 5 % 5|
PCDGF ® 4 Y b ¥ ¥ —iF, HHRBEORFEIIH
R B REEAURIE S D, ¥iiC PCDGF 2%
1RV A% B %% 51X, PCDGF #5131 ¥ F e
Y - ERREERRCAE TR A ).

AWF3EH & PCDGF 1%, 5/6B4EF NV DR
A A TRIANLEL TWD I EFHS
PUIZ 7 572, Invivo TOERE B/ 87 —
VL, 1BEEHKER FE A PCDGF O 58 % il i
T 5L 2R ML, invitro TO, fLKEEFE D
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