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(=] a4 HWit#EIEE A D(apolipoprotein D, ApoD) 7E # Yt {4 & i 1 £ 4¢ ¥ #% (autosomal dominant polycystic
kidney disease, ADPKD) &R AR EIME ., ek RN LU K& A FREE )5 ¥ 08T ApoD 78 ADPKD H % 5 JIF 4% i 28
2 [ 638 5 25 1A B 3 3 N S A 6 O RE i PCR %43 B AG TI Han: SPRD K BRUBF 4H 40 ApoD I RNEE R £ aA A8 1k, ni
MTT E M AL ApoD % X ADPKD 4% i o HL_E- By 20 B (WT9-12) 38 58 f9 5% W) 5 3 =% 240 B AR 4G 0 22 A FE 41 ApoD 2 F1{E
)G WTo-12 4RI g A T 15 ol B A B ok s, 26 B ADPKD 3% & Han.SPRD 284 8k R (cy/+) B4 4 ApoD #ik
MK T IE® A & Han:SPRD IE% KR (+/+H)BHH(P<<0.05,P<C0.01), 8.12,16.,24 J&# Han:SPRD %44 % Kk K
Cey/ ) B NEH ApoD B ik & ¥ T R B ¢ Han: SPRD IE# KR (+/+) (P<C0.05), AFEH ApoD & H LL 100,200,400
ng/ml YEFF WT9-12 4, 1 1 48 h 41 g 88 78 56 543 5 R 8. 21%6.7. 59 % .8. 07 % (P<C0. 05) , fF Fl 72 h 41 Jifg 38 5l 41 b >R
B 8. 62% .6.43% .9, 42% (P<C0.05), NEAH KA ApoD I H L 400 ng/ml ¥ BE A0 A 72 b, XF 40 i 08 T JC W S5 iy
HAMf G, WIS, 26 % . S WML E 2> 8. 09% (P<C0. 05), % #&  ApoD K [ 1 fiig i =t 4 35 40 i J&1 01 sk 55 WT9-12 41
JHo 14 58, FE R 0 T BEAE ADPKD B4 & 9 i B HoA — B,

[k@iR] FNSHE Dy # Y ik W P22 28 B ; 40 i 14 78 ; 20 it JA) 3
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Expression of apolipoprotein D in autosomal dominant polycystic kidney disease and its influence on

proliferation of cyst-lining epithelial cells

HU Wen-juan, LIU Ye, LIU Dong-mei, GAO Xiang, LI Hong-dong, MEI Chang-lin”
Department of Nephrology, Changzheng Hospital, Second Military Medical University, Shanghai 200003, China

[Abstract] Objective To investigate the role of apolipoprotein D (ApoD) in the pathogenesis of autosomal dominant
polycystic kidney disease (ADPKD). Methods The expression of ApoD protein in renal cystic tissues of ADPKD patients was
examined by immunofluorescence and Western blotting analysis. Western blotting analysis and real-time PCR were used to
detect the expression of ApoD protein and mRNA in the renal tissues of Han: SPRD rats. The cystic lining immortalized
epithelial cells (WT9-12 cells) of ADPKD were stimulated with human recombinant ApoD protein and their proliferation was
examined by MTT assay; flow cytometry was used to determine the cell apoptosis and cell cycle distribution.
Results Immunohistochemisty and Western blotting analysis showed that ApoD expression was significantly lower in the renal
tissues of ADPKD patients than that in healthy controls, and that in the Han:SPRD cy/+ rats was significantly lower than that
in the Han:SPRD +/+ rats (P<0. 05, P<C0.01). ApoD mRNA expression in the kidneys of Han: SPRD cy/+ rats of 8,
12, 16, and 24 weeks old was significantly lower than that of Han: SPRD +/+ rats of same ages (P<C0. 05). Recombinant
ApoD protein at 100, 200, and 400 ng/ml inhibited the proliferation of WT9-12 cells by 8.21%, 7.59% and 8. 07 % after 48 h
stimulation (P<C0.05), and by 8.62%, 6.43% and 9. 42% after 72 h stimulation, respectively (P<C0.05). Treatment with
400 ng/ml human recombinant ApoD protein for 72 h increased G, phase WT9-12 cells by 8. 26 % and decreased S phase cells by
8.09% (P<C0.05), but it had no significant effect on cell apoptosis. Conclusion ApoD may inhibit WT9-12 cell proliferation
by regulating cell cycle, and decreased ApoD expression may participate in the pathogenesis of ADPKD.
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YL @K B M £ % 5 9% (autosomal dominant
polycystic kidney discase, ADPKD) f&—Fi & UL 1 1%
VRV EZER , R % 1/1 000~1/400" 1% 9%
(47 F KR AL £ BA < RAT R BEOR”
Pl i) R AR AR B L) i s R T,

8 % H D(apolipoprotein D, ApoD) & — Fl #H
XForF B 29 000 RO A, EEAAE T AL R
O A 1 R BT DL AR 2 R A 2L TE R N R
FARW 2 51 i 5 R A R R
13 ) i IR [E B2 . ApoD FLJE 1) 2 RE PRl 22 B AT
Z RN R D ae , H B A R T R i R

AL E R ADPKD £ & JRWE & 41241
W5 & B, ADPKD & IR H ApoD & H & it
BARTIEH AN (BERR KR, W5 R U], 7E 3L R
T VTS R L B R R R R R R A R M e
ApoDZ ik B 5w 41 M 7E BLCR SR L AR TE
ApoD KM ABFRWEE T ADPKD &
J2 ADPKD 2 ¥ £ %8 Han. SPRD K B ' 41 21
ApoDFiL Y AE 4k & N E 4 ApoD % H ¥ ADPKD
FE bt B b B 20 B G BE R OR T A S e 20 R
ApoD RIXKETE ADPKD %9 H1 i) 3 3L,

1 #EFFTE

1.1 %% 54 ADPKD B2 br A B[ 3K e
WA DR AIBE DR AR i+ ot o 6 R A T SR D DD B R
) ADPKD B35 ;5 Bl 1E 5 BN B 2H 23 bR A< e 3 e B
WK ANEMT B9 DD bR R A R BOH I 55 1E R AL
41, PRHZ LN Y E N SPRD 244 Tl SPRD 1E
(Y Han: SPRD KR 45 25 HL A4l 4.8.12,
16.24 KB4 5 K, Han:SPRD K 5 i 35 E A
B2 Fr (Mayo Clinic) i Vincent E. Torres # $ &
Qi Qian T+ 54, & BHFESH 4 B K2 SPF 45
e AT EF R, ADPKD % fif 4 B | Ji7
LR (WTO-12)1 Sy 36 ] e 0 R 2% = 27 e JA) i 2L
PG

1.2 ZZREAMNFME B ApoD F5EFEHIIA (3
E Abcam A H]) ., S/P 8k B/ ik 7 & (hE
HILHAEYEARIFZARAFD . TRIzol 7 (3 H
Invitrogen 28 H ), SYBR Premiz Ex Taq ( H &
TaKaRa 2 F]) . 56 B 2¢Ot & & PCR 51 %) (3 H In-
vitrogen A #]) , DMEM/F12(1 = 1) 55 35 3 MG 4 1L 7%
(£ H Gibco 2 A, AN FE 4 ApoD #H H (UL & ¥
Prospec 231 , DMEM/F12 3 352 W i B 28 5230 vk 1)
WAL TR BE (PI, 32 [ Gibeo 24 Fl) , Annexin/FITC V 5

ICI ) & RN A TRABRAFD 4l 1Y
(Coulter Epics XL, 2 E Beckman 2y F])

1.3 RFEMZAF XN ADPKD & &% F 45+
ApoD 5 & ik NBEA1ZUTF 100 ml/L A B
FE 24 h R HEBOK S, A WA ES Y L R
2 pm, YIRS 2K M R AN O & S 15 min,
PBS Mk 3 K, 30 ml/L i AL & (A BOEE 10
min, PBS ¥& 3 ¥, 1EH# L3 1003 (B O =R 3 H 20
min, 1 : 50 M —HT CBHT ApoD HLITFEHLIA) . 4°C
R, PBS BE 3 W i I B AR ik 4R Ak ) i ) 1L AR
/N 1gG(C ) . 37°CHEH 10 min, PBS ¥k 3 ¥ .7
INEER Z AW RS A (D WD .37 CIFE 10
min, PBS ¥ 3 . DAB W W, 95 KA & 48 I
KGEW E R, PBS AU —Hi/E N BIEXS IR, 45 2R
87 . M Image-Pro Plus 6. 0 B R G ot 17
g H T B R Y R BENLR AR 5 AN AT B (400 )
PR, DAL B PN A €0 B0k Sy B 1 L I e B0 R B ARG
2 (integrated optical density,10D) ., 11535
W CE % = 10D /A — 08B i A |
1.4 & & ek n ADPKD % # # Han:
SPRD X R B4+ ApoD & @t kik  HBUERA
LR R AF 1 2 SRR A, I A S R 5 U 1
(RIPA) 2L W, B 0K B 5840 519, 4°C B0 B 17,
JH BCA A 5t 43 A i858 & 2 e B, 50 pg
AT T b R AR N A I B E R L K
(SDS-PAGE) , & ¥LJ7 £ % 2= PVDF i, 5% Wi g
Wk B A 1 b 543 A A Bt ApoD £ i B Bt {k
(1:1 0008 Rt GAPDH B0 FEHA (1 : 2 000)
ACWER I, TBST YEME , B o 410 9 i b 10 1
P 1gG BEPUR 1gG(1 = 5 000 /E N T %
W E 1 h, ECL W= W8 g . R ER 5 M
4 TmageQuantTL X} 45 5 vk 407 dE 4T K A 3, L)
ApoD/GAPDH K BB AE M AHXS R ik i,

1.5 FEaFR K& EE PCR % %40 Han: SPRD X &
B4 ApoD mRNA # k% W2 100 mg 76K
AP EE % AFH Han: SPRD KR 440, A 1 ml
TRIzol #2HUE RNA L LUK 4 RNA B8P, BUR
RNA 1 pg 5 54 B cDNA, R B AL 10 4,
K2 E Applied Biosystems A &) B 7700 AY 52 B}
P E / PCR #1792 i€ & PCR, 519 ¥ %1 .
ApoD IE X4 5'-CTG ATG GAG AAC GGA AAC
AT-3", ]2 L85 5'-AGG AAT ACA CGA GGG CAT
AG-3';GAPDH 1E X 4# 5'-AAG GTG GTG AAG
CAG GCG GC-3",Jx L5k 5'-GAG CAA TGC CAG
CCC CAG CA-3', PCR W1k R BAKRFR 25 pl.
2X Premix Ex Taq 12.5 pl, LTS5 94 1 pl,



555 . WA SCHR L A BRIRER 1 D A e VR I 22 9 O o I Rk Bk S HL I AR B 4 A A 5 R

« 467 -

¢DNA 1 pl.ddH-O 9.5 pl, #8544 95°C
10 min;95°C 10 s,60°C 30 s,72°C 20 s,3t 40 MG,
SRS E & Co HiHH H WL HE AN S |
GAPDH [ LUAE , P REA & B 22 57

1.6 AE4 ApoD & G *xF WT9-12 4m fie 3§ 74 F= A

%R
1.6.1 @ik WT-12 MME T & 109G+
M. 100 U/ml & % % . 100 U/ml 8 % R 1Y

DMEM/F12 5 F8 W v, 37°C . 5% CO. K5 35 44 N 55
F2.2~3 d AR 1 WL 0 2 RE AR

1.6.2 @AM WT9-12 40 LI 4 000 4~/
FLIY %5 B 4 BT 96 L AR W BE JS A JE i i 1Y
DMEM/F12 B3 R4k 24 h J5 . ANFE 4 ApoD &
391 PL 50,100,200,400 ng/ml ¥ EVERH WT9-12
Y ML Ak SRR FE 24 .48 FI1 72 ho AR 45 R AT AL A
MTT W (5 g/1)10 pl CEMFEN 4 h 55 LI,
JIA 100 19— H B (DMSO) . % %, H B AR AL
Kl 490 nm Ab B 6% FE (DA, BAS LR A 1% 4
SAL R B HE AT SEuR ., A M R A R (W) = [1—
(Dsymas — Dz )/ Dagmasn 1X100%

1.6.3 @A T-mIN ANFEWEEANTEH ApoD &
HAERH WT9-12 4HMd 48 5% 72 h J& . F 1B 3 1k . 1l
A, I Annexin/FITC V ) PI #6634
. FHI 40 M AR T, MCycle 4 2 #7 #8 1- 48
B IR ER 3K,

1.6.4 #nf A HAu F WTo-12 401 (2 X 10°/
O T 6 fLth . HIEKE 60%~70% A ).
FHC I 9 DMEM/F12 5 35w W21k 24 h, 4 F
ANFEH B NE L ApoD FE FIEA 72 h, TR 235
WL & EDTA [ 0. 25 % B8 1 g T 1k 5 Wi 4R 40
Jit L 7 % B AT M B A 70 % T L BEL, 4°C [ 8
AR BE M A PLI(50 mg/L) 50 pl EESGH 6, i
0 M AR, F MultiCycle 40 #r BdiE

1.7 %4 R SPSS 13. 0 #4417 43 ¥
AR BRI EE 3 KL b ot s RoRLALH
R 22 00 AL HE R ¢ A5, K 3R K
F(a)h 0.05,

2 # R

2.1 ADPKD & #% # Han.SPRD X & '§ ik 28 22
ApoD & & wy &k ApoD M PH M A% €0 kL 32 B 3%
KT IEH B /NG R 40 5 p B BR 3 A
Jo#ik, ADPKD B & ApoD 23k B 1 BE{IK
AT IEH BN B ECE D) S s 20Uk 2 R 53 A
AN IEH BN B JE T ApoD AU 62 BE(E ol 1. 39+

0.17,ADPKD # & & 0. 30 0. 11 CGZ1E# M A1
21.73%0) ERA G E L (P<0.01),
WM R £ B, ADPKD % 5 Han:SPRD 24 &
T (Cy/+) KRB AL ApoD ikt B B A% T I1E
HXF R, 4> B8 IE 9 AR Han: SPRD IE % K B
(+/H)EHLR 38. 83% 6. 63% .2 5 A Gil*#
B Y (P<<0.05,P<<0.01,K 2),

B 1 EEMAS ADPKD &&
EHL F ApoD EHRIRIX
Fig 1 Immunohistochemistry of apolipoprotein D (ApoD)
protein in kidney tissues of normal control and
ADPKD patients
ADPKD: Autosomal dominant polycystic kidney disease. A: Normal

kidney tissue; B: ADPKD kidney tissue. Original magnification: X400

3 4

1 2
ApoD_- T — e

avon—| AP T S—

08}

0.6

04+t

ApoD/GAPDH

02}
AN

1 2 3 4
B 2 AXK Han:SPRD K R'EHLR
ApoD EARIZEELER
Fig 2 Comparison of apolipoprotein D (ApoD) protein
expression in kidney tissues of human and Han:SPRD rats
ADPKD: Autosomal dominant polycystic kidney disease. 1: Normal
kidney tissue; 2: ADPKD kidney tissue; 3: Kidney tissue of Han:
SPRD -+ /+ rats; 4; Kidney tissue of Han;SPRD cy/+ rats. * P<C
0. 05 vs normal kidney tissue; 24 P<C0. 01 vs kidney tissue of Han:

SPRD(+/+4) rats; n=5, =+

2.2 A FEA# Han:SPRD X & B R4 42 + ApoD
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mRNA # &5 4 Ji# Han:SPRD Z¢ & F KB
EH KEEHLF ApoD mRNA F£ikZEZRF LK IT#
L EKTF 8 AR E Han: SPRD 284 T K B 5 [F
Jil#% Han:SPRD 1E# K BAH . B 440 ApoD mR-
NA FRikuk 2, H /b i B bl ] i 3 5 m 38 m . 8.
12.16.24 J&#% Han:SPRD Z¢ & F K R F 441 Ap-
oD mRNA % & 43 502 [[] i # Han.SPRD 1E# K
f) 84.24% .77.19% .62. 86 % Fll 58.49% , & S H
Giil:E L (P<<0.05, 3),

121

8 O Han:SPRD +/+
<
E 1.0 } W Han:SPRD cy/+
2
<
2 08y : x
E *
S 06}
S
2 04}
g
2 02}
(="
<
0
4 8 12 16 24
Time t/week

B 3 Han:SPRD X R 'EEHLE H ApoD mRNA B RIE
Fig 3 Expression of apolipoprotein D (ApoD) mRNA level
in Han:SPRD rats of different weeks of age

* P<C0. 05 vs age-matched Han:SPRD (+/4) rats; n=5, x*ts

2.3 AET4 ApoD & @ st WT9-12 4m it 3¢ 74 o %
W ARHILL 100,200,400 ng/ml ¥ AN EH4H ApoD
BEEAERT WTo-12 40, /F FH 24 h 5 40 Jf 38 58 411
il S X R i, 2 R BRI GAE 48 h
I 240 i 5 40 32 53 0 8. 21%0.7.59%6.8.07 %,
YER 72 h W 40 M Bg GE 0w 5 B 8. 62%
6.43%.9.42% , SXTIA K ZEZ R A RITFE X
(P<C0.05,K 4), 50 ng/ml AT H H ApoD Xt
WT9-12 2 g 3% 5 4 Jc W] b 52

110 go4n m4sh m72h
£ 100f 4 4, i, T
B T * T *
] 90
8
£ sof
L
3 0f
a
3 60}
o}
0 .
0 50 100 200 400

ApoD Ps/(ng-ml™)

4 ANELHEB ApoD 3t WT9-12
o B 38 78 2w H0 HU4E
Fig 4 Inhibitory effect of human recombinant
apolipoprotein D (ApoD) protein on
proliferation of WT9-12 cells
* P<C0.05 vs 0 ng/ml ApoD protein; n=3, r=+s

2.4 AEH ApoD &Gt WT9-12 @ e /A — & B
g Fem NEA R ApoD & H 45 LL 200,400
ng/ml ¥ & VE ] WT9o-12 41 48 h 1 72 h, %}
WT9-12 20 /i J& 7= JC BH 5% il , 1 %5 40 it & 39 A 1
M. Hrp, NE4 ApoD & LA 400 ng/ml ¥ B 4
P 72 ho Gy S 4 B3 fm 8. 26 %6, S U At il va />
8.09% , 5 Xt MR e 22 7 A it 27 2 L (P<<0. 05,
D,

F1 ANEH ApoD EEXF WT9-12 4 b i
o8 B JB) B 25 22 19 3
Tab 1 Effects of human recombinant apolipoprotein D ( ApoD)

protein on cell cycle of WT9-12 cells

n=3, rts
Group Go/Gy S G2/M
Control 55.73+1.82 37.21£2.73 9.83+1.91
ApoD
200 ng « ml~!' 54.34+3.68 38.0844.09 10.937+4.36
400 ng e ml~ ' 63.9942.41* 29.1242.59* 9.02+1.87

* P<20. 05 vs control

33 i

Z %% ¥ 9 (polycystic kidney disease, PKD) J&
— Tl B KK PR 3 A% 1 i L AR A a8t A% O SO R 43
ADPKD FI# G 4 4 5 P 35t 1% 1 2 % & % (autoso-
mal recessive polycystic kidney disease, ARPKD),
Hrp, ADPKD 4 85207247, ADPKD &% Ja fUE R
WEFE N 5090, 45 B O BRI 28 e 1 i T DL g,
BB % B ADPKD 9 E05 2 Iy PKD1 #l PKD2, 73
M2 REN 1 MEREN 2, FEHRESFBM
INAINEZ % 4R EE (I 1 G U O S i 0 o9 L B
HEHOR W R

FIAT . ADPKD B 29 HIL I 1% A 58 W T, 3677
T AT BR T X VA T . i TC IR 9T A B 25 9 B,
P BUAWF 5 F2 24 h AE R S 5 2 R 4 i e 1
SR ] A b AT M G K S e R SRR AR
JPOTik B AR E AT ADPKD % IR i
PEATHEE 4L 0 K 8L, ADPKD (8 IR Ap-
oD #1455 B WA T 0E N, HL B A5 o 1 R L B
IRAR B A A B (BERER R ) . ARSLE &I AopD
7E ADPKD i & K 2l 1) 152 54 ¥ JiE b 3 15 3 0] 1 I
I8, #2785 ApoD B3R K FEIR £ ADPKD H & Jik e
B —EMEH W 245 7 A PE ApoD FIBEA B TR
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J¥ ADPKD,

ApoD J&—FHEEE (1, T 1963 4F 76 A2 3¢
HRGEB. SR EEREASLES. S 50K T
JEJiZ i . ApoD & 1 — 4% B — K BE AL A, L2544
R WA 34 5 Al 2 1 AR 28 R, R — 8 R
BT ZRNE B . JE R 7 A 3R ik R K M (lipoca-
lin superfamily) ", ApoD 4r 745 ¥ {fi Z H A Bi K
ANGY TR R L TT B A R e AR R s RO
) i /K iR 9 328 i 30 45 AL 80, K 1 R TR) ) AR B A
M. HETE &I ApoD & [ 7E KM L /N ik A1 4 55
R P 28 22 G0 TP B4 v R SR TR 7R B E L BLE L B A
BIERE A RFREEMNEE, BT ApoD 4
BERM ZREE, AR R R A 20 35 5 b i /R R
JSAH R 7R B 7R 2R SR 45 22 b i P 8 R G
e, O IR B S R ApoD vk IR G B
7 3 4T SR A W 55 N R ApoD R S L 8 | if 31
g R 3R S R ZE S AR I 0 3 A G R
Yibris¥y, WF98 % B, p53 FRIE IR p73/p63 A7
£ ApoD R 45 45 i i, b 3k p73 e K [ B
ANEH ApoD EHEETE T A H R IM Saos-2 1)
B AR A A6, NTH/3T3 40 M £ A ) 5 17 38R
BT ApoD FRik =4 A5k, 55 40 i 1 5 6 5 R L, 3t
Fik ApoD H.A i 40 M 3 5 | A2 28 20 M 0 T 0 4
FAY, ASHESE KB, LIS R e BE 9 N4 ApoD
FAVEHTT WT9-12 40 A, 7T X5 4 f 38 56 7 25 O [m] 72
JEE (400 1 4 L S AR T S a5 ) 40 A L il
LA BB AE Go /Gy 1 ML E A S J9T S 30,

25 b AR T 45 R R W AopD Y U8 2> 1T BE AE
ADPKD B % i #2 th B — @ E T, 45 7 A 1
ApoD FER I H] WTO-12 43658 , ixX Ry ik — 2 T i
ADPKD i &bl T & 3RY7 ADPKD (1) 2 1 £ fit
TR A

4 FIFEHR
JIr A VR P AR SO 88 BATE AT R £ i 5
[Z % x #k]
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