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[(WE] BH w4 &a ks 3(HDAC) @it #H4x £ & F il # & 9-5(CIC-5) 3t £ #r k% Az
F(UUO) DR Zoaiidl, ik ME UUO D RABEAE,H L5 AHBF KM (Sham 28) ., UUO 4
(UUO BRI R RBAEFT AL 22) 424 & RNA B3t B (sh-NC) 42 (UUO A& /s A #H Bk iE 4 sh-NC) | sh-
HDAC3 28 (UUO A s R R H Bk iz 4t sh- HDAC3) \HDAC3 it & £ 20 (UUO #£ A& /) R B4 Bk 72 41 HDAC3
i &k H AR  HDAC3 +CIC-5 i & ik 1 (UUO A A s K E#H IR EH HDACS fo CIC-5 i & ik #AR), 245
R, T RAAN HDAC3 #» CIC-5 RiX 8%, HAARE-FL(HE) £ &4 L4 (Masson) $ & #n) /s KB40
PyRE T, Ei R KT T4 FE PCR(RT-qPCR) #2 Western blot A&l s R B 202 F o F F IS K & (a-
SMA) ., [ iz R%E @ (Collagen- 1) A4 B & G f 2(MMP2) ¥ 54 etz s R B oL, Aah A4S
A s R P R E R (BUND A LB (CoKRF, R UUO DR FARBERYG AL, ¢ g2 E 3
e, UUO AR BEAR P CIC-5 49 mRNA &k & 48 ah &k R FAKT Sham 4, £2 F A4+ F EL(P<
0.05), UUO 4 HDAC3 # mRNA F=%& & 48 2f & i& K -F & F Sham 41, £ F A 43t 5 & L (P<<0.05), UUO
28 BUN.Cr K F, A & a-SMA,Collegan- | \MMP2 # mRNA Fe & st R & KT FH T Sham 240, £ FH %
i3 & L (P<C0. 05) ;sh-HDAC3 248 BUN.Cr & -F, 2 % o-SMA . Collegan- | \MMP2 # mRNA #= & & 48 3+ £
iR KT sh-NC 28, 2 F F %3t 5 &L (P<<0.05), HDAC3 28 BUN,Cr K, A & o-SMA ,Collegan- T
MMP2 # mRNA #= & @ 482+ & ik KF39F F Sham 284 UUO 48, £ F A %3t 5 & L (P<0.05); HDAC3 +
CIC-5 248 BUN,Cr & F, 2 & o-SMA ,Collegan- [ \MMP2 # mRNA #= % & #8 2 % i& K F 3948 F HDAC3 41,
EFA G FELP<0.05), & HDACS st #id i f 45 CIC-5 ¢ T BEAL 3 d 7 6] & 3K 23 UUO
AR A dete, dpd) HDACS 69 R A A B A & UUO B4 Aoy A i 12,
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Histone deacetylase 3 regulates CIC-5 to inhibit renal fibrosis in mice

with unilateral ureteral obstruction”
BAI Huiling' ,YANG Shizia®
(1. Department of Peripheral Vascular Intervention ;2. Department of Nephrology ,
Gansu Provincial Hospital of Traditional Chinese Medicine ,Lanzhou ,Gansu 730050,China)
[Abstract] Objective To investigate the mechanism of effects of histone deacetylase 3 (HDAC3) on re-
nal fibrosis in mice with unilateral ureteral obstruction (UUQ) by regulating CIC-5. Methods A UUOQO mouse
model was constructed, and intervention was performed on the expression of HDAC3 and CIC-5 in mice. A
UUO mouse model was constructed and the mice were divided into the following groups:sham-operated group
(Sham group) , UUQO group (UUO model mice without any treatment) , sh-NC group (UUO model mice injec-
ted with sh-NC via tail vein), sh-HDAC3 group (UUO model mice injected with sh-HDAC3 via tail vein),
HDACS3 overexpression group (UUO model mice injected with HDAC3 overexpression vector via tail vein) ,
and HDAC3+CIC-5 overexpression group (UUO model mice injected with HDAC3 and CIC-5 overexpression
vectors via tail vein) ,with 5 mice in each group. Intervention was performed on the expression of HDAC3 and

CIC-5 in the mice. HE staining and Masson staining were used to detect the pathological changes of mouse

EE£TH . HiA R 5 B (21YF11FA007) ,



1528 FREF 2005 F7TAEF4E57TH

kidney tissue. The expression of renal fibrosis markers (a-SMA , Collagen- [ ,MMP2) in mouse kidney tissue
was detected by RT-qPCR and Western blot. The levels of blood urea nitrogen (BUN) and creatinine (Cr) in
UUO mice showed obvious

renal tissue damage and increased fibrosis. The mRNA and protein expression levels of CIC-5 in the renal tis-

the serum of mice were detected by an automatic biochemical analyzer. Results

sue of the UUO group were lower than those in the Sham group,while the mRNA and protein expression lev-
els of HDAC3 were higher (P<C0. 05). The BUN,Cr levels,and the mRNA and protein expression levels of a-
SMA.,Collagen-1,and MMP2 were higher in the UUO group than in the Sham group (P <C0. 05). The BUN,
Cr levels,and the mRNA and protein expression levels of a-SMA, Collegan- [ ,and MMP2 were lower in the
sh-HDAC3 group than in the sh-NC group (P<C0. 05). The BUN,Cr levels,and the mRNA and protein ex-
pression levels of a-SMA , Collegan- | ,and MMP2 were higher in the HDAC3 group than in the Sham group
and UUO group (P<C0.05). The BUN, Cr levels,and the mRNA and protein expression levels of e-SMA , Col-
legan- I ,and MMP2 were lower in the HDAC3+CIC-5 group than in the HDAC3 group (P <C0. 05). Conclu-
sion HDACS3 inhibits the expression of CIC-5 by regulating its acetylation,thereby promoting renal fibrosis
in UUO mice. Inhibiting the expression of HDACS3 is expected to be an effective way to improve UUO renal

fibrosis.

[Key words] histone deacetylase 3;renal fibrosis;ureteral obstruction; CIC-5
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38 A= | 20 i Ab B BE R AR L R 18 O R
LR vl 1) B 2GR B 2F 2 Ak 2 5 e 18 v
B i R AN TS B G RER R Y L R B
3(histone deacetylase 3, HDAC3) J& & H i A — Ffr,
2 20 A% N 5 A Y 3R LU 5 B 1 0 ik
TR (1 A 4 T e e A 1 2 i A 2 LA R
WL R HDAC ZKIGE A T 1 R WS L 1 5 5 21 4
P DI MG, Il HDACS #2615 B8 % 22 1 155 JR IR 1
RES BN B LF AT, SRS 7l 2 (1-5 (chloride
intracellular channel protein-5,CIC-5) )& F CIC % Ji%
8 — B, TE LA A B R0 D A B P Tz A A )R
Bk a2 Rt . DR & B CIC-5 %
F IR T ME il 45 8% B AHTE B /N ok LB /N Ak 3R gk
REARN . AR 76 AT B 5% bl ok 3 52 00 9 CIC-5
BE % Vi %% B ) % PR 4& 4% FH Cunilateral ureteral ob-
struction, UUO) /N BB £F 4 46", B I R Xt CIC-5
15 2T YAl /)N B 3R 3 B AR B HG 52 ) B 2T 48 Al 1 T
REMLH EATHR 9T . AN 9 45 & A I 0F 92 2 STk 43 #r
BTE IS HDACS i id B ifi CIC-5 Xf UUO /N £F
i AEA R
1 #MREFAE
1.1 ##

C57BL/6 /N T 1 5L R 2 S k5 bt s R i
i Sk 2 A ey 1 i A R AR R A R R AR AL R R
A (blood urea nitrogen, BUN) L (creatinine, Cr)
BT & T at T B AR HCA RS F) 5 Trizol 25
& T L Sigma A A ; 335 iR & & 2 X SYBR
Green qPCR &7 & W F & E BD A Al ; PCR 519 ¥
G E M B A W 4 ) s O A % DUVE 43 BT (ra-

dio immunoprecipitation assay, RIPA) 24 f# W W F 1k
R E R A BRA W s Western blot H it FIHi /& 1
W FHE Abcam 24 Al s 4 H 8 AL 43 B AW F H A&
HAL s\l ASHE 5T b A B A8 B0 22 51 23 41k o [ it
512024 R A (Z-1230) %5 ],
1.2 F#
1.2.1 sHHhoafli

C57BL/6 /N3 30 H,6~8 JA I, /k&E 18~23
g. B IR T AL (Sham 41) . UUO 41 (UUO #i
RN BN ST AT Ak 38D 6 & 9 RNA B4 % IR (short
hairpin RNA negative control,sh-NC) £ (UUO #& %I
INERUR R K 1 5 sh-NC) . sh-HDAC3 £1 (UUO # 7l
/N #8 BK UE 5 sh-HDAC3) . HDAC3 it % 35 41
(UUO BRI B # k 7 55 HDAC3 i R ak sl i40) |
HDAC3-+ CIC-5 i B 41 (UUO #E /)N LU bk i
S HDAC3 il CIC-5 i Rk #fk) , &4l 5 K, 3 Pk
B 1 R RN RBET TR RATES AR 12 ho A
M AROK  FREE 5 FVR BE 120 0 0 B L 28 (5 /@) XF
/N BRHE AT R SRR I . 170 T 0 L XoF A 0 B R A
PO B34 1/3 W85 4L, B2 48 & 05 1 IF G A IR i
XTI R G 4L . Sham 4/ BRER 1R B W] UUO
H/ANREANLE LR E . RA)F/DNRIKE A Bk gt
FEARJGHE 1.7 .14 K ik i 59 %5 B % e 4 4& , Sham
HM UUO bt a A sk, RIGHE 21 KA
T8 T b 22 A BRI S5 A0 B8 /DS B 8 U I U0 Bk I A B
ER K P L 4R ER A% 20 /DN B0 B I VBT T ELISA K
B AHBRAE T WA P
1.2.2 # KZE-4 2 (hematoxylin-eosin, HE) ¢ & 4L
AR R AL

22 5 HH R [ ) A 2, B R B K,



FTREF20205FTAHAE5 78

KB, AWM G R, 45 CHFHL U R, —H
AR RS HE Qe f5, SR KR Y4 5 min,
1% ERTR oAb 28K sk IR AT AT e (o, B B &
Pt o 7K, H RS WS P R R = R O 0 5% L 8
- RU
1.2.3 G (Masson) $ & i) B 40 42 4 4 b

Masson B {0 & 1 7 i 5L £F 2 A1 JLEF 4 0 77 19 4
B8 J7% . FH Masson Y 44 {5 5 min , B B2 W P % )5
BR YA 7 min, PR DA IR U 0P 0k, TR B W G £ 2
min Z & FH S BR W P e, B0 BE L BB K L 2R GE I
PRI R S X G I AT AR
1.2.4 ELISA #&m & 28 & i F BUN #= Cr #)
K

B 40 /NI 2 mL, ZJ5 LA 3 000 r/min 0>
15 min, BT W A5 Bl 4 A 3 A= 4k o A A s X 45 21
/NERUALHE H BUN AT Cr ZKSESE 4T 460
1.2.5 CIC 5 & & -F4&n

W CIC-5 7 UUO /MR A h RIKE RS
HDAC3 kA 5% £ B RPISeq [ 3 H il HDAC3 il
CIC-5 M4 & K &R e 0 i f % DI TE £ 5 (chromatin
immuneprecipitation, ChIP) #& M & 5 A ¥ HDAC3
() 52 [ 48 A& (pcDNA-HDACS3 41 . pcDNA-NC ) 4
27 i i 2= R AT & A S AR ZH R H3(H3K27ac) il
o BRE H G(immunoglobulin G,1gG) /K, #—
BE HDAC3 Ml CIC-5 Z [l i 45 & 1 1L
1.2.6 =afsc k2 Fi# 45 % PCR(reverse transcrip-
tion quantitative PCR,RT-qPCR) # M mRNA % &

A 1) 1 B B R AR TR, TRIzol 5 & 43 58
U B RNA, 9 e 5300 & 56 0 cDNA #e 5t,2 X
SYBR Green qPCR i & 1 T PCR 43 #r.2 " 3k
TR T mRNA B R IKKFE, WS GAP-
DH,51#)F 5% 1.
1.2.7 Western blot %0 & & & ik

RIPA L 4 B B 1, v e HH i 75 4
FE AR R BE L 1 T on R TR - R TN T Mg o i LUK S

HER &

ShamZR
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K T e B vk B B, 500 B IR 5 8 P, A — dit
HDAC3, CIC-5, a-SMA | Collegan- 1 . MMP2, GAP-
DH JF7E 4 CTR&EE . 4 2 R B ABR A
YR ICH) — 90 1gG iR EF 1 h, = =5
FH - 1 - 1 % e AR R I s B v, A 2 R Ol A T 3K
H 58 B MR Tmage T BPFHEAT & 1L DL H B9 2%
A S 250 1 FE AR S 25 11 R X R kK
1.3 %itsxaE

K SPSS23. 0 B AT BE AL B . THEBORH
x b R AL U BCR ] ¢ K8, 2 4 1A He Bk
HNEF Z0H . YL P<<0.05 WESHALGIT¥E X,
2 & R
2.1 UUO R B AL YA 3

HE 3t {0, 45 2 B /R, Sham 2H /) BB 2H 24 5k WL HH
B, UUO 4/ BUE/NVE A Y 5K 5P 2E B 0] 5
ALK B R AE 4 M ¥R W . Masson 3 8 45 3 B R,
Sham ZH/INBUE 20 U B /N ER RN IR S ¥ IE % R
DY 0 R D 4T 4R AR s UUO 41/ U JIE 4 2L &7
AEACHA B, AT UL W O R S AR AR TR DR 1,

1 RT-qPCR 51 ¥ F 31 %

EiLY] L SIHFEHIG—3D
HDAC3  IEf] ACT AGC COG CTG GCC TGC GCC C

S GCG ATA GCA GCA ACA GCC TTC
CIC-5 iE AAC TGA CTG CAG AGA GCA CTA CTG
JZIi] ATA GGA CTC ATG CGC TAC GCT ACT
@ SMA iEM TTC AGG CGA ATA GCA GCG CTC ATA G
JZI] CAA GCC TAG ACG CTC CTA GAG C
Collegan-]  iE[] TTA GGC CTC GCC GGG CCT CCA
JZIi] GCA TGC CGG CCA ACT GAT CCC TAA G
MMP2 iEM AGC GAT TCA GAC TGA GCT AAC AC
JZI] ATT AGC TCG CGA GAT GCT ACA CC
GAPDH  iEM] CTG TAT TAG GAT TCA GCC AAA GCG G

JZm TTA TGA CGG ACT GCT GTA AGA CGC C

a-SMA : o LULEN 2 5 Collagen- T« T B i Ji 2 11 s MMP2.:
R E A 2,

MassonZ:fa
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2.2 UUO PR Emm b CIC-5 & ik # 47 4)

UUO 41/ B4 CIC-5 B mRNA Fl A
AN IR KR T Sham 4, 2 F A Gt L (P<
0.05), LKA 2,
2.3 HDAC3 #v UUO ) KB R P CIC-5 8k ik

RPISeq ¥ 3 10 25 5 o, W 5 25 & B &
A[{H B (RF 43 %0 0. 75,SVM 43 % 0. 6), ChIP 525
451 g 78, pcDNA-HDAC3 41 H3K27ac 1 CIC-5
& EMT pcDNA 4, ZRAHIFEE L (P <
0.05);UUO 4 HDAC3 iy mRNA F12E A xF % 1k
K- F Sham 4, 22 5 A it & L (P <0. 05) , 1
52 HDACS3 g% i i 55 CIC-5 1Y Z Bk 1k & 1 7K 7
eI # CIC-5 YKk, WA 3.
2.4 T UUO A R4 A HDAC3 # & & % &
UUO )RR ¢F 1k

F I HDAC3 % UUO /) B 25 446 14 5% 1
ABEFE T T /N BUA N HDACS iy 26 1k I 46 I 4% 41
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/NEU BUNCr KB A4 fbpr B Rk, 4R B
~,UUO 41 BUN, Cr /K, Ph J o-SMA ., Collegan-
I \MMP2 ) mRNA Fl & [ H X & kK FH & T
Sham #, 22 5 A 41t % 5 X (P <<0. 05) ; sh-HDAC3
24 BUN, Cr /K, PA & o-SMA, Collegan- | , MMP2
B mRNA FEE [ AH X &8 KT sh-NC 41, 2
SAHG R L (P<<0.05), IWE 4,
2.5 i &kik HDAC3 3 UUO s & B 4F 44k 04 % vk
T CIC-5 if & iA i 4%

1t ik HDAC3 Ji7. HDAC3 41 BUN, Cr /K,
A a-SMA |, Collegan- I . MMP2 ) mRNA F1# A
FHXT 2235 K -1 @ T Sham 41 UUO 4. 2% % H %
P& L (P<0. 05) ; HDAC3+CIC-5 41 BUN.Cr 7K
WL, Ph M a-SMA | Collegan- T .\ MMP2 ) mRNA H1 5
F A 38 KSE B CTF HDACS 4, 2 R A it 5
(P <<0.05), &M £k CIC-5 8 4% & 4 4% K
HDAC3 X UUO /NEUE 2 difb i s i sz e, DLIEL 5.,

1. 51 2.0
% %
b K 1.54
1.0 sham w0z
= <.
s o 1.0+
=
& 0. 51 a e
[Te) © 0.5
o) GAPDH =]
S ol ° 0-
A ShamE UUOZH B C ShamZE UU0ZB
A:CIC-5 mRNA Xt £ B KM 45 B.C.CIC-5 H (M R XM LE . P<T0. 05,5 Sham 4 L # .
B 2  Sham @#M UUO A/MREHRAF CICS5 B mRNA MEBRIEKFLLE
== pcDNA-NCZH .
67 == pcDNA-HDAC3ZE EL‘ 31 .
% % o
# # 4 Ly
1 8 [
=
o o ™
o o ]
0 2o
A 16 HDAC3 " HDAC3 " Shamf UU0LR
Sham¢B  UUOZE B 2. 01
%
ﬁ 1.5
HDAC3
=
o 1.0
I
GAPDH HSH 0. 54
<<
(=)
x
D E ShamZH UUOZH

A:ChIP 528 HDAC3 1 CIC-5 By 454 %0 ; B: ChIP 525 H3K27ac Ml CIC-5 By L5 G5 B s C: B 4141 th HDAC3 mRNA AH XF 2 3k # Il 45 5 5

D~E.F 441 HDAC3 25 [ AR X 22 35 K I 25

;% P<C0. 05,5 IgG H#& ;" P<C0. 05, 5 pcDNA-NC 41 45 ;€. P<<0. 05,5 Sham 41 H3% .

3 HDAC3 5 CIC-5 X R IE
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L_0)
67 @
¥ - % a a -SMA
;gj 44 a
e a Collegan— |
= b b
o b MMP2
<€
=
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E GAPDH
0
A a-SMA  Collegan— 1 MMP2 B
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E
= 41
>
@
2-
0
D @ @ ©) @

B3

1531

H3

a-SMA  Collegan— | MMP2

()

Cr(umol/L)

0
E ® @ ® @
3l

A4 «-SMA Collegan- I \MMP2 () mRNA A Xt F k4 25 5 B.C: 45 4l o-SMA, Collegan- | \MMP2 [ 8 [ A1 X AR 45 KD 44
JNEUNLTE BUN K EL 4 /NS Cr K F 3 D Sham 43 @ UUO 415 @ : sh-NC 41 @ : sh-HDAC3 4 ;*: P<<0. 05, 5 Sham 4 %", P<

0.05.,5 sh-NC #H L%,

& 4 HDAC3 3t UUO /INER 5 £ 4 4L B9 2 1l

23
- (D
g4 =@
. =0
_'=£ o] @@ a -SMA
ﬁ " Collegan— |
7 a
z a MMP2
<
= 24
o
£
0
A a-SMA  Collegan—|  MMP2 B
154
1o-
2
£ 2 L
=
2 54
0
D ©) @ ® @
283

A: %4 o-SMA . Collegan- | \MMP2 B mRNA A X 2 % # 45 5 ; B,

©  ERMEXFREKF

iRl
O @ © @

80

o
o
1

Cr (umol/L)
S
1

N
o
1

e 0 @ 0 @

H3l

C: %4 «-SMA, Collegan- [ \MMP2 1Y %F A X £ AR 45 8 D. £ 4

JNELIML IS BUN K E L 4 20/ BTG Cr K @ : Sham 4 ;@ UUO 4 ;@ : HDAC3 24 ;@ : HDAC3+ CIC-5 £ ;*: P<{0. 05,5 Sham #H %55

P<0.05,5 HDAC3 41 [t %%,

® 5 HDACS3 i##2 CIC-5 3 UUO /MRS £F 44 89 82 1

3 it it

B 4R Ak 2 2 IR RS 50 g 3k W 2 5 i
it H AT ELARBUR A AR o8 i AR B g E
A UUO /S BB A I T $/) B ) HDAC3 il
CIC-5 My ik, IF 52 HDACS i 33 2= 20 B Ak A& 4 19 77
I CIC-5 . 5 W /N BUEF 27 2 Ak B 2 L 0 — 2 b A
T 2R AEA LT

UUO BRI LEBE 58 B 2F 4 Ak & 9 FIA IT 7 1 2 A
Xt HRAR Bl ) B ROl itk — 2B WY AR 2 AR
WAL A B 5T A T UUO B £F 4 b 4 R JF 38 o
HE F1 Masson 3t 4, % #, 5 Sham @4 L4, UUO 4
/1N B 2 2 B 5 PR A B L L K AR AE A it 3R i EL
A feiing . CIC-5 4N CICs F G m— bt AR B E
25 Z R BERR 0 & HE AR DG, T CIC-5 BiIE S AR % 14
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TN R IR S E L e Ah, CICS5 e
AR B INER B R R A AR SR R VR TR RN S
B rpUESE CIC-5 78 UUO BEAL /N RUF 4 21 R ik
H CIC-5 Bef il ik 9 7 b p ) o1 2 Ak Je % R ¥ 5%
B UUO BERLN BUR 27 4 Akt

HDAC3 J& HDACs KR — bt . HDACs K fig
% 25 bR 418 1 N-A o (07 8 0t R Bk 3 1 SRS,
i 5 PR A 7 R0, HDAC3 3T 4F Sk o 4 0F 52 8 % 1
OB T XS5 2 R g ek L
HDAC3 fE 38 1o 7 1 98 15 75 0 B R AR P pY 3R s i

SRR EA SR D LA A g . B R,

HDAC3 Ref L 0 p65 19 £ BEALAE 7K F- 3 1 2
ik R i R W 0 R0 R . Bl
HDAC3 B8 7K 3l 38 2 2 19 4% 55 1 52 e A% 81 1.
FE L R W 5% @ 5F RPISeq M i & ¥ HDAC3 #il
CIC-5 FEAESS B R & L HEN CIC-5 78 UUO /MR
B 4120 v I 2% 3k 1T B 2 Bl HDAC3 & i (1% 52 i,
ChIP 5Z 5% & B, #1 X T pcDNA-NC 41, pcDNA-
HDAC3 #H i CIC-5 Fl H3K27ac 1 5 £ K - FE AR, iE
St HDACS3 ji i & W Ak & i 1) 75 A il CIC-5 1y 3%
ik, M HDAC3 W iE S 7E UUO /NRUE 80 s 3k
ik, TIEEME L &K M, sh-HDAC3 4 Collegan- [ .
MMP2 ] mRNA 18 H A X %35 KT sh-NC
41,48 7R w8 HDACS 3535 RE 45 10 1 27 4 fb I F o
SMA ,Collegan- [ \MMP2 i) ik, BUN HI Cr 7K
FEi A B OR B A 4 Ak R AT AR5 P she
HDAC3 4 BUN, Cr /K-F ik T sh-NC 41, $2& 7 il 9
HDAC3 Rl UUO /N EUl i o BUN Al Cr 1 3R
ik .2 W HDAC3 7E UUO /)RS 2F 44k v i 42 32F 4
. W s £ W, HDACS + CIC-5 44 BUN, Cr /K
L, A K a-SMA , Collegan- | \MMP2 ) mRNA 1
R 6 263k ACE 4% F HDACS 41, £ Wit %3k CIC-
5 EfEE % HDAC3 XF UUO /) BB 25 4 4L 451 45
B RZ I, X A HE— 25 78 T HDACS i ad # % C1C-5
25 UUO /NRB 4 4 fb i oE 72 . A0 58 th A7 16 A
B QIR AR o BR ] R 3 — 20 X HDAC3 F1 CIC-5 7]
REAE 015 5l i A TR IR 4

25 bR A FEAIE 52 HDACS gl i 2 Bk 15
i S CIC-5 MRk kM2 5 UUO /NRUE 27
AL L I — 25 B T B 2R AR R BL A .
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