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Abstract

AIM: To investigate the effect of gap junction
intercellular communication (GJIC) in rat liver
on the proliferation of hepatic oval cells (HOC)
in vivo.

METHODS: Male Wistar rats were randomized
into control group (n = 6), model group and
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phenobarbital (PB) group. HOC proliferation
was induced in the rats of model group: 9 days
of treatment with 2-AAF, 20 mg/kg per day by
gavage, interrupted on day 5 to perform a 70%
hepatectomy (2-AAF/PH). The rats in PB group
were administered with PB (0.8 g/L, till the end
of experiment) in drinking water, and on the 8"
day they received the same treatment as model
group. The rats in model and PB group were
sacrificed and necropsied at the 4™ hour, on
the 4", 8", 12" and 16" day (6 rats at each time
point) followed hepatectomy. The morphologi-
cal changes of liver tissues were observed by
pathological examination and the proliferation
of HOC was counted using immunohistochem-
istry and morphological recognition. GJIC was
confirmed by incision loading/dye transfer (IL/
DT), and the levels of CX32 protein and mRNA
were detected by immunohistochemistry and
reverse transcription-polymerase chain reaction
(RT-PCR), respectively. The expression of CX43
protein and mRNA were determined by im-
munohistochemistry, Western blot and RT-PCR,
respectively.

RESULTS: No HOC proliferation was seen in
the rat liver of control, 4-hour model and PB
group. HOC appeared at portal area in model
group on day 4, increased to the peak on day
8, intensely proliferated from the portal spaces
and invaded the liver parenchyma on day 12,
and decreased on day 16 as compared with day
12. HOC proliferation had a significant increase
in PB group (from day 4 to 16) as compared
with that in model group. The distance of dye
transfer in model group (4 h, 4, 8, 12, 16 d) was
significantly reduced in comparison with that in
control group, and moreover, it was further de-
creased in PB group. The signal number of CX32
in the rat liver of model and PB groups were re-
duced as compared with that in control group (P
< 0.05), and there was also significant differences
between model and PB group (P < 0.05 or P <
0.01). The expression of CX32 mRNA in model
group at the 4" hour, on the 4", 8", 12" and 16"
day was 0.82 + 0.13, 0.33 £+ 0.11, 0.51 £ 0.13, 0.68
1+ 0.14 and 1.12 + 0.18 folds of that in control
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WA B A group, respectively. As compared with that in & ZmRNA&A; %JZ 204, Western blot&
RG2S
izéjr; é;ﬂmﬂe);g(% model group, the level of CX32 mRNA expres- RT-PCRH K H5H7CX43% & ZmRNAK-F.
iiCX32/)ZU]E% sion in PB group had no statistical difference
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at the 4™ hour (P > 0.05), but had a significant
increase on day 4 to 16 (P < 0.05). The expression
of CX43 protein in the liver of model group at
the 4™ hour, on the 4", 8", 12" and 16™ day was
1.14 £ 0.17,3.87 £ 0.35, 5.28 + 0.48, 2.96 + 0.33 and
2.12 £ 0.19 folds of that in control group, respec-
tively. As compared with that in model group,
the quantity of CX43 protein in PB group had
no statistical difference at the 4™ hour (P > 0.05),
but had a significant decrease on day 4 to 16 (P
< 0.05). The level of CX43 mRNA expression in
model group at the 4™ hour, on the 4", 8", 12"
and 16™ day was 1.09 £ 0.16, 2.82 + 0.23, 5.46
0.58, 3.34 + 0.64 and 0.91 + 0.11 folds of that in
control group, respectively. As compared with
that in model group, the level of CX43 mRNA in
PB group was increased (P < 0.05).

CONCLUSION: The GJIC of hepatocyte and
HOC can be decreased by altering the spatial
and temporal expression patterns of CX in rat
liver after 2-AAF/PH, which leads to the accel-
eration of HOC proliferation.

Key Words: Rat; Hepatic oval cell; Connexin; Gap
junction intercellular communication; Immunohisto-
chemistry; Reverse transcription-polymerase chain
reaction; Western blot; Incision loading/dye trans-
fer
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BB #F 58T Ik 2% T % 45 4m A8 18] 38 R (GIIC) *F
KB A AT 9P | 28 B(HOC) 3 74 649 % 7).

Fik: 4 S Wistark &, MALS &3 B a
(n =6). BAM, KekFE(Phenobarbital,
PB)4L. A28 K R 454 K20 mg/kghl Zi#R
2-AFF, #4:4 d, H5K RERT2IF %,
AJG KRB ¥ K20 mg/kghl gk 4 RS d
(2-AFF/PH); PB£8FvA0.8 g/L PB4k /K7 d, %
SR EAAMALIE, 0.8 g/L PBRAKRFLE R
Insk k. A, PBAAEKRGEL N, 4,8, 124
16 dRAHLELG 2 K R A, KA LB R R
VAT LA L 0T 5 F T4, o Jk et Fe da e
&S F EHHHOC; W Arit/ =38
A(incision loading/dye transfer, IL/DT)4% R #
. GIIC; %% 44 R RT-PCRE AN CX32%

LR 3 RIAAAER PB4 hhk LHOC
¥, A M4 dILERAHOCH 7H R,
8 d HOCH}7h k14, 12 d HOCAIL & X )
FFSE R MiZE, 16 d HOC3E #4212 d Yy, 5
BRI PBLA4-16 d&iF EHOCH 238
#r(P<0.01); IL/DT R = &b AR A 20 K RAT
JEGIICH¥ A& T 2F B 4L (P<0.01), HALA 201k
BPBLA BT 5 GIICH# — W B4K(P<0.01); #E
A, PBZA & BT E.CX328 K kK T *F 40
(P<0.05), 5 AL A 20 LA PB2ACX32 & iA 24 h,
12, 16 dif &8, 1V (P<0.05), 24, 8 dit &k ik 3%
% (P<0.05); #7204 h-16 dAT,E.CX32 mRNA
KPR A xR 4E690.8240.13, 0.33+£0.11,
0.51+0.13, 0.68+0.14, 1.12+0.184%, 54¢
AR A PB4 hit 5 B F 2 F(P>0.05),
4-16 dat .5 80 29+ 5 (P<0.05). A 284 h-16 d
ABF ECX4A3% & £k 5] A st BLaegl.14+
0.17, 3.87+0.35, 5.28+0.48, 2.96+0.33, 2.12
+0.194%, 5AA 20 LA PB4LCX43%&5 84 hk
P (P>0.05), 4-16 d¥ R U (P<0.05). AR 40
4 h-16 d&- A, £CX43 mRNAKTF 5 5| A 5 &
£0441.09+0.16, 2.82+0.23, 5.46+0.58, 3.34
+0.64,0.91+0.114%. 544 40 1L A PB4E & Bt
HE.CX43 mRNA & A EF(P<0.05).

28 KT K R2-AAF/PHAA IFJECX32.
CX438 By = A AR, B AR AT MEAT 20 8L %
HOCL L1834 i 69 GIIC, T MEFRHOCA K
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T ENI; U1 FF AR T/ Gk R B R

TR, B, /DL, BiER, M, B8 FEGJIC
WASAAFINEMDRIZBIESZE. ERENBHRE
2007;15(14):1583-1590
http://www.wjgnet.com/1009-3079/15/1583.asp

0 51

BN [ 41 B (hepatic oval cells, HOC)&H+4l
W AR L, R TE  ArE 2 R
o B R R A A S Y I 4R R
SE [ RN L )38 1H(gap junction intercellular
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T +2/3 VB AR 2-acetylaminofluorene/
two-thirds partial hepatectomy, 2-AAF/PH), LA
JFEGITICIIRE A, M4EFIEF:E 1 (connexin,
CX)32, 43R E WA FER W I IEGIICATHA HHOC
5.

1 #RRI5E

1.1 A4 R & Wistar KR, AR 150 gk
A, BB RSB s R A R A R
FEZ () AR IR B H R A w); 2- LB R
(2-acetylaminofluorene, 2-AAF; Sigmas 7]); 5
L T RE(PEG400, g —)); AP R
OV-6 .50 BEHIAAR(SEES Sell3izL %); Mouse anti-
human CX43%i#4. Mouse anti-human CX32#t
f&(Santa Cruz/Al); i/ R SPIRAI &AL R H A2
S AEEARA B 2 7]); Lucifer yellow(LY)+
Rhodamine D(SigmaA #]); TRIzol(InvitrogenA
#]); Oligo(dT),s(ALH KA KAL), ANTPs(BM
A 7)); M-MLVIS s (Promega /s ml); KB
CX43, CX32, GADPH5 [#( g T3 w]).

1.2 7k

1.2.1 SR AAFARE KN E SEBENLI B
PR, BB FIPBAL. 2-AFFH 425 4400
DalfJPEG¥ il L 5 R4 /LI, BERIZ K
BUBE R %20 mg/kg Il SENE, JEZE4 d, 25 RAGE
W, 78 SREN BRI R AT2/3 I DIBR, AJ5 I H #%
£ER20 mg/kgil 4R LERENLS d(2-AFF/PH). PB
H KRS 2% CHR[9] 7 LL0.8 g/L PBAXUKT d, 8
RAGHEIIA KB, 0.8 /L PBUKFFEE S HUM . #i
RYIFIPBALK BAEARS4 h, 4, 8, 128116 dBfiAL
6 LA Oxk B K R RS R AL B, A 1%
W = 6). K AL S BRI BRI J5 31 15, 105
emX 0.5 cm X 0.3 emfPA I, B PG b
IR MR 8, A ATHES (0 K s 414k HX1.0
em X 1.0 ecm X 1.0 cm P A fF i, 47 U1 F bR c /4
BRERH A (incision loading/dye transfer, IL/DT)
Sy T, BYAT I 50-100 mg /R T, 4 B
WA LRAT, PRI 1 ZRNA.

1.2.2 R 3 & Al D) v 40 JL I e
KAJE, PURHMEE 15-20 min; $&SPHEELI1L
AR U ) PR, — PO AR 2 i
OV-6 1: 80, CX32 1 : 250, CX43 1 : 300. flM
ER(PBS)Ze AR — s E O I

1.2.3 IL/DT Jj %% SCHR[10-13 17557 i JH- 20
2R DR (Z9200 wL) ALY (5 g/L)Al
RhD(5 g/L)4kHIPBSZE T, FH I FAE3-44 K
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I mm. K7-8 mmY) O, B-TY 0 HNFENDTF
Jerl, Fi N 4RG3 min, J5HIPBSYE3IX,
X1 min, TR LURN40 g/LAE K D AR A 80
MR, AT, S Y] RS pm B AT A
T HPETG A N I FLY 95 G (AL e 2.
1.2.4 BA»# BETKO V-6 4 UL ) Fr ik
WSS BANTE B HLJH- 59 15 40 it 38 5 5 )l 1 4
Hf, 40015 BAEE T 06 T 5N 5 40 P s 1 (1
TV /ING O FF AN I LA 1R 1/3-1/5, 40 P A% S22 O [
&, M b, wE g i) H.O V-6 4% (2 BH 1 1 4h
IREAT VB, FEP AR D S bR A O 15 41 i
BRI HCR REIRCX32 4 1 2L D) v T-4001%
Bt FREHLIGA ST, THRECX32MMEE S8 5
S P BT A Mz b, AN iZAR AR C X325 5
£, RFIKIL/DTY) Fr BEALLE 0% 96 RAMEE T HL
SAEIEELY FIRhD A B 5 D 55k, LY e X 23
FTGIIC. HIEAE A GIICH:
1.2.5 CX43% & Western bloto#1 H100 mgfiT41
ZUIEUKVR NE R R, IINT.0 m LA AR 28 il
A1%%, 12000 g 4°C, 250520 min, L i Folin-
Py AT 8 T 32 5-70 CA A& . BLS0 g
SV I EFEZ AL IES mindeE, £SDS-
PAGE# v Uk, HLUK G K 8 [ 3 2 A IR 41 4k
I E; JRAEE3E 1150 min, 51 0 10005 B (1)
CXA3PUAATCTIFF R, 51 1 5000 % 1) —
YU E2 h, 542 EIGRFECLIEA 1 min/a g
Jo BsALE . XOUR AR, TR EE
SN RG AT M. VHE TR TR CX43 %%
F1HT (R 255 I S ok LA A AS (R 25545 K BB
B Rk
1.2.6 RT-PCRAM AFA42CX32. CX43 mRNA
FiE BUH414150-100 mg, S RNAZEIHTRIzol
IR B AEREAT. cDNAKJIM-MLV RT
kit(Promaga, USA)IAF G AT, CX32, CX43F1
GADPH5 ¥ i1#| fPrimer Premier 5.0%K 14
(PremierBiosoft, CA)W T 5. 51T F KB
L1, PCRI Y 4t 94°C AR S min, 94°C AR
P£40 s, 58°CiH k45 s(CX32, GADPH), 63°CiEk
45 5(CX43), 72°CZEMH 1 min, 30MEHA 5, 72°CHE
{810 min.

Bt A0 Hds Limean = SDE R, A AL
BT D7 2253 M. P<0.05# Ak 25 7 HAG 4ot 2

2 4
2.1 B K AIFAEREREF T -

mi:A2E
CXEA-F#GIIC
T A AR SIS A BT
99 [ 2w fe 52 3L A
R w¥gih., 44
R - KB
ek
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W2 A xR 1 PCRIIMBIIRIKE
S 9 i 4R 0 1L 1)
B kTR G
Eﬁf;‘f‘éﬁé‘ﬂ ER EX(5-3) BMU(E-3) P bp)
]
%,a%%;;%#aﬂz GADPH TGAAGGTCGGTGTCAACGGATTTGGC CATGTAGGCCATGAGGTCCACCAC 983
mi i —. A CX32 CTGCTCTACCCGGGCTATGC CAGGCTGAGCATCGGTCGCTCTT 386
B Wy MRS &R CX43 TGGGGGAAAGGCGTGAG CTGCTGGCTCTGCTGGAAGGT 1275

W R
>TURGT=E
<1000 Da)fx 2m A
1) 3k, i X AR
LA FRE. K
F E% AW CX
PGJIHg B RE S
TAL AL B 8 4
Ji#iE | ALt
XRMRA &k
B Bl e, £
BFHEREBL
AR CXaE
1A A& F kS
A EANZELO
1&vh k., 2+ ATP.
IP3. 3. &%
H Rk ik A Rk
A ZF4£10-100
1&. CX i i 2k
FHEF®REL
AH5REFALE
LA LR

B 1 ARFELMERELERA, C Ex100; B, D x 40). A: XHAZH; B—C: {54128 d; D—E: PBZHS d.

LR e R, A R HES IE &, R WG
M. BRI . PBA14 hIHFZH 2 4540 o B SR A AL
HEGH JN. ASRIZ4, 8 dIFF R 45K L, JHl K
iy ASPEIRAE, SEATRIC A X AT HIHE [ B, B8R
BGOSRl e X ARG 12 d
JH- 2 B K b SR BBk 2 eh 38 4 4 s AR,
AR, AR RNED; 16 dffh ] TG TE
N PB414-16 dthn] WA &R 25 MR, 1L X
S5 A0 P I T JHE P v T B R R,
LA 21 DO P BAL 5 I 5386 58 s B B S, R
FJK. 8 5 T M AR A /N . 40 A JHE AT T AR 1

1/3-1/5, 40 itz S IR R, MOTTEL /D, B RE R |
KNI AT . BFR A, W X ) i
NI R (K1),

2.2 HOCH# &4, ¥ 5H oL KIEO V-6 FH T Je th
RGN M 2524 VHEHOC. XHRZLR ILHOC. A
1. PBAIAMYIG4 B BHOCH A, FiAig]
4-16 A% B FTHOCH = 5371 8 : 8.2041.50, 26.53
+1.56, 16.60+2.30, 11.1043.20, HOC K
BT 28 IS T iR &%, PB44-16 d
HI S HOCK =5 5 14.2043.57, 38.24+
5.20, 28.65+4.87, 18.58+3.54, H IR L1 4
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W R
AR T Mk
GJIIC *H4k A AT 97

2 OV-62 LA BRHOCIEIIE SR x 40). A: XFIH4; B: fAIZHS d; C: PBAIS d.

HOCH &AL, HIGFE K 5 eI (A
K (E2).

2.3 K AMAEGIICH T AL TL/D TR 45 3 5oR
XFIRZHGITC Y RE R AF, FeRk iU 2 K£250.0
+5.0 um, 242 T 104401 B A%, Bi44
h-16 d#5 I s BBk HUE BT IR 41.(P<0.01),
439k 84.5+3.4, 60.6+3.3, 108.6+4.2, 150.6
+2.6, 199.6£3.7 um, 74 hI B FF(C, 4 d2
R, 8 djFiEWiITkE. PB4L4 h-16 d#% i s g
B B B S5 AR B AR A [R], (RIS TR B 40
(P<0.01), 735 K: 74.3+3.4, 38.4+2.9, 88.5+
43,126.7+4.5,175.9+4.8 um([%13).

2.4 KRAIECX32, CX43% & &k Hudib e
INCX32FIA T 4N b, o) 4L 44 40 e
CX32BHME Yt f5 55 9.8 £ 1.34; BRI,
PBZH % I /i C X321 R IA K 1% L4 (P<0.05),
R4 h-16 A0S 25505141 5.1040.70, 2.85
+0.39, 3.1940.20, 4.34+0.80, 7.20+0.684>, ¥
4 hFIA T, 4 dBKIE, 8 dE Bk . S
A LLEPBALLES h, 12, 16 diFf fCX32FK K0
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3 KEAFALRIL/DTER(A, C x 100; B x 200). A: X
JBZH; B: FAIZHS d; C: PBZHS d. (A FTk ToRgukE
e

4 KEBFBALCX32EIFTIL( x 400). A:
SFHRZH; B: 1579208 d; C: PBZHS d.

(P<0.05), 7E4, 8 dIf fFCX32K A £ (P<0.05),
4 h-16 A& 254 3.96+0.28, 3.5640.20,
3.6810.20,4.10£0.48, 6.21+0.424([K4).

T AL R CX43RIE TILE X, fEb
HOCH =N e o455, Western blot4s 1T
TRN ALK BLUF 4L 2 C X438 1 KPARAR, A7
41, PBAICX43H AKIATE4 h i, 4 dii W]
B, 8 dikmEgE. 12 dJF N, REETH S
BT A, B4 h-16 A& 500 5 g o)
P10 1.14£0.17, 3.87+0.35, 5.28+0.48, 2.96
+0.33, 2.12£0.19f%, 55X A A4 h CX434E
FI L B, W2 72 7 (P>0.05), R[] £
W A v T B 41(P<0.01). PBAL &I AC X435
(R B o X IR ZA I 1.3240.24, 2.18
+0.20,2.97+0.22, 2.57+0.26, 1.67+0.271%, 5
B L4 h B, TG 3 22 7:(P>0.05), 4-16
AL W] R (P<0.05). AL, PB4
C X435 [ EIk SRR AN A i) =4 r, IRERT
CX43M AR BEIR AR A (P, PL2TFIRLCXA43,
NP4 B IR L.CX43, F5)1.

o e ¥4 78 0 %
w, LFRFES
B, kL, 7
BT HELY S
#, A — Al HH
o AARAA
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Control 1 2 3 4 5 6 7 8 9 10

B 5 SEAREFELLCXAIKEZBBENME. Control: XHALZH; 1-5: FFAIZH4 h, 4, 8, 12F116 d; 6-10: PBZH4 h, 4, 8, 12116 d.

B M 7 8 9 10 11

GADPH 983 bp

CX32 386 bp

CX43 1275 bp
GADPH 983 bp

6 RERAFLAZRCX32, CX43 mMRNATRIKIRASHEER I XEERE. A—B: CX32; C—D: CX43; M: marker>EFRICH; 1: 5 RZH;

2—6: fEAIZH4 h, 4, 8, 127116 d; 7-11: PBZH4 h, 4, 8, 12116 d.

2.5 K AAFMECX32, CX43 mRNA# &k FiA
204 h-16 A& CX32 mRNAKF4 5k %)
411170.82+0.13, 0.33+0.11, 0.51£0.13, 0.68+
0.14, 1.1240.18f%, 764 hFF 4 FF%, 4 disfRI%, 8
dJFiZWIKE, 4 h, 4, 8, 12 diFF /5 BAR T X
ZH(P<0.01), 16 dINf i 555 A LR 11 (2>0.05).
PB#14 h-16 d#%Hf f5.CX32 mRNASJ hy %if [ 21
ff): 0.65+0.14, 0.46+0.12, 0.66+0.16, 0.76 +
0.15, 1.42+0.131%, SR A LLH4 hivf £ W2
7551 (P>0.05), 4-16 dif 5 B2 T 1 (P<0.05, 1#]6).

X HEZHCX43 mRNARIERAG. BEAI414
h-16 d& I A CX43 mRNAZN 51 A% R ZH 171.09
+0.16, 2.82+0.23, 5.461+0.58, 3.34+0.64, 0.91
+0.11165%, BI7EEA 4 h EiR@P>0.05), 4 dKiA
W T m, 12 diS s, 4, 8, 12 A 2SI s T
X HEA1(P<0.01), 16 A T0f 4, (00 8 3% 7 5+
(P>0.05). PB414 h-16 d#-if 1iCX43 mRNAZ
HXTHA R 1.4840.14, 4.3410.43, 6.69+0.74,
5.83+0.57, 2.74+0.391, LjBIARYL] LA A4 a0
CX43 mRNAEIE Fif(P<0.05), LB AL =,
FREEI T (E6).

31
A0 WA Ry — AN TF R AR R, B 20 30 3o 40

5B MBS R AEY R fe G B IAL
e, T 40 E R M AEK . . ik
REFROSH Rk 2 (R R, CX Ay
SFIIGIICHE A0 Ml —. EEIE BT E
AT 2 AR T4 R A BT . A R
EE P EGITC 44 PWHOC 42 H AT AR W3
R .

HOCEZ M40 M i) 14X 40 e, KRSolt-
Farber(2-A AF/PH) A AT FTHO CIY ] 5 2 1)
SRR — B RSzt v S R AR RRUFALER
SR TERE, AR I A RV AHOC, HGIICH)fE
Uy BB U R M350, ik, A
PEIRSE, 4 dn] WHOCHSH, 8 dHfFH Ik 2 =ik, 12
dJ5 WD, IL/DTSS 3 SR FFIFGIIC 4 h
W SR I, 4 dEARIE, 8 dJ BTk GIICLIfig
S5HOCHE A &, HARE SR FHOC
MIRE5HE. 45 FR A NEGIICHI I RE S HOCH) 1
Y] SIBE; PBAENTAEGITC M )0> 2, ]
W25 R IH& I 2-AAF/PHA BT EIGIIC,
38 n4-16 d&- I S MHOCH &=, 45 4T
JEGITCIH M 1L #E2-AAF/PH K A WHOC
BB,

4 i %A CX32, MTHOCKIACX43, &
JFIEGITCHIhfie2Emt. b T MHi R4l PB4L
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I HCX32 mRNAK s/ pral; SR g
FELAPBZHCX32 mRNATE4 h& ik i/ (P<0.05),
4-16 A 1(P<0.05), MCX32%E HELAE4 h, 12,
16 dif R TR A, 15 B P B REE B 15 5l 1%
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I SIS R RS BCX43 A L2
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AR AE KAWL, 384 g g5t PBAIHOCH b
BRI %2, 1ITC X438 (ARIE D, BiHPB
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M2, KR 2-AAF/PHEL R AT IIECX32,
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