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[X8iR] A bmsilEF 1; QBR3P AEM0E ; /N F 138 RNA;pS3

[FESES] R-33 [ERIREB] A [ XEHES]1671-7856(2020) 02-0090-07

Role and mechanism of inhibitor of differentiation 1 on the replication of
hepatitis B virus, and proliferation and apoptosis of hepatoma cells
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[ Abstract]  Objective To explore the role and mechanism of inhibitor of differentiation 1 (Id1) on replication of
the hepatitis B virus, and proliferation and apoptosis of hepatoma cells. Methods The Id1 gene in the HepG2. 2. 15
hepatoma cell line was silenced by RNA interference (siRNA-Id1 group). An unrelated sequence was designed and used for
the siRNA-Control group. The expression of p53 in siRNA-Id1 cells was inhibited by pifithrin-a ( siRNA-Id1+Pifithrin-o
group) and HepG2.2.15 hepatoma cells were used as the control group. The replication of hepatitis B virus, cell
proliferation, and apoptosis were detected by qRT-PCR, western blot, ELISA, MTT, and flow cytometry, respectively.
Results The mRNA and protein expressions of Id1 in the siRNA-Id1 group were lower than those in the siRNA-Control
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group (P<0.001). Compared with the siRNA-control group, the mRNA and protein expressions of HBx in the siRNA-Id1

group were decreased (P<0.001), the contents of HBsAg and HBeAg in the supernatant were decreased ( P<0.001) , the

proliferation rate of cells was decreased (P<0.05), the proportions of early apoptosis cells and late apoptosis cells were

increased (P<0.001), the protein expressions of Bax and cleaved caspase-3 in cells were increased (P<0.001), and the

protein expression of Bcl-2 was decreased ( P<0.05). Pifithrin-o partly inhibited these biological effects induced by Id1

gene silencing. Conclusions

The RNA interference of Id1 reduced the replication of hepatitis B virus, inhibited the

proliferation of hepatocellular carcinoma cells, and induced cell apoptosis. The mechanism may be related to the

overexpression of p53.
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FESEIORRE T, S 5 AT A0 AR KA ) 1dl
MR 5 BT RI%EE (hepatitis B virus, HBV) AH
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96 5] HBV AH S JH-4H i (1) A AR A 47 40 B
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1.1 sl

HepG2. 2. 15 i 4 Jl Bk (#E5 . 2Q0551) 4 A
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SEIRA A POt E R PCRRF & (5. D6110 A,
DRR820 A) i A H 7K Takara 23 7] ; pGEx—4T-1 Ji ki
(5. Cw2198) Il H At 50 e th 22 24 Wy R4 A R
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inhibitor of differentiation 1 (Id1); hepatitis B virus ( HBV ) ; hepatocellular carcinoma; small

Pk $T GAPDH #i {& (#it 5. ab39716, ab32503
abh32124 .ab2302 .ab181602) M4 F Fi[E Abcam /A,
1.3 SLWAHE
13,1 JTURiAe 5 4 i i Y

ST B RGE B 1d1 T A
(siRNA-Id1) F1JC X J¥ 5] ( siRNA-Control ) ( Il 58
1) o fdf PR DR TRE ) 0 35 T4 05 3 0 JE 56 07 571
M % pGEx—4T -1 ki ., i H Lipofectamine
2000 %% YL # siRNA-Id1 J§ 67 A1 siRNA-Control 5
PE YR HepG2. 2. 15 988 40 MO A% , 6 FH S22
RABE X ( Quantitative real-time polymerase
chain reaction, qRT-PCR) Fl 25 [ i % 5 BN i 56
( Western blot) %:3IF Id1 mRNA FIEE [ 5 & ik 1940
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AR, KA e BENL R 4 4. X BEZH ( Control
group ) . siRNA-Control ZH ( siRNA-Control group ) .
siRNA-Id1 #H ( siRNA-Id1 group ). siRNA-Id1 +
Pifithrin-a 4 ( siRNA-Id1 + Pifithrin-a group ) , X B
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1.3.3 qRT-PCR

TRIzol iR 7] £ #2 B HepG2.2.15 40 il i Ay
mRNA , 3355 54387 80K mRNA 1055 558 <DNA |, %
e PCR A A 1d1 A1 HBx KL B934, 5
YIRS (W3 2) . HEYEEHE TR E R = (L8R
A 278 /(W RRZH R 27 (ACt= HAYFE Cu il



92 rp ] P PR 2 ks 2020 4F 2 A4 30 55 2 ) Chin J Comp Med, February 2020, Vol. 30, No. 2

-SSR CfE) ",
1.3.4 fifg ¢ f0 B W B X 5 ( enzyme-linked
immunosorbent assay, ELISA)

ELISA 3 7] & A6 I 40 My I 3% %+ HBsAg A1
HBeAg A& &, BEbR L 450 nm 387 AL I W2 5 B
{ ( Optical Density, OD) ,

1.3.5 Western blot

AN A# S , 12000 /min 250 10 min, B F G
PEATHR 1 B, SRS AT 3R DA M Tk Je 5 JG P, DK R
5%, B P 2 b, S HIHE 1d1 $Tik (1:500) (Bt HBx Hifk
(1:1000) \Ht Bax Hifk (1:1000) Hi BeL-2 Hifd (1
:1000) . ¥ Cleaved caspase-3 HLAK (1 :1000) . $it
GAPDH Fiff (1:5000) ,4°C R MFE ., vek)a,
AZPHUWEE | h, el e WA, BOGmm E,
Image Pro Plus 6. 0 3540 % JK BE AR, % REZH 5 1Y
i GAPDH A IR BE(EZ HUfE Ry 111
1.3.6 MTT A5

¥ 5x10° M ZEMUFIAE T 96 FLAL, TH55% 24 h,
48 h M1 72 h J5HNA 10 pL 5 mg/mL ) MTT IFWK , 4k
ZLHEFE 4 h WA FIEW, A 100 pL B DMSO #F
W, B T IRZIES) 5 min, BEFRYAE 490 nm T &

M) 10° A48 9 H im A 195 wL #) Annexin V-
FITC 454 W B &, i A 5 wL 9 Annexin V-FITC £
10 pL BB IE TR SS9 E 20 min, 3204 X
I, Annexin V' PI” 40 M o 5 480 7 T 40 Mg,
Annexin V" P40 {0 Ay W S9T 30 T2 40 96 T2 = P
A A< 100%

1.4 Sit=ErHiE

i GraphPad Prism 6. 0 #X{F #4758 110 #r
T EHAR B L8 bR i 22 (x £ ) Ko, Z411H]
PR AR 2 7 22 40 B, P LBl ] SNK-q K6
56 P IA] LAl « K36, P<0. 05 B 22 A 483

2 #R

2.1 siRNA-Id1 ## Id1 B9RE

SiIRNA-Id1 240+ Id1 mRNA F1ZE A 1 %k
H KT siRNA-Control £ ( P<0.05) (WL 1 fiZE3) .
2.2 siRNA-Id1 #1%) HBx B3R %

5 siRNA-Control ZH # [t %%, siRNA-Id1 25 4fi il
H HBx mRNA FlZE [ 1 335 8 f K (P<0.05) 3 5
siRNA-Id1 4 A7 L #¢ , siRNA-Id 1 +Pifithrin-a group 2

oD fH., AL HBx mRNA FIZE A9 %35 = T+ (P<0. 05)
1.3.7  JiX4ifaR (ILE 2 FiE4),
&1 SsiRNA £
Table 1 The sequence of siRNA
/NFTHE RNA izl
siRNA Sequence
- U FE 41 Forward sequence 5’ -GAATTCUGAGCAAGGUGGAGAUUCUGCGGCCGC-3"
siRNA-Id1 U751 Reverse sequence 5’ -GCGGCCGCAGAAUCUCCACCUUGCUCAGAAUUC-3’
FK P 7 51 Forward sequence 57 -GAATTCGCGACGAUCUGCCUAAGAUGCGGCCGC-3"

siRNA-Control

T U5 Reverse sequence

5’ -GCGGCCGCAUCUUAGGCAGAUCGUCGCGCGGLLGC-3’

®2 LIWIFS

Table 2 Primer sequence

HEH

Gene

SIS

Primer sequence

- 3#)¥%%1 Forward sequence
Idl R4 Reverse sequence
L3773 Forward sequence
TilF
)% 9 Forward sequence

HBx

4

ﬁl‘l Reverse sequence

t_r

GAPDH
TU#F 5 Reverse sequence

5’ -CTGCTCTACGACATGAACGG-3’
57 -GAAGGTCCCTGATGTAGTCGAT-3’
5’ -CACTTCGCCTCACCTCTG-3’

5’ -TCGGTCGTTGACATTGCT-3’

57 -GATTGTTGCCATCAACGACC-3’
57 -GTGCAGGATGCATTGCTGAC-3’
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2.3 siRNA-Id1 #] £ B2 ik w5 1 52 1l

5 siRNA-Control 2 # b %%, siRNA-Id1 41 41 fifd
IEW T HBsAg A1 HBeAg Y & & FEAIK ( P<0.05) 5
5 siRNA-Id1 ZHAH He% , siRNA-Id1 +Pifithrin-ac group
HANME 3 HBsAg Ml HBeAg B 7t (P<
0.05) (WF%S5),
2.4 siRNA-Id1 ] %] HepG2.2.15 BF & 40 B 19
g

5 siRNA-Control 2 #H [ %%, siRNA-Id1 2H 4 Jif
FERGSE 48 h A1 72 h WA OD {E %A (P<0.05) ; 5
siRNA-1d1 ZHAH HE %, siRNA-Id1 +Pifithrin-ac group £H
YIAERSIF 48 h A1 72 h IS OD {H 15 (P<0. 05)
(WFEe6),

1 2

[d] —

carpr D S

7 1 1:siRNA-Control 4 ;2:siRNA-Id1 41,
Bl 1 Western blot fill i rh 1d1 2 AR IA
Note. 1, siRNA-Control group; 2, siRNA-Id1 group.
Figure 1 Western blot was used to examine the

protein expression of Id1

*®3 1dl FAMHE (n=10)

Table 3 Comparison of Id1 expression

x4 4440 HBx FEMELE (n=10)

Table 4 Comparison of HBx expression in four groups of cells

4151 5 RNA EHEl
Groups mRNA Protein
Control 4
ontrol 41 1.00+0. 15 1.000. 12
Control group
siIRNA-C 1 2
> ontrol 21 1.06+0. 17 1.030. 15
siRNA-Control group
SIRNA-1d1 21 0.41x0.26"* 0.31x0.22"*
siRNA-Id1 group T I
SIRNA-Id1+Pifithrin-o 41 vea R
SRNA-Id1 +Pifithrin-a group O 100+ 22 0.83£0.27
F
FAE 19. 020 28.120
F value
P
i <0. 001 <0. 001
P value

7 : 5 Control ZHAH L, * P<0.05; 5 siRNA-Control ZHAH ., # P<0. 05;
45 siRNA-Id1 414 1, 4 P<0. 05,

Note. Compared with Control group, * P<0. 05. Compared with siRNA-
Control group,*P<0. 05. Compared with siRNA-Id1 group, 4 P<0. 05.

5 UL HBsAg il HBeAg K-V LA (n=10)
Table 5 Comparison of HBsAg and HBeAg levels in

cell supernatant

51 fRffl RNA HHT
Groups mRNA Protein
siRNA-Control 2
1.00+0. 18 1.00+0. 16
siRNA-Control group * *
siRNA-Id1 £
0.39=+0.20 0.46x0.22
SIRNA-Id1 group * *
¢l 7.169 6.277
t value
P <0.001 <0.001
P value
1 2 3 4
HBx i a— -——

GAP)|| s e s cmssw

F:1: Control #;2: siRNA-Control #; 3 siRNA-Id1 #;4;
siRNA-Id1+Pifithrin-a 2

2 Western blot £l HBx & [ 133k
Note. 1, Control group; 2, siRNA-Control group; 3, siRNA-
Id1 group; 4, siRNA-Id1+Pifithrin-a group.
Figure 2 Western blot was used to examine the protein

expression of HBx

21 5 HBsAg( WG REAE ) HBeAg( W REAE)
Groups HBsAg(OD) HBeAg(OD)
1 4
Control 4 0. 583+0. 054 0. 988=0. 095

Control group
siRNA-Control 41
siRNA-Control group
siRNA-Id1 41
siRNA-Id1 group
siRNA-Id1+Pifithrin-o £
siRNA-Id1+Pifithrin-a group

0.589+0. 051 0.981+0. 090

0.277+0.073**  0.477+0. 108 **

0.572+0. 0694 0.862+0. 113 *#4

P
) & 59. 470 55. 620
F value

P <0.001 <0.001
P value

1 . 5 Control ZHAHEL, * P<0.05; 5 siRNA-Control ZHAH I, # P<0. 05;
5 siRNA-Id1 ZAAfI L, 4 P<0.05,

Note. Compared with Control group, * P<0. 05. Compared with siRNA-
Control group,*P<0. 05. Compared with siRNA-Id1 group, 4 P<0. 05.

2.5 siRNA-Id1 % S HepG2.2.15 AT ¥E 40 i 14
AT

55 siRNA-Control 2148 %%, siRNA-1d1 21 4 g
SR i O a2 e R e o 7 B = A RS
0. 05) ; Pifithrin-oc AT Td1 JE R UTER 5 A2 08 7
BN (P<0.05) (WL 3 Fik 7)
2.6 siRNA-Id1 A THXEARENZM

55 siRNA-Control 2148 b, siRNA-1d1 21 4 g
tH Bax fil Cleaved caspase-3 &5 H ) 3 ik = T+, 1M
Bel-2 5 ) 32 35 3 FEAIK ( P<0. 05) ; Pifithrin-o 7]
R 1d1 FE R ER G 1 A= 24 3500 (P<0. 05)
(W1 4 N5 8)
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R6 4 HAMUIHFEM L (n=10)

Table 6 Comparison of cell proliferation in four groups

1] 24 h(BOLHE) 48 W (RO 72 h(WOERE()

Groups 24 h(0OD) 48 h(OD) 72 h(0OD)

Control ZH Control group 0.718+0. 042 1. 085+0. 044 1. 528+0. 041

siRNA-Control £ siRNA-Control group 0.710+0. 039 1. 099+0. 036 1. 538+0. 037

siRNA-Id1 41 siRNA-Id1 group 0.552+0. 028 ** 0.754+0.031 ** 0.968+0. 035 **
siRNA-Id1+Pifithrin-o 4 siRNA-Id1+Pifithrin-a group 0. 632+0. 032 *#4 0.904+0. 033 **4 1.318+0. 037 **4
F{H F value 47. 430 203. 200 504. 100
P {H P value <0. 001 <0. 001 <0. 001

1. 5 Control ZHAALL, * P<0.05; 5 siRNA-Control ZHAH I, *P<0. 05; 5 siRNA-Id1 414H L, 4 P<0. 05,
Note. Compared with Control group, * P<0. 05. Compared with siRNA-Control group,*P<0. 05. Compared with siRNA-Id1 group, 4 P<0. 05.

Control4 siRNA-Control 41
A Control group siRNA-Control group
104

1.92%

10! 102 10°

® siRNA-Id141
B~ siRNA-Id1 group siRNA+ID1+Pifithron-o4H
N~ siRNA+ID 1+Pifithron-o; group
g o 1064%| 1 1.84%
10
REREBY
Annexin V
B3 it P A A D) 20 Y O
Figure 3 Flow cytometry was used to examine cell apoptosis
RT 4 HMMBE TR L (n=10)
Table 7 Comparison of apoptotic rate in four groups
451 FURT- A LB (%) R 30 080 L L 451 ( %)
Groups Proportion of early apoptotic cells Proportion of late apoptotic cells
Control 4 Control group 1. 83+0. 69 2.19+0.72
siRNA-Control £ siRNA-Control group 1.90+0. 75 2.26+0.77
siRNA-Id1 41 siRNA-Id1 group 10. 38+2. 33 *# 11.41+2.63*#
siRNA-Id1+Pifithrin-a 4 siRNA-Id1+Pifithrin-a group 1.98+0.914 4.20+1.58**A
F A F value 98.510 72.380
P {E P value <0. 001 <0.001

TE: 5 Control 4L, * P<0.05; 5 siRNA-Control Z14f It ,*P<0. 05; 5 siRNA-Id1 414 L, * P<0. 05,
Note. Compared with Control group, * P<0. 05. Compared with siRNA-Control group,*P<0. 05. Compared with siRNA-Id1 group, 4 P<0. 05.
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8 HIMMT-MHCEAREMW LI (n=10)

Table 8 Comparison of apoptosis-related protein expression

41 Bel.-2 #6 X & F1 B A LA 2 PR -3
Groups Bax BeL-2 Cleaved caspase-3
Control 4 Control group 1. 00+0. 17 1. 00+0. 19 1. 00+0. 16
siRNA-Control £ siRNA-Control group 1. 06+0. 21 0.97+0. 15 0.96=+0. 17
siRNA-Id1 4 siRNA-Id1 group 2.36+0.48 “* 0.67+0.31** 1.95+0.42%*%
$iRNA-Id1+Pifithrin-a £ siRNA-Id1+Pifithrin-a group 1.25£0.274 0.94+0.234 1.58+0.29 *#4
FAH F value 43.170 4.451 29.010
P P value <0. 001 0. 009 <0.001

5 Control ZAAHLL, * P<0.05; 5 siRNA-Control Z14 L, *P<0. 05; 5 siRNA-Id1 414 L, * P<0. 05,
Note. Compared with Control group, * P<0. 05. Compared with siRNA-Control group,*P<0. 05. Compared with siRNA-Id1 group, 4 P<0. 05.

1 2 3 4

Bax e

-
Bel-2 wa— am— e a—

Cleaved
caspase-3 NN SE— — .

GAPDH 4. S S —

TF:1: Control £ ;2 :siRNA-Control £ ;3:siRNA-Id1 £ ;4:siRNA-1d1
+Pifithrin-o 2H .
Bl 4 Western blot Kz ZHAEH Bax ,BcL-2 . Cleaved
caspase-3 25 [ () ik
Note. 1, Control group; 2, siRNA-Control group; 3, siRNA-II
group; 4, siRNA-Id1+Pifithrin-a group.
Figure 4 Western blot was used to examine the protein

expression of Bax, BcL-2, Cleaved caspase-3

3 it

Id1 J&—FF DNA 554061 K+, 7] 554k HLH
FIGERL Y B R il % 5 719 DNA 254
FEE SR RE S 11 Bt A4 S 2O 4n i s
UG A K A 745 &3 1d1 76 FF 40 i i e 21
LA R R kT, 0 HH R R K5 B H A7
IR A, REC AR 1d1 vTaES 5
S0 L P P R (E: T o U 2 B e e R T
A=W I RE I 52 AT R 2 A SCTE A , AR AL
R JCHEAE HBV AH PR AT 40 0

HBx £ [ A 99 8 a8 15
AT R0t HBV A4 8% & i b & 15 o B A
F, 4 Keasler %™ & BIAEELZ HBx 8 HMHEH T,
HBV 7E HepG2 JHJ 40 M v /9 52 il 2K ~F B AR T
65% , T HiZ M 4510 7E /N AR A5 21 1 UESE
A1, Ding 25190 A% 91 1d1 5 HBx By 723k 1 5 E A
XK, RUHEARPEDE Y A UESE 1d1 5 HBx 7E HBV ¢
PR 40 e 938 4 20 b R 3k T L HBx 0] DL iF

HepG2 P40 55 1d1 mRNA FIEE 1, A 45 R
R, 1d1 JLER S HBx mRNA FIZE [ 2635 5 14 i
R, R 1d1 ANMUEZE) HBx BT, 38 0] DLt
JRVHAY HBx 19735, HBsAg Fl HBeAg 2 1F-#r HBV
SR AR bR, A SCl & B 1L TEER S 1
HepG2. 2. 15 4 i 5 3¢ F 15 W HBsAg 1 HBeAg
B E AR TR ge et B, DL B 25 SRR BT ) 1d1
(&R AT LR I8 HBx (1) 28 35 R RRAIK £ B R 9 75
Ay

KT LR 1d1 X HBV AH G T8 20 i
S5 RN PR T B R ], AR SC 43 X 45 2H HepG2. 2. 15
AT T MTT 3R 51 Annexin V -FITC #5ic, 45
7R Id1 BRI 40 AR A4 14 5 A2 200 i HL R0
T 20 R G S0 O T L LA e T A, 5
siRNA-Control 41 #H Lt %4, siRNA-Id1 41 4l Jifd 7 Bax
F Cleaved caspase-3 FEHMWERETS , T BeL-2
B FRIA AL, 20 1d1 TR S BRI T3
;AT -5 A A T 3 B O AT

p53 BEPRIJE — i L R, Lk O RN AR S A —
FIN M () kA R iR EmEAE A, pS3 tAE HBV
AEOCE 41 Mg v #5528 A 8 BEAE D, A0 Liu
SOV pS3 F A B B AT T HGF/ c-Met {55
%, T BOUF 20 AR B 42 28 AL R R D s e, It
A Yu ZE0 B 11 AT AR B pS3 R A R R, S5
R MDM2 i 35 R 268 06, MRAE L B oY 45
W ARSCHEI 1d1 %+ HBV & i 9 20 At 384 5 Fn o4
T-HIRZIAE A 5 1] U T30 pS3 i Rk A X,
I, AR SCHs — Bl i HIRY p53 #0457 Pifithrin-oc #30
% I1d1 7T 2R A9 HepG2.2.15 40 g v, 45 R B /R
Pifithrin-ac ][] BE A0 siRNA-Id1 %} HBV &
il 711200 348 B %) 0 ) 507 LA B 240 T T ) AR AR
N, 22 B 1d1 Al B AL Y p53 S5 LRk AW F

25 L 1d1 R /o T4 RNA AT LA
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