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Effect of Hepatitis B Virus X Protein on Histone H3K4 Methylation in Hepatocellular
Carcinoma and Its Potential Mechanism
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(1.Department of Hepatobiliary Surgery; 2.Department of Anesthesiology, Sun Yat-sen Memorial Hospital ,
Sun Yat-sen University, Guangzhou 510120, China)

Abstract: [ Objective] To investigate the relation between HBx protein expression and H3K4 methylation in hepatocellular
carcinoma and its potential mechnism.  [Methods] Cell line HepG2-HBx that is able to stably express HBx and control cell line
HepG2-ve was constructed and cultured, as well as positive control HepG2.2.15 and negative control HepG2. Histone H3K4
methyltransferase activity was detected by using ultraviolet spectrophotometer, and we explored the effection of HBx on Histone H3K4
methyltransferase activity. Using qRT-PCR and Western-blot to evaluate the change of expression level of SMYD3 ( SET and MYND
domain containing3 ) in each cell groups. Detecting the expression level of SMYD3 and H3K4me3 with immunohistochemical staining
(HbsAg+ 58 cases, HbsAg- 26 cases) and finally statistically analyzing the results.  [Results] Histone H3K4 methyltransferase
activity and the expression level of SMYD3 in cell line that express HBx are stably significantly higher than that of negative control
groups (P < 0.05). Moreover, the expression of SMYD3 is directly relevant to the HBV infection in HCC tissue sample, and
promoting the methylation of histone H3K4. [Conclusion] HBx enhance the activity of histone H3K4 methyltransferase in hepatoma
cells, and the potential mechanism may be related to HBx-regulated expression of SMYD3, which also promote the methylation of
histone H3K4 in HCC tissue.
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i P A e 98 (hepatocellular carcinoma,
HCC) w2 Il R UL A A R HBV B Ay 2
g A= i B S R 3R 1 H HBY 7
B TR ARTEZE . HATHTSE N, PR R
X # H (hepatitis B virus X protein, HBx)/2& HBV £
W AR IR o3 T IR T A I BEWT 580
Sr4E7s T HBx BUIHE & AR PE &R, . BUE
JAK/STAT \PI-3K/AKT {55 ‘F: g o7 B 5t
[N AP1 AP2 \NF—«B “5-25 & S U Ji 26 14
SR )5 5 W T 20 Y R DR 2 R AR A T e
PEAE DI RE L B A I 60 73 72 Wy 2 AL 74 oK 58
AR, TAERA BTN HBx 2 5 40 g Mgt
AL AB i 11011 EX JHJ 200 L 2 W38 4 4 W 114 52 i
S AR, A28 AFE 2 1K HBx HEH
) 988 A LRSS B g 05 6, L P T A A 0
qRT-PCR o 9 21 Ak 45 52 56 U7 1 W 4% HBx 2
Xof JHF 968 40 i 4L 2K 11 H3K4 37 5 B SR AR 18 1 14 52
Wi, JERTH AT RN, M FRULIS L 7 A JEE ik
HBx SR &R
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1.1 SEEe#f#t

1.1.1 HBx A4k ik f# PCDNA3.I-HBx {&4h
{2746 i HBx 5235 DNA J¥ %1 (supplement 1), 1%
FBARA peDNA3.1 FARBFIIN S Hind Il 2 EcoR
I Z 08, kD28 U0 Koy 45 7, oAt iy
PCDNA3.1*-HBx JJoki, i% TAEm i THh5eat,
1.1.2 20 % Fe BT 2 4 2 % 7] (TMAs)  JIF9E
il 2 HepG2 . HepG2.2.15 Wy [ R B dh #4057 3%
RS e )i DN e AN T NS R N
PN 28 5 5 B s B O R A7 Y 2000 4F 6 A &
2005 4F 12 A JE AV AR G A 82020, in T
84 Wl UGB BURE R /N R AR 1 mm , 3491 £
HREARK 2 5,36 168 p, BRI ILEE 1,

1.1.3 F&XAFME FEXFAHE anti-HBx
ST N 58 FE TR (Santa Cruz USA) ;anti-SMYD3
PPt N £ 575 B B K (Santa Cruz USA) ;anti —
H3K4me3 $T 1K (cell signaling technology ) ; ZH &
H3K4 W JE 5% 3% Wi 7% M A 3K ) & (Epigentek
Group Inc. catalog No. P-3002) ; Wi25 1 S8 2 AL i
F& (PV-6001/6002, H1424:45); SYBR Green
PCR buffer (TAKARA Japan), 3 ZAY &% {0 45

Wellscan Mk3 FfFr{¥ (Labsystems Dragon) ; LC480
%65 i PCR X (Roche USA);SDS-PAGE % 14
HL YK S 76 B R 45 (Bio—Rad, USA)

1.2 SRHE

121 #BEREIWBEMERMIEE K
lipofectamin 2000 J5i 7 %% 4 $5 VE 2 B 43 51 K
PCDNA3.1* ~HBx J§i ki 2 PCDNA3.1* 2% 4% A i Yo
% HepG2 40, Y% J5 240 i £ 5 800 ng/mlL
G418 .,100 mL/L fifi 4~ L7 DMEM f= B K5 3% 6 45
F% 14 d, Pkt G418 Prik s e BEIF 93, A Mufe e
A K 5 3F 4T western —blot 28 %E HBx #* ik
(supplement 2) , ZARXT BRI R HepG2-ve R H
AR T 3 85 9% 5 FHPEXT FE 4 A HepG2.2.15 A1
X HEZH AL HepG2 J7 3248 1% 100 mL/L Jifi 25 Il 3
DMEM = pibs 75 5L 57

122 207G H3K4 4% 5 F Rk 4645 8 75 A
PVEL IR G Epigentek RN S ULHIET T, 4540
YA FE A L 10 we/FLSIRPFEREFE 90 min,
6L R IR TEEAR X 450 nm BB LG
(B, MRS | IR R AU

A/(homg?)y = D2=D sy 000, M D Jg ki
myp/g+t/h

TR G mae P INAZ B e A% R
HIRYmEa el BR L AR 3 B AL, S
HE 2K,

1.2.3  qRT-PCR # | & 48 48 #2 HBx 5 SMYD3
mRNA & A KF M8 trizol 32057 5 FH 6 BH $2 B
4 i 5 RNA, % &8 )5 {8 H SYBR Prime script™ RT—
PCR 355458 cDNA , ¥ 5 5% 2544 37 °C 15 min,
85 °C 5 s, PCR ¥ ¥4 514 HBx ) LiiF5| 49 .5 -
TCAACGACCGACCTTGAG-3", Fii#514) .5 -GAA
AAAGTTGCATGGTGCTG-3', SMYD3 14 b5 14 «
5'-GGCAGAGAACACAGCCTGAT-3", Fii5|4.5'
~ACACGCCGTATTTCCCTCT-3", beta—actin ¥ I ¥
51 ¥ .5 ~CTAAGTCATAGTCCGCCTAGAA GCA -
3", F51#9.5'-TGGCACCCAGCACAA TGAA-3'
P14 44793 °C 3 min, 93 °C 30 5,55 C 455,72 C
45 s fEHR 32 1K, 4 °C 1 h, AU E Bk 5Re
AR, B SEIG AR AL 3 AL, LR EE 2 1K,
1.2.4 Western —blot #& M & 48 48 iz HBx 5
SMYD3 & & & A K-F  Fic [/ RIPA 20 i 24 it i (o
FHUE B P2 B0 4 4 BB 1, BCA I | A
EE FAEZ WA T 100 °C KIBZEYE 5 min, BUE
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5 8 FAEKGE 25 pg BAE, 12% SDS-PAGE #¢
JRE H ik, 2 T 55 I 60 min, A 50 g/L BSA % i
B 1 h, PUAHE B BEBTIA HBx (1 :200),
SMYD3 (1 : 2 500),GAPDH (1 : 2 500), —Hi i B¢
F1:4000, P04 CHFE 12h, —PIERFF 1h,
ECL ZGH B .

1.2.5 % 9% 44 ¥l BF 5% 48 4% SMYD3 5
H3K4me3 £ AT oL $ 7k S e Al A E 20
DK 2 AU A 2 Bt A i K4k B Bt
JEESE 5 3 B E anti-SMYD3 $i44 (1 : 50) \anti-
H3K4me3 Hi1A&(1:100), & FiEA&F 4°C12h,
PUEWIEE 1 h, DAB B0, 7KK Z Y53 7 Wl
FL LE TR . SMYD3 i A (0 sl A 40 4y PR
W0 A B H3K4me3 i A% b (0 ol A 8 €6 A FH
PR R I PHAE 20 AR > 309% /10 BT 4 16 oy
A A,
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Yt HBx FLA#% 33K BT J5 HepG2 4 JfL N
H3K4 S5 A% g 1% v I S 4 0% | 2R 31 523 + 39]
h'emg™, 575 AT B L K B PR X HR A LA 25 55
YA G127 X (P < 0.001) , 11 5 P X 8 41 22
SRGIFE X (P=0.279,F 1A),
2.2 HBx %t SMYD3 %7k T &0

HepG2 20 Mo % Yk HBx ELAZ % 3K kL J5 HBx
Fik L, SMYD3 JRBEZ i, HepG2-HBx 4il iy
SMYD3 mRNA ik 7K V- # HepG2-ve 4 il I 34
4.57 5, 5 HepG2 4l L 5.60 fiF , 22 F ¥ 58
TH2EE L (P < 0.001) , 11 -5 BH P4 X B8 HepG2.2.15
i 2z RIS it2= 255 (P=0.301, K 1B.C),
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Fig.1 The effect of HBx on H3K4 methyltransferase activity and the expression level of SMYD3 in hepatocellular carcinoma

A:The activity of H3K4 methyltrasferase in HBx protein positive expression cell line (HepG2-HBx) is significantly higher than that in HBx

protein negative expression cell lines(HepG2 and HepG2-vc). B: qRT-PCR test shown that HBx protein expression in cell HepG2.2.15 and HepG2—

HBx, no expression in cell HepG2—ve anc HepG2. C; The expression level of SMYD3 mRNA in cell HepG2—HBx is significantly higher than that in

negative control group during qRT-PCR analysis. D: The expression level of SMYD3 protein in cell HepG2—-HBx is significantly higher than that in

negative control group during Western—blot analysis. 1 )statistically significant, P < 0.001, Independent—sample ¢ Test.
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R R ] S 2 LA A
2 SEANKNFEALF SMYD3 5 H3K4me3 Rik1E5R
Fig.2 The expression of SMYD3 and H3K4me3 in HCC tissue detected by IHC

A: Negative expression of SMYD3 in an HCC case (original magnification x 100); B: High expression of SMYD3 was shown in an HCC patient
tissue sample in which carcinoma cells exhibited SMYD3 staining in the cytoplasmic (original magnification x 100); C.D: Higher magnificantion
(original magnification x 400) images of the partial areas in A B, respectively; E: Negative expression of H3K4me3 in an HCC patient tissue sample
which exhibited very few H3K4me3—positive nuclei (original magnification x 100). F: High expression of H3K4me3 was shown in an HCC patient
tissue sample in which more than 95% of carcinoma cells exhibited H3K4me3 staining in the nucleus (original magnification x 100); G H: Higher

magnificantion (original magnification x 400) images of the partial areas in E I, respectively.
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HepG2-HBx 4 ig SMYD3 & [ & 1% 7K - 45 28 (4 % 1] K B
X B B 2 1A 1D ],
23 HFHEAL T SMYD3 5 H3K4me3 EA K IX
=

Xf 84 {5l JFHEA S (I A FRGORHIL 2R 1) 2HE
PrASIT s e e 5, &l 2 o8 SMYD3 &
H3K4me3 Qe fRFRMEEIG, X 2lik 1145
FI W IF Gt H .58 1] HbsAg (+) B34 ATIE 41 41
SMYD3(+) 42 i, BH: %R 72.4% ; 26 5] HhsAg(-)
HBE AL SMYD3 (+)11 49, FHHE%42.31%),
WA [0] 25 348 Ge T35 3L (P = 0.008, x> K 5 ) ;53
5] SMYD3 (+) ZHZU5A< 1 H3K4me3 (+) 50 44, FH
Pk 2 94.3% ;31 ] SMYD3 (- ) #2445 74
H3K4me3 (+) 9 il , BH: % 29.03% , W4 [A] 22 7 A
i3 X (P<0.001, % Klh, % 2),

®1 84 GIFFEREIRKRERR
Table 1 Clinical pathological data of 84 HCC patients

Variables No. of cases
Age / years

< 50.7 35

> 50.7 49
Gender

Male 73

Female 11
HbsAg

+ 58

- 26
Preoperative AFP / (ng/mL)

<20 5

> 20 79
Liver cirrhosis

Yes 64

No 20
Tumor size / cm

<5 34

>5 50
Tumor number

Single 66

Multiple 18
Vascular invasion

Yes 31

No 53
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Table 2 The diversity of protein expression between

groups

SMYD3+  SMYD3- P value X
HBsAg+ 42 16 0.008 6.988
HBsAg— 11 15
H3K4me3+ 50 9 0.000  39.907
H3K4me3- 3 22

Pearson Chi-square (2-sided)

TS AL A5 TR RSN SE IG5
-5, VST T A0 HBx 8 A X4 8 H
FREAIE R 52 , BFT & B, s 240 B ) HBx
AENS i & H i 4l 2 1 H3K4 I ILEE RS /ETn 1, o
R RAE, REUgRE M Az A s IR 2
M ELE R (HMTs) , SMYD3 BF5% 5 R i b
Uifig oy E B0 ERg iYL (AR 1 8 1 H3K4 &
A 2 A% (di-) M3 A% (i) F 3R AR, DTS 1) T it
JEFEN | 4NN RN | (5 S S A ORI
S5, BB A A1) PR 20 0L T AR 2 A A s
ALY — AT HBx & X SMYD3 KA 5%
M, &30 HBx BEMS &3 [ SMYD3 4% ¢ iEtES
FEERL, PRILIRATHEN HBx 45 H3K4 H LR
FEmEEME T BE S HA S0 SMYD3 Rik BIEA O,
JUAE HABMT 5T 34 AE 525 b o SR B I 42
{H HBx P15 SMYD3 % 5% sk BHE 9 B L)AL 1 i A
R, MR — 2R A

JHEA LU SMYD3 FA TR 23 5 HBV &
P MBI R, X PR TRAT HBV U@ E LS
I RE S HW#E  HBx /510 SMYD3 _E A 5%,
WRBTRVEFIFLEI SN, SMYD3 Ak (4 20 3 11 H3 i
RIS 4 PR H LAk (H3K4me ) &1 o & A Frik
B S H3KA A6 A5 B Ry H R AE (H3K4me3 ) J2: 3
DR SR 38 ) B B s L AL 11 H3 H Ak i i B
G R R F AR DL 3 FROR [E] RS
FETE, B 1A% (mono—) (2 A% (di-) A1 3 £ (ti-) (1Y FH
FALBE, H3K4me3 52 R IEK K5 54 % 1)
AHOGR22) T HLAE 22 g ik S B S $2 7
WMl it . 22 Vi BEveE s | HT 9 i 4 2
1M H3K4me3 76 JH- 41 M8 b i 22 X H i b ik = 78
AN S NS SR R R R AN R 0 e B
4 fifs SMYD3 61k 5 H H3K4 I RAL BRI & R,
KL FIR SMYD3 (1 i 41 i 55 5y 3 B8 H3K4 1Y
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T T AR S B H3K4me3 F63k  {H & 9 4 v
217K 1 H3K4 H 3L fb B4 2 75 0 Hith HMTs 2
5 DA H3K4 i3 W AR A8 1 BT I8 92 ) 6 IR e A
TS AR Z

R, ARSI BARETEANEIH HBx JEFESMYD3
PR BB VIHL K ATEE 4 8 1 AR i i B A
B, HNFBAE AR UESE T HBx £E T
T 25 T A E VB E , h FAHE
KA ST BRAE TR A BRI AR I AN RS
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