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High expression of DNMT3B promotes proliferation and invasion of hepatocellular
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Abstract: Objective To explore the role of DNMT3B in regulating the proliferation and invasion of hepatocellular carcinoma
(HCC) cells. Methods We collected the tumor tissues and adjacent tissues from a total of 175 patients with HCC diagnosed in
the Second Affiliated Hospital of Chongqing Medical University between May, 2008 and May, 2013 to prepare the tissue
microarrays. The association of the expression of DNMT3B with the prognosis and the tumor-free survival and tumor-specific
survival rates of the patients was analyzed. Univariate and multivariate Cox regression analyses were used to analyze the
effect of DNMT3B expression on the prognosis of HCC. We used RNA interference technique to knock down the expression of
DNMTS3B in Huh-7 hepatoma cells and observed the changes in cell proliferation using CCK-8 assay and EDU staining and in
cell migration and invasion ability using Transwell assay. Results The positive rates of DNMT3B was significantly higher in
HCC tissues than in paired adjacent tissues (67.4% vs 41.1%, P=0.015). A high DNMT3B expression in HCC was significantly
associated with the tumor size (P=0.001), vascular invasion (P=0.004), and intrahepatic metastasis (P=0.018). The patients with
high DNMT3B expressions had significantly lower tumor-free and tumor-specific survival rates than those with low DNMT3B
expressions (P<0.005). In Huh-7 cells, silencing DNMT3B significantly inhibited the cell proliferation and inhibited cell
migration and invasion. Western blotting showed that silencing DNMT3B obviously increased LATS1 expression, decreased
the expression of YAP1, and activated Hippo signaling pathway. Methylation-specific PCR showed that the methylation level
of LATS1 was decreased in the cells with DNMT3B silencing. Conclusion The expression level of DNMT3B is significantly
higher HCC tissues than in the adjacent tissues, and the high expression of DNMT3B is closely related to the low survival rate
of the patients. Silencing DNMT3B inhibits the proliferation, migration and invasion of HCC cells. DNMT3B promotes the
progression of HCC primarily by enhancing the expression of YAP1 through methylation of LATS1 and inhibition of its
expression, which inhibits the anti-cancer effect of Hippo signaling pathway.
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Fig.1 Expression of DNMT3B in hepatocellular carcinoma (HCC) tissues. A: HCC; B: Non-tumor; C: Liver tissue.
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Tab.1 DNMT3B expression and clinicopathological features of
HCC patients

DNMT3B expression
Variable Cases P
Low (n=57) High (n=118)

Age (year)
<50 83 32 51 0.109
=50 92 25 67

Gender
Male 89 27 62 0.521
Female 86 30 56

Tumor size (cm)

<5 77 35 42 0.001
>5 98 22 76

AFP (ng/mL)
<20 64 21 43 0.959
>20 111 36 75

Liver cirrhosis

Presence 113 36 77 0.786
Absence 62 21 41

HBsAg
Positive 120 39 81 0.976
Negative 55 18 37

TNM stage
v 89 32 50 0.876
/v 86 25 68

Vascular invasion
Presence 89 20 69 0.004
Absence 86 37 49

Intrahepatic metastasis
Presence 99 25 74 0.018

Absence 76 32 44
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Fig.2 Tumor-free survival rate and tumor-specific survival rate of HCC patients with different levels
of DNMT3B expression. A: Recurrence-free survival; B: Disease-specific survival.
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Tab.2 Influence of different factors on tumor-free survival of HCC patients

Univariate analysis

Multivariate analysis model

Variable n
HR (95% CI) P HR (95% CI) P
Gender 1.365 (0.884-2.674) 0.669 - -
Male 89 - - - -
Female 86 - - - -
Age (year) 0.694 (0.674-1.864) 0.396 - -
<50 83 - - - -
=50 92 - - - -
AFP (ng/mL) 1.081 (0.559-1.836) 0.763 - -
<20 64 - - - -
>20 111 - - - -
HBsAg 1.264 (0.636-2.008) 0.457 - -
Positive 120 - - - -
Negative 55 - - - -
Liver Cirrhosis 0.570 (0.983-2.647) 0.364 - -
Presence 113 - - - -
Absence 62 - - - -
TNM stage 0.863 (0.578-1.867) 0.630 - -
v 89 - - - -
/v 86 - - - -
Tumor size (cm) 1.360 (0.492-1.650) 0.035 1.089 (1.075-2.637) 0.043
<5 77 - - - -
>5 98 - - - -
Intrahepatic metastasis 2.962 (1.064-3.478) 0.016 2.551(0.482-3.664) 0.021
Presence 99 - - - -
Absence 76 - - - -
Vascular invasion 1.506 (0.895-2.647) 0.007 2.907 (1.239-4.778) 0.005
Presence 89 - - - -
Absence 86 - - - -
DNMT3B expression 1.236 (1.297-3.644) 0.002 1.336 (1.079-2.847) 0.001
High 57 - - - -
Low 118 - - - -

HR: Hazard ratio; CI: Confidence interval.
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Tab.3 Influence of different factors on tumor-specific survival rate of patients with HCC

Univariate analysis

Multivariate analysis model

Variable n
HR (95% CI) P HR (95% CI) P
Gender 0.608 (0.531-1.801) 0.221 -
Male 89 - -
Female 86 - -
Age (year) 0.558 (0.304-1.517) 0.489 -
<50 83 - -
=50 92 - -
AFP (ng/mL) 1.290 (0.369-1.446) 0.637 -
<20 64 - -
>20 111 - -
HBsAg 1.670 (1.054-2.558) 0.847 -
Positive 120 - -
Negative 55 - -
Liver Cirrhosis 0.984 (0.617-1.678) 0.473 -
Presence 113 - -
Absence 62 - -
TNM stage 1.393 (0.831-1.967) 0.843 -
4 89 - -
/v 86 - -
Tumor size (cm) 1.060 (1.764-3.647) 0.040 1.283 (1.178-3.617) 0.013
<5 77 - -
>5 98 - -
Intrahepatic Metastasis 1.476 (1.367-2.808) 0.034 1.481 (0.647-2.714) 0.020
Presence 99 - -
Absence 76 - -
Vascular invasion 1.696 (0.905-3.607) 0.003 2.318 (1.763-5.078) 0.015
Presence 89 - -
Absence 86 - -
DNMT3B expression 1.446 (1.891-4.804) 0.012 1.660 (1.379-3.957) 0.004
High 57 - -
Low 118 - -

HR: Hazard ratio; CI: Confidence interval.
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Fig.3 mRNA and protein expression of DNMT3B in Huh-7 cells transfected with si-DNMT3B and LV-DNMT3B.
A: Expression of si-DNMT3B mRNA (*P<0.05); B: Protein expression of si-DNMT3B; C: Expression of LV-
DNMT3B mRNA (*P<0.05); D: Protein expression of LV-DNMT3B.

2.9 I DNMT3B 2+ Hippo 1% % i %48 % Bk B & ik 49
A

Western blot Z55 7 , 525 U6 HRZH AP %) 1
ZH AR, SEERAH ANMAY LATS 1 F1 BAX 357K - 2
T+ (P<0.05), [F]if ,DNMT3B . YAP1 .BCL-2 KI-67 ¥
FRIK i AR (P<0.05, 1K1 7) o 25 X R AIBAME
Xof R AR ZR R B I H 2 A G2 X

3 itig

AHF5E 2R e 210 L A SR R FH S G T R
IR AL ) LA, SR A 3l X B Sk
M BRI ERIA S s, HLAS FUR B FR T A=
AEIEH S, THEEH U AR B, (20 M D RE RN
B O KRR IR , AR ST S B
DNMT3B & —Fi Sk B RE il , n] LA 5E 4 A AT
FEA B sl T X8, I HLAEF 2 g v s 25k 9]
WA s, R R R . TR R
DNMT3B X} DNA [ Ak RIS T FZAE, nl
FER A 3 X 584 R, ATV 7 i e o]
IIE R EZAY LA, ZEE T DNMT3B il /&
MEG3 AL MR, 06 Akt/p70S6K/S6415 HIF-
Lo, 5SS T RO, F W ied 40 0 A iR
A g S R R R RE T [RIRE A T
DNMT3B 1% 5 2235 A] i i 9 F A0 R0 | B

MR R ARG IR E &S5RI
FI AL 20 DNMT3B FEARERA 1 sk 5 b
() AR RS TR AR S e L R 6k | S BTG
AN RS AR SRR S, HETL YERI T DNMT3B
(1% 2 FP Ak 2447 G b 7 b 8 28 7 S0 3 Hh SR i e P
SATICA M R IR R A s
AR IE L5 RS 2w T — 2, Rk — R,
DNMT3B [ = 2 T8 RRAS I T 283 (%) eI (A, T PN e
BN RILHIENL . FERJE, FE DNMT3B &K1k
ZH H DNMT3BARFEGAZ I T 22 e e 30
PEA KRB AE R, iX R B DNMT3B B2 iE e
AR (=5, IR AR

B2, DNMT3B 21| Ji% /2 A it i FHHe 4 i) 1 5
SIRZ810WE7 BF5T W], LATS1 2 Hippo {5 518 &%
DHEF, IFE B LATS 1 3 K5 s F IXAFE KRRl &
A ARG CpG B 07 15, A Z PR R v LATS1 &
= DNA ARSI 0% YAPL, 35 RN 1,
HEBH TR 0 Sk A 02 LATS 1 KL R i A7 Ae
1o BE T AL KRR 1B O, LATS T R %58 T3
YAP1 54k, FECLTE bt AANAERE , TG YAPT 405
MAGL FHE FE e 10 & >, R Hippo {5518
B O R LATSTE T NI YAP 35
B SEEEEFH, JEIGE LATS 1 A Bs S8 phk
RURIREE BT B, C 45 A 20 s Jo g 2 | e > e A



- 1450 -

J South Med Univ, 2019, 39(12): 1443-1452

http://www.j-smu.com

3.07 —=Control

si-NC

si-DNMT3B
2'0 B kk

2.5

B

A450
[
\
-
i

1.0

i
—

0.5

Hep
F

0 24 48 72

Transfection time (h)

4.5 7 —=— Control
4.0 NC
3.5 LV-DNMT3B L
3.0 1 *%
2.5 3
2.0
1.5 1
1.0 4
0.5 4

Ausoum

[ gh i

=

HEH

0 24 48 72

Transfection time (h)

B4 FRiZ5TEXDNMT3B ja%t Huh-7 ZRAILTEAE S50

LV-DNMT3B

B DAPI EDU Merge

.- :

Control

si-DNMT3B

Control

NC

Fig.4 Effect of transfection with si-DNMT3B and LV-DNMT3B on proliferation of Huh-7 cells. A, C: CCK8 assay of cell
proliferation (**P<0.05); B, D: Cell proliferation detected by EDU uptake.

FIAI R A, LATS1 1% PR32 )5 40 M CpG &)
FH Ak ) 2 BEA R, 9550 46.7%(14/30) B 4141
LATS{IEFe1k, W] LATS1 = H 3L Ak 78 B 9 FP LATS1
AR AREZAEH . d R, DNMT3B # il i5
SLATS1 1 H S e 2 i e S5 R 2
AWFFGE T SR AR A I T 175 )5k 1
JHHE 855 1 DNMT3B RIAE AL, 3 15041 7 DNMT3B
(IR 5 BRI AR ERRAE K UGS R . AR K
P DNMT3B 7 4 Hh BH 0k % i v g s 2l 4
DNMT3B 7 i i e 2k 5 i RN (m R ARI
FNEERA VIR, W fE - DNMT3B
RN BE WA AR AR L 3 DNMT3B ik 4l
FEIRHHBARAY 1 AFAN 3 A g JORE AR AR S MR R S
HAEAEAR R, 7 DNMT3B R385 AT A B 7S
AEYUIRR, M TP DNMT3B7E RS &
JEREYYERT, FIH siRNA 19 DNMT3B [ 21k , f il

Huh-7 28I -F T2 DNMT3B Ji5 4RG3 5122868 11
PRI . 455 oK, T2 DNMT3B J5 Huh-7 4 5
i 5 R ZERE ) W A B B o A — 25 B B DT R
DNMT3B 7 Huh-7 4fi il el 4 s sE (=28 0 1AL
il (o FH R S PCRASIN R 4 I LATS 1 A FH AT
I, 5 R BLUTER DNMT3B i 24 LATS 1% H 34k
IV IR I FZRIE IR EE YAPT AU3RIK T4
1% Hippo {5538 % , A HA i/ E U il i 4
(R3ETE S8R

S AR A RN AE TR T DNMT3B 1 2%i5
TR, DNMT3B (15 2235 5 X/ A R0 T
R UINDC . AT as R /R DNMT3B =Rk
A B TR A AR S e S AR AR AR, A
F5E 2% DNMT3B 11 5 2235 RE S H4 Jin firbeg () i
JE, RIS R AR AR . AN A A3k T
JUER DNMT3B R AR S pa (=281 T (hsnm LS OH:



http://www.j-smu.com J South Med Univ, 2019, 39(12): 1443-1452 - 1451 -

DAPI EDU

>

Migration

1
1
1
1
1

BRI BN

=
2
E
=
=
[5}
3}
=
s}
K
o
=

Control

Invasion

Control LV-DNMT3B

Control

Invasion

&5 533Ri%E 5B DNMT3B FX1 Huh-7 ZHRE 22 K 3T FE RE RS2

T

si-NC si-DNMT3B Control  si-NC si-DNMT3B

*
160 ‘

NC LV-DNMT3B Control NC LV-DNMT3B

Invasion cell number
=W R UNNI0\O
cCoSDTSSISS

Invasion cell number
———
TN T=1 SIS
SSESSS

[\
SO

Fig.5 Effects of si-DNMT3B (A) and LV-DNMT3B (B) on invasion and migration of Huh-7 cells (*P<0.05).

si-DNMT3B

Postive
Control
si-NC

H.O

MUMUM

c
=
c
<
c

bp

2000

1200
1000

750

500

200

6 Fsi-DNMT3B /a3t LATS1 AR &Lk
A=A

2N
Fig.6 Effect of transfection with si-DNMT3B on
methylation level of LATS1 in Huh-7 cells.

SFHUE, IR TR AL T EA IR . AR AR
Il PR AF 52 415 A B, oK ok 1 BiF 52 v o B8 22 100 0
DNMT3B 5 Wi i A 2 J i ELAAR R AIL o LA S et ot
DNMT3B R ] 7AYT

Control si-NC  si-DNMT3B
DNMT3B

|
!
|

LATSI
YAP1

l
|
l

BCL-2
BAL

KI-67

B-actin

mControl g si-NC msi-DNMT3B

—
S
1

o
%
X

The protein expression
o o
> o
. )

¢
o
)

0
DNMT3B LATSI YAPI BCL-2 BAX KI-67

&7 JE DNMT3BX Hippof SiBREX B ERIAHIF
Fig.7 Effect of silencing DNMT3B on the expression of Hippo
signaling pathway-related genes in Huh-7 cells. *P<0.05, **P<
0.01.



- 1452 -

J South Med Univ, 2019, 39(12): 1443-1452

http://www.j-smu.com

SE Wk

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017 [J]. CA
Cancer J Clin, 2017, 67(1): 7-30.

[2] Greten TF, Wang XW, Korangy F. Current concepts of immune
based treatments for patients with HCC: from basic science to
novel treatment approaches[J]. Gut, 2015, 64(5): 842-8.

[3] Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015
[J]. CA Cancer J Clin, 2016, 66(2): 115-32.

[4] Pang RW. Biology of hepatocellular carcinomalJ]. Ann Surg Oncol,
2008, 15(8): 962-71.

[5] Wu H, Zhang Y. Reversing DNA methylation: mechanisms, genomics,
and biological functions[J]. Cell, 2014, 156(1/2): 45-68.

[6] Subramaniam D, Thombre R, Dhar A, et al. DNA methyltransferases:
a novel target for prevention and therapy[J]. Front Oncol, 2014, 4
(1): 80-91.

[7] Chou ST, Peng HY, Mo KC, et al. MicroRNA-486-3p functions as
a tumor suppressor in oral cancer by targeting DDR1[J]. J Exp Clin
Cancer Res, 2019, 38(1): 281-92.

[8] Tang X, Tu G, Yang G, et al. Autocrine TGF-B1/miR-200s/miR-221/
DNMT3B regulatory loop maintains CAF status to fuel breast
cancer cell proliferation[J]. Cancer Lett, 2019, 452(1): 79-89.

[9] Okano M, Bell DW, Haber DA, et al. DNA methyltransferases
Dnmt3a and Dnmt3b are essential for de novo methylation and
mammalian development[J]. Cell, 1999, 99(3): 247-57.

[10] Yang XJ, Han H, De Carvalho DD, et al. Gene body methylation
can alter gene expression and is a therapeutic target in cancer[J].
Cancer Cell, 2014, 26(4): 577-90.

[11] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016 [J]. CA
Cancer J Clin, 2016, 66(1): 7-30.

[12]Huang B, Jiang C, Zhang R. Epigenetics: the language of the cell
[J]. Epigenomics, 2014, 6(1): 73-88.

[13] Niederwieser C, Kohlschmidt J, Volinia S, et al. Prognostic and
biologic significance of DNMT3B expression in older patients with
cytogenetically normal primary acute myeloid leukemia[J]. Leukemia,
2015, 29(3): 567-75.

[14]Micevic G, Muthusamy V, Damsky W, et al. DNMT3b modulates
melanoma growth by controlling levels of mTORC2 component
RICTOR[J]. Cell Rep, 2016, 14(9): 2180-92.

[15]Qiu W, Lin J, Zhu Y, et al. Kaempferol modulates DNA methylation
and downregulates DNMT3B in bladder cancer [J]. Cell Physiol
Biochem, 2017, 41(4): 1325-35.

[16] Chhabra R. miRNA and methylation: a multifaceted liaison [J].
Chembiochem, 2015, 16(2): 195-203.

[17]Zhou C, Huang C, Wang J, et al. LncRNA MEG3 downregulation
mediated by DNMT3b contributes to nickel malignant transformation
of human bronchial epithelial cells via modulating PHLPP1 transcription
and HIF-1o translation[ J]. Oncogene, 2017, 36(27): 3878-89.

[18]Saito Y, Kanai Y, Sakamoto M, et al. Expression of mRNA for DNA
methyltransferases and methyl-CpG-binding proteins and DNA
methylation status on CpG islands and pericentromeric satellite regions
during human hepatocarcinogenesis [J]. Hepatology, 2001, 33(3):
561-8.

[19]Wang N, Duan H, Zhang C, et al. The LINCO01186 suppresses cell
proliferation and invasion ability in papillary thyroid carcinomal[J].
Oncol Lett, 2018, 16(5): 5639-44.

[20]Zhou GX, Li XY, Zhang Q, et al. Effects of the hippo signaling
pathway in human gastric cancer[J]. Asian Pac J Cancer Prev, 2013,
14(9): 5199-205.

[21] Viet CT, Dang D, Ye Y, et al. Demethylating drugs as novel analgesics
for cancer pain[J]. Clin Cancer Res, 2014, 20(18): 4882-93.

[22] Moroishi T, Hayashi T, Pan WW, et al. The hippo pathway kinases
LATS1/2 suppress cancer immunity[J]. Cell, 2016, 167(6): 1525-39.

[23]He M, Zhou Z, Shah AA, et al. New insights into posttranslational
modifications of hippo pathway in carcinogenesis and therapeutics
[J]. Cell Div, 2016, 11(2): 4-15.

[24]Zhang J, Liu Z, Lian Z, et al. Monoacylglycerol lipase: a novel
potential therapeutic target and prognostic indicator for hepatocellular
carcinomalJ]. Sci Rep, 2016, 6(12): 35784-95.

[25]Wu H, Zhang W, Wu ZR, et al. miR-29¢-3p regulates DNMT3B and
LATS1 methylation to inhibit tumor progression in hepatocellular
carcinomal J]. Cell Death Dis, 2019, 10(2): 48-59.

[26]Li L, Dong L, Wang Y, et al. Lats1/2-Mediated alteration of hippo
signaling pathway regulates the fate of bone marrow-derived
mesenchymal stem cells[J]. Biomed Res Int, 2018, 26(8): 4387932-
43.

[27] Nantie LB, Young RE, Paltzer WG, et al. Latsl/2 inactivation
reveals hippo function in alveolar type I cell differentiation during
lung transition to air breathing [J]. Development, 2018, 145(21):
2506-17.

[28]Ji T, Liu D, Shao W, et al. Decreased expression of LATSI is
correlated with the progression and prognosis of glioma[J]. J Exp
Clin Cancer Res, 2012, 31(3): 67-79.

[29]Xu 'Y, Yu X, Wei C, et al. Over-expression of oncigenic pesudogene
DUXAP10 promotes cell proliferation and invasion by regulating
LATS!1 and B-catenin in gastric cancer[J]. J Exp Clin Cancer Res,
2018, 37(1): 13-24.

[30]Zhao B, Li L, Wang L, et al. Cell detachment activates the Hippo
pathway via cytoskeleton reorganization to induce anoikis [J]. Genes
Dev, 2012, 26(1): 54-68.

[31]Chen KH, He J, Wang DL, et al. Methylation-associated inactivation of
LATSI1 and its effect on demethylation or overexpression on YAP
and cell biological function in human renal cell carcinomalJ]. Int J
Oncol, 2014, 45(6): 2511-21.

(bR )



