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Abstract

AIM: To construct an eukaryotic vector carrying
human microRNA-155 (miR-155) and to analyze
the inhibitory effect of miR-155 on HBeAg in
HepG2.2.15 cells.

METHODS: The pre-miR-155 was amplified
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from total DNA of human hepatoma cell line
HepG2.2.15 by PCR. The target gene fragment was
digested with EcoR [ and BamH I, and cloned
into the pmR-mCherry plasmid. Restriction diges-
tion and DNA sequencing were performed to eval-
uate the recombinant vector. miR-155 was trans-
fected into HepG2.2.15 cells by liposome-mediated
method. The cells transfected with empty plasmid
and untransfected cells were used as controls. The
expression of cherry was detected by fluorescence
microscopy after 24 h. The intracellular expression
of miR-155 was detected by RT-PCR. ELISA was
carried out to analyze the levels of HBeAg,.

RESULTS: The pmiR-155 eukaryotic expression
vector was successfully constructed. Fluorescence
microscopy showed that the cherry protein was
expressed in the HepG2.2.15 cells. miR-155 level
in HepG2.2.15 cells transfected with the recombi-
nant plasmid was significantly higher than those
in controls. Compared with cells transfected with
empty plasmid and untransfected cells, specific
miR-155 could significantly decrease HBeAg gene
expression in HepG2.2.15 cells.

CONCLUSION: A recombinant plasmid express-
ing miR-155 has been successfully constructed, and
miR-155 is expressed stably in HepG2.2.15 cells.
miR-155 can inhibit the expression of HBeAg in
HepG2.2.15 cells.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.

Key Words: MicroRNA; miR-155; Eukaryotic expres-
sion vector; HepG2.2.15 cells

Cai QY, Ren GL, Zhang WY, Ma HH. Construction of
an eykaryotic vector expressing human miR-155 and
inhibitory effect of miR-155 on HBeAg in HepG2.2.15
cells. Shijie Huaren Xiaohua Zazhi 2014; 22(28): 4217-4222
URL: http:/ /www.wjgnet.com/1009-3079/22 /4217 .asp
DOIL: http:/ /dx.doi.org/10.11569/ wcjd.v22.i28.4217

5%
BH&Y: #12 AmicroRNA-155(miR-155) A4z it

mi % 5 #

A K
(hepatitis B virus,
HBV) & %52 &%
AIRA KA R R
B, T4 5 A AR
to. AFerdede,
ENmIEE. R
mEHMEER
TRk FAZTF £
M, 12 ixm
JRAR P % 25 H ).
MicroRNA-155
(miR-155) & #7 8%
XKEBF, &5
AROR AR
FRLEER 2R
A % AmiR-1554&
HBV %524k & 44
N & ACECE |

W& 5 H A

x| EAS, #i%, B
ERBRFEF
%% — Mg E IR

2014-10-08 | Volume 22 | Issue 28 |



4218 ISSN 1009-3079 (print) ISSN 2219-2859 (online) tHFRENEILINT 20145108588 £22%  28H]
WA A 0 FAABAR, FFIRT AT HepG2.2. 15 A LT ANFK21 5 Ge ik EBYH M AE g 5 5 & L A

KA R FmiR-155
JZHepG2.2.15%m
ALY $o s
HBV &4l 49 %
A R IRE
HATA APCR %
¥ ¥ miR-155%
K5, &4 3]
Fbad Rk B
pmR-mCherry
% E AL S, R
2 M FEpmiR-155
A #ad ok &
R, NG R AR &
E i R
HepG2.2.15%0 &,
i) & 48 2m R A
miR-155#) & ik
FA LA Ke
7 (hepatitis B
e-antigen, HBeAg)
kAT WM EA,
Y EmiR-155%F
HBV A4t %

Jaishideng®

BT X e#t R (hepatitis B e antigen, HBeAg)#9 7
FIAER, A A5 H A BRI A SRR SR
#r(hepatitis B virus, HBV) & #| & %02 4k 5%
o PR L e I A,

Tk VAN g% 48 e A HepG2.2.154a it 2k B 48
AR, i i PCRA 3 AmiR-1553T 4K 571, B
Y1 )5 % 423 pmR-mCherry /i £, #) &pmiR-155
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MR A . EEADNANE IR & &
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], TRIzoLE RN AFRRUAFI & HE i fALipo-
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Medium &M-MLV 1* strand Kit}3J H Invitrogen
WNHE]; FHEDMEME: FFRE HHyclone A H]; i
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&I BRI R AR B A R A ] HoAd )
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Bank# ¥ FE B K B s #AmiR-155/F 51, pre-
miR-155F7 % R W £3100 nti¥ Ul 3 /5 51
GAPDHJF 4. F|fHprimer 5.0 %Oligo71¢it b
TUESIY). Pre-miR-155 F N 51 %) 51 NEcoR
[\ BamH | BEYIRL A, BEXF 51905 511£919-214
B, B LR A |l S R ).

1.2.2 FA ey 37 38 A shAl: EALEG I & K2 &
4i fEDHS5 0. PmR-mCherry JFRL #4075 11, ik
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pre—-miR-155 PCR Forward: TCGAGAATTCAGGTGGCACAAACCAGGAA 304
Reverse: TCGAGGATCCGTTGAACATCCCAGTGACCAG

pre—-miR-155 RT-PCR Forward: ATTGCCAATTTCTCTACCAC 333
Reverse: AGTAACAGGCATCATACACT

GAPDH RT-PCR Forward: GCTCTCTGCTCCTCCTGT 504

Reverse: ATGAGTCCTTCCACGATAC

EcoR 1 BamH 1

—HJ—?I—‘—**

cmv  Cherry  pre-miR-155
Promoter

Psv40€

B 1 miR-155BERHITIRIEBIANIE. Ecor 1 fBamH

Gy it H B A LSRR BH A 41 1 o

1.2.3 Beg R B ey 3 &2 bt HHPCRITIELL
HepG2.2. 1541 B 2L R ZADN A AR F Hipre-
miR-155/7%1]. PCRIJRMFEFU0R: 94 CARME
30's, 56 ‘CiB k30 s, 72 "CZEH30 s, FLIEFR30K,
572 CHEA3 min, P4 LUK E, FHHPCR4L
PARF B2k, 3% b IRF SR 28 =) .

1.2.4 Adzad g A Sk M R ST P
PRI PE N VIBEEECcOR 1 MBamH 1 XU Y)pmR-
mCherry5URL X PCR™¥, B lEHE ra ok [R1BCA Be,
FiT4 DNAESZRRIG P BOZdz, ik
AMMEDHS o, &5 RANE R ML BR; I 5L L,
P EXBH 14 5 I 3 AT A 1D /) o ) 4, K B 2H R
FipmiR-15517 XUEGY) 4 & B 43 e (). H
25 PN EE TR/ 2 P AR R ) SR U TR
ok LNl il k=

1.2.5 s fR3E R At 3 HepG2.2. 1540 3% 9% T
%200 mg/LIIG418. 100 g/L FBSHIF#EDMEM
R IEWrh, FRSE 100000 TU/L H5ER R (G
AR A0 o/LIIL - R B, #4637 C.
50 mL/L CO 57578, M5 773 K
Ja WA R B0 FLAR P, 41 A% FE 4.8 X 10°/4L,
B 7224 hJG fe 4l fIC A BRI AR 1 80% /2 44
HER B YL, 2 )R B 4 (pmiR-155F kD). 5%k
H(pmR-mCherry i fi)Fl 2 4, Br2S 4l 4b
LA BUR B2 wefIiE A Lipofectamine™
2000 6 pLfOpti-MEM" I Reduced Serum Me-
dium#iRE 2200 uL, HE RS G EEES min,
2 E AV G N &AL, F s hig LN
2 mL & 10%FBSH Sl DMEME; 73", 19«24
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hJG 96 A N SR AT (58 e iR (I RIA I L.
1.2.6 # ¥ = RT-PCREE: #5424 hi5, EREH 1L
WEE MM, SRAM S A HepG2.2.1540
i, FRECSRNAMAT 5%, L& HIcDNAKA
BRR, HHRT-PCRE|IYHATY 1. Pre-miR-155/7
HIFIPCR I N FEF U R: 94 CAEME30 s, 53 ‘Ci
k30's, 72 CLEAH30 s, FLIFIA30IK, fJ572 ‘CLE
13 min, P4 K% E. GAPDH/FFIIPCR
SN IR KR R 256 C Ak, oAt F]pre-
miR-155 B934,
1.2.7 ELISA# M 40 fe b 7% 3 7% P HBe Agy
w2 B YL fR24 hE AR S A i EIE R IR,
1000 r/min®5C>5 min, WCHL B3, VR R .
AR PR, 25 R HABRR.
St NS RAFSPSS17.08E17 %
PR3 HT. BT A B Llmean + SDR R, PI4LIA] Eb A
YRS, P<0.05 02 5 BA Guit 2% 3L

2488

2.1 pre-miR-155& B ¢4 ¥ 3¢ foiml 5 %5 2 DL
HepG2.2. 1541 i 2 H 41 DN AN AR 47 PCRY”
W, PCRIWIIEAT 2% B8 e bl i FL UK, X BRDNA
FEXF 7> F S AR A, 9738 H1 29304 bp L — 4k,
5t i BOR/AMETE(E2). PCR“IZ 4L G
I FE, 45 5 5 pre-miR- 155 FF 51— 5.

2.2 EHF F¥pmiR-1558 g Fo il % 7
pmiR-155EH TR L EcoR 1 FlBamH 1 XY
J&i, PENIEAT 1% B5 W At I FL vk, e B 2 ST R
WU DIVE Synt HEL LK 45 SR 32 7 23 R R E 2H
ORI 2 5214729 bplIDNAZHr, ALk
FEAE RN B 299304 bp(F13). RN H kAT
BRI, 0 46 SR R R AF, K Bl e Al
5 H 8 F 5 FEDNAMANBET EE T, 45 5 5
AR T A SE A UUAL, W pmiR-155 H A% Rk
B

2.3 mAL R e Y24 hg, S5O

Wi £ E
miR-155& ¥ j&
F, 25 %k
AAHUEAEE R
B, B HR A B
FAER. RIFR
WiE AL A ik
miR-155:8 it 47
LIRER TR )
JHBX#) &A%,
K miR-1554%
HBV &4 & % 9%
B R A
W RFHE.
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B 2 PCRY #Epre-miR-155EEFER. M: DL 2000 DNA
Marker; 1-3: pre—miR—155 PCRY H4F.

M 1 2 3 4 5 m
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%ggg
750
500
250
100

B 3 IRAIMALIEBEESHpmiR-155. M: DL 5000
DNA Marker; m: DL 2000 DNA Marker; 1, 2: ﬁffﬁ*\jpmll—
mCherryXX@U}; 3-5: E?ﬂfﬁ*ﬁpmiR*lSS)@(ﬁ@w.
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4729
2000

1000
750

500
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RA] WA FepmiR-155 40 F1#% epmR-mCherryZi
A 3073 4R MOk 4 5% Y6 (R4 A, B), R
A ETOUE A RA R RIEIENE, BRyeR
L FI50% A, BIEE G Rl 1y, T4 F 2R W58
(K40).

2.4 RT-PCR# M pmiR-155#) & ik ZLRT-PCRIG
Mg R, LA25 (440 N RIA miR-155 5
RFEHE, HJepmR-mCherryZi fiZH A [fJmiR-155
Fax TR, HYpmiR-15540 L4 N 1)
miR-15551A 2 18 2 (KI5B).

2.5 ELISA%:MHBeAgk ik % ZAELISAK 45
RRW], D A HB e A g i Ay ik
#E, 7 YpmR-mCherry 4l fg 21 P B 73 WA I HBeAg
#(3.50+0.35) 5 H4A3.67£0.13) Lk, K
LA, B YepmiR- 15540 M 41 AT 4 W4 1)
HBeAg(2.17£0.13) 5 RPIAAHLL, fA7E W31
Z o, A G5 5 L (P<0.05)(K6).

3 1TiE

miRN A& LA P & BE Ok < 1 /)N B 8% 4E 2 15
RNA, 7EMEM 0 i B M e G g
gt VR Ty R FEE R . H AT, miR-1558
N W IR JORE A BT, 50 2 R A 2 A i S A
G R R G AR 0%, miR-1553@ 1 %
[A-F«B(nuclear factor-kappa B, NF-kB)FIJNK-
c-Juh/APUE 5 BB R To lIF: Z 44 (Toll-like
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4 AT
JBcherryRIA (e
BREE x40). A: =
YHZH L JepmiR ~155
JERL) BRI B
233 (L G pmR —
mCherryfﬂi*fl_); C: 22
=

receptor, TLR)N.ZF, 5200 B A% 55 4 Pl 28 iF S
LA 200 M F A 22, R 22 A 4 hE A5 11 2 ]
b B A R, miR-1552T. BEAH A o7 & Ak
SR Y0 A (dendritic cells, DC)HT 57 5 5 5 H1 )
ANAT G2 55, RodriguezZE ™" R DGR
miR-155F BRI H, DCHIPL R I £ 58 1 F1
SEARIERE 70T B, TEHMLATA 2> Th2 40 i, [
bz 4b, DCH— %8 % 55 PR 1 56 PR A e ) [R] 7 3
R7R 52 2§20, Rodriguezilk SEmiR-1557E5 54
Pt SN e AR G Tl R R A R, Lus™
I AmiR-1557] Be1E F T IL-215 5 & A 4] 43
FSOCSIIFRIE, Mk F8 15T 4 it 4
EE 7). B, Dudda$* R BlmiR-155/ECDS” T
S LW AR TAH M e 28 1S, w7 LAAA5CD8™ T
S PP 2 I8 25 SR L7 2 SR e B T e e ST A
miR-1557F G2 B 2Z AR AL IR N F 52
A0 3 EL A R FEAR R ORI A B A AL

A S B EH A, miR-155F1 4K % 41 3%
PRI EA% T KX B ARpmR-mCherry JF & e &
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407 = Han ;
3.5 .

1 3.0
H25¢
C20r
15 ¢
1.0
0.5+
0.0

HBeAg

HIHH 25 2SHA

ELISAKINSZ4AHBeAGHITEIFAE. HBeAg: CHUAT Ke

PUE.

HepG2.2. 1541/l f&, miR-155 21 RIERE, 1
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AN B 2 B K, HLAE Oy B A G
WA E A5 5 G F2 (1 S NE Y. o i
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MR MTHB e A g 43, {EX Ff 2 2 75 @ i 56
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i, N AERSN KT B — D FimiR-155
STHB VA ] B G R AS B i $2 41 T s 56 B2 Atk
A e W AE i e 3R L, £t miR-155%fHBV
DNARIA f 2 5 B A MHIE BT R AHE L.

4 SEXHE

1 Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell 2004; 116: 281-297
[PMID: 14744438]

2 Nilsen TW. Mechanisms of microRNA-mediated
gene regulation in animal cells. Trends Genet

Baishideng® WCJD | www.wjgnet.com

10

11

12

13

14

15

16

17

j-tig.2007.02.011]

Pager CT, Wehner KA, Fuchs G, Sarnow P. Mi-
croRNA-mediated gene silencing. Prog Mol Biol
Transl Sci 2009; 90: 187-210 [PMID: 20374742 DOI:
10.1016/51877-1173(09)90005-9]

Faraoni I, Antonetti FR, Cardone ], Bonmassar E.
miR-155 gene: a typical multifunctional microRNA.
Biochim Biophys Acta 2009; 1792: 497-505 [PMID:
19268705 DOI: 10.1016/j.bbadis.2009.02.013]
O'Connell RM, Kahn D, Gibson WS, Round JL,
Scholz RL, Chaudhuri AA, Kahn ME, Rao DS, Bal-
timore D. MicroRNA-155 promotes autoimmune
inflammation by enhancing inflammatory T cell
development. Immunity 2010; 33: 607-619 [PMID:
20888269 DOI: 10.1016/j.immuni.2010.09.009]
Calame K. MicroRNA-155 function in B Cells. Im-
munity 2007; 27: 825-827 [PMID: 18093533 DOI:
10.1016/j.immuni.2007.11.010]

Vargova K, Curik N, Burda P, Basova P, Kulvait V,
Pospisil V, Savvulidi F, Kokavec J, Necas E, Berkova A,
Obrtlikova P, Karban ], Mraz M, Pospisilova S, Mayer
J, Trneny M, Zavadil ], Stopka T. MYB transcription-
ally regulates the miR-155 host gene in chronic lym-
phocytic leukemia. Blood 2011; 117: 3816-3825 [PMID:
21296997 DOI: 10.1182/blood-2010-05-285064]

Teng G, Papavasiliou FN. Shhh! Silencing by mi-
croRNA-155. Philos Trans R Soc Lond B Biol Sci
2009; 364: 631-637 [PMID: 19008191 DOI: 10.1098/
1rstb.2008.0209]

B, BEH]. MicroRNAs/EFFIEHEIME]. HEFIEA
TH £ 2012; 20: 1-8

A, Mk, BR7). MicroRNASHBVARSEHET
KRR IR, AR s 2008;
16: 645-652

Zhang ], Jin H, Liu H, Lv S, Wang B, Wang R, Liu
H, Ding M, Yang Y, Li L, Zhang ], Fu S, Xie D, Wu
M, Zhou W, Qian Q. MiRNA-99a directly regulates
AGO?2 through translational repression in hepato-
cellular carcinoma. Oncogenesis 2014; 3: €97 [PMID:
24732044 DOI: 10.1038/ oncsis.2014.11]

Su C, Hou Z, Zhang C, Tian Z, Zhang J. Ectopic
expression of microRNA-155 enhances innate an-
tiviral immunity against HBV infection in human
hepatoma cells. Virol ] 2011; 8: 354 [PMID: 21762537
DOI: 10.1186/1743-422X-8-354]

Sells MA, Chen ML, Acs G. Production of hepatitis
B virus particles in Hep G2 cells transfected with
cloned hepatitis B virus DNA. Proc Natl Acad Sci U
S A 1987; 84: 1005-1009 [PMID: 3029758]

Ren GL, Bai XF, Zhang Y, Chen HM, Huang CX,
Wang PZ, Li GY, Zhang Y, Lian JQ. Stable inhibi-
tion of hepatitis B virus expression and replication
by expressed siRNA. Biochem Biophys Res Com-
mun 2005; 335: 1051-1059 [PMID: 16111658 DOI:
10.1016/j.bbrc.2005.07.170]

Ruan K, Fang X, Ouyang G. MicroRNAs: novel
regulators in the hallmarks of human cancer. Can-
cer Lett 2009; 285: 116-126 [PMID: 19464788 DOIL:
10.1016/j.canlet.2009.04.031]

Hu YL, Fong S, Largman C, Shen WF. HOXA9
regulates miR-155 in hematopoietic cells. Nucleic
Acids Res 2010; 38: 5472-5478 [PMID: 20444872 DOL:
10.1093 /nar/ gkq337]

Singh RP, Massachi I, Manickavel S, Singh S, Rao
NP, Hasan S, Mc Curdy DK, Sharma S, Wong D,
Hahn BH, Rehimi H. The role of miRNA in inflam-

miR-155iF & ik
THZFHBV
Bh) 7E A A ) AR
A, 3X VT 8E A AT A
miR-155%HBV
BB B SRS
0 % of AR 52 B
BB Y

2014-10-08 | Volume 22 | Issue 28 |



4222 ISSN 1009-3079 (print) ISSN 2219-2859 (online) tHFRENBHHE  20145F10H8H 225 5288
W@ 530 mation and autoimmunity. Autoimmun Rev 2013; 25  Kohlhaas S, Garden OA, Scudamore C, Turner M,
ABG A — 12: 1160-1165 [PMID: 23860189 DOI: 10.1016/ Okkenhaug K, Vigorito E. Cutting edge: the Foxp3
B R A *THBV AL j-autrev.2013.07.003] target miR-155 contributes to the development of
wag YA LT 18  Grigoryev YA, Kurian SM, Hart T, Nakorchevsky regulatory T cells. | Immunol 2009; 182: 2578-2582
A A9 AL BB T AA, Chen C, Campbell D, Head SR, Yates JR, Salo- [PMID: 19234151 DOIL: 10.4049/jimmunol.0803162]
A, mon DR. MicroRNA regulation of molecular net- 26 Banerjee A, Schambach F, DeJong CS, Hammond

works mapped by global microRNA, mRNA, and SM, Reiner SL. Micro-RNA-155 inhibits IFN-
protein expression in activated T lymphocytes. | gamma signaling in CD4+ T cells. Eur | Immunol
Immunol 2011; 187: 2233-2243 [PMID: 21788445 DOI: 2010; 40: 225-231 [PMID: 19877012 DOI: 10.1002/
10.4049/jimmunol.1101233] €ji.200939381]

19  Sonkoly E, Stahle M, Pivarcsi A. MicroRNAs and 27  Rodriguez A, Vigorito E, Clare S, Warren MV,
immunity: novel players in the regulation of nor- Couttet P, Soond DR, van Dongen S, Grocock R],
mal immune function and inflammation. Semin Das PP, Miska EA, Vetrie D, Okkenhaug K, Enright
Cancer Biol 2008; 18: 131-140 [PMID: 18291670 DOI: AJ, Dougan G, Turner M, Bradley A. Requirement
10.1016/j.semcancer.2008.01.005] of bic/ microRNA-155 for normal immune function.

20 skj, FHEFSE. microRNA-15509 G EEER. I Science 2007; 316: 608-611 [PMID: 17463290 DOI:
e~ 2012; 32: 80-83 10.1126/ science.1139253]

21 Vigorito E, Kohlhaas S, Lu D, Leyland R. miR-155: 28 Lu LF, Thai TH, Calado DP, Chaudhry A, Kubo
an ancient regulator of the immune system. Im- M, Tanaka K, Loeb GB, Lee H, Yoshimura A,
munol Rev 2013; 253: 146-157 [PMID: 23550644 DOI: Rajewsky K, Rudensky AY. Foxp3-dependent mi-
10.1111/imr.12057] croRNA155 confers competitive fitness to regula-

22 Schulte LN, Westermann AJ, Vogel J. Differential tory T cells by targeting SOCS1 protein. Immunity
activation and functional specialization of miR-146 2009; 30: 80-91 [PMID: 19144316 DOI: 10.1016/
and miR-155 in innate immune sensing. Nucleic j.immuni.2008.11.010]

Acids Res 2013; 41: 542-553 [PMID: 23143100 DOI: 29  Dudda JC, Salaun B, Ji Y, Palmer DC, Monnot GC,
10.1093 /nar/ gks1030] Merck E, Boudousquie C, Utzschneider DT, Esco-

23 Tili E, Michaille JJ, Cimino A, Costinean S, Dumitru bar TM, Perret R, Muljo SA, Hebeisen M, Rufer N,
CD, Adair B, Fabbri M, Alder H, Liu CG, Calin GA, Zehn D, Donda A, Restifo NP, Held W, Gattinoni
Croce CM. Modulation of miR-155 and miR-125b L, Romero P. MicroRNA-155 is required for effector
levels following lipopolysaccharide/ TNF-alpha CD8+ T cell responses to virus infection and cancer.
stimulation and their possible roles in regulating Immunity 2013; 38: 742-753 [PMID: 23601686 DOI:
the response to endotoxin shock. | Immunol 2007; 10.1016/j.immuni.2012.12.006]

179: 5082-5089 [PMID: 17911593] 30 Wu S, Kanda T, Imazeki F, Arai M, Yonemitsu Y,

24 McCoy CE, Sheedy FJ, Qualls JE, Doyle SL, Quinn Nakamoto S, Fujiwara K, Fukai K, Nomura F, Yoko-

Jaishideng®

SR, Murray PJ, O'Neill LA. IL-10 inhibits miR-155
induction by toll-like receptors. | Biol Chem 2010;
285: 20492-20498 [PMID: 20435894 DOI: 10.1074/
jbc.M110.102111]

WCJD | www.wjgnet.com

suka O. Hepatitis B virus e antigen downregulates
cytokine production in human hepatoma cell lines.
Viral Immunol 2010; 23: 467-476 [PMID: 20883161
DOI: 10.1089/ vim.2010.0042]

%A IM B =554

2014-10-08 | Volume 22 | Issue 28 |



