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Abstract:
insulin signal pathway and glucose uptake in HepG2 cells was analyzed. MiR-22 gene was amplified by PCR from human

The recombinant adenoviruses expressing miR-22 (Ad-miR-22) was constructed and the effect of Ad-miR-22 on

hepatocytes and cloned into the pAdTrack-CMV vector to generate the shuttle plasmid pAdT-22. The positive colonies were
confirmed by PCR and sequencing. The resultant shuttle plasmid was linearized with Pme I, followed by co-transformation
into competent BJ5183 cells containing an adenoviral backbone plasmid (pAdEasy-1) to create the recombinant plasmid
pAd-miR-22. After digested with Pac I, the linearized pAd-miR-22 was transfected into 293A packaging cell line to generate
recombinant adenoviruses Ad-miR-22. HepG2 cells were infected with Ad-miR-22 or control Ad-GFP (adenoviruses
expressing green fluorescent protein), and then the miR-22 expression levels were analyzed by qPCR. The result shows that
adenovirus-mediated overexpression of miR-22 significantly decreased insulin-induced glucose uptake in HepG2 cells.
Moreover, overexpression of miR-22 markedly decreased insulin-induced phosphorylation of GSK-3f. miR-22 also increased
the mRNA levels of gluconeogenic genes in HepG2 cells. Furthermore, Western blotting results indicate that the protein
expression of SIRT1 decreased in Ad-miR-22 infected HepG2 cells as compared with Ad-GFP infected HepG2 cells. In
summary, overexpressing of miR-22 significantly increased gluconeogenesis while decreased glucose uptake in HepG2 cells.
The effect of miR-22 on glucose metabolism may be mediated by SIRT1.

Keywords: miR-22, recombinant adenoviruses, glucose uptake, gluconeogenesis, gene therapy, SIRT1

B 5 ] A T KT B s | A TR ST B ek
W PRI R A N ke, Hodr, 2 ROREIR
R E S EEE T 90%. 2 BB IR IR Y & AL
EHWEI, BELMATEWRBE. LEMIEMN
JEPA S A R 2 TR B 11 F B R o AL A =2 — T

SIRT1 {ER—NEEMW L OIALHE, 7ERS
FHCHURN 2 BB R & A K R i R i i T
fafh . WX R, SIRTL nf LI H % 2wtk
PGC-1al?, i HAh S IS T I 1, e
TSR L, M PGC-1a ] LATE MR J 44
PN R Z B W S A DG BB PEPCK & G6Pase 4511
FkPL SIRTL Ay 59 1 2% Bt vl LA 2o 305
SIRT1 X LWL EEE M, ¥4 FOXOL Mk
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WF9E & L SIRTL W] LA 25 Bk CRTC2, fEitHiz
FAN TR TR, DT A S A S Y
kO WL, SIRTL X AT B2 2 RUWE BRI
(R A AR

microRNA J&—2& 18-25 P RIFIR AV HUINE
B RNA, Bk, HAEZ B s
2 RUWEPRI I R AR R SR R h R T B AE
AU miR-22 3 i 101 PPARa 65 (2 R0 58 %
OAUIER, e BIHAEC URE A% Jr A &
FPATVE Y, miR-22 FHA AKT 5 il
¥ PTEN, BEMISZNN FOXO1 #iEhi, wlfEX}
FOXO1 Tl L R B AT 5 . A7 R, AKT
4 2R % 23 AR miR-22 J& 3l i3 4 L iX A miR-22
5 PTEN F1 AKT Z[8)A] GETE Bl —Filt s 45 97 5 L
HIM FEIE W IR 4T, miR-22 KL IR B/ B
F I IEH 1 A T A7 5 R R A2, (AU,



B4 F/IMiR-22 EARFSHIMER HepG2 MIEHEEHEEENAIR N

TEFE NS 44 F , miR-22 KL DK R Ba /1N LA = A1
A% AKF 8 F1E# /N R LE#FE R,
mMiR-22 7] G 7E A5 2 WA I, R R A
BRSSP R O R HE T EEAE L AR
T miR-22 i A EA T, KB miR-22 B
ikl SIRTL BTG, I HepG2 2 il 4 %5 b
PRI

1 w5 h%E

1.1 MH#&IKF

FRUGIENYIEE Pacl & Pme I I5F NEB 72
F]. A DNA/Hind Il &% DL2000 437 %&b iy T
TaKaRa /A ). Lipofectamine 2000 #% 4 i 7 &
TRizol i#IWAF Invitrogen 2w . HEKE I
BT AXYGEN 2], 9t it PCR R &%
F TOYOBO A 7], DMEM Ak 53k . 2k 1
% T GIBCO A Hl., RIPA ZLf# ik . BCA il & .
ECL fb2% &G & T3 = KA w] . AR
BB 790 T Roche 23w, LA SIRT1 B3z
R T Cell Signaling Technology 23 &l . Hi A
B-actin, p-GSK3p M T-GSK3B £ vul&Hiikily T
FAEY . miRNA $2BGAH &1 F Ambion,
Jo R R 4R O R & F R AR AR (db )
AR S

St 1 miR-22 A K M3 A |
WOEE R PCR MBIMLER 1 (NG FEE )
8o

*1 AWHRETASY
Table 1 Primer used in this study

Primer Sequences (5'-3')

name

miR-22F ggtaccTCTTGCTGCTCAGCGAGGTT
miR-22R tctagaGGGTTGTTTGAGCCTTCTACTCC
PEPCK-F GGTTCCCAGGGTGCATGAAA

PEPCK-R CACGTAGGGTGAATCCGTCAG

G6Pase-F TCTACGTCCTCTTCCCCATC

G6Pase-R TCAGTATCCAAAACCCACCAG

&: 010-64807509

1.2 JR¥L. EKKRZERE

FREI pAdTrack-CMV 35T Invitrogen
owl, ARSI ERF . KBS 4R
DHS5o FHA S50 % il %5 JF 47, BJ5183 A h
ARSI A IR AE . 293A J HepG2 4l it ke 5
FROVKZFMM L, AR ZE AT

1.3 FHRRNREHEBRFERUNEE

% PCR ¥"14f miR-22 H BB kiE#ESR
PGEM-T easy 24k, MIFFIEHJE, A Kpn I A
Xba I XY 5 V. 78 & pAdTrack-CMV z 4k |,
My w2 ok pAdT-22, 4 Fikr pAdT-22
i Pme I b1k tEAL, [lialifh)m ddb b & A
pAdEasy-1 JFik: [ BJ5183 A7 A4, RAPEZ
i B 7R 18 h A4, PREL 6-8 N4/ NI B TE
R, /NEERIUTCR. DNA, J Pac T 47 575 1 FH 1
TORE, A5 3 EH LM B SR pAd-miR-22,

1.4 EiERFERIGEEMYTIE

KSR R pAd-miR-22, If4lifk, Bl 4 g
ki Pac I MEATEEIZe Ak, 4 CBEUTVE KL
J& . F Lipofectamine 2000 %% 4% 293A 40 Jif1, 4ksk:
Kegt, HEHBY B, kL2524l £29 50%
P A0 AR AR (B TS0, B IR A, & 4 IR R
ORISR A, 0 WE BT RIS 1 AR
B . MR Invitrogen ARV, X EE 41 IE
BEUEATY G, 55 3 AUYTHE 0y B B vT FH T 4 i o
K, JREFEIRE N 5x10° PFU/ML,
1.5 WHEEE PCR

e B R Sl B B HEHL miRNA, & 5 k)5
K H Tagman #8417 708 miR-22 FRik/K-F-. 4 fifg
&L RNA 2 TRIzol $#2HU5 [ 54 L cDNA, R
M SYBR ik gt oA 5L R kK, 455 R H
MR ST 3R, BORIIE.
1.6 EEHEERIEN

HepG2 iR T 6 fLbk, B issE 24 h J5
BTG DMEM 3501k 3 h, F 50 umol/L
2-NBDG (3£ [H Invitrogen 22 F]) % 100 nmol/L i
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Sy ZAbFRA 30 min, WARAHAE, F 485 nm/535 nm
PR SR D 8 DGR o Ay 1 A T A e o i
) 22 e R E5 SR 2R, e B R I S SR R
FE AT — AR A B, BPECHE 9 a8 B B DL AR
B Bk RN . LI ER 3k, BOPRHME.
1.7 HREREIR & SN

HepG2 ZH i EzFl+ 6 FLAk, BYLAH N AR B
24 h, IM¥EYLEE 12 hJ5 100 nmol/L ik 5 25 kb ¥
24 h, B 10° ™20 i i REORE D R AG It n) & (b
5t Solarbio 22 A ) id BH 5 4 708 IR S U E o RIS
O, ) G AR A 0 42 B 8 5 S
(200 W, ¥k 3) 30 Ik, ZJFAWE 20 min, #Zid
BB I AAH G R B iR , W7k T8 10 min, %
HJE 620 nm BN E ROGIE . LR E A 3 K, B
I
1.8 Western blotting

BAh HepG2 #iffi T 6 fLik, 24 h Jrldie
Ad-GFP 5 Ad-miR-22. 24 h 5441l RIPA %4
fift, BF I DMEM 43 3 h J5 A 100 nmol/L
Ji By ZE AL FRANAE 15 min, )5 RIPA ZLf# 2l
T2 AR RIPA 754G 25 11 15 S B i e il
Fo 28 BCA BlE 8 BT BE . A FREGE vk
FFE W 10 min J5 AL 50 pg SE ARV THLIK .
HL Yk 25 A H B 55 ED S PVDF I I, 3% BSA
B G AN —PT 4 CFE . TBST ik
4 %, HRP FRid —Hi=RME 1 h, TBST &k
6 K, NA ECL A4 AU Z 5 R 53 Hr . S5
3,

2 BRE5H

2.1 MBEEHFRKRM pAdT-22

Bit51%, PCR ¥4 miR-21 H B, &g
BEE R FL DK A I 4 3 A5 2, Al 1 PR, R
WK B SRR o 33 2 U I i %
F| pGEM-T easy 4k I, FH Kpn I il Xba I i
F7HEYT, [Rl0 pAd-Track-CMV 2844 T[] 1 il 1
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TR, 5 h J5 e F UK 3T DI [Tl DNA R B .
WK 5 miR-22 Fr B IR 1 1 7R 4, H T4 DNA
AL T I, Fe Ak DH5a 8457 25 41 i JF:
W RGP 2-3 A pE,
NS TR, 48 Kpn 1 1 Xba T XY 5 BE e
HLKEERE . Wi 2 s, WUEEYT 2 h JEHpk, ik
TE 1R 2 ¥ I — 4524 480 bp ) DNA H B, i
WIRT e B TR, JKiE 3 W RE R AR A E M
Yo KeUkiE 1A 2 AHR FHME SeREDEF I, 45
FH] PCR ¥4 7~ #3di A pAd-Track-CMV #44,
AT I TCRAS, fHA Ty M IEW . DL - g5 e
HEAHGFRTR pAdT-22 FEER ), AT F R —
AL

bp M 1 2 3 4
- =
2000
1000
500

1 miR-22 #F KB # PCR ¥ 15
Fig. 1 PCR amplification of miR-22 gene fragments. M:
DL2000 marker; 1-4: miR-22 gene fragments.

2 000

1 000
750

500

2 EHFREK pAdT-22 BIWNEETIEE
Fig. 2 Restriction endonuclease analysis of recombinant
shuttle vector pAdT-22.



B4 F/IMiR-22 EARFSHIMER HepG2 MIEHEEHEEENAIR N

22 MBESEHERFSIRIERMK

K& EHFRBR pAdT-22 FEiEf74l
1k, B3 pg B ORI Pme T BV, %ERE AL TK S
BT DNA R Belalfie, Stk fb i 4 28R
55 A pAdEasy-1 B 42 Bk 1Y) BJ5183 Jik 57 45 41
IR, 7 2500V, 200 Ohms. 25 pF Y& F
HEA TR AL AL U RIR R P P AR S IR R,
PRI 6-10 MR/NBY L TIRE, /N Bk S
Pac | A TEEIIFBERC LUK S . Qn1&l 3 iR, il
YIr=r: 3.5 kb B 4 kb A2 47 1 45415 R R BRE e b
TIE I 4 e B L R IR BUAR M ), A
pAd-miR-22. ¥ pAd-miR-22 ¥4k K%+ % DH5a
A7 SN, R R IURR I 4liAk

23 EHBRHFEPNMTEERKEY &

B 4 ug 4lifkAY pAd-miR-22 Fiki, f Pac I
AT HE D) AL, 2 EEUTUE R DNA J5 M
Lipofectamine 2000 %% 4uxt#A: K IRy 293A 4f
M, 48-72 h Zc 47 Al LU EE B 4% (A5 EE 1 (GFP)
ik, 5-7 d 5 SR A 4L GFP 3k
ik, By . WE 4 FoR, K2 2
Aidi, BO0%M A ML AS R T IS, WA, WA
37 CAME IR B VR 4 Wk, BEOWE By, BIEA
MiR-22 b FRIK WL BE . B D 5 F 2 e HE 1
ARG 7R3k B, BB KB e 293A
UM, XA RE A TR

1 2 M bp

23130
6 357
4361
2027

564

3 EHRFBHME Pac ] BEEYIEE
Fig. 3 Pacl digestion of recombinant vector pAd-
miR-22. M: A-Hind Il digest DNA marker.

&: 010-64807509

4 FHHBRFRBE2BAABRPHEERZERAS
H#IRIE

Fig. 4 Expression of green fluorescent protein in 293A
cells 9 days after transfected with linearized recombinant
vector pAdT-22.

2.4 miR-22 7£ HepG2 Hf P By R IE SR

9% HepG2 #HffL, Z3ili&Ys Ad-GFP I
Ad-miR-22 IR, 24 h 1 48 h J5434F miR-22
FikKF-o K 5 Pin, SXTERAAEE, B
Ad-miR-22 J&7 , 4 miR-22 kKK B E T
(P<0.05),

25 miR-22 FATHREMEFA R BB EREA
Hn

PE— 00 Tt 2Rk miR-22 X AT 4 b S
A AR BRI R, HepG2 4 Jif 43 1) Jk e
Ad-GFP Fll Ad-miR-22 J5 % Y6 i€ it PCR 4 Hr bl 5%
A SRR IEIR Fe5E , sl iE YLk 3 h X 4n it R 24k,

47 JAd-GFP
[JAd-miR-22

Relative expression of miR-22
[§]

| ﬂ |_L

0

24 48
t(h)

5 RATEE PCR S# miR-22 FikKF

Fig. 5 Real-time PCR analysis of miR-22 levels in
HepG2 cells after infected with indicated adenovirus
(P<0.05).
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i K K 2-NBDG AbHE4H I 30 min, 2 GHEAR{Y
6 00 4 2 A SR B, G0 8] 6A BT/, Ad-miR-22 4b B
B E S S G R PEPCK il G6Pase J:[H
mMRNA F£ik. 1fiid ik miR-22 i 2 il 3L ali &
g 5 R HepG2 4il it 1 45 bR L (& 6B).
UeAh, AT T b ik miR-22 X 1% JHF 41 A
LO2 ZpHHIsZm, 8] TRMMEER, o
Fik miR-22 WEINH T LO2 20 A A AY SRR
(¥ 6C). LA EBEFREERFEW] miR-22 7] gl ifil i
29 o 2 MR
2.6 miR-22 XI BT 40 AR HE R & B B9 H0

JHF 4 98 MU A A R R R T

WEEAEA, R 5 R SN0 MO A,
T AR 1 MUK T AR e Je 40 BT T 3k ik
MiR-22 X 28 BB I 5 LA 5 e o il 7A s,
1 F Ik miR-22 X FLAbHIE A A B, 5
Xof Jte 5 2 AR LS U B RIE A . TRIRE,
FATAE IEH A4 LO2 A5 22K A 45 5 , miR-22
1 IR W E IS Z A S A S (B 7B).

2.7 miR-22 3 GSK-3p #Es 1L & SIRT1 EH
FRFRIE BN

W 8 pin, Sxf R4 A, IR T
A2k miR-22 54 B 5 2 R GSK3B
iR AL, FEFRAE SIRTL 8 A KFE,

A B C
140 140
OAd-GFP HepG2 T L02 .
4 OAd-miR-22 & 120 ¢ 120
3 1T S0}, T S0 | = s
c|>.1 3 L [ ﬁ "
= * s 80 f s 80 |
(=} (=9
Z = =
=4 2 (5] 60 B y 60 ‘
= 2 2
z 2 40 2 40
Bl o 5
=
0 0
PEPCK  G6Pase Insulin + Insulin - +

6 HFRE miR-22 MEESE REEERIL

Fig. 6 The inhibiting effects of over-expression of miR-22 on gluconeogenic genes expression and glucose uptake in

HepG2 and L02 cells.
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Fig. 7 The inhibiting effects of over-expression of miR-22 on insulin-induced glycogen synthesis in HepG2 and L02

cells.
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Fig. 8 Over-expression of miR-22 decreased phosphorylation of GSK-3p and expression of SIRT1 protein.
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AT, HUAREAC B8 7 2Rk 5
IR . BT FIILP = A ke g a0, £
Je, W E N, AR AL R R A R O 2
W, I Ak DR SRR S R4 7 i A2 09 [RI
JE 7 A4 B i 2 2R ) 38 o s R O i, I
TR LS G T A TAEAE PO, AL 2 0
iz FESEAT AR AR EIEE T (GLUT1-4)
Sk oe B, PO RE B GLUT2 £ s i 2 4
(%38 W 8 B2 TR T S5 M A BT DA S L3R
IRV I ST — BB IR ST A s AT 12220
SR TN GLUT2 J& FRLE A, Z5MFeik, fif
MrH = e S5 Bk v, OO L = Yk
Fa s 2 B> o f T 2 O BRI & i AL R & 2 2
HAlM AR 2R, B4 EHRRIT 2K
%, (AEARMELE R, 2 BIRREAERER
R IE RS, T E e R E R
JH, R AR AL, SO AR T A
T 2 TR BRI B 29 Bk & B LT i) B i

microRNAs & — /Ny dE & 1 i dn 5
RNA, 5% 3 W AR A QIR R vy i T 2 2 A
., FIEABISE R, miR-22 7 db/db A R
RN U IR 38 /K7 8 2 T, #2878 miR-22 1] R
S5 T A AT, I T a5 a0 i g
ZHAT IR, H R TN e 2
B MNR AR . PHE TR EWEN T 0 AR

&: 010-64807509

B FIEY, BB R ACRIRE AR E, XA
DR R VL2 N | R RO 2V S A L Sy N 1P 52
B BRIE AN T A HOR T EX A
ML T, TR X QLR s i AN, I AR AT
DATE B K- AT e e e o DR, FRAT T34
HETBT miR-22 B R IA A, A BEE L AR
BB T 40 M 5 2238 miR-22, 43 B HxH 40 i
WS 2R L 2 R R W I A B RS, e R
miR-22 ¥ 5 RS B 2Lk . [FEE, A Ehd
HKERFFE miR-22 BT REFRAIL T AT SE M Bk R 4
FEF AR AR, W 2 BfR, PKIE 1A 2 X
/N F i B AR A 5055, 22 B 3R 1 43
FHKZ M 9 000 bp, T AM/N>TH HARS
i A 480 bp, FEL L T AT R 22 R
AT LSRR, 1L Rk miR-22 f 1 i 5
Tl P2 JBE i Y HepG2 4 it 7 5 W48 B, {0
MiR-22 J& {551 1 ) 8 5% 10 25 11 1) R I8 Bl i
FE AR T B E— 5 Y . Z TR R,
MiR-22 REASIE I -4 HOWE 526, 32 17 52 v L A 44
W T O R R S AR S 2 RO
YIAHOG, XS FEEs R S5 AT B0 — 2
I BRI R, miR-22 25 1 L5 i (1)
K K Rt AR PO gk oy A A S BE 5T 4 2
MiR-22 HE T 1130 L8 [l 41 i 1 14 78 5 T, {HAL
il W AW IE AE L iR A0 5 I R A A DX AR
T, HBGEECEE, W R 2 Rk e S AN
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PE, miR-22 BJ LLJE ST AL A pEER I, R E S
MR A E P EE A A K, BT —
HITRER

Zi BArk, FATMWE T miR-22 iy Fik g
Wi, JFRI I miR-22 (35K AR S S
A R DR A 235 IR HepG2 44 it 7 2 458 B0 Az 4
JRA R, AR AT RS R AT SIRTL 2 &k K
A K
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