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Effect and molecular mechanism of Lin28 on 5-Fu sensitivity of hepatocellular
carcinoma HepG2 cells

CHEN Shaojian, LIN Yonghua, WU Youyi, WEI Jianfeng, Liao Zhengrong (Department of General Surgery, the Second Affiliated
Hospital of Fujian Medical University, Quanzhou 362000, Fujian, China)

[Abstract] Objective: To investigate the effect and mechanism of RNA binding protein Lin28 on the 5-fluorouracil (5-Fu) sensitivity
of HepG2 cells. Methods: HepG2 cells were transfected with plasmid pcDNA3.1-Lin28 or si-Lin28 (small interfering RNA of Lin28).
gPCR and Western blotting were used to detect the expression of Lin28 in HepG2 cells after transfection. Changes of cell proliferation
in transfected cells after 5-Fu treatment was detected by CCKS assay and the 50% inhibitory concentration (IC,,) was calculated. Flow
cytometry was used to detect apoptotic rate after 5-Fu treatment and the expression of apoptosis-related protein was assayed by Western
blotting. The mRNA expressions of drug-resistant miRNAs (let-7a and let-7b), as well as cancer stem cell markers (Oct4, Nanog and
Sox2) after transfection were detected by qPCR. Results: As compared to the HepG2/Vector cells, the mRNA and protein expressions
of Lin28 were significantly up-regulated in HepG2/Lin28 cells (P<0.05 or P<0.01). Over-expression of Lin28 significantly suppressed
the sensitivity of HepG2 cells to 5-Fu (IC;,elevated obviously, P<0.05) and significantly increased cell proliferation while decreased
apoptotic rate and expression of apoptotic-related protein caspase-3 (all P<0.01). As compared to si-control group, expression of Lin28
in HepG2/si-Lin28 cells was significantly down-regulated (P<0.01). Lin28 knockdown significantly reduced cell proliferation and IC,,
of 5-Fu (all P<0.01) but increased apoptotic rate and expression of apoptosis-related protein (P<0.01). Compared with HepG2/Vector
group, expressions of let-7a and let-7b, as well as cancer stem cell markers (Oct4, Nanog and Sox2) were significantly increased in
HepG2/Lin28 cells (all P<0.01); while these molecules were significantly decreased in HepG2/si-Lin28 cells as comparing to si-control
group (all P<0.01). Conclusion: Lin28 can modulate the chemosensitivity of HepG2 cells by regulating the expression of miRNAs and
the formation of cancer stem cells. Targeting Lin28 might be a promising approach to improve the chemotherapy efficacy in HCC.
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JT 41 B2 J% (hepatocellular carcinoma, HCC) 72 I
DB DL )V e 2 — , BRI e R0 B A JE 4
BRES — , FL 3 R R Oy 3R E R R G M AL F
JHF 9 B R B M e ) R R B, RS 2 TR
SR, FARVIGRIFAGEH T R 2 HHE &L, A
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F i A T 25 40 ) v BE T 245 1% FR 11 T TACE [
ROt o PRI, PR 28 e 20 PRV TS 24 ML o) 4 v e
ST BT 3% A R S A IR L Haa vl .
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4R 3 R A A A 3 E Gibeo A H e B il
Lipofectamine™ 2000, RNA & H i 7] TR1zol Iy H 5
Life Technologies 2 ] , Jift 4 L5 1 5 B /M DY 2= 5
A H] , RIPA 22 fif# i - BCA i 77 &  SDS-PAGE {7
BB R T EH D (horseradish peroxidase ,
HRP) #ric L Edre i E Rl = RAEY
B AR BR 2 7], CCK-8 i 57 & W H H A& Dojind 2
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F], 5-FRBEE I H Sigma-Aldrich A & , 9 KR 14T
Lin28. Caspase 3 HT /4 0E H 3 [E Abcam 2w , % K 7
i)t GAPDH $it 4 iy B s 4 8k A=) A =], PCR 5l
) .pcDNA3.1-Lin28 siRNA & Jii iy H & 4 T
A AR A A PR\, ABI7500 PCR A i [ 3%
Applied Biosystems 2 ] , B b5 A W [ 5ifi -+ Tecan 2
A, 9 3 4 M A % 5 3 [E Thermo Fisher Scientific
YNGR
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i, 4% 8 Lipofectamine™ 2000 %77 15 BH 15 /) 77 vE 8647
¥4k, F OPTI-MEM #i B % 4L izl]  JFURLAT siRNA ,
T E 5 mine B 50 pl BRI 05 Gl ARl 50 wl #fs
L[ JFURL SiRNA 73 AR IR 5], W IR % & 20 min. 24
JE LGSR AP A MRS, B5 97 6 h S i i kT
Frdk, gk 97 48 h e AT J5 4R350 . HepG2 A%
el - 2 BN R ZH (HepG2/Vector) « Lin28 1 1A i ki
“H (HepG2/Lin28) , RNA T4/t I 14 % HE 41 (si-control ) 11
1] Lin28 1) T4 RNA 4 (si-Lin28) . qPCR /% WB %4
DI Lin28 mRNA K2 (AR 3k 7K~ , 56 U0 5 J300%.
1.3 qPCR 4 M Lin28.Let-7a.Let-7b & I /& F 4m
e AR AR IT A 09 K K

F TRIzol ¥ M 4 J5 # 2 HepG2 2 i Hh 4 HiLUiz
RNA , BB E RNA 4015 f2 4 i, 4% Bl 5 f i
B 4547 cDNA 4 R qPCR (934 . qPCR J )i
26 295 °CTAEME 10 min, 3% LA R 72 5 32 17 40 K15
I B 38 2 95 °C AF 4 30 s, 60 °C B k30s.72°C
GEAH A0 s, FEMFEAHEAT 3 IRE &, iHE I KT
GAPDH 1E N PR 2 HE R 25 S A 5K 2 ik 1
HmRNA MG RIEE. 5IFHIIEL,

#1 qPCR 5|95
Tab.1 Primer sequences for qPCR

Gene Primer sequence

Lin28  F:5-CGGCCAAAAGGAAAGAGCAT-3'
R:5-GTTGGCTTTCCCTGTGCACT-3'
Let-7a  F:5“UGAGGUAGUAGGUUGUAUAGUU-3'
R:5-UGAGGUAGUAGGUUGUAUAGUU-3'
Let7b 5. ATTGCGGCCGCTGCCTGTAGAGT-
CACCCCACC-3'
R:5-GGTGGGCCCCCAGAAACAAAACAAAT-
CAAGAAC-3'
Oct4  F:5-AGCCCTCATTTCACCAGGCC-3'
R:5“TGGGACTCCTCCGGGTTTTG-3'
Nanog  F:5“GGAGGGTGGAGTATGGTTGG-3'
R:5“TGAGGCAGGAGAATGGCGTG-3'
Sox2  F:5-ATGTCCAGCACTACCAGAGC-3'
R:5-GTGTGGATGGGATTGGTGTTCTC-3'
GAPDH  F:5'-ATTCCACCCATGGCAAATTC-3'
R:5-TGGGATTTCCATTGATGATAA-3'
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e 5-Fu S &t 89 %7k
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K CCK-8 i Aar il 40 M S B vE M o 43 7)o 2% 4 40 i
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5% CO, 15 7%, VU2 40 i % B R FH (U 159735
2 A CE B IR AU L SE IR 4 (15 7 R+ 40+ 24
YD RALREEIANE . BRANERFERLE,
43 TAE 2 420 IR rh I NAS 8] TR0 R FE (042040
80160 pmol/L) 4L FH 48 h Ji5 , & FLANA 10 pl CCK8 ik
AL, R FRFNMEE 1 h )5, T 450 nm 3 K 4 FH AR (X
W% B (DO, 20 B 384 5 =SB0 2H DA - F AL D
D/ A4 DIE-HZEFL DIED x100 %. 2 HI41 A7
TR OR R 2 L RN THERL 259 1C,
1.5 R A me KA 4% 3 )& HepG2 fmfie 69 78 T 1 JL

VA o) B A A 3T ) D 2 4 e R R v AL S
DA 2x10°/FLAH M %5 BE 2Pk T 6 FLAR H , k235 97 24 h,
FEM N 10 pmol/L 1] 5-Fu ¥l 48 ho il 4/ &b B 45
WG H 70% LB 5 ZH M, FF AR H 77 S idd Y 4545
VB BREAT Annexin V I AL TR R (P Y €2 38 S
H 15 min J5, 7 1 h A FH I 248 M ASer 0l 48 it 0 1 15
o SEIGEA 3R,
1.6 WB &4 | 4 3 )5 & A HepG2 M Je Al — & A
Caspase-3 9 & & K-F

K RIPA 24 @ i $2 B HepG2/Vector 4. \HepG2/
Lin28 #H . si-control 2H. . si-Lin28 2H 4 it & H , R ¥
SDS-PAGE i 771 G 1l 7 6 3 iR B2 R 6 R , el it L vk 43
BN AR o K HL UK A RS 1) g P d i LR RS
PVDF fi . Jf4t %} Lin28. Caspase 3 5% GAPDH [{] —
Ui H . GAPDHHEN S, B E kil id s g 4
SR IGIGIEAT RN, 5% Y Tmage Lab #4234 H (1) 5%
WK Ko SEIR E R 3 IR,
1.7 %itsam
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2.1 Lin28 id k& 8 47 %] HepG2 2 it 3+ 5-Fu 25 4»
9 B

NERZR Lin28 X} HepG2 4 i Ak J7 B0 s i,
K FH oKL % 4 Hep G2 40 Lin28 ik ik , qPCR 4
25 B CE 1A B 7R, HepG2/Lin28 41 ' Lin28 K
mRNA [ % 15 B & & T HepG2/Vector 41 (20.53+
1.725 vs 1.0£0.058, P<0.01) ; WB yZ I 25 1 (] 1B)
27K, HepG2/Lin28 21+ Lin28 1185 (A IZRIE W s T
HepG2/Vector #H (7.71£1.337 vs 0.8+£0.225, P<0.01) .
S 25 IR B, Lin28 i RL7E HepG2/Lin28 4 il 71 5
RO YL IS RIE A Lin28 fEFE e a1 Rk

J 2 FhAS [7 ¥ £ (020, 40 80+ 160 pumol/L)
1) 5-Fu - 7l HepG2/Vector } HepG2/Lin28 i 2H 4f il
48 h, K CCK-8 2 Il 4 o 38 i e, &5 5 (&1 240
BN, 1 R IK Lin28 & 3% P HepG2 Xt 5-Fu ) B
P, HIC,, By T 2 241 [(10.6340.67) vs (5.11+
0.14) pmol/L , P<0.05 ; K| 2B].

>
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HepG2

S
< 30 P<0.01 Vector  Lin28
g 20 Lin28 gt (N
g
5 10 N
% . GarpH D WD
& HepG2/Vector HepG2/Lin28

1 qPCR(A)X WB(B)# 5% 5 HepG2 4lAa -+

I3 FRIXH Lin28 7k
Fig.1 Over-expression of Lin28 in transfected HepG2
cells detected by qPCR (A) and WB (B)
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HepG2/Vector HepG2/Lin28

2 Lin28 3 RIA T FEIK HepG2 HHAERT 5-Fu BUBURNE (A) FH 180 5-Fu BY 1C,(B)
Fig.2 Over-expression of Lin28 reduced sensitivity (A) of HepG2 to 5-Fu and increased IC;, (B)of 5-Fu
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22 Lin28 it % ik 7T 49 4] 5-Fu i% F 49 HepG2 40 L 8 =

FHepG2/Vector & HepG2/Lin28 4l E T 10 pmol/L
WRIEH 5-Fu 11748 h, 3 Annexin-V X 2022 f5 4
WA T G i fig , B I 220 A R RS I Lin28 i
5-Fu i SN TR . 45 R (K 3A) IR, Lin28 it
TR VAR E T 2R B RAR T 8k 4 (15.97+1.257)%
vs (44.03£2.291)%,P<0.01). WBEE M T A &
HIHZRIE, 45 3 (K 3B) {7~ , HepG2/Lin28 ZH I T- 8 H
Caspase-3 &1L 7K ¥ W] AL T HepG2/Vector 4 (0.57+
0.172 vs 5.74+1.466 , P<0.01) .
2.3 UM Lin28 At £ F Rt HepG2 & 2 3 5-Fu 244
MR SEFLAT

F siRNA T 1 HepG2 4l i 1 [ Lin28 ik /K F,

% FH qPCR f& WB 77 i I35 1IF si-Lin28 £ HepG2 4]
L R R KPR R (1 4) . qPCRZEAS I 45
F(E4A) BIR, si-Lin28 2141 Lin28 mRNA [FRIA T2
ik T si-control 41.(0.377+0.026 vs 1.0+0.057, P<0.01) ;
WB 2 A6 45 5 (] 4B) 7, si-Lin28 41 7 Lin28 &
H ) % ik B & K T si-control 4H (0.377+0.121 vs
3.632+0.836,P<0.01).

FH 2 FhAS )9 % (0.20.40. 80+ 160 pmol/L) ] 5-
Fu T i si-control }% si-Lin28 7 4H 4 Jitd 48 h, %
CCK-8 72 6 I 41 A 7% 1, 45 5B (B SA) B, Nl
Lin28 & 2 14 il HepG2 X 5-Fu (88U , 2L 1C,, KT
si-control 4[(1.61+0.66) vs (7.62+0.44)umol/L,P<0.01;
K| 5B) . i 10 umol/L [ 5-Fu T ¥l si-control A si-
Lin28 4l fg 48 h, 31 F Annexin-V X7 4k 3 J5 ¥ 41 i 7

1.0
-4~ Si-control

0.8 -@- si-Lin28

0.6

0.4

Cell proliferation (D)
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5-Fu [c,/(pmol-L1)]
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TG )5, B AU A AR AS I Lin28 71 1% 48 it 97
ToREBL RS . 45 (B 6A) &7, Lin28 N 4L 41
Jif U T 3 B 2 & T si-control 4H[(37.73+1.660)% vs
(15.63+1.041)% , P<0.01]. WB % ¥ Wl ¥ 1- & &
Caspase3 K1k, 45 R W 7x (B 6B) , si-Lin28 ZH H
T £ [ Caspase3 [ 3 1A 7K *F- B & 5 T si-control 2
(3.48+0.81 vs 0.89+0.27,P<0.05) .
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@ Caspase 3 - -

g

g

&
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HepG2/Vector HepG2/Lin28
A: Cell apoptosis rate ; B: Expression of aoptotic protein
3 Lin28 i3 R iAH# 5-FuiE S8 HepG2 YRR T
Fig.3 Over-expression of Lin28 inhibited 5-Fu-induced
apoptosis in HepG2 cells
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Fig.4 Down-regulated expression of Lin28 in transfected
HepG2 cells detected by qPCR(A) and WB(B)

1oy P<0.01

IC,, values
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si-control si-Lin28

5 B Lin28 #/1 HepG2 4AAEXT 5-Fu RISLREE (A) B FEK 5-Fu B9 1C, (B)
Fig.5 Knockdown of Lin28 increased sensitivity (A) of HepG2 to 5-Fu and reduced IC,,(B)
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PENLH , 78 5 223K 5T 1A Lin28 41 i A 46 -5 4k 77 85
JE&E 22 ) A 22 1 let-7a & let-7b mRNA 3R 1K /K -,

qPCR il 25 58 (B 7) 7 , AH T HepG2/Vector 41,
HepG2/Lin28 B & [# 1K let-7a /% let-7b mRNA [ 3R 1A
(¥ P<0.01) . i#t— D4R Z Lin28 XF i & T 41 f br i
WIFRIE KT BRI, qPCR K I 45 5 (& 8A VB o
i 1k Lin28 fig il 35 B I+ 4 i #5124 Oct4 \Nanog .
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Sox2 {1215 /K, T T Y4 Lin28 JUJ 00 1l fth AT ) 2 3
(1 P<0.01),

>
w

si-control  si-Lin28

Caspase3 0 —_
caros A -

Apoptosis rate (%)

si-control  si-Lin28

A: Cell apoptosis rate ; B: Expression of aoptotic protein
6 BUA Lin28 12 1% 5-Fu i5-S69 HepG2 4HBUE -
Fig.6 Knockdown of Lin28 promoted 5-Fu-induced
apoptosis in HepG2 cells
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ST T OREIWETT , (H TS A TR 25 HL R 1 R 52 4
BB o WSRO AT SR (T 25 LA X B s AR A
T RORAN RS B e A A R L R R

15 ¢ B HepG2/Vector
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E P<0.01 P<0.01
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o
= .
B 057 o
S el =
g let-7a let-7b

7 Jd R Lin28 B R FE(K let-7a &
let-7b mRNA fIFRIEKF
Fig.7 Over-expression of Lin28 significantly reduced the
expressions of let-7a and let-7b mRNA

B B3] si-control

Relative mRNA level
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Fig.8 Effects of Lin28 on the expressions of stem cell markers Oct4, Nanog and Sox2
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miRNA 1A /K (1 28 A0 2 L5 40 7 it 24 % ) A
5%, 5 T 9 400 R F) 186 0 1R 28 RN B 5 DA 2
Lin28 75 4 i h 3Rk /K1 S5 T, w R 3E 2
I3 B3 HCC 40 HE 1) ARk S B AH 1w ot 97 36 B
Lin28 [ % 5% 5 HCC [ it 254 5% . AW 7Tl
I R kL % Yl 7 3T i 2R K Lin28 i HCC 20 g , A6l 1L
XF 5-Fu 2454 B BBURR M Bt 3 1C 5, B AR A Asr R
BT R FE R I R IA B S, KL %R IA Lin28
A BEAR 20 B 5-Fu B IO, HIC, T, T T 3
JA T AR RIS B3 T FE (3 P<0.0D) . #HE—
AR T I Lin28 {33k ACFEET I [ 58I, ESE T
Lin28 %} HepG2 4t M fisf 24 2 AL ¥ 520

AHEFILERTT T Lin28 MIEFMLH] . 1N RNA
ZEA A, Lin28 R 45 A A A 2R 1) RNA i K15

PR AR F L BF FCAE 52 Lin28 5 348 miRNAs (10 Tt
FEA K9, fil4n, Lin28 7 7 5 let-7 Bl 4 (1) A i % 15
WG e R0 B8 A 36 e 00 ) LAk A o sk A 1 BEL T let-7
B A R, AT AT BR3P Tet=7 %1 A 2 I 7K~ o)
TR let-7 IR 5 5 Lin28 % A b f= #5A BH
5 G B 2L Al miRNASs 1 7K 7 0 4R R A
A0 3x R YR R B, Lin28 7] %k FE B 1E let-7 5K Mk
HI 7R RNA [JE i #2 o FE AR IE", let-7 (9 R 1 AT {2
BEBUIR TR DR )Rk, AT 75 5 P s 40 i o T K
e AEK Jie 8 200 R 0 2590 (R R o Let-7 3k w3 ik 410 i
I 97 B S [ HMGA2 K K-ras i 52 Wi i 8 1) 3k g v,
TS R b, 5 5E let-7 5% ) miRNA i %5,
AT BEAR let-7 BRI KT AT 3 BUL T i 2515 ATt
4 B E W, 1 Rk Lin28 1 HepG2 HY , let-7a 1l
let-7b ) mRNA 7K~V {2 # PEIL (P<0.01) . A, Lin28
A BE I8 I 52 miRNA (10 T 1fi 5% 0 HCC 4H f ¥ 4L
IT U



266

rh R AE MR T 2R &, 2020, 27(3)

Lin28 i & — FlhoAx BT J& 01 (%) Jif 98 - 41 B v 240
2 E FUIE BB AR 3 2 B8 T4 Mo S 4 355 MR 148
Jf Hp R AR 3R IR RO TR
FeEAR e FEFLIRE | Sk 30U R 45 22 P NS i
Jeg T, Lin28 Wy 3 ik 18 7 ik 96 240 e ) 1k A B 3R
BB M AR 288 7 AT T 24 55 RE ) 3G ok, A2 A e
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B, ik 23K Lin28 ] F & M8 - 40 J A5 12 4 Octd
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