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[f8Z] HM 40T miR-148b/DUSPL {5538 B I 717 F Wi 41 i 43904 40 i X+ CD206 11 235 % i
RARIFE . Jitk R4 A 2RIl A R SR I M I A% 4 O35 5%, AR 40 - B w20 M S 9
%l {8 K17 ( granulocyte-macrophage colony stimulating factor, GM-CSF ) £ M 21 it £ % 5] 3 K+ ( macrophage
colony stimulating factor, M-CSF) 435I 375 5 A= B¢ M1 BU 1 M2 5 |5 W 21 Jifd, CD68 . CD206 #1735 Al XK &,
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WAL A F- CD206 {2 i fHH i A A A 28 e R8 , BUHOG ZR Bif A BE IR SE DUSPL 2 miR-148b 1)
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miR-148b/DUSP1 mediates macrophage CD206 secretion to induce hepatocarcinoma

cell growth

Tan Cui', Mo Chunrong” ('Chongqing Key Laboratory of Molecular Oncology and Epigenetics, the First Affiliated
Hospital of Chongging Medical University, Chongging, 400016; *Department of Gastrointestinal Neonatal Surgery,
Children’ s Hospital of Chongging Medical University, Chongqing, 400016, China)

[ Abstract | Objective To determine the effect of miR-148b/DUSP1 signaling pathway on the level of
cytokine CD206 produced by macrophages and on the growth of hepatocarcinoma cells. Methods Peripheral
blood mononuclear cells (PBMC) were screened with CD14 microbeads, and then induced to M1 and M2
macrophages with granulocyte-macrophage colony stimulating factor ( GM-CSF) and macrophage colony
stimulating factor (M-CSF) respectively. Phenotypes and functions of the obtained polarized monocyte-derived
macrophages were identified by CD68 and CD206. ELISA was used to determine the secretion of CD206 by
M1 and M2 macrophages. CCK-8 and Transwell assays were used to verify the growth, invasion and migration
of hepatoma cells ( HepG2 and Huh7 cell lines) after the treatment of the secreted growth factors. Dual
luciferase reporter system was used to determine whether DUSP1 was a bona fide target of miR-148b. Results

Monocyte-derived M1 and M2 macrophage cultures were established successfully. The presence of growth
factor CD206 produced by M2 macrophages promoted the proliferation, invasion and migration of hepatoma cell
lines. Dual luciferase reporter system indicated that miR-148b functioned to directly suppress DUSP1 gene
expression through the miR-148b-binding sequence located at the 3'-UTR of the DUSP1 mRNA. miR-148b/
DUSP1 signaling pathway promoted the occurrence and development of hepatoma, and macrophage markers
were associated with clinical and pathological features of liver cancer. Conclusion  miR-148b/DUSP1
signaling pathway affects macrophage-secreted cytokines in promotion of occurrence and development of
hepatocarcinoma, and may provide new evidence for targeted therapy of liver cancer.

[ Key words ]| macrophage; miR-148b; DUSPI signaling pathway; hepatocarcinoma
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JT-4H 955 ( hepatocellular carcinoma, HCC ) J& % U,
(B IR 22—, LA 38 K BB 38 I8 7 F 2 e
ARTEN o AT TR A R R HCC R —Fh 5 44 %
YIRS AR IR, S AETE HCC 1 & A FlE s 1 A v
HAMRIVER, SRR AES | HCC 153 F1 20 i AL il
AR SEA G o TAERIT ST S B, IR AR 56 1 I 4 i
(tumor-associated macrophages, TAMs ) 2 i J8 78 ¥f 5%
ORI ) F B0 B, P LA Mg 38 4 | 04SP A S
T8 (RBLE LMY EAT N A BT
miRNAs 113 P8 2 S A 5k [ B R85 Wi S 5 R 8
MY E FIDIRE, BEMT 2 508 40 8 B G2 580 R AE K
T AR DB I R A RIS o A0 miR-148D 1B
FEPRIR HAE RN S0y Hh B S B VR AT, 5 0
T K RATAER TR 2 EWS T UE
W55 R W] miR-148b 5 [ 0y & A & i il f5 %5 D) A
O AR 2 5 2 R AR 2 A 1 AR P
S FHLEI G ANTERE . AW E RS o3 B 35 R A0 A I
FAAZ AN LIS S 2R B ML T M2 BRI AR i, §IE S miR-
148b 777 I 240 M 43 W i 240 ML DX+ 2 5 o At i A=
KRR, i@ i HCC I PR LU A 43 Bt W5 4
bR 4 5 e R I A B R () G R, B AE W
T A LA B B 0 BRI AR 9 o

1 #MREFE

1.1 ##

S5 R W N 40 ik HepG2 1 Huh7 4 iy
HAF TR, T 37 CoRB PG R I 5,1 000 x g
L S min, 3 IR SRS BA B AE KB FR L T
S ZH AR N 9 55 ZH AR AR (40 f3i]) |y B PRI K2
R J 26— BR e A= AR AR R g At . AP S IRBE R
28 2 — PR B AR F A 2 By s
1.2 Ev#minsy &Fe3d

K4 B ShiG BRI Al Al 2R 58 03 B A1 A I FR A% 4
fiti ( peripheral blood mononuclear cells, PBMC ) , f] &
10% JIG 4 M3 i RPMI1640 35 53 3 3 5 41 B 20k 3 x
10°/mL, & F 6 LI P15 FE. 37 C 5% CO, A7
3 h g, TG B B SR I 2R R A, In A 10%
Ji62F % ) RPMI1640 35575 2 mL SOk 4 il - B g2
Ml B 7% 3] 3% [N 7 ( granulocyte-macrophage colony stimu-
lating factor, GM-CSF) 1 5. W 4 Jig £ 7% 0138 R T~ ( mac-
rophage colony stimulating factor, M-CSF) , 2L ¥k B hy
1000 U/mL, B2 d ~Pffeifl, 5557 7 d, U BE A .
1.3 fmfamad 4k 3

I % YL 43 BR Lipofectamine™ 2000 ( Invitrogen 7%
A R UARA A K, 23 BITE ST B BT A T I R 3
FREFNFORE , B miRNA BE4D4), 50 miRNA 416157, 5045

EAIBATE XS B, 15 9% 4 ~ 6 h J5 46y 5 I3 1 15 97 A
miRNA Kz Hoxk BR e 1) &% G 1% 284 B 2 50 nmol/L,
miR-148b # /4 ( miRNA mimics ) F1 B P %+ B8, miR-
148b #5171 ( miRNA inhibitor ) F15H44: %} B8 , DUSP1 -shR-
NA B [IEXF IR B 1 GenePharma /3],

1.4 $at&kx$ PCR

i F§ TRIzol i&57] ( Invitrogen 2\ &) ) 32 B EL RNA,
fd ] M-MLV 303 %% 51275 & (Promega, USA) #EA 75 1 £
cDNA 4, LA U6 RNA 154 miRNA (NS 3L, LA
B-actin {E R HABNZHEIA . i F] ABI 7500 SZH 22
E & PCR {Y } SYBR Green &5 ( Fermentas, USA) yf
FTRE ARG, miR-148b J 3 (A 1 U6 5] ) i ) M
Ribobio /A &) & i, CD68 Z:[H | ii#: 5 -GCTACATG-
GCGGTGGAGTACAA-3', T ¥i#: 5'-ATGATGAGAGGC-
AGCAAGATGG-3";CD206 _|j#:5'-TTCGGACACCCATC-
GGAATTT-3", T iif: 5'-CACAAGCGCTGCGTGGAT-3';
B-actin |- Ji#: 5'-TCCTGTGGCATCCACGAAACT-3',
#:5'-GAAGCATTTGCGGTGGACGAT-3'

1.5 MRAZEHEAMIE

FIH PCR 71, #2 4 DUSP1 (human) 3’-UTR J#
HIME BB 51, Bty g5 % . DUSPL-
3'UTR EJi#:5-GCGGCGATCGCAAGGCCACGGGAGG-
TGAG-3", F §jif: 5'-AATGCGGCCGCGAGAGGGATTGG-
GTGTGGTTG-3"; DUSP1-mut | .5 -TGTTTTCACGT-
GACTTGGAAAATACCAGTGTTG-3', I iiff: 5'-ATTTTC-
CAAGTCACGTGAAAACAAACCTGCTTA-3"; D) 293T &
P41 DNA AR PCR $7 4% DUSP1 L5 3° -UTR 5
51 B HTE B #] pmiR-RB-REPORT™ ( Ribobio ) XU %¢ J;
BB B A B AR 5 26 hRlue , 42
6N hlue (N ZSHLIE) o
1.6 M F B A7

HepG2 435 7% X BUEK I, Hie 4 x 10°/FLI%Fp
T 96 fLAH, A LEAF 100 wL,37 CREFRAG PR SR
24 h, 3% ] Lipofectamine™ 2000 i 71| %% %, % miRNA
mimics N control 5#IL[H 3'-UTR 45 3t K 244 Fr &
ASEARILIE A HepG2 4 i, % Y 49K &y 50 nmol/L.,
¥eyge 48 h J5 2% Fi] Luciferase Reporter Assay System
(Promega ) Kl ¢ A1
1.7 Western blot #&-| & & & %

PN S, BCA 25 v B2 I s 1XR) G s
AU, Western blot K4 F AT RSB 5" 14 7 ik
#47, 73 5 F DUSP1 (Santa Cruz Biotechnology, CA) .
anti-B-actin ( Abcam ) , 284k K AN 45 2 1 1Y 43k
T RH Image-Pro Plus 730 #7254 L # B, LA H B9
H5 B-actin 6% B FOEAE N 8L I ROAH A Rk &
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1.8 CCKS8 =3

7 96 FLH L E 100 pL AN R . MR
TEXGFRARTG SR 24 h(37 C,5% CO,) , FM¥EEFAMA
10 WL AS [ B 0% 7o 0 40 I, 5 355 5 Al 7 B SR AR 5
—BOE SRR (6,12 .24 48 h) , [ AELAA 10 pL
CCK il (T BABEAESL AR B W B SR e 85
FEAANIEE 1 ~4 h, FBEFAR O 72 I 450 nm Zb ()
FCEE AR D(450) ], 2587 B AN I 5 S %% BE AL, W] LA )
HFLH A 10 pL 0. 1 mol/L #J HCI WK E 1%
SDS R, il 25 B SRR IR AFE R AL . 24 h
W AE , 5% AN R A8k
1.9 &4 %k

FIT A5 4 355 372 1550 A Transwell /NE # 37 °C i
B FrI A0 s IR 2 ECE K I e g i, PBS i
TC ML HE IR RGeS Ve is 1 Wk, TG I i 5 57 5L B 77 40
Hi TR, R AN AR 2 x 10°/mL; 7 R % (R 24 4L
HURHR ) A 600 ~ 800 wL 7 10% Mg I H: 75 5%, I
FENA 100 ~ 150 WL 2l B , Ak S AE AR BE 5% 24 h;
/OB /NE T E = A, BB FE A 2
800 wL FEERYFLH, iR [ 30 min; U /NE %+
R E R, BB LI 800 pL Giemsa YL ()
fLrb, =R 15 ~ 30 ming 5258 FIIE 7K b PR R 0 40
WU /N TR A SR, AR AR /N L B E
JRCHR R TR L (R 20 5 FH /NS /o4 TR IR, JIS T s
T, B 22k i B A P ER S A AR T 9 A~
BEALILEF 150, Geit 454 .
1.10 %itsam

S E /A 3 WG EAELL x £ s R, R SPSS
16.0 GEi AT X KB

2 HR

2.1 MI A= M2 E "% m it elg & K7

HIE I B AT 4 GM-CSF 75 S 54k M1 B
WA A , A0 SRR K B35 R 2 N BRI RE ; &
M-CSF if5 5540 R M2 S AR, TR A5 32200 i 1 7Y

HepG2

NC M1 M2

e T ¥ =
S : <y

3 Transwell SEIG#

N5 ErAEmAE R EARER KRN

(K1), RT-PCR &l M1 E 4 febr &4 CD68 K
M2 E g4 AR &4 CD206 (731K (P <0.05) , LPS
P I 2 A 0L e 98 T PR B, ELISA A N 5 10 240 e 3
W AR R F CD206 , 25 5 8 7%, LPS w] BH i 3 fin 41 it
HF CD206 43 b 7K -, H M2 A 5 I 20 B 43 Wb )
CD206 B 4. /& F M1 AU g4
2.2 EEMAOALSEAT R e A K iR £ A0 AS

M1 A1 M2 BB g A0 i 43 o0 5 ON g A0 B bR
HepG2 4 i #1 Huh7 21 ffg rp 3L 5% 5% 48 h, CCK-8 51
SEUL IR, M2 TR IG5 20 Jif e B S 4 a0 9 A e g A
(P<0.05,1&2), b7 A 0 20 B 75 X6 -9 200 JEL 1%
1RZBEE AL P 5], Transwell SZI6 % B M2 7 241 g b ]

A:MI & B, M2 &
E1 FERREWE M1 M2 BERMAES

40r o HepG2 4y
3.5t O Huh7 4

3.0t
2,51
W
2.0t
=
= L
m 1.5
1.0t
0.5t
0

NC M1 M2
2H 5
a: P<0.05,5 NC #= M1 211k
2 CCK-8 LIa#ill 5 B Ik 4 i 2k % 57 %F HepG2 ZHA@FA
Huh7 28 i & 1< i 22 i
Huh7
NC M1 M2

( x400)
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2.3 DUSP1 % miR-148b ¢ 3etr 3k B

HepG2 2 Jitt 43 51 %% 4% miR-148b mimics ., inhibitor
DL R 45 H B XT BR, Western blot 46 i 45 2R 2 7, 3
I sE miR-148b FKIA W LUfH DUSP1 (125 1K F & A
R, MR miR-148b %) ik ] LLff DUSP1 92K
IR A R )20 ARS8 miR-148b B DL 45 DUSPI
TEFFIE R S R R = FEAE (I 4A B) o O T ik —
AAIESE DUSPL A 52 72 miR-148b (%) 8 B A, 38 i X ¢
R MR HE R R GEA I, 45 R 7R miR-148b 7 55 7]
P15 DUSPL ) 3'-UTR #5454 (K 4C.D)

1 2

DUSP-1(39 x10°)—

B-actin(42x10°)—

®
1 2
B-actin(42x10°)— GGG
Has-miR-148b 3’ UGUUUCAAGACACUACGUGACU
DUSP13"UTR 5’ --*GCAGGUUUGUUUUCAGCACUGA:--
DUSP1 Mul 5" +-+GCAGGUUUGUUUUCA CGUAGACU---
©
1.2r ONC ZH ™ miR-148b mimics
1.0 T
#08
g a
06
=
™
Z 04p
0.2
0
1 )

SRS

A. Western blot # | 2% ¢ miR-148b mimics &9 AT J% 20 JiE,
DUSP1 #5%& & % 15 1:Control dsRNA;2:miR-148b mim-
ics;B: Western blot #: | #5 % miR-148b inhibitor #4 I J&
#m i, DUSP1 #9%& & %% 1;Control dsRNA;2.miR-148b
inhibitor; C: miR-148b %5 DUSP1 & B 3'-UTR Fa | £ &
Je ;D MR A F HIR S A A & 4% iE miR-148b 5
DUSPI # B 3'-UTR i 4 4-%2.&  1.DUSP1 A K 3'-
UTR(WT) ;2:DUSP1 % & 3'-UTR(MT) ;a:P <0.01, 5
NC 2254
& 4 miR-148b 5 DUSP1 EF 3'-UTR £ & HFIzERIZE

2.4 miR-148b/DUSP1 13 5 i ¥4 ifl 4= E *& 20 Je AL ¢
JF % om R K A i3 2 24

FARIE AT 0] 9 1E A & DUSPL 2l miR-148b (1T
WAL, o T — P2 A5 5 38 B2 5 7E B g 4
AR 2 I8 A M A R AR 2B e B vh ¥R T . 1 OBTE
M2 I g2 i o % e DUSPT-shRNA 4170 i) H & 35 ([&]
5) %Yy miR-148b mimics [ M2 5 40945 LPS 4bF
S5, HA WA A R - CD206 1) 3 3k 7K S 45 o) BE 25
AP <0.05), M % 4% miR-148b inhibitor ) M2
ELWg4n il 2 LPS 4b B J5, CD206 1) ik & B 2 T
(P <0.05) , 34 miR-148b inhibitor 1 DUSP1-shRNA
Ji ,CD206 J3ihte b3, WA UE 5L A5 5 3 % T i 5 4
MiBEl -+ CD206 1) 43 Wh; CCK-8 52 5 45 2R K, % L
miR-148b inhibitor 1] LA il 195 41 ifd HepG2 H1 Huh?7
MK (P <0.05), 145 Y% miR-148b inhibitor Hl
DUSP1-shRNA J5 , 43 i Fe 6 CD206 1] LIAE 3 20 ffd
HK (P <0.05, & 6); Transwell SCUG 45 5 B IR, 56 Yy
miR-148b inhibitor /1 {195 40 Jiff HepG2 A1 Huh7 F{{Z48
FeReRe S W B EEAR (P <0.05) , 1 HE 5% 4t miR-148b
inhibitor F1 DUSP1-shRNA [ T3 {2 22 ¥ % RE 11 W 5.

Hahn(P <0.05,K 7).
1 2 3

1:Control ;2 : N-shRNA ;3 : DUSP1-shRNA
5 M2 EmEZHREFE S DUSP1-shRNA # i H 3Rk

DUSP-1(39x10*)—

B-actin(42x10°)—

i B HepG2 4
| OHuh7 41 =

AN A 5
w -Jlk W

(3]

-

a

w1 B ml

1 2 3 4
41591

1: mock; 2: miR-148b inhibitor; 3: miR-148b inhibitor +
DUSP1-shRNA ;4 :miR-148b inhibitor + N1-shRNA
a; P<0.05, 5 mock b3z
6 CCK-8 L3 fUFTRE40AE HepG2 71 Huh? K4 K 1F MR
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600 W mock mir-148 b inhibitor
B mir-148 b inhibitor+  Omir-148 b inhibitor+
500 DUSP1-shRNA N1-shRNA
& 400
=
£ 300
2
2z 200
100
% (E&S @
m mock mir-148 b inhibitor

7001

= mir-148 b inhibitor+ gmir-148 b inhibitor+
600} DUSP1-shRNA
500}
%
2 400}
)==3
N
& 3001
m
=

_
[= =]
===

®
a: P<0.05, 5 mock }3%; b: P<0.05, 5 miR-148b in-
hibitor b4z
B 7 Transwell S2364#6 M BFIE 4 A8 HepG2( A) 1 Huh7 (B) By
BEEBER
2.5 Ewmiy it BF CD206 15 s k448 64 4R % 1
SHF
TSR HCC LR A1) CD206 1Y 3Rk K-
SE AT G PR 5 LR AR AF AE — 8 I A DG 1, A 40 3]
HCC 2141 k54 H CD206 mRNA [ 335 CD206 7K -,
KB CD206 Y33k 5 ALT (AST | JH- 9 TNM 431 B
WA (P <0.05,5 1),

F®1 CD206 pyRIESHTEBE Ia A RIEFENRX RSN
% IfLi§ CD206 ¥JE (pg/mL)

P

Wi R (n=40) <100 =100 PH
E(2)

<40 13 8 5

=40 27 16 1 0.890
sl

B 14 10 4

Yok 26 14 12 0.297
AFP( /L)

<400 15 10 5

=400 25 14 1 0.505
ALT(U/L)

<40 10 2 8

=40 30 » 8 0.003
AST(U/L)

<40 15 9

>40 25 1 14 0.008
TNM 43381

I 17 5 12

i 5 4 1 0.036

i 15 12 3

3 i

ST ST I AR m AR A e R ) e 3R
FZ—, 29 20% WM B RAE S A S EHE . RIE
SR R R R RV H VIR . TAMs J&%
PEANM Y 5 B4y, WAL Rk Z R AN R A K
T TSR N S 5 M kR 2 A1
FHOC , A4 I 968 4 B TR 8 386 L3230 | O A8 A s B e
Rt TR R O R 5 R (S RS A A
FASEPE B P R A 2 TR R AN 28

5K FE IR miR-148b B % A Z R Mg v, %
I IEE 2 PR T A L I A B AR R S AR S R
FHVEAERY ' Zhang 257 BFSE R BUFE H miR-
148b Feik 3 I, v R Al B A F Go/ G, T
k] b 963 40 B A 3% 7E, miR-148b 38 AT A3 i oA 1Y
WNTI 35 [A] 1 3 1K 8 A HE 400 o I8 A I 9 1R 28 S5 36 7
(IR, 2 — 25 F sl A R 1F 5% % B, miR-148b fiE
EAE SR DI IR A0 AR K o RIS, A5 24 5 4
JH9 rh miR-148b B3R FEAR 5 8 25 1 AR A7 0 A7 e A
SePE™ o AT L, miR-148b Al S AE I 1) 2% A o e
Wil B B REEMEH . (HHAE TAMs X 9 & 4= 1
A B A3 HILT 18 A 56 42 ) A

TEAN LA 28 5E S, MAPK F9 3850056 A 4% 0 1l
fii. DUSPL 7E4H i N 3= 2 i 4k 3% AL 1) MAPK 5%
B (p38 JJNK ERK) ¢ 5 P 5677 TxY rfv i i 56 A1 1y
ISR AR LT 1, AT W8 98 e B g . DUSPL 7
Z R IR AR SR 2R R R R R W] DUSPL
TENTA 14 % A2 % 8 M W i A 36 B B A
[, A 2% 3 I8 miRNA AT LR £ 505 20 A o
DUSP1 (315K V-2 5 i & 4 R

R T BT R AR R A M BRI R
DUSP1 [ miRNAs 2571 TAMs Xt 11988 1) & A4 i F i
M) , A2 B 20 4 BROAI JE] I B0 A% 40 B 375 5 A i ML
IR M2 BB WEAN Y, 28 LPS ALPE 5 ) M2 U g 241 iy
ST E AL R F- CD206 2 353 0, I H. M2 7 B g 2
L EE % BH S 11 9 200 L ) A TR 28 56 7% 5 TR ATT 0t
— ST IESE , DUSPL J& miR-148b Y #ESLH | i Y
miR-148b mimics [ M2 [ g 40 ifg 22 LPS Ab ¥ J5,
CD206 435 1k 7K B S 8 11, i %% Y& miR-148b inhibi-
tor ) M2 B 5 Mg il 28 LPS 4bFJ5 , CD206 315 &
HH 55 R 9, Jh%5 % miR-148b inhibitor F1 DUSP1-shRNA
J5 ,CD206 43 f |- 1 ; %% Y& miR-148b inhibitor 1] 1)
I BT840 it HepG2 A1 Huh7 48 K AIZ 285652, 1M
YL miR-148b inhibitor 1 DUSP1-shRNA J5 , 43 Wb
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HE A CD206 ] LLAE 7 40 i A I MR 2R 5% 7% 5 R I
CD206 [k SR TNM IR AR G . R, 42
ANTEEWEA I o miR-148b Al DL i 48 ) 4% DUSP1
RIK IS SRR A R

M2 ARG BT miR-148b ¥ DUSPL 321
AN 5~ CD206 HYM 25 1 i 0 & A i 7, 0020
BT T miR-148b/DUSPT i — {55 18 B4 ) T 40 i
AR R ARANEAL (LA H T BE D TP 1) 0 1] )
RPN Ry g LS
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