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Tumor-associated macrophages attenuate apoptosis-inducing effect of sorafenib in

hepatoma cells by increasing autophagy

WEI Fang, ZONG Shiye, ZHOU Jing, FAN Min, WANG Ying, CHENG Xiu, LIU Hao
College of Pharmacy, Bengbu Medical College, Bengbu 233003, China

Abstract: Objective To explore the molecular mechanism of sorafenib resistance in hepatoma cells and identify for new targets
to reverse drug resistance. Methods THP-1 cells were induced into M2 tumor-associated macrophages (M2-TAMs) in vitro and
identified by immunofluorescence. SMMC-7721 cells were co- cultured with M2-TAMs with or without sorafenib treatment.
CCK-8 assay was used to observe the inhibitory effect of sorafenib on the cell proliferation. Annexin V/PI double staining and
protein immunoblotting were used to assess the effect of sorafenib on the proliferation, apoptosis and the expressions of
apoptosis-related proteins and autophagy-related protein in SMMC-7721 cells co-cultured with M2-TAMs in the presence or
absence of the autophagy inhibitor chloroquine (CQ). Results The ICs, of sorafenib at 48 h was 2.25 pmol/L in SMMC-7721 cells
cultured alone, and increased to 4.72 umol/L in the cells co-cultured with M2-TAMs. Compared with the cells cultured alone,
the co-cultured SMMC-7721 cells showed significantly reduced apoptosis rate in response to sorafenib (P<0.01) and
significantly increased expression of Bcl-2 and Bcl-2/Bax ratio (P<0.05) with also increased LC3-II/LC3-I ratio (P<0.001) and
lowered expression of p62 (P<0.05), suggesting a significantly enhanced level of autophagy. CQ treatment significantly
inhibited the proliferation of the co-cultured SMMC-7721 cells (P<0.05), increased the cell apoptosis (P<0.05) and reduced the
Bcl-2/Bax ratio (P<0.01). Conclusion M2-TAMs can attenuate the inhibitory effect of sorafenib on the proliferation of hepatoma
cells by increasing the level of autophagy, suggesting a new strategy for reversing sorafenib resistance induced by the tumor
microenvironment by inhibiting autophagy.

Keywords: tumor-associated macrophages; sorafenib; drug resistance; autophagy

AR e H T TR R A S 2
FLRZY) Y AHIR PRI TESS R o, Rl W e IR A
FERIBITT 6 H e i AR T2y, SR AR e T Y
JERAME S P, TRADTSEHE X R AR e 25 r AL

WiE HEA:2018-12-12

E&TR: H% A RRHEIE S (81703529) ; R HH T H AW H
(KJ2016A477) s LA HEIT AA B H (2xyq201703 1) s 28G5 WL F}
BEAG BT H (2018B251)

Supported by National Natural Science Foundation of China (81703529).
EZRIN 3L 57, it FI%dZ, B-mail: weifangmailbox@126.com
BEEE X W11, 0%, E-mail: liuhao6886@foxmail.com

xR AT B B RIS o AT , A
WA E R AR RN 24 Fr s B 2R f 0, A TIE R
A W T e R ECR DR R IR T IR R A 25 R A
ks AR E AL 7 (E H AT AR RS Wi ST
AR A: AR ANTERE . VAL S s
A EE A B M2 R RH G AR A (TAMs ) 7R
HREGR E SN, SRS BUS IR T2 A
M AT I RSN 1 SR M2-TAMS, #57 M2-
TAMs 5 AL SRA R R M2-TAMs 16175 7
HHERANNE A W fe e AR R 2 vh s, LI il PR



http://www.j-smu.com

J South Med Univ, 2019, 39(3): 264-270 - 265 -

TR PLAR e MR 25 4R (I 22 (1 SCRa AR AR 7 8L

1 #RFA %
1.1 A4

THP-1 Z0fifd .SMMC-7721 T 400 (hRkpE L it
i1 ) ; DMEM iR 3k (HyClone) ; RER 1R i
A MILE L CCKS 2 it 384 5 A a0 8 ( g8 5 K
) ;&P JEJE (Selleck) ,PMA (Sigma) ,IL-4 . IL-13 (3£
[ PeproTech) , §# 7= J& A 1470 & ( L LA A ) 5
CD163, LC3B.p62.Bcl-2 ., Bax . p-actin F yw FEHLIA (35
ECST),
12 Fik
1.2.1 @feEdc THP-1 MR T 5 10% 864
F10.05 mmol/L Pk LR RPMI 1640 153856 B
T37 °C.5% CO M . Y40 M %5 BE IR 3 2 8% 10°
cells/mL 2247 0], BTG AMMIR | B0 Z SRR AR AR
e BEAR /T 1% 10° cells/mL, SMMC-7721 4 g FH &
10%J64F 1l3% DMEM 378555, MM K 2R G
JEZ170%~80%HF , 11 0.25% R ANAEIES T 1: 24448
Hidto
1.2.2 M2-TAM %8 feif -3 & M2 48 it 5 Ak 35 Jr i (M2-
CM) &Pl £ 1 THP-1 44 AR 1x10° cells/mL 4%
FERERENFLAIA , I 100 ng/mL () PMA 1E1 6 h, 1fij
JE A 20 ng/mL IL-4 £120 ng/mLIL-13 F{EA 18 h, %
B HIGR , BB BT I 15 750 2 mL 537 24 h UigE
0 A T80 CHR . R PRSI sO Lk
M CD163 MFRINIA THE
1.2.3 CCK-8 Ao 2m o3 sh a4k & S% A4 MG
PR B R 45 AR (5% 10 cell/mL) , B 90 L in %
96 LR, RITAEJC AR BE 43T SANAMe 1 1,25,
2.5.5.10.20 pmol/L, 10 L, &2 % 6 & FL7E 37 °C,
5% COLKTFHAA H15FE 24 48 72 h, & 1-15 7771, BHLN
A CCK-8 10 pL, kEERE 55 2~4 h S TEOGRE Ausommo B
T8 AR MIAT IS 2R (% ) = (AL FRLH Ao =25 A X FEZH Asoo )/
(AT BEZH Ayo -2 FAXT FRZH Auo0nm) % 100% , 38 32 514
TR ICfH, S50 E R 31K,
1.2.4 AXapefAem s A=  FRARERh T 6 FLAR,
WA R 2 5 2 M BE S, I AR HHE)E (2.5 pmol/L)
Fi/EE M2-CM 4kEE15 57 24 h i, VS PBS Pk 2 38 , 1k
AR MR 2 A N O A AR, B LI AR
b AL FIZE, 1000 t/min, 4 °CES.Cr 5 min WEE
REFR S 45 2 20, JH PBS R4 41 i 2 X 1000 r/min,
4 °C#.0> 5 min, JIA 100 pL ) Binding Buffer 5 £ 21
fitd ; 245 1A 5 pL Annexin V-FITC.5 pL Propidium
lodide, #242R 5] s O L% R S 10 mins /il A 400 puL
i) Binding Buffer 7£ 1 h P, T =C4RARASCR

1.2.5 Western blot 7%#-m LC3B.p62.Bcl-2 Bax %%& &
okl WUEA LIS M, 4 CHlve (1) PBS L%
3V, A 80 L 4 i SR i e (55 Pz 2 P il L s
il , vk E 246 30 min, $RECAIALEGE H L BCA N
FIYEE . 15%SDS-PAGE J 475 B R IS FELTK 70 25 2
1, BTk 220 mA fEi %% 60 min 7% 2 PVDF I+, H
SY MR AR 4 CHIPHIER . VRIS , AR
—HEhUAR(1: 10007588 7, BRI A AL Bb R C i —
Pr(1:2000F58) )2 i 2 h, #4218 ECL 227 & i
A2 R OISR I A F1 B BIANAF 1 LIRSIR KT
PVDF i I . FH Bio-Rad #Ei% AR R GAM ARG , 52
KR 3K,

1.2.6 it sz L5 HIEbRE2E TR @il
SPSS 16.0 3K T5E 15307 , 1] LU AR FH B R 2=
2201, LA P<0.05 2R B GE T ER L

2 HR
2.1 M2-CM *t % 423 B A74] SMMC-7721 3834 69 % 7h)

ZHidEJe (1.25.2.5.5.10.20 pmol/L) X} SMMC-
7721124 48 .72 h B HIAE S B ] R0 S AR
S (B TA) A AR IR A BE v M2-TAM 7R R HU R
JEIBTFT 2GR VR 8 THP 1755 M2 B S 4
I3RS NS R EF R CD163 FEIPE4RAET, Siit 3 1k
PRSI AAE AL, THP L 4055 M2 R g2 A
FEFRCE R (91£3)% (K 2) Y M2-CM 5 SMMC-
7721 5555 48 h, 4550 &I, M2-CM B R TR PR
JEXF SMMC-7721 BHEFEAIHIVEH (B11B) , EHHEext
JH 9 4HL SMMC-7721 /1148 h 9 1Cs0>4 2.25 pmol/L,
5 M2-CM HE537 5 R AR 1C0 o 4.72 pmol/L,

2.2 M2-CM % 45 3 R A% SMMC-7721 40 it )8 T #)
EA!

FHAERAEH 24 h(FREE2540) Fi 5 M2-CM 2
FRfaREPAERAEH 24 h(HHE 37452541 ) SMMC-7721
FRSF- 25 R T 23 1) 0 34.6% F1119.5% , b 42540
5oy 25 0 22 5 5 it 2 B L (P<0.01, K] 3) o
Western blot f: Ml #1157~ 25 1 Bel-2 A 8 T- 25 FH Bax
GRS R BRI FR A A 5 S 25 25 AU AR L Bel-
2RI BN, Bel-2/Bax B IN(P<0.05, K1 4) .

2.3 M2-CM #f & #2.3F 5 SMMC-7721 % el By P 69
AL

IEREFRAG 2 5 PR 25 40 LU LC3B-TV/L Y EUAE
Thr, p62 A T, JERE R4 2541 SMMC-7721
PRl DA IR [ WK P o s (151 5) o
24 FEA )G AT M2-CM Fo k& 353 B3 R 0
SMMC-7721 2a o354 A T % A% A =X E G K
P49 % v



.+ 266 -

J South Med Univ, 2019, 39(3): 264-270

http://www.j-smu.com

A 100 B 1207
90 P 100 P
807 L - 5
£ 707 £ i S 80 E
= 60 z
% 504 % E'g 60
= 40 1 Z 20 3 ;
8 301 w24n S
20 A 48 h I 20+
1 —+-48h CM-48h 1
109+ 721 : : 3 —
0 T 2 — 0 T —
0 125 25 5 10 20 0 125 25 5 10 20
Sorafenib (umol/L) Sorafenib (umol/L)

&1 M2-CM X RRFERHIH SMMC-7721 HE3EAIR M

Fig.1 Inhibitory effect of sorafenib on SMMC-7721 cells culture aloned or in the presence of M2-CM (1=3). A:
Effects of different concentrations of sorafenib on the cell viability of SMMC-7721 cells at 24, 48 and 72 h; B:
Effects of M2-CM on cell viability of SMMC-7721 cells treated with sorafinib at different concentrations for 48 h.
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Fig.2 Induction and identification of M2-TAM (Original magnification: x200). A: THP-1 cells; B: THP-1 cells induced by 100 ng/mL PMA for
6 h and with 20 ng/mLIL-4 and 20 ng/mLIL-13 for 18 h; C: Negative control of FITC; D: CD163-FITC group.
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Fig.8 Effect of sorafenib on the expression of apoptosis- and autophagy-related proteins and the influence of M2-CM
after CQ treatment. A: Effects of M2-CM on the expressions of Bcl-2, Bax, p62, and LC3B in SMMC-7721 cells pretreated
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Bax with Image ] grayscale scanning; C: Standard quantitative analysis of LC3II/ LC3I with Image J grayscale scanning;
D: Standard quantitative analysis of p62/3-actin with Image J grayscale scanning(n=3). *P<0.05, **P<0.01, ***P<0.001.
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