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HE A KRR FE AR I M) (cigarette smoke extract, CSE)*t 3 4% 4 . THP-1 49 #14F F) . CSE
EALJE 69 I 8 A8 & B v 4@ Jlil(tumor-associated macrophages, TAMs)*t 3 /)~ 4@ el iff /% (non-small-cell
lung cancer, NSCLC) A549#47PC-94m i 12 22 £ 4% 49 % @ . CSEXL FTHP-148 /296 h/z, ELISA4: )
TGF-B. TNF-a.. IL-10. IL-1289%& & & &K -F, QRT-PCR#& M TGF-B. TNF-a. IL-10. IL-1269mRNA
FAEKF, AR LA M CD163749 & ik /K-F, Western blothe | p-STAT6/STAT6 4 & & & A KT,
CSE7 1t #9 TAMs 5 NSCLC %8 it 3k 3% 7=, Western blot#s | TAMs% NSCLC 28 JEEMT(E-cadherin#»
Vimentin) & % 7¢); Transwell#& R TAMs*NSCLC % 4z £ i 4 69 &5k, 4R B 7, CSE#%-FTHP-1
40 it 64 & A @)M2E TAMs 7 #) 54 (TGF-B. CD163" £, TNF-a.. IL-127TF 4, P<0.05). p-STAT6/
STAT6:# 34 % 5 CSE# 5 THP- 148 J 69 M2 A 454k, CSE#5 -3 49 TAMsHE #ENSCLC 48 it % 4 EMT(E-
cadherin T [ #=Vimentin_E 4), # @423t 42 £ iF #5(P<0.05). »A E% R & 9, CSEi# idp-STAT6/
STAT6#% 5 THP-1 8 £ M2A! TAMs#7E 4L, FXE 49 TAMs#E #t NSCLC 4 i X £ EMTAe 4z 22 3L 45,
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The Effects of CSE-Induced M2 Polarized Macrophages on

Lung Carcinoma Invasion and Migration

Shi Meng, Wang Xiaohui, Deng Yafei, Zhou Xiaocui, Chen Hong"

(Department of Respiratory and Critical Care Medicine, The First Affiliated Hospital of Chongqing Medical University,
Chongqing 400016, China)

Abstract The aim of the study is to investigate the effects of cigarette smoke extract (CSE) on the po-
larization of monocytes THP-1 cells and the effects of CSE-induced tumor-associated macrophages (TAMs) on
the invasion and metastasis of non-small-cell lung cancer (NSCLC) A549 and PC-9 cells. After THP-1 cells were
stimulated by CSE for 96 h, TGF-B, TNF-a, IL-10 and IL-12 were examined by ELISA and qRT-PCR and the ex-
pression of CD163 was detected by flow cytometry. p-STAT6/STAT6 was significantly activated in THP-1 cells,
as determined by Western blot analysis. It was used to detect the protein expression (E-cadherin and Vimentin) of
EMT in NSCLC cells by Western blot and the invasion and migration ability of NSCLC cells by Transwell assay af-
ter co-culturing with TAMs. The results showed that CSE induced M2 polarization in THP-1 cells (the upregulation
of TGF-B, CD163", the downregulation of TNF-a, IL-12, P<0.05). CSE induced M2 polarization in THP-1 cells
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through p-STAT6/STAT6 pathway. TAMs promoted EMT (the downregulation of E-cadherin, the upregulation of
Vimentin ) in NSCLC cells and further enhanced the invasion and migration ability of NSCLC cells (P<0.05). CSE
induces the activation of M2-polarized TAMs in THP-1 cells through p-STAT6/STAT6, and TAMs promote EMT,

invasion and migration in NSCLC cells.
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AE/INH B A% (non-small cell lung cancer, NSCLC)
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PANAH] . B PT ACDI163 577 F iAok [ 18 [ 36 K
TRAEMFEARGRAR . BHEFAAE. SYBREH
TaKaRaA 7). ELISA &K AL J7 B br A PR
HIRAF . RPUN b7 B 5L 1(E-cadherin).
J¥ ZE A (vimentin). STAT6. p-STAT6H. 57 [ $i 44 Sk
HCSTA " GAPDH. =FE#i% — 1K H Proteintech
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YA (3x10°4Y), FLEEFRT2 h, X PR AL B EE 9E72 he
1.4 qRT-PCRA&MMI1/M2EIFH X 4AAEEFmRNA
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THP-1411, K TrizoliE £ U RNA, #%PrimeSecript **
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Table 1 Prime sequence

A RiEEI(5" -3 NESI—3)

Gene Forward primer (5'—3") Reverse primer (5'—3)

TNF-a CGT GGA GCT GGC CGA GGA G AGG AAG GAG AAG AGG CTG AGG AAC
IL-12 ACC AGA GCA GTG AGG TCT TAG GC TGT GAA GCA GCA GGA GCG AAT G
TGF-p AGC AAC AAT TCC TGG CGA TAC CTC TCA ACC ACT GCC GCA CAA CTC

IL-10 GAC TTT AAG GGT TAC CTG GGT TG TCA CAT GCG CCT TGA TGT CTG
GAPDH ACC TGA CCT GCC GTC TAG AA TCCACCACC CTGTTG CTGTA

A EFIE, 4295 °C 30 sTAE 1, Fi4%95 °C 58, 58 °C
40 sT 3O MEH . G EURE, IRIEACHE(Cqru—Cq
wz) e 2B AR R AR S R IEKF . 5l
VIR HI W1 .
15 ELISAISN E&&PMUMBSE X AE TS =
15z 5 ££0% CSE2% CSE.4% CSEAL ¥ j5 [ THP-1
BE IR i R A i R 7R LIS B T =R T
730 min, 4% FE UL B PR BEARAE & ARvESL . RRIIEE
s FL A BN AR i BORE 5 50 pl, 37 °ClRLE 30 min;
T IR, AL TRA, PRSIk, AR I
T B EEARIR IS0 pL(a FAFLER M), 37 °Cil
H30 min; DL P FFLIIA R 55100 pL,
37 °CHEI10 min, 26 15 #E450 nmif K AR5l &
F AL B (DA . MR HEDAE 2 il b vtk h 2%, 1H 5
FEMIREE .
1.6 RINMEARKENCD163AIFRILKFE
FEFLOFLBR)INA X104 b T3 £ 4 K I THP-1
Yl M, 43 N0% CSE. 2% CSE. 4% CSE4, 57796 h;
FPBS 21K, £ E 025 min, 1 500 r/min, 345 1
T SR8 uL PBSHIl K 41 i B A2 pnL i
L AFITC-CD163%H044, B4 %f B4 im A\ 100 uL PBS
. BRI, 4 °CHEEYE AL E 30 min; PBS
PR 2R AV 05 min, 1500 r/ming {58 FH 3 2040 g
ARG I 2 THT R CICD163 IRk 1 . SRIGE 3
IR, K F CytExpert 205 1F HEAT 504 43 BT 4% 20 41 g
CD163 4L fr o5 1 7 L
1.7 TranswellSE3GA&MINSCLCZRRRRI R 2T 5 RE
12785256 7E8 um Transwell/N %= H I 60 L
1:87%% ¥ [F)Matrigel, #E/5 hfi5 /£ Transwell/h % | =
AR TN 2% 10 A 28 Ab 3 B 4L 1% 77 A 2R () A 549
FIPC-OZN i, JC & R #7345 7%, 100 pL/AL, TN
A500 uL7510% M35 135 72 515 7724 he 1T 5250
Y8 um Transwell/N%, AN fliMatrigel, &= A5 510

AN TX10 K 28 b 3 Bl AL 1% 77 4 B K AS49 FIPC-9 4
Jif, JEILIE RS 7R 3595, 100 uL/AL, B = 3 1A 500 pL
B 10%IL T (8 7R FE 85 9724 he BUHE/NEIEFEZ b
EWA, MR L R LR, 4%% R B E ¢
30 min, %5520 min, T B B N EF K
2 2
1.8 Western blot#& 1 &-¢B ¢ il H BYE B RY7K -

VW THP-140 g 2 Fh T 55 72 H, 4332H: 0% CSE 2%
CSEZH 54% CSEZH, B T37°C.5% COM &5 75 fa h i &
96 ho B50r 37 25 RV, WA A0 P o ¥4 AS49FIPC-942: B T
OFLAR 1, FLo A AN X HRALANILRE 774, B 137 °C.
5% COLMMEEFRAE I E 72 he FFRIRBM L= F
THP-140 i, Wt 5EAS49FIPC-94H il . RIPAZE (4 £ fi#
TR AN, $RECAE (. BCAJRIE B R E. 3
T HLPK, HFE ZPVDFE I, 5% BSAZ iR £ M12 h,
STAT6. P-STAT6. E-cadherin. Vimentin}? Py ZGAPDH
Piika °Ci B 1L % . TBSTEEVE3VX, 10 min/i%, = I
HFHRPARIC A —$11.5 h, TBSTIZ 3%, ECLR
SRl H A I RIAE B
1.9 GitFEoH

S0 H 4 DL IS HAn i 22 3RO, R H Graph Pad
Prism 6.080 X Sl AT G ih o0 dr . 2 A3t
17 One-Way ANO VAR 46 A1 21 35 03 17 Student’s ¢
R, P<0.05REEFHA G X

2 4R
2.1 CSET[iFESTHP-14AEEIM2BI TAMs4E 1L
M1 R 735 K B R E R AR T, AT TNF-oy
IL-12. M2 20 i 2 38 7K 1 () TGF-BAITIL-10""
CSEJIIATHP-141 1296 h/5, ELISAFIQRT-PCRAG I 45 5
1) 7%, TNF-oIL-1200 % 157K F T B, TGF-BI % i%
KB NP<0.05), fHIL-10Jf B4 3 (B 1 AR E1B),
TG AA ML 7R, CD163 HIF A B BT
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100+

504

Expression level (pg/mL)

0% CSE

(B) °]

mRNA relative fold change

2% CSE

4% CSE

TGF-B
IL-10
BE3 TNF-a
ma /-2

0 LEs = k "
0% CSE 2% CSE 4% CSE
© 4 1
1.01% 13.26% 20.60%
10 10 10+ 10° 106 10° 100 | 10¢  10° | 10°10°  10° 10 10°  10¢
CD163" FITC-A CD163" FITC-A CD163" FITC-A
2517 .
< 157 s
Q
P ..
e 10 i =
e 5 e
O 1 = ———
2 ="

0% CSE

2% CSE 4% CSE

A: ELISAKICSEAHE JF THP-1411/296 h/F, IL-10. IL-12. TNF-a. TGF-BHIFEIAHN; B: qRT-PCRIE M CSEALFITHP- 141196 hJm, IL-10+ IL-
12.TNF-0. TGF-BI{1 LTI C: i R A M CSEALFETHP- 141296 h/&, CD163 4214 . One-Way ANOVA, *P<0.05, 50% CSEAAMLL
A. expression levels of IL-10, IL-12, TNF-a, TGF-B were determined by ELISA after CSE stimulation for 96 h; B: mRNA levels of /L-10, IL-12,
TNF-o, TGF-f were determined by qRT-PCR after CSE stimulation for 96 h. C: surface antigen expression of CD163" after treatment with CSE for 96 h
was detected by flow cytometry. One-Way ANOVA, *P<0.05 vs 0% CSE group.
E1 CSERHTHP-148EM2E TAMs4% 1t
Fig.1 Effects of CSE on M2 polarization of THP-1 cells

(P<0.05, E1C). X3, 4 A 75 I AImRNAZR L
KT B 4 i 2 ) iz iy 458 B SA1AIF B CSE AT 55 THP-141
i M2 TAMs J5 1464, o
2.2 CSEBiTHEp-STAT6/STAT6(E 518 iR i
M2 E AR 1L,

Western blotfa il THP-141 fs £ CSEAL B Ji5, STAT6
ERA R O RIE I 2 F 5L, £CSEALTHI6 hfF,
THP-14f il Hp-STAT6 H [ K1 K~V 0% CSEH] &

THmE(P<0.05, E2). &5 K], STAT6E A eSS
CSEi5 ‘F THP-1 4 fu AL i A= 4 2 R AL A 45 1 7 o
2.3 CSEFSHIM2EENEmAa{EHAS49F1PC-9
ML EIRFETH.

# 2Z£ CSEALEE96 h)5 FITHP-141 i 43 7] 5 A549
B PC-9ZH g JL 5% 7:24 h, Transwell& Il #F 78 TAMs X}
AS49FIPC-94H L 1= 22 FIE 2 52 . AS49+TAMs
. PC-9+TAMsZH 41 (1) 12 22(EI3A) iT#(EI3B)
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(A) CSE 0% 2% 4% (B) E 1.0
wn
_ S *
O
) P
g 0.6 ': — — —
sare M — - e
‘7 0.4 e
g S
| % 02- ) & ) .l
GAPDH o e
5 0 -
= 0%CSE  2%CSE 4% CSE

A. B: Western blot{& Il THP- 14112 CSEAL 96 h)=, p-STAT6. STATGIFKIATE L. One-Way ANOVA, *P<0.05, 50% CSE4LAIEL
A,B: expression levels of p-STAT6 and STAT6 were determined by Western blot after CSE stimulation for 96 h. One-Way ANOVA, *P<0.05 vs 0% CSE
group.
E2 CSE{E#HTHP-12HAp-STAT6/STAT6HIZRIA BN
Fig.2 Effect of CSE on the expression of p-STAT6/STAT6 in THP-1 cells

80 1
= * *
2 609 e
= ' I...:.l.l
g . e
% 40- : o
=]
2 - e
£ 201 S s
e e
0 b
A549  A549+TAMs PC-9 PC-9+TAMs
80 -
* *
s e
3 = e
5 e =
2 e e
% 407 R
S e e
2
g p )
§ 204 e e
S n! mpare;
= e
o b
0 e a
A549  AS549+TAMs PC-9 PC-9+TAMs

8 ZHAH B B: TranswellyZ A6 ) 5 TAMs 3 5% 9% )5 1 A 549
AIPC-OYNALTAE L H; ¢ text, *P<0.05 5% AL LL
A: the invasion cells of A549 and PC-9 were detected by Transwell analysis after co-culturing with TAMs; ¢ text, *P<0.05 VS control group; B: the mi-
gration cells of A549 and PC-9 were detected by Transwell analysis after co-culturing with TAMs; ¢ text, *P<0.05 vs control group.
B3 CSEFESHIM2EERELAAEIEHEAS49MPC-OMRN L RETH
Fig.3 CSE-induced M2 TAMs significantly enhanced the invasion and migration capacity of A549 and PC-9 cells
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(A)
A549 A549+TAMs
E-cadherin ﬁ E—
Vimentin —— <
GAPDH — —
(B)
1.0 =
.8
5}
S 0.8+
[+
S 7
m 2]
5 064 .
= a
2 a
8 044
="
o l..
[0} SN N
S 0, o]
R 0
) L :.
R 0. .':':'.:.:.' I:I.I:I.l.
A549 AS549+TAMs PC-9 PC-9+TAMs

PC-9 PC-9+TAMs
i - —

Relative expression of vimentin

A549 A549+TAMs PC-9 PC-9+TAMs

A. B: Western blotf& il E-cadherin fllvimentin 2 [ Ji F X FIA /Ko ¢ text, *P<0.055 % B ZHAHLL .
A,B: expression level of E-cadherin and vimentin were determined by Western blot. ¢ text, *<0.05 vs control group.
El4 CSEFSHIM2E EREARAEIRHAS49FIPC-9LHAE & EEMT
Fig.4 CSE-induced M2 TAMs significantly enhanced EMT of A549 and PC-9 cells

HHRET H 2 = T B 4(P<0.05). 45 R E W], CSE
75 F I THP-1248 g v LA HEPC-9MAS494H i ¥ 1= 28
AL R
2.4 CSEFSHIM2E ENEMAE{RIHAS49FIPC-9
YHE A £ EMT

FCSEAL 96 hJ (ITHP-14H i 73 il 5A5495%
PC-OZMi 155772 ho Western bloth&: I TAMs X} A 549 A1
PC-9ZH UEMTAH S 8 H 520 . AS49+TAMs2H & PC-
9+TAMsZH Vimentin 25 [ ZIA/K - T, T E-cadherin
A MRIEKT T REP<0.05, K4). 455KV, CSE
WAL I TAMS ] AR #EEMTIS R, 32 1 2 i3k H e 22
IR A.

3 g

i3 A S 11 [ 5 A0 A R A 85 v 32
RYEMAL. 7ERE A PRI AR Y, — Rl &
AL B A M), S — R B RS AR IR
I 41 fr(M2)!M . M [ I 4 i DA e % R 1Y

T3 FBOE 98 5 AN BRI, HLAG R ) A B RE AN
PUEIR R RE . M2 B g AN i B A s BR A . (2
BEME AR HAE W AVE S ThRE, Bl N 2 b
Jed A2 3k 20 23, YuanZECVRTFuZE I I 7 3R B,
CSER] LME M2 TAMS A il . 7EAHT 50, CSE
F S THP-1240 096 h)5, CD163 41 i i L5 48 fin, [
I TGF-BI 43 W & 3G 0, M TNF-a. TL-120 5 W &
N F#, 278 TEmRNAF AN i 3% 24 95 A 75 1 34 40F B,
CSE R HETHP-140 i [fyM2 B TAMs J5 [f) He Ak, iX 5
SCHERIRIE 41— 2L

STAT6 & 2 5 M2 5 Wi 20 A b Ak 11 =8 B 5% 5%
FHUE T4 T . STATOME FR1LTE ip-STAT6, il
i R BAZ AL, AR A A P R M2 B A AT
Tl £ Ak, 38 i | JAK 1/STAT6 & 14, M
FNHIM2 R BG4 AR AL, S5 Ml 4T 4L ik e
75 ik ot BERE AL w30 R STAT6 R i e i3k [ e 4
J M2 Y 43 Ak, (23t T s RE R AL B R I AR e
AW 5T K B, CSEALBETHP- 141 u96 h, Wik
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L IFISTATOM: 7%« IX #2878, STAT6IE % nf fe = &5
CSEXTHP- 141 Jifg [[IM2 7 TAMSs 5[] A2 A4 1) 1 48 it
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M2BITAMSs S IR R Ak = A BB ER . Che
LA 5T 2 B, TAMsIE IS IL-6fE #EA 549 FTH 1299 %
AEMT. Wang&5 i 5.4 B, TAMsif i FUT4/Ezrin{e i3
AS49FTHI299% AZEMT . Yao529F 78 /% I, TAMs A LA
fIEHENSCLCHIR B #6858 . fEAW 7T, CSERFE S
HAZ A I N TAMS, W AK 5 I TAMs 5 NSCLC4H
M3t 55 7%, R BITAMSs/E #ENSCLCHI REMTH & £,
PEIRCSE SiH 1L M2 B TAM sl i 2 AENSCLC4H
HMIEMT 3R B i $2 mNSCLCIR 221 # fig /)

2k FRTIR, CSERT LI i T 358 v 1 SR A% 2
L&A N TAMS, 1 7& A4 5 I TAMs 3B A 2 i e 1=
PR WIAE FH, A S 06 38 I 306 % I 40 P A AL 1
3, NI YT IR BE E — s A . (R a2 L4
7R, CSEAMAN 52 e Jifr 8 441t [ 7 1) 8% B AR 22 g
77, 3 R 38K R A PRI A M 23 B () AR T
TR A 88 o DRI IR AN A 2 52 T s 4 L, 3 4
S [ 2 ) Sh R, SO AIT 7T R N AR
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