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WE BM HWITREBHSEEANE HCT116 755 M2 7 5 15 20 Mk fb k45 B 98 S ek 3% 1) 5% i 2 LMLl . 753k
45 LI AN 4% (55 55 3 (CM) S0 R (PMA) 1552119 MO BY W A0 i 3L 5 37 /5, il iU MR | S 58 e = 38 6 Tl
SN ( qPCR) FHRGFIE G Be W fiaUae ( ELISA ) Wig M2 75 g 4t AR AL S 5 CMyg « CM g0 F1 CM ey, 5 HCTL16 2 2L
Hige )5 il ik Western blot Fil qPCR KB ¥ PEAE T2 AR BT (4 1 (PD-L1) (19 23R 16 B , [R]RRRE RIS (19 HCTL16 20 5 A8 T ik
L2 g e B %, A HCT116 20 A7 15 18 0 B b3 v i e SR FE Rl - ( TNF-o0 ) 1T HE 2 -y (TFN-y ) 7K ; Fi} Western blot
qPCR 1 ELISA £l SW480 1 HCT116 4fiffi ' Kruiippel ¥ F 4 (KLF4) 323522 55 H KFLA $1 4 771 5 1 2 i ( Ken ) T 4k 22
HCT116 4IHLJG K CMyenmiomg BT CM (e o ke o3 MO T8 WA AR AL 1 55 , 3 3 3 U0 MU A . qPCR (ELISA 5256 %€ M2 I
W A AR AL AR o CMiscrnione B CM i o kemy vo 3 HCT116 ARG S5 , i Western blot FIl qPCR 46l PD-L1 1) 3%35 1%
M. R MO BIEMEAIIFE CM Hl3US , HCT116-Mo 4iiffiH CD11b* CD206 * 41l ffd Fb {51 5 vy, M2 750 5 e 400 B s 7 42 19 40 it A
FE(IL)-10 RFARE KB F-B(TCF-B) ik B = s AHEL T CMgyugonn, 41 CMyeryyon, LAY PD-L1 28 (1R K - M5 5 T kL 40
MALIE TR, CM ey o, AL ARG i 2, [FIBS TNF-o 1 IFN-y K5I A Ken Ji5, M2 780 B 105 240 Jf AR Ak LG A9 B b 35 24 1%
o 5 CMyeriom, AL, CM (ycring + kenyvio 41 HCT116 41l PD-L1 IA TR, 518 SR8 MESS B i 40 ME i) 73 i KLF4 35
5 M2 7Y B REA AR AL AR LS B AR M PD-L1 3R5K (R S kit . 2B A B 3 I R S B VR T RO AR ALV A 4
o
KA SRS PESS B AN KLF4 ; il A5 OC B Wi 20 i ; f00 k3% ; PD-L1
hE4EKE R7353
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75 H 95 ( colorectal cancer, CRC) 2% W A9 15
B, O IR RS , 2808 ETEfiZ &
KAFER IR YT ¥ 45 H 9% ( metastatic color-
ectal cancer, mCRC) [ T-BtA R, WG 2=, H 5 4F
HEAFRAL R 14% 1 o AT JLAR SRS S B 3R 9T BUAS
TR B mCRC A& X S B in 7 R A 22, H
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macrophages, TAMs) /S gk S V1M1 6 .
Kruiippel #: & F 4 ( Kruiippel-like factor 4,
KLF4 ) J&—Ff 5 B 250 1 5% S IR, T 8 50 48
HAE A HGTE AN SR A Wk B, O 5 bR S 4
YIKISE" . Zhou et al'* 4 g Feik KLF4 A] i iof
P55 b B2 (8] 5T % AL AT B-catenin % %% v oK 42 i
NCM460 F1 HCT116 4 il (/) 1T 5% Fll 4= 28, Arora et
al > 45ty KLF4 AL EA P8 35 35 /I 20 i i s S B 355
) M2 Y B g2 AR AR, 5L o e ki
PIFHSG , SR 42 F b 1 A R o % F o B e 4R
5% 5 B VE 45 T 4 My HCT116'®) 2 75 3 3 43 4
KLF4 55 M2 R B g 41 ik A AR i 45 51 98 fe v
et
1 #MRl57%E
1.1 ##t
1.1.1 mpe % 45 5 W 4 e (SW480 Al

HCT116) FI FAZ AR 5 s 240 g THPT 1 T b [
Flegbe B A anBHE DT T B o
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1.1.2 &K% RPMI-1640 B33 R4 L35
(fetal bovine serum, FBS) . F 4% XXM IEE A
i) B 22 [E Gibco 2 ) ; b I I8 ( phorbol myristate
acetate, PMA ) J H 55 [E Sigma 7\ 7] ; CD11b-PE $ii{£
F1 CD206-FITC $i{4le) B 26 [E BD Pharmingen 2\ 7
RINA 2 B & 0 s ial ) 80 A S I 2 2 2R
& F4% IV ( real-time quantitative polymerase chain
reaction, qPCR) &7 &0 A VL7953 i we 2E W RHE A
PR E] s 40 ML 2% (interleukin, T1)-10 F1%% {6 AR
K A +-B (transforming growth factor-B, TGF-B) B¢
A2 % B35 58 ( enzyme-linked immunosorbent assay,
ELISA) 2057 &0 iU AR ) TR IR A
KLF4 ELISA i) &0 3 1 a8 A Y Rk BoA BR 2
A 5 25 U RE A ] 4 S SDS-PAGE H Yk AH <150 1)
B R RV B R A FEF LT 32 A
1< 1 ( programmed death-ligand 1, PD-L1) u{A&l4 H 22
Cell Signaling Technology /% 7] ; KLF4 Hii4 ) B H1
AL A W H AR A BR 2 B 5 B-actin FLAK I B 3 [
Abcam 2\ #] ; KLF4 11 1 7 45 17 2 B ( Kenpaullone,
Ken) 4 H 2£ [ MedChemExpress 2\ &) ; Percoll 75 )
) B & [E Cytiva 2y 7] 5 Ay RS K F--ou ( tumor necro-
sis factor-a, TNF-a) F1-T#fL & -y ( interferon-y , IFN-y)
ELISA 1277 & W B PRI R e A= Wy R IR 75
M1 20657] A 8 (cell counting kit-8, CCK-8) i F
& B A7 DOJINDO 243+,
113 22ME  AIMEERRE IR (85 HERA-
cell2401) Wy F 3£ [E Thermo Fisher Scientific 2\ 7 ; fifi
WY (£% 5 . BioRad-680 ) Il § 3£ [E Beckman Coulter
O] s HE I G AN (5] 5 : Gel-DocEQ ) 1 B 5 [F
Beckman Coulter /3 &) ; 3 B LKA (555 :165-8001 )
W 5 3E [ Beckman Coulter 23 7 5 it XA AL (1745
CytoFLEX LX) I#j H 225 Beckman Coulter 4\ ] ; PCR
AL (H25 . ABI7300) 14 H 3% [E] Applied Biosystems /%
A 5 HLARE IR KA B (525 : DK-8D) W [ b I 2 5%
WA RA,
1.2 WH*E
1.2.1 #mje3zs SW480 . HCT116 #1 THP1 41y
FH RPMI-1640 524 55523 ( £ 10% FBS 1 1% 37)
FEFRAE 37 T 5% CO, Y5346 . THP1 ZifE (2
x 10° A~/4L) g Fp & 6 FLA, ¥ 200 ng/ml PMA
158 2 H R AL 48 h 5 S MG BE R MO 21
1.2.2 &3 & (conditioned medium,CM) Jk &
SW480 4 s 1t HCT116 4 a4l 6 fLAR (5 x 10°
/L) LB BE I S TC I TE RPMI-1640 1% 57

%,iﬂ’fﬁz 48 h Eﬁ(ﬁ‘*ﬁ@ E/‘J CM; FH CMSW480 *u
CM 6 B3 MO 2 48 h 43 51 3545 SW480-Me 4
M Fn HCT116-Me il ; ] KLF4 #1757 Ken 4 2
HCT116 i f5 34540 W %) (HCT116 + Ken ) -Me 2
L5 BT 1) 5 I 240 L P TG i v RPMIT-1640 35 57 3k
LK 48 h S ARASFAH DAY CM
1.2.3 AZX@meAR  AFEELH CM il MO
48 h Ji AN (1 x 10° A4) In A bt e, 8ok
PEE 15 min, ISR
1.2.4 qPCR & HU4H g & RNA i % 5%, &8
qPCR R, A B-actin NS, I 2 4T i 5 M)
FK K, 5197 40 40 F < IL-10, (F) 5'-TGCCT-
TCAGCAGAGTGAAGA-3', (R) 5'-GGTCTTGGTTCT-
CAGCTTGG-3'; TGF-B, (F) 5'-GGGACTATCCACCT-
GCAAGA-3", (R) 5'-CCTCCTTGGCGTAGTAGTCG-
3';PD-L1, (F)5'-TTTGCTGAACGCCCCATA-3", (R)
5'-TGCTTGTCCAGATGACTTCG-3'; KLF4, (F) 5'-
ACGATCGTGGCCCCGGAAAAGGAC-3", (R)5'-CAA-
CAACCGAAAATGCACCAGCCCCAG-3'; B-actin, (F)
5"-ATTGCCGACAGGATGCAGAA-3", ( R) 5'-GCT-
GATCCACATCTGCTGGAA-3',
1.2.5 ELISA CM #H 1.2.2 Friid p 7 iUk
% ’ *E%ﬁé Eﬂ% :F; @Uﬂu CN[MO N CMSW480»Mq; N CMHCTIIG-M«p ﬂé[]
CM(H(?'1‘116+K?n)-M@q:[ IL-10 \TGF'B 0] 7J(q2; 1E CM 450
A1 CMyycpy6 FRRSI Y KLF4 7K,
1.2.6 Western blot % 45 HIE AN, & FFHE.
UK RN B # B 1 7 #8 28 PVDF i L s %
HER TS IMAAR R —t, 4% PD-L1(1 : 1 000)
KLF4(1 : 2 000) il B-actin (1 : 5 000) ,7E 4 °C it
W, H SXE R P E JE B .
1.2.7 AR T HE @iy % 3% min ks
F HCTL16 4 (2 x 10* A~/FL) i 24 fLAR, I 5
%IJFH CMMO \CMSW480»M¢; \CMHCT116-M¢ WJ/%),( 48 h; *E}EU%
145 Percoll Ik 2 41 M 70 25 2 25t T bk EL 40 i
BiJ5 5 CM #ili)s HCT116 4if Ll 1 = 10 f i 4t
TR 24 h, EE Al G, U BIE O ELISA i
FE Xt AN P TNF-o F1 IFN-y SE1 7R
1.2.8 CCK-8 2% 96 fLAdefr HCT116 4AE, I
BEIG  IMAAS R ¥k BE Ken A% 5% 7% KL 017 48 h, it A
CCK-8 TAEWM & 30 min J5 il B (A
1.3 SitE BRIy EL 3 KGR E
7, FHl GraphPad Prism $E174F [& X Geit 34, 2 4110H]
FeBCR FH R 3R J5 2253 BT ( One-way ANOVA) | 20
Z I LR AR EC R ¢ K3k A7 4e it 400, P <0. 05
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NEESA G o
2 HR

2.1 5 mCRC Zapaxt M2 B 15 20 B 4R 4 B9 54 i
JH it =X 248 B AR K5 I SW480-Me 4t fifd 11 HCT116-
Mo ZHfifiH CD11b* CD206 * 41 i (M2 & 5 I 41 fifd )
o, 5 MO AH L, SW480-Me 1 HCT116-Me 1 M2
BB W20 M AR Ak L 451 -, H HCT116-Me Hr M2 7Y
i I 24 L0 91 B 25 (16 1AL F = 56.29, P <0.001) ,
[, qPCR 5230 (& 1B, Fyyp = 114.7, Frgpp =
88.59,P <0.001) 5 ELISA 524 (& 1C, F,,, =
70. 83, Fyp =55.17,P <0.001) W, M2 4[5 1 41
ML) A= s s ) TIL-10 0 TGF-B 7KF- B A R AL 1)
B, XEEE L R mCRC 4] HCT116 T Refi
i M2 B B g AR AR AL .
2.2 5 mCRC ffEiFSH M2 8 E 14 20 i Xt 52 9%
PRI B R M SR R A9 B E A B CM ) K
HCT116 4 Jifl, Western blot ([l 2A, F =24.03, P <
0.01) Fil qPCR( [ 2B, F =40.49 ,P <0.001 ) %55 .
IR, 5 CMyo 24 L, CMgyusong 41T CMyyepy 6., 41
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TNF-o Fl IFN-y 7K - f A6 ([&] 2D, Fyyp, = 67.42,
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Y g HCTI16 5 S (Y M2 7Y 5 0 240 Jig mT DL AR i
HCT116 #fiffi5%ik PD-L1, AT i S0 Hb e

2.3 HBEELREHR CRC iRk KLF4 py £
52 Western blot 45 % 8 /~, #H L T SW480 4,
HCT116 411 KLF4 25 (K i ([ 3A 0 =4. 627,
P <0.01), [Ait qPCR( & 3B,t=6.952,P <0.01)
F ELISA 523 (& 3C, 1 =7.84,P <0.01) th & 7%
HCT116 ZHf ) KLF4 7K 5 F SW480 4ififl, X4t
2E B = mCRC 408 HCT116 531k KLF4

2.4 5 mCRC g 53l KLF4 X 2 8 5 [ 44
FtRAL B RN S HE % VR (5 pmol/L) ffY) KLF4
PO AL P HCTI16 2 (& 4A) o LI ss
R (B 4B), Ken Hi4h HE HCT116 4 )5, 5
HCT116-Mo 414 1, (HCT116 + Ken)-Mo 41/ M2
R B M L5 R R (e =7. 662, P <0.01) , [] B
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Fig.1 The effect of highly mCRC cells on M2 macrophage polarization
A Flow cytometry results; B: qPCR results; C: ELISA results; a: MO group; b: SW480-M¢e group; c: HCT116-Mg group; *P <0.05,

*** P <0.001 vs MO group; *P <0.05, #P <0.01, P <0.001 vs SW480-M¢ group.
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Fig.2 The effect of M2 macrophages induced by highly mCRC cells on immune escape
A Western blot results; B: qPCR results; C: The co-culture results of HCT116 cells stimulated by CM with T cells; D; ELISA results; a; CMy,

group; b: CMgyagoe group; ¢: CMyepy g, group; * P <0.05, ** P <0.01, *** P<0.001 vs CMy, group; *P <0.05, ¥P <0. 01 vs CMgyyg0-Me
group.
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Fig.3 Differences in KLF4 expression in CRC cells with different degrees of metastasis
A Western blot results; B: qPCR results; C; ELISA results; a; SW480 group; b: HCT116 group; ** P <0.01 vs SW480 group.

qPCR( &1 4C, 140 =3.474 13505 =3.123,P <0.05)  0.01) # W 45 1 B /8, 5 CMyepyem, 4 H H,
FIELISA i35 (€ 4D, =4.916,P <0. 0030005 CM (yemg s ke v 4109 PD-L1 35 (IR KE TR, 45
=3.037,P <0.05) #& M 28 (HCT116 + Ken)-Me 328 KLF4 7£ & mCRC 2 Jifl ff il 3 5 5 M2 B
Y M2 BYE W A0 AR A5 9 (TL-10 F1 TGF-B) /KF- Wi i fh e ik ey ki rhke 1 B 244 .

TR, LS55 5 mCRC 4 58 3 43 W KLF4

P M2 AU B W20 AR AL .

2.5 KLF4 #1773 M2 2 E 40 B/ S 69 PD- i 958 R P Bl B B AN A e gg 1) i A 5 e v
L1 RIZMEIE  H CMyenion, B CM ienie kem e 70 0 B SR 10 EL 5 5088 347 IO AR A A7 R
SR HCT116 410 il J5 , Western blot (& 5A, 1 = WA 3 S TAMSs S22 g G bR 58 1) 7 B 4 g
3.001,P <0.05) #l qPCR (& 5B,¢ =5.314,P < B4, ST IR A MR g 20 i AR AR i

3 g
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Fig.4 The effect of highly mCRC cells on M2 macrophage polarization through KLF4 secretion
A; Cytotoxicity of Ken on HCT116 cells detected by CCK-8 assay; B: Flow cytometry results; C: qPCR results; D; ELISA results; a;: HCT116-M¢
group; b: (HCT116 + Ken)-Mg group; *P <0.05, ** P <0.01 »s HCT116-M¢ group.
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Fig.5 The effect of KLF4 inhibitor on M2 macrophage-mediated PD-L1 expression

A Western blot results; B: qPCR results; a: CMycryj6.me group; b: CM(yierii6 4 keny-wg gr0Ups ~ P <0.05, * " P <0.01 vs CMyjcyyj6.u, group.

TR B M2 B 2 i e [ A8 Fi, He e M2 2 [ 2 i
A QR R A A L A I B RS, T S S
IRAS IR BEIOTE B, B AR R i & S ™ Kk
g " Fe W, TAMSs 32 3 5 BT A R 190U M
K, I HBOA N BT A7 FIEE B YT 19
Mo AHBFFEH E mCRC 4iiffd HCT116 FI{k mCRC 4
Jiil SW480 -3 43 51k MO [ Ik 4 i 5, FH o =X
20 i A A6 D 5 7% HCT116-Me 4f Jiid v () CD11b
CD206 * 4fi ffd Lt 451 B\ 755 T SW480-Me 4 il , PCR
1 ELISA 5236 i 75 HCT116-Mo 41 Jfi th TL-10 1
TGF-B () 7K - B i &5 F SW480-Me 4ii il , 3 H &

mCRC Ziffl HCT116 HEREAEHE M2 7Y 5 g2 AR Ak

GREST Ik LT DI B B B e R G A4
Fr AR 80 B 932 F T AT AR AE ,
B X6) 5 A A 5B SR 8 9T 74 PD-1/PD-L1, PD-L1
T BT SR A0 M0 2 T A 1T, R A R R A Y
T [, A0 E Y PD-L1 5 % 40 1
PD-1 254 45 B o fo e s BT PD-1/
PD-L1 235, W) ] L)% 9 50 b o g BFoet™ %
W, R 40 PD-L1 B350 /K - A RE S0 PD-1/PD-
L1 BHKT G R R o AS B 5T A fic 48 MO HCT116-
Me FiI SW480-Me 4y - 3% Vi il HCT116 41 i 5
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PEFTHY) Western blot fil qPCR SZIG KB, Sk R 4% |
g A0 HCT116 755 ) M2 Y 5 v 20 fifd G & 3% 12
#E HCT116 21 Ml & 35 PD-L1, [A] B, 5 il 3% )5 19
HCT116 il 5 T k40 L4557, B0 T k2 20
XS ek A48 L 1 255 A 4 B S o5, L T 9 L 240 i
I3 B TNF-o FlI IFN-y 7K - B 82 R B, 0L,
mCRC 4 jig HCT116 % S ity M2 70 5 W5 20 Jitd 5 1 42
# HCT116 2143k PD-L1, AT fid #F s 1%

SCHR'E T AR KLFA 1 0 53 T, e S e
il Ko i ea e B 55y T R E/E T, B S CRC AR
RLBUG IS, Leng et al''® 7545 i i 240 M 43 5
HA T HRHERERR AN, ¥ KLF4 fifI%)5 , &L
T (=28 i 5-FU FIHG5E e J7 955 , PR KLF4 &
W YL+ 45 L e g T PR A G HE R F . Arora
et al > AIFTE W KLFA ELA IR 15 /N 40 i i 42 ik
IREE A M2 TR v 2 i ) AR AV R FEHLED T fg
5B L1 IL-6 ({2 R i) MR BA K.
T BT KLF4 7875 mCRC 20 1175 5 M2 78 5 1% 441
FfLAR Ak v AR T, %0 58 i S5 ] Western: blot
qPCR il ELISA 5236 % W] KLF4 7£ & mCRC 41 i
HCT116 5 3R ik, Bl 5 H KLF4 41 i 55) $ii b 3
HCT116 J5 , 38 i i ik 5 . qPCR Fi ELISA {35 %
HI(HCTI116 + Ken) -Mo 40 ffarh M2 54 51540 i b 5]
BH T R, 2200 KLF4 7£ 5 mCRC 4 5 M2 #IE
WA MR A o T OB AR . IE A HCT116-Mo
5 (HCT116 + Ken) -Mo |75 413 HCT116 41jE)5,
KI5 HCT116-Me L iE4UAH L, (HCT116 + Ken) -
Mo i 41 HCT116 4iiffl PD-L1 33k [, £
KLF4 75 mCRC 4 Jifd Hid 10 175 5 M2 7 B 0 241 g
SRS SV VT e S (A

25 F TR, B mCRC 40 fs HCT116 38 333 43 i
KLF4 755 M2 R E W 40 il Ak, Al fb s i M2 BLE
W20 A SR HE T 45 B A i 3R 38 PD-LL, 42 9
oy ikit , K L, KLF4 ] BBk $2 = e ] CRC RS
B IRIT RO TR IR T i (RIS AT T
VRSN RS , AR AT i — 25 A T S W) S B 9 ik
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The effect of highly metastatic colorectal cancer cells on immune
escape of colorectal cancer by secreting KLF4-induced

M2 macrophages polarization
Shang Jing'*, Lu Chang’, Hou Yangbo®, Yuan Qin’, Li Wei’, Wang Haijing’, Chen Jinbao'
('Dept of Traditional Chinese Medicine Oncology, *Dept of Radiology, > Dept of General Surgery,

*Dept of Neurology, *Dept of Pharmacy, Putuo Hospital, Shanghai University
of Traditional Chinese Medicine, Shanghai 200062 )

Abstract Objective To investigate the effect and mechanism of M2 macrophage polarization induced by HCT116
with highly metastatic colorectal cancer cells on immune escape in colorectal cancer. Methods After the co-cul-
ture of colorectal cancer cells conditioned medium (CM) and PMA-induced MO macrophages, the polarization of
M2 macrophages was observed by flow cytometry, real-time polymerase chain reaction (qPCR) and enzyme-linked
immunosorbent assay (ELISA) experiments. The CM,,, CMgy50y, and CM 4.y, were co-cultured with HCT116
cells, and the expression of programmed death-ligand 1 (PD-L1) was detected by Western blot and qPCR. At the
same time, the stimulated HCT116 cells were co-cultured with human T lymphocytes to detect the survival of
HCT116 cells and the levels of tumor necrosis factor-a ( TNF-a) and interferon-y (IFN-y). The difference of
kruiippel-like factor 4 (KLF4) expression between SW480 and HCT116 cells was detected by Western blots, qPCR
and ELISA. After pretreatment of HCT116 cells with KFIA4 inhibitor Kenpaullone ( Ken), the CMq;,, and
CMyicri16 + ken Were co-cultured with MO macrophages and the polarization of M2 macrophages was observed by flow
cytometry, qPCR and ELISA. The CMcp 6y, and CM yepii6, keny e Was co-cultured with HCT116 cells, and the
PD-L1 expression of HCT116 cells was detected by Western blot and qPCR. Results After the stimulation of MO
macrophages with CM, the proportion of CD11b* CD206 " cells in HCT116-M¢g cells was higher, and the expres-
sion of M2 macrophage markers interleukin (IL-10) and transforming growth factor-B (TGF-B) were higher. Com-
pared with the CMgy,g y, group, the PD-L1 protein expression level was higher in the CMycpy 6., group. After co-
culture with T lymphocytes, the cell survival rate are the most in CMycy 1.y, group, while the levels of TNF-o and
IFN-v were the lowest. After the addition of Ken, the polarization ratio and markers of M2 macrophages decreased.
Compared with CMycpy 6y, group, the expression of PD-L1 in HCT116 cells of the CM (ycp6. keny e group de-
creased. Conclusion Highly metastatic colorectal cancer cells induce polarization of M2 macrophages by secreting
KLF4, promote PD-L1 expression in colorectal cancer cells, facilitate tumor immune escape, and provide potential
targets for clinical immunotherapy.
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