TR KRR 2019 4F 5 A5 40 555 5 1 http: //www.ajsmmu.cn
e 520 - Academic Journal of Second Military Medical University, May 2019, Vol. 40, No. 5

DOI: 10.16781/1.0258-879x.2019.05.0520 S

PR #8 3 BY £F 4E 40 B 1@ 5 1L-6/STAT3 18 B& /) 5 B B 95 v 85 i 14 400 41
MRy 1k

Rokok, BisER, k&, FmEn
MEREERY: (B FERY) KIGEBSRHER, i 200433

[EZE] a& FRIRSERE (PDAC) HHE SR 4E4ii (CAF) A eI 40/ (MDSC) 4
AR AR L S A Pp2E 7 X, 7R CAF Ml MDSC 3 i 5 97 [ A5 TR S5 418 08 Jf i 28 H e LAl AN S 55
I, Fek  IrEsaifk PDAC R4 LR FIC CAF, IAGLE AT 4E4iM (HFF ) fEAXFIR, it Semt oot & i
PCR. AR G B s A i e CAF ik R anii® 7, 433l CAF #l HFF Kige i kR A S0 E s
4iie (PBMC) , W% PBMC 5 fb1EoL, W98 RiRdii A 72 518755 MDSC 434k . AFESEEEAE BB o
%% rEnEA CAF RikEMAREY) o PSRN (a-SMA ) FSLFgE40ME £ a (FAPa) , X HRZH
i HFF A"3%ik o-SMA Fil FAPa, CAF K5i3% FIG 4N 2 6 (IL-6) . JEF4IATA:H+ | (SDF-1) . HAZ4ui
HBEEF 1 (MCP-1) FARHE T HFF K538 L (P 1<<0.01) , 1WiH IL-6, SDF-1, MCP-1 &Lk F=
B E] A ZE R T (P 247<<0.01) . 5 HFF 557 BiEMIH, CAF 5537 FiERENSIEUEE 219 PBMC /bl CDI13 &3
BE P PERIANAERE MDSC (CD13"-nMDSC; P<<0.01) . fERFRAR P Rin AANTEL 1L-6 &7 LAES: PBMC [4]
CD13"-nMDSC 43k (P<<0.01) , Hjlthn A N2 SDF-1 i MCP-1 & AREAS CD13"-nMDSC EAERH N in
A IL-6 HFRHUARSE S5 S5 5 R MG 7 3 (STAT3 ) M5 FLLL32 JSRERE I ik CAF K53 LA T4
1k (P<0.05) . ¢ CAF a3 IL-6/STAT3 i At 7 PBMC 43k CD13"-nMDSC.,

(S35 ISP L €7 S R e 5 e - e o e 067 A

[FRE42KS] R 7359 [XXHEFRERD] A [XXEHS] 0258-879X(2019)05-0520-08

Cancer-associated fibroblasts mediate differentiation of myeloid-derived suppressor cells in pancreatic cancer
through IL-6/STAT3 pathway

ZHANG Bing-bing, TANG Hai-shuang, ZHANG Jing', ZHENG Jian-ming’
Department of Pathology, Changhai Hospital, Naval Medical University (Second Military Medical University), Shanghai 200433,
China

[Abstract] Objective To explore the mechanism and biological significance of differentiation of myeloid-derived
suppressor cells (MDSCs) mediated by cancer-associated fibroblasts (CAFs) in the pancreatic ductal adenocarcinoma (PDAC),
so as to provide theoretical and experimental basis for revealing the roles of CAFs and MDSCs in promoting the progression of
pancreatic cancer by remodeling the pancreatic cancer microenvironment. Methods We isolated and purified primary CAFs
from PDAC tumor tissues, and screened the up-regulated cytokines in CAFs by quantitative real-time PCR and enzyme-like
immunosorbent assay. The human foreskin fibroblasts (HFFs) were used as controls. Human peripheral blood mononuclear
cells (PBMCs) were cultured with supernatant of CAFs and HFFs, respectively. The differentiation of PBMCs was observed
and the mechanisms of the above cytokines in regulating the differentiation and recruitment of MDSCs were studied.
Results The biomarkers (a-smooth muscle actin [a-SMA] and fibroblast activation protein a [FAPa]) were detected in the
isolated primary CAFs, but not found in the HFFs. The expression levels of interleukin 6 (IL-6), stromal cell-derived factor

1 (SDF-1) and monocyte chemotactic protein 1 (MCP-1) in the culture supernatant were significantly gradually increased in
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the CAFs than those in the HFFs (all P<<0.01). Compared with culture supernatant of HFFs, the culture supernatant of CAFs
promoted more PBMCs to differentiate into CD13-high expression neutrophil-like MDSCs (CD13"-nMDSCs; P<<0.01). IL-6
human recombinant protein alone in the co-culture system could induce the differentiation of PBMCs into CD13"-nMDSCs
(P<0.01). SDF-1 or MCP-1 human recombinant protein alone could not induce the increase of CD13"-nMDSCs
subpopulation. IL-6 neutralizing antibody or signal transducer and activator of transcription 3 (STAT3) blocker FLLL32

could significantly inhibit the differentiation induced by the culture supernatant of CAFs (£<<0.05). Conclusion CAFs can
promote the differentiation of PBMCs into CD13"-nMDSCs via the IL-6/STAT3 pathway.

[Key words] pancreatic neoplasms; tumor microenvironment; tumor-associated fibroblasts; myeloid-derived suppressor

cells; differentiation
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FRIRAYER CAF nlHEES T k40 T 518
FONEAE | F00 ] B 9 200 JH 6T ek g 200 0 2R AR ) iR
B FRSE G I 40 M SRR ARTE PDAC TR AR
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K (B R KiFERE, N4
A0 ( human foreskin fibroblast, HFF ) 1 L&
WA A SR . S 10% A IYE ( fetal
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Gibco 2~ H], EWIFIRM . DNA B 1 . KJH
I A S5 Sigma /A H], RNAfast200 RNA
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PrimeScript RT reagent Kit with gDNA Eraser, TB
Green Premix Ex Taq Il g | H A~ TaKaRa /A A),

THR L 200 L 2 0 R Axis-Shield A r], a-F
HHULEEE (o-smooth muscle actin, a-SMA )
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K NEAHAAZE 6 (interleukin 6, IL-6) |
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Atk H 1 ( monocyte chemotactic protein
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linked immunosorbent assay, ELISA ) &7 &y
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3~5 RUEAIMIE ST 5
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BIEDO LT (T FIIEEEES CAF 3 HFF JHL AR
AN, B0, A, R IRy b, B
F 5% CO, ¥R 3 h, B, B, XI5
a-SMA $itAk (1:200) | PIEEAPUA (1:200), BT
&N 4 °C a9, H PBS vk 2~3 Wk, INA L,
JH DAPI & Jediffitz, BHRHaiE. SR %
fif FHIRBERRS: CAF o, HFF JHALRC NI, 250, &
£, A PE #ricAIPT A FAPa FifA (10 pL/10° N2
M), 4 °C #OCIET 30 min, FHLKGI, 115 FAPa
BE: 200 A LA

1.4 CAF WAak e BT & A m  RASERTZOE
SEHE PCR KN CAF F1 HFF H4i/fiF mRNA
FIZeik. AR 1X10° N4, JRBUS RNA FEK
RNA 4lifF, FE R4 cDNA, LL cDNA Mk,
p-actin FNZREIERPEATSEA DO 5t PCR, KW
RZE A 20 pL, W Z514F: 95 °C 30s; 95 C 10s,
60 C 10's, 72 “C 10's, 40 MIEH; 519175 L3 1.
SR 2784 T E B R B AR ek

x1 ATEMRIEAEE PCR RNHIMEETFSI¥F 5]

Tab 1 Primer sequences of each cytokine for quantitative real-time PCR

Primer sequence (5-3")

Gene
Forward Reverse

IL-6 CACTGG TCT TTT GGA GTT TGA G GGA CTT TTG TAC TCATCT GCA C
SDF-1 CCAACGTCAAGCATCTCAAAAT CACACTTGT CTG TTG TTGTTCT
MCP-1 AGA ATC ACC AGC AGC AAG TGT CC TTG CTT GTC CAG GTG GTC CAT G
FAPa TGG TAT AGC AGT GGC TCC AGT CTC ATC TGC TGT TCC GTG GAT GAG AAG
IL-1p GCC AGT GAAATG ATG GCTTAT T AGGAGCACTTCATCT GTTTAG G
CXCLI TCC TGC GAG TGG CAC TGC TG CTG GCA GCG CAG TTC AGT GG
CCL5 CCT CGC TGT CAT CCT CAT TGC TAC CTT GAC CTG TGG ACG ACT GCT G

IL: Interleukin; SDF-1: Stromal cell-derived factor 1; MCP-1: Monocyte chemotactic protein 1; FAPa: Fibroblast activation

protein a; CXCL1: Chemokine ligand 1; CCL5: Chemokine 5

¥ ELISA Kl CAF 3535 b3 v oAH G40 it
T RFIk . B CAF Hl HFF 2 R4/ 51 LA
1 X 10°mL BB R 10 ecm B304, FEREFEIL
il A% 1% FBS ) DMEM 53285 2400, 4
SIEAE 2 FhANMEEE 3% 24 h 1 48 h I g,
0.22 pm PRI I8 bR A T S AN R Js AR
BIMASEIGRE S, (RE3R 10 ) RbruEd:, iR
B 2 h; YedR, MARNPUA, ZREE 1 h; &

UBEAR J5 I AR o S AL Py g hr i 1 4 55 SR F R
PR 30 ming VEARJE INA R EAIKY TMB [
15 min, SRJEIIALIEEEW, 37 20 F B AR I
450 nm J 570 nm b AEE EE(E

1.5 CAF 3f MDSC %1t #4 % v B 20 Jo B F 12 5
P ey m R Ficoll % B B OE B
ft e A5 JE A A I SRS AZ% 4R L ( peripheral blood
mononuclear cell, PBMC ) Jfit%k, 7 6 fLiN
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A 2X10° 4/ L. F CAF 1 HFF K%
70%~80% Rl G )5, RIS 1% FBS (1)
DMEM Ri55#, 5% 48 h JelcdEs: 32 ik, 439
K 6 R TR R G FE PBMC, RIPALERE IR (%)
HREAL) . % 20% CAF $55% BISIEEFRI . & 20%
HFF 35358 FIE MR FR . & 10 pg/mL AT 1L-6
FEMEFEM . & 10 pg/mL A EZ4 SDF-1 &1
Wit . % 10 pg/mL AFEZ MCP-1 & AEE
W, ikEgE 7 do fE LRERFRAR A IL-6
FPLIR, LA 1L-6 HORIHTIR R 32900 6 ],
# PBMC Ki5f 7 do 76 LR FRIE R PA JAK2/
STAT3 il FLLL32, LA HIEWM ( dimethyl
sulfoxide, DMSO ) fENXFHR, 155R 7 d. KR I
. AR TR SR A 2~3 d B 1 k. AR
YA Y E PBMC BRI, KallFehrh HLA-
DR. CDIlb, CD33, CDI3, CDI14 #l1 CDI5.

1.6 %itsabz® ] SPSS 20.0 B #7411
M THEVORIA X+ FoR, 4HiR) FLACR AT
FEAS ¢ Ko 56 R /KHE (o) Sk 0.05,

2 # R

2.1 PDAC AL 45 38R CAF 46 E R &
AEE M PDAC MR 4551 CAF 4ifk

3~5 05, e RMEE P IR SRR e, B
8 B R o VN e i = S I NN e R
ML CE 1) o RN e S H R K CAF
o-SMA FIPIEE A RERIATENL, 4R E/R CAF &
ik o-SMA FIJE&E A, 1l HFF {URBHEIEE A
(B 2A) o KA ARKN CAF H 55—
PR Y) FAPa BYFIRTENL, 255 WoR /s i At
CAF Hi i 90% RI4HAfl FAPa FRikPHM:, 1M HFF
FEA ) FAPa [IME4IMORE (& 2B) o AT LA
JiA CAF 4hifEm, WRIEFEMREY a-SMA F
FAPa, fF&5SCgn%isKk,

1 RRSEH CAF EERE THAMFS

Fig1 Morphology of primary isolated cancer-

associated fibroblasts (CAFs) under microscope
Original magnification: X200 (A), X400 (B)
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Fig2 Phenotypic identification of primary isolated CAFs
A: The expression levels of a-SMA and vimentin in CAFs and HFFs (control) were analyzed by immunofluorescence technique. The
slide was stained with 4’, 6-diamidino-2-phenylindole (DAPI, blue), vimentin antibody (green), and a-SMA antibody (red); B: The
expression levels of FAPa on the surface of CAFs and HFFs were analyzed by flow cytometry. CAF: Cancer-associated fibroblast; a-SMA:
a-Smooth muscle actin; HFF: Human foreskin fibroblast; FAPa: Fibroblast activation protein a. Original magnification: X200 (A)

2.2 PDAC MiEasis %69 7K CAF a1
a9 kik M5 il PDAC BE MR LIP oy kA
5tk CAF, i Sem2tE i PCR AR S 4i il
+ mRNA FikKF-, ik CAF 5XF 4] HFF

FRER RN F, 5HE8R IL-6, SDF-1,

MCP-1 3% 3 PMHFAE CAF s =45 T HFF
(P ¥<0.01, & 3A) . I ELISA Kl 5t s
i) CAF FIXT BEZHA HFF 3555 24 h, 48 h 193553 1



. 504 o BB AAEE 2019 4F 5 H, #5406
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Fig 3 Expression of cytokines in primary isolated CAFs
A: Expression levels of cytokines in CAFs and HFFs were detected by quantitative real-time PCR; B-D: Expression levels of IL-6,
SDF-1 and MCP-1 in CAFs and HFFs culture supernatant at different time points by enzyme-like immunosorbent assay, respectively.
CAF: Cancer-associated fibroblast; HFF: Human foreskin fibroblast; IL: Interleukin; SDF-1: Stromal cell-derived factor 1; MCP-1:
Monocyte chemotactic protein 1; FAPa: Fibroblast activation protein a; CXCL1: Chemokine ligand 1; CCL5: Chemokine 5. "P<0.01
vs HFF; ““P<0.01 vs 24 h. n="5,x+s

2.3 CAF #5 E#F®i# PBMC 4214 CDI3"- MDSC [bfilE FE5 X AN HFF 8537 FIEREIE R
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Fig 4 Differentiation of PBMCs detected by flow cytometry
A: The differentiation of PBMCs cultured with HFFs culture supernatant for 7 d; B: The differentiation of PBMCs cultured with CAFs
culture supernatant for 7 d. PBMC: Peripheral blood mononuclear cell; HFF: Human foreskin fibroblast; CAF: Cancer-associated

fibroblast; HLA-DR: Human leukocyte DR antigen
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Fig5 Percentage of CD13"-nMDSCs subpopulation
differentiated from PBMCs after 7 d of culture
PBMC: Peripheral blood mononuclear cell; CD13"-nMDSC:
CD13-high expression neutrophil-like myeloid-derived
suppressor cell; IL-6: Interleukin 6; SDF-1: Stromal cell-
derived factor 1; MCP-1: Monocyte chemotactic protein 1;
HFF: Human foreskin fibroblast; CAF: Cancer-associated
fibroblast; CM: Conditional medium. ~P<<0.01 vs control

group. n=5,x+s

2.4 CAF @it IL-6/STAT3 @345 PBMC @&
CD13"-nMDSC 51t H#RIT CAF EigE i 4
Ml +2 5 CD13"-nMDSC 4ME Ay EARVE FIHLE]
TEREFRAR R TP AR IL-6 f PRI, 455 5
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BHSE (8 6A, P<0.05) , W IL-6 25
/% CD13"-nMDSC H)5fb. Fit—HKHIE 1L-6/
STAT3 i %25 CD13"-nMDSC ({50 kid
T, TERFRIR R P A STAT3 #i 7] FLLL32,
SR W R A FLLL32 figfi sl 1L-6 & CAF
B3 FWEESR CD13"-nMDSC 43k (& 6B,
P<0.05) . W CAF 5 hY IL-6 fEil it STAT3
KA S PBMC [3] CD13"-nMDSC 434k

e 525
10 ] Control
S 8 Bl 1L-6 Ab
2
a 6 "
2
EI 4-
@
5 2f
o L wim - — A
Media  IL-6  HFF CAF
10
] Control
S o8t BN FLLL32
Q
L 6
> *
F 4}
«@
8 2}
olemm (i = B

Media IL-6 HFF CAF
B 6 IL-6 AR S STAT3 %7 FLLL32 X%
PBMC 43¢ CD13"-nMDSC K540
Fig 6 Effects of IL-6 neutralizing antibody (Ab) and
STATS3 blocker FLLL32 on proportion of
CD13"-nMDSCs differentiated from PBMCs
IL-6: Interleukin 6; STAT3: Signal transducer and activator
of transcription 3; PBMC: Peripheral blood mononuclear
cell; CD13"-nMDSC: CD13-high expression neutrophil-like
myeloid-derived suppressor cell. "P<<0.05 vs control group.
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AL TE AT 5T v & PR R R MDSC LA
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Y Arg-1 P07 T R ANAEIGSY, JE ek G i il
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B, SRIEZHE, TEFEPR RN . bR AR
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AL EARAIM . CAF 28] B35 b oeg s
MDSC /b B VIR, CAF JMIaniH 7. &
LR A RE S HE A B Y S e 40 B ) MDSC 43
LI HE MDSC BFEERY Mt A i 5EIEsE,
TENFE R CAF nT Lt SDF-1a/#afkH 121k 4
(C-X-C chemokine receptor 4, CXCR4) &2 5|41
JEL A A SRR, IRl i TL-6 A~ SAY STAT3 18 %
PRI E ), CD14"HLA-DR ™ MDSC!; %
26 MDSC RERSHNH] T WRELANAEIGTE 20 T ke
YRR RAVRITIRE, WA RTYE T 0 T kL
ATETS . B T-10 ik, FRETIEy Rk
S0 RESY I CAF 5 R B 1P MDSC
FEFE TG AL K, {H2 PDAC | MDSC i H 2
CD13"-nMDSC 4L BB A TE £

ARS8 o SR E i PCR, ELISA ik
H CAF S5XtHE4HM HEF 263522 80K 3 Fha
MIRF IL-6. SDF-1, MCP-1, Jf-& ¥ CAF 1537 i
AEfZ {2t PBMC 434kl CD13"-nMDSC. Wit —4
BT CAF Bi5% Ly ek MDSC ki ERBLE,
TAVESE SRR ZRZ P4 A N4 1L-6, SDF-1,
MCP-1 HH, 45 &AM AN EZA SDF-1, MCP-1 &[]
PIARREHE S CDI3"-nMDSC WRERIE I, i A F4H
IL-6 AT PBMC [ CD13"-nMDSC 4k, H
IO ABIRIESE IL-6 fEHAER 2 5 MDSC 1Y
434k, U Deng 2L BRI CAF 434 1L-6 fE
f#f PBMC [1] MDSC %04k Btk —2UEsE 1L-6 1
PDAC "iil#% MDSC 5kl 2, A T -1k R
A IL-6 R, Z55 & CAF H53: LG iAT
PBMC 4k DL 25U, CAF 2
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