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[ Abstract ] Objective To explore the mechanism by which cancer-associated fibroblasts (CAFs) regulate CD13-high
expression neutrophil-like myeloid-derived suppressor cell (CD13"-nMDSC) migration in pancreatic ductal adenocarcinoma
(PDAC), so as to provide potential molecular targets and experimental evidences for immunotherapy in patients.

Methods CAFs were isolated and purified from pancreatic cancer tissues of 5 PDAC patients. The phenotype and purity of
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CAFs were identified by immunofluorescence and flow cytometry. The expression of related factors in CAF was detected by
quantitative polymerase chain reaction (JPCR) and enzyme-linked immunosorbent assay (ELISA). CAF conditioned medium
and myeloid-derived suppressor cell (MDSC) migration system were constructed by Transwell to observe the migration of
MDSCs and to study the specific mechanisms by which the aforementioned cytokines participate in regulating the migration
of MDSCs. Results The isolated primary CAFs expressed activation biomarkers fibroblast activation protein (FAP) and
a-smooth muscle actin (a-SMA), while the human foreskin fibroblasts (HFFs) of control cells did not express FAP and a-SMA.
gPCR results showed that the mRNA expression levels of interleukin 6 (/L-6), monocyte chemotactic protein 1 (MCP-1),
and stromal cell-derived factor 1 (SDF-7) in CAFs were higher than those in HFFs (all P<<0.01). The contents of IL-6,
MCP-1, and SDF-1 in the CAF culture supernatant were significantly higher than those in the HFF culture supernatant (all P<<
0.01), and the secretion content increased with the prolongation of culture time. Compared with HFF conditioned medium
and regular medium (RPMI 1640), CAF conditioned medium could recruit more total MDSCs and CD13"-nMDSCs (all P<<
0.01). The addition of SDF-1 recombinant protein alone in the culture system could induce the migration of total MDSCs and
CD13"-nMDSCs, and the addition of SDF-1 neutralizing antibodies or C-X-C motif chemokine receptor 4 (CXCR4) blocking
antibodies could significantly reduce the migration of CD13"-nMDSCs induced by CAF conditioned medium (all P<<0.01).
Although MCP-1 alone could also induce the migration of total MDSCs and CD13"-nMDSCs, the number of CD13"-nMDSCs
migrating was significantly less than that of the SDF-1 experimental group. The IL-6 recombinant protein did not induce the
migration of total MDSCs or CD13"-nMDSCs. Conclusion CAFs can mediate the migration of total MDSCs and CD13"-
nMDSCs in PDAC through SDF-1/CXCR4 pathway.
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JHE 45 i ( pancreatic ductal adenocarcinoma,
PDAC) &% VLA TH b RG0EME MR Fr, HA
2Nk . UG 25 MR A, S AR T AE AR IR 10% ",
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JEXGK, TE v [E 2022 4R SE R b R S 6 i, TE
¢ [ I AHOCFE T 56 3 i, TRk 10 4E N
PDAC [ 4 9 4G 4k 22 1T, 5] 2030 45K i i
[ S N ¢ 45T & I

PDAC J2 JM 8 5] 5t fe & 19 SE AR b g 2 —,
() J0T A A = R A DG AR 4E 41 . ( cancer-
associated fibroblast, CAF ) ., CAF il 43 Z Fh 2
ML 72 5 A2 S B A, B LE So 28 4t A A
P 2, 5 B e 4R Mk e B e R
BEIEPENHI 40 ( myeloid-derived suppressor cell,
MDSC ) 2 Jif 78 8] J5T ok 20 855 v A i L 1) A 5 410
il 20 B e, Hoal b E A . — ARG
B, TGF-B. IL-10 Fl B % & B 2, & 5 5 2 40
RIVE I . AR R WA V5 MR T 1 ( colony
stimulating factor 1, CSF-1) /475l K+ 1 %
& ( colony stimulating factor 1 receptor, CSF-1R )
15 538 3% 2 Mol Jed A DG I 200 6 3 0 R A 3 1) S gk

P75 R -, CSF-1R #0il 50) a] DL AR 38 i 96 AH OC B
W% 24 B DA T A 45 B g VE T, B SR i g v,
B4l i ] CSF-1R 300461 70 97 2 A W] 7 . Kumar
41 %% B CAF fg aof 42 3k v 5 b 40 B MDSC
( neutrophil-like MDSC, nMDSC ) 7 i3 v (i) 58
AR CSF-1R I BT E . T 4E 2
L 3 1% &5 H (fibroblast activation protein, FAP )
Jee— Tl ELA ORI PR 1 22 BRI, Liu 26 9
DL FAP S 5SS P A2 K T 40 ( chimeric
antigen receptor T cell, CAR-T ) 1] LL#E ¥ fif J&
() CAF, #EMiil MDSC (5245, itk cDS' T 41
LAy BEIG 7 #E 1] %5 £ 4 1 18.2 (claudin 18.2,
CLDN18.2) ) CAR-T £ [ 4 4L rpr (112 11 5 77
W, x4 58 LI CLDN18.2 4 I 5 A CAR-TIG T
PDAC 780 &AM A5 4= 7 1 (stromal cell-
derived factor 1, SDF-1) M#g CXC E:F#afb A Fid
& ( C-X-C motif chemokine ligand, CXCL ) 12, Sun
44100 5 BLE FLRRA H LRI JE T AR AR CAF BRI
SDF-la, Ml MDSC fYZL4E, H9I CAR-T AT
IR TE M . K SRR ST ORISR, CAF 2 5 %
PEMHIHCABE I AL, If5 MDSC ZUIHHC
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#6221 R T CAF 3 53 IL-6/STAT3 i % i
A A i B 40 i 434k CD13M-nMDSC
{H7E PDAC ' CAF 455712 5 MDSC i #% 1Lt
ARG ARWFSE B 7E4 T PDAC #3414 CAF
J& 95 CD13"-nMDSC i % [ ML, A48 7~k CAF il
MDSC i i+ 5 9 i i i S A S A1 2 R Mg 1 e 243t
PHISFERE AN SLIRARE

1 #EFnT %

1.1 ALAFA, MM ERA 5] PDAC 4141 K
3 5l PDAC 35 W AR A1 8130k A Tl 44 R R
25— R BE BT AR VIBR AR AR, A 5T 2l 4245 R
KEFR— M E R B e i S H i, I B %
BrERES. sHlEE TS 6 . 2, Fi
H (67.37£7.41) %, RATEIRAEZ T RAIT,
P47 R e ARIB PR VTR T ARI0697, RIGHEHEZE R
¥ PDAC, AL AT 4E 4 MY ( human foreskin
fibroblast, HFF ) il A B2 Bk 4T 45 40 g ( human
dermal fibroblast-adult, HDF-a ) H I & fif4 9%k
HABR A AR,

FBS. RPMI 1640 }i 3560 [ 5[5 Gibeo 23] ;
BN, B I, R N DNA B
) B 3¢ [ Sigma 2> F]; RNA $EHCH] &0 B L
REEEYHARARAF; gPCRALIA [ H A TaKaRa
Nl o- i UUsh & (a-smooth muscle actin,
a-SMA) FiAk. IEH A (vimentin) HLikly [ &
IS A TR A RS A PerCP-Cy5.5 FRic 1Y
HL N CD33 HifA . Pacific blue Fric i HT A2 1 41 fitd
¥t Ji DR ( human leukocyte antigen-DR, HLA-DR )
PiiAk . PE-Cy7 bric 5T A CD15 HLik. FITC Frid
P A CDUbFLIA . PEARICHIBLA CDI3 Bk,
APC #RiC 4T A\ CD14 LK. PE #ric 94T A FAP
PUik. A IL-6 ELISA R 50 & . A SR A% 4 i ¥
fEFEH 1 (monocyte chemotactic protein 1, MCP-1)
ELISA £ I 128 5% £ 4 1 2% [& BioLegend 23 5 A
SDF-1 ELISA #6335 & W A Bt N R4 P HoR
J& > # B 28 7l SDF-1 (CXCLI12) o 444
CXC 57 b A 7 Z & (C-X-C motif chemokine
receptor, CXCR ) 4 BHWrHTIAN [ 32 F R&D A Al .

SIHAETAY TR (1) B A RAEA .
12 R CAF #94 B 34 I4E 5 i PDAC 3%
FARJGHEE R MR LREA, [ HIRBY5TRE, HiE
B iRAE (0.1 mg/mL) . DNARF I (0.1 mg/mL) .
AR R 1 mg/mL ) BCil AT LA A R AL 1 h,
FAIE - 5 10% FBS f) RPMI 1640 535 52 1131
b, HFLER 70 pm B AR B8RRI U8, B0 e £
L B AR TTIE RS AR SRR R, Al
JIFA R IR F) 80%~90% I, FH 0.25% MR 1 B
BN, H IR 1 2 1 MBS, 12 h S HR,
TR FE T 24 290 5 il 200 e 22 sk e %) JE gy
BENS [ P9 R A L R s 200 B S e A B 2, B4R
RigR 250 3~4 Ut gigE S T—2.

1.3 J&4X CAF, HDF-a#e HFF %552 R4l
JiI AR % 52 JF ALY CAF . HDF-a il HFF 11 FAP ik [
o Bt CAF H 0.25% JBRER FI I AL A 40, 25
O, UUHE, T FACS ZZ 0Pk ( 100 uL/10° 4iif ) +
1% FBS H 2400, 2R A FAP Hifk (10 pL/10°
i) , 4 CHEE T #OEME 30 min, ALK
FAP BH 40 B L i), R FH 40 M B 08 26 e 45 AR AT
o-SMA FIIE 8 H R B AE . IR EE B LS
) CAF H 6 mL }5 oL E8, 3% A Je i in o
ANPEIR, BT 37 'C. 5% CO, B4 K557 3 h,
ToF 20 BN BE I ) 4% 22 SR F RS W 18, St
mo-SMA HLiR . IR E YA, BETREN4TC
EE AR, Wi =ht, =R T EEFE 50 min, T
Jn DAPI &2 Jediffurxz, & R4,

1.4 CAF #= HFF ¥ 48 % fa i ) F A a9 46w K
qPCR 5 A6 I AH G 48 i Xl F mRNA fY R 5, i 4E
1X10° /™40 g, 45 B RNA I 46 1] RNA 45 &,
K 55 4 W cDNA., DL cDNA & i #iz. B- UL 3
EAANNSBIEEIEFT QPCR Y1, R 544
95 C Ml A8 14 30 s; 95 °C 10s, 60 C 10s, 72 C
10s, 40 MG, BIYFHATF: IL-6 1E 5|4
J 5-CACTGGTCTTTTGGAGTTTGAG-3', . [i]
51 ¥ N 5-GGACTTTTGTACTCATCTGCAC-3';
SDF-1 1[5 51 %) N 5-CCAACGTCAAGCATCTCA-
AAAT-3', Jz 519k 5-CACACTTGTCTGTTGT-
TGTTCT-3; MCP-11E[m51¥)4 5'-AGAATCACCA-
GCAGCAAGTGTCC-3', &In5|%°~ 5-TTGCTTG-
TCCAGGTGGTCCATG-3'; FAP IE[a1814)H 5-TG-
GTATAGCAGTGGCTCCAGTCTC-3', JZ 15 % H
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5" ATCTGCTGTTCCGTGGATGAGAAG-3'; IL-1f
1E 18 51 %)l 5-GCCAGTGAAATGATGGCTTATT-
3, K Ia1 51 ¥ A 5-AGGAGCACTTCATCTGTTTA-
GG-3'; CCH: J¥ #& 1k I ¥ B 4K (C-C motif
chemokine ligand, CCL) 5 IE [ 5[4} 5-CCTCGC-
TGTCATCCTCATTGCTAC-3", la51#1 % 5-CTT-
GACCTGTGGACGACTGCTG-3'; CXCLI iF [ 5|
¥)h 5“TCCTGCGAGTGGCACTGCTG-3'", JZ [f]5]
¥ h 5-CTGGCAGCGCAGTTCAGTGG-3', *
27 MR H DR AR Bk
fii FH ELISA #0358 £ 4 CAF M HFF $55%

bW IL-6,. MCP-1. SDF-1 &4, 50/ B 10
CAF } HFF LIERAL 2 X 10° 440 i T 6 FLAR,
41 B W BE JS, A 1 mL %% 1% FBS A RPMI 1640
B, ApRiESE 24, 48, 72 h, 10.22 pm JEE
T U8 R BR A S AR e, SRS H R ELISA ik
F GO AL BRI TR -

1.5 % i A B JE MDSC % CDI13"-nMDSC ¥
PDAC JEHMAELHZUE T 6 em B3RP, FHEHIAE
HAYJGE PBS, FH 5 mL VRS EMR R ZEAR SR,
FLAEN 70 pm B LI 8 AR A U8 2 3, BSOS L
T IMAZLA SR 22 LA, B0 8RS
A HLA-DR. CD33. CDIl1lb, CD14, CD13, CDI15
Pk (10 uL/10° Z0f ) , 4 CHEOEHFE 30 min, i
AN 5358 5 MDSC (%4 HLA-DR /CD33 "/
CD11b" ) H1CD13"-nMDSC ( 3 # 3 HLA-DR /
CcD33"/CD11b"/CD14 /CD157/CD13" ) , W T )5
1.6 Transwell & % # M MDSC it #% W 4 CAF
8¢ HFF 3538 LIS VE R A5 95 5. % A PDAC f#
& U 2H 23 43 3% 1) MDSC #4734, ¥ 1X10° 4
MDSC (434 MDSC. CD13"-nMDSC i #f 73 52
5 ) A Transwell (fL4% 5 um) B2, % 1 &85
SCIS K AL MDSC 43R 6 4, 43 i A R 9R
(RPMI 1640) . CAF #5537 5 (20% ) . HFF
SMERETRERE (20%) . B IL-6 B (10ng/mL) |
# 4] SDF-1 % [ (10 ng/mL) . & 20 MCP-1 &
1 (10 ng/mL) i A 24 fL #t & ( Transwell T
%) ;52 WA S CD13"-nMDSC 43 i 8 4,
Iy RSB R FRAE (RPMI 1640 ) | CAF 418535k
(20% ) . HFF 5 F 8597 58 (20% ) . HAIIL-6 &
FH (10 ng/mL) . 41 SDF-1 & 4 (10 ng/mL ) .

4] MCP-1 25 H (10 ng/mL ) . CAF 2% {1 #% 7% 3
(20%) +SDF-1 (CXCL12) Ak (5pg/mL) |
CAF 4 {1 15 3% £ (20% ) +CXCR4 FH ¥ $it 4
(10 pg/mL) A 24 fL#R T ( Transwell F% )
H4 Transwell RELH T AR FRA D3GR 3 hE, H
TR 5 ZE A & H MDSC 4045

1.7 %it3a3® N SPSS 22.0 B 7517
ST THEGEORI X s R, P HLER kST
FEAS e K030, 24 m) LR R R R 7 22500 (5
G 2 R /N 2 51 o KEKHE
(a) 24 0.05,

2 # R

2.1 PDAC Mt J/B 484245 & 49 JR X, CAF 46 & £ A
%% CAF H PDAC & FARIRA SRS, SR
FE R NGB 1 R 4k 3~4 VU5, 6ok W T W
ZEN] WA BT, BRI GEREZE, K
UL Bz A A2 it (B 1A) o SRARA A0 AR
Ko 020 it 5 AR ) FAP (2R8I, 4551 R
S IEAR CAF 4tk b 90% 4k FAP ™
41 iy, HDF-a il KX £ 3 ik FAP, {H HFF 3t 4% h
FAP 4 (& 1B) o R FH4H i 5o 58 28t H ARk
D20 rh a-SMA RN R 26 1 A 1E L, 458 W
7~ CAF 4 i % 3 B b 3K o-SMA i P & 11,
HDF-a &k IL & 1. 5K IK a-SMA, HFF 3%
RPIEE A o-SMA FikGA (B 1C) o [ibsh
PR, D BRIFAC CAF 4l 5, B3kl er 4%
bR o-SMA | FAP RSB 1, £7A S50 20K,
HFF 2 a-SMA Fll FAP 3 j&, HDF-a 5% ik FAP,
D ERIK 0-SMA, A I BEHL HFF 1F 8 J5 225 5 vh
B X BE AT A

2.2 PDAC it 7% 28 22 5 & &9 = A CAF %8 fe B 1
Akl qPCR £ AR AL 5 ¥k CAF Kok B 41 g
HFF F 40 it F 775 mRNA 7K1 2615 00, 45
I 78 CAF 11 IL-6. MCP-1. SDF-1 mRNA % ik #
W 4 %5 T HFF (¥ P<0.01, [ 2A) ., FJELISA
KA EREI EE 5E 24, 48, 72 h 4 E; 3% Ll b
IL-6, MCP-1, SDF-1 [ % &, %5 3 & /8 IL-6,
MCP-1, SDF-1 7£ CAF 537 L1 1 1 % 1 Bl 5 15
SIS R TT T=, I ARSI R 0 75 i
F HFF (¥ P<0.01, K 2B~2D) .
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Fig1 Purity and phenotypic identification of primary CAFs isolated from PDAC tumor tissues

CAF1, CAF2 and CAF3 were CAFs isolated from tumor tissues of distinct PDAC patients. A: CAFs under microscope; B: The

expression levels of FAP on the surface of cells were analyzed by flow cytometry; C: The expression levels of 0-SMA and vimentin

in cells were analyzed by immunofluorescence staining (200X, and the slide was stained with DAPI (blue), vimentin antibody

(green), and a-SMA antibody (red). PDAC: Pancreatic ductal adenocarcinoma; CAF: Cancer-associated fibroblast; FAP: Fibroblast

activation protein; HDF-a: Human dermal fibroblast-adult; HFF: Human foreskin fibroblast; a-SMA: a-smooth muscle actin; DAPI:

4’,6-diamidino-2-phenylindole.

2.3 CAF i it SDF-1/CXCR4 i# % {2 # CDI13"-
nMDSC # i % 1 |8 3 7] W, CAF & 4 55 3¢ 3
b 3% 5 4% 55 3 (RPMI 1640 ) F1IF 8 B £ 4 28
HFF 4 785 97 3L 33 55 7 £ 19 &L MDSC il CD13"-
nMDSC (¥ P<<0.01) ., 7F Transwell i % 5C 5
R 28 4 W A 4H IL-6. SDF-1. MCP-1 &
M1, 4559 oK #4 IL-6 & 1A BE 51 & & MDSC
1 CDI13"-nMDSC () i % (& 3A, 3B) ; M R
MCP-1 i 7] DL 75 5 & MDSC #l CD13"-nMDSC 1T
%, {H CD13"-nMDSC iF# K5 W & /b T SDF-1
(K 3B) ; 4 SDF-1 4 A 7 L% S & MDSC

1 CD13"-nMDSC i i £ (14 P<0.01) . [H Iit,
F& {14 Wt SDF-1. MCP-1 2 5 T PDAC ' MDSC
B iE#, 1L-6 7 MDSC i % h3f e/E . A T ik
—HIESE SDF-1 BIAEF, #F CAF 25 F ks R 5L []
[F i A SDE-1 H R0 AR 3 CXCR4 BH Wr bt (4 2E 17
CD13"-nMDSC i B35, 255 iR il A SDF-1 H1
FPTiAE; CXCR4 FHIBHHUA S BEIZ I 0k /> i CAF
% 85 %’%ﬁtiﬁﬁﬁ f) CD13"-nMDSC iT # (¥ P<
0.01) . X" CAF v i i SDF-1/CXCR4 i #1753
S CD13"-nMDSC HJIT#% .
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Fig2 Expression of related cytokines in primary CAFs isolated from PDAC tumor tissues

A: mRNA levels of cytokines in CAFs and HFFs were detected by quantitative polymerase chain reaction (" P<<0.01 vs HFF.
n=35, xts); B-D: Contents of IL-6, MCP-1, and SDF-1 in CAF and HFF culture supernatant detected at different time points by

enzyme-like immunosorbent assay (" P<<0.01 vs HFE. X+5s). PDAC: Pancreatic ductal adenocarcinoma; CAF: Cancer-associated

fibroblast; HFF: Human foreskin fibroblast; IL: Interleukin; SDF-1: Stromal cell-derived factor 1; MCP-1: Monocyte chemotactic

protein 1; FAP: Fibroblast activation protein; CXCL1: C-X-C motif chemokine ligand 1; CCL5: C-C motif chemokine ligand 5.
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Fig3 Effects of CAF-CM and related cytokines on MDSC migration
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A :The average number of migrated MDSCs was detected by Transwell assay; B: The average number of migrated CD13"-nMDSCs
was detected by Transwell assay. "P<<0.05, "P<<0.01 vs HFF-CM; ““P<C0.01 vs media; #4P<C0.01 vs CAF-CM. n=5, x=s.
CAF: Cancer-associated fibroblast; CM: Conditioned medium; MDSC: 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; CD13": CD13 high
expressed; nMDSC: Neutrophil-like MDSC; CXCR4: C-X-C motif chemokine receptor 4.
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