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THBS2 secretion by cancer-associated fibroblasts drives macrophage M2 polarization via
the PISK/AKT signaling pathway to promote colorectal cancer progression

XU Jia, LI Mengqi, YUAN Xiaoqin®

Department of Human Anatomy , School of Basic Medicine , Nanjing Medical University, Nanjing 211166, China

[Abstract] Objective: To investigate the effect and mechanism of cancer-associated fibroblast (CAF) in promoting M2 polarization
of macrophages by secreting thrombospondin-2 (THBS2). Methods: The expression and clinical significance of THBS2 in colorectal
adenocarcinoma were analyzed using the TCGA database. The cellular origin of THBS2 was identified through the TISCH2 single-cell
database combined with multiplex immunohistochemical staining, and its association with immune infiltration was assessed using
TIMER2.0. Western blot, ELISA, and primary CAF models were utilized to validate THBS2 secretion. The regulation of THBS2 on
macrophage polarization, migration, and signaling pathways was evaluated by qRT-PCR, transwell assays, and PI3K/AKT pathway
analysis. Results: THBS2 expression was significantly elevated in colorectal cancer tissues and closely correlated with advanced TNM
stages and poor prognosisofpatients. Single-cell sequencing and experiments confirmed that THBS2 is specifically derived from CAFs
and most strongly associated with M2 macrophage infiltration. Functional experiments demonstrated that CAF - conditioned medium
upregulated M2 markers interleukin (IL) - 10, macrophage mannose receptor (MMR) , CD206, arginase - 1 (ARG1) and enhanced
macrophage migratory capacity. Recombinant THBS2 promoted p-PI3K/p-AKT phosphorylation levelsin macrophages compared to the
IL-4 group, augmenting M2 polarization. THBS2 knockdown significantly inhibited these pro - migratory and polarization effects.
Conclusion: CAF - derived THBS2 may drive macrophage M2 polarization and migration by activating the PI3K/AKT signaling
pathway, thereby remodeling the colorectal cancer immune microenvironment and driving malignant progression, which provides

experimental evidence for immunotherapy strategies targeting the CAF-THBS2 axis in colorectal cancer.
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2t B W9 (colorectal cancer, CRCO 1E N 4 Bk &
BUERAE R, FLR R AR AIBE T F 0 ) A T 4 kol
PEPIR (28 3 AL FIEE 2400, R E CRC R R A2
FRERZETLAS 35, I O R T s 1R 5 — K im K
JiEgt™e H RTI& RIEIT TS AT AR UIBRIG & H B A7
RNEFETTR, BN CRC B 1 S FEAELARIA
AE20%0 s Ak, R CRC KA K43 T
i FEER 2T R T HE A, C RO 24 iR IF 7 A
R B PR

Ji 98 431 P4 5% (tumor microenvironment, TME) Hi
T 955 200 L iR R O G2 4R AT G L PN R 4 i S, DL %
M AP FE T Cextracellular matrix, ECM) 41 X7~ X
A A R O LRI R B S A S R
Ji R 2 L 5 TME 2% DIAH G, AN IAH BLAE T i
TE TME A, [958 A1 5% 1 £F 4 21 i (cancer-associated
fibroblast, CAF) {1 Jy 5 58 200N 24 i R 45 4% 0 1 4% T
Ae™’. CAF I 7 b A KR [ AR K H -8
(transforming growth factor-beta, TGF-B) - JH 4 ffl A&
£ A ¥ (hepatocyte growth factor, HGF) 1. i1k [A 1
(C-X-C %) BLAA 12 (C-X-C motif chemokine ligand
12, CXCL12) Je % 5 2 J 3 1 F-2/9 (matrix metallo-
proteinase-2/9, MMP2/9) %5 [ - {i£ 2 i 83 34 5 . ECM
IR R G ek ik, Rk, £ 0T CAF Dhge 5 o 1 &
FLo3 Wb PR - 42 B TR IS, C O R THIAA V6T
77 G977 R R BRI 55 T 16

JiRAH D¢ B A (tumor-associated macrophage,
TAMD 72 TME 8 i =5 5 10 S 2 40 i, A9
T8 P F A A i B R S 2 23 0 B I B R A . A
e 9eE 2F FeE v, TAM 3 i 3 A W 9 P e 30 ) D e 5 ot
P, 388 B A R R iR B M2 R B R iR i e
(PGB RN . W FEER B, TAM @I 73 il AR K R 1,
n o & A R AE K AT (vascular endothelial growth
factor, VEGF) . % B¢ 4 K [ 7 (epidermal growth
factor, EGF) , 1A K5 24 B2 - 1 (arginase-1, ARG1) .
FEFFPESET K- 1 (programmed death-ligand 1, PD-L1)
L K 3 J5fi 22 A 1 (matrix metalloproteinase, MMP), /1
I A BT A A ) R A B A R, v
T8 5 A RIS 235 AH K, X AL 9] TAM
VR A2 A L o A R S 9 SR BN IR S % VR
L RV
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M /NR S B 2 -2 (thrombospondin-2, THBS2,
TSP2) 1 I /N B [z ¥ & % % (thrombospondin
family, THBS) B #% 0 i 51 , /& FH 470 kDa V. 2 j8 i
TR R (R YR = Ay s B R e
A R (a3B1. adB1) F CD36 3244 i # ECM
BNAS FE AL | I AR O 5% % i JRa % o 8 55 3 B 3E
TN BOHTAE 7T R B, THBS2 1] #43E FAK/Sre 18 #%
k(R 280, (5 H A 4% TME 538 (17 T L AE A
WREX. AR SEYEES0IT 5Tk
55, B IRAE 7~ CAF il it 43 W THBS2 3% PI3K/AKT
%5 5 VR4 M M2 A% AK, 9 EE ] CAF-TAM $hi 1)
CRCYRYT TR AL SRS o

1 #RIFTE

1.1
1.1.1 K7

THP- 1 40 i Cr [ B2 B b it 4 i A 0 2 0T 7
BT s JEARIE W AT 4E 4 MY (normal fibroblast, NF) .CAF
(AR S5 % 43 B A4k : IR 2R LI (Gibeo A W], D ;
RPMI 1640 55775 . DMEM 35 35 5 (L ifg b 72 37 % 4R
YR TR 7D s RNAiso Plus 55 (TaKaRa Bio 2y
Al H A s 3% 5% 6k 57 & 1 SYBR Green Mix i
) CRg U ME R A= PR A B 5 I Cphorbol -12-
myristate-13-acetate, PMA)iZ i (lipopolysaccharide,
LPS) (Sigma A A, K ED ; F14H /1 2 -4 (interleukin-
4, TL-4) (IR M 3L 2 2 B BB AR A PR 24 71D 5
N THBS2 # 41 2 4 (R&D Systems 2 7, 3 [E) ; Lipo-
Gene™ 2000 Star Transfection Reagent (US EVER-
BRIGHT A ], £ [ED; 8 um fL4Z Transwell /N (Corning
2wl EED =FRIY 52 B RGO  Polymer-
HRP £ 51 % — o7 & Q8 7 AR PR A IR
2~ s BCA B H R EEAG I £ RIPA A3 2R
FE 11 ) 1) 2 R it T 9 CPMIS) g TR il 410 1) 7]
(PD (_E#38 = RAEMWBA B A A IR 2 7D 5 ECL
12 R SR (g 5 3 ol B AR A D s A
THBS2 ELISA 57 & (LR LR B A TR A D .
1.2 Fik
12.1 sk

THP-1 1£ %A 10%Jif - L7 i) RPMI 1640 5 7%
Herp B 3% JFAR CAF 5 NF 7E 5 10% iR 45 i (1
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W, IR, SR NEE. OEE A 5% AT 4E 4TI 439 THBS2 38 ik PI3K/AKT 38 4% 3K 5 [ 05
N M2 B AL (R i 45 B it FR L) ). me st R R RS2 i (A SRR #4005 2026, 46(1):1-13  » 3 @

DMEM 532 b 35 5% . A4y & T 37 C.5%
CO, FI IR -0 h K5 7%
122 mfpsk g

R4 LipoGene™ 2000 %% 44177 Ut B 45, 4 &
THBS2 ] siRNA JIIA LipoGene™ 2000 %% 32 9 4 )
% siRNA-HR R E &9, iR F 20 min, 2R 5K
siRNA- B AR 2 &9\ CAF 4i ffg o, 37 CHs 3+
6 hJ&, B DMEM 56 4k 77 5, 4k 4215 7% 48 he
1.2.3  F43 A el

4 NF F1 CAF 4 i LA 3x10° AN/ FL iR & B2 Rl 7E
6 fLIRH . 6~8 h/g, HH#NEH 4% M54 i 1
DMEM K773, IF 24 h Ja US40 L35 s US54 4
T THBS2-siRNA 48 h 5 1) CAF 4l 3. Frfi bl
BIFH0.22 pm JEARILIE, 70345 T-80 CUKFHIRAT -
124 EEmaiiis $ 5

THP-1 40 LA 5x10°4~/FL 13 FE e P E 24 FLAR
H, N 100 ng/ml PMA 7 5 24 h, {8 THP-1 41} 4>
A UG B W A L, 42 R DL 2 2R AT AH G
B — 1) ¥ R T 45 LPS 4H (100 ng/mLL LPS) \IL-4 4
(20 ng/mL 1L-4) . ZPEREFRFEAC LA NF LG H T
4 (NF-CM), ¢ NF _E3E 5 RPMI 1640 58 4285 77 9% DA
11184 CAF _LiE 15 S 41 (CAF-CMD : F CAF L3
5 RPMI 1640 58255773 DL 11 1R G - &I :
THBS2+IL-4 #1 (100 ng/ml. THBS2+20 ng/mL I1.-4);
THBS2 + LPS 4 (100 ng/ml. THBS2 + 100 ng/mL
LPS) . RfRALEEA : si-2-CM 41, THBS2 fiifik CAF I
E 11 1IRA RPMI 1640557755 si-3-CM 4H: THBS2 i
ik CAF 3% 111784 RPMI 1640 15 9% % ; si-ne-CM
41 X CAF L3 101784 RPMI 1640 K5 37 3L, fIr
Ay A3 TE AR RLAR R 26 A T 4k 25 97 24 h
1.2.5 EMiaitss s

4 2x10° 4™ PMA #3055 1 THP-1 40 A 42 0 T
Transwell _F %, 348 F AN [7] 4% 14 1% 3% 2 (NF-CM.,
CAF-CM) &b HE, [A] 1.2.4 75 ; XJ Hi2H (PBS) J THBS2
41 (100 ng/mL THBS2) . THBS2 # {1k CAF 3% 41
(5i-2-CMsi-3-CM) FIX} HE CAF _EiE 4 (si-ne-CMD &b
PRIE] 1.2.4 77, % R AT LB, 36 h J5 B H /) %=
171 e ge o, JE R A IR
1.2.6 qRT-PCR % &

I3 HISCEE 2 44 M, Trizol 1223 B RNA, F 44
R i ¥ 5L N ¢DNA. B J5 B SYBR Green
Mix i) BC 1] qRT-PCR J A& 5, £ 52 98 08 &
PCRAX b€ R MR ST FE 4T PCR AL . LAB-actin
NS EEH, R 27440 5 % B (R ) mRNA 3R

B, SIFF A AR 1

%#1 PCR3|¥FFI
Table 1 Sequences of PCR primers

Gene Primer sequence(5’—3)
Forward: TCATGAAGTGTGACGTGGACAT
Reverse: CTCAGGAGGAGCAATGATCTTG

3-actin

IL-18 Forward : AGCTACGAATCTCCGACCAC
Reverse: CGTTATCCCATGTGTCGAAGAA
1L-6 Forward: GGACAACTCAGGGATGCAAT

Reverse: GCAGAAGAGAGCCAACCAAC
Forward : CCTCTCTCTAATCAGCCCTCTG
Reverse: GAGGACCTGGGAGTAGATGAG
1L-10 Forward: AAGCCTGACCACGCTTTCTA
Reverse: ATGAAGTGGTTGGGGAATGA
Forward : TGACGAATTGTGGATCGGCT
Reverse: CCAGTACCCATCCTTGCCTT
ARGI Forward : TGGACAGACTAGGAATTGGCA
Reverse: CCAGTCCGTCAACATCAAAACT
Forward : CCGCCTACCGTTTTGTACG
Reverse: CTGGGCCATTGGACACAATCT

TNF-o

CD206

THBS2

1.2.7 ELISA %23

B CAF 5 NF 15975 11,700 g #5005 min %
Bk 2% 5 S 4 AR A, #2638 N THBS2 ELISA 175 & ik
B, A8 00 THBS2 [ 7K« 155, K 100 w3 Sk i fa
N 96 FLAR 1, 4 CALB IR, 78 KAk, Yedc il
Be 3 UKo B Jo 0 B A R 1 s A o AR A5 00 R A A
37 CWEA 1 he V5 BLIMA S0 pL AV R IRIL
PRI PTAAR, 2 iR BRI E 2 h eSS, I 100 pL
BEFE SRR -HRP TAEM, EREOLIHFE 1h. AR
3, S IRBEEHT A 30 min Ji5, 50 wL & 1B 4k
JRE, 48 F B FRAAE 450 nm AW 5E RE OGRS .
J&i > AR AE T 26T U B AL S THBS2 1 & &
1.2.8  Western blot 45

A5 FHC ) 4 () B I 24 (RTPA T PT: PMSF=100:
12 DZFEARYTE, vK EFE E 30 min f5 13 000 1/min
4 CES 0> 15 min, $EHCEE A _FI5 9F H BCA VLT &
&, 100 C&JB ¥ 5 min, {8 A5 B T-80 CIR
5. &8 AREALE 10%SDS-PAGE T Hi vk, 4R
JE ¥4 B RS 2 PVDF I, 5% M 28 W 7E =5 54 P4
1 h, N PI3K oA  p-PI3K FifA « Akt HLAA < p-Akt 3T
A& THBS2 HiAE « a-SMA Fi 44 . FAP H144 | Vimentin 51T
. GAPDH & B-actin §if4, 4 CHFF LA . TBST
Ve Ja, INNAH RS S — 501210 000D, $E 7K % 76,
SR he VEMRS, N ECLAL 2 R G T %5 vh i
2 B 8 Tmage J 81 (Version 1.5.3) 347 5E
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BT
1.29 #EALLFEE

Il PR CRC i 41 21 59 55 H 25k H /et B RHR
FHEE R, BB 5N (20160640, K ANFFFE
AR LRLE 4% % T F I vh [ 5 S S 230 7, 37 °C
HEFE K R I B, A7 LB K AP B R, B S5
3% H.0, FHIKr A YR 3 S8 A P Bt 1% 15 min, 10%
I3 % 5 3 P 1 by, 3 0 THBS2 $i44 (111 0004 C
. RH B IFFBEE 8 H Polymer-HRP £ 4T
Yo —H B F 30 min, DAB {4 5 min, F 785>
WU E G WK GEW E . BB BB RETLR
£ 50200 585 AL EF , 16 F Image Plus Pro 3K £F 3047
7T, T8 H-Score
1210 Z2ERzmie

WG IRA LT R AT g KL 5P RIE R 5, A
3% H.0, FHELIKT A YR I S8 A0 VD BTS2 15 min, 10%
M8 2 & 3P 1 h, BRI FAP $it4k (121 000 &
o HE RIS, /4 H Polymer-HRP -1 %
PR & E 30 min J5 , P I TSA-690 ¢ 5 G
KL S0 F 10 min, PBS & U85, ¥ V) 5 AT bR
5, 5E RS PR, K IRIEE THBS2 ik
(1:1000), TSA-570 %44k R H DAPI & 4L 4H
Mtz a3 i, BT A A w7 25O 8
M T a8 4T
1211 J& 4 & B B % (The Cancer Genome Atlas,
TCGA)HHE B 5 #7

MTCGA iz F- 5 (https: //cancergenome.nih.gov)
PREX 45 Fg IR95 Ccolon adenocarcinoma, COAD) iR 25
SRR IR 45 1l AL 43 1) 3 i AL 3R A 1 K R LI PR %
I, BOUE SR B 1E] A 2025 4E 2 B, A5 39 1l IE %
H L 448 151 I K i g 2H 23, A T 40 Mt THBS2 &
COADHAE EH AL T RIEZER . A, #
it Kaplan-Meier 42 47 73 #7 17 fli THBS2 £ i5 K F 5
COAD B B AT Coverall survival, OS) FAH I
1.2.12  TISCH2 £ 4% & 547

JHIL TISCH2 Hd# 12 (http: //TISCH.comp-genomics.
org) 3R HX CRC .40 i 245 48 GSE166555 14T 734,
BT UMAP [FR4EnT AL 25 2R, 180 t-SNE #4& g s
S T (%) SR 28 0 A1, I 49 A = DR THBS2 £ AN [A] 4
FNVHE R SRR RIA
1.2.13 TIMER2.0 #x 4% & 5 #71

i F TIMER2.0 4 4% J% (http://timer.cistrome.
org/) R A FUENEFEAT 40 M, X TCCA 55 2 ¥
(PR RNA I 500 A7 TH R AR, A i gg 40 21

w5 20 L IR IR 7K T, 2R 98 THBS2 7E COAD H i)
AR K FH - 25 G 32 A RV RO A D
13 %t Fik

K H Graph Prism 9.0 #EAT S i1 73 #r . i3 4
PR UL R HE 22 (2 £ 5) Fom o PILHLIA) ELBER
e ka5, 2 218 HBCR B R 3 07 2 70 i, IF H
Tukey f 40 3E 47 40 (0] 22 R L. P < 0.05 AZE R H
Guit L

2 % B

2.1 THBS2 %k 5 CRC#t E A8 X

N RSVl THBS2 78 CRC Hh 1 PR A5, ASHF
FLHET TCCA Hds e 1) i s 2L AW i3k AT AR 15 B 2%
orHT. g5 SR EIR, COAD R 41 21 H THBS2 mRNA
TR IE T g5 2 2 LR (P < 0.001, EI1AD .
X550 X e % A I PRAE A 40 23R AT B0 938 4H 24k A
R B, THBS2 7E CRC i 21 23 HH (1) 2 A 53 i 15008 55
LN 1.73 f% (P < 0.001, B 1B) . TCGA Ky —
SR BE S A R I : THBS2 i 1A 20 i 3 A OS B30xt
HEZH 4595 43 > H (P < 0.001, & 1C) 5 78 iR 3t J2 7
Freb, eI CI/IV 3 COAD 3% THBS2 £k &%
WICT/M DT 1.21 £5 (P < 0.05, & 1D) ; s 9
SR B AT B, THBS2 13 3Rk 5 5 i A 1)
TP <0.05, B 1E) (R E 45 #2 (P < 0.05,
1F) J7 378 kb5 R A8 5] (P=0.058, I 1G) A%, b
RAEYESE S, THBS2 76 CRC 4 4 h R4 R
KRR, HERIA K 5 e vt e A R TfE %
PICEE, 7T e 2 VEAE CRC ZEW AT NI E /> Ths

l?lltr‘%o
2.2 CAFkR&THBS2 & ik 5 M2 & E °% 2| fin iz
AR %

4 B Bfy THBS2 1 48 i SR IR, AT 9% o S B
B 0 B S 2H A3 A B SIZ B B UE SR . BT TISCH2
LU R B 5T GSE 166555 B ¥ 45 (1) 70 b 27w
THBS2 [FH 4 41 ff 7 Bl 2T 2 41 A S B A o 7 P s 4R
(P <0.05, F2A). TIMER2.0 %4 F 1) 4 92 35 43
Mtk —25 & B, THBS2 mRNA 1A /K5 CAF £ 51
1IEA 2% (r=0.931, P < 0.001, E2B), #&/~ THBS2 ] fig
FERJET CAF. CRC AL FH A0t YLt gh
SAIE SE, THBS2 BH P 41 fd 5 FAPT CAF 3 32 7
20), NEHK TR EiRgit.

NUSAE CAF B A5 433 THBS2 ThfiE, M CRC i3
Wit 2 b B JE AR CAF 2 NF. Western blot 45 5 5
7, FHEL NF, CAF Ho-SMA FI FAP 25 221k 4) ) i
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3 A 6
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E
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A: Analysis of THBS2 expression in COAD using the TCGA database. B: Immunohistochemical (IHC) detection of THBS2 expression in clinical
tissue samples. C: Kaplan-Meier analysis of the correlation between high/low THBS2 expression and overall survival in COAD patients from the TCGA
database. D: Analysis of the relationship between THBS2 expression and clinical stage in the TCGA COAD cohort. E=G: Analysis of THBS2 expression
in COAD patients stratified by tumor stage(T stage, E), lymph node metastasis(N stage, F), and distant metastasis(M stage, G) using TCGA data. 'P < 0.05,

“P<0.01,and P < 0.001.
1 THBS2FIXEES CRCHEHERX

Figure 1 THBS2 expression was associated with CRC progression

3.9f% (P <0.05)F42f5(P <0.05, 1 Vimentin 15 5 %=1 1) RBCHLE . TIMER2.0 £ 48 2 43 #r
TN 20.2%, 75 & CAF iE L R BURRAE (P < 0.05, B KB, THBS2 3R 1A 5 M2 7Y 5 W5 410 H 12 i 52 e ik
2D) ; [ I 40 g 9 THBS2 & /K I i1 2.9 1% (P < 1E#H 3¢ (& 3A, r=0.655, P < 0.001) , J /K N Tregs
0.05, Bl 2E) . ELISA £ Wl iIF 85, CAF %5 7% EiE (B 3B, r=0.306, P < 0.001) . 4 k7 41 g ( 1% 3C,
THBS2 43 A &5 NF FH 8 1.7 % (P < 0.05, I 2F),iX  r=0.295, P < 0.001) . CD8" T 4 Jfii ( ¥l 3D, r=0.229,
2k B [E]HIE S THBS2 2 i CAF 20 W74 P <0.001)NK 4 i (& 3E, r=0.162, P < 0.001) & B

FT CAF H¥E TME (S, #E— DT THBS2 4 (B 3F, r=0.161, P < 0.001) . 1fj THBS2 55 CD4"
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GAPDH | —— 35 | ]), = o—j“
Vimentin ~ a-SMA FAP
F P=0.04
4 - 800 -
£ 3. £ 600 °
2 2
g g
. I I
: 130 kDa £ 2 % 400-
- T T
. = =
) o )
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A: UMAP clustering plot(left) and UMAP clustering plot showing cellular localization of THBS2 expression(right) in single-cell sequencing dataset
GSE166555(n=12). B: Correlation analysis between THBS2 and CAFs in COAD using the TIMER2.0 database (n=458). C: Expression and spatial
localization of THBS2 and FAP in clinical CRC tissue samples detected by multiplex immunohistochemistry (n=5). D: Western blot analysis of CAF
markers (Vimentin, «-SMA, FAP) in NF and CAF (n=3). E: Western blot analysis of THBS2 expression in NF and CAF(n=3). F: ELISA quantification
of THBS2 levels in conditioned medium from NF and CAF(n=5). P < 0.05.

2 THBS2 £ZH CAF 7 ibr=4%
Figure 2 THBS2 was mainly secreted by CAF
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W, IR, SR NEE. OEE A 5% AT 4E 4TI 439 THBS2 38 ik PI3K/AKT 38 4% 3K 5 [ 05
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Figure 6 THBS2 promoted macrophage M2 polarization by activating the PI3K/AKT signaling pathway
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