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Influence of extracellular matrix stiffness on the expression of inflammatory factors in primary hu-

man prostate cancer cells LI Ruizhi, MU Jie, ZHU Hai, LI Jing, WANG Dong (Institute of Chronic Diseases.,
Qingdao Medical College of Qingdao University, Qingdao 266071, China)

[ABSTRACT] Objective To investigate the influence of extracellular matrix (ECM) stiffness on the expression of inflam-
matory factors in primary human prostate cancer cells,  Methods Primary human prostate cancer cells were inoculated into cul-
ture dishes pre-incubated with 0.1 g/I. ECM solution (group A) or 8 g/L. ECM solution (group B), and bright-field microscopy was
used to observe cell morphology. On day 4 of culture, RT-qPCR and Western blot were used to measure the relative mRNA and
protein expression levels of the inflammatory factors C-C motif chemokine ligand 2 (CCL2), C-X-C motif chemokine ligand 10
(CXCL10), intercellular adhesion molecule-1 (ICAM1), and interleukin-32 (IL-32) in cells.  Results Bright-field microscopy
showed that at 24 hours after inoculation, the cells in group A gradually aggregated and formed sheet-like structures, while those
in group B exhibited multilayered cell aggregates. RT-qPCR showed that compared with group A, group B had significantly higher
relative mRNA expression levels of the inflammatory factors CCL2, CXCL10, ICAMI, and IL-32 (¢t =5.30—16.23,P<C0.05).
Western blot showed that compared with group A, group B had significantly higher relative protein expression levels of ICAMI,
1L.-32, and CCL2 (+=2.78—14.72,P<C0.05), while there was no significant difference in the relative protein expression level of
CXCL10 between groups A and B (P>>0.05).  Conclusion Soft ECM substrate can promote the expression of the inflammatory
factors CCL2, CXCL10, ICAM1, and IL.-32 in primary human prostate cancer cells.

[KEY WORDS] Prostatic neoplasms; Primary cell culture; Extracellular matrix; Hardness; Cytokines

T A7) J 988 A 4 BRI PR DY 9 0 R B BB T AR B R
B TR TS 0 R S A A T A N |
JUE 200 i v T 25 A M P2 P 0 8 AR B L B i B 4
Ji o DR 23 TS R TR T R 2 R R R A Ik A
BB A AR o R A8 R A A AR T

(Wi BHI] 2025-03-13; [fEITHHI] 2025-06-28

[(E£TB] HEARFEEA W FUH (82472967) s ILRA A
RBLF AT 1T H (ZR2023MH327) 3 3 5 117 B A BR324 IR AR
RIWH (23-2-1-193-zyyd-jch) ; 7 By RF“ R %+ "2 RHERHRK A TR
WiH;HF S ET DAR AR H

[#E{E1E&] £ #.Email:dongwang@qdu.edu.cn

Sk NI IR YT I R 2 s R A 2 SR T HiD
B 988 o RIS ol T 1) 3 3R A 5 30 I B — AR 24
AT T o A AT 2 T W T 24 4 1] R L TR L
PR S5 A iR e Az e TR RV 245 P8 1 7 A v B AT B AR
FH B A 555 40 L 1 56 S5 CECMD w1 L 3f =1 Jie 988 40 At 1)
BT RS o AL RN 25 TE AR . TR TP i AR A A
FAE MR R R R P AR AR
T 403 10 P 400 i 2 ot ST A b B R R, D R 3 I
f ECM e Ji A B2 A 52 W) I A5 1N B2 200 D B &4 PR
G M AR T 57 958 400 e T S AL R R A



KBS 22 2% 55 2025 4F 10 A% 40 B4 5 8] ] Precis Med, October 2025, Vol.40, No.5 . 399 .

JE AN P96 240 Jf0 5 5 ok R PR 2R . O T S S
T R AL A B SR 1 ECM B i 55 B2 %) AR A
FiT 0 Ji g 240 i 5 A TA 5~ 2 8 i IR P A T 8 A A i
B Ji 988 AR S ATF 5 B B0 Y S8 B R ST A A

1 MBR5FE

1.1 £ Z A Z KA

DMEM/F12 K375 — BT A 2% [ Invitrogen
AN AR LTS HE R R L B R N-2.B-27, Trizol
A0 L F 2 [ Thermo Fisher 24 A, — & 52 i
(DHT).Y27632,Chir99021 #Jllg H 2 [ Selleck 2>
Al EEAEKKE T H 2 E PeproTech 24 7, A83-
01 M A 32 [# Bio-Techne 2w, PBS g [ & I % %
TR A PR AL T A0 IR L R 2 A L ECL
b2 22 R 3R ¥y W 23 A R R By AT BR
o8 A) R SRR & B i R SR g A ) AR A R
2w DAPT 2 6 4L Bl A 75 [ Sigma-Aldrich 2y
AL YE (NDS W A Jb s R = AE R A RA
#) , ECM X7 (Matrigel Matrix) i B & [E Corning
O E] LAY 2 RS [ R WL Triton X-100 , i B¥ 35 1y
A BT T A A BB BR A R B R A S
PUE (PSA) DA J C-C H 5 #afb A+l ik 2 (CCL2)
P00y S F L =8 A= W R AR A B\ 5 40 B AR B
8(CKS8) YAy 3K F 3£ [H Santa Cruz 2wl ; 40 i 8] &4
M43+ 1(ICAMD) W [ Bt M A8 % A= ) H R A R
Al LA/ %£-32 (1L-32) . CXC #fk 7 B4k 10
(CXCL10) ¥yl [ LB IE Be A W B AR A R 5T 4E A
] CK5 Briik, i 5 (1 P63 (P63) Fip M, 52 56 HI A
SKAEM N [ A T AR TR L) B A R A
1.2 @ik i

JEAR T 51 J s 240 ML kg A S50 % AT 4 B 4 AR
HAE VR E M S A 2 Y R4 i L 100 kU/L
75 % £ .100 mg/L MHERE £ .1 X N-2.1 X B-27,
2 pmol/L Chir99021.10 nmol/L DHT.10 pg/L I
FAEKHF.0.2 pmol/L A83-01 LA K& 5 pmol/L
Y27632 ) DMEM/F12 35573, & T 37 C . &K
3%00.05 CO, B 95 % 55 F2 46 AT 15 3%
1.3 R KB F & F 3R AR AT 7 B A 20 e
XA MAFE D EAE L

HUES 7% R A T 2 50 % (40 M, 4 %0 £ 8
% 15 min,0.05% Triton X-100 &1k 10 min, #
P& (5 % B I3 . 0.05 % Triton X-100,1 X PBS) &}
M1 h, im A —¥H1 (CK5,CKS . PSA) I E IR IG T
2 h, PBS BEWE A ZHUREIFE 1 h, R GERG

JH DAPI %48 30 min, 3 H J5 Fl ] Leica SP8 #t
R AR W B AT R 3 AT .
1.4 b AR A E

W S AR TS R 2B B 3 AB A, A ZH 4
Mot T ECM % W0 7 2 19 3% 57 1L vh i 47 55 5%
AEFRE AR R (B 2 mL ECM I (0.1 g/1)™
AZ 35 mm G IR ML IF =R E 1 h, 1 PBS
THVE 1 U, T 4 A RN AT 4 e A (DL S
2X10° 40 i) s B 2H 48 i fiff FH A FE 3 ECML i
mE TR IR A BRI T B 1 mL ECM & W)
(8 g/I)JINE 35 mm 20 A &% 37 WL, 7 55 37 48 v g
H 30 min, f# KT ECM 7K EE R, 1 5 #2005 AL
B B 40 B CAE T 2% 2 <107 A 40 D . P 4 4
JiL 3 AR RN IS 565 2,24 /N isf Bsf A ] B 375 S B BE
LML A . 4 d Ja 47 55 B 2¢Ot % & PCR(RT-
qPCR) FI 4 H 5035 BN (WB) S2 55,
1.5 RT-qPCR 5 346 7 48 20 fi & 28 B B -F mR-
NA #8 2F & & K -F

PR A4 d A BAYIM,IMA 1 g/L 1 BIBR
J Bt AR AT I Ak T WA W 4T B L 2 ECM 4k 58
4 A1k SR)5 1000 r/min B0 4 min J5 YA 41 3T
VE L Trizol 357 45 BO W9 41 40 ffd & RNA, {2
eS8 iR F & e 5% cDNA L i | ABI QuantStudio
3 RT-qPCR R&G# AT KM . UL GAPDH J N &3
SR 2 AT R gy kIR B A R R A AR R R A K
Fo TIYESILE 1,

x1 S5IMEBERREFT

2R 751 KB (bp)
CCL2 F:5'-AGAATCACCAGCAGCAAGTGTCC-3' 23
R:5-TCCTGAACCCACTTCTGCTTGG-3' 22
CXCL10 F:5-GTGGCATTCAAGGAGTACCTC-3’ 21
R:5-TGATGGCCTTCGATTCTGGATT-3' 22
ICAM1  F:5-ATGCCCAGACATCTGTGTCC-3’ 20
R:5-GGGGTCTCTATGCCCAACAA-3' 20
I1L-32 F:5-TGGCGGCTTATTATGAGGAGC-3' 21
R:5-CTCGGCACCGTAATCCATCTC-3' 21
GAPDH F:5-TCCCATCACCATCTTCCA-3’ 18
R:5-CATCACGCCACAGTTTCC-3' 18

1.6 WBZEEMNBHA@BEFE@milF%&%a4H
xt ko ik K F

s 3R 4 d i A B L0, 240 I e 2R R
B .17 SDS-PAGE HLUk, B LG E B 2
PVDF fii | ,5% BSA-TBST # i a #EH M 1 h,
A—HL(CCL2,CXCL10. ICAM1,1L-32)4 ‘CHFH it
s MA HRP ARid i P E R HF 1 h, i 1] ECL



. 400 -+ WS 22 2R 2025 4F 10 45 40 %5 5 81 ] Precis Med, October 2025, Vol.40, No.5

P2 RO 5 0T B L& 8T Tmage] BRI
KSR AR, L GAPDH H N2 i+ 8 H W E
FAHRT R KK H A9 F AR R kKo H i 8
HAR IR S NS E A A0 KR LU fE .
1.7 “#itFan

* M GraphPad Prism 9.0 #{F % 8 #1740
P, FEESSAMNITEREL 7 £s R,
P AL H R ) Student ¢ #5565, L P <C0.05 Ry 22

B DAPI

DAPI

A:CK8 5 PSA L3¢5, B.CK8 5 CK5 L4t {5 ,C.CK8 5 P63 e ; DAPI ARic AN A% ; S e 9 Yt e (1, 630 1%

SRS FE L,
2 & e

21 BRRAWMAIME@mE T2 EMREEDNH L

ARE DG Y 0 IR 25 R W R L TR AT S B R
20 i A A AR Y CKS L PSA L & 541K 4 it bR
Y CK5.P63 Kk, WK1,

B1 ERASZIREHEBXBEMREDREEFR

22 WmueminAd K ALK

W137) 10 I B WL 45 R B RN 2 /NI i
A RN B A0 MR B0 I B HOIR S . RN AR 24 /)
AP IS o A2 20 2 8 A A R R TP U M e 454, B
2 20 i D) 2 3 A 22 T A M HE R AR Y AT i BB
UL 2,
2.3 mamie & X E B F mRNA 48 xf & ik K F
283

RT-qPCR 525625 5 8RB 4140 i o 48 i K 1
CCL2 .CXCL10 ,ICAMI ,IL-32 mRNA H X} % ik
KFEBEET A4 (=5.30~16.23,P<C0.05), i
W2,

24 Hmamie P& KERTOE G REIKF
%53

WB SZI 45 B 5%, B 2H 40 i b i ICAMI L TL-
32 f1 CCL2 M RIKKFREEHT AHG=
2.78~14.72, P <C0.05) ; M i £l 1] CXCL10 & I 4
X iR AH LB TE B i 25 S (P >>0.05) . LA 3.
% 3,

£2 ABHMI B CCL2,CXCLI0O, ICAMI . IL-32
mRNA I RIEKFLE(n=3,xLs)

4531 CCL2 CXCL10 ICAM1 I1L-32

A4l 1.0154+0.221 1.00140.040 1.01640.228 1.00140.055
B4 21.433£3.935 13.918+4.222 3.586+0.152 11.218+2.221




KBS 22 2% 55 2025 4F 10 A% 40 B4 5 8] ] Precis Med, October 2025, Vol.40, No.5 . 401 -

H24/N )

B2 WHABMEKESLE(100 )
AL

ICAML | —

IL-32
CcCL2

CXCL10

110 000

27 000

12 000

10 000

B4
GAPDH | s S— 36 000

B3 A.BAZAHF ICAMI,IL-32,CCL2 1 CXCL10 & B &k Kk F

£3 ABAM P CCL2,CXCL10,ICAM1.,1IL-32 &
AHEMRIEKE(n=3,x%£s)

20 51 CCL2 CXCL10 ICAM1 IL-32

A4l 1.000£0.169 1.000£0.182 1.0004-0.080 0.952-+0.309
B4 1.50440.216 1.32540.146 1.779+£0.045 1.51840.170

3 4 8

I foe BT 9T T L 2025 4F 55 [ A4 AT 91 R 9 4 R
FAG A T8k I 98 B 7 (30 %), BE T 3R A 51 5 — Ak
(LT Y0 Xt 8 3 T A 4 ol ™ iR Bk ik . 1% 5t i 1)
i 968 14 1 A1 BAF 5 A5E TR0 — gt 2 R RN T 40 R 98 A0 i
LNCaP.,22Rv1.PC-3 %4l it Z iF 17 44 3% 26 41 g
RIS K] R4 ARG 57, © 510 51 I 98 20
MR AE W) E R AR R B R 22 R, it AR R
R ZH I ST T /0N BRI A T A e R R AR N T8
a7 2 B 1 A A 5 3% O i, H T B IR 1 AR AN 25 )
i 8 0 B AL M E S R s R B
s ARG TP 4 D AR N T A g 4 B A
bR Y CKS 1 PSA DL 40 il bR &9 CK5

F1 P63 PHAE 1 WY I S B A B 2 0 A o (] 25 i 471
988 41

e 33 G P 5 7 ek R 1) AR R SRt R R R
PERE, DU IR A 32 2 B4 1) ECM R A2 i Jed 1
IRBE 1 2 B2 A A3 o 3 BT LR Y PR 40 A 1 A K
Ak TERS (T 2 M R AR W AT T HE R R R
pU ol SN 1 O B TR 3 11 O P R i 4 v
HET 5 ECM 4 BT Canfifi 52 iy el 42 L i ECM A i
(kAR S 1 — 25 A T 40 M DA 5 i 5 o
J AL SR AR AN ST L 20 AR A A 5 3R DL
AT R SR . AESE ALK F ECM ¥4 W A fif 5L
TP — 2 ECM & 4 T, A b [ i K 24
1E 310" kPa Ze 47, 5 1 9 I 3R B2 ECM 1y
BB (kPa 0 47 22 5 2 0k, Mk LUKS HE L8044 9 24 3R
5o, ARSI R T ECM 8 B X LNCaP 41
if T R P 5 T B B IR (g IR 4t 1 X 10° kPa)
(9 ECM AE B4 #b 4k F LNCaP 40 0 4 4 Jis 40 M 45
I, T A R A (g RS 2 X 10" kPa) B ECM fig
fifi LNCaP 40l B P Ml S MR, S 73 4f
Hb W0 3T W DR % A, A F 5% R A AR i 510 k98 400 B
PRT ECM B B2 AE Al M B 2 v i 2 . W37 B
RS A R WoR TEHERN 2 h J5, A 21 (ff 1A 1Y
ECM &R ZE 17855 5%) A1 B 41 (i FH A 2 441K i ECM
SR HEAT R 30O JEAR AT 51 i 95 20 M 24 o P40 i
BOR S s RN 24 h J5 . A 2H 20 M 3% W & AR AT
TV JSCA M P 45 46 B 2 4 if D) 552 B o 22 )23 24 i 4 R
A K B A AR 25 L 3R R ECM B BE X J5 10N T 51
i 968 A0 A Y A KO A8 B B g )

YN PR T 76 1 51 B8 1 & A R R o B vh R 4
SRR, WS R, CCL2 7E R 51 I % 40 ffg vh 5 3¢
K, HRT AR S A0 M A0 B ) 3 A TR A T
T I 32 b 28 B B0 B b o A 2R . CXCL10
AR R A R e AN AR Y 42 28 A 0. ICAMIT Tf
A S 77 90t 98 A0 B A 3 R4 8 o o L 4 R
B g 1 440 i A ) 2 R R LA AR Y, TL-32
55 2280 R F- W IR 4 AT 52 o Jifog 9 % A kR 4 n
11.-32 1] 3 3 ¥ NF-«B 15 5 38 & A2 iF 22 5 ik 19
WABE A= 7R AN A . ARWFSE Hh, RT-qPCR 5L
B RER, S A M . B 440 i & RE K T
CCL2 .CXCL10 ,ICAMI ,IL-32 ) mRNA A%} %
KRR B, WB LR RBER. 5 A 4
LB 4 CCL2 . ICAMI Hl 11.-32 25 [ AH X &
KRR B, CXCL10 iRk LR &4k, b
TR 45 R R B A ECM 3 IS fE i 2 F |3k



402 -

WS 22 2R 2025 4F 10 45 40 %5 5 81 ] Precis Med, October 2025, Vol.40, No.5

HNE PR T8 JELAR N I 50 B g 40 B b i 23k L R AR A
FEE K KA — 8 22 5 A (R — D 0T,

ARFFREA — & R, L5 TR A ECM
FLRBHREZ g 1 kPa, 17 AR 51 I 95 il 95 26 4 110 52
B A g AT R K T 3K A B(E L A 2 A ST 2L Y I R BF
G v G U T 1) R o e 2 4 B R O AE AR Sb
Fag g EL AT A A G B A ECM 3 RS L LA i i A
LB g B A N R TR B . KA, 2 T )
i 9 J 88 P 5 v ) 240 LSS B AR £ L A0 BT A 240
L7557 200 i L P 2 200 R 5 L R Sk 1 R 9 T A A i B
RA P INATE Z 40 fg 28 8, LIS ECM 1 B X b
oA T A 1 25 240 L 1) A B A FH A4 5

ZE bR, BE AR (1 ECM JE R mT LA B i
ARONTT 51 B 96 4t B > b 58 5 Bl CCL2 ., CXCL10,
ICAMI1.1L-32 W335 B H HAK 5> T HL 6 A 1 iF—
BTRAWEGE . AW A 5 5 B9 A C IR R 4 it
S A JEL s RN 5 AR AR

EERR TAEENS S TR M e XM SEMBE. B
A B 1O IR B e 3RZ8 3C, B IR AR R 45 vh 2,

[ £ % 30k ]

[1] MU]J, LIR Z, ZHENG Y, et al. Human intermediate pros-
tate cancer stem cells contribute to the initiation and develop-
ment of prostate adenocarcinomal J]. Stem Cell Res Ther,
2024,15(1) :296.

[2] TANG D G. Understanding and targeting prostate cancer cell
heterogeneity and plasticity[]J]. Semin Cancer Biol, 2022,82:
68-93.

[3] XUYL, MU]J, ZHOU Z X, et al. Expansion of mouse cas-
tration-resistant intermediate prostate stem cells in witro[J].
Stem Cell Res Ther, 2022,13(1):299.

[4] REBELLOR J, OING C, KNUDSEN K E, et al. Prostate
cancer[ J]. Nat Rev Dis Primers, 2021,7:9.

[5] ANDERSON N M, SIMON M C. The tumor microenviron-
ment[J]. Curr Biol, 2020,30(16) :R921-R925.

[6] ZHAO H K, WU L, YAN G F, et al. Inflammation and
tumor progression: Signaling pathways and targeted interven-
tion[J]. Signal Transduct Target Ther, 2021,6(1):263.

[7] MA L, YIN L, ZHU H, et al. Two-dimensional vascularized
liver organoid on extracellular matrix with defined stiffness for
modeling fibrotic and normal tissues[J]. ] Tissue Eng, 2024,
15:20417314241268344.

[8] SHEN L, SONG X Y, XU Y L, et al. Patterned vasculariza-
tion in a directional ice-templated scaffold of decellularized ma-
trix[J]. Eng Life Sci» 2021, 21(10) :683-692.

[9] YU Y L, LENG Y, SONG X Y, et al. Extracellular matrix

stiffness regulates microvascular stability by controlling endo-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

thelial paracrine signaling to determine pericyte fate[ J]. Arte-
rioscler Thromb Vasc Biol, 2023,43(10) :1887-1899.

HAN B F, ZHENG R S, ZENG H M, et al. Cancer incidence
and mortality in China, 2022[J]. ] Natl Cancer Cent, 2024,4
(1) :47-53.

SIEGEL R L, KRATZER T B, GIAQUINTO A N, et al.
Cancer statistics, 2025[J]. CA A Cancer J Clin, 2025,75(1):
10-45.

ZHENG R S, ZHANG S W, ZENG H M, et al. Cancer inci-
dence and mortality in China, 2016[J]. J Natl Cancer Cent,
2022, 2(1):1-9.

GAO D, CHEN Y. Organoid development in cancer genome
discovery[ J]. Curr Opin Genet Dev, 2015,30:42-48.
AT, Thifh AR 45, A A1 K TR I3 o NI 57) Jit S 240 Jfd WD
IRV AR B BEFE (0], K HE BE 22 4% 38, 2024.39(3): 222-
225,231.

LIJJ, SHEN M M. Prostate stem cells and cancer stem cells
[J]. Cold Spring Harb Perspect Med, 2019,9(6) :a030395.
CHEN L, XU Y X, WANG Y S, et al. Prostate cancer mic-
roenvironment: Multidimensional regulation of immune cells,
vascular system, stromal cells, and microbiotal J]. Mol Can-
cer, 2024,23(1):229.

GE R B, WANG Z W, CHENG L. Tumor microenvironment
heterogeneity an important mediator of prostate cancer pro-
gression and therapeutic resistance [ J ]. NPJ Precis Oncol,
2022,6(1) :31.

ROGIC A, PANT I, GRUMOLATO L, et al. High endoge-
nous CCL2 expression promotes the aggressive phenotype of
human inflammatory breast cancer[ J]. Nat Commun, 2021,12
(1):6889.

ZHANG J, PATEL L., PIENTA K J. CC chemokine ligand 2
(CCL2) promotes prostate cancer tumorigenesis and metasta-
sis[J]. Cytokine Growth Factor Rev, 2010,21(1) :41-48.
ALASSAF E, MUELLER A. The role of PKC in CXCL8 and
CXCL10 directed prostate, breast and leukemic cancer cell mi-
gration[ ]]. Eur ] Pharmacol, 2020,886:173453.
WIGHTMAN S C, UPPAL A, PITRODA S P, et al. Onco-
genic CXCL10 signalling drives metastasis development and
poor clinical outcome[J]. Br J Cancer, 2015,113(2) :327-335.
WU Q. DHIR R, WELLS A. Altered CXCR3 isoform expres-
sion regulates prostate cancer cell migration and invasion[ J].
Mol Cancer, 2012,11:3.

LIW ], XU]J]J, CHENG L, et al. RelB promotes the migra-
tion and invasion of prostate cancer DU145 cells via exosomal
ICAMI in vitro[]]. Cell Signal, 2022.91:110221.

LIC, LIUS W, YAN R P, et al. CD54-NOTCHI1 axis con-
trols tumor initiation and cancer stem cell functions in human
prostate cancer[ J]. Theranostics, 2017,7(1) :67-80.

HAN F, MA J X. Pan-cancer analysis reveals I1.32 is a poten-
tial prognostic and immunotherapeutic biomarker in cancer[ ] ].
Sci Rep, 2024,14(1):8129.

(AL FR ¥

ERYE m#ER®)



