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WE BM Wi 1 AR o2 #E(COLIA)TE = U H (113 15 I 5 G i3 8 (A DG « ik
FI A P0AE B2 AR 53t 5 3k - COL1A2 [¥1#i%, Western blot Fi1 RT-gPCR Al 7 £ 2H
2k COL1A2 TN R 2IL s R S 1EAf (TIMER2.0) 70 Bt COL1A2 FIZRIE 5 e S
MR A RIAR S SER R AT (GSEA) 4hHr COL1AZ2 75 & 3 b Al BE A FI KL,
Jaspar ¥ FE T COL1A2 KI#E5% AT, Western blot Fl RT-qPCR A&l £ 251 41 4UR1 41 fitd 2
R T IIRIE . 85 COL1A2 fEE U RIA T (P<0.05) ; COL1A2 ML
I 0 L B R A SR R A /K 2 IEAH D (P<<0.01) 22 o 6o 38 40 70 AN ) 4 25 3088 F
R EEANE, BEAh, 5 COL1A2 imRis AMLE, (R3RIE COL1A2 4 MO EWE4H /il . M2
BRI A S0 12 CD4Y T 4l 7, T CD8* T 4l i&AKid1Z CD4* T 4liffl.
THEED T 40 35 A NK 40 5 AL BERER S 408 /> (P<<0.05) ; GSEA 73 #2715, COL1A2
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Abstract Obijective To explore the expression of collagen type 1 alpha 2 (COL1A2) in cervical
cancer and its correlation with immune infiltration. Methods Bioinformatics techniques were used
to analyze the expression of COL1AZ2 in cervical cancer. Western blot and RT-qPCR were used to
detect the expression of COL1AZ2 in cervical cancer tissues and cell lines. The correlation between
the expression of COL1A2 and tumor immune cell infiltration was analyzed by tumor immune
estimation resource (TIMER2.0). Gene set enrichment analysis (GSEA) was used to analyze the
possible mechanism of COL1A2 in cervical cancer. Jaspar database was used to predict the
transcription factors of COL1A2. Western blot and RT-gPCR were used to detect the expression of
transcription factors in cervical cancer tissues and cell lines. Results The expression of COL1A2
was down-regulated in cervical cancer (P < 0.05). The expression of COL1A2 was positively
correlated with the levels of macrophages and myeloid dendritic cells (P < 0.01). The proportions
of 22 types of immune cells were different in different cervical cancer patients. In addition,
compared with the high expression group of COL1A2, the proportion of MO macrophages, M2
macrophages and resting memory CD4" T cells increased in the low expression group of COL1A2,
while the proportion of CD8" T cells, activated memory CD4* T cells, follicular helper T cells,
activated NK cells and activated myeloid dendritic cells decreased (P < 0.05). GSEA analysis
showed that COL1A2 was related to immune-related signaling pathways, including Notch
signaling pathway, interleukin-6/janus kinase/signal transducer and activator of transcription 3
(IL6/JAK/STAT3), Wnt/B-catenin signaling pathway, etc. (P < 0.01). Jaspar database predicted
that the transcription factor of COL1A2 was paired box protein 5 (PAX5), and the expression of
PAX5 decreased in cervical cancer (P < 0.05). Conclusion COL1A2 is expected to become a
potential diagnostic biomarker and immunotherapy target for cervical cancer.
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BB AR A M B =R W . B SR R AR R R BT 50 ) M. S A
FL3LJR R Chuman papillomaviruses, HPV) 32 5850w 20 i B FE P, w3
RIS K ZH AT, H RTARER = 08 1 7 8 R ERAMRETF AR AT AT, i
TEIERERBINGIE R, SRES. HEBNR A, SECEE AR,
B, RACE B AOR LG T ARIELE R RIS Wibs SV ANG TR AR S R A BE

[ BB JE o2 %% (collagen typel alpha2, COL1AR2) 214k R 5 e ity —Ff . COL1A2 %
PRI A ) 1 TR S — e K 22 K 4 A 43 P R LA S 4 T2 OB R S 5 A7 T R 70 5%
PR TR oo 2 S 5 0 P A/ 5 S A LA B R ) 0 06 A S, DT 52 e 24 L ) 46
i FAER, SRR RACE, HiT, COLLA2 fEHIUEH A P RIA
R I 5 IR S i I K G AN . TR AHIEFE COL1A2 7 B 3 Hh i) ik S L 5
Je G B A S AR ELAE AN B T4 7 B 5008 (495 BEATLAR, T EL T R T RORT B2 b
/RS NP R A S e S T
1 #HRETTE
1.1 FBERFEGEE A0k Hela 40N R4 (RA7Z 40D, SiHa 41l B =G
I E MR AR AR . NE 304Uk HeLa 410 HPV 18 A, SiHa ZHffih HPV 16 AL,
NIEH S5 410 (human cervical epithelial cells, HUCEC) W [ IRYITH 52 3R 4= R}
FA A R, S50 40 M AL ARANEE 1T 10 K. N FRA% 4H i 11 11975 48} Ctohoku hospital pediatrics-1,
THP-1) 4 =5 DU 22 iR A T . THP-1 SRIE T S B0 A (3 0 AN A% A0, 7]
FEfBI S (12-O-tetradecanoylphorbol-13-acetate, TPA) (HFR A PMA) S RO LA E
Wik 210

PUAH hils- 3 -WEER I A8 (glyceraldehyde-3-phosphate dehydrogenase, GAPDH) T H
o AR AR A R AR, E6 I H i Santa Cruz /A 7], COL1A2(J% H ¥<[E Abcam 2

H], FCXS &R E 5(paired box protein 5, PAX5)E H 3 [H Cell Signaling Technology A wl; #& ik



JREE 1(jagged canonical notch ligand 1, Jaggedl) T Selleck 23 &] Hi4%: B &L VG
(horseradish peroxidase, HRP) ¥ric 2E4i % 19G Fudk K FHi 5 19G HLik il [ rg s BS54

YIRHA R A PCR 514t FigA TAEY) TREABRA A .

1.2 PORISRIE Wtk 2022—2023 4 51 BEARL R YR B B e B 2 2 8 i 21 2 S L et
(10 55 HSUREAS 30 1], s HUE Rt R ZE, HAR B BRI R 1. SRIRAE T —80 CHp

ARSI o ASHIE 7E P BTN A 05 151 220 75 3 i PR BRAZ W o AT 9T CLARAT S M EERL R I
PEB s A0 B S A 2 B A HE (HEHES: 2022 /R R 55 720 5

13 ik

1.3.1 £ME RSN MU JE H 41 B 1% (the cancer genome atlas, TCGA) 34 &

(https://portal.gdc.com)3R1T 1 & 2 %LR 4 e A E 251 4 e (cervical squamous cell carcinoma

and endocervical adenocarcinoma, CESC)f] RNAseq %3 (level3) AAH B () I AR5 & o AN 5%

PEEEE R B ggstatsplot #EATSEHL, LRI EIED R 4T pheatmap 21T i

Ro

411 Spearman [AH G BT SRR A IEA /A1 58 AR S 2 A OCE . P<<0.05 4
ERA G ER L UL EFTE o875 B R v4.0.3 SE3L. K F Jaspar a2 10 5 K1
15 FH i 988 #0955 T £ (tumor immune estimation resource, TIMER2.0). R #ff4& T H 73 #r
COL1A2 [hFeik 5 e S Be MR S 2 5, S TV 23 S AR G
132 fffass* HUCEC.Hela.SiHa 4l E T4 1%75-#% % [ 10%/f - ({5 ¥ DMEM
FEERFREENEATEIR, THP-1 T8 1% -8 2 K 10%/R 5 M5 1) 1640 58 &R IR AN
BEATRE TR, BEFRAMFBN 37 CRI 5% CO2 IREE, HERE 2 KT B 77 5 4wl 4t A4 AR
E.

BRI AL S K THP-1 41 6 fLiRh, A L4007 3 6EE S 60%. T-FIfE
SR KL REFRA PN 100 ng/mL 1) PMA #H %Sy MO: BEM R 40550 mA 20
ng/mL v -T# 7 Cinterferon-y ,IFN-v). 100 ng/mL 5 Z #¥(lipopolysaccharide, LPS), 20
ng/mL 42 (interleukin, IL)-4. 20 ng/mLIL-13 ¥ H 55115 S8 M1 FI M2; i S8kEE S,
HIEFRA P HIMAERFR T SiHa. Hela 40l 48 h (353758, JLhE5% 48 h JE U4 RNA #EAT
RT-qPCR #&:3ll .

1.3.3 RNA REUF RT-gPCR E56 4% MU B3, A TRIzol 7R S HUIG K & 2 21 2k
AMEHRAMML R RNA, Takara il BT b, A Genestar PCR X7 1EAT

RT-qPCR A&, V3% VE A ik IR A% 4 5L 44 74 % (hypoxanthine phosphoribosyltransferase, HPRT)



YERNNZ, HIFFERANRIEACHRYE 2725 gt rit 8. T 51 Mr B 55 B
* 1.
#1 RT-qPCR 3|¥F%%)

Tab.1 PCR primer sequences

Gene name Sequences (5'-3')

F: ATGGCGACCCGCAGCCCT

HPRT

R: CCATGAGGAATAAACACCCT

F: GCAGGAGGTTTCGGCTAAGT
COL1A2

R: GCAACAAAGTCCGCGTATCC

F: CAGCAGGACAGGACATGGAG
PAX5

R: GTTCCACTATCCTCTGGCGG

F: TCGCCTCTCTGAAGATTACCC
CD80

R: CCCAAGTAAGACCAGGGCAC

F: CTGCTCATCTATACACGGTTACC
CD86

R: GGAAACGTCGTACAGTTCTGTG

F: ACCTGCGACAGTAAACGAGG
CD206

R: TGTCTCCGCTTCATGCCATT

F: AAAGAAGGCATGCACAGCTCA
IL-10

R: TCACTCTGCTGAAGGCATCTC

1.3.4 Western blot Bl & H R4 5 2000 20 i 12 HE 0 A 1 0 IR AR (1 9 BCA i)
SRR E R AZUEE PR EIFBTRE AL S EAI ) RIPA 2, K B RN T
ONEH ST B R RSO B, BUAR (1 3TN loading buffer iU E 42 J&@¥# 100 C 7 10 min. HYX
B RIS I, SR A W S IR ), — B 4 CIE I, MR LB GAPDH(L : 8 000).
COL1A2(1 : 3000). PAX5(1 : 3000). Jaggedl (1: 1000) . id%J5 ] 1<TBST ¥, A
“HhEIRMEE 1 h S 1<TBST Ve, &5 R H Image J R EE E KT .

1.35 HBHSZELRE R EIHSREA G R RFTE 4%Z KT , A al
FHUR, IR RAET —20°C. B & iEYI . BT 60 cCEMFILE 4he Kl vl
RUTIN WK, ToK CRE BREEPRE Th AT IS K S . 1 < Tris-EDTA $i5 B kAT



PUFAE S o 0 IR A A R REL T ), BELMT Py YRR I ALl . PR LR IS TR A
Hr 37 °CHH 4] 30 min JE ARG 4 CREAEE —ft. 9 2 REGHYIF, 1 <PBSIfHt)E,
MBS L E BRI 19G ZREY, T 37°CHFE —#Hi. 1 < PBSIEVL/G DAB 264, £ T
SREJFI, BN ddH0 bR BHARKER)E, R SE, W EER T
B BB 2R, R BUKIER . A TERER . SABTINEIHIE.

LA LGy A € (R B P R ORI A LR EA TR 43, SR R AV T 5 R
QeBREEVE bR ARG, FITE, 04): BHOREKREG, 55N, 170, HEOEHAN
IRHEE, RN, 2 4y BOBSREEEG, SR, 3 4 REORBIFRE, 0 4
PHPEZNAD 5 0%; 1 45: PHYELNAL S 0%~25%; 2 73 PHIELNARLIT4L 5 25% ~50%; 3 43: FH
PR THE L 50%~T75%:; 4 5 >T75%, A G A (PP /=YL B fE 1T o X Je il
Wy, 0~4 5p hHItE, 5~12 4r NFRTE.

1.4 it a3 UL EEARR A GraphPad Prism 8 BE M 44 &, Bedieh 3 vy A4
Y2 e SRR, PIEREA LUBCR I SI AR A t K50, 2 REAS LU BCR F B R R 7 2240 #T
P<0.05 AZERA G L.

2 &R

2.1 COLIA2 EBHBHRIEMEME %5008 Western blot. RT-qPCR Al & £ 2H 4
COL1A2 fkK>, iR, S5 AL, COL1A2 £ 5 Hitfm 20 21 8 1 Al mRNA
TIEFEAE (B 1AL 1B) , ZERALIHEE L (P<0.0D) . wBEANEMAERER, 5EF
EIAHLUMEE, COL1A2 fEEHim AL b RILFL (BI1C) . EHMMALIEH K mRNA &
KK GEPIA 45 B —3 (B 1D) . BhAh, iZ5e56 i Bl Western blot 463 s £
Y A COL1IA2 HIFRIAKT, ZiRE7R, HIEH B3 L4 HUCEC MLk, HAk
a5 B R AL P SR A R — 8, EEHURAIM AR SiHa. HeLa ik (K 1B) .



Bl 1 COL1A2 7EEHUEH HIREEI
Fig.1 The expression of COL1A2 in cervical cancer
A, B, C: The expression of COL1AZ2 in cervical cancer tissues and paracancerous tissues was
detected by Western blot, RT-gPCR and immunohistochemistry, P: paracancerous tissue, C:
cancer tissue, N: normal cervical epithelial tissue; D: The expression of COL1A2 in cervical
cancer from GEPIA data; E: The expression of COL1A2 in human normal cervical epithelial cells
HUCEC and cervical cancer cell lines SiHa and HelLa was detected by Western blot; *P < 0.05,

**P < (.01 vs paracancerous group of cervical cancer.

2.2 COL1A2 RZXEMARRERMEMAE M RHURIKZLIZ 30 Xf, 4l COLIA2 HAKE
IKFIr AR FEH AR FRIE A . 3 IXHBATIAERS . LGV R IR . HPV 4
B A TR E IR RHERAT 0 (R 2) o 4R E/R, COL1IA2 FIRIAKFS5FE. HL
HR TR ImIKFEAS LB SR e 3, P IRRIA 4 23 (76.67%, 23/30) #, w3k
KA T (13.33%, 7/300 . Bl B SUREE I COL1A2 &3kis, T E st & N 7
W NI COL1A2 RARSRIL. MRARIGIRFEL, FraiAmy 3 4 CIN FEA) 23
COL1A2 filk/K-F-3ik . COL1A2 HHFRAAEE # 7 ] (I ~11HD S AI~IVHD $hie
ZE5t. HPV AN S EE v i) EZ 5, mifaf! HPV (4% 16. 18, 31. 33. 35, 39.
45, 51. 52, 56. 58. 59. 68 M. MHZIAHHEEIR, COLIA2 LKL RS mfalY HPV
AR AR 10 BB F REAT HPV 23 Bk, 3 9] B AR HPV AHOGHY, 338 COL1A2
Fik5 HPV ELAR R (R S S ASHERf
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Tab.2 Clinical characteristics of different COL1A2 protein expression groups

Low expression High expression

Clinical features P value
group (n=23) group (n=7)
Age (years) 50.52 (31~69) 50.86 (39~65)
>50 12 5 0.51
<50 11 2 0.29
Histological types
Cervical squamous cell carcinoma 18 4 0.54
Cervical adenocarcinoma 0 2 -
Cervical adenosquamous carcinoma 0 1 -
Cervical neuroendocrine carcinoma (small 2 0 -
cell type)
Clinicopathological stage
CIN 3 0 -
I-1II 14 6 0.40
II-1v 6 1 0.67
HPV Genotype
16 3 3 0.56
18 0 1 -
33 1 0 -
16/18 1 1 -
16/33 1 0 -
16/52 1 0 -
16/68 1 0 -
Related type 3 0 -
High-risk type 3 0 -
Unclassified type 8 2 0.71
Lymph node metastasis
Yes 9 4 0.45
No 13 3 0.31
Hematogenous metastasis 1 0 -

2.3 COL1A2 AN B EgM/K Pz B  Zseimid 45 081 COLLIA2 RiA
I 282 40 B /K T 2 B AR e, 7n COLLA2 M1k 5 B e gn i FBERE R S 40 B ) 7K
SFRIEMHX (F2) , ZRAgMFE N (P<0.05) .



B 2 COL1A2 RAM iR iE4H /K2 (7] fAH < it

Fig.2 Correlation between colla2 expression and the level of immune infiltrating cells

2.4 22 MG MRAER K ESUE B E TG 2L X 22 Fh e B an e A F K E
B B ) EE T R, 22 T S e 4 AR AN R R S R R BRI, AR T
B e (B 3AD .

2.5 COLIA2 RIZATF-5RBMMEIRR % LI0K 5 SEFEAMRSE COLLA2 FRIA /) R
AR, PG RNA B AR MR #EAT 40 i 25 51 %5 € (cell-type  identification
using estimating relative subsets of RNA transcripts, CIBERSORT)#i & 1 22 F 52 41 i 75 P 41
M7KF, KILCD8" T 4. BudicdiZ i CDA™ T 4iffs. JEIEHHBIME T 4000, 1) NK 4.
MO ! ELEAIAE . M2 B SRR A . 0 O BE A ORI A SIS 12 DA T 4 a2 W 4 1]
R R ZE A it 22 L (P<<0.05) o X EC@EaRIAd, (RRAHALIH Mo B M2 BUE
Wk 20 ff A 112 CDA* T WS 4i i b5 B 71, i CD8* T 40, BUiHicIZ i) CD4A* T 41
JEVEHBNE T df. EALE NK 4K S B0 B RE F 0 SR 4 ) Lk (P<<0.05) (1A

3B) .



B3 COLI1A2 Rik/KF5RBAMHIR R
Fig.3 Relationship between COL1A2 expression level and immune cells
A: Proportions of 22 types of immune cells in different cervical cancer patients; B:

Relationship between COL1A2 expression level and immune cells.

2.6 f5 BT COLIA2 TEEFURH AT REFKMERINLE] v 1% COL1A2 185 3t th T i
FIPE ML . 120l TCGA Hidl b F 3 B 80 COL1A2 Rk %, HIHIZERI%LE
££3#7(gene set enrichment analysis, GSEA) #EATIE K &5 HT. s COLLIA2 FI4H A 5 1A
R AR RHE Sl A 5%, 4G Notch {5 518 . H4IN 3 6/[JAK WA/ S o
3 ( interleukin-6/janus Kkinase/signal transducer and activator of transcription 3 ,

IL6/JAK/STAT3) « MYC-V1 #E 5. MYC-V2 #E 5. Wnt/ B -catenin /2 5@ % (K 4) .

B 4 COL1A2 7 EFUE Hrl REFI1E R ML



Fig.4 Possible mechanism of COL1A2 in cervical cancer

2.7 Jaspar $EEEERIN PAXS5 & COLIA2 FIEFREF A 7 UE COLLA2 18 5 2 2
RFEVERI, L B AR AR LN, 1% 5280 A Jaspar ¥ 22 700 4 PAXS /& COL1A2
fEERHT (5 .

Bl 5 COL1A2 BaT456 X8 PAXS &5

Fig.5 PAXS5 binding site in the promoter binding region of COL1A2

2.8 PAXS5 FEEFEPMRFEIEL %5250 i85 Western blot. RT-qPCR 46l & 25 41 21 PAXS
FRIBTED, SRER, PAXS EEIEALNPRIEEE (K 6A. 6B) , ZRASZIT¥E
X (P<0.01) . [FIF, iZ92563@ 1T Western blot #0 & #5740 g o PAXS A5, SR
5 IEH 530 41 HUCEC te#k, 558 S 41 i R IA 1 i — 55, 76 5 HU 41 & SiHa.
HelLa H&ikFEAC (K 6C)



Bl 6 PAX57EEIUE FHIRIAER
Fig.6 The expression of PAXS5 in cervical cancer
A, B: Protein expression of PAXS5 in cervical cancer tissues and paracancerous tissues was
detected by Western blot and RT-gPCR, P: paracancerous tissues, C: cancer tissues; C: The
expression of PAX5 in human normal cervical epithelial cells HUCEC and cervical cancer cell

lines SiHa and HelLa was detected by Western blot; **P < 0.01 vs cervical cancer group.

2.9 PAX5 RIZ GG ERHERA RN SRR RALZ 30 XF, MRHE PAXS & [ RIA /K43
NERIBEAAERIEA . XA TRER . ARESR EARE . HPV 5T R
TR SRR IEEAT 0 (R 3) o 4R E7R, PAXS FIRIEKT 54ER. A LMEER
TooR o W RFEA LU SR 0 e 3, B BB PAXS iRk, T 00 28 N 43 bee (/N
M) PAXS RARKE . RAEIRAEEL ], 341 CIN FEA PAXS P AfR/K-F-3Rik . PAXS
FARIAEG IR CT~TTHD S8 (M-1VED FIEER . 4 HPV 2 BRI R, PAXS
RFILHE PAXS MRS, PAXS (RFRIAA P F#m T eRiid 1 50 L.

I, PAXS RFRIATRE S mEM HPV A K.
£ 3 AFE PAXS BARIBHKMERIFE

Tab.3 Clinical characteristics of different PAX5 protein expression groups

L Low expression  High expression
Clinical features P value
group (n=25) group (n=5)

Age (year) 51.16 (31~69) 47.80 (39~61)
>50 15 2 0.87




<50 10 3 0.76
Histological types

Cervical squamous cell carcinoma 19 3 0.91
Cervical adenocarcinoma 1 1 -
Cervical adenosquamous carcinoma 0 1 -
Cervical neuroendocrine carcinoma (small 2 0 -
cell type)
Clinicopathological stage
CIN 3 0 -
I-1II 17 4 0.86
mI-1v 5 1 0.26
HPV Genotype
16 5 2 0.73
18 0 1 -
33 1 0 -
16/18 1 1 -
16/33 1 0 -
16/52 1 0 -
16/68 1 0 -
Related type 3 0 -
High-risk type 3 0 -
Unclassified type 9 1 0.53
Lymph node metastasis
Yes 9 4 0.85
No 15 1 0.51
Hematogenous metastasis 1 0 -

2.10 Notch 5 S EMAEETREFHFEIE  Z5LK 1T Western blot A = 27 41 i+ Notch
{55 1@ hr Jaggedl MIRIE. 45 R Eon, SIEH S0 R4 HUCEC Lthis, 167534l
i % SiHa. HelLa ™ Jaggedl ik THE (B 7A) .

2.11 EWEAIMIRRRAL K THP-1 4% T 6 FLAR ', PMA BT 3 f5 3485 3%, J@d RT-gPCR
ROl E VA bR iC R IE TS L. G5 EoR, CD80 £ M1 dldhm#kik, [FAf SiHa St 741
CD80 Fik[#fL (E7B) , ZRARITEE N (P<0.01) , HelLa 3:k:I74 CD80 ik [%
i, ZRASITEE L (K 7C, P<0.01) . CD86 7F M1 A+ F ik, SiHa Jt7#4 CD86
RILBEIK, ZERASITFE N (P<0.05) . M2 41+ CD206 ##ik, SiHa fl HelLa JL#%3#
#lrh CD206 FIEFEL (B 7D) , ERAGIFFE L (P<0.01) . £k Birik, HiEgrih
EiWEgH i M2 54k, RAEAR IR .



Bl 7 Jaggedl 7E B HUE H HIRIBIHB K THP-1 LB 5 4 H 71 mRNA RikKF
Fig.7 The expression of Jaggedl in cervical cancer and the mRNA expression levels of
immune factors after co-culture with THP-1

A: Protein expression levels of Jaggedl in cervical cancer cells Siha, Hela and normal human
cervical epithelial cells HUCEC; B: mRNA expression levels of M1 surface markers CD80 and
CD86 in the control group M1 and co-culture group; C: mRNA expression levels of M2 marker
CD206 in the control group M2 and co-culture group; a: MO group; b: M1 group; c: M2 group;
d: SiHa-co-culture group; e: HeL.a-co-culture group; *P < 0.05, **P < 0.01 vs MO group; *P < 0.05,

#P < 0.01 vs M1 group; ““P < 0.01 vs M2 group.

3 Wik

T B AR A IR LA R SR 2 — R FE AR SRR A R e E O e
(20 S0 s B A BRI S A, W5 K 2 Aoy T RIS S BR IY  . Rlk, SHRITEM
FHISWbR S 1L JE R .

J R TR (tumor microenvironment, TME) Hi 5 24 FOJE B FRBEZH R ), A (i ik fih g ok
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