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Fig.1 mRNA expression and prognostic value of MMP12 in 33 cancers

A Analysis of MMP12 expression in different cancers based on TCGA database; B: Cox regression was used to analyze the differences in survival in-

dicators OS, PFS, DSS, and DFI of 33 cancer patients in the high expression group of MMP12 mRNA vs the low expression group; “ P <0.05, **P<

0.01, """ P<0.001 vs normal tissue.
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BT %, 5 1E % 414U 1, ESCA | LUSC , LUAD | TH-

Abbreviations Full name in English CA _HNSC .KIRC .BRCA .COAD .LIHC . UCEC H[Py‘é‘-gjéﬂ
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o 2K MMPI2 )3 ) 5 ALK RRAR (I8 2A) o 1
BLCA Bladder urothelial carcinoma
READ Rectum adenocarcinoma esophageal carcinoma KIRP, THYM | UVM, SKCM, TGCT, LUAD, CESC,
DLBC Lymphoid neoplasm diffuse large B-cell lymphoma BRCA (KICH \KIRC *ﬂ STAD EFI MMPI12 mRNA %éii
GBM Glioblastoma multiforme 7J(—T|Z '_:j DNA EF{ % ’HQ 7J( —TIZ % ﬁz\l *H 9% s ﬁ Tjé BLCA %[]
KICH Kidney chromophobe LIHC EPZLI:IE_EE*H%( :V}J P <0.05 , [g] 2B) 5 ?:E KIRP,
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UVM KIRC ,L.GG ,BLCA H ,MMPI2 J3 5 =
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LGG Brain lower grade glioma EF’ %’f/tﬂ(:l:ﬂ/‘]}%‘ % 0S EJL( ; MMPI2 E ij% = EFI %
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ov Ovarian serous cystadenocarcinoma B‘Eﬁ E]/‘J PFS *ﬂ DSS H % MMPI2 }a ij]?‘ EFI %1{7](%7—&
PAAD Pancreatic adenocarcinoma LUAD EF‘ ﬁz’_ﬁzj} E/‘J DFI, ﬁ‘ﬁ%)ﬁ Z—j]% Eﬁ %/ﬂs E/‘J GBM
e o HE ) PFS J1, PAAD H (1) DFI 5, UCEC J# (1)
SKCM Skin cut: IF ¢ . N e N
ROT oo o el s 08.DSS 45 ([ 2C) . HSEHREH 1 L HOMAER
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ucs Uterine carcinosarcoma 2.3 MMPI2 H’JE . 5 #Rﬁ*ﬁ- cBioPortal 63\1:}?%
uvM Uveal melanoma RN B SRR AN R Sk SR O L E BT
A Methylation difference in each cancer
Methy.diff(T-N) ] -1 FDR [9] <0.05
» O o VR RN SR I VA
@%G \)\3% ,\/\3?9 QQ‘C ‘&ﬁ% @%' $$O GO?’ \}Q‘ \56@
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A IR Q ?’ C \Z C Q e O
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Fig.2 Methylation analysis of MMPI2 gene promoter

A Comparison of MMPI2 promoter methylation levels in cancer tissues and adjacent normal tissues; B: Correlation between MMP12 mRNA expres-

sion and DNA promoter methylation levels; C: The differences of OS, PFS, DSS, and DFI between the MMPI12 promoter hypermethylation group and hy-

pomethylation group evaluated using Cox regression model.



B EMKRFF® Acta Universitatis Medicinalis Anhui 2025 May;60(5)

- 949 -

Ted S AR A0 B S5 22 B0 A AE MMP12 BE
P M (EI3A) , BRI S 6 4~ 37 4k 548
i (B 3B) o Fiihh Ak BRI s i 45 D150 S Al 5 3ok
B PR30 e S50 S M L A 7 ) kK o
T GSCA B EPEAL 2], 7E SARC .SKCM  BRCA
B MMPI2 mRNA [ %k 5 CNV 2 IEAM % (P <
0.05,8 3C) . BbAbh, W5 A £ W, & CNV iy

ACC .LGG f## 0S.PFS . DSS ¥ 4, KIRP  UCEC H
F1 0S.PFS . DSS Fl DFI ¥ %, KIRC %1 0S.
DSS ¥ %5, LUAD F1 MESO f§ DFI 45, TGCT %
ffy PFS I DFI & /5, THCA H () PFS.DSS i DFI
R, UVM () PFS B %5 (K1 3D) , #2785 MMP12
[ FE IR Z LR 16 Ko CNV AR S R2 00, DA T e 17E i
T

A £ 10
5 8 ©® Mutation @ Amplification @ Deep deletion © Multiple alterations
=
5 6
2
“é 4
g 2
8
<
Structural variantdata + + + + + + + + + + + 4+ + + + + + + + + + + + + + + + + + + + + +
Mutationdata + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
CNAdata + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
B 123456789 101112131415161718 192021 222324 2526 2728293031 3233
£
§ X67_splice
g
S
&0
2
0 100 200 300 400 470aa
c Correlations of CNV with MMP12 mRNA expression rsl’e:mﬁi"
MMP12 0
L
FDR
OQ\Q»QSC, GO (20Cleland R 0 el e el ad 19 0O el WOl DV S ol D P
@ ORI OO PG U Y e v L e OV O < <0.05
WS FIEF T IETTE SRATIRS ORI SIS B0
D w
s
o Log-rank P value
=]
> (O
Z. 0.0
@) 1.3
S
3 PFS 4.5
2
Q
- -,
% DSS
g Log-rank P value
S <0.05
= DFI =0.05
>
Iz
@ DR Pel M OQ’% C

eSO B
RN RS e

N

R T A R R T R Yo
SIANSHRGRR TSR E NSNS

FAFORER

3 TREMEREFKEIR MMPI2 SRR

Fig.3 Characteristics of MMPI2 mutations in different cancer types

A Types and frequencies of genetic alterations in MMPI2 in pan-cancer; 1:Cervical squamous cell carcinoma;2 ; Head and neck squamous cell car-

cinoma;3 : Cervical adenocarcinoma;4 : Ovarian epithelial tumor;5 ;Bladder urothelial carcinoma ;6 :Seminoma;7 : Esophageal squamous cell carcinoma;8:

Melanoma ;9 ; Sarcoma ; 10 ; Esophagogastric adenocarcinoma;11 ; Endometrial carcinoma;12 ; Non-small cell lung cancer;13 ;Invasive breast catcinoma;14;

Leukemia; 15 ; Glioblastoma ;16 ; Thymic epithelial tumor; 17 ; Prostate glioma;18; Diffuse gliomaj19 : Pancreatic adenocarcinoma;20 ; Hepatocelluar carci-

noma;21 ; Colorectal adenocarcinoma;22 :Renal clear cell carcinoma;23:Renal non-clear cell carcinoma;24 ; Well-differentiated thyroid cancer;25 ; Adre-

nocortical carcinoma;26 ; Cholangiocarcinoma ;27 ; Mature B-cell neoplasms ;28 ; Pleural mesothelioma ;29 : Pheochromocytoma ;30 ; Miscellaneous neuroepi-

thelial tumor;31 ; Undifferentiated stomach adenocarcinoma;32; Non-seminomatous germ cell tumor;33; Ocular melanoma; B: Map of MMPI2 full se-

quence mutations obtained through the cBioPortal database; C: Correlation between MMP12 mRNA expression and CNV; D: Differences in OS, PFS,

DSS, and DFT of cancer patients in different CNV groups were analyzed by Cox regression in different cancers.
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2.4 MMPI12 mRNA 5 i & 5% IR 5 K TMB.
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MSI 5L 1E 4, 5 LUSC , HNSC % 93 i 25 B fitg MSI
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Fig.4 Correlation of MMP12 mRNA with tumor immune microenvironment, TMB, and MSI

A Correlation of MMP12 mRNA expression with ESTIMATE score, immune score, stromal score and tumor purity; B: Differential expression of

MMPI2 in six different immunosubtypes, where C1 is wound healing, C2 is IFN-gamma dominant, C3 is inflammatory, C4 is lymphocyte depletion, C5

is immunological quiet and C6 is TGF-beta dominant; C: Association of MMP12 expression with different immune genes in pan-cancer; D: Correlation of

MMP12 mRNA expression with TMB; E. Correlation of MMP12 mRNA expression with MSI; P <0.05, **P<0.01, *** P <0.001.
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Fig.6 THC detection of MMP12 expression in ESCC
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A: Positive expression of MMP12 in ESCC tissues; B: Negative ex-

pression of MMP12 in ESCC paracancerous tissues.
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Pan-cancer characterization of matrix metalloproteinase 12

and its value as a serum marker
Jia Min'*? | Deng Qingmei' >, Wang Huifen’ , Wan Xiaofeng’ , Wang Hongzhi'>”* | Yang Wulin>”’
('School of Medicine, Anhui University of Science and Technology, Huainan 232001 ; *Institute of Health and
Medical Technology, Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefer 230031 ;
*Medical Pathology Center, Hefei Cancer Hospital, Chinese Academy of Sciences, Hefei 230031)

Abstract Objective To characterize MMP12 as a pan-cancer marker and assess its screening value as a tumor
serum marker. Methods Bioinformatics tools such as GEPIA2, GSCA, cBioPortal, and GeneMANIA were used to
analyze the pan-cancer features of MMP12 in TCGA datasets, including encompassing differential gene expression
analysis, prognostic analysis, DNA methylation analysis, gene structural variation analysis and immune microenvi-
ronment analysis. Furthermore, serum samples we collected from patients with lung adenocarcinoma, breast inva-
sive carcinoma, esophageal squamous cell carcinoma, stomach adenocarcinoma, liver hepatocellular carcinoma,
and healthy individuals. ELISA was used to detect MMP12 expression in serum, and the screening performance was
evaluated using the area under the ROC curve. Additionally, we followed up 28 ESCC patients and compared serum
MMP12 levels between 19 patients with disease progression and 9 patients with stable disease. Results The pan-

cancer feature analysis revealed a significant negative correlation between MMP12 mRNA expression and its promot-
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er DNA methylation (P <0.05), as well as a positive correlation with gene copy number variations (P <0.05).
MMP12 mRNA expression was up-regulated in 14 cancer tissues compared to normal tissues next to cancer (P <
0.05) and was associated with poor prognosis of cancer patients (P <0.05). Immunocorrelation analysis showed
that MMP12 was significantly associated with immunity, infiltration of stromal cells, tumor mutational burden
(TMB) and microsatellite instability (MSI) (P <0.05). ROC curve analysis indicated that MMP12 could serve as
a potential biomarker for screening lung adenocarcinoma, breast invasive carcinoma, esophageal squamous cell car-
cinoma, stomach adenocarcinoma, and liver hepatocellular carcinoma. In a 30-month follow-up study of esophageal
squamous cell carcinoma patients, the expression of MMP12 was higher in the disease progression group than that in
the stable group. Conclusion MMP12 serves as a potential prognostic and screening marker of pan-cancer.

Key words MMP12; pan-cancer; serum; screening; prognosis; marker
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