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WE Br HTERSEENE 12(MMPI2) /EZ b S P RHE  TEAG EAE S W S in S i S0 E. FiE
F GEPIA2 .GSCA Fl cBioPortal 254 #1{% A T H.Xt TCGA 7 J& 5 B IR 42 30547 MMPI2 72 J& 4% 4E 4047 , 4035 MMP12 mRNA L[R2
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T RS 8 AN A v BAG ) 19 B A A 4 i
R, RAEZ T IR T A FE A FH B bR 35 ) X es A
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H—R I 1, 2 5 R AR A B AN 5T, 1819 s 4
LS B B 5, 22 B2 R BBk B 2 g S
AR Y B 2250 B LA X MMP12 32 i
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1.1 X% M TCGA %)% (The Cancer Ge-
nome Atlas, https://portal. gdc. cancer. gov/) T %% 33
PRSI 1) RNA-seq %8 16 P BB B 45 IE
g EE B WCHE WIS W06 o it J8 L A A I 3 %
S5O0 EA R O 2 2 N 55 A 2L, FLrp il iR e 68
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(P>0.05), AWFEZE T EFF B A L g B2
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1.2 £YEESH

1.2.1 MMPI2 mRNA f& 33 # B 7% P 64 £ % R ik
BIIEMAALH s R A" ggpubr” G F 0 A
TECA TCCA $cifs e 1 33 Ff g 4 415 1 # H 2R
MMP12 mRNA {33352 % . GSCA( Gene Set Cancer
Analysis, http://bioinfo. life. hust. edu. en/GSCA/
#/) o3 A L2 IE Al TCGA %4l 46 b 33 b i g
MMP12 mRNA H) 3L 5 £ &8 24 1E 1 (overall
survival, OS) 5% 557 55 1 A= 77 ) ( disease specific
survival, DSS) . JG % ¥ 8] ] ( disease-free interval ,
DFT) FiJG#E B A= 178 ( progression-free interval, PFI)
MG, LEAE S BTk ] Cox IR AHY, 3 ] Log-rank
R g AT AR A7 IR LUK

1.2.2 MMPI2 &) DNA ¥ k447 R GSCA
I3 A CHAPAL TCCA Bdla 4k b MR HZU 5 10 4H R
MMPI12 i 3l 1) H 364k 22 5 2 MMP12 DNA H 3
1655 b s OS \DSS \DFI il PRI B A
1.2.3 MMPI2 ¢ A A £ X 454 cBioPortal 434
THIPHAl TCCA Hills e vh MMPI12 JE R i) 58 28 6 1
B s GSCA F3 A1 T2 IFAf A [F] i Jeg v 25 151 % DL
%75 5 (gene copy number variation, CNV ) 5 MMP12
mRNA ik () & R JXF 0S,DSS  DFI il PFI (1) 5%
M

1.2.4 MMPI12 mRNA 5 % 95 4R35 RN 5 R & f
47 (tumor mutational burden, TMB) \#% T 2 R 4% & M
( microsatellite instability, MSI) #9 48 % #5541  F] A
R #f4-£1“ estimate” F1“ limma” 318 TCGA %38 % th
R AEAS ) ESTIMATE 23 A vl or ML B I3 5
R #AFAL limma” | “ ggplot2” F1“ reshape2 ” 43 #ft TC-
GA HcHia e rh AN [ 11 g 92 37 AL v MMP12 mRNA
Ik 22 S JF 2 JBT 5 RO £ reshape2 ™ 1 Color
Brewer” $¥4h 33 Fiia ie MMP12 mRNA B3k 514
PERH B 1 OC R IF 22 1815 R 1158 TMB (MSI ¥-45,
DI 5 MMPI12 23k 9 #0512 A1 R 81
“fmsh” #24] TMB \MSI 5 MMP12 mRNA k155
o

1.3 EEX % & M 3236 ( enzyme linked immu-
nosorbent assay , ELISA) g4 Z & MiE, %A
ELISA #3055 & (iRIUE R AW A IR A A, 585
E13208h) il 72 ML 9§ MMP12 3 Hk . T4
MMP12 A1 96 SFLAR AN AR IE i B A D0 1t v
FEAA 100 pl,37 CEIRFFE 2 h J5 78 L080A, InA
AP FEPMCHUAR TAEM 100 wl, B E 1 h 557 £
A, EAR 5 U, BRIR I 2 min, JB T 5 FRIABAR

SEACYIIEFRIC R AR TAEW 100 pl, 93 H 1 h J5 3%
WA VA 3 IR, BRI 2 min, FEINARHIE
90 1,37 CHREEIEAS 15 ~30 min, ITAZ 1K 50 pl,
5 min N FHEEFARAX ( B0 TR A PR A A, B
*5 :CMax Plus) 7 450 nm T 240 OD fH,

1.4 ®EHHRL BB 5 % 3¢ % ( chemiluminescence
immunoassay , CLIA) J& it 1 )i ( carcinoembryonic
antigen, CEA) M8 72 5 5-HE K BEAL S ( neuron-spe-
cific enolase, NSE) |\ 4H ifd f4 25 (9 21-1 ( Cyfra21-1)
WS R 125 (carbohydrate antigen 125, CA125) | %
IR B 958 P IR ( squamous cell carcinoma antigen,
SCC) | B W ZE BERIK AT 1A ( pro-gastrin releasing pep-
tide, ProGRP) . ## 25 i J& 153 ( carbohydrate antigen
153, CA153)  BEZEHL R 199 ( carbohydrate antigen
199,CA199) B2 41 I 125 ( carbohydrate antigen
72-4,CA72-4) F1 H )i 4 1 ( Alpha-fetoprotein , AFP)
R RERORL S Ak 2 K o' 1 il i 4 B sl ik 00k
oSSBT A (BN 22 Pl A= ) TR ey A R A W), 7Y
5146200 ) Nz F A LB 10 & (OB M 22 [ A 4 T AR
BB BR 2~ H], CEA 24 i1 7185 . 06970150900076 ,
NSE 2} i 35 51 5 : 06970150900007 , Cyfra21-1 25
U . 06975577172877 , CA125 25 5 5 51l 3 069
70150900151, SCC 2} h PR 51 % : 06970150900205,
ProGRP 24 i 15 5111 - 06970150901363 , CA153 24
P i 06970150900168 , CA19-9 24 i 5 51| 5
06970150900175 , CA72-4 25 1R 545 . 06970150900
229, AFP 25 5L iR 515 . 06970150900052 ) #4746
1.5 %% A4 (immunohistochemistry , IHC) %
B4 3 i (esophageal squamous cell carcinoma, ES-
CC) FatH 2 N 55 H A0 W U0 R 647 THC e 8, 1
I MMP12 (8 Ko BB KAR IS 90 i 90 st
5, 10% I 3E £ A 1 he AL = 100
) MMP12 —J70 R B ( 9 [ AR i Bk~ 300 f 5
ONTE LS AB137444)4 Ci3 kg H , TBST ¥Evk 3
U, T IR LU 470/ B/ A — 0 CRa M 5 A2 )
HARIFRATBRA A, 575 : K102228407 ) % i JiF & 30
min, DAB W55, PR RS oo DLAH i A1 56
HE B o OB O BH P 2 3K, A e £ ik B 55 4
BT 53 AT PES) s Qe CBR BEPE A0l - T A A
R0 I3 IREA 1 I3 KRB 2 7, W A0 3
3 5 FRPEAN M T 0 LE PPt : <5% S 0 4355% ~
25% H5 1 48:25. 1% ~50% 5 2 43:50. 1% ~75% %
30%5 >75% Hg 4 4y THC PF4R55 T Y (o 5 B 743
ST 4 eI B3R (0 43 - 51 ~4 4
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+35~8 0+ +39 ~ 1205 + + + ) RIFENR
e <4 RIBAYE, >4 FFATE.

1.6 itz AIE R SPSS 26. 0, GraphPad Prism
9 1 R4. 3.0 A7 Bl geit S5 0 M. Mg a1
BRI ELECR A X KB AR IS EL AR A ¢ A 5 Bk
Mann-Whitney U £5:55 \MMP12 K #1842 420 1.
T 2 B Y H R A Mann-Whitney U K5 55,
ROC 4 T AR PPA & J0TFE A 1) 7 25 2% B , P4 B
1] AUC f HE#HCR ] Delong #2565, P <0.05 S22 5%
EEW

2 HR

2.1 MMPI12 mRNA EZF BRI RIER TG
ME HT TCGA iR F 43 #F MMP12 mRNA fE 14
T et o = 3515 - ZLIR S ( breast invasive carcinoma,
BRCA) | ‘B ##J85 F1 IR 965 ( cervical squamous cell car-
cinoma and endocervical adenocarcinoma, CESC) | iH
&i ( cholangiocarcinoma , CHOL ) . 2% %198 ( colon ad-

enocarcinoma, COAD ) | & 4 J& ( esophageal carcino-
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ma, ESCA ) . 3k 55 IR 40 1 5% ( head and neck squa-
mous cell carcinoma, HNSC) | i 40 JifJ8% ( liver hepato-
cellular carcinoma, LIHC) . fili £ &% ( lung adenocarci-
noma, LUAD ) | Jiifi % J& ( lung squamous cell carcino-
ma, LUSC ) . §ij 51 ¢ & ( prostate adenocarcinoma,
PRAD) . B % it 9 ( rectum adenocarcinoma, READ) |
B 9% ( stomach adenocarcinoma, STAD) . FF IR gt 98
(thyroid carcinoma, THCA ) il 7 & N & J& (uterine
corpus endometrial carcinoma, UCEC) (¥ P <0.05,
BUIA) o HREIEM L2 L g5 L&k 1,
GSCA T HpHr i/ 5 MMP12 3k ACC KIRC,
UVM LIHC .ESCA ,PAAD .SARC £ & i )5 3%, 3%
P> ACC KIRC ,UVM % OS . PFS DSS # 4, LI-
HC #£& /) OS 547, ESCA £ # 1y PFS . DSS § 47,
PAAD 7% PFS . DSS fil DFI 5, SARC % PFS
A1 DFT 8845 ;11 (5 MMP12 335 STAD ,COAD 1 OV
BEWG ELF, LI K STAD B3 OS PFS DSS #
DFI 85, COAD £ 3& 1y DFI 3 K ; OV B E 11 PFS
B (K 1B) .
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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 s the low expression group. “ P <0.05, " *P<
0.01, ***P<0.001 vs normal tissue.
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Tab.1 Abbreviations cross-reference table

Abbreviations

Full name in English

2.2 MMPI2 ) DNA BEL S GSCA T A%
Prios, 5IEH 40, ESCA (LUSC  LUAD | TH-
CA HNSC .KIRC .BRCA ,COAD LIHC ,UCEC fi{ 4

ACC Adrenocortical carcinoma
BLCA Bladder urothelial carcinoma ’/\B/J MMP12 }t' Zgj % EFI %/ﬂz 7J(E|Z‘ B&,ﬂ:‘& ( r§] 2A ) T_A
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 EF‘ MMP12 mRNA %%L
GBM Glioblastoma multiforme
KICH Kidney chromophobe 7J(S|Z.|§ DNA EF[ %4‘{37J(5|Z‘3§ A *H 3é i} T BLCA ﬂ:ﬂ
Abbreviations Full name in English LIHC *%E*ﬁ%( Z[@ P <0.05, rﬁ—] 2B) o Yj_:‘ KIRP,
KIRC Kidney renal clear cell carcinoma UVM .KIRC .LGG .BLCA ,%‘1 %‘ ':F‘ , MMPI2 E fj] % %
KIRP Kidney renal papillary cell carcinoma / . .
LGG Brain lower grade glioma EF[ %1/B7J(E|Z E(J 'I%‘ %‘ 0S E k sMMPI2 E ZjJ ? 17 EFI %
MESO Mesothelioma ’Hﬁ H/‘J KIRP N UVM & KIRC N LGG N LUAD \ BLCA ,%'{ % ﬁ
(00% Ovarian serous cystadenocarcinoma %‘—éﬁﬂ/\] PFS 7‘H] DSS ; —"%—‘ MMPI2 E @j?ﬁ EF| %,1%7J(§lzﬁ
PAAD Pancreatic adenocarcinoma / N\
SARC Sarcoma LUAD A8 DFL, 11w 3 5~ 4Ry GBM
SKCM Skin cutaneous melanoma A%%‘E/‘J PKS @ ,PAAD 1‘%%‘5"] DFI @ s UCEC ;%%E@
TGCT Testicular germ cell tumors 0S .DSS %E ( IZI 2C ) ° ﬁ%éﬁ%%\% HH szﬁ%ﬁ%%
THYM Thymoma e -
ues Utonine earcinosareom WEINETHE 31855 R ERilE
erine carcinosarcoma
UVM Uveal melanoma 2.3 MMPI2 H’] E 3] ;‘gmﬁﬂ? cBioPortal ﬁ*ﬁéli:l:
RN, B SR R Sk SUsE DR R b
A Methylation difference in each cancer
Methy.diff(T-N) ] -1 FDR [©] <0.05
> O (X VRN RN <
& & SR 0ov & ¥
B Correlation between methylation and MMP12 mRNA expression
S \% C 9 O e ed s
@%&8{%436@ P C@% R @C&Q‘ %QY;\@% (;b@\jb Qj* \5% @ G @ ?:2»%"5 L \*5
— 1 FDR |§| <0.05 |:| =0.05
1 0 -1
C Survival difference between high and low methylation in each cancer
oS
PFS
DSS
DFI
Q >0 el \% G C} S <
SR R 00?' @ ST Six ONSERNS «@;&% ({Q»C‘ RPN

Hazard ratio l
0 115 3.0

Cox P value @ <0.05

|:| >=0.05

B2 MMPI2 EEBEHFHEBEELDT
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.
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9o I A8 IR 20 R A 22 B0 A A MM P12 SR
P A (TLE 4A) , BRI E] 6 B4k %
AN (L 4AB) o G i3 PR 7 o5 i % D1 45078 S ml 3
o 56 PRI A5 A550E E  W) FL G  7 0 1 22 35 K-
T GSCA %4 FEPEAL R W], ¥E SARC | SKCM J&
BRCA 1, MMP12 mRNA {J k5 CNV 5 1E 4%
(P<0.05,4C) . A, WG PEAE R, & CNV (1)

ACC LGG g3 0S . PFS . DSS ¥ %, KIRP , UCEC &
F1t 0S  PFS DSS fl DFI % %5, KIRC g1 0S.,
DSS # 45, LUAD 1 MESO f# DFI /5, TGCT £
() PFS i1 DFI % 45, THCA & # 1Y PFS . DSS fil DFI
B4, UVM 35 19 PFS B3 (8] 4D) , $2/8 MMP12
() ZRIR 32 FE Y 3G S CNV AR S 520, DA T 412 22 firp
R

A >
% 8% ® Mutation @ Amplification ® Deep deletion © Multiple alterations
?‘; 60
d:: /0
£ 4%
5 2%
<
Structural variantdata + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Mutationdata + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
CNAdata + + + + + + + + + + + + + + + + + 4+ + + 4+ ++ + + + + + + + + + +
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£s
§ X67_splice
g
=
&0
2
0 100 200 300 400 470aa
C Correlations of CNV with MMP12 mRNA expression r""eﬁ“i"
0
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L
FDR
O D Bl el D (9000l D W OO0 R Ad 0 10O el 10 0OV S oL b el
S A SRR O R O P s Y L P OUC ¢ <0.05
Q@é © @\}%QQC&Q‘ < \3@%\3’(& Q»é@%\,o \)0‘2)\&‘2&00 ‘2@\”\}’ RY ?’QS’ 0\2‘&0%&‘&9@% =0.05
D wv
=
o -Log(10)Log-rank P
on
> (O 0o
Z. .
@) 1.3
=
i; PFS 45
5]
- .,
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B Log-rank P value
= <0.05
S
= DFI =0.05
2
=
RO NI N UI o AT SR NI ORI 0 QL 68 1D D0 C MO chd ¢ od
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B3 FREYEEREE MMPI2 REFHE
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

Carcinoma;3 ; Cervical Adenocarcinoma;4 ;Ovarian Epithelial Tumor;5 ; Bladder Urothelial Carcinoma;6 : Seminoma;7 ; Esophageal Squamous Cell Carci-

noma ;8 : Melanoma ;9 ; Sarcoma; 10 ; Esophagogastric Adenocarcinoma; 11 : Endometrial Carcinoma;12; Non-Small Cell Lung Cancer; 13 Invasive Breast

Catcinoma;14 ; Leukemia; 15 : Glioblastomaj; 16 : Thymic Epithelial Tumor; 17

Prostate Glioma; 18 ; Diffuse Glioma; 19 : Pancreatic Adenocarcinoma;20 :

Hepatocelluar Carcinoma ;21 ; Colorectal Adenocarcinoma;22: Renal Clear Cell Carcinoma;23:Renal Non-Clear Cell Carcinomaj;24 ; Well-Differentiated

Thyroid Cancer;25 ; Adrenocortical Carcinoma ;26 ; Cholangiocarcinoma;27 ; Mature B-Cell Neoplasms ;28 : Pleural Mesothelioma ;29 ; Pheochromocytoma;

30 ; Miscellaneous Neuroepithelial Tumor;31 ; Undifferentiated Stomach Adenocarcinoma;32 ; Non-Seminomatous Germ Cell Tumor;33 ; Ocular Melanoma;

B: Map of MMPI2 full sequence mutations obtained through the cBioPortal database; C: Correlation between MMP12 mRNA expression and CNV; D

Differences in OS, PFS, DSS, and DFI of cancer patients in different CNV groups were analyzed by Cox regression in different cancers.
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2.4 MMP12 mRNA 5 jhiE & IR E & TMB,
MSI Jy#8 % 7 CHOL ,COAD Z5fihyid tff MMP12
mRNA 5 FR 35 BEEE = 1) S5 240 B A 56 I 40 i 1) =
T (ULE 4A), MMPI2 mRNA ) 3 ik 76 C2 I &l
(IFN-y S E/)) kil i, HiOE CL (G H @G
R F1 Co Y (TGF-g Sy F ) (K 4B), BL4b, 7F
LUAD ,LIHC % i f1 MMP12 mRNA 33k 5 PD-
CD1 ,CD44 .IDO1 %5 Z Fh fuefi £ 5 35 IEAH G (&
4C) , ] REAV G2 40 M5 e , 400 AT A B B Ao 97 e 928

A O RPN RS b e G s
SRR RS TR

ESTIMATE Score
Immune Score
Stromal Score

Tumor Purity

i ZE o TMB 1 MSI 8 # 2 Tl i 96 588 16 97 B T
AP EY . MMPI2 mRNA ()5 ik 5 LUAD,
BRCA % i 25 % () TMB 1E A 3% (P < 0.05, [&
4D) ;MMP12 mRNA 5 COAD  STAD %% i 2 1 (i
MSI S 1E 426, 5 LUSC . HNSC % J& i 25 B fig MSI
EHAAE(P <0.05, K 4E) , Kk, MMP12 5 )
RS o B A DG, T 8 3 ok G 2 B B 5 52 il e 98 1)

@ ?9%6 %O WECRAY Ccﬁ\Q C&C?’{%Q% é\
O AR B R R

B C .
12 Coexpression across cancer types
1
9
=
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%
b
—
=3 0
X
[
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Q
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Cl c2 C3 ¢4 C5 Co6 P R e P S e Ve C 9L O 1903 1919 cCed DS Py
Immune subtype O R R R U I e R R D S T R
D E
BLCA ACC UM BLCA ACC UvMm
T™MB BRCA™ ucs* MSI BRCA ucs
CESC UCEC** CESC UCEC™*
CHOL THYM CHOL THYM
COAD™ THCA COAD™ THCA
DLBC TGCT DLBC TGCT
ESCA STAD*™** ESCA STAD*™
GBM SKCM GBM SKCM*
HNSC SARC* HNSC* SARC*
KICH READ KICH READ
KIRC PRAD KIRC PRAD*
KIRP PCPG KIRP PCPG
LAML PAAD LAML PAAD*
LGG" ov* LGG oV
MES
LIHC | (5 e 1 yge MESO LIHC | o ppysceMESO

=4

MMP12 mRNA 5 g & 9 iriE % TMB MSI g8 %14
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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2.5 MMPI2 fEAMEWREYHFEEMIENE

LUAD. BRCA ., ESCC. STAD J% LIHC 41 il %
MMP12 ¥ i H (853 51k 4. 95(3.48,7.50) wg/L.,
5.55(3.77,9.85) pe/L.6.09 (4.24,12.86) pe/L.
7.12(4.77,11.49) we/L F1 9. 11(6.59,14.01) pg/
L; 135 MMPI12 #i# LUAD .BRCA  ESCC.STAD &
LIHC [y AUC 4351 0. 821 .0. 834 .0. 914 .0. 933 FiI
0.961( LK 5) , Hh LUAD 26 MMPI12 fi§ AUC i %
T3 HkR £ SCC(Z =3.088,P <0.05) , BRCA
41 MMP12 B2 T CA153(Z =2.602,P <0.05),

A & Healthy controls ®LUAD # LUAD-early B
—~
S 3
20} - sk ®
= =1
B £ ao}
£ g
£ B
g g
g r 15)
S 3 20r
S o
— S5F a
S =
= =
0 C 1

& Healthy controls

ESCC 40 MMPI2 % %t T CEA(Z =3.054,P <
0.05) fl CYFRA21-1(Z =3.006,P <0.05),STAD
BT CA724 (Z =5.567,P <0.05) , CA125
(Z=3.445,P <0.05) .CEA(Z =3.497,P <0.05)
1 CA19-9(Z =4.747,P <0.05) , i K G it2e 25
(P >0.05), Il MMPI2 .32 I LUAD.
BRCA J% ESCC [y AUC 43 %1% 0.779.0.816 Fi
0.968, H:vh ESCC #1 AUC & 2 F CEA (Z =
3.405,P <0.05) fil CYFRA21-1 (Z =3.322,P <
0.05).
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Fig.5 Screening efficacy of MMP12 in tumors
A — E. Comparison of screening efficacy of MMP12 with conventional tumor markers in LUAD (A), BRCA (B), ESCC (C), STAD (D), LIHC

(E). "P<0.05, "*P<0.01, “**P<0.001 vs Healthy controls.



- 952 - M EMKFF® Acta Universitatis Medicinalis Anhui - 2025 May;60(5)

X} 28 f4] ESCC & #1730 A~ H 1y, 19 fi

Pogws U B HR L MMP12 /K SE R 6. 789 (5. 009,
15.113),9 filfa 2 B & hy 5. 717 (4.287,12.851) ,
PR S MMPL2 KV TR e B (H 2 R
TREGIFEN(Z=-0.271,P>0.05) ,
2.6 MMPI12 ER7EMBHLADRIE THC ik
SN Bt ALk 2 1 T MMP12 BHPAE: A 5 % ESCC (B 3%
R SR S 40 MMP12 [ 3Rik, 45 R BoR,
MMPI12 7£ ESCC ZH4 rpim K35 (WL 6A) | TE 9 5%
HAPIRER IR (LB 6B) ; ESCC 24 MMP12 &
() P 2235 2R (80% ) B 2 A 9 55 4L 23 1) BH 14 3
KHE(0% ) .

A

B 6 IHC il ESCC iZHRSEEHR MMPI2 Rik
Fig.6 IHC 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, Hefei 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.
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