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Association between matrix metalloproteinases and the prognosis of esophageal
squamous cell cancer

Cao Jing, Xu Jing, Yu Yue, Li Zhihua, Wei Haixing, Tang Jianwei, Pan Cheng, Hu Shuo, Pan Xianglong, He
Zhicheng, Wu Weibing, Chen Liang’

Department of Thoracic Surgery ,the First Affiliated Hospital of Nanjing Medcial University , Nanjing 210029, China

[Abstract] Objective: This study aims to identify novel ESCC prognosis related biomarkers and construct novel prognostic
predictive model for ESCC. Methods: Candidate gene strategy was adopted to analyse the expressions of key members of matrix
metalloproteinases : MMP1, MMP2, MMP3, MMP7, MMP8, MMP9 and MMP10 in ESCC tissues. Immunohistochemistry was applied to
detect MMP3 protein expression in 315 ESCC (Training: 197 cases, Validation: 118 samples) tissues. Cox proportional hazard
regression model was used to evaluate the association between MMP3 expression and ESCC prognosis. Finally, we constructed ESCC
prognosis predictive model by integrating MMP3 and clinicopathologic factors. Results: MMP1, MMP3 and MMP10 showed aberrant
increased expression in ESCC tumor tissues. Expression of MMP3 protein in tumor tissues was significantly upregulated than that in
adjacent tissues. In training dataset, the overall survival (OS)of MMP3 positive patients (22.22% ) was significantly lower than patients
with negative expression of MMP3(49.25% , HR=2.09, 95% CI:1.45-3.03, P < 0.001 ). Consistent results were further observed in
validation and combined datasets. In addition, the predictive ability of model that integrated MMP3 and clinicopathologic factors was
higher than that contained the TNM stage alone (AUC: 0.733 vs. 0.689). Conclusion: MMP3 acted as an ESCC prognosis related
biomarker, predictive model that integrated MMP3 and clinicopathologic factors could predict the prognosis of ESCC patients
accurately.
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Table 1 The baseline and clinical pathology information of samples with different gene expression

e AIE BT (n=73) 1745 (n=46) ST (%) HR(95%CI) P1H

PES

5 58(79.5) 40(87.0) 40.80 1

s 15(20.5) 6(13.0) 28.60 1.22(0.69~2.15) 0.505
A

<60 % 38(52.1) 31(67.4) 44.90 1

> 60 % 35(47.9) 15(32.6) 30.00 1.56(0.99~2.48) 0.059
W4

PRI A 26(35.6) 13(28.3) 33.30 1

A 47(64.4) 33(71.7) 41.20 0.87(0.54~1.40) 0.563
el

AR 28(38.4) 17(37.0) 37.80 1

el 45(61.6) 29(63.0) 39.20 1.05(0.65~1.68) 0.854
P

v 58(79.5) 40(87.0) 40.80 1

H 15(20.5) 6(13.0) 28.60 1.46(0.83~2.58) 0.208
T4

T1~2 18(24.7) 10(21.7) 35.70 1

T3~4 55(75.3) 36(78.3) 39.60 0.97(0.57~1.64) 0.898
N4

No 24(32.9) 30(65.2) 55.60 1

N. 49(67.1) 16(34.8) 24.60 2.16(1.32~3.53) 0.002
SR

[Pt 14(19.2) 9(19.6) 39.10 1

ok 36(49.3) 28(60.8) 43.80 0.87(0.47~1.61) 0.655

sk 23(31.5) 9(19.6) 28.10 1.36(0.70~2.66) 0.360
g

B 11(15.1) 3(6.5) 21.40 1

T 40(54.8) 29(63.0) 42.00 0.64(0.33~1.25) 0.193

B 22(30.1) 14(30.5) 38.90 0.71(0.35~1.48) 0.365
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Table 2 The analysis of different expression among MMPs

HHZ edAS w5 UREEERE ISP i TSRS ZEFRIRIIHT Ply

MMP3 ENST00000299855  CB_011396 10.30 +2.31 4.08 +1.79 5.38 1.72E-21
MMP1 ENST00000315274  CB_011395 15.27 + 1.41 9.43 +0.91 5.14 2.92E-21
MMP10  ENST00000279441  CB_011399 11.50 +2.45 6.56 +2.07 4.54 6.39E-21
MMP2 ENST00000437642  CB_013409 11.94 +1.58 10.64 + 1.51 1.31 1.86E-14
MMP8 ENST00000236826  CB_011398 4.46 +1.20 3.13+£0.62 1.16 1.39E-15
MMP9 ENST00000372330  CB_013874 12.36 + 0.80 11.25 +0.57 0.98 3.64E-15
MMP7 ENST00000260227  CB_011397 13.01 +1.97 12.59 +2.70 0.75 2.30E-02

R, G IFAE TR SRR (AUC=0.737,95%C1:0.643~  P=0.031, &P BAREAS , 2SRRI i 28 R i FR
0.822)XF T4 W R E FUS TN BT 8 0733, 475 . 3 & T TNM 43 1 #5574 1) 0.689 (P=
TNM 43 #5780 (AUC=0.690, 95%C1 : 0.589~0.772) , 0.006) .
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Figure 1 Expression of MMP3,MMP1 and MMP10 in ESCC tissues
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Table 3 Information of training set and validation set is associated with prognosis of ESCC
YIZEEE (n=197) BEE (n=118)
FET am e RVETF et rE B
(n=117)  (n=80) (g HR(O5%CD P (293)  (nmas) (%)

HR(95%CI) PlE

5 94(80.34) 66(82.50) 41.25 1 46(63.01) 30(66.67) 39.47 1
L 23(19.66) 14(17.50) 37.84 1.11(0.70~1.75) 0.658 27(36.99) 15(33.33) 35.71 1.12(0.69~1.80) 0.652
i

<60% 54(46.15) 52(65.00) 49.06 1 34(46.58) 22(48.89) 39.29 1
>60% 63(53.85) 28(35.00) 30.77 1.65(1.15~2.38) 0.007 39(53.42) 23(51.11) 37.10 1.03(0.65~1.64) 0.886

T1~2  21(17.95) 20(25.00) 48.78 1 10(13.70) 13(28.89) 56.52 1
T3~4  96(82.05) 60(75.00) 38.46 1.30(0.82~2.10) 0.184 63(86.30) 32(71.11) 33.68 1.95(1.00~3.79) 0.035

No 37(31.62) 49(61.25) 56.98 1 33(45.21) 36(80.00) 52.17 1

N. 80(68.38) 31(38.75) 27.93 2.09(1.41~3.09) <0.001 40(54.79) 9(20.00) 1837 2.76(1.74~4.40) <0.001
AR

ik 18(15.38) 17(21.25) 48.57 1 27(36.99) 19(42.22) 41.30 1

hork 61(52.14) 49(61.25) 44.55 1.10(0.65~1.86)  0.719  37(50.68) 23(51.11) 38.33 1.05(0.64~1.72) 0.849
K41k 38(32.48) 14(17.5) 2692 1.76(1.00~3.09) 0.049  9(12.33) 3(6.67) 25.00 1.98(0.93~4.21) 0.078
G

LB 18(15.38) 7(8.75)  28.00 1 4(5.48) 1(222)  20.00 1

P 48(41.03) 33(41.25) 40.74 0.64(0.37~1.10)  0.108  18(24.66) 12(26.67) 40.00 0.47(0.16~1.41) 0.179
TB: 51(43.59) 40(50.00) 43.96 0.58(0.34~0.99) 0.045 51(69.86) 32(71.11) 38.50 0.48(0.17~1.34) 0.161
MMP3

FAME  68(58.12) 66(82.50) 49.25 1 42(57.53) 40(88.89) 48.78 1

FHPE  49(41.88) 14(17.50) 2222 2.09(1.45~3.03) <0.001 31(42.47) 5(11.11) 13.89 3.73(2.32~5.99) <0.001
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Figure 2 MMP3 protein expression is significantly associated with the prognosis of ESCC
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The valuation of prognosis prediction model for

ESCC
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Table 4
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TNM Z3- A543 8 TNM 23301 AR PRSI R e 22 ol
JHRE A MR AR BE s MMP3 L 4105 MMP3 AR A 531 I A
JHRA S SR e AL R AR

3o #

B YR TS 5 TNM 43 A2 VA OC , SR 1K &
5T R BT, AL LL TNM 43 A 000 £ 45 il s 0 3 1)
05 FFEAS BRI B 20 A DR , Tkl 2 2 Ak
HEERYT 22l BRI, 30 U SR B B4 i
TG AHOC B AL 3 F AR hn i o ASBIF9 0 T
PEELHI SR, 4341 T MMPs 5 i th A% O L R 5 &
BRI TS 1 JC Ik, & L MMP3 15 1 Rk 5 i
Ji FE TS W 2 RE DG, AR A 0N £ A8 s A8 T
Ja BT hRE

MM Ps 2 — i 5 2 1) 2 1 K fife Bl 5 1%, 7T [ A
21 i 47 ik o R GBS A B — S B Sk 4, 408 17T A
725 [ JeE 20 LA, DA U e R AR 28 RN R
SR F A A MMPs 88 1 055 B8 i 15 0%
R AR, B RZHEATR /N R KIN,
MMPs Z Ji% /1 i) MMP1 . MMP3 & MMP10 7 £ 4 i
TR AP R E A $78 MMP1 \MMP3 MMP107E &

W) K R R T BE R AR
HE— 25 1 o L U2 3 AR I 2 B, MMP3 2 1
EEEREAL P RL B E & TS aL. &
AEo AT A 7R , MMP3 85 (2855 B 19 & 48
R BRI R 5T MMP3 BIPER A
XS5 AR BUEFEA S A A 415 B 0 E

FE 0 18 H i MMP3 Az 58 2 1 11 AR B A .
AR SR T B R TS B . eI kA,
MMP3 FE R T % BE 5 TNM S0 3R R0 0 B 35 25 57
FHI MMP3 A 5 TNM 43 B AR 19 & 48 W95 WS
FMIGE J7 . He 4 MMP3 TNM Ml RAS ., T
AUC ik 3] 0.717, & 2 /% T TNM 43 WA A | 3% W]
MMP3 (15| A BB 25 58 = 4 6248 il 190 179 Toa )
AEH1 o HE— 2 TE ST W R IEARAS Hh A T B0 0E , & B
BARRIE AUC 2 0.737, 8 T TNM 4331 #4 0690,
B VNGRS ey BOAEAS A5 A0 Y T 0 i
FETE 0.733 L FAL GE Y TNM 20 AR, 1A
SR BB AW ST R I MMP3, BE A 55 i
iy e TR £ A MR AR B R TS, B R R
I RIZYT HALHE . S ERTER ST A BE AR L
ARG A (KA BT DL A 3 QOB v 3 3000
B W IR UG AN ST A R AL AUC
0.733, Pt T4 38 57 (AR AL 202 Q7 il ST 1) B
R NP R BE,

AT HE e JL PR ) BE SRS, S BT T L
4 I8 B B S AZ O SE IR e & B e vh i 60k, ik
— 25 I PR A0 ST B R RR R DA 1A T f g
HAUE2ET , % I MMP3 25 [ 76 245 i 41 21
EREX H5EEEIE R EMC, B4
MMP3  TNM 533 K % UL A I AR BN 2
file 95 T S UM AR AY | HLFHOI B O AL TAE SR
TNM 4330 o AHIF 9 & B0 04 £ 8 Wl 0o 705 A OG0 1
o i ) ) Sl ) T F TS A o kg £ %8 e R



© 688 - Mo

Z PN

o
¥

39855 51
20194F5 A

EE

FIARJEIRYT B lm R AE B P i 222
(5% 30k ]

(1]

(3]

[4]

(9]

[10]

[11]

Bray F, Ferlay J, Soerjomataram I, et al. Global cancer sta-
tistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries [J]. CA
Cancer J Clin,2018,68(6) :394-424

Allemani C, Matsuda T, Di Carlo V, et al. Global surveil-
lance of trends in cancer survival 2000-14 (CONCORD -
3) : analysis of individual records for 37 513 025 patients
diagnosed with one of 18 cancers from 322 population -
based registries in 71 countries [J]. Lancet, 2018, 391
(10125):1023-1075

Zeng Y, Liang W, Liu J, et al.. Endoscopic treatment ver-
sus esophagectomy for early - stage esophageal cancer: a
population - based study using propensity score matching
[J].J Gastrointest Surg,2017,21 (12):1977-1983

Jiang D, He Z, Wang C, et al. Epigenetic silencing of
ZNF132 mediated by methylation-sensitive Spl binding
promotes cancer progression in esophageal squamous cell
carcinomal J]. Cell Death Dis,2018,10(1):1

Jang HJ, Lee HS, Burt BM, et al. Integrated genomic anal-
ysis of recurrence -associated small non-coding RNAs in
oesophageal cancer|J]. Gut,2017,66(2):215-225

Gao YB, Chen ZL, Li JG, et al. Genetic landscape of
esophageal squamous cell carcinoma [J]. Nat Genet,
2014,46(10):1097-1102

XN, 22 2 ¥y A B b, 0045 s 4R g i i 9 i e
(T]. R B2, 2018, 34(10) : 1914-1920
Yadav L, Puri N, Rastogi V, et al. Matrix metalloproteinas-
es and cancer - roles in threat and therapy[.]]. Asian Pac
J Cancer Prev,2014,15(3):1085-1091

Radisky ES, Radisky DC. Matrix metalloproteinases as
breast cancer drivers and therapeutic targets [J]. Front
Biosci(Landmark Ed),2015,20:1144-1163

Merchant N, Nagaraju GP, Rajitha B, et al. Matrix metal-
loproteinases : their functional role in lung cancer[]J ]. Car-
cinogenesis , 2017 ,38( 8):766-780

Liu M, Hu Y, Zhang MF, et al. MMP1 promotes tumor

growth and metastasis in esophageal squamous cell carci-

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

nomal J ]. Cancer Lett,2016,377(1) :97-104
Houghton AM. Matrix metalloproteinases in destructive
lung disease[ ] |. Matrix Biol,2015,44-46:167-174
Lievre A, Milet J, Carayol J, et al. Genetic polymorphisms
of MMP1, MMP3 and MMP7 gene promoter and risk of
colorectal adenomal J]. BMC Cancer,2006,6:270
Chen SW, Zhang Q, Xu ZF, et al. HOXC6 promotes gas-
tric cancer cell invasion by upregulating the expression of
MMP9[J]. Mol Med Rep,2016,14(4) :3261-3268
Shuman Moss LA, Jensen-Taubman S, Stetler-Stevenson
WG. Matrix metalloproteinases: changing roles in tumor
progression and metastasis [J]. Am ] Pathol, 2012, 181
(6):1895-1899
Tan H, Zhang H, Xie ], et al. A novel staging model to
classify oesophageal squamous cell carcinoma patients in
China[J]. Br J Cancer,2014,110(8):2109-2115
Lagergren J, Smyth E, Cunningham D, et al. Oesophageal
cancer[J . Lancet,2017,390(10110) : 2383-2396
Zhang J, Jin X, Fang S, et al. The functional SNP in the
matrix metalloproteinase-3 promoter modifies susceptibili-
ty and lymphatic metastasis in esophageal squamous cell
carcinoma but not in gastric cardiac adenocarcinoma [J].
Carcinogenesis, 2004, 25( 12):2519-2524
Uraoka N, Oue N, Sakamoto N, et al. NRD1, which en-
codes nardilysin protein, promotes esophageal cancer cell
invasion through induction of MMP2 and MMP3 expres-
sion[J ]. Cancer Sci,2014,105(1) : 134-140
Sun LL,Wu JY,Wu ZY ,et al. A three-gene signature and
clinical outcome in esophageal squamous cell carcinoma
[J]. IntJ Cancer,2015,136(6) : ES69-E577
Zhan XH, Jiao JW, Zhang HF, et al. A three-gene signa-
ture from protein-protein interaction network of LOXL2-
and actin -related proteins for esophageal squamous cell
carcinoma prognosis [J]. Cancer Med,2017,6(7) : 1707-
1719
Cao HH,Zhang SY, Shen JH, et al. A three-protein signa-
ture and clinical outcome in esophageal squamous cell
carcinomal J |. Oncotarget, 2015, 6(7):5435-5448
(WeFsBH#]  2019-01-07



