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Objective: Adenocarcinoma of esophagogastric junction (AEG) is a lethal malignancy featured 

with early metastasis, poor prognosis, and few treatment options. Matrix metalloproteinase 

(MMP) and metalloproteinase suppressor (TIMP) have been considered to be associated with 

cancer invasion and metastasis. In our study, we evaluated expressions of MMP-9, MMP-2, 

TIMP-1, and TIMP-2 in AEG and their correlation with clinicopathological parameters and 

the overall survival rate.

Methods: Expressions of MMP-9, MMP-2, TIMP-1, and TIMP-2 in specimens from 120 AEGs 

were detected by immunohistochemistry. The correlations between expressions of these four 

proteins and clinicopathological characters were analyzed by chi-square test. Moreover, the 

prognostic value of these four biomarkers was evaluated by univariate analysis with Kaplan–

Meier method and multivariate analysis with Cox regression model.

Results: The positive expression rate of MMP-9, MMP-2, TIMP-1, and TIMP-2 was 65%, 

53%, 70%, and 49%, respectively, in the detected 120 AEG samples. MMP-9 was significantly 

associated with poorly histological differentiation (P=0.001), lymph node metastasis (P=0.007), 

and UICC stage (P=0.008). TIMP-1 showed significantly reversed correlations with histological 

differentiation (P=0.001), lymph node metastasis (P=0.007), and Union for International Cancer 

Control stage (P=0.008). Univariate analysis revealed that lymph node metastasis (P=0.002), 

depth of invasion (P=0.050), and MMP-9+/TIMP-1 phonotype (P,0.001) were significantly 

associated with the overall survival rate. Multivariate analyses demonstrated that MMP-9+/

TIMP-1– phenotype was an independent prognostic factor in AEGs.

Conclusion: Detection of MMP-9 and TIMP-1 expression allows stratification of AEG 

patients into different survival categories and can be useful for precise individual evaluation 

and survival prediction.

Keywords: adenocarcinoma of esophagogastric junction, MMP-9, MMP-2, TIMP-1, TIMP-2, 

metastasis, prognosis

Introduction
Adenocarcinoma of esophagogastric junction (AEG) is a kind of malignant tumor 

originated from the distal esophagus and the esophagogastric junction.1,2 During the 

past 2 decades, the morbidity of AEG increased rapidly.3,4 AEG is characterized by 

poor prognosis because of extensive locoregional invasion and distant metastasis at 

the time of diagnosis.5,6 Tumor progression is a multistep process, in which many 

genes and proteins are involved.7 The function of extracellular matrix (ECM) in 

many kinds of cancers have been revealed, but the clinical significance in AEG is 

still in mist.
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The matrix metalloproteinases (MMPs) are a family of 

zinc-dependent endopeptidases that are involved in degrading 

ECM and facilitating tumor invasion.8 MMP-9 and MMP-2 

are gelatinases of MMP family and degrade substrates of 

type IV collagen and gelatin.9,10 Previous evidence has dem-

onstrated that MMP-2 and/or MMP-9 are associated with 

invasion and metastasis in esophageal carcinoma. However, 

these experiments were predominantly carried on esophageal 

squamous cell carcinoma; whether the conclusion suits for 

AEG are quite debatable without experiments because of 

different pathological types.

TIMP-1 and TIMP-2 are natural suppressors of MMP-9 

and MMP-2 and are theoretically presumed to prevent tumor 

growth, locoregional invasion, and metastasis.11 However, 

paradoxical roles of TIMPs were reported to promote tumori-

genesis in growth-stimulating and antiapoptotic manner.12,13 

Till date, there is little evidence about the clinical significance 

of TIMP-1 and TIMP-2 in human AEG, and the prognostic 

value of their interaction with MMP-9 and MMP-2 is not 

investigated until now.

In our study, we investigated the expression of MMP-9, 

MMP-2 and their suppressors TIMP-1 and TIMP-2 

in 120 cases of AEGs to explore the associations with 

clinical pathological features. Moreover, we estimated 

their prognostic value with univariate and multivariate 

analysis.

Methods
Our study consisted of 120 patients with AEGs (males 63; 

females 57) who underwent surgical resections between 2006 

and 2012 in Jinan Central Hospital affiliated to Shandong 

University and Qilu Hospital affiliated to Shandong Univer-

sity. Follow-up data were available for 106 patients, rang-

ing from 2 to 62 months. Detailed clinical and pathological 

profiles were collected from medical records. Tumor staging 

and histological classifications were assessed according to 

the seventh edition of American Joint Committee on Cancer 

TNM classification.14 The study was approved by the Human 

Research Review Committee of Jinan Central Hospital and 

Qilu Hospital. Written informed consent was obtained from 

all the patients.

immunohistochemistry
Specimens were deparaffinized and rehydrated by succes-

sively passing through xylene and ethanol of gradually reduc-

ing concentration. After washing in phosphate-buffered saline 

for three times, slides were infiltrated in 0.01 M citrate buffer 

(pH 6.0) and boiled for 15 minutes in microwave for antigen 

retrieval. Then 3% hydrogen peroxide was dropped onto the 

slides to quench the endogenous peroxidase activity.

The sections were incubated with rabbit anti-human mono-

clonal antibody against MMP-9 (1:500 dilution; ab58803; 

Abcam), MMP-2 (1:500 dilution; ab2462; Abcam), TIMP-1 

(1:500 dilution; ab109125; Abcam), and TIMP-2 antibodies 

(1:500 dilution; ab79472; Abcam). The slides were incubated 

overnight at 4°C and then incubated with horseradish peroxi-

dase for 30 minutes at 37°C; 3,3-diaminobenzidine tetrahy-

drochloride was used as chromogen for visualization.

The results of immunohistochemistry were evaluated by 

Rajkumar score,15 in which the staining intensity was scored 

as (range: 0 to 3) and the percentage of positive cells as 

(range: 0 to 4 [0, {0%–10%}, 1 {11%–25%}, 2 {26%–50%}, 

3 {51%–75%}, and 4 {76%–100%}]). After multiplying the 

scores of two parameters, slides with scores of 8 or higher were 

classified as high expression and slides with scores less than 

8 as lower expression.

statistical analysis
The associations between expressions of the four items with 

clinicopathological variables were assessed by chi-square test. 

Kaplan–Meier survival functions were used to plot overall sur-

vival, and statistical significance was analyzed by log-rank test. 

Multivariate Cox proportional hazards model was constructed 

to analyze significant variables verified by univariate analysis. 

P-values were calculated with significance level ,0.05. All 

calculations were performed with SPSS software package, 

standard Version 17.0 (SPSS Inc., Chicago, IL, USA).

Results
associations between MMP-9, MMP-2, 
TiMP-1, TiMP-2, and clinicopathological 
variables
MMP-9- and MMP-2-positive immunoreactivity was local-

ized in the cytoplasm and plasma membrane of tumor cells, 

while TIMP-1- and TIMP-2-positive staining was observed 

in the tumor cell cytoplasm and surrounding stromal 

cells (Figure 1). MMP-9, MMP-2, TIMP-1, and TIMP-2 

overexpression were observed in 71 (59.2%), 62 (51.7%), 

84 (70%), and 63 (52.5%) of 120 AEGs, respectively. In 

this experiment, MMP-9 was significantly associated with 

poor histological differentiation (P=0.002), lymph node 

metastasis (P=0.0.018), and UICC stage (P=0.010) but not 

with age (P=0.140), tumor size (P=0.218), and depth of 

invasion (P=0.800). TIMP-1 expression showed reversed 

significantly correlations with histological differentiation 

(P=0.031), lymph node metastasis (P=0.041) and UICC stage 
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Figure 1 representative cases of ihc staining for MMP-2, MMP-9, TiMP-1, and TiMP-2 of aeg.
Notes: (A and B) case negative for MMP-2 and MMP-9 for ihc staining; (C and D) case negative for TiMP-1 and TiMP-2 for ihc staining; (E and F) strong membrane and 
cytoplasm staining of MMP-2 and MMP-9; (G and H) strong expression of TIMP-1 and TIMP-2 in the cytoplasm. Magnification ×200; scale bar =50 mm.
Abbreviations: ihc, immunohistochemistry; MMP, matrix metalloproteinase; aeg, adenocarcinoma of esophagogastric junction.
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(P=0.010). By contrast, no significant associations were iden-

tified in MMP-2 and TIMP-2 with other clinicopathological 

parameters in this study (Table 1).

Univariate and multivariate analyses 
in aeg
Univariate analysis revealed that lymph node metastasis 

(P=0.001), depth of invasion (P=0.024), and adjuvant che-

motherapy (P=0.050) were significantly associated with 

overall survival (Table 2). Likewise, MMP-9 and TIMP-1 

were associated with overall survival with statistical signifi-

cance P=0.037 and P=0.040, respectively. In the subgroup 

of MMP-9+/TIMP-, the median survival was 15.0 months 

compared to 35 months of other phenotypes as the control 

group. Moreover, MMP-9+/TIMP- was demonstrated to 

correlate with poorer prognosis (P=0.001) (Figure 2). Sub-

sequently, multivariate analysis was performed with Cox 

regression model. The six parameters which were proved 

to have prognostic significance in univariate analysis were 

included: depth of invasion, lymph node metastasis, TIMP-1, 

MMP-9, MMP-9+/TIMP-1-, and adjuvant chemotherapy. 

All the independent prognostic factors confirmed by mul-

tivariate analysis were displayed, and the factors without 

clinical significance were excluded from Table 3. Notably, 

MMP-9+/TIMP- was included in the prognostic panel (haz-

ard ratio [95% confidence interval]: 3.014 [2.432–3.237], 

P=0.002) in multivariate analysis (Table 3).

Discussion
In this study, we evaluated the expressions of MMP-2, 

MMP-9 and their natural suppressors TIMP-1 and TIMP-2 

in AEG based on immunohistochemistry. Among all the 

MMPs, MMP-2 and MMP-9 are well identified because of 

the ability to degrade basement membrane type IV collagen, 

which would facilitate tumor cells invasion. The expression 

of MMP-9 was correlated significantly with tumor differen-

tiation (P=0.020) and lymph node metastasis (P=0.018) but 

not with the T stage, age, and sex. In survival analysis, the 

expression of MMP-9 was proved to correlate with poorer 

survival, but the evidence is not sufficient to consider MMP-9 

as an independent prognostic marker in multivariate analysis. 

Our results correspond to the majority of the previous studies 

on AEGs and expand the understanding of AEG biomarker 

study.16–18 As far as we know, we investigated the expres-

sion of MMP-2, MMP-9, TIMP-1, and TIMP-2 in AEG and 

furthermore evaluated their clinical significance including 

Table 1 association of expression of MMP-9, MMP-2, TiMP-1, and TiMP-2 with clinicopathological parameters in aeg

Parameters N MMP-9 positive MMP-2 positive TIMP-1 positive TIMP-2 positive

(%) P-value (%) P-value (%) P-value (%) P-value

age (years)
,60 50 34 (68.0) 0.140 26 (52.0) 0.951 32 (64.0) 0.243 41 (58.6) 0.470

$60 70 37 (52.9) 36 (51.4) 52 (74.3) 32 (56.1)
sex

Male 63 38 (60.3) 0.787 33 (52.4) 0.822 40 (63.5) 0.115 32 (55.2) 0.588
Female 57 33 (57.9) 29 (50.9) 44 (77.2) 24 (49.0)

Tumor size (cm)
,5 62 40 (64.5) 0.218 30 (48.4) 0.457 42 (67.7) 0.691 0.800

$5 58 21 (53.4) 32 (55.2) 42 (72.4)
Well 23 7 (30.4) 10 (43.5) 17 (73.9)

Histological differentiation
Depth of invasion

Poor 49 36 0.800 25 (51.0) 0.457 28 (57.1) 0.011* 13 (39.4) 0.143
T1–T2 58 35 (60.3) 32 (55.2) 47 (81.0)
T3–T4 62 36 (58.1) 30 (48.4) 37 (59.7) 37 (59.7)

lymph node metastasis
Positive 74 50 (67.6) 0.018* 36 (48.6) 0.401 57 (77.0) 0.041* 39 (52.7) 0.955
negative 46 21 (45.7) 26 (56.5) 27 (58.7) 24 (52.2)

Uicc stage
i+ii 59 28 (47.5) 0.010* 29 (49.2) 0.588 48 (81.4) 0.010* 26 (44.1)

iii+iV 61 43 (70.5) 33 (54.1) 36 (59.0) 37 (60.7)
adjuvant chemotherapy

Yes 89 55 (61.8) 0.320 50 (56.2) 0.142 65 (73.0) 0.258 46 (51.7) 0.836
no 31 16 (51.6) 12 (38.7) 19 (61.3) 17 (54.8)

Note: *chi-square test, difference with P,0.05.
Abbreviations: MMP, matrix metalloproteinase; aeg, adenocarcinoma of esophagogastric junction; T, tumor (TnM staging system); TiMP, tissue inhibitor of metal-
loproteinase; Uicc, Union for international cancer control.
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Table 2 Univariate analysis of overall survival in aeg

Parameters Category No of events (%) Median survival time (months) 95% confidence interval P-value

Depth of invasion T1+T2 19 (32.8) 28 24.3–36.5 0.024
T3+T4 33 (53.2) 20 19.5–36.1

lymph node metastasis negative 17 (36.9) 40 21.0–58.6 0.001
Positive 35 (47.3) 30 17.0–34.3

TiMP-1 negative 20 (55.6) 29 25.6–40.1 0.040
Positive 32 (38.1) 33 30.8–40.4

MMP-9 negative 36 (50.7) 41 30.6–43.3 0.037
Positive 16 (32.7) 22 13.4–31.7

MMP-9+/TiMP-1- Yes 21 (65.6) 18 14.2–30.5 0.001
no 31 (35.2) 35 28.1–47.6

adjuvant chemotherapy no 15 (48.4) 26 22.8–34.5 0.050
Yes 37 (41.5) 31 29.6–40.2

Abbreviations: aeg, adenocarcinoma of esophagogastric junction; MMP-9, matrix metalloproteinase 9; T, tumor (TnM staging system); TiMP, tissue inhibitor of 
metalloproteinase.

Figure 2 Survival curves stratified by MMP-9 and TIMP-1 in AEG (Kaplan–Meier method).
Notes: Univariate analysis of MMP-9 and TiMP-1 in aeg is shown in (A and B), respectively. (C) The outcome of MMP-9-positive and TiMP-1-negative phenotype was 
significantly worse than other combinations of MMP-9 and TIMP-1.
Abbreviations: MMP-9, matrix metalloproteinase 9; aeg, adenocarcinoma of esophagogastric junction.

prognostic value for the first time. As a result, we demon-

strated that MMP-9+/TIMP-1- phenotype could predict more 

unfavorable prognosis.

Recent studies on the functions of TIMPs in cancer pro-

gression were quite controversial. Elevated TIMP-1 expression 

was reported to promote cancer cell proliferation and invasion 

and proved to correlate with cancer progression and unfavor-

able prognosis in certain tumor types.12,19,20 In esophageal 

cancers, Mori et al21 demonstrated that high TIMP-1 mRNA 

in esophageal tumor was associated with advanced stage and 

poor prognosis, but this study only focused on esophageal 

cancer and the main pathological type of esophageal cancer 

is squamous carcinoma. Unlike previous studies, our study 

focused on AEG, which is totally different with esophageal 

squamous cancer in the aspect of tumor site and pathologic 

type. In our study, TIMP-1 was demonstrated to be expressed 

more frequently in well-differentiated AEG with significant 

difference (P=0.031) and to be negatively correlated with 
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Table 3 Multivariate analysis of overall survival in aeg

Parameters Category HR 95% CI P-value

n stage negative 1
Positive 2.337 2.024–4.166 0.008

T stage i+ii 1

iii+iV 1.987 1.651–2.304 0.035
MMP-9+/TiMP-1- Others 1

Positive 3.014 2.432–3.237 0.002

Abbreviations: HR, hazard ratio; CI, confidence interval; MMP-9, matrix 
metalloproteinase 9.

lymph node metastasis (P=0.041). Our observation was in 

concordance with the report by Vegh et al, who found that 

TIMP-1 expression was lower in positive lymph nodes cases 

in contrast to those with negative nodes (P,0.0005) in a 

cohort of 23 adenocarcinoma samples.22 In tumor tissues, the 

source of TIMP-1 is not only carcinoma cells per se but also 

macrophages or fibroblasts around tumor nests; the diversity 

of methodology in detection of TIMP-1 and the heterogeneity 

of cancers among these experiments ought to be taken into 

account. One possible explanation is that in AEG, elevated 

TIMP-1 is more likely to have a host response to regulate 

MMP activity and maintain ECM integrity, which control 

tumor invasion. TIMP-2 inhibits the activity of MMP-2, thus 

suppressing carcinoma invasion and metastasis,23,24 which of 

course needs to be demonstrated by further experiments.

In our study, we demonstrated that tumors with enhanced 

MMP-9 and decreased TIMP-1 expression could predict a 

more unfavorable prognosis of patients with AEGs. Nowa-

days, more detailed stratification of cancers by genes and 

proteins tends to be a promising field for individual treat-

ment relying on developing high-throughput techniques such 

as mass spectrum and microarray. Unfortunately, similar 

studies on AEG were not performed partially because of 

tumor specificity of AEG. Our finding proved that patients 

with MMP-9+/TIMP-1- phenotype had worse prognosis, 

indicating that those patients are high-risk group for tumor 

recurrence and progression. Meanwhile, these patients had 

more urgent need for chemotherapy. AEG is a special kind 

of tumor that exhibits different biological behaviors in both 

esophageal and gastric cancers. However, studies on AEG 

biomarkers need more attention compared with studies on 

esophageal and gastric cancers. We hope our study could 

expand the understanding of AEG and may help find more 

underlying mechanism of AEG progression.

Conclusion
Our finding demonstrated that MMP-9+/TIMP-1- phenotype 

is associated with poorer prognosis and could be identified 

as an independent prognostic factor in AEG. Detection of 

MMP-9 and TIMP-1 expression status is necessary for the 

stratification of AEG patients into different survival catego-

ries, and it can be useful to provide more precise individual 

evaluation and survival prediction.
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