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Abstract
Background: Matrix metalloproteinases  (MMPs), adhesion molecules, and receptors are needed in 
the process of cancer growth. This study aims to investigate the role of MMP‑3, MMP‑10, MMP‑11, 
intercellular adhesion molecule‑1  (ICAM‑1), and vascular cell adhesion molecule‑1  (VCAM‑1) 
in gastric cancer. Materials and Methods: Fifty‑two gastric carcinoma cases who underwent 
gastrectomy were included in the study. The cases were inspected with regard to the presence/absence 
of lymph node and distant metastases. The selected paraffin blocks were immunohistochemically 
stained with MMP 3, MMP 10, MMP 11, ICAM (CD 54), and VCAM (CD 106). Results: Most of 
the cases  (n: 50, 94%) with gastric cancer manifested cytoplasmic staining with MMP‑11. MMP‑10 
expression was found in 45 of 52 (86.5%), MMP‑3 staining was determined in 43 (82.6%) of gastric 
carcinomas. Different areas of differentiation within the tumor showed differences in MMP expression 
in terms of intensity and extensiveness. ICAM‑1 expression was found in 47 of 52  (90.4%) cases 
and with VCAM‑1, 46/52  (88.5%) of gastric cancers manifested positive staining. Its expression 
was found to be higher in the nonmetastatic group both in intestinal and diffuse types. VCAM‑1 
was diffusely expressed in gastric cancers. However, we did not determine a significant correlation 
concerning differentiation and lymph node and distant metastasis. Conclusions: MMP‑3, MMP‑10, 
MMP‑11, ICAM‑1, and VCAM‑1 are expressed in gastric cancers and are thought to be involved 
in tumor development. Levels of expression that decrease in parallel to decreasing differentiation in 
areas of differentiation within tumor corroborate the idea that they are related to tumor progression. 
Due to its relationship with metastasis, ICAM‑1 expression in noncohesive cells supports the idea 
that ICAM‑1 is a significant factor involved in metastasis development in gastric cancers. Decreased 
MMP‑10 and MMP‑11 expression in metastases suggest that these enzymes may also be linked to 
the metastatic potential of gastric cancers.
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Introduction
Cancers grow with progressing infiltration, 
invasion, degradation, and penetration of 
the surrounding tissues. The malignancy of 
a neoplasm is determined better based on 
invasiveness and metastasis characteristics 
than on other neoplastic characteristics.

Over the metastatic course, tumor cells 
interact with the extracellular matrix (ECM) 
at different stages. ECM invasion is an 
active event that can be understood at four 
steps. These are; detachment of tumor cells 
from each other, adherence of tumor cells 
to the matrix components, degradation of 
ECM, and migration of tumor cells.[1]

In the development of metastasis, tumor 
cells must first separate from each other, 

enter the vascular system, adhere to the 
endothelium and open it, and penetrate 
the basal membrane and reach connective 
tissue. Specific adhesion molecules and 
receptors are needed at each stage.[2] 
Adhesion molecules are involved at many 
stages of the cellular immune response. 
Cellular immunity is also involved in 
tumor immunity, and intercellular adhesion 
molecule‑1  (ICAM‑1) is important for 
T‑cell‑mediated cytotoxicity. ICAM‑1 
expression has been demonstrated in 
many malignant tumors.[3‑7] Vascular cell 
adhesion molecule‑1  (VCAM‑1) is a cell 
adhesion molecule that is found in activated 
endothelial cells, dendritic cells, and renal 
proximal tubule cells. It is important in 
leukocyte‑endothelial cell adhesion.[2]

Matrix metalloproteinases  (MMPs) are 
defined as a large group of enzymes that 
possess the ability to degrade multiple 
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components of the ECM.[8,9] MMPs are produced by most 
cells in the tumor stroma, including immune system cells 
that migrated to the environment. MMPs have a significant 
role in the repair and development of tissues. In this 
physiological process, MMP activity is regulated strictly. 
However, excess production of MMPs may contribute 
to the pathogenesis of inflammatory bowel diseases, 
cerebral hemorrhage, tumor invasion and metastasis, and 
rheumatoid arthritis.[9] The MMP family consists of a 
minimum of 25 members and all involve a zinc molecule 
in their active sites.[9,10] MMPs have the function of 
degrading matrix glycoproteins and proteoglycans.[11‑13] 
MMPs are involved in the stimulation of angiogenesis, 
tumor development, and motility of tumor cells. They are 
believed to play a significant role in cancer spread and 
invasion.[14‑19] Increased MMP activity and production were 
shown to be correlated with metastasis and aggressiveness 
of cancers of the colon, pancreas, prostate, lung, and 
breast.[20]

The main subgroups of MMPs based on substrate 
characteristics include: collagenases  (MMP‑1, 8, and 13), 
stromelysins  (MMP‑3, 10, 11, 12), matrisylins, gelatinases, 
membrane‑type MMPs, and tissue inhibitor of 
metalloproteinases.[9]

Gastric carcinoma constitutes a common disease that is 
encountered at a varying prevalence across the world. 
While it is quite prevalent in Japan, Colombia, Costa Rica, 
and Hungary, a significant decrease has been observed in its 
prevalence and associated mortality in many countries.[21]

This study aims to retrospectively treat gastric carcinomas 
with the ICAM‑1 and VCAM‑1 adhesion molecules, 
and the MMP‑3, MMP‑10, MMP‑11 MMPs using 
immunohistochemistry and investigate the roles of these 
agents in metastasis, which is the most important prognostic 
parameter of gastric carcinoma.

Materials and Methods
Fifty‑two gastric carcinoma cases who underwent 
gastrectomy at the General Surgery Department at Inonu 
University Medical Faculty and received diagnoses at the 
Medical Pathology Department were included in the study.

The cases were inspected with regard to the 
presence/absence of lymph node and distant metastases. 
Blocks involving tumor and nontumoral areas obtained 
from the patients were selected. The selected blocks were 
immunohistochemically stained with MMP‑3, MMP‑10, 
MMP‑11, ICAM‑1 (CD 54), and VCAM‑1 (CD 106).

Cytoplasmic staining was taken into consideration for 
MMPs, and apical border, cytoplasmic, membranous 
staining for CD54 and CD106.

Staining intensity and the extensiveness were considered in 
the evaluation of MMPs, CD54s, and CD106. Accordingly, 
staining intensity was scored from  +1 to  +3, respectively, 

as weak, moderate, and strong, whereas extensiveness was 
graded between 0 and 3 as follows:
•	 Grade 0: Staining in <25% of the cells
•	 Grade 1: Staining in 25%–50% of the cells
•	 Grade 2: Staining in 50%–75% of the cells
•	 Grade 3: Staining in more than 75% of the cells.

Staining characteristics in nontumoral regions were also 
recorded.

The dominant differentiation of the tumor in intestinal‑type 
gastric cancers, and staining intensity and extensiveness 
in various areas of differentiation within the tumor were 
determined individually.

The presence and degree of staining in intratumoral 
angiolymphatic thrombi and areas of perineural infiltration 
were noted.

In addition, as internal controls, staining in basal glands in 
normal gastric mucosa and in areas of intestinal metaplasia 
were used as a basis.

Statistical assessments were performed using the Chi‑square 
analysis and Fisher’s exact Chi‑square analysis.

Results
Of the gastric cancers included in the study, 12 were diffuse 
type and 40 were intestinal type. The evaluation of intestinal 
type gastric carcinomas with regard to their primary grades 
showed that 4  (10%) were well differentiated, 27  (67.5%) 
were moderately differentiated, and 9  (22.5%) were poorly 
differentiated.

Of the 19  cases who did not manifest metastasis, 4 were 
well, 11 were moderately, 1 poorly differentiated, 3 were 
signet‑ring cell carcinoma; of the 14 cases who manifested 
lymph node metastasis, 7 were moderately, 3 were poorly 
differentiated, 4 were signet‑ring cell carcinomas; and of 
the 19  cases with distant metastases, 8 were moderately 
differentiated. 6 were poorly differentiated, and 5 were 
signet‑ring cell carcinomas.

MMP‑11 resulted in no staining in mucous glands in the 
nontumoral gastric epithelium. Staining was found in crypts 
in the basal and in parietal cells in the corpus. Regions of 
intestinal metaplasia showed strong and diffuse staining. 
MMP‑11 expression was present in both tumor cells and in 
connective tissue, smooth muscles, and peripheral nerve tissue.

50/52  (94%) of cases with gastric cancer manifested 
cytoplasmic staining with MMP‑11. Both of the two cases 
with tumors who did not show expression had diffuse type 
gastric carcinomas. Of diffuse type gastric carcinomas, 
4/12 presented a staining grade of  +3, 2/12 of  +2, and 4/12 
of  +1. When evaluated with regard to the extensiveness of 
staining, 1/12 of diffuse type of carcinomas manifested >75% 
MMP‑11 expression, 3/12  50%–75% MMP‑11 expression, 
2/12 25%–50% MMP‑11 expression, and 4/12 <25% MMP‑11 
expression [Figure 1].
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The distribution of MMP‑11 expression based on the 
dominant differentiation of the tumor, degree and 
diffuseness of staining in various differentiated areas, and 
states of metastasis has been presented in Figure  2a for 
intestinal type tumors, and in Figure  2b for diffuse type 
carcinomas.

A cytoplasmic staining pattern was present in the case of 
MMP‑10. MMP‑10 identified MMP‑10 expression in basal 
glands, corpus mucosa, parietal cells, while there was no 
staining in mucous glands. Areas of intestinal metaplasia 
showed diffuse staining of moderate intensity.

MMP‑10 expression was found in 45/52  (86.5%) of 
cases with gastric cancer. The seven cases who did not 
show staining had diffuse type carcinomas. Diffuse 
type carcinomas did not manifest strong staining, and 
2/12 manifested  +1 and 2/12 manifested  +2 MMP‑10 
expression. When assessed based on diffuseness of staining, 
2/12 showed 25%–50%, 2/12 showed  <25% MMP‑10 
expression [Figure 1].

The distribution of MMP‑10 expressions of gastric cancers 
based on dominant differentiation, degree and diffuseness 
of staining in various differentiated areas, and metastasis 

states of diffuse type and intestinal type tumors is presented 
in Figure 3a and b.

Angiolymphatic tumor thrombi and areas of perineural 
infiltration showed similar characteristics with MMP‑10 as 
well.

With MMP‑3, cytoplasmic staining was present while 
gastric mucous glands showed no staining, and staining was 
found in the epithelium of the corpus mucosa, particularly 
in parietal cells. Areas of intestinal metaplasia showed 
higher MMP‑3 expression.

MMP‑3 staining was determined in 43/52  (82.6%) of 
gastric carcinomas. Of the nine cases who did not show 
MMP‑3 expression, seven were diffuse type and two were 
intestinal type carcinomas. 5/12 of diffuse type carcinomas 
showed  +1 staining. Four of these cases manifested 
MMP‑3 expression in 25%–50% of tumor areas and two 
cases in <25% of tumor areas [Figure 1].

The distribution of MMP‑3 expressions of gastric 
cancers based on the dominant differentiation of the 
tumor, degree, and diffuseness of staining in various 
differentiated areas, and their metastasis states is 
presented in Figure 4a and b.

Figure 1: Matrix metalloproteinases‑3, matrix metalloproteinases‑10, matrix metalloproteinases‑11, intercellular adhesion molecule‑1 and vascular cell 
adhesion molecule‑1 expressions in gastric carcinomas. (a) Tumoral area shows different staining patters according to the tumor differentiation, matrix 
metalloproteinases‑10, ×100. (b) Strong and 3+ (75%–100%) staining in well‑differentiated intestinal type gastric carcinoma, matrix metalloproteinases‑10, 
×200. (c) Moderate and 2+ (50%–75%) staining in poorly differentiated intestinal type gastric carcinoma, matrix metalloproteinases‑10, ×200. (d) Moderate 
and 2+ (50%–75%) staining in poorly differentiated intestinal type gastric carcinoma, matrix metalloproteinases‑11, ×200. (e) Weak and 1+ (25%–50%) 
staining in poorly differentiated intestinal type gastric carcinoma, matrix metalloproteinases‑3, ×100. (f) Moderate and 3+ (75%–100%) staining in difuse 
type gastric carcinoma, matrix metalloproteinases‑11, ×100. (g) No staining in diffuse type gastric carcinoma, matrix metalloproteinases‑3, ×100. (h) Strong 
membranous staining with intercellular adhesion molecule‑1 in noncohesive poorly differentiated carcinoma, intercellular adhesion molecule 1, ×400. 
(i) Strong positive staining in endothelial cells, whereas no staining in well‑differentiated carcinoma, vascular cell adhesion molecule ‑1, ×400
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Tumor cells in angiolymphatic tumor thrombi and areas 
of perineural infiltration were found to express MMP‑11, 
MMP‑10, and MMP‑3.

No staining was found with MMP‑3, MMP‑10, and 
MMP‑11 in areas of extracellular mucin. Intracellular 
mucin in the epithelial cells of these cases was also MMP‑3 
negative.

Immune staining of nontumoral gastric tissue with 
ICAM‑1 and VCAM‑1 revealed similar characteristics to 
staining with MMPs. The staining pattern found in gastric 
cancer was primarily membranous. In glands, surfaces of 
epithelium facing the lumen showed apical staining.

Germinal centers showed strong staining with ICAM‑1 
and vessel endothelia showed strong staining with 
VCAM‑1 [Figure 1].

47/52  (90.4%) cases stained positive with ICAM‑1. Of the 
five cases who manifested no staining, two were intestinal 
type and three were diffuse type carcinomas. All intestinal 
type carcinomas were poorly differentiated carcinomas. 
The three diffuse type cases who did not present ICAM‑1 
expression belonged to the distant metastasis group. 
Staining was  +3 in 1/12, +2 in 5/12, and  +1 in 3/12 of 
diffuse type gastric carcinomas. When evaluated based on 
the extensiveness of staining, 2/12 showed more than 75%, 
1/12 50%–75%, 2/12 25%–50%, and 4/12 < 25% ICAM‑1 
expression.

Poorly differentiated noncohesive cells demonstrated 
membranous ICAM‑1 staining of +3 intensity.

Cases that formed well‑differentiated glandular structures 
showed strong membranous ICAM‑1 staining patterns in 
cells that shed off into the lumen. In these regions, cells 
that formed glands showed apical staining.

The distribution of ICAM‑1 expression manifested by 
gastric cancers based on the dominant differentiation of 
the tumor, degree, and diffuseness of staining in various 
differentiated areas, and their states of metastasis is 
presented in Figure 5a and b.

With VCAM‑1, 46/52  (88.5%) of gastric cancers 
manifested positive staining. Of the six cases who did not 
show staining, three were intestinal type and three were 
diffuse type carcinomas.

Among diffuse type gastric carcinomas, staining grades 
of  +3 were determined in 1/12, +2 in 6/12, and  +1 in 
2/12. When evaluated based on the diffuseness of staining, 
8/12 showed 50%–75%, 3/12  25%–50%, and 1/12  <25% 
VCAM‑1 expression [Figure 1].

The distribution of VCAM‑1 expression manifested by 
gastric cancers based on the dominant differentiation of 
the tumor, degree, and diffuseness of staining in various 
differentiated areas, and their states of metastasis is 
presented in Figure 6a and b.

Angiolymphatic tumor thrombi demonstrated expression with 
ICAM‑1, VCAM‑1, and MMP‑3‑10‑11. MMPs produced 
more pronounced staining in areas of perineural invasion.

Of the 40 intestinal type carcinoma cases, 16 did not 
have metastasis, 10 had only lymph node metastasis, and 
14 had distant metastasis. Whereas of the 12 diffuse type 
cases, three did not have metastasis, four had lymph node 
metastasis, and five had distant metastasis.

The intensity of MMP and adhesion molecule expressions 
in gastric cancers was investigated with regard to their 
relationship with metastasis.

With MMP‑11, 4/16 of nonmetastatic intestinal type 
carcinoma cases showed  +3 staining, 7/16  +2 staining, 
5/16 +1 staining; of cases with lymph node metastases, 4/10 
showed  +3, 2/10 showed  +2, and 4/10 showed  +1 staining; 
and of cases with distant metastases, 2/14 showed +3 staining, 
5/14  +2 staining, 5/14  +1 staining, while 2/14 did not show 
MMP‑11 expression. Among cases of diffuse type carcinoma, 
1/3 of nonmetastatic cases showed  +3 staining, while 2/3 
were negative; of cases with lymph node metastasis, 3/4 
showed  +2 and 1/4 showed  +1 staining; and of cases with 
metastasis, 2/5 showed +3, and 3/5 +1 staining.

With MMP‑10, 11/16 of nonmetastatic intestinal type 
carcinoma cases showed  +3 staining, 4/16  +2 staining, 
1/16 +1 staining; of cases with lymph node metastasis, 3/10 
showed +3, 5/10 showed +2, and 2/10 showed +1 staining; 
and of cases with distant metastasis, 2/14 showed  +3 
staining, 8/14  +2 staining, and 4/14  +1 staining. Among 
cases of diffuse type carcinoma, 2/3 of nonmetastatic cases 
showed +2 staining, while 1/3 were negative; of cases with 
lymph node metastasis, 1/4 showed  +2 staining while 3/4 
did not show MMP‑10 expression. Of cases with metastasis, 
3/5 showed +1, and 2/5 were MMP‑10‑negative.

With MMP‑3, 8/16 of nonmetastatic intestinal type carcinoma 
cases showed +3 staining, 7/16 +2 staining, 1/16 +1 staining; 
of cases with lymph node metastasis, 1/10 showed  +3, 
2/10 showed +2, 5/10 showed +1 staining, while 2/10 were 
MMP‑3‑negative; and of cases with distant metastasis, 7/14 
showed +3 staining, 5/14 +2 staining, 1/14 +1 staining, while 
1/14 showed no MMP‑3 expression. Among cases of diffuse 
type carcinoma, 1/3 of nonmetastatic cases showed  +1 
staining, while 2/3 were negative; of cases with lymph node 
metastasis 2/4 showed  +1 staining while 2/4 did not show 
MMP‑3 expression; of cases with metastasis, 2/5 showed +1, 
and 3/5 were MMP‑3‑negative.

With VCAM‑1, 4/16 of nonmetastatic intestinal type 
carcinoma cases showed  +3 staining, 7/16  +2 staining, 
5/16  +1 staining; of cases with lymph node metastasis, 4/10 
showed  +3, 2/10 showed  +2, and 4/10 showed  +1 staining; 
and of cases with distant metastasis, 2/14 showed +3 staining, 
5/14  +2 staining, 5/14  +1 staining, while 2/14 showed no 
VCAM‑1 expression. Among cases of diffuse type carcinoma, 
2/3 of nonmetastatic cases showed  +2 staining, while 1/3 



Bozdag and Kirimlioglu: Expression of matrix metalloproteinase and adhesion molecules in gastric carcinoma

100� Clinical Cancer Investigation Journal | Volume 8 | Issue 3 | May-June 2019

were negative; of cases with lymph node metastasis 1/4 
showed +3 staining, 2/4 +2 staining, while 1/4 did not show 
MMP‑3 expression; of cases with metastasis, 2/5 showed +2 
staining, 2/5 +1 staining, and 1/5 were MMP‑3‑negative.

With ICAM‑1, 5/16 of nonmetastatic intestinal type 
carcinoma cases showed  +3 staining, 9/16  +2 staining, 
2/16 +1 staining; of cases with lymph node metastasis, 6/10 
showed  +3, 2/10 showed  +2, and 1/10 showed  +1 staining; 
and of cases with distant metastasis, 2/14 showed  +3 
staining, 8/14  +2 staining, while 4/14 showed no ICAM‑1 
expression. Among cases of diffuse type carcinoma, 1/3 of 
nonmetastatic cases showed +3 staining and 2/3 +1 staining; 
of cases with lymph node metastasis 3/4 showed +2 staining 
and 1/4 showed  +1 staining; and of cases with metastasis, 
2/5 showed +2 staining, and 3/5 were MMP‑3‑negative.

The relationship between percentages of MMP‑3, MMP‑10, 
MMP‑11, ICAM, and VCAM staining intensities and 
metastasis is demonstrated in Figures 2‑6.

Discussion
Tumor development and metastasis formation are 
consequences of cell‑cell and cell‑ECM relationships 
managed by cell adhesion molecules. In the development 
of metastases, tumor cells must complete all of the 
stages that include transformation, growth, angiogenesis, 
invasion, survival in circulation, adhesion, extravasation, 
proliferation, and further angiogenesis at the metastasis 
site.[1,22] In this process, the tumor must divide at its focus, 
enter the vascular system, adhere to the endothelium 
and open it, and penetrate the basement membrane and 
reach connective tissue. At each stage, specific adhesion 
molecules and receptors are required.[2]

Adhesion molecules are involved in various stages of the 
cellular immune response. Among adhesion molecules, 
ICAM‑1 plays a role at the first stage of adhesion of 
T‑cells onto the target cells.[3] Cellular immunity plays a 
major role in tumor immunity, and ICAM‑1 is important 
in T‑cell‑mediated cytotoxicity.[3,23] ICAM‑1 expression was 
shown to be present in multiple malignant tumors including 
those of the bladder, colon, thyroid, renal carcinomas, 
melanomas, and lymphoid malignancies.[3‑7]

In a study by Nasu et al.[23] the ICAM‑1‑produced staining 
in approximately half of the gastric cancers, and no 
ICAM‑1 expression was detected in the normal gastric 
epithelium. ICAM‑1 expression is present on the luminal 
surface in intestinal type carcinomas, whereas it is rare 
in diffuse type carcinomas. ICAM‑1 expression is higher 
in intestinal type carcinoma cells than in diffuse type 
carcinoma cells with statistical significance. However, the 
study in the literature did not investigate the relationship 
that differentiation grades of gastric carcinomas had with 
ICAM‑1 expression and the tumor developing lymph node 
or distant metastases.

A study conducted with flow cytometric analysis similarly 
found that ICAM‑1 was absent in the normal gastric 
epithelium and that its levels in carcinoma cells that 
metastasized to the peritoneum were significantly higher 
than in carcinoma cells.[6] On the other hand, decreased 
levels of ICAM‑1 expression in cancerous cells were 
determined to be related to the development of lymph node 
metastasis in a study conducted by Tanaka et  al.[24] Again, 
serum ICAM‑1 levels were determined to be correlated 
with advanced stages, metastatic cases, and an unfavorable 
prognosis.[25] Our study found that the relationship between 
strong membranous ICAM‑1 positivity and distant 
metastasis was significant.

Vascular cell adhesion molecule  (VCAM‑1) is a cell 
adhesion molecule that is found in activated endothelial 
cells, dendritic cells, and renal proximal tubule cells. It is 
important for leukocyte‑endothelial cell adhesion.[2]

VCAM‑1 was demonstrated in gastric malignant tumors 
using immunohistochemistry, and it was reported to play 
a stimulating role in angiogenesis.[26] In a study by Ding 
et  al.,[27] VCAM‑1 was assessed in serum and gastric cancers 
using immunohistochemistry. It was found that serum 
levels of VCAM‑1 were significantly higher in patients with 
gastric cancer, with immunopositivity in 75.6% of the cases. 
Furthermore, the mentioned study found that VCAM‑1‑positive 
gastric cancers were more invasive and were of more advanced 
stages. It was found to be related to lymph node metastasis

A study conducted by Velikova et  al. found that serum 
levels of ICAM‑1 and VCAM‑1 were significantly higher 
and that high VCAM‑1 levels were connected to decreased 
survival time.[2]

Diverging from studies in the literature, our study 
determined no significant relationship between VCAM‑1 
and metastasis development.

Besides adhesion molecules, certain proteolytic enzymes, 
particularly MMPs, play a significant role in degrading the 
basement membranes of the epithelium and endothelium 
and the ECM during the migration and infiltration of cancer 
cells.[10,28] To this day, more than 25 MMPs have been 
identified. They can be classified under four subgroups 
as follows: collagenases, gelatinases, stromelysins, and 
membrane‑type MMPs.[1,9]

Many experimental and clinicopathological studies have 
shown a relationship between MMP expression and 
invasive phenotype in tumor cells.[10,29] Numerous studies 
have been conducted on MMP expression and production 
in gastric cancers, particularly in Japan.[30-32]

MMP‑3  (stromelysin‑1), MMP‑10  (stromelysin‑2), and 
MMP‑11, which were included in our study, belong to 
the same group. MMPs of this group do not degrade 
themselves but catalyze the degradation process. Their 
roles in carcinogenesis, metastasis, and prognosis in gastric 
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cancers have not been determined. We showed in this 
study that this group of MMPs was expressed strongly 
in gastric cancers, especially in the intestinal type. Their 
more intense and diffuse expression in areas of intestinal 
metaplasia and dysplasia suggests that they are involved in 
tumor development. Their expression decreases in parallel 
to a decrease in differentiation within the tumor.

An immunohistochemical literature study conducted with 
MMP‑3 reported no staining in normal gastric mucosa, 
and MMP‑3 expression in 27% of tumors.[28] However, 
a study conducted using in  situ hybridization detected 
no MMP‑3 expression in gastric cancers.[31] In our study, 
while there was no staining with MMP‑3 in the antral 
mucosa, staining was detected in parietal cells in the 
corpus, as seen with other MMPs. The study conducted 
earlier includes no information about whether or not 
evaluations were performed with regard to sections of 
the stomach. In this study, MMP‑3 expression in gastric 
cancers was found to be higher than reported in the other 
immunohistochemical study in the literature. Studies 
in the literature that compared MMP‑3 expression and 
lymph node metastasis with survival time found no 
significant relationships.[28,33] Similarly, our study did 

not find a significant relationship between the state of 
metastasis and MMP‑3 expression either, but a relative 
loss in MMP‑3 expression was observed in tumors with 
distant metastasis.

The literature has shown MMP‑10 expression in tumors 
with an epithelial origin such as lung, head‑neck, 
esophagus and oral squamous cell carcinomas, basal, and 
squamous cell carcinomas of the skin.[34-37] Differently from 
many other MMPs that are mainly localized in the tumor 
stroma, MMP‑10 is expressed by the tumor cells.[36,38,39] 
This expression profile and the wide substrate specificity 
of MMP‑10 corroborate the notion that it could be a target 
in treatment attempts.[36,37,40-42] In our study, MMP‑10 
expression was found to be higher in cases without 
metastasis, both in intestinal and diffuse types.

An increase in MMP‑11 expression in tumors was first 
shown in invasive breast carcinomas and has later been 
reported in relation to various cancers including lung 
and colorectal cancers.[43‑45] The increase in MMP‑11 
expression is thought to be an early stage change that 
could have an aggravating effect on tumor progression.[46,47] 
MMP‑11 is correlated with an unfavorable prognosis in 
head‑neck cancers.[48] It is an independent prognostic 

Figure  2: The distribution of matrix metalloproteinases‑11, matrix 
metalloproteinases‑10, matrix metalloproteinases‑3, intercellular adhesion 
molecule and vascular cell adhesion molecule expressions based on the 
dominant differentiation of the tumor, degree and extensity of staining in 
various differentiated areas, and states of metastasis for intestinal type 
and diffuse type carcinomas. (a) Matrix metalloproteinases‑11 expression 
in intestinal type carcinoma and its relationship with metastasis. (b) Matrix 
metalloproteinases‑11 expression in diffuse carcinoma and its relationship 
with metastasis

b

a

Figure  3: The distribution of matrix metalloproteinases‑11, matrix 
metalloproteinases‑10, matrix metalloproteinases‑3, intercellular adhesion 
molecule and vascular cell adhesion molecule expressions based on the 
dominant differentiation of the tumor, degree and extensity of staining in 
various differentiated areas, and states of metastasis for intestinal type 
and diffuse type carcinomas. (a) Matrix metalloproteinases‑10 expression 
in intestinal type carcinoma and its relationship with metastasis. (b) Matrix 
metalloproteinases‑11 expression in diffuse carcinoma and its relationship 
with metastasis
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marker for disease‑free survival time in breast cancers.[49] 
In invasive bladder carcinomas, MMP‑11 is related to 
tumor aggressiveness[50] In lung cancers excluding small 
cell, increased MMP‑11 expression is connected to lymph 
node metastasis.[51] High MMP‑11 levels are related to an 
unfavorable prognosis in astrocytic tumors and squamous 
cell tumors of the esophagus.[52‑54] In a study done on 
gastric cancers that evaluated MMP‑11 expression using 
polymerized chain reaction, MMP‑11 expression was 
determined to be higher in gastric carcinomas.[55] The 
authors of this study suggested that a decrease in MMP‑11 
inhibited cell proliferation and tumor development in 
gastric carcinomas and MMP‑11 could constitute a 
therapeutic target in gastric carcinomas. In our study, 
MMP‑11 expression was determined to be higher in cases 
without metastasis in intestinal type carcinomas and in 
cases with distant metastasis in diffuse type carcinomas.

Conclusions
In this retrospective study, we conducted on our cases with 
gastric cancer, MMP‑3, MMP‑10, MMP‑11 among MMPs, 
and ICAM‑1 and VCAM‑1 among cell adhesion molecules 
were determined to be expressed in gastric cancers. This 

expression was diffuse across all MMPs, although less in 
MMP‑3. MMP‑3, MMP‑10, and MMP‑11 expressions were 
of similar pattern, intensity, and extensiveness.

Different areas of differentiation within the tumor showed 
differences in MMP expression in terms of intensity and 
extensiveness. In intestinal type tumors, the expression 
of all three MMPs of the stromelysin group decreased in 
parallel to a decrease in differentiation within the tumor.

However, when evaluated with regard to dominant 
differentiations, no significant relationship was found 
between differentiation and MMP expression in intestinal 
type carcinomas.

MMP expressions in the diffuse type were lower than in the 
intestinal type and most cases which did not demonstrate 
MMP expression were of the diffuse type.

With ICAM‑1, strong, diffusive expression was determined 
in gastric cancers, especially in noncohesive cells. Cases 
with distant metastases showed membranous‑pattern 
positivity detected in poorly differentiated areas.

ICAM‑1 also produced strong, diffusive positivity in 
angiolymphatic tumor thrombi. Its expression was found 
to be higher in the nonmetastatic group than the metastatic 
group, both in intestinal and diffuse types.

Figure  4: The distribution of matrix metalloproteinases‑11, matrix 
metalloproteinases‑10, matrix metalloproteinases‑3, intercellular adhesion 
molecule and vascular cell adhesion molecule expressions based on the 
dominant differentiation of the tumor, degree and extensity of staining in 
various differentiated areas, and states of metastasis for intestinal type 
and diffuse type carcinomas. (a) Matrix metalloproteinases‑3 expression 
in intestinal type carcinoma and its relationship with metastasis. (b) Matrix 
metalloproteinases‑3 expression in diffuse carcinoma and its relationship 
with metastasis

b

a

Figure  5: The distribution of matrix metalloproteinases‑11, matrix 
metalloproteinases‑10, matrix metalloproteinases‑3, intercellular adhesion 
molecule and vascular cell adhesion molecule expressions based on the 
dominant differentiation of the tumor, degree and extensity of staining in 
various differentiated areas, and states of metastasis for intestinal type and 
diffuse type carcinomas. (a) Vascular cell adhesion molecule expression in 
intestinal type carcinoma and its relationship with metastasis. (b) Vascular 
cell adhesion molecule expression in diffuse carcinoma and its relationship 
with metastasis

b

a
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VCAM‑1 was diffusely expressed in gastric cancers. 
However, we did not determine a significant correlation 
concerning differentiation and lymph node and distant 
metastasis as opposed to reports in the literature.

When evaluated with regard to distant metastases, MMP‑10 
expression was stronger in the nonmetastatic group than in 
the metastatic group both in intestinal and diffuse types; 
MMP‑11 expression was stronger in the nonmetastatic 
group than in the metastatic group in the intestinal type 
and weaker in the diffuse type. With MMP‑3, no significant 
difference was determined in terms of metastasis.

In conclusion, MMP‑3, MMP‑10, MMP‑11, ICAM‑1, and 
VCAM‑1 are expressed in gastric cancers and are thought 
to be involved in tumor development.

Levels of expression that decrease in parallel to decreasing 
differentiation in areas of differentiation within tumor 
corroborate the idea that they are related to tumor progression.

Due to its relationship with metastasis, ICAM‑1 expression 
in noncohesive cells supports the idea that ICAM‑1 is a 
significant factor involved in metastasis development in 
gastric cancers in accordance with the literature data.

Decreased MMP‑10 and MMP‑11 expression in metastases 
suggest that these enzymes may also be linked to the 
metastatic potential of gastric cancers.
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