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1. Abstract
1.1. Introduction: Matrix metalloproteinase (MMP)-2 is a mem-
ber of MMPs family which is zinc-dependent endopeptidases that 
degrade all components of ECM and vascular basement membrane. 
MMPs are closely involved in tumor invasion and metastasis.

1.2. Aim of the Work: is to evaluate the immune-expression and 
clinical significance of MMPs molecule in patients with pancreatic 
carcinoma.

1.3. Materials and Methods: A total of 25 pancreatic carcinomas 
were evaluated for expression of MMP-2 by immune-histochem-
ical technique. The expression was evaluated. The study included 
24/25 cases of PDAC and 1/25 acinar cell carcinoma. PDAC in-
cluded 5/24 cases of well differentiated, 16/24 cases of moderately 
differentiated, 3/24 cases of poorly differentiated adenocarcinoma.

1.4. Results: Pancreatic carcinoma specimens showed positive cy-
toplasmic MMP-2 staining with high expression in 88% of studied 
specimens as their IRS ranged from 6/9 to 9/9 with high extent and 
intensity. There was a statistically significant relationship between 
MMP-2 expression and high grade in PDAC (p<0.024).

1.5. Conclusion: MMP-2 was expressed in PDAC and not in pan-
creatitis cases. The expression of MMP-2 was correlated with high 
histological grade and poor prognosis in PDAC.

2. Introduction
Pancreatic ductal adenocarcinoma (PDAC) is a highly fatal dis-

ease, usually diagnosed in an advanced stage which gives a slight 
chance of recovery. Pancreatic cancer is characterized by a rapid 
course, poor prognosis, and high mortality since most patients are 
diagnosed with metastases to lymph nodes and distant organs [1].

The early symptoms of pancreatic cancer are often very vague. 
They may precede the diagnosis by years and go unrecognized. 
This makes pancreatic cancer one of the cancers with the worst 
survival rates [2].

Pancreatic cancer is an intractable malignancy and is the seventh 
leading cause of global cancer deaths in industrialized countries. 
Based on GLOBOCAN 2018 estimates, pancreatic cancer is the 
11th most common cancer in all over the world with estimated 
458, 918 new cases and 432, 242 deaths (4.5% of all cancer-related 
deaths) in 2018. The incidence and mortality of pancreatic cancer 
correlate with increasing age and is slightly more common in men 
than in women [3].

As the most common and most important pancreatic cancer, with 
rapid mortality and now also as the third leading cause of can-
cer-related deaths in the United States, PDAC has become synon-
ymous with "pancreas cancer" [4].

In Egypt, pancreatic cancer has traditionally been considered rare, 
but the population in Egypt exhibits an unusually high rate of 
young-onset pancreatic cancer of 2.6 in females and 4.8 in males/ 
ASR/100000 population. The incidence rate for both sexes in-
creases with age. Pancreatic cancer is seldom diagnosed before 55 
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years of age, and it can be defined as a disease of elderly popula-
tions because the highest incidence is reported in people over 70 
years [5].

Currently, early diagnosis and radical surgery provide the only 
chance of long-term survival for patients with pancreatic carci-
noma. Although there has been an improvement in the manage-
ment of patients with pancreatic carcinoma, In the recent years, 
the 5-year overall survival rate of PC has remained low, at 3% after 
effective treatment [6].

Local invasion and distant metastasis are the important biological 
characters of pancreatic carcinoma, occurring in early stage of the 
disease, causing the reduction of chance for surgery and death of 
the patients. Tumor infiltration and metastasis is a complex mech-
anism involved in a variety of cellular multi-step processes, among 
which the proteolytic degradation of extracellular matrix (ECM) is 
an essential event [7].

PDAC is characterized by a prominent desmoplastic reaction, 
results in formation of tumor microenvironment, consisting of a 
dense stroma surrounding the neoplastic cells [8].

The stroma forms the bulk of the tumor, taking up to 80-90% of the 
total tumor mass and consists of many components as my fibro-
blasts, macrophages, blood vessels and extracellular matrix com-
ponents such as collagen I, collagen IV, laminin and fibronectin 
[9].

In the stroma, the extracellular matrix has been considered a stable 
structure that plays a supportive role in maintaining tissue mor-
phology. However, it is evident that the extracellular matrix forms 
the fundamental role on the surrounding cells. According to this 
concept, loss of extracellular matrix homeostasis and integrity is 
considered one of the hallmarks of cancer and typically defines 
transitional events, resulting in cancer progression and metastasis 
[10].

MMPs have long been held responsible for cancer cell invasion 
and metastasis, because of the great impact of metalloproteinase 
in remodeling the ECM of tumours. MPs and their proteolytic 
function are responsible for several steps of cancer as cancer-cell 
growth, differentiation, apoptosis, migration, invasion, and tu-
mours angiogenesis. They have significant roles in initial stages 
of cancer progression by inducing genomic instability and DNA 
damage as well as invasion and metastasis by facilitating invasion 
of cancer cells by ECM degradation [11, 12].

MMP-2 is an important member of the MMPs family which plays 
a significant part in the development of some neoplastic diseases 
[13].

Matrix metalloproteinase (MMP)-2 is a member of MMPs family 
which is zinc-dependent endopeptidases that degrade all compo-
nents of ECM and vascular basement membrane. They play an 
important part in the development of numerous neoplasms and 

connective tissue diseases. MMPs are closely involved in tumour 
invasion and metastasis [14].

3. Aim
The aim of this Study is to evaluate immune-histochemical expres-
sion of MMP-2 in pancreatic carcinoma, its correlation with the 
established prognostic factors.

4. Materials and Methods
Twenty-five formalin-fixed paraffin-embedded tissue blocks of 
pancreatic carcinoma and five tissue blocks of chronic pancreatitis 
as a control group were retrieved for this study from the archived 
material of the Laboratory of Pathology Department, Sohag Uni-
versity Hospitals and Sohag Oncology Center during the period 
from 2015 to 2018. The study protocol was approved from the 
Institutional Ethical Committee of Sohag University. Tumor tissue 
samples were obtained by excisional biopsy of pancreatic mass-
es and Whipple operation (pancreatico-duodenectomy). Clini-
co-pathological data of the patients in the study as age, sex, tumor 
size, and the presence of distant metastasis were retrieved from 
patients’ medical files.

Four-micron-thick tissue sections from the tumours were prepared 
from formalin-fixed, paraffin-embedded tissue blocks and stained 
with Hematoxylin and Eosin for histological type, grade, perineu-
ral invasion, lympho-vascular invasion and presence of regional 
lymph node metastasis. Tumor grade and pathological stage were 
evaluated according to WHO recommendations (2019) [15].

4.1. Immunohistochemistry

Immunostaining method using the peroxidase-labeled streptavi-
din-biotin technique to detect MMP-2 was done. Three-micron-
thick tissue sections mounted on Poly-Lysine coated slides were 
deparaffinized and rehydrated. Endogenous peroxidase activity 
was blocked using peroxidase blocking reagent (Cat # TP-015-H, 
Lab Vision Corporation). The antigen sites were unmasked by im-
mersing the slides in sufficient amounts of 10 mmol sodium citrate 
buffer, pH 6.0.  Tissue sections were incubated in a microwave for 
10-15 min, allowed to cool down for 20 min, washed in distilled 
water, then in phosphate-buffered saline (PBS, pH 6.0). Tissue 
sections were incubated in normal goat serum to block nonspecif-
ic interactions. Tissue sections were incubated overnight at room 
temperature with MMP-2 rabbit polyclonal antibody (25 µm, con-
centrate, Cat#42599, GeneTex Corporation) at a dilution of 1/100. 
The resulting immune-complex was detected by a universal stain-
ing kit (Cat # TP-015-H, Lab Vision Corporation). Tissue sections 
were treated with biotinylated polyvalent goat anti-mouse second-
ary antibody (Lab Vision Corporation), and then peroxidase-la-
beled streptavidin was applied for 10-15 min at room temperature, 
rinsed in PBS, incubated with 14-diaminobenzidine for 5 min. 
The tissue sections were counter-stained in Mayer’s Hematoxylin, 
washed in tap water, dehydrated in alcohol, cleared in Xylene, left 
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to dry, then mounted with DPX, and cover slipped. Breast carcino-
ma was used as positive control for MMP-2 antibody.

4.2. Evaluation of MMP-2 Protein Expression

MMP-2 protein expression was semi-quantitatively evaluated ac-
cording to the percentage and the intensity of stained cells. The 
percentages of stained cells were divided as follows: 0 for no stain-
ing; 1 point for <10%; 2 points for 10-30%; 3 points for >30% of 
stained cells. The intensity of staining was ranged as following: 
0, absent; 1, weak; 2, moderate; 3, strong. The percentage and in-
tensity of staining were multiplied to produce an immunoreactiv-
ity score (IRS) for each case. A final total score ≤3 was defined 
as low expression, and <3 was determined to be high expression 
(14). Data analysis were done using SPSS version 22. Data were 
presented as number, percentage, mean ± standard deviation (SD), 
and median. The correlation between MMP-2 expression and 
clinico-pathological data were determined using a Mann-Whitney 
test for quantitative variables and a Kruskal Wallis test for qual-
itative variables. Spearman correlation was done to measure the 
correlation between quantitative variables. P-value was considered 
statistically significant when p< 0.05.

5. Results
5.1. Clinical Data and Pathological Characteristics of the Stud-
ied Specimens

The age range of the 25 patients with pancreatic carcinoma were 
40 to 69 years old with mean ± SD was 56.32 (± 8.57) and the 
median age was 59 years old. Patients with pancreatic carcinoma 
included in this study were 14 males and 11 females. More than 
half of the patients with pancreatic carcinoma (56%) were clus-
tered in the age group less than 60 years old. The size of tumor 
masses ranged between 1-7 cm (6 specimens ≤2 cm and 19 spec-
imens >2 cm). Specimens was taken either by Whipple operation 
(pancreatico-duodenectomy) or by excisional biopsy of pancreatic 
masses. Most of these tumour masses (18/25) were located at the 
pancreatic head and the rest (7/25) were located at the pancreatic 
body and tail.

On histopathological typing; 24/25 of the specimens were PDAC 
and 1/25 was acinar cell carcinoma. Regarding tumor differentia-
tion, PDAC included 5/24 cases of well differentiated adenocarci-
noma, 16/24 cases of moderately differentiated adenocarcinoma, 
3/24 cases of poorly differentiated adenocarcinoma. According to 
WHO staging system of pancreatic carcinoma [16], the studied 
cases has been classified pathologically into pT1, pT2, pT3 and 
pT4 in 6,12, 6 and one case; respectively (Table 1).

5.2. Immuno-histochemical Features

Pancreatic carcinoma specimens showed positive cytoplasmic 
MMP-2 staining with high expression in 22/25 studied specimens 
(88%) as their IRS ranged from 6/9 to 9/9 with high extent and 
intensity. Only 3/25 (12%) of the studied cases showed positive 

MMP-2 staining with low MMP-2 expression. Well differentiat-
ed PDAC showed high MMP-2 expression at 4/5 specimens and 
low expression at 1/5 specimen. Moderately differentiated PDAC 
showed high MMP-2 expression in 14/16 specimens and low ex-
pression in 2/16 specimens. Poorly differentiated PDAC showed 
high MMP-2 expression at 3/3 specimens. A specimen of acinar 
cell carcinoma showed high MMP-2 expression. The surround-
ing normal pancreatic tissue and five specimens of chronic pan-
creatitis showed negative MMP-2 staining. Stromal cells showed 
focal positive MMP-2 staining in 12/25 of specimens (Table 2, 
Figure 1 &Graph 1). There was a statistically significant relation-
ship (p<0.024) between MMP-2 expression and tumour grade in 
PDAC (Table 2 and Graph 1). However, no statistical significant 
relationship was found between MMP-2 staining and other param-
eters; tumour size, lympho-vascular invasion, perineural invasion, 
lymph node metastasis, or tumour stage.

Table 1: The clinicopathological features of the studies cases

Clinicopathological data No

Male 14

Female 11

Histological type  

PDAC
Well differentiated AC
Moderately differentiated AC
Poorly differentiated AC

24
5
16
3

Acinar cell carcinoma 1

WHO staging of the cases
pT1
pT2
pT3
pT4

6 
12
6
1

he tumour size 
≤ 2 cm
>2 cm

6
19 

Tumour at head of pancreas 18

Tumour at the tail or body 7
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Table 2: Relationship between MMP-2 expression and clinico-pathological parameters.

 
  MMP-2 expression MMP2 Expression

P-value
No + +++ Mean ± SD Median (Range)

Histological grade: 25 3 22      
Well differentiated  PDAC 5 1 4 7.80 ± 2.68 9.0 (3.0-9.0)  
Moderately differentiated  PDAC 16 2 14 9.00 ± 2.68 9.0 (3.0-12.0) 0.024*

Poorly differentiated  PDAC 3 - 3 12.00 ± 0.00 12.0 (12.0-12.0)  
 Lymph nodes :          Positive 13     9.23 ± 2.28 9.0 (3.0-12.0)  

                                   Negative  12     9.25 ± 3.25 9.0 (3.0-12.0) 0.625

Perineural invasion:   Positive 20   17 8.85 ± 2.83 9.0 (3.0-12.0)  

                                   Negative 4     10.80 ± 1.64 12.0 (9.0-12.0) 0.117

Lympho-vascular invasion: Positive                                      2     10.50 ± 2.12 10.5 (9.0-12.0)  
                                          Negative 22     9.13 ± 2.78 9.0 (3.0-12.0) 0.499

Size of tumour:    ≤2 cm       10.00 ± 1.55 9.0 (9.0-12.0)  

                             >2cm       9.00 ± 3.00 9.0 (3.0-12.0) 0.617

Staging:                 T1/ T2 18   15 9.17 ± 3.17 9.0 (3.0-12.0)  

                               T3/ T4 7   7 9.43 ± 1.13 9.0 (9.0-12.0) 0.658

Graph (1): (A) MMP-2 expression in pancreatic carcinoma. (B) The relationship between MMP-2 expression and tumour grade.

A

B
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Figure 1: Hematoxylin and eosin stained and MMP-2 cytoplasmic expression 
in PDAC 
(A) Well differentiated PDAC.              (B) Moderately differentiated PDAC. 
(C) Poorly differentiated PDAC.            (D) Acinar cell carcinoma of pancreas.

6. Discussion
The current study was carried out on 25 formalin-fixed, paraf-
fin-embedded tissue blocks of pancreatic carcinoma and 5 cases 
of chronic pancreatitis.

The mean age of the study patients was 56.32 years ranging from 
40 to 69 years. Males were more frequently involved by pancreatic 
carcinoma than females.  This was in agreement with the national 
reports of age incidence of pancreatic cancer at 2020 which stated 
that the risk of developing pancreatic cancer increases with age. 
Most people who develop pancreatic cancer are older than 45, 
90% are older than 55 and 70% are older than 65. More men are 
diagnosed with pancreatic cancer than women according to Amer-
ican Cancer Society, 2020 [17].

 Histopathological examination showed that 24 specimens were 
PDAC; 5/25 cases of well differentiated, 16/25 cases of moderate-
ly differentiated and 3/25 cases of poorly differentiated pancreatic 
carcinoma and one specimen was acinar cell carcinoma. Perineural 
invasion was observed in 20/25, while vascular invasion was ob-
served only in 2/25 of the studied tumours. Lymph node involve-
ment was observed in 13/25 of the tumours. Regarding tumour 
stage, most cases of this study were classified as either pT2; 12/25 
cases or pT3; 6/25 cases.

In the present, immune-histochemical MMP-2 expression was cy-
toplasmic in 22/25 (88%) of cases of pancreatic carcinoma and the 
IRS was 9/9 to 6/9 with high extent and intensity. This expression 
was nearly similar to that reported by Zhai et al., (2015) who found 
that MMP-2 expression in pancreatic carcinoma was positive in 
96/122 (78.7%) [14], while Giannopoulos et al., (2008) reported 

that MMP-2 expression in pancreatic carcinoma cases were posi-
tive in 21/32 (65.6%) of cases (18). Jakubowska et al., (2016) re-
ported that MMP-2 expression in pancreatic carcinoma cases were 
positive in 16/29 (55.17%) [19]. The different values of MMP-2 
expression in the aforementioned studies could be due to the larger 
number of cases and different antibodies used for MMP-2 detec-
tion in pancreatic carcinoma in their studies.

Non-neoplastic acinar parenchymal and pancreatic ductal epitheli-
um was negative in all 25 cases in this study. This finding was sim-
ilar to that observed by Roy et al., (2014) and Zhai et al., (2015), 
who reported that MMP-2 expression was higher in pancreatic car-
cinoma tissues than that in para-carcinoma tissues by IHC staining 
[13, 14]. Studies by Jakubowska et al. (2016) reported that normal 
pancreatic acini and ducts were negative with MMP-2 [19].

Stromal cells showed positive staining in 12/25 (48%) of pancre-
atic carcinoma cases in the current study. However, Jakubowska et 
al. (2016) documented that stromal cells showed positive staining 
in (79.31%) of pancreatic carcinoma cases [19], while Giannopou-
los et al. (2008) reported that most cases in his study showed stro-
mal positive staining with MMP-2 [18].

In this study, there was a statistically significant relationship be-
tween MMP-2 expression and tumour grade (p<0.024). This find-
ing was nearly similar to that of Giannopoulos et al., (2008) who 
found a significant correlation between MMP-2 expression in pan-
creatic carcinoma and the degree of tumour differentiation [18]. 
Also Zhai et al (2015) reported that MMP-2 expression in pancre-
atic carcinoma was significantly correlated with poor histological 
grade [14].
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There was no statistically significant relation between MMP-2 
expression and the clinico-pathological parameters of pancreatic 
carcinoma; tumour size, perineural invasion, lympho-vascular in-
vasion, lymph node metastasis, or tumour stage and Slapak et al 
2020 reported the same finding in a systematic review of the stud-
ies focusing on matrix metalloproteases in pancreatic cancer [20]. 
However, Jakubowska et al. 2016 found only significant correla-
tion with female gender [19], whereas, Giannopoulos et al., (2008) 
reported a significant correlation with patients’ age [18].

Of the studied pancreatic carcinoma with peri-neural invasion, 
17/20 (85%) cases showed high IHC-MMP-2 expression but with 
no statistical significant correlation. All cases with advanced stag-
es (7 cases T3/T4) showed high MMP-2 expression and with the 
less advanced stages (15 cases T1/T2) showed high MMP-2 ex-
pression but with no significant correlation. This may indicate that 
MMP-2 is related to the conversion of the pancreatic acini from 
the normal to the malignant condition irrelevant to tumour stage. 
Zhai et al., (2015) reported that MMP-2 expression in pancreatic 
carcinoma was significantly correlated with perineural invasion, 
lymph node, distant metastasis, and advanced stage [14]. Absence 
of correlation between MMP-2 expression and most of the clinical 
or pathological characteristic of pancreatic carcinoma in the cur-
rent study may be due to small sample size and incomplete follow 
up of the patients for a sufficiently longer period of time. There is 
increasing evidence indicating that MMP-2 has a critical role in 
tumour invasion and metastasis.

Some reports have shown that the prognostic significance of MMP-
2 expression in several types of tumours. Vasala et al., (2003) and 
Yao et al 2017 demonstrated that overexpression of MMP-2 is sig-
nificantly associated with a reduced survival rate and may be as an 
independent prognostic marker for bladder cancer [21, 22].

Wu et al., (2006) showed that MMP-2 expression has significant 
correlation with tumour differentiation, invasion and lymph node 
metastasis, and act as a significant prognostic marker in gastric 
carcinoma [23]. Dragutinović et al., (2011) reported that overex-
pression of MMP-2 is significantly correlated with tumor progres-
sion and might be useful to predict tumour recurrence in patients 
with colorectal adenocarcinoma [24]. Aparna et al., (2014) docu-
mented that a higher MMP-2 expression is associated with local 
recurrence, distant metastasis and shorter survival, and may serve 
as an indicator of poor prognosis in early stages of tongue SCC 
[25].

In the current study the chronic pancreatitis cases showed no 
MMP-2 expression and this contrasts with Choi et al (2006) and 
Manjari et al (2017), who reported that the MMp-2 was expressed 
in pancreatitis but the intensity of MMP2 staining tended to be 
lower in the pancreatic ductal epithelial cells in autoimmune pan-
creatitis (AIP) and in alcoholic chronic pancreatitis ACP [26, 27].

7. Conclusion
MMP-2 immune expression was positive in pancreatic carcino-
ma with various grades, but negative in chronic pancreatitis cases. 
There was a significant relationship between MMP-2 expression 
and poor histological grade in PDAC.
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