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AbstrAct
BACKGROUND: Pancreatic carcinoma is one of the most severe oncological diseases of the gastrointestinal 
tract. At the time of diagnosis, up to 28% of patients have metastatic liver damage, and only 5% of patients 
survive five years. Scientific research focuses on non-invasive markers that could help screen for the disease 
and identify patients more quickly. Potential biomarkers also include matrix metalloproteinases, which play 
a role in oncogenesis. 
MATERIAL AND METHODS: We prospectively followed 46 patients with pancreatic cancer and benign 
pancreatic diseases from September 2022 to March 2023. We determined the level of MMP9 in serum and 
tissue biopsied during surgeries. 
RESULT: As a result, MMP9 levels were elevated from the T2 stage. The correlation between disease stage 
and MMP9 level was not confirmed in lower stages, possibly due to the small group of patients.
CONCLUSION: MMP9 seems suitable for detecting late stages of pancreatic cancer, possibly for secondary 
prevention. We could not confirm a correlation between MMP9 levels and the initial stages of the disease 
(Tab. 1, Fig. 3, Ref. 21). Text in PDF www.elis.sk
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Introduction

Pancreatic carcinoma is an oncological severe disease of 
the digestive tract. Despite the attention paid to this disease, the 
diagnosis of pancreatic cancer is still late. The incidence of pan-
creatic cancer has been documented as rising in most countries, 
with mortality rates in the range of about 6–10/100 0000 per 
year (1). Approximately 5% of pancreatic cancer patients survive 
five years (2). Patients with unresectable pancreatic cancer or 
metastatic damage to the hepatobiliary system stay less than one 
year (3). Diagnosis is based on non-specific clinical symptoms, 
essential biochemical examination supplemented with oncological 
markers Ca19-9 and CEA, and imaging examinations. The basis 
of the treatment is surgical resection according to the anatomical 
location of the tumor, and an oncologist then manages the patient. 
The standardized non-invasive markers of pancreatic cancer are 
currently tumor markers Ca19-9 and CEA. However, they have 

a limitation in clinical application due to showing false positivity 
in diseases of the pancreaticobiliary system (4). Therefore, new 
markers that could be more sensitive and specific for pancreatic 
cancer are coming to the forefront of research.

Matrix metalloproteinases (MMPs) are one of them. MMPs 
are the main enzymes and endopeptidases responsible for the deg-
radation and remodeling of the extracellular matrix, which is the 
basis of the pathological mechanism of oncogenesis (5) (Fig. 1). 
We currently know 28 subtypes of MMPs, which are divided into 
classes based on substrate specificity (6). MMP9 is also known 
as gelatinase B or collagenase IV. type catalyzes the degradation 
of sizeable extracellular matrix components such as elastin and 
collagen. It releases and activates extracellular signaling molecules 
(7). Based on these properties, the relationship of MMP9 with the 
stage of pancreatic cancer disease is assumed.

Material

The analyzed samples consisted of 46 patients admitted to 
our hospital for radical surgical treatment or biopsy of pancreatic 
tumor. All patients signed the instruction and informed consent of 
the participant in biomedical research according to §27 of Act no. 
576/2004 Coll. The research sample consisted of 21 women (45%) 
and 25 men (55%), with an average age of 62.67 (26–81) years. 
Patients were histologically divided into two groups. The first group 
included a patient with a benign finding, which consisted of patients 
with chronic pancreatitis and benign pancreatic tumors (11 patients, 
24%); this group of patients was used as a control group. The second 
group consisted of patients with malignant tumors of the pancreas 
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(35 patients, 76%). This group of patients consisted of patients with 
adenocarcinoma of the pancreas, which was further divided into 
individual stages of pancreatic cancer (Tab. 1). Before the surgery 
in the morning, serum and whole blood samples were taken from 
the patients in BD Vacutainer tubes to speed up coagulation. These 
samples are then transported to the Department of Medical and 
Clinical Biochemistry and analyzed. Tissue samples were taken 
from the patients during surgery in saline solution with ice and then 
transported to the Department of Medical and Clinical Biochemistry. 

Method

Tissue and serum samples were subsequently processed. Both 
serum and tissue were first processed by centrifugation, and the 
homogenized tissue was frozen at –80 °C. Later, we detected the 
expression of MMP9 in the tissue and the serum using the ELISA 
method (Human MMP9 Elisa Kit (ab246539). IBM SPSS Statistics 
17.0 (SPSS Inc. Chicago, IL, USA) was used to create the research 
hypothesis. A p-value of less than 0.05 was considered statistically 
significant. Before surgery, oncological markers Ca19-9, CEA, 
and AFP were examined in patients’ blood according to standard-
ized protocols. These biomarkers will help us to compare MMP9 
levels in the serum.

Results

When comparing groups of malignant and benign tumors, the 
level of MMP9 was measured using the ELISA method, and no 

Fig. 1. Main processes of metalloproteinases at the cellular level illustrating oncogenesis.

Tab. 1. Division of patients based on TNM classification (Ueno et al, 
2019).

Stage T category N category M category Number of patients
0 Tis N0 M0 1 (2.8%)
I T1/T2 N0 M0 2 (5.7%)
II T2 N1 M0 5 (8.6%)
III T2 N2 M0 4 (14.3%)
IV Any T Any N M1 23 (68.6%)

significant difference was found between the groups. The reason may 
be that the level of MMP9 also occurs during tissue remodeling in 
chronic pancreatitis, as the control group consisted of patients with 
chronic pancreatitis and benign pancreatic tumors. If we compare 
the average MMP9 expression in the tissue and the serum of the 
group of benign tumors, it was 247.79 ng/ml in the serum and 72.61 
ng/ml in the tissue. The level of MMP9 in the tissue and the serum 
in malignant findings was 64.194 ng/ml and 244.14 ng/ml, and no 
significant difference was proven here either. Between the genders, 
differences were noted. In men, an increased expression of MMP9 
was pointed out in patients with malignant disease. The serum 
concentration was 312.33 ng/ml, and the tissue concentration was 
170.97 ng/ml. In women in the group of patients with malignant 
disease, it was 311.09 ng/ml in serum and 69.30 ng/ml in tissue. 
A significant difference was confirmed between the groups. The 
level of MMP9 in the group of patients with benign disease was 
lower. In men, the serum concentration was 281.08 ng/ml, and the 
tissue concentration was 76.94 ng/ml. In women, the concentration 
in tissue was 275.83 ng/ml, and in serum, 63.9 ng/ml. The differences 
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in MMP-9 expression in tissues between groups were significant. 
The average concentration of MMP9 in patients in the control 
group, which consisted of patients with benign pancreatic tumors 
and chronic pancreatitis, was 247.792 ng/ml in serum and 72.612 
ng/ml in tissue. We divided the patients with malignant disease into 
groups based on TNM classification stages. In stage T0, one patient 
had an MMP9 concentration in serum of 208.71 ng/ml and a tissue 
concentration of 22.19 ng/ml. In stage T1, we had two patients with 
an average concentration of MMP9 in the serum of 235.85 ng/ml 
and with a concentration of 45.21 ng/ml in the tissue of the patients. 
In stage T2, we recorded five patients with MMP concentrations in 
serum 166.60 ng/ml and in tissue 177.34 ng/ml. In stage T3, four 
patients had serum MMP9 concentration of 242.82 ng/ml and in 
tissue 59.17 ng/ml. In stage T4, we had the largest group of patients, 
which consisted of 23 patients. The average concentration of MMP9 
in serum was 366.69 ng/ml; in tissue, it was 145.02 ng/ml. When 
comparing the stages in Figure 2, we noticed a significant elevation 
of the concentration of MMP9 in the tissues of patients T0 to T4. An 
observed elevation of the MMP9 level in serum is from stage T2. 
In the lower stages, the correlation between the stage of the disease 
and the level of MMP9 in the tissue was not confirmed. 

Preoperatively, as part of the standardized diagnosis of the 
disease, we determined the levels of CA19-9, CEA, and AFP 
in patients, which are currently the most used biomarkers in the 
non-invasive diagnosis of pancreatic cancer. Currently, CA19-9 
is the most specific and sensitive biomarker of pancreatic cancer 
used in clinical practice. The level of CA19-9 in the control 
group was 186.8 ng/ml; in stage T1, it was 89.35 ng/ml. In stage 
T2, it was 311.16 ng/ml; in stage T3, it was 623.33 ng/ml; and in 
stage T4, 670.85 ng/ml. The average concentration of CEA in the 
control group was 1.38 ng/ml, in stage T1 0.642 ng/ml, in stage 
T2 0.68 ng/ml, T3 6.10 ng/ml, and in stage T4 3.39 ng/ml. The 
average concentration of AFP in the control group was 1.2 ng/ml; 
in stage T1, it was 1.79 ng/ml; in stage T2, it was 0.31 ng/ml; in 
stage T3, it was 3.18 ng/ml, and in stage T4 it was 2. 324 ng/ml. The 
comparison of CA19-9 and MMP9 levels can be seen in Figure 3.

Discussion

So far, there is no screening program to detect early stages 
of pancreatic cancer. More than 90% of all pancreatic cancer 

diagnoses are diagnosed at a late stage (3). Patients have already 
present distant metastases in up to half of the diagnosed cases (9). 
We know risk groups, such as patients with chronic pancreatitis or 
diabetes mellitus II. type, but we do not yet know of a sufficiently 
sensitive and specific non-invasive biomarker that could help 
detect early forms.

Ca19-9 is currently the gold standard in the diagnosis of 
pancreatic cancer. Zhao et al (2022), summarized 79 studies with 
20991 participants; the result was that Ca19-9 has a sensitivity 
of 72% and a specificity of 86% (10). The biggest problem is 
its false positivity in diseases of the pancreaticobiliary system, 
such as chronic pancreatitis, acute cholangitis, and benign bile 
duct tumors (4, 11). This is why new possibilities of non-invasive 
biomarkers, such as metalloproteinases, are coming to the fore-
front of research.

Since the basis of cell changes at the structural level, we de-
cided to investigate an enzyme that directly affects the extracellular 
matrix’s structure, which is the cell’s central structural part. The 
primary function of MMP9 in oncogenesis is to support the dis-
semination of the process and angiogenesis through the breakdown 
of the extracellular matrix, especially type IV collagen (12). Many 
studies have confirmed the correlation between MMP9 levels and 
the stage of pancreatic cancer, as well as the difference between 
chronic pancreatitis and pancreatic cancer (13, 14, 15). 

Our results demonstrate a significant elevation from stage T2. 
At this stage, pancreatic carcinoma invades the peripancreatic tis-
sue, supporting the proposition that MMP9 levels are associated 
with disease dissemination and angiogenesis. Our T0 and T1 levels 
results are not significant; the reason may be the small cohort of 
patients. The most frequently diagnosed patients are patients with 
pancreatic cancer stage T3 and T4; this also confirms the state-
ment that the diagnosis of pancreatic cancer is still late. After 
the diagnosis, the patient will undergo surgical resection, which, 
however, is not possible if the patient has metastatic liver damage 
or a tumor growing into the surrounding vascular structures (16). 
Only the histology of pancreatic cancer and subsequent oncological 
treatment remain in the management of the patient.

New non-invasive biomarkers would help us appropriately 
detect patients for neoadjuvant chemotherapy, which could sub-
sequently increase the potential survival of patients (17). The 
problem in the treatment of pancreatic cancer is the frequent 
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Figure 1:  Main processes of metalloproteinases at the cellular level illustrating oncogenesis 
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recurrence of the disease. Patients after surgical resection of the 
pancreas and subsequent oncological treatment must be monitored. 
However, the problem is again the low specificity of non-invasive 
oncological markers, which could serve in secondary prevention. 
Up to 20% of patients have a local recurrence within five years 
(18). In the future, according to our results, MMP9 could serve as 
a suitable marker for secondary prevention of the disease since its 
elevated levels were mainly in higher TNM stages.

The results of our study are very encouraging. For the pos-
sibility of their use in clinical practice, it will be necessary to 
perform multicenter studies on a larger sample of patients or to 
include in the examination other MMPs, such as MMP1,2,7, 
which could be more specific even for lower stages of the disease 
(19 ,20, 21).

Conclusion

Pancreatic cancer is a very aggressive disease with a low 
survival rate. Searching for a suitable non-invasive oncological 
marker can help doctors find patients at an early stage of disease, 
where the possibility of radical surgical treatment is relatively high. 
One possibility is the investigation of Matrix metalloproteinases 
MMP 9. For their accurate use in pancreatic cancer screening, 
multicenter studies with many patients will be needed.
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