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Abstract 
The assessment of MMPs/TIMPs expression in various primary tumors has potential prognostic values. Considering the paucity of studies 
in secondary liver tumors, our aim was to study the expression of MMP2, MMP9, TIMP1, and TIMP2 in secondary hepatic cancer, focusing 
on their variability in the malignant cells. The study group included 25 cases of liver metastases of colorectal cancer, diagnosed and 
surgically treated at “Sf. Spiridon” University Hospital of Iassy, Romania. Immunohistochemistry for MMP2, MMP9, TIMP1, and TIMP2 has 
been performed, followed by the semi-quantitative assessment of the markers using a scoring system based on the positive tumoral cells 
percentage and the staining intensity. The expression of investigated markers revealed an increased staining variability. The scores showed 
that MMP2/TIMP2 and MMP9/TIMP1 immunoreactivity was extremely heterogeneous within the analyzed group, with a dominant weak 
expression for MMP2 and MMP9, in contrast to strong TIMP2 and TIMP1 expression. Ten different patterns of expression of the investigated 
markers have been identified. No major differences between the expression of MMP2 (14 positive cases) and MMP9 (16 positive cases) 
could be detected. Our results sustain the inverse correlation between MMP and the correspondent TIMP expression, supporting the 
hypothesis that MMPs/TIMPs balance has mainly an inhibitory effect on invasiveness. Our study demonstrated that tumoral cells are 
adapted to MMPs:TIMPs production in the liver microenvironment. The lack of significant differences between MMP2 and MMP9 expression 
shows that the activity of both MMPs is independent, without reciprocal influences. 
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 Introduction 

A concentrated research effort had been focused, in 
the last two decades, on the identification and complete 
characterization of the members of the matrix metallo-
proteinases (MMPs) gene family, currently counting more 
than 25 members, and of their specific inhibitors [1]. 

MMPs are zinc-dependent endopeptidases, involved 
in the degradation of the extracellular matrix, an attribute 
that supports their role in tumor progression [2–4]. 
MMPs classification in terms of structural and substrate 
specificity comprises six main classes: collagenases 
(MMP1, MMP8, MMP13, and Xenopus MMP18), 
gelatinases (MMP2 and MMP9), stromelysins (MMP3, 
MMP10, and MMP11), matrilysins (MMP7 and 
MMP26), membranar-type MMPs (MMP14, MMP15, 
MMP16, MMP21, MMP22, MMP23, and MMP24) and 
miscellaneous MMPs (macrophage metalloellastase – 
MMP12, GPI-linked – MMP17, MMP25, furin-activated 
secreted – MMP11, MMP28, and MMP18, enamelysin 
– MMP20, MMP21, chicken embryo fibroblasts MMP22, 
MMP25, MMP26, and MMP27) [1, 5]. 

Tissue inhibitors of metalloproteinases (TIMPs) 
comprise an ancient family of proteins with a single 
member in eukaryotes and four known family members 
in mammals [6, 7]. These multifunctional proteins perform 

an endogenous MMPs regulator function, and have a key 
influence on the extracellular matrix, by acting upon cell 
adhesion molecules and other cytokines, chemokines and 
growth factors [7]. 

Although the investigation of MMPs–TIMPs 
interaction is an important direction in characterization 
of carcinogenesis process, their “paradoxical” role is 
still incompletely defined [6]. The MMPs intervenes in 
tumorigenesis and invasiveness by their intense proteolysis 
of the extracellular matrix, initially demonstrated by 
in vitro experiments [8]. Apart from their role in matrix 
degradation, MMPs perform other biological actions, as 
tumor cells promoters, proliferation stimulators, apoptosis 
inhibitors, pro- or antiangiogenic functions [9–11]. A 
direct association between MMPs and tumoral growth is 
supported by numerous teams of researchers [12, 13]. 
MMPs are overexpressed in a large variety of human 
cancers, including colorectal cancer [14], breast, lung, 
prostate [15–17], esophagus [18], stomach [19, 20], 
endometrium [21], and ovarian carcinomas [22]. However, 
occasional contradictory opinions are supported by other 
authors [23].  

The evaluation of MMPs and TIMPs expression in 
tumoral tissue is mainly focused on stromal cells and 
less on tumoral cells. MMPs and TIMPs are generally 
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produced by reactive stromal cells previously recruited 
by neoplastic environment [24]. As a response, these 
stromal cells induce the development of tumoral 
synthesis capacities [25]. It is well known that MMP2 
and MMP9, once produced in the tumoral environment, 
is mainly involved in collagen IV degradation compromising 
the basement membranes integrity [13]. Consequently, 
their activity associated to basement membrane destruction 
and metastasing process facilitation by vascular permeation 
is compared to a “powerful matrix degradation machine” 
[8]. 

The correlated assessment of MMPs and their 
specific inhibitors expression is useful in the evaluation 
of their potential prognostic capacities. However, there 
are still only few studies aimed to characterize the 
expression and the prognostic value of MMPs and 
TIMPs in secondary liver tumors. 

Considering the necessity of further investigations, 
we aimed to study the expression of MMP2, MMP9, 
TIMP1, and TIMP2 in secondary hepatic cancer, focusing 
on their variability in the malignant cells. 

 Materials and Methods 

Human material 

The study group included 25 cases of liver metastases 
from colorectal cancer, diagnosed and surgically treated 
at “Sf. Spiridon” University Hospital of Iassy, Romania. 
The investigation was performed by using the archival 
paraffin-embedded tissue blocks corresponding to these 
cases, preserved at the Pathology Department of 
“Sf. Spiridon” University Hospital of Iassy. 

The research protocol was approved by the Ethics 
Committees of “Grigore T. Popa” University of Medicine 
and Pharmacy, Iassy, based on the patients’ informed 
written consent for the usage of the biologic material for 
research, after the pathological exam requested for the 
diagnosis. 

Immunohistochemistry 

The specimens were prepared for immunohisto-
chemistry protocol. Serial sections of 3–4 μm thick were 
cut from the paraffin blocks and placed on silanized 
slides, to ensure a greater tissue adherence to the slides. 
The slide were dewaxed and rehydrated in five baths of 
alcohol with different concentrations. Then, the slides 
were immersed in Antigen Retrieval Solution, pH 6 and 
place in a water bath at 980C, for 30 minutes. After cooling 
at room temperature, and inhibiting the endogenous 
peroxidase, the slides were incubated with the primary 
antibodies (Table 1) overnight at 40C. 

Table 1 – Primary antibodies used in immunohisto-
chemical study 

Antibody Clone Dilution 
Immunostaining 

pattern 

MMP2 
Clone 8B4, Santa Cruz 
Biotechnology, Inc., USA 

1:100 
Diffuse 

cytoplasmic 

MMP9 
Clone 2C3, Santa Cruz 
Biotechnology, Inc., USA 

1:100 
Diffuse 

cytoplasmic 

TIMP1 
Clone 102D1, Santa Cruz 
Biotechnology, Inc., USA 

1:100 
Diffuse 

cytoplasmic 

TIMP2 
Clone 2Q758, Santa Cruz 
Biotechnology, Inc., USA 

1:100 
Diffuse 

cytoplasmic 

The reaction was amplified using DAKO LSAB 
system (incubation with biotinylated secondary antibody 
and with HRP enzyme, 15 minutes for each) and 
developed with 3,3’-diaminobenzidine. The monitorisation 
of the adequacy of tissue processing, stainings, and reagents 
efficiency was achieved by using positive and negative 
controls. The slides were counterstained with Mayer’s 
Hematoxylin and examined with Leica DM3000 microscope. 

Semi-quantitative analysis 

A personalized score has been used to evaluate MMP2, 
MMP9, TIMP1, and TIMP2 expression, by association 
of semi-quantitative and quantitative evaluation criteria 
previously described in literature [14, 26–30]. 

Two criteria have been used to assess the MMPs and 
TIMPs expression: the percentage of tumoral positive 
cells (P) and the intensity of staining (I), obtaining a P×I 
final score. The percentage of positive cells was estimated 
as the count of positive cells in 100 tumoral cells, 
quantified using ×200 magnification in five high-power 
microscopic fields. Subsequently, according to the 
registered percentage, the cases were classified into three 
categories, as following: score 1 for <10% positive tumoral 
cells, score 2 for 10–50% positive tumoral cells, score 3 
for >50% positive tumoral cells. In accordance with the 
staining intensity, the cases were categorized with score 
1 for low intensity (+), score 2 for moderate intensity (++), 
and score 3 for strong intensity (+++). Immunonegative 
cases (with positive control) were codified as 0. In 
positive immunohistochemistry, the maximum score 
was 9 and the minimum – 1. In our score system, we 
established a threshold value of 4, considering a value 
>4 as a high score, and a value ≤4 as a low score. 

 Results 

Qualitative analysis 

The classical histopathological examination of the 
general expression of MMP2, MMP9, TIMP1, and TIMP2 
revealed a great variability. 

For all four markers, the reaction positivity was 
extremely variable not only from one case to another 
but also within each case, the latter being characterized 
by the identification of different areas within tumoral 
nodules. Consequently, the complex staining pattern was 
homogenous and heterogeneous, as a reflexion of the 
tumoral cells equal and variable reaction capacity in 
different neighboring territories. 

We also noted that the stromal cells disposed in  
the center of tumoral nodules strongly expressed the 
investigated molecules compared to a weak expression 
in the tumor-parenchyma interface, being dispersed 
within the metastases pseudocapsular tissue. In the 
normal liver tissue, in the tumor vicinity, a positive 
immunostaining was registered in few cases. 

Semi-quantitative analysis 

Our data resulting from the immunohistochemical 
evaluation of MMP2/TIMP2 and MMP9/TIMP1, respectively, 
based on the quantification of immunopositive tumoral 
cells count and staining intensity, and expressed as 
individual scores, are summarized in Tables 2 and 3. 
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Table 2 – MMP2 and TIMP2 expression: numerical results 

MMP2 expression in tumoral cells TIMP2 expression in tumoral cells Case 
No. % of positive 

cells 
P  

score 
Staining 
intensity 

I  
score 

Final 
score 

% of positive 
cells 

P  
score 

Staining 
intensity 

I  
score 

Final 
score 

1. 25% 2 ++ 2 4 60% 3 ++ 2 6 

2. 60% 3 + 1 3 60% 3 +++ 3 9 

3. 0% 0 negative 0 0 0% 0 negative 0 0 

4. 70% 3 ++ 2 6 70% 3 +++ 3 9 

5. 20% 2 + 1 2 80% 3 ++ 2 6 

6. 20% 2 ++ 2 4 40% 2 ++ 2 4 

7. 0% 0 negative 0 0 80% 3 ++ 2 6 

8. 60% 3 + 1 3 60% 3 +++ 3 9 

9. 70% 3 ++ 2 6 80% 3 +++ 3 9 

10. 0% 0 negative 0 0 0% 0 negative 0 0 

11. 0% 0 negative 0 0 20% 2 ++ 2 4 

12. 70% 3 ++ 2 6 75% 3 ++ 2 6 

13. 0% 0 negative 0 0 75% 3 ++ 2 6 

14. 0% 0 negative 0 0 0% 0 negative 0 0 

15. 0% 0 negative 0 0 40% 2 ++ 2 4 

16. 0% 0 negative 0 0 0% 0 negative 0 0 

17. 20% 2 + 1 2 30% 2 + 1 2 

18. 40% 2 ++ 2 4 75% 3 ++ 2 6 

19. 0% 0 negative 0 0 40% 2 ++ 2 4 

20. 0% 0 negative 0 0 70% 3 + 1 3 

21. 55% 3 ++ 2 6 90% 3 +++ 3 9 

22. 80% 3 +++ 3 9 100% 3 +++ 3 9 

23. 20% 2 ++ 2 4 70% 3 ++ 2 6 

24. 60% 3 ++ 2 6 90% 3 +++ 3 9 

25. 0% 0 negative 0 0 20% 2 + 1 2 

Table 3 – MMP9 and TIMP1 expression: numerical results 

MMP9 expression in tumoral cells TIMP1 expression in tumoral cells Case 
No. % of positive 

cells 
P  

score 
Staining 
intensity 

I  
score 

Final 
score 

% of positive 
cells 

P  
score 

Staining 
intensity 

I  
score 

Final 
score 

1. 65% 3 + 1 3 70% 3 + 1 3 

2. 80% 3 ++ 2 6 100% 3 +++ 3 9 

3. 0% 0 negative 0 0 90% 3 +++ 3 9 

4. 70% 3 + 1 3 90% 3 +++ 3 9 

5. 0% 0 negative 0 0 90% 3 + 1 3 

6. 0% 0 negative 0 0 55% 3 + 1 3 

7. 0% 0 negative 0 0 100% 3 ++ 2 6 

8. 0% 0 negative 0 0 0% 0 negative 0 0 

9. 90% 3 +++ 3 9 100% 3 +++ 3 9 

10. 0% 0 negative 0 0 40% 2 +++ 3 6 

11. 70% 3 + 1 3 0% 0 negative 0 0 

12. 0% 0 negative 0 0 0% 0 negative 0 0 

13. 20% 2 ++ 2 4 40% 2 ++ 2 4 

14. 75% 3 +++ 3 9 70% 3 +++ 3 9 

15. 30% 2 + 1 2 100% 3 ++ 2 6 

16. 60% 3 ++  6 100% 3 +++ 3 9 

17. 40% 2 ++ 2 4 40% 2 ++ 2 4 

18. 70% 3 + 1 3 40% 2 + 1 2 

19. 25% 2 + 1 2 100% 3 +++ 3 9 

20. 60% 3 ++ 2 6 0% 0 negative 0 0 

21. 35% 2 ++ 2 4 75% 3 ++ 2 6 

22. 80% 3 + 1 3 55% 3 +++ 3 9 

23. 0% 0 negative 0 0 0% 0 negative 0 0 
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MMP9 expression in tumoral cells TIMP1 expression in tumoral cells Case 
No. % of positive 

cells 
P  

score 
Staining 
intensity 

I  
score 

Final 
score 

% of positive 
cells 

P  
score 

Staining 
intensity 

I  
score 

Final 
score 

24. 0% 0 negative 0 0 0% 0 negative 0 0 

25. 25% 2 + 1 2 0% 0 negative 0 0 
 

The numerical values of the scores indicated that 
MMP2/TIMP2 and, respectively, MMP9/TIMP1 immuno-
reactivity was extremely heterogeneous within the 
analyzed group, with a dominant weak expression for 
MMP2 and MMP9 (low scores ≤4), in contrast to strong 
TIMP2 and TIMP1 expression (high scores >4). 

MMP2 expression was positive in 14 cases, eight 
cases presenting low score and six cases – a high score; 
11 cases were negative. TIMP2 was positive in 21 cases, 
seven of them showing a low score and 14 – a high 
score; four cases were negative. The comparison between 
MMP2 and TIMP2 expression revealed the following 
aspects: double immunonegativity was seen in four 
cases; seven cases were MMP2 negative but TIMP2 
positive (five of them showing a weak TIMP2 expression 
and two of them showing a strong TIMP2 expression); 
double MMP2-TIMP2 immunopositivity was registered 
in 14 cases, showing an identical expression in eight 
cases (two cases with low score and six cases with high 
score), and a MMP2 low score associated with a TIMP2 
high score in six cases. 

MMP9 expression was positive in 16 cases, 11 cases 
characterized by low scores and five cases by high scores; 
nine cases were negative. TIMP1 was positive in 18 cases, 

seven of them presenting low scores and 11 – high 
scores; seven cases were negative. The correspondence 
between MMP9 and TIMP1 showed several different 
expressions: double immunonegativity was registered in 
four cases; MMP9 immunonegativity in parallel with 
TIMP1 immunopositivity (two of them showing low 
scores and three of them showing high scores) was 
registered in five cases; in three cases, MMP9 immuno-
positivity (two cases with low scores, one case with high 
score) was associated with TIMP1 negativity; double 
MMP9/TIMP1 immunopositivity registered an identical 
expression in eight cases (four cases with low scores 
and four cases with high scores) and, in five cases, a 
combination between low scores for MMP9 and high 
scores for TIMP1. 

The variability of MMPs and TIMPs immunopositivity 
are specifically illustrated in Figures 1–4. 

Table 4 is summarizing the values of final MMP2/ 
TIMP2 and MMP9/TIMP1 scores in each of the investigated 
cases. The comparative analysis of the numerical values 
of these scores, including their placement into the low 
score and high score categories, respectively, revealed 
an enormous potential of different MMP2, TIMP2, and 
MMP9, TIMP1 variable expression by tumoral cells. 

 

(a)  (b)
Figure 1 – Moderate positive reaction for MMP2. IHC, ×200 (a), ×400 (b). 

 

(a)  (b)

Figure 2 – Strong positive reaction for TIMP2. IHC, ×100 (a), ×400 (b).  
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(a)  (b)
Figure 3 – Strong positive reaction for MMP9. IHC, ×200 (a), ×400 (b). 

 

(a)  (b)
Figure 4 – Moderate positive reaction for TIMP1. IHC, ×100 (a), ×400 (b). 

 

Table 4 – Synopsis of MMP2/TIMP2 and MMP9/TIMP1 
scores 

MMP2 TIMP2 MMP9 TIMP1 Case 
No. Final score Final score Final score Final score

1. 4 6 3 3 

2. 3 9 6 9 

3. 0 0 0 9 

4. 6 9 3 9 

5. 2 6 0 3 
6. 4 4 0 3 

7. 0 6 0 6 

8. 3 9 0 0 

9. 6 9 9 9 

10. 0 0 0 6 

11. 0 4 3 0 
12. 6 6 0 0 

13. 0 6 4 4 

14. 0 0 9 9 

15. 0 4 2 6 

16. 0 0 6 9 

17. 2 2 4 4 
18. 4 6 3 2 

19. 0 4 2 9 

20. 0 3 6 0 

21. 6 9 4 6 

22. 9 9 3 9 

23. 4 6 0 0 
24. 6 9 0 0 

25. 0 2 2 0 

Thus, we could identify for the 25 analyzed cases, 

10 different patterns of expression of the four investigated 
markers: 

▪ identical expression for MMP2/TIMP2 and MMP9/ 
TIMP1: two cases; 

▪ immunonegativity for MMP2/TIMP2 and immuno-
positivity for MMP9/TIMP1: two cases; 

▪ immunopositivity for MMP2/TIMP2 and immuno-
negativity for MMP9/TIMP1: four cases; 

▪ immunopositivity for MMP2/TIMP2, with different 
scores, and immunopositivity for MMP9/TIMP1, with 
similar scores: three cases; 

▪ immunopositivity for MMP2/TIMP2, with similar 
scores, and immunopositivity for MMP9/TIMP1, with 
different scores for MMP9 and TIMP1: three cases; 

▪ immunopositivity for MMP2/TIMP2, in correspon-
dence with immunonegativity for MMP9 and immuno-
positivity for TIMP1: two cases; 

▪ immunonegativity for MMP2 associated with TIMP2 
immunopositivity, and immunopositivity for both MMP9 
and TIMP1: three cases; 

▪ immunonegativity for MMP2 associated with TIMP2 
immunopositivity, and immunopositivity for MMP9 
associated with TIMP1 immunonegativity: three cases; 

▪ immunonegativity for MMP2 and TIMP2, immuno-
negativity for MMP9 associated with TIMP1 immuno-
posivity: two cases; 

▪ immunonegativity for MMP2 associated with TIMP2 
immunopositivity, and immunonegativity for MMP9 
associated with TIMP1 immunopositivity: one case. 
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 Discussion 

MMPs and TIMPs tumoral cells immunopositivity 
may be considered because of specific “reinforcement” 
by their binding to “docking sites”, as a mechanism of 
acquirement of invasive capacities [14]. 

An extreme variability of MMPs expression is reported 
in literature and limited information regarding the secondary 
hepatic sites is available in mainstream publications 
making the phenotypic characterization of MMPs and 
their specific inhibitors extremely difficult [8, 31–38]. 

The mentioned variability is certainly modulated by 
the stromal cells of the metastatic hepatic microenvironment 
by their variable promoter and inhibitory action on 
tumoral cells. Furthermore, tumoral cells themselves have 
a variable response depending on the MMPs and/or 
TIMPs produced in a certain microenvironment. 

As their spectrum is extensively broad, MMP2/ 
TIMP2 and MMP9/TIMP1 rates selection was based on 
the most studied types of MMPs vs. TIMPs expression 
in colorectal cancers and their metastases since the ‘90s 
[24, 29, 31, 33–36, 39–43] despite the already mentioned 
stromal component highlight. Only few isolated reports 
focused on MMP1 [37], MMP7 [8, 32, 35, 37], and 
MMP13 [38] expression are available in literature. 

As already reported in other molecular markers 
study, a variable human subjectivity in applying the MMPs: 
TIMPs scoring systems has been noted. We have been 
using a personal scoring system in our study. This 
system has been developed considering the following 
variables: the percentage of immunopositive cells,  
the staining intensity, and the threshold value. The 
discriminating value between the “high scores” cases 
and the “low scores” cases was set as 4. 

MMPs/TIMPs expression evaluation has been correlated 
to the classification into two scoring categories in order 
to obtain a general characterization of the studied cases, 
based on the biological specificity of each case. 
Although our results have been variable, we could not 
detect major differences between the expression of 
MMP2 (14 positive cases from a total of 25 cases) and 
MMP9 (16 positive cases from a total of 25 cases), in 
contradiction to literature data supporting a stronger 
MMP9 involvement when compared to that of MMP2 [14]. 

MMPs and TIMPs phenotypes emphasize some 
characteristics in the analyzed cases. The lack of MMP2 
and MMP9 immunohistochemical expression is not 
absolutely correlated to a strong intervention of specific 
inhibitors (TIMP2 and TIMP1, respectively). The hypotheses 
of lack of production of both MMPs and TIMPs in the 
correspondent tumoral microenvironment or of a limited 
production below its immunohistochemical detection 
threshold could be considered. The individual score 
analysis of MMP2 and TIMP2 and MMP9 and TIMP1, 
respectively, shows that both TIMP2 and TIMP1 have a 
generally stronger expression than MMP2 and MMP1 
demonstrating their counterbalancing action, being 
involved in limitation of the matrix destruction which 
facilitates tumoral invasion. These data support the 
inverse correlation between MMP and correspondent 
TIMP expression, thus the MMPs/TIMPs balance  
has mainly an inhibitory effect on invasiveness [44]. 
Nonetheless, the particular MMP9+/TIMP1- expression 

may be interpreted because of exceeding TIMP1 functional 
capacity. 

Although we have identified stromal cells MMP2 
and/or TIMP2 positive and MMP9 and/or TIMP1 
positive, respectively, our objective was far from a semi 
quantitative or quantitative evaluation, as their role in 
carcinogenesis and metastasis have already been clearly 
defined. Therefore, we have focused on the distribution 
particularities, showing a strong expression within the 
tumoral nodules and a dispersed expression at the tumor-
parenchymal interface within the densely collagenized 
connective tissue pseudocapsule. 

An unfavorable significance is attributed in literature 
to MMP9 positive macrophages located at the periphery 
of liver metastatic nodules [8, 23, 34] and the possible 
intervention of liver microenvironment alternative proteolytic 
mechanisms are supported by their weak expression when 
compared to the primary tumor expression [33]. 

 Conclusions 

The tumoral cells are adapted to the MMPs:TIMPs 
production in the liver microenvironment. The lack  
of significant differences between MMP2 and MMP9 
expression shows that the activity of both MMPs is 
independent, without reciprocal influences. 
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