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Abstract 
Colorectal cancer (CRC) is one of the most frequent types of cancer in the world. Between tumor cells and the stroma mutual interconnections 
are established that favors the tumor development and metastasis. In this respect, the extracellular matrix is remodeled so that it may become 
totally different from a morphologic perspective than the stroma of the organ in which the tumor develops. Matrix metalloproteinases (MMPs) 
have an essential role in the remodeling of the tumor stroma. We assessed the expression of MMP-9 on a number of 31 stage III colorectal 
adenocarcinomas. Generally, MMP-9 had a high but inconstant expression in tumor cells. The highest expression was found in poorly and 
moderately differentiated carcinomas, with a lower expression in well-differentiated colorectal cancers. Occasionally, MMP-9 expression 
was identified also in peritumoral macrophages and in stromal cells. Metastasis-free lymph nodes had an intense positive reaction in both 
macrophages and lymphocytes. The intensely positive reaction was observed for the macrophages and lymphocytes in the tumor necrosis 
regions. The process of angiogenesis was generally correlated with the intensity of MMP-9 reaction. 
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 Introduction 

Colorectal cancer (CRC) is one of the most frequent 
types of cancer in the world, with a high incidence and 
prevalence especially in the developed countries [1]. 
Based on the statistical data of 2008, CRC is the fourth 
main cause of mortality of all cancers worldwide after 
pulmonary, gastric, and hepatic cancer [2]. 

In the United States (US), in 2010, there have been 
102 900 cases of colon cancer and 39 670 cases of rectal 
cancer, and approximately 51 370 patients died of CRC 
in the same year, accounting for around 9% of the total 
cancer deaths [3, 4]. Despite all efforts that have been made 
for an early diagnosis and for improving the therapeutic 
tools, CRC remains a big public health challenge even in 
developed countries [5]. For 2014, the epidemiologic 
studies predicted that the number of patients in US 
diagnosed with CRC will drop to 136 830 cases, and the 
mortality to 50 310 deaths, accounting for 8.3% of all 
cancer deaths [6]. In Western Europe, CRC is the second 
most frequent cause of cancer. In 2012, alone 447 000 
new cases of colorectal cancer have been registered, and 
the number of CRC deaths in the same year was of 
215 000 cases [2, 7]. 

The research on colon cancer was mainly concerning 
the tumor cell, with its histopathology, molecular profile, 
multiplication and metastasis ability, in order to create new 
profiles with prognostic value. There is also a sustained 
effort to define the molecular subtypes based on the genetic 
alterations that are specific to the different tumor cells, 

which would allow a predictable prognostic evaluation 
in the clinical practice [8–10]. 

During the last few years, in CRC as in most tumors a 
special attention has been paid to the study of interactions 
between the tumor cells and the surrounding stroma, which 
appears to be one of the key aspects in the mechanisms 
of neoplastic invasion and metastasis [11]. Recent studies 
underlined the importance of extracellular matrix (ECM) 
in maintaining the morphology of the tissue and in 
regulating the cellular behavior [12–14]. Another aspect 
that needs to be underlined is the fact that both in normal 
and neoplastic conditions there are regulatory cellular 
mechanisms that ensure specific dynamics to ECM, 
characterized by production, degradation and remodeling 
of ECM [15, 16]. 

The remodeling of ECM is essentially realized by 
controlling the expression and the activity of some 
enzymes, primarily of matrix metalloproteinases (MMPs) 
at different levels (transcriptional, translational and post-
translational) [17]. ECM is composed of a high collection of 
biochemically distinct components, represented by proteins, 
glycoproteins, proteoglycans and polysaccharides with various 
physical and biochemical properties, various collagen 
molecules (collagen I, II, III, V, and IX) that are involved 
in the structuralization of the tumoral stroma [18, 19]. 

The neoplastic stromal compartment contains inflam-
matory cells, mast cells, macrophages, fibroblasts and 
myofibroblasts that facilitate the tumor growth and meta-
stasis via the secretion of ECM degradation proteases, 
including MMPs. MMPs form a family of zinc-dependent 
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endopeptidases, consisting of more than 21 human pro-
teases. MMP-9 is secreted as a 92-kDa proenzyme, which, 
after activation, can degrade type IV collagen and dena-
tured collagen molecules. It is why MMP-9 is also known 
as 92-kDa type IV collagenase/gelatinase. This implies 
that MMP-9 can degrade the basal membranes, which is 
often the first step of carcinoma invasion [20–22]. 

During the last decades of the XXth century, it was 
concluded that angiogenesis is an essential agent for tumor 
development and metastasis. This process is favored by 
the synthesis and release of some essential factors of 
angiogenesis, especially the vascular endothelial growth 
factor (VEGF), as well as proteolytic enzymes such as 
MMPs (particularly MMP-9), by the endothelial cells, 
stromal cells, the leukocytes invading the tumor, etc. [23]. 

Because MMP-9 appears to also stimulate the processes 
of tumor angiogenesis, in our study we aimed to evaluate 
the expression of MMP-9 and the angiogenesis in colorectal 
cancer. 

 Materials and Methods 

This study was carried out on 31 stage III colorectal 
adenocarcinomas, operated throughout 2014 in Ist Surgical 
Department of the Emergency County Hospital of Craiova, 
Romania. After the surgical procedure, tumor samples 
of 2/2 cm have been taken and fixed in 10% buffered 
formalin solution at room temperature for 72 hours. The 
biological material sampled was embedded in paraffin 
according to the protocol used in the surgical pathology 
departments. The sectioning of the biological samples 
was preformed using Microm HM350 rotary microtome 
equipped with section transfer unit on water bath. For the 
histological study, the classical staining with Hematoxylin–
Eosin (HE) and Goldner–Szekely (GS) trichromic was used. 

For the immunohistochemistry study, 4 μm thick 
sections were cut and collected on poly-L-Lysine covered 
blades. After deparaffinning and hydration, the histological 
sections were incubated for 30 minutes in a 3% hydrogen 
peroxide solution, washed in tap water for 5 minutes, and 
boiled in the microwave in sodium citrate, pH 6, for  
21 minutes (seven cycles of 3 minutes each) for antigen 
retrieval. 

After boiling, the sections were allowed to cool down 
for 15 minutes, then the slides were washed in phosphate-
buffered bisaline solution for 5 minutes followed by the 
blocking step of non-specific sites in 2% skim milk for 
30 minutes. The sections were incubated with the primary 
antibodies for 18 hours (overnight) in the refrigerator at 
40C. The next day the secondary biotinylated antibody 
was added for 30 minutes followed by Streptavidin HPR 
application for 30 minutes. The signal was detected with 
3,3’-diaminobenzidine (DAB) (Dako) then the Hematoxylin 
counterstaining, alcohol dehydration, xylene clarification 
and the slides were coverslipped in DPX (Fluka). In our 
study, we used the following antibodies: MMP-9 (A0150, 
1:100, Dako), CD34 class II (M7165, 1:50, Dako). 

 Results 

In our study, the classical histological stains allowed 
us to notice that there are major stromal changes in CRC, 
with a high variation from one patient to another and from 
one region to another inside the same tumor. These aspects 

indicate that on one hand the tumor cells are capable  
to synthesize and to release a multitude of molecular 
mediators, which stimulate the stromal cells and create  
a tumoral stroma that allows the development and the 
metastasis of tumor cells. The matrix metalloproteinases 
are involved in the creation of the tumor stroma by the 
remodeling of ECM according to the tumor cell deve-
lopment requirements. 

Besides the stromal cells, the inflammatory cells are 
also involved in creating the tumor stroma, thus consti-
tuting the body’s response (highly complex and variable) 
to “neoplastic aggression”. The histopathological aspects 
of the tumor stroma in the CRC cases evaluated in this 
study varied from a loose type stroma, with numerous 
fibroblastic and myofibroblastic-type cells (Figure 1) to a 
dense stroma, rich in fibrillary, desmoplastic-like collagen 
(Figure 2). The desmoplastic stroma was one of the most 
frequently encountered types of tumor stroma in our 
specimens. 

Sometimes, both tumoral and peritumoral stroma were 
infiltrated with inflammatory cells, particularly with lympho-
cytes, plasma cells and macrophages (Figure 3). These 
microscopic aspects make us believe that tumor cells are 
able to stimulate local fibroblasts and myofibroblasts to 
synthesize certain components of ECM. Our microscopic 
findings reveal the complex relationships between tumor 
cells and surrounding connective stoma. 

The tumor growth and metastasis processes require the 
presence of a vast/extensive network of blood vessels, 
involving the creation of new blood vessels through 
angiogenesis, but also the continuous remodeling of tumor 
stroma that would allow the development of such a 
vascular network. Therefore, by means of immunohisto-
chemistry, we assessed the MMP-9 reaction as well as the 
process of angiogenesis for both colon adenocarcinoma 
and lymph node metastases. 

In our study, we determined that MMP-9 is synthesized 
especially by the tumor cells (Figure 4). However, not all 
tumor cells had a positive immunohistochemical reaction 
for MMP-9. Moderately and poorly differentiated adeno-
carcinomas had a more intense reaction for MMP-9 in 
both primary tumor and lymph node metastases (Figures 5 
and 6), while some well differentiated colon adenocarci-
nomas were negative for MMP-9. It seems interesting that 
sometimes a number of stromal cells (probably fibroblasts) 
had a positive reaction for MMP-9 (Figures 7 and 8). 

An intensely positive reaction for MMP-9 was observed 
in some macrophages from the tumor stroma, especially at 
the tumor invasion margins (Figure 9). The same intense 
reaction was observed in the macrophages of the metastases-
free lymph nodes (Figures 10–12), but also in the invaded 
lymph nodes. In the invaded lymph nodes, there were some 
lymphocytes alongside the macrophages, which were 
intensely positive for MMP-9 (Figure 13). A highly positive 
reaction for MMP-9 was observed in the inflammatory 
cells (probably macrophages and lymphocytes) from the 
tumor necrosis regions (Figure 14). These microscopic 
details allow us to consider that some stromal cells, but 
macrophages as well, and even a number of lymphocytes, 
are capable of being involved in the altering of tumor 
stroma by MMP synthesis. 

Concerning the relation between MMP-9 expression 
and the process of angiogenesis, we observed that in most 
cases where MMP-9 was well expressed, the process of 
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angiogenesis was also intense (Figures 15 and 16). However, 
there were also cases when MMP-9 expression was intense, 
and the angiogenesis was moderate (Figures 17 and 18). For 
the invaded lymph nodes, in which MMP-9 expression was 
moderate or intense, neoangiogenesis was far lower. This 
aspect could be explained by the reduced vascularization 

of the lymph nodes, but also because the metastatic tumor 
cells in their early phases of development (until the tumor 
reaches a diameter of 1 mm) are feeding by diffusion from 
the vessels of the invaded organ. Only in a more advanced 
phase, the tumor develops its own vascular network 
connected to the original vessels of the invaded organ. 

 

Figure 1 – Well-differentiated colon adenocarcinoma with 
loose-type stroma, rich in fibroblasts. HE staining, ×100. 

Figure 2 – Poorly differentiated colon adenocarcinoma 
with rich collagen stroma. GS trichromic staining, ×100. 

 

Figure 3 – Peritumoral stroma infiltrated with lympho-
cytic type cells. GS trichromic staining, ×100. 

Figure 4 – Moderately differentiated colon adenocarci-
noma with intense MMP-9 reaction of the tumor cells. 
Immunostaining with anti-MMP-9 antibody, ×200. 

 

Figure 5 – Overview image of a lymph node with tumor 
metastases and positive MMP-9 reaction. Immunostaining 
with anti-MMP-9 antibody, ×100. 

Figure 6 – Lymph node metastasis with low positive 
reaction for MMP-9 (detail from the previous image). 
Immunostaining with anti-MMP-9 antibody, ×200. 
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Figure 7 – Poorly differentiated colon adenocarcinoma 
with low reaction for MMP-9. MMP-9 highly positive 
cells in the stroma. Immunostaining with anti-MMP-9 
antibody, ×100. 

Figure 8 – Tumor stroma with MMP-9 highly positive 
cells (detail from the previous image). Immunostaining 
with anti-MMP-9 antibody, ×400. 

 

Figure 9 – Poorly differentiated colon adenocarcinoma 
with a weak reaction to MMP-9 in tumor cells but 
intense reaction in the stromal macrophages. Immuno-
staining with anti-MMP-9 antibody, ×400. 

Figure 10 – Peritumoral lymph node, with no metastases, 
with positive reaction for MMP-9 in the macrophages of 
the germinal center. Immunostaining with anti-MMP-
9 antibody, ×100. 

 

Figure 11 – Peritumoral lymph node with intense MMP-9 
reaction in the macrophages from the interfollicular 
lymphoid infiltrate. Immunostaining with anti-MMP-9 
antibody, ×100. 

Figure 12 – Interfollicular macrophages with intense 
reaction for MMP-9 (detail from the previous image). 
Immunostaining with anti-MMP-9 antibody, ×400. 
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Figure 13 – Peritumoral lymph node with metastases and 
intensely positive MMP-9 reaction in both macrophages 
and certain lymphocytes. Immunostaining with anti-
MMP-9 antibody, ×200. 

Figure 14 – Well-differentiated colon adenocarcinoma 
with tumor necrosis area in which numerous MMP-9 
intensely positive inflammatory cells can be observed. 
Immunostaining with anti-MMP-9 antibody, ×100. 

 

Figure 15 – Moderately differentiated colon adenocar-
cinoma with intense MMP-9 reaction. Immunostaining 
with anti-MMP-9 antibody, ×200. 

Figure 16 – Colon adenocarcinoma with intense vascu-
larization (same case as in previous image). Immuno-
staining with anti-CD34 antibody, ×200. 

 

Figure 17 – Poorly differentiated colon adenocarcinoma 
with intense MMP-9 reaction in tumor cells and some 
of the stromal cells. Immunostaining with anti-MMP-9 
antibody, ×200. 

Figure 18 – Poorly differentiated colon adenocarcinoma 
with moderate angiogenesis processes. Immunostaining 
with anti-CD34 antibody, ×200. 
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 Discussion 

In our study, we evaluated the MMP9-expressing cells 
in colorectal cancer and we correlated the expression of 
this marker to the process of angiogenesis, starting from 
the finding that in order to develop and metastasize, the 
tumor cell creates a particular stroma, totally different 
of that of the host organ. It is well known that tumori-
genesis begins by the altering of cellular genetic material. 
These genetic modifications are altering the functionality 
of several proteins that are involved in the proliferation, 
survival, migration and cellular invasion [24]. Following 
these genetic modifications, the tumor cells are uncon-
trollably developing and multiplying [25]. 

During the first stages of tumor development, the 
neoplastic cells are using the stroma of the host tissue, but 
afterwards, the tumor development requires important 
dynamic modifications of the stromal microenvironment 
[26]. Stromal modifications in cancer are similar to those 
consecutive to the reaction induced by any aggression 
and consists in the augmentation of the number of fibro-
blastic and myofibroblastic cells, ECM growth, structuring 
of an intrinsic vascular network with a particular structure, 
production and secretion of growth factors [27]. Following 
these modifications, the tumor stroma plays an important 
role in cancer progression, since bidirectional interactions 
are established between the neoplastic cells and the stroma. 
It was found that the interactions between the cancerous 
cells and the surrounding stroma are essential in the 
mechanism of tumor cell invasion and metastasizing [11]. 

It must be mentioned that ECM remodeling is an 
active, continuous process that unfolds during tumor 
progression. On one hand, ECM serves as a support for 
the survival and proliferation of cancerous cells, and, on 
the other hand, this functions as a barrier, which opposes 
to tumor cell dissemination [28]. 

There is a multitude of enzymes that are involved  
in the process of tumor stroma remodeling, of which 
MMPs play an essential role. In addition, they have been 
widely reported as crucial factors in the migration and 
invasion of tumor cells [29, 30]. Among MMPs, MMP-9 
appears to play a key role in colon cancer progression and 
metastasis [31, 32]. 

In our study, the most intense reaction to MMP-9 
was observed in the tumor cells, which makes us believe 
that these cells are the main source of MMP-9 involved 
in ECM remodeling. The synthesis and excretion of the 
proteolytic enzymes by the cancerous cells allows them 
to destroy the matrix barriers surrounding the neoplastic 
cells and the tumor as a whole, followed by invasion in 
the adjacent conjunctive tissues. The fact that the intensity 
of the reaction to MMP-9 of the tumor cells varied widely 
from one case to another and from one type of tumor  
to another indicates that the synthesis and excretion of 
MMP-9 by the neoplastic cells is regulated by multiple 
factors, some of them still unknown. 

A large number of studies have proven that the 
expression of MMP-9 is elevated in colon adenocarcinoma, 
compared to normal mucosa [33–37]. By using real-time 
polymerase chain reaction (RT-PCR) Herszényi et al. 
(2008) [38] showed that there is a significantly higher 
level of MMP-9 in colon tumors than in normal colon 

mucosa. The presence of elevated levels of MMP in 
colon cancer cells explains their ability to degrade all the 
components of ECM and to allow tumor invasion. The 
presence of a high level of MMP-9 allows the neoplastic 
cells to degrade the type IV collagen of the basement 
membranes, including the basement membrane of blood 
vessels, facilitating the metastasizing process. 

In some cases of this study, we noticed of colon adeno-
carcinoma fibroblastic stromal cells and peritumoral 
macrophages with positive reaction to MMP-9. We believe 
that they too are involved in degrading and remodeling the 
stromal matrix thus facilitating tumor growth. According 
to some authors [38, 39] the cellular stromal compartment, 
which comprises the inflammatory cells and fibroblasts, 
is facilitating the invasion and metastasis trough the 
secretion of extracellular proteases, including MMP. Other 
authors have also found much higher levels of MMP-9 
in tumor tissue compared to normal tissue in a variety of 
cancers, including colon cancer [38]. Several studies have 
found much higher plasmatic levels of MMP-9 in patients 
with colorectal cancer compared to healthy subjects [40, 
41]. These data confirm that high levels of MMP are 
synthesized and secreted in colorectal cancer. 

The intense positive reaction to MMP-9 of the macro-
phages in the metastases-free peritumoral lymph nodes 
raises the question whether this is a physiological reaction 
or these macrophages are preparing the stroma for a 
potential tumor metastasis. The fact that the reaction to 
MMP-9 was highly positive in the invaded lymph nodes 
and in the areas of tumor necrosis makes us believe that 
other cells can synthesize and secrete MMP, and facilitates 
the structural altering of the stroma. We believe that the 
stimulation of the inflammatory cells (macrophages, lym-
phocytes, granulocytes) and local fibroblasts to synthesize 
MMP-9 is realized by “soluble messengers” still unknown. 

The altering of ECM together with the synthesis of 
other components leads to profound architectural modifi-
cations, as indicated by us, to the emergence of a desmo-
plastic stroma. According to some studies [33], more than 
50% of the colorectal cancers have an extended desmo-
plastic stroma due to a stromal cell and, primarily, a 
fibroblast and macrophage stimulation by the tumor cells. 

The importance of emphasizing the MMP-9 activity 
seems to have a prognostic value as well. Several studies 
have confirmed that MMP-9 expression can be used as a 
prognostic marker, in the sense that patients with high 
levels of MMP-9 have a poorer prognosis, a reduced 
survival rate and a higher recurrence risk [42, 43]. 
Likewise, several immunohistochemistry studies have 
demonstrated that a higher MMP-9 expression is correlated 
with the presence of a deep, infiltrating tumor, lymph 
node invasion or distant metastases [44, 45]. 

In this study, the expression of MMP-9 mostly corre-
lated with the process of angiogenesis, meaning that the 
cancers with a high MMP-9 expression had a large number 
of angiogenic blood vessels. However, we noticed a high 
variability of angiogenic blood vessels from one type of 
tumor to another and from one area to another inside the 
same type of tumor, in the sense that well-differentiated 
adenocarcinomas had areas with poor vascularization or, 
conversely, with intense vascularization even if MMP-9 
expression was constant. This immunohistochemical aspect 
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indicates that the angiogenesis is a complex process, 
coordinated by multiple cellular and humoral factors. 

Overall, angiogenesis is influenced by numerous fac-
tors, some of them acting as proangiogenics, and others 
as antiangiogenics. It seems that in carcinogenesis the 
balance between these two groups of factors is lost, with 
the proangiogenic factors prevailing [46]. It seems that 
in colorectal cancer the neovascularization is induced by 
hypoxia, which stimulates the production of (proangio-
genic) factors [47]. 

The relation between MMP-9 and the process of 
angiogenesis is still far from being entirely known. Recent 
studies have shown that there are specific molecular 
pathways, which regulate the complex links between 
VEGF and MMP for the process of angiogenesis. It seems 
that MMP-9 is an essential component in these inter-
relations, as the activation of MMP-9 is leading to an 
overexpression of VEGF-A [23]. Other studies conducted 
on MMP-9-free transgenic mice have indicated a break-
down in the tumor vascularization by reducing the recruit-
ment of pericytes and the substantial inhibition of tumor 
metastatic process [48, 49]. 

All these data led to the introduction of MMP-9 as a 
therapeutic target in cancer. 

 Conclusions 

In colorectal cancer, MMP-9 generally had an increased 
but inconstant expression in cancer cells. The strongest 
expression was found in moderately and poorly different-
iated cancers and a lower expression in well differentiated 
colorectal cancers. Occasionally, MMP-9 expression 
was identified in peritumoral macrophages and stromal 
cells. The lymph nodes without metastasis showed an 
intensely positive reaction for MMP-9 in macrophages, 
while metastatic lymph nodes showed intense reaction 
both in macrophages and lymphocytes. Intense positive 
reaction was observed in macrophages and lymphocytes 
in the regions of tumor necrosis. Overall, the processes 
of angiogenesis were correlated with the intensity of the 
reaction to the MMP-9. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

Acknowledgments 
This research was financially supported by Sectoral 

Operational Programme Human Resources Development, 
Research Project “Excellency program in multidisciplinary 
doctoral and postdoctoral research in chronic diseases” 
under the contract number POSDRU/159/1.5/S/133377. 

References 
[1] Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. 

CA Cancer J Clin, 2012, 62(1):10–29. 
[2] Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, 

Coebergh JW, Comber H, Forman D, Bray F. Cancer 
incidence and mortality patterns in Europe: estimates for 40 
countries in 2012. Eur J Cancer, 2013, 49(6):1374–1403. 

[3] Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA 
Cancer J Clin, 2010, 60(5):277–300. 

[4] Tan C, Du X. KRAS mutation testing in metastatic colorectal 
cancer. World J Gastroenterol, 2012, 18(37):5171–5180. 

[5] Mogoantă SS, Vasile I, Totolici B, Neamţu C, Streba L, 
Busuioc CJ, Mateescu GO. Colorectal cancer – clinical and 

morphological aspects. Rom J Morphol Embryol, 2014, 55(1): 
103–110. 

[6] Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA 
Cancer J Clin, 2014, 64(1):9–29. 

[7] Gupta AK, Brenner DE, Turgeon DK. Early detection of colon 
cancer: new test on the horizon. Mol Diagn Ther, 2008, 12(2): 
77–85. 

[8] Sadanandam A, Wang X, de Sousa E Melo F, Gray JW, 
Vermeulen L, Hanahan D, Medema JP. Reconciliation of 
classification systems defining molecular subtypes of colorectal 
cancer: interrelationships and clinical implications. Cell Cycle, 
2014, 13(3):353–357. 

[9] Sanz-Pamplona R, Berenguer A, Cordero D, Riccadonna S, 
Solé X, Crous-Bou M, Guinó E, Sanjuan X, Biondo S, Soriano A, 
Jurman G, Capella G, Furlanello C, Moreno V. Clinical value 
of prognosis gene expression signatures in colorectal cancer: 
a systematic review. PLoS One, 2012, 7(11):e48877. 

[10] Moreno V, Sanz-Pamplona R. Altered pathways and colorectal 
cancer prognosis. BMC Med, 2015, 13:76. 

[11] Liotta LA, Rao CN, Barsky SH. Tumor invasion and the 
extracellular matrix. Lab Invest, 1983, 49(6):636–649. 

[12] Erler JT, Bennewith KL, Cox TR, Lang G, Bird D, Koong A, 
Le QT, Giaccia AJ. Hypoxia-induced lysyl oxidase is a critical 
mediator of bone marrow cell recruitment to form the pre-
metastatic niche. Cancer Cell, 2009, 15(1):35–44. 

[13] Levental KR, Yu H, Kass L, Lakins JN, Egeblad M, Erler JT, 
Fong SF, Csiszar K, Giaccia A, Weninger W, Yamauchi M, 
Gasser DL, Weaver VM. Matrix crosslinking forces tumor 
progression by enhancing integrin signaling. Cell, 2009, 
139(5):891–906. 

[14] Lu P, Takai K, Weaver VM, Werb Z. Extracellular matrix 
degradation and remodeling in development and disease. 
Cold Spring Harb Perspect Biol, 2011, 3(12). 

[15] Page-McCaw A, Ewald AJ, Werb Z. Matrix metalloproteinases 
and the regulation of tissue remodelling. Nat Rev Mol Cell 
Biol, 2007, 8(3):221–233. 

[16] Lu P, Weaver VM, Werb Z. The extracellular matrix: a dynamic 
niche in cancer progression. J Cell Biol, 2012, 196(4):395–
406. 

[17] Aitken KJ, Bägli DJ. The bladder extracellular matrix. Part I: 
Architecture, development and disease. Nat Rev Urol, 2009, 
6(11):596–611. 

[18] Huijbers IJ, Iravani M, Popov S, Robertson D, Al-Sarraj S, 
Jones C, Isacke CM. A role for fibrillar collagen deposition 
and the collagen internalization receptor endo180 in glioma 
invasion. PLoS One, 2010, 5(3):e9808. 

[19] Ozbek S, Balasubramanian PG, Chiquet-Ehrismann R, Tucker RP, 
Adams JC. The evolution of extracellular matrix. Mol Biol Cell, 
2010, 21(24):4300–4305. 

[20] Egeblad M, Werb Z. New functions for the matrix metallo-
proteinases in cancer progression. Nat Rev Cancer, 2002, 
2(3):161–174. 

[21] Wagenaar-Miller RA, Gorden L, Matrisian LM. Matrix metallo-
proteinases in colorectal cancer: is it worth talking about? 
Cancer Metastasis Rev, 2004, 23(1–2):119–135. 

[22] Zucker S, Vacirca J. Role of matrix metalloproteinases (MMPs) 
in colorectal cancer. Cancer Metastasis Rev, 2004, 23(1–2): 
101–117. 

[23] Bergers G, Brekken R, McMahon G, Vu TH, Itoh T, Tamaki K, 
Tanzawa K, Thorpe P, Itohara S, Werb Z, Hanahan D. Matrix 
metalloproteinase-9 triggers the angiogenic switch during 
carcinogenesis. Nat Cell Biol, 2000, 2(10):737–744. 

[24] Bardelli A, Siena S. Molecular mechanisms of resistance to 
cetuximab and panitumumab in colorectal cancer. J Clin Oncol, 
2010, 28(7):1254–1261. 

[25] Steen HB. The origin of oncogenic mutations: where is the 
primary damage? Carcinogenesis, 2000, 21(10):1773–1776. 

[26] Kraning-Rush CM, Califano JP, Reinhart-King CA. Cellular 
traction stresses increase with increasing metastatic potential. 
PLoS One, 2012, 7(2):e32572. 

[27] Troester MA, Lee MH, Carter M, Fan C, Cowan DW, Perez ER, 
Pirone JR, Perou CM, Jerry DJ, Schneider SS. Activation of 
host wound responses in breast cancer microenvironment. 
Clin Cancer Res, 2009, 15(22):7020–7028. 

[28] Pupa SM, Ménard S, Forti S, Tagliabue E. New insights into 
the role of extracellular matrix during tumor onset and pro-
gression. J Cell Physiol, 2002, 192(3):259–267. 



Eugen Florin Georgescu et al. 

 

1144 

[29] Alonso-Escolano D, Strongin AY, Chung AW, Deryugina EI, 
Radomski MW. Membrane type-1 matrix metalloproteinase 
stimulates tumour cell-induced platelet aggregation: role of 
receptor glycoproteins. Br J Pharmacol, 2004, 141(2):241–252. 

[30] Gialeli C, Theocharis AD, Karamanos NK. Roles of matrix 
metalloproteinases in cancer progression and their pharma-
cological targeting. FEBS J, 2011, 278(1):16–27. 

[31] Gimeno-García AZ, Santana-Rodríguez A, Jiménez A, Parra-
Blanco A, Nicolás-Pérez D, Paz-Cabrera C, Díaz-González F, 
Medina C, Díaz-Flores L, Quintero E. Up-regulation of gela-
tinases in the colorectal adenoma-carcinoma sequence. Eur 
J Cancer, 2006, 42(18):3246–3252. 

[32] Lubbe WJ, Zhou ZY, Fu W, Zuzga D, Schulz S, Fridman R, 
Muschel RJ, Waldman SA, Pitari GM. Tumor epithelial cell 
matrix metalloproteinase 9 is a target for antimetastatic the-
rapy in colorectal cancer. Clin Cancer Res, 2006, 12(6):1876–
1882. 

[33] Illemann M, Bird N, Majeed A, Sehested M, Laerum OD, 
Lund LR, Danø K, Nielsen BS. MMP-9 is differentially 
expressed in primary human colorectal adenocarcinomas and 
their metastases. Mol Cancer Res, 2006, 4(5):293–302. 

[34] Shay G, Lynch CC, Fingleton B. Moving targets: emerging 
roles for MMPs in cancer progression and metastasis. Matrix 
Biol, 2015, 44–46:200–206. 

[35] Radziwon-Balicka A, Santos-Martinez MJ, Corbalan JJ, 
O’Sullivan S, Treumann A, Gilmer JF, Radomski MW, Medina C. 
Mechanisms of platelet-stimulated colon cancer invasion: 
role of clusterin and thrombospondin 1 in regulation of the 
P38MAPK-MMP-9 pathway. Carcinogenesis, 2014, 35(2):324–
332. 

[36] Chu D, Zhao Z, Zhou Y, Li Y, Li J, Zheng J, Zhao Q, Wang W. 
Matrix metalloproteinase-9 is associated with relapse and 
prognosis of patients with colorectal cancer. Ann Surg Oncol, 
2012, 19(1):318–325. 

[37] Kostova E, Slaninka-Miceska M, Labacevski N, Jakovski K, 
Trojachanec J, Atanasovska E, Janevski V, Jovanovik R, 
Janevska V. Expression of matrix metalloproteinases 2, 7 
and 9 in patients with colorectal cancer. Vojnosanit Pregl, 
2014, 71(1):52–59. 

[38] Herszényi L, Sipos F, Galamb O, Solymosi N, Hritz I, Miheller P, 
Berczi L, Molnár B, Tulassay Z. Matrix metalloproteinase-9 
expression in the normal mucosa-adenoma-dysplasia adeno-
carcinoma sequence of the colon. Pathol Oncol Res, 2008, 
14(1):31–37. 

[39] Freije JM, Balbín M, Pendás AM, Sánchez LM, Puente XS, 
López-Otín C. Matrix metalloproteinases and tumor progression. 
Adv Exp Med Biol, 2003, 532:91–107. 

[40] Zeng ZS, Guillem JG. Distinct pattern of matrix metallopro-
teinase 9 and tissue inhibitor of metalloproteinase 1 mRNA 
expression in human colorectal cancer and liver metastases. 
Br J Cancer, 1995, 72(3):575–582. 

[41] Zucker S, Lysik RM, DiMassimo BI, Zarrabi HM, Moll UM, 
Grimson R, Tickle SP, Docherty AJ. Plasma assay of gela-
tinase B: tissue inhibitor of metalloproteinase complexes in 
cancer. Cancer, 1995, 76(4):700–708. 

[42] Ahmed MM, Mohammed SH. Matrix metalloproteinases 2 and 
9 in situ mRNA expression in colorectal tumors from Iraqi 
patients. Indian J Pathol Microbiol, 2011, 54(1):7–14. 

[43] Li CY, Yuan P, Lin SS, Song CF, Guan WY, Yuan L, Lai RB, 
Gao Y, Wang Y. Matrix metalloproteinase 9 expression and 
prognosis in colorectal cancer: a meta-analysis. Tumour Biol, 
2013, 34(2):735–741. 

[44] Bendardaf R, Buhmeida A, Hilska M, Laato M, Syrjänen S, 
Syrjänen K, Collan Y, Pyrhönen S. MMP-9 (gelatinase B) 
expression is associated with disease-free survival and 
disease-specific survival in colorectal cancer patients. Cancer 
Invest, 2010, 28(1):38–43. 

[45] Buhmeida A, Bendardaf R, Hilska M, Collan Y, Laato M, 
Syrjänen S, Syrjänen K, Pyrhönen S. Prognostic significance 
of matrix metalloproteinase-9 (MMP-9) in stage II colorectal 
carcinoma. J Gastrointest Cancer, 2009, 40(3–4):91–97. 

[46] Winder T, Lenz HJ. Molecular predictive and prognostic 
markers in colon cancer. Cancer Treat Rev, 2010, 36(7):550–
556. 

[47] de Krijger I, Mekenkamp LJ, Punt CJ, Nagtegaal ID. Micro 
RNAs in colorectal cancer metastasis. J Pathol, 2011, 224(4): 
438–447. 

[48] Chantrain CF, Henriet P, Jodele S, Emonard H, Feron O, 
Courtoy PJ, DeClerck YA, Marbaix E. Mechanisms of pericyte 
recruitment in tumour angiogenesis: a new role for metallo-
proteinases. Eur J Cancer, 2006, 42(3):310–318. 

[49] Deryugina EI, Quigley JP. Tumor angiogenesis: MMP-mediated 
induction of intravasation- and metastasis-sustaining neo-
vasculature. Matrix Biol, 2015, 44–46:94–112. 
 
 
 

 
 
 
 
 
 
Corresponding author 
Bogdan Dan Totolici, MD, First Surgical Clinic, Arad County Hospital, 2–4 Andrenyi Karoly Street, 310037 Arad, 
Romania; Phone +40733–441 700, e-mail: totolici_bogdan@yahoo.com 
 
 
 
 
 
 
Received: February 20, 2015 

Accepted: December 4, 2015 
 
 


