
Rezumat

Rolul matrix metaloproteinazei-9 (MMP-9) ca factor de
prognostic în neoplasmele epiteliale æi limfatice

Matrix metaloproteinaza 9 (MMP-9) este o endopeptidazã
zinc-dependentã remodelantã a matrixului extracelular, direct
implicatã în mecanismele de invazie localã æi în metastazare.
Scopul acestui review este de a evalua expresia MMP-9 æi 
valoarea ei prognosticã în cele mai frecvente neoplasme
epiteliale æi limfatice ale regiunii abdomino-pelvine. Am
inclus 19 studii publicate între 1 ianuarie 1995 æi 31 iulie 2015,
totalizând 1523 de pacienåi. Analiza acestora a evidenåiat 
faptul cã MMP-9 constituie un marker valid pentru o
supravieåuire redusã în neoplasmele epiteliale æi limfatice.

Cuvinte cheie: MMP-9, carcinom, limfom, matrix metalo-
proteinaza

Abstract
Matrix metalloproteinase 9 is a zinc-dependent extracellular
matrix remodeling endopeptidase directly involved in the

local invasion mechanisms and in metastasis. The current
review aims to evaluate the expression of MMP-9 and its prog-
nostic value in the most common epithelial and lymphatic
neoplasia of the pelvic-abdominal region. We included 19
studies published between January 1st, 1995 and July 31st
2015, involving a total of 1523 patients. The analysis indicate
that MMP-9 is valid marker of poor survival in epithelial and
lymphatic neoplasia.

Key words: MMP-9, carcinoma, lymphoma, matrix metallo-
proteinase

IntroductionIntroduction

The matrix metalloproteinases form a large family of Zinc and
Calcium-dependent proteolytic enzymes involved in cell
growth and proliferation, reproduction, embryonic develop-
ment as well as in the physiologic and pathologic tissue 
remodeling process through the lysis of the intercellular
matrix. 

The MMP family includes the conventionally secreted and
membrane-linked MMPs as well as the sheddases (also known
as ADAMs - a disintegrin and metalloproteinase). (1) To this
date 28 zinc-dependent proteases have been described, 
classified into interstitial collagenases, gelatinases, stromelysins,
and membrane bound MMPs, based on their substrate speci-
ficity (2,3). Many of these endopeptidases have been initially
identified by their over-expression in the tumor tissue. However
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there is growing evidence of the MMPs involvement not only
in the tumorigenesis but also in cancer cell migration and in
the metastatic process. (4,5)

In order to maintain a balance between proteolysis and 
proteosynthesis, specific MMP tissue inhibitors (TIMPs) are
synthetized in the tissues. Although TIMPs are the best
known inhibitors of MMPs, metalloproteinases activity is also
regulated by a wide range of mechanisms. Besides the TIMPs
expression, the transcriptional regulation of MMP expression
and the activation of the zymogen form of MMP plays an
important part in their overall expression and proteolytic
activity.

During the last two decades studies have demonstrated
that high level of MMP1, 2, 3, 7, 9, 13, and 14 is directly
linked to the malignant cell invasion, metastasis, and poorer
prognosis (6-10). The expression and function of specific
MMPs are, however, connected to the subtype and stage of
tumor (3).

Objective

Of all these proteolytic enzymes, MMP 9 is of particular 
interest in oncology, as it shows the archetypal activity of
MMPs. MMP 9 is a 92 kDa type IV collagenase, whose 
proteolytic action is essential for the mechanisms of neoplastic
cell invasion in various malignancies: carcinoma (especially
adenocarcinoma), lymphoma (Hodgkin disease and non-
Hodgkin lymphoma) and sarcoma (osteosarcoma, fibrosarcoma
and chondrosarcoma).

In the current study we are reviewing the expression of
MMP 9 in some of the most frequent epithelial and lymphatic
neoplasia of abdomen/pelvis localization, and its role as a 
prognostic factor for these types of cancer.

Methods for reviewMethods for review

Data sources

The PubMed (US National Library of Medicine, National
Institutes of Health - ncbi.nlm.nih.gov/PubMed) and Google
Scholar databases were interrogated for articles published
between January 1st, 1995 and July 31st, 2015 using the 
following search terms: “matrix metalloproteinase9”,
“MMP9”, and “gelatinases”, both as subject headings and 
keywords. We further narrowed our research for: “colorectal 
adenocarcinoma”, “prostate adenocarcinoma”, “ovarian 
carcinoma” and “lymphoma”. The bibliography lists of the
studies considered to be relevant were searched for further 
relevant papers. One additional paper was included due to the
potentially important data offered and the paucity of relevant
studies available on that specific topic (comparative analysis of
MMP expression in Hodgkin and non-Hodgkin lymphomas).
(11)

Study selection

Every title and abstract was evaluated by at least two authors

who independently decided if the paper is qualified for
inclusion. Disagreements were resolved after careful evalua-
tion by all six authors.

Inclusion and exclusion criteria

We included all studies published as full texts in English,
French and Spanish in the above mentioned interval 
investigating the expression of matrix metalloproteinase 9 in
epithelial and lymphatic malignancies. Data from non-English
language texts were assessed by the authors who were fluent in
the specific language. We focused on the prognostic value of
MMP9 whenever possible. The search was restricted to human
population groups. Studies were excluded if they investigated
non-malignant pathology and if population groups accounted
for less than 20 subjects. Case report studies, reviews and meta-
analysis were also excluded.

ResultsResults

The search examined 1489 publications of which 19 were
selected in this review. A total number of 1523 patients were
included. The oldest study was published in 1996. Sample size
varied from 28 to 187, with an average of 84.61. The main
objectives of the studies was to evaluate the expression and role
of different biological markers in the pathophysiology, therapy
and prognosis of different histologic types of cancer (n=19).
The most commonly used molecular marker was MMP-9,
which was determined in all selected studies (n=19), followed
by MMP-2 (n=9) and TIMP-1 (n=7). A short description of
the included papers is provided in Table 1.

Colorectal adenocarcinoma

A large number of studies has been conducted in order to
evaluate the prognostic value of MMP9, showing controver-
sial data. (12-14) One conclusion can, however, be drawn:
higher expression of MMPs offer no direct relation to tumor
stage, with some studies suggesting that higher MMP-9
expression is a marker of the greater invasive potential of the
cancer as well as of the poorer prognosis. (15) In a retro-
spective analysis of 64 patients undergoing rectal resection
for carcinoma, Svagzdys et al. assessed the expression level of
two gelatinases (MMP-2 and MMP-9) and their inhibitors
(TIMP2 and TIMP3). (16) The results indicated that lower
expression of MMP9 in stromal cell and a higher expression
in parenchyma correlates with a significantly higher 
mortality, indicating different pathophysiological response
in the malignant tumor. These data are thus supporting an
earlier hypothesis of Lubbe et al. claiming that stromal 
reaction to neoplastic cell proliferation is a protective self-
defense mechanism of the surrounding tissues. (17)

It is thus essential to search for the source of MMP-9 secre-
tion in the tumor in order to design effective therapies that do
not impair with the local anti-tumor mechanisms. (17)
Another important aspect that needs to be considered is the
variations of MMPs, especially MMP-9, after oncologic 
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Table 1. Studies assessing the correlation between MMP 9 expression and prognosis in colorectal adenocarcinoma, ovarian carcinoma,
prostate carcinoma and lymphoma

No Author Year No of patients Histologic type Markers analyzed

1 Angenete et al. 2009 32 Rectal carcinoma MMP-1, -2, -9, TIMP-1, uPA, PAI-1, TGF-β1, calprotectin
2 Babichenko et al. 2014 63 Adenocarcinoma of the prostate MMP-9 and TIMP-1
3 Brun et al. 2008 99 Serous and mucinous ovarian tumors MMP-2, -7, -9, MT1-MMP, TIMP-1 and -2
4 Campos et al. 2013 148 Hodgkin lymphoma MMP-9
6 Desmeules et al. 2015 100 serous ovarian carcinoma TIMP-2, MMP-2, MMP-9
7 Hazar et al. 2004 64 Hodgkin, non-Hodgkin lymphoma MMP-2, MMP-9
8 Lubbe et al. 2006 28 Colon carcinoma MMP-9
9 Moran et al. 2005 95 colorectal cancer MMP-9, MMP-2, TIMP-1
10 Reis et al. 2011 89 Prostate carcinoma MMP-9, TIMP-1, RECK
11 Sakata et al. 2000 114 Adenocarcinomas, borderline tumors MMP-2, MT1-MMP, TIMP-2, MMP-9, TIMP-1
12 Svagzdys et al. 2011 64 Rectal adenocarcinoma MMP-9
13 Thaer et al. 2015 67 Hodgkin and Non-Hodgkin lymphoma MMP-9
14 Trudel et al. 2010 187 Prostate carcinoma MMP-9
15 Unsal Kilic et al. 2007 44 Locally advanced rectal carcinoma MMP-9
16 Waas et al. 2002 73 Colorectal carcinoma MMP-2, MMP-9
17 Wood et al. 1997 117 Prostate carcinoma MMP-2, MMP-9, TIMP-1, TIMP-2
18 Zeng et al. 1996 71 Colorectal carcinoma MMP-9 RNA
19 Davidson et al. 2002 68 Ovarian carcinoma MMP-2, MMP-9, MT1-MMP, TIMP-2, VEGF, IL-8, bFGF

Abbreviations: MMP: matrix metalloproteinase; MT1-MMP: membrane-type 1-MMP; VEGF: vascular endothelial growth factor; IL-8: interleukin-8; bFGFbasic fibroblast growth
factor

therapy for colorectal cancer. It seems that MMP-9 expression
offers a strong correlation with tumor response in patients with
locally advanced rectal cancer following preoperative chemo-
and radiotherapy, with a similar pattern of expression is also
shared by MMP-2. (18, 19)

Prostate adenocarcinoma

Prostate cancer is the most frequent type of cancer treated in
Urology Departments and the fifth most common neoplasia in
the world. (20) There are several studies investigating the
expression of MMP-9, offering somewhat contradicting results.
(21, 22) A comparative analysis of Reis et al. comparing the
expression of MMP-9, TIMP-1 and RECK in benign prostate
adenoma and prostate adenocarcinoma revealed significantly
higher overexpression of MMP 9 and underexpression of
RECK and TIMP in the carcinoma group. (23) Two recent
studies of Bibichenko et al. evaluated the expression of this
collagenase in prostate adenocarcinoma. Despite its important
role in the lysis of Type IV collagen of the basement mem-
brane, the expression of MMP9 in prostate adenocarcinoma
seems to be decreased, with a weak negative correlation
between the levels of secretory tumor cell MMP-9 and cellular
proliferative activity. (24) However, when assessing the 
activity of TIMP1, an inhibitor of MMP9, a decrease in its
expression could be observed. The pathogenesis of tumor 
proliferation is thus explained by the imbalance between
MMP9 expression and that of TIMP1. (24)

Ovarian carcinoma

To this date there are only a few studies investigating the 
levels of MMP9 in ovarian cancer. Based on limited evidence

it seems reasonably to affirm that MMP-9 expression is 
significantly higher in ovarian adenocarcinoma than in benign
ovarian tumors. (25) When comparing different histologic
types of tumors, a higher epithelial gelatinase (including
MMP2 and 9) expression was observed in serous versus 
mucinous ovarian tumor. (26) Moreover, the overall expression
of tissue MMP 9 in the high-grade serous ovarian carcinoma
seems to correlate with a high risk of death. (27, 28)

The mechanisms of the MMP9 overexpression in ovarian
neoplasia are not entirely deciphered. One explanation offered
by Zhou et al. points to the hepatocyte growth factor (HGF)
which in conjunction with the epidermal growth factor (EGF)
acts as a stimulus for a highly invasive tumor phenotype via
the increased secretion of MMP-9. (29)

Lymphatic neoplasia

While all lymphomas are malignant neoplasms, there is a
wide spectrum of clinical behavior, with some following an
indolent clinical course and others behaving in an aggres-
sive manner so it is important to know the relationship
between MMP and lymphoproliferative neoplasia. 

Hazar et al. investigated the role of MMP-2 and MMP-9 in
Hodgkin's disease (HD) and non-Hodgkin's lymphoma
(NHL). They analyzed the serum samples of 42 patients and
compared them with healthy control, using an immunoassay
method for the determination of MMP-2 and MMP-9 levels.
The mean MMP-9 and MMP-2 levels were found to be
increased in HD and NHL patients compared to the control
group. There were no relation between MMP-2, MMP-9 levels
and clinical characteristics of patients. This data suggest that
MMP-9 levels could be used for differential diagnosis between
benign diseases and lymphoproliferative neoplasia. (30)
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Another study of Campos et al assessed the overall survival of
young patients with classical Hodgkin Lymphoma (cHL). The
study suggests that although the expression of MMP-9 by
Hodgkin-Reed-Sternberg cells is not associated with disease-
free survival, it is however linked to a reduction in overall 
survival. (31) A similar conclusion has been drawn in case of
non-Hodgkin lymphoma, as the expression of MMP-9 was
associated with higher aggressiveness and poor prognosis. (2)

When evaluated comparatively the MMP-9 expression in
NHL was found to be higher than that in HD, though the 
difference not statistically significant. (11) The MMP expres-
sion seems to be different, varying to the grades of NHL, but
without the level of statistical significance. Similarly in the
case of HD there are minimal differences in MMP-9 levels
between HD with mixed cellularity and nodular sclerosis type.
Concerning the tumor grading, there were no correlations
between MMP-9 expression and tumor invasion or histological
subtype. (11) As a result MMP-9 may be of a particular inter-
est as a marker for the progression of lymphomas.

ConclusionsConclusions

Molecular insights of MMP 9 provides a better understanding
of the pathophysiology of tumor invasion and metastasis.
Clinical studies indicated that the expression of this 
biomarker in epithelial and lymphatic neoplasia is both an
independent prognostic marker characterized by poor overall
survival as well as a strong prognostic tool for patients 
undergoing surgical or adjuvant therapy.

Disclosure

Dr. Eugen Florin Georgescu was supported by the Research
Project „Excellency program in multidisciplinary doctoral and
postdoctoral research in chronic diseases” ("Program de exce-
lenta in cercetare doctorala si postdoctorala multidisciplinara
in bolile cronice") ID POSDRU /159/ 1.5/S/133377. Drs. Vlad
Pârvãnescu, Milena Georgescu, Ion Georgescu, Valeriu Æurlin,
Ætefan Pãtraæcu and Ana Maria Picleanu have nothing to 
disclose.

ReferencesReferences

1. Edwards D. R., Handsley M. M., Pennington C. J. (2008). The
ADAM metalloproteinases. Mol. Aspects Med. 29, 258–289.

2. Sakata K, Satoh M, Someya M, Asanuma H, Nagakura H,
Oouchi A, Nakata K, Kogawa K, Koito K, Hareyama M, Himi
T. Expression of Matrix Metalloproteinase 9 Is a Prognostic
Factor in Patients with Non-Hodgkin Lymphoma. Cancer,
2004; 100(2):356-365.

3. Jacob A, Prekeris R. The regulation of MMP targeting to
invadopodia during cancer metastasis. Frontiers in Cell and
Developmental Biology. 2015;3:4.

4. Gialeli C, Theocharis AD and Karamanos NK. Roles of
matrix metalloproteinases in cancer progression and their
pharmacological targeting. FEBS J. 2011; 278(1):16-27. 

5. Roy R, Yang J and Moses MA. Matrix metalloproteinases as
novel biomarkers and potential therapeutic targets in human

cancer. J Clin Oncol. 2009; 27(31):5287-5297.
6. Ala-aho R, Kahari VM. Collagenases in cancer. Biochimie.

2005; 87:273–286.
7. Kerkela E, Saarialho-Kere U. Matrix metalloproteinases in

tumor progression: focus on basal and squamous cell skin can-
cer. Exp. Dermatol. 2003; 12:109–125.

8. Bjorklund M., Koivunen E. Gelatinase-mediated migration
and invasion of cancer cells.Biochim. Biophys. Acta. 2005;
1755:37–69.

9. Hofmann UB, Houben R., Brocker EB, Becker JC. Role of
matrix metalloproteinases in melanoma cell invasion.
Biochimie. 2005;87:307–314.

10. Wagenaar-Miller RA, Gorden L, Matrisian LM. Matrix 
metalloproteinases in colorectal cancer: is it worth talking
about? Cancer Metastasis Rev. 2004;23:119–135.

11. Thaer KA, Bashar HA, Khitam RK. Immunohistochemical
expression of MMP9, as a marker of local invasion in
Hodgkin’s and Non-Hodgkin’s lymphoma of the head and
neck region. J Bagh Coll Dentistry 2015; 27(1):128-132

12. Moran A., Iniesta P, García-Aranda C, De Juan C, Díaz-López
A, Sánchez-Pernaute A, Torres AJ, Díaz-Rubio E, Balibrea JL,
Benito M. Clinical relevance of MMP-9, MMP-2, TIMP-1
and TIMP-2 in colorectal cancer. Oncol. Rep. 2005;13:115-
120;  

13. Waas ET, Lomme RM, DeGroot J, Wobbes, T, Hendriks T.
Tissue levels of active matrix metalloproteinase-2 and -9 in
colorectal cancer. Br. J. Cancer. 2002;86: 1876-1883;    

14. Zeng ZS, Huang Y, Cohen AM, Guillem JG. Prediction of 
colorectal cancer relapse and survival via tissue RNA levels of
matrix metalloproteinase-9. J. Clin. Oncol. 1996;14:3133-40

15. Mook OR, Frederiks WM, Van Noorden CJ. The role of
gelatinases in colorectal cancer progression and metastasis.
Biochim. Biophys. Acta. 2004;1705:69–89

16. Svagzdys S, Lesauskaite V, Pangonyte D, Saladzinskas Z,
Tamelis A, Pavalkis D. Matrix metalloproteinase-9 is a prog-
nostic marker to predict survival of patients who underwent
surgery due to rectal carcinoma. Tohoku J Exp Med. 2011;
223(1):67-73

17. 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 therapy
in colorectal cancer. Clin. Cancer Res. 2006; 12:1876–1882.

18. Unsal Kilic D, Uner A, Akyurek N, Erpolat P, Dursun A, Pak
Y. Matrix metalloproteinase-9 expression correlated with
tumor response in patients with locally advanced rectal cancer
undergoing preoperative chemoradiotherapy. Int J Radiat
Oncol Biol Phys 2007;67:196-203; 

19. Angenete E, Oresland T, Falk P, Breimer M, Hultborn R,
Ivarsson ML. Preoperative radiotherapy and extracellular
matrix remodeling in rectal mucosa and tumour matrix metal-
loproteinases and plasminogen components. Acta Oncol.
2009; 48(8):1144-51

20. Humphrey PA. Diagnosis of adenocarcinoma in prostate nee-
dle biopsy tissue. J Clin Pathol 2007; 60: 35-42

21. Trudel D, Fradet Y, Meyer F, Têtu B. Matrix metalloproteinase
9 is associated with Gleason score in prostate cancer but not
with prognosis. Hum Pathol 2010; 41: 1694-701;    

22. Wood M, Fudge K, Mohler JL, Frost AR, Garcia F, Wang M,
Stearns ME. In situ hybridization studies of metalloproteinases 2
and 9 and TIMP-1 and TIMP-2 expression in human prostate
cancer. Clin Exp Metastasis 1997; 15: 246-58

23. Reis ST, Pontes-Junior J, Antunes AA, de Sousa-Canavez JM,
Dall’Oglio MF, Passerotti CC, Abe DK, Crippa A, da Cruz JA,

509



Timoszczuk LM, Srougi M, Leite KR. MMP-9 over expression
due to TIMP-1 and RECK under expression is associated with
prognosis in prostate cancer. Int J Biol Markers 2011; 26: 255-
61.

24. Babichenko II, Andriukhin MI, Pulbere S, Loktev A.
Immunohistochemical expression of matrix metalloproteinase-
9 and inhibitor of matrix metalloproteinase-1 in prostate 
adenocarcinoma. Int J Clin Exp Pathol. 2014;7(12):9090-8.

25. Sakata K, Shigemasa K, Nagai N, Ohama K. Expression of
matrix metalloproteinases (MMP-2, MMP-9, MT1-MMP) and
their inhibitors (TIMP-1, TIMP-2) in common epithelial
tumors of the ovary. Int J Oncol. 2000;17(4):673-81.

26. Brun JL, Cortez A, Commo F, Uzan S, Rouzier R, Daraï E.
Serous and mucinous ovarian tumors express different profiles
of MMP-2, -7, -9, MT1-MMP, and TIMP-1 and -2. Int J
Oncol. 2008;33(6):1239-46

27. Desmeules P, Trudel D, Turcotte S, Sirois J, Plante M,
Grégoire J, et al. Prognostic significance of TIMP-2, MMP-2,
and MMP-9 on high-grade serous ovarian carcinoma using 

digital image analysis. Hum Pathol. 2015; 46(5):739-45.
28. Davidson B, Goldberg I, Gotlieb WH, Kopolovic J, 

Ben-Baruch G, Nesland JM, et al. The prognostic value of 
metalloproteinases and angiogenic factors in ovarian carcinoma.
Mol Cell Endocrinol 187:39–45

29. Zhou HY, Pon YL and Wong AS: Synergistic effects of 
epidermal growth factor and hepatocyte growth factor on human
ovarian cancer cell invasion and migration: role of extracellular
signal regulated kinase 1/2 and p38 mitogen-activated protein
kinase. Endocrinology. 2007; 148: 5195-5208.

30. Hazar B, Polat G, Seyrek E, Bağdatoğlğlu O, Kanik A, Tiftik
N. Prognostic value of matrix metalloproteinases (MMP-2 and
MMP-9) in Hodgkin's and non-Hodgkin's lymphoma. Int J
Clin Pract. 2004; 58(2):139-43.

31. Campos AH, Vassallo J, Soares FA. Matrix metalloproteinase-
9 expression by Hodgkin-Reed-Sternberg cells is associated
with reduced overall survival in young adult patients with 
classical Hodgkin lymphoma. PLoS One. 2013 Sep 24;8(9):
e74793

510


