
Abstract. Background: The role of the single matrix
metalloproteinases (MMPs) in the metastatic process of
squamous cell carcinomas (SCC) is still obscure. Materials
and Methods: The MMP-9 expression was described
immunohistochemically in 105 patients (40-79 years of age,
mean: 57.84 years; 84 male, 21 female) suffering from
oropharyngeal cancer (22x T1, 31x T2, 24x T3, 28x T4) with
different neck stages (41x N0, 6x N1, 54x N2, 4x N3 neck).
Results: A significant correlation between MMP-9 expression
and T stage (p<0.05), N stage (r=0.55, p<0.01) and UICC
stage (r=0.55, p<0.01) was revealed. Most remarkable was the
high MMP-9 expression with simultaneously high UICC stages.
Conclusion: The results give further indication that MMP-9
plays a role in the metastatic behavior of oropharyngeal SCC.
It will be a project for the near future to create a standardized
evaluation score of immuno-histological stainings to allow
valid comparison of the results and published data.

The expression and activation of proteolytic enzymes is

essential for the invasiveness and metastatic spread of

malignant tumors in order to induce tumor growth and

destroy the basal membrane and extracellular matrix (1, 2).

The prognosis of patients suffering from carcinomas of the

upper aerodigestive tract is directly related to the presence

or absence of lymphogenic metastasis (3, 4). With this

background, it becomes clear why many study groups are

working on the identification of risk factors to predict

lymphogenic metastatic spread and aggressiveness of the

local tumor growth. Meanwhile many histological and

molecular biological factors have been proposed for their

possible impact on the lymphogenic metastatic process.

In this context, special interest is being paid to a better

knowledge of the matrix metalloproteinases (MMPs) (5),

that are involved in the physiology of reconstruction and

renewal processes of surrounding tissue. In particular, MMP-

2 and -9, originating from the subfamily of gelatinases, seem

to play important roles in the metastatic process of several

carcinomas (6, 7), including not only SCC of the head and

neck (8), but also malignant tumors of the lung (9), the

prostate (10), the colon (11) and the bladder (12).

The aim of the present study was to investigate if the

immunohistochemical detection of increased MMP-9

expression, which could easily be introduced into clinical

practice, shows significant correlation to the aggressiveness

and the metastatic behavior of malignomas of the

oropharynx.

Materials and Methods

Materials. The analyzed oropharyngeal tumor specimens were

taken from 105 patients (40-79 years of age, mean: 57.84 years; 84

male, 21 female) being treated at the Department of

Otolaryngology, Head and Neck Surgery, of the Philipps University

of Marburg, Germany, between June 1998 and December 2000.

The T stage was classified for 22 patients as T1, for 31 patients as

T2, for 24 patients as T3 and for 28 patients as T4 oropharyngeal

cancer. A total of 41 patients had N0 necks, 6 patients had N1

necks, 54 patients had N2 necks and 4 patients even showed N3

metastasis. At the time of first diagnosis, 7 of the patients had

pulmonary metastasis (M1). Tonsillar tissues were taken as

reference specimens.

Methods. The avidin-biotin method was applied for detection of

MMP-9 proteins. As preparation for the creation of the histological

sections, the 105 paraffin blocks of the primaries were cut, paraffin

was removed and then the sections were soaked in a decreasing

alcohol series (100%-70%). In order to block endogenous

peroxidase and thus false-positive disruptive reactions, the sections

were rinsed with 200 ml methanol and 6 ml 30% H2O2 and distilled

water. Normal serum (Normalserum, Sigma-Aldrich GmbH, 89502

Steinheim, Germany) was applied to the sections to avoid
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Figure 1. Immunohistochemical staining of MMP-9 according to the ABC method of an oropharyngeal tumor that shows staining of less than 50% of
the tumor cells or stroma tissue (40-fold enlargement) and thus can be classified into category 1+.

Figure 2. Immunohistochemical staining of MMP-9 according to the ABC method of an oropharyngeal tumor that shows extended staining of tumor cells
and stroma tissue (40-fold enlargement) and can thus be classified into category 3+.



unspecific collagen reactions and reactions with endogenic IgGs.

After removal of the normal serum from the section, the primary

antibody (monoclonal anti-human MMP-9 antibody, clone 56-2A4,

Oncogene Research Products, USA) was applied. After rinsing

with PBS solution, the second antibody (polycloncal anti-mouse

IgG, Dako A/S, Denmark) was applied. Finally the A-B complex

was applied to the secondary antibody (Strept.-ABC-

Komplex/HRP, Dako, Denmark). The counterstain of the section

specimen was performed with haemalum (Hämalaun, Merck KG

aA, 64271 Darmstadt, Germany) before the section specimens were

soaked in an ascending alcohol series (50%-100%). Concentration

of the section specimens was subsequently performed with corbit

balsam (Corbit-Balsam, I. Hecht, Kiel-Hassee, Germany) for

evaluation.

Statistical evaluation. The statistical evaluation of the collected data

was performed with SPSS 11.0 for Windows, while a bivariant

correlation test performed according to Spearman. The expression

levels of MMP-9 were examined with regard to their correlation

with clinical parameters such as age and gender of the patients,

histological differentiation of the tumor, TNM classification, as

well as the UICC stage.

Results

Evaluation system. The stainings (Figures 1, 2) were

evaluated according to Kurahara et al. (13):

0 = nearly no staining of tumor cells/stroma

1+ = staining of less than 50% of the tumor cells and/or

weak staining of stroma cells

2+ = staining of more than 50% of tumor cells and/or

moderate staining of stroma cells

3+ = extended staining of tumor cells and/or high staining

of stroma cells

Detection of MMP-9 signals in tissue. The

immunohistochemical examination of the 105

oropharyngeal carcinomas showed MMP-9 expression in

95.2% (100/105) of the cases. The intensity of MMP-9

expression amounted to <50% of the tumor cells or the

stroma tissue in 24 specimens, >50% of the tumor cells or

stroma tissue in 37 cases, and an extensive tumor cell or

stroma staining was revealed in 39 specimens. No

simultaneously stained tonsillar epithelia showed any

staining. No correlations between age or gender, or the

histological grading and the detected MMP-9 expression

level could be detected.

Correlation between MMP-9 expression and TNM
classification/UICC stage or oropharyngeal carcinomas. The

expression level for MMP-9 and T classification showed

statistically significant (p<0.05) correlation (Table I).

Further, the bivariant correlation test according to Pearson

revealed a statistically relevant correlation (r=0.55, p<0.01)

between the presence (N+ neck) and the absence (N0 neck)

of cervical lymph node metastases (Table II). In this

context, less aggressive oropharyngeal phenotypes without

nodal metastasis showed low MMP-9 expression levels in

90.2% (37/41) of the cases. The aggressive phenotypes with

cervical lymph node metastases, however, had MMP-9

expression of levels 2+ and 3+ in 98.4% (63/64) of the

cases. Regarding the N stage, a significant correlation could

also be detected (r=0.59, p<0.01), but it must be mentioned

that the case number for stages N1 and N3 were relatively

low (Table III). A statistically significant correlation

(r=0.55, p<0.01) was found between MMP-9 expression

and the international UICC tumor stage (Table IV). The

high MMP-9 expression in high UICC stages is remarkable:

84.6% (22/26) were classified stages I/II and 98.7% of the

UICC stages III/IV (78/79) had MMP-9 expression, while

the expression pattern in stages III/IV corresponded to the

higher MMP-9 expression levels of 2+ and 3+.

Discussion

Primary tumors with high metastatic potential are able to

release several millions of cells into the circulation per day,

while only several hundred have the ability to induce

metastasis. Access to the venous vascular system is facilitated

for the cell populations released by the primary by newly-
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Table I. Correlation between MMP-9 expression level and the T
classification of oropharyngeal carcinomas.

Expression level T1 T2 T3 T4 Total

0 2 3 0 0 5

1+ 8 5 6 5 24

2+ 7 14 6 10 37

3+ 5 9 12 13 39

Total 22 31 24 28 105

Table II. Correlation between MMP-9 expression level and the
involvement of cervical lymph nodes in oropharyngeal carcinomas.

Expression level Lymph node Total

negative (N0) positive (N+)

0 4 1 5

1+ 20 4 24

2+ 12 24 36

3+ 5 35 40

Total 41/39% 64/61% 105



developed blood vessels having significant defects, which

makes their barrier function ineffective (14). In this context,

tumor angiogenesis must be mentioned; histopathological

studies have demonstrated that high tumor vascularization is

generally a sign of higher aggressiveness with early

occurrence of distant metastases (15). Other investigations

showed that not only VEGF (vascular endothelial growth

factor) should be considered as a main angiogenic factor for

tumor neoangiogenesis, but also MMPs, especially MMP-9

(16, 17). Additionally, MMP-9 was described in the context

of squamous cell carcinomas of the head and neck and in

non-parvicellular pulmonary cancer and its effect on a poor

prognosis with increased neoangiogenesis factors such as

VEGF was published (18, 19).

Metastatic spread also occurs via the lymph vessels. It

must be assumed that lymphogenic metastatic spread occurs

at the tumor margins, the so-called invasion front. From

there, tumor cells may find their way to the regional lymph

nodes as lymphangiosis carcinomatosa, and mature to

micrometastasis. Micrometastases are defined as a

metastatic carcinomatous focus <3 mm originating from a

lymph node sinus with minimal alteration of the lymph node

structure (20). Generally, this procedure may occur in over

300 different lymph nodes of the head and neck. Which

lymph nodes will finally be affected depends on the density

and the direction of the initial lymph vessels in the primary

tumor area. Each tumor location has a preferred drainage

into one or more lymph node groups; lymph node stations,

however, may also be skipped. If the metastatic cell

aggregation has not colonized the lymph nodes, or if the

metastatic cell aggregation has become the focus of further

metastases itself, invasion into the systemic venous drainage

via lympho-hematogenous connections is possible.

For both metastatic routes, lysis of the basal membrane is

the first step in a complicated metastatic process and

represents the beginning of the invasion of a primary tumor

that continues to the development of metastasis. Basal

membranes limit most epithelial structures and represent a

physiological barrier between histologically differentiated

tissues. The lysis of this basal membrane and of components

of the extracellular matrix is characteristic of malignant cells

(21); in contrast, benign cells do not have this ability (22). The

invasion process occurs in three steps, according to expert

opinion: i) attachment of tumor cells to the cellular surface

receptors of the matrix, such as integrin or cadherin, by means

of glycoproteins, such as laminin or fibronectin; ii) local

degradation of this matrix by cell-associated proteases, and,

finally, iii) the tumor cell movement through the degraded

matrix along chemotactic factors.

In this metastatic process, valid also for SCC of the head

and neck, a group of proteinases plays a central role in the

increased lytic activity. Beside the serine proteinases tissue

and urokinase plasmino gene activator, those are the cysteine

proteinases cathepsin B and L, the aspartate proteinases

cathepsin D, and the so-called matrix metalloproteinases,

which are most significant in this context (23). The expression

of these MMPs is not decisive, but it is rather the correlation

between them, or even the imbalance of these proteinases

and their natural inhibitors (tissue inhibitors of

metalloproteinases, TIMPs), that confers a higher lytic

activity to the primary tumor.

It is assumed that MMP-9, as a significant representative

of the gelatinases, plays an important role in the final

degradation of fibrillar collagen. Epithelial cells, and

especially keratinocytes, express gelatinase B (MMP-9),

which is additionally stored in the secretory granula of

neutrophils and eosinophils. Most investigations concluded

that gelatinases are expressed in malignant tissue, some

even describing production in the malignoma cells

themselves (24). However, the majority of publications

concentrated on an expression in the stroma (25).

Many studies confirmed that expression of MMP-9

occurred in macrophages, neutrophils, or fibroblasts found

in the surroundings of tumor cells (26), while

immunohistochemical examinations could show an

expression of MMP-9 in tumor cell aggregations (27). Also

in this context, the expression is concentrated on the invasive

front of the malignoma, where not only the matrix is lysed,
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Table III. Correlation between MMP-9 expression level and N stage of
oropharyngeal carcinomas.

Expression level N1 N2 N3 Total

0 1 0 0 1

1+ 1 3 0 4

2+ 3 21 1 25

3+ 1 30 3 34

Total 6 54 4 64

Table IV. Correlation between MMP-9 expression level and UICC stage of
oropharygneal carcinomas.

Expression level UICC UICC UICC UICC UICC UICC Total 

I II I+II III IV III+IV UICC 

I-IV

0 2 2 4 1 0 1 5

1+ 7 5 12 7 5 12 24

2+ 3 5 8 5 24 29 37

3+ 1 1 2 2 35 37 39

Total 13 13 26 15 64 79 105



but also growth and angiogenic factors that were previously

bound to the extracellular matrix are released (28).

It would thus be of great scientific importance to

integrate MMP-9 into a risk profile (29), in order to help

integrate the metastatic potential of a primary tumor in the

development of treatment strategies for SCC of the head

and neck. Of main interest are primary tumors with

clinically undetected cervical lymph node metastasis, i.e. an

N0 stage.

With this background, the results of the present

investigation correspond with the observations of other study

groups (30, 31), that found a statistically relevant correlation

of increased MMP-9 expression with the T stage, N stage and

UICC stage. The specific role of gelatinase A (MMP-2) and

gelatinase B (MMP-9) is documented for SCC of the oral

cavity (32), and the increased expression of the gelatinases as

a subfamily of the MMPs of the head and neck.

However, the current literature would not allow a

statement regarding the prognostic relevance of MMP-9

expression for the lymphogenic metastatic behavior of

carcinomas of the upper aerodigestive tract. This may be

due to the lack of a standardized evaluation system of the

expression patterns. In this context, each study group has

its own system, which makes a valid assessment of the data

very difficult. Furthermore, the intensity of MMP-9 signals

only allows a quantitative statement on the expression of

MMP-9 proteins and does not provide any information

about the activity of MMP-9. Additionally, the

simultaneous detection of TIMPs was not involved in the

investigations.

The presented results give further indications that MMP-9

plays a role in the metastatic behavior of squamous cell

carcinomas of the oropharynx. Due to the MMP-9 ability to

destroy type IV collagen and other main components of the

extracellular matrix and the basal membrane, a modulator

function of MMP-9 for the malignant behavior of carcinomas

of the head and neck can be assumed. An immediate aim

must be the development of a standardized evaluation score

of immunohistochemical staining. Only a standardized

approach will allow for a valid assessment of the results and

a comparison of published data at an international level.

References

1 Stetler-Stevenson WG, Aznavoorian S and Liotta LA: Tumor

cell interactions with the extracellular matrix during invasion

and metastasis. Ann Rev Cell Biol 9: 541-573, 1993.

2 MacDougall JR and Matrisian LM: Contributions of tumor and

stromal matrix metalloproteinases to tumor progression,

invasion and metasasis. Cancer Met Rev 14: 351-362, 1995.

3 Denis F, Garaud P, Manceau A et al: Prognostic value of the

number of involved nodes after neck dissection in

oropharyngeal and oral cavity carcinoma. Cancer Radiother 5:

12-22, 2001.

4 Tankere F, Camproux A, Barry B, Guedon C, Depondt J and

Gehanno P: Prognostic value of lymph node involvement in

oral cancers: a study of 137 cases. Laryngoscope 110: 2061-

2065, 2000.

5 Nelson AR, Fingleton B, Rothenberg ML and Matrisian LM:

Matrix metalloproteinases: biological activity and clinical

implications. J Clin Oncol 18: 1135-1149, 2000.

6 Kossakowska AE, Hutchcroft SA, Urbanski SJ and Edwards

DR: Comparative analysis of the expression patterns of

metalloproteinases and their inhibitors in breast neoplasia,

sporadic colorectal neoplasia, pulmonary carcinomas and

malignant non-Hodgkin’s lymphomas in humans. Br J Cancer

3: 1401-1408, 1996.

7 Himelstein BP, Canete-Soler R, Bernhard EJ and Muschel RJ:

Induction of fibroblast 92 kDa gelatinase/type IV collagenase

expression by direct contact with metastatic tumor cells. J Cell

Sci 107: 477-486, 1994.

8 Pickett KL, Harber GJ, DeCarlo AA et al: 92K-GL (MMP-9)

and 72K-GL (MMP-2) are produced in vivo by human oral

squamous cell carcinomas and can enhance FIB-CL (MMP-1)

activity in vitro. J Dent Res 78: 1354-1361, 1999.

9 Herbst RS, Yano S, Kuniyasu H et al: Differential expression

of E-cadherin and type IV collagenase genes predicts outcome

in patients with stage I non-small cell lung carcinoma. Clin

Cancer Res 6: 790-797, 2000.

10 Wood M, Fudge K, Mohler JL et al: In situ hybridization studies

of metalloproteinases 2 and 9 and TIMP-1 and TIMP-2

expression in human prostate cancer. Clin Exp Metastasis 15:

246-258, 1997.

11 Garbett EA, Reed MW and Brown NJ: Proteolysis in human

breast and colorectal cancer. Br J Cancer 81: 287-293, 1999.

12 Kanayama H: Matrix metalloproteinases and bladder cancer. J

Med Invest 48: 31-43, 2001.

13 Kawata R, Shimada T, Maruyama S, Hisa Y, Takenaka H and

Murakami Y: Enhanced production of matrix metalloproteinase-

2 in human head and neck carcinomas is correlated with lymph

node metastasis. Acta Otolaryngol 122: 101-106, 2002.

14 Liotta L, Kleinermann J and Saidel G: Quantitative relationship

of intravascular tumor cells, tumor vessels and pulmonary

metastases following tumor implantation. Cancer Res 34: 997-

1004, 1974.

15 Folkman J: Angiogenesis in cancer, vascular, rheumatoid and

other disease. Nature Med 1: 27-31, 1995.

16 Risau W: Mechanisms of angiogenesis. Nature 386: 671-674,

1997.

17 Riedel F, Götte K, Bergler W and Hörmann K: Inverse

correlation of apoptotic and angiogenic markers in squamous

cell carcinoma of the head and neck. Oncol Rep 8: 471-476,

2001.

18 Iizasa T, Fujisawa T, Suzuki M, Motohashi S, Yasufuku K,

Yasukawa T, Baba M and Shiba M: Elevated levels of

circulating plasma matrix metalloproteinase 9 in non-small cell

lung cancer patients. Clin Cancer Res 5: 149-153, 1998.

19 Riedel F, Götte K, Schwalb J, Bergler W and Hörmann K:

Expression of 92-kDa type IV collagenase correlates with

angiogenic markers and poor survival in head and neck

squamous cell carcinoma. Int J Oncol 17: 1099-1105, 2000.

20 Woolgar JA: Micrometastasis in oral/oropharyngeal squamous

cell carcinoma: incidence, histopathological features and clinical

implications. Br J Oral Maxillofac Surg 37: 181-186, 1999.

Dünne et al: MMP-9 and the Metastatic Behavior of Oropharyngeal Cancer

4133



21 Murray D, Morrin M and McDonell S: Increased invasion and

expression MMP-9 in human colorectal cell lines by a CD44-

dependent mechanism. Anticancer Res 24(2A): 489-494, 2004.

22 Liotta LA, Rao CN and Wewer UM: Biochemical interactions

of tumor cells with the basement membrane. Annu Rev

Biochem 55: 1037-1057, 1986.

23 Yagel S, Khokha R, Denhardt DT, Kerbel RS, Parhar RS and

Lala PK: Mechanisms of cellular invasiveness: a comparison of

amnion invasion in vitro and metastatic behavior in vivo. J Natl

Cancer Inst 81: 768-775, 1989.

24 Stahle-Bäckdahl M and Parks WC: 92-kd gelatinase is actively

expressed by eosinophils and stored by neutrophils in squamous

cell carcinoma. Am J Pathol 142: 995-1000, 1993.

25 Miyajima Y, Nakano R and Morimatsu M: Analysis of expression

of matrix metalloproteinase-2 and -9 in hypopharyngeal

squamous cell carcinoma by in situ hybridization. Ann Otol

Rhinol Laryngol 104: 678-684, 1995.

26 Nielsen BS, Timshel S, Kjeldsen L et al: 92 kDa type IV

collagenase (MMP-9) is expressed in neutrophils and

macrophages but not in malignant epithelial cells in human colon

cancer. Int J Cancer 65: 57-62, 1996.

27 Sugiura Y, Shimada H, Seeger RC, Laug WE and DeClerck

YA: Matrix metalloproteinases-2 and -9 are expressed in

human neuroblastoma: contribution of stromal cells to their

production and correlation with metastasis. Cancer Res 58:

2209-2216, 1998.

28 Kurahara S, Shinohara M, Ikebe T et al: Expression of MMPs,

MT-MMP, and TIMPs in squamous cell carcinoma of the oral

cavity: correlations with tumor invasion and metastasis. Head

Neck 21: 627-638, 1999.

29 Chen W, Abnet CC, Wei WQ, Roth MJ, Lu N, Taylor PR, Pan

QJ, Luo XM, Dawsey SM and Qiao YL: Serum markers as

predictors of esophageal squamous dysplasia and early cancer.

Anticancer Res 24(5B): 3245-3249, 2004.

30 Ikebe T, Shinohara M, Takeuchi H et al: Gelatinolytic activity

of matrix metalloproteinase in tumor tissues correlates with

the invasiveness of oral cancer. Clin Exp Metastasis 17: 315-

323, 1999.

31 O-charoenrat P, Rhys-Evans PH and Eccles SA: Expression of

matrix metalloproteinases and their inhibitors correlates with

invasion and metastasis in squamous cell carcinoma of the

head and neck. Arch Otolaryngol Head Neck Surg 127: 813-

820, 2001.

32 Hong SD, Hong SP, Lee JI and Lim CY: Expression of matrix

metalloproteinase-2 and -9 in oral squamous cell carcinomas

with regard to the metastatic potential. Oral Oncol 36: 207-

213, 2000.

Received April 15, 2005
Accepted June 28, 2005

ANTICANCER RESEARCH 25: 4129-4134 (2005)

4134


