
ABSTRACT

Membrane type-1 matrix metalloproteinase (MT1-
MMP) is essential for breast cancer invasion and metasta-
sis. Many studies have shown that MT1-MMP has an
important role in MMP-2 activation in cell membranes
but only few reports about its clinical value are valid. In
this study, we investigated the relationship between MT1-
MMP protein expression and matrix metalloproteinase
type 2 (MMP2) activity as well as hepatocyte growth
factor (HGF) serum level in human breast cancer. For this
purpose 34 human breast cancer tissues, also blood samples
from the patients and 15 healthy controls were collected
and sera were separated and analyzed for HGF determi-
nation. MT1-MMP protein expression was detected by
Western Blot, MMP2 by zymographic analysis and HGF
was measured by ELIZA. The results revealed that 79.4%
of breast cancer tissue exhibited positive MT1-MMP
expression, while it was 26.4% in the normal surrounding
tissues. (p-value <0.001). There was a significant associ-
ation between MT1-MMP expression and MMP-2 activity
(p-value=0.007) in the tumor tissue. Also a significant
association was detected between MT1-MMP expression
and lymph node involvement (p-value=0.014). Neither
grade nor tumor size showed significant correlation with
MT1-MMP expression. MMP2 activity displayed a highly
significant difference (p-value=<0.001) between the tumor
tissues and their normal correspondence, while no signif-
icant association was detected between MMP2 activity
and any of clinicopathological features. The serum levels
of HGF were significantly increased in group of breast
cancer patients as compared to the control group (p-value:
0.001). The best cut-off value for HGF was ³430pg/ml
with 91.2% and 73.3% sensitivity and specificity respec-
tively. There was a highly significant association between
serum level of HGF and MMP-2 activity in cancer breast
tumor but the association between its serum level and
MT1-MMP protein expression didn’t reach a significant
level. There was no significant correlation between serum
level of HGF and any of clinicopathological features.

In conclusion:  MT1-MMP can be used as a predictor
for the ability of breast cancer invasion and metastasis
and the association between it and MMP2 in the tumor
tissue confirms that MT1-MMP is the tumor-specific
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activator of proMMP-2. The significant correlation between
MMP2 and HGF level may reflect the regulation role of
HGF on transcription of MMPs genes.

Key Words:  Breast cancer – MMPs – HGF.

INTRODUCTION

Matrix metalloproteinase (MMP)-2 in breast
cancer, is a protease produced essentially by
stromal cells. In vitro studies have clearly dem-
onstrated that it degrades molecules that are
abundant in the extracellular matrix (ECM) [1].
MMP-2 is also one of the major targets of
recently developed synthetic MMP inhibitors
[2]. The recently literature demonstrates that
the mechanism of action of MMP-2 is complex
and that other molecules modulate its activity
[3].

MMP-2 is secreted in an inactive pro-
enzymatic form and, unlike other MMPs, its
activity is modulated by tissue inhibitor of
metalloproteinase (TIMP)-2 and the membrane
type-1 MMP (MMP-14) [4].

Membrane type matrix metalloproteinases
(MT-MMPs) localized to the invasive front of
highly motile cancer cells [5] were shown to be
directly involved in matrix breakdown [6]. So
far, six members of the MT-MMP subfamily
have been identified and partially characterized
[7]. MT1-, MT2-, and MT3-MMP strongly con-
tribute to tumor cell invasion [8]. MT1-MMP,
the first member of a more recently established
group of MMPs containing a membrane-
spanning sequence, has been shown to have an
important role in MMP-2 activation in cell
membranes implicated in tissue-remodeling
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events that range from tumor invasion and
angiogenesis to growth and development [9].

Current evidence indicates that MT1-MMP
regulates matrix turnover by means of its ability
to degrade matrix-associated molecules either
directly or via the activation of downstream
MMPs. As rate of activation of MMP-2 in tumor
tissue is well-controlled to the expression levels
of MTI-MMP and to the tumor spread, [10] thus
MT1-MMP is believed to be the in vivo
proMMP2 activator during cancer cell invasion.
Animal studies showed that carcinoma cell lines
transfected with MT1-MMPproduced higher
levels of active MMP-2 and developed more
lung metastases compared to parent tumor cells
[11].

Invasion and metastasis involve a large num-
ber of molecules, including angiogenic factors,
growth factors and their receptors, adhesion
molecules, proteases, intracellular signaling
molecules, and transcription factors [12-14].

Hepatocyte growth factor (HGF) was sug-
gested to play an important role in the regulation
of mitogenesis, motogenesis, angiogenesis,
migration and invasion for various types of
cells, and acts through a specific membrane
receptor encoded by c-met proto-oncogene [15].

Elevated hepatocyte growth factor content
in tumor tissue was reported to predict a more
aggressive biology in non-small cell lung cancer
patients. However, there is still limited knowl-
edge about the role of HGF in breast cancer.
Hepatocyte growth factor (HGF) was previously
reported to induce expression of Ets-oncogene
family transcription factor (E1AF) gene whose
product in turn positively regulates transcription
of MMP genes [16].

This study was carried out to investigate the
expression of the activated form of gelatinase
A (MMP2), MT1-MMP and serum level of pre
operative HGF in breast cancer patients and to
evaluate the correlation between them and clini-
copathological features.

MATERIAL AND METHODS

This study was performed on 34 newly di-
agnosed breast cancer patients, the tumors were
used for Western Blot and zymography to mea-
sure expression level of MT-1MMP and MMP2
respectively. The normal surrounding corre-

sponding of each tissue sample was taken as
control. Also venous blood samples (5ml) were
collected from the patients before surgery and
venous blood samples (5ml) were collected
from 15 apparently healthy age matched females
who serve as controls for determination of serum
Hepatocyte Growth Factor (HGF). The patients
under went surgical excision in National Cancer
Institute, Cairo university. All the patients met
the following criteria: (a) having been diagnosed
as having primary invasive breast cancer (b)
having no clinical manifestation of infection,
(c) having received no blood transfusion during
the previous 3 weeks, (d) having no known
liver, renal dysfunction.

The patients were 34 females with mean age
of 54.8±13.6 years (range, 28-76 years). The
average tumor size was 4.6±2.4cm (range, 1.5-
11cm). There were 24 tumors of differentiation
grade 2 while 7 tumors of grade 3 (3 patients
were unclassified). There were 24 tumors with
+ve lymph nodes while 10 with –ve lymph
nodes.

The tumor material was fixed in 10% neutral
formalin and embedded in paraffin. The diag-
nosis of tumors were based on a light micro-
scopic examination of H&E stained section.

Western blot:
To detect MT1-MMP expression, a piece of

each tumor (1cubic cm) was homogenized in
1% (w/v) sodium dodecyl sulfate and diluted
to one fold in water before measuring protein
content against bovine serum albumin using
Bradford srandard, (1979). Samples were diluted
with SDS-PAGE sample buffer in the presence
of mercaptoethanol, heated at 100C in boiling
water bath for 5min. and allowed to cool to
room temperature. Each aliquot containing
100µg was separated on 10% SDS-PAGE at
30mA and transferred to nitrocellulose mem-
branes (Bio-RAD, USA) in transfer buffer at
10V constant for 30min (Semi-dry Bio-Rad
unit, USA). The membranes were blocked for
two hours at room temperature in 2.5% non fat
milk powder in PBS. The membranes were then
incubated overnight with monoclonal antibody
specific for MT1-MMP (Santa Cruz Biotech-
nology, Inc.). The bands were visualized by
using a horseradish-peroxidase conjugated goat
antiserum against mouse IgG (Sigma Chemical
CO., St. Louis, Mo), hydrogen peroxide (BDH)
and diaminobenzedine (Sigma Chemical CO.,
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St. Louis, Mo). The bands were evaluated (area
under the peak of each sample) using Dual-
Wavelength flying spot scanning Densitometer
P, N206 (Shiamadzu. CO, Japan). Value of
normal tissue has been taken as 100% for each
sample.

Zymography analysis:
The proenzyme and activated forms of

MMP2 were detected by zymography using
SDS-polyacylamide gels copolymerized with
1mg/ml gelatin to detect gelatinolytic activities
[17].

Fifty µg from surgical specimen was homog-
enized in sample buffer. Samples were separated
by electrophoresis on a 10% polyacrylamide
gel containing 0.1% SDS and 1mg/ml gelatin
as substrate. After electrophoresis, Gels were
washed at room temperature in renaturation
buffer containing 2.5% Triton-X 100 for 10
minutes and for 20 minutes in water. Thereafter
the gels were incubated for 18 hours at 37°C
in Tris-based buffer. Gels were stained with a
solution containing 30% methonal, 10% glycial
acetic acid containing 0.5% Coomassie brilliant
blue R250. Destaining was done in 10% meth-
anol and 10% acetic acid, and gelatinolytic
activity was detected as clear bands; 68kDa
and 62kDa and analysed by densitometric scan-
ning using a computer-assisted analysis. The
band of active form was classified as negative
(same as control) and positive (10% more than
the control). Unstained areas corresponded to
zones of MMP proteolytic activities.

Determination of HGF by quantitative sandwich
enzyme, immunoassay (ELISA) technique:

Using a kit from R and D systems, Minne-
apolis MN, USA. The samples and standard
were added to micro wells precoated with the
captured antibody, after washing any unbound
substances, an-enzyme linked polyclonal anti-

body for HGF was added. Following a wash to
remove any unbound antibody-enzyme reagent,
a substrate solution was added to the wells and
color developed in proportion to the amount of
HGF. The intensity of the color was measured
[18].

Statistical analysis:
Statistical package for social sciences (SPSS)

version 9 was used. Quantitative variables were
summarized using mean and SD. Qualitative
data were summarized using frequencies and
percentage. The relation between quantitative
variables was tested by Spearman correlation.
Chi-square test was used to test the association
between the different qualitative variables. t-
test and Mann-Whitney U were used to compare
numerical data between groups. Cut-off value
was calculated. Sensitivity, specificity, positive
predictive value, and negative predictive value
were calculated using ROC curve.

RESULTS

Detection of MTI MMP expression in tumor
tissue and corresponding surrounding normal
tissue by Western blot:

Table (1), showed that MT1-MMP expres-
sion was positive in 79.4% in breast tumor
tissue compared to 26.4% in normal correspond-
ing. The difference was highly significant
(p:value=<0.001) Fig. (1).

Table (1): Comparison between MT1-MMP expression in
tumor tissue and normal surrounding tissue of
breast cancer patients.

Normal tissue Tumor tissue

**p-Value is highly significant (<0.001).

p
value

**<0.001
(20.6)

(79.4)

%

7

27

No.%

(73.6)

(26.4)

No.

25

9

Negative

Positive

MT1-MMP
Expression

Fig. (1): Showed western blot analysis of MT1-MMP expression in breast cancer patients.

N: Normal surrounding tissue            T: Tumor tissue from the same patients.

MT1-MMP
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Table (2) showed the association between
MT1-MMP expression and lymph nodes status
in cancer breast patients. There was a significant
association between MT1-MMP expression in
tumor tissue and the presence of positive lymph
nodes (pvalue=0.014). However there was no
significant association between MTI-MMP ex-
pression and tumor grade or tumors size.

Detection of MMP2 expression in tumor tissue
and corresponding surrounding normal tissue
by zymography:

61.8% of tumor cases showed high activity
of MMP2 while 38.2% showed the same activity
of control correspondence (pvalue:0.001) Fig.
(2).

There was strong association between
MMP2 activity and MT1-MMP Expression in
tumor tissue of breast cancer patients (p-value:
0.007).

The association between MMP2 activity
with other clinical and pathological parameters
were evaluated. As shown in Table (4), there
was no relationship between the expression of
MMP2 and lymph node status, tumor grade or
tumor size.

Determination of HGF serum level by (ELISA)
technique:

A highly significant increase of serum HGF
levels was found in breast cancer patients when
compared to controls (p:value=<0.001).

The cut-off value of HGF was ³430pg/ml.
It detects breast cancer patients with sensitivity
91.2% and exclude normal control with speci-
ficity of 73.3%, the positive predictive value
was 88.6% and the negative predictive value
78.6%.

There was a highly significant increase in
the serum levels of HGF in patients with positive
MMP2 activity than those with negative MMP2
activity (pvalue:0.001). Meanwhile, there was
also increase in its levels in patients with positive
MTI-MMP expression compared to those with
negative MT1-MMPbut the difference did not
reach to significant level.

The serum level of HGFdid not correlated
with age of the patients (r=–.139, pvalue:0.44)
or with tumor size (r=0.146, p:value=0.41) and
tumor grade (r=0.084, p:value=0.65). Also,
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Table (3): Showed the association between the MT1-MMP
expression and the MMP2 activity in tumor
tissue.

MMP2 activity

*p-value <0.05 is significant (2-tailed).

–ve (no=13)

6 (85.7%)

7 (25.9%)

+ve (no=21)

1 (14.3%)

20 (74.1%)

p
value

*0.007
Negative (no=7)

Positive (no=27)

MTI -MMP
Expression

Table (2): Association between MT1-MMP expression
and lymph nodes status, tumor size and tumor
grade in cancer breast patients.

MT1-MMP expression

*p-value <0.05 significant (2 tailed).

+ve No. (%)

27

5 (18.5)
22 (81.5)

5 (18.5)
22 (81.5)

18 (66.7)
8 (29.6)

p
value

*0.014

0.59

0.18

Total patients no.

Lymph nodes:
(–)
(+)

Tumor size:
²2cm
>2cm

Tmor grade:
II
I11

Clinical
parameters –ve No. (%)

7

5 (71.4)
2 (28.6)

2 (28.6)
5 (71.4)

5 (71.4)
0 (0)

there was no statistically significant difference
in its level between cases with positive lymph
nodes and those with negative lymph nodes
(mean ± SD, 553.13±105.96pg/ml and 521.1±
97.06pg/ml respectively) with pvalue=0.42.

Table (4): Showed the association between MMP2 activity
and lymph nodes status, tumor size and tumor
grade.

MMP-2

*p-value <0.05 is significant. (2-tailed).

p
value

0.36

0.25

0.68

+ve no (%)

21

5 (23.8)
16 (76.2)

3 (14.3)
18 (85.7)

14 (73.7)
5 (26.3)

–ve no (%)

13

5 (38.5)
8 (61.5)

4 (30.8)
9 (69.2)

10 (83.3)
2 (16.7)

Total patients no.

Lymph nodes:
(–)
(+)

Tumor size:
²2cm
>2cm

Tmor grade:
I
II
III

Clinical
parameters
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MT1-MMP mRNA expression in all invasive
breast tumor biopsies investigated and found
that it was mainly localized in the tumor cells.
However, some authors stated that MT1-MMP
is detectable in normal tissues, but the expres-
sion of this protease is strongly associated with
aggressive, invasive malignant cells [22].

MMP2 (gelatinase A) activity in this study
was detected almost in all normal surrounding
tissue of the breast tumors, however there was
increase in the levels of its activity in breast
cancer tissue in comparison with adjacent ones
as 61.8% of the tumor cases showed high activ-
ity of MMP-2 while 38.2% showed the same
activity of control correspondence (p-velue
<0.01). similarly, Lee et al. [23] and Remacle
et al. [24] were found by using zymography that
breast cancers patients expressed higher levels
of activated MMP-2 than benign lesions. The
mechanism by which MMP-2 is regulated in
normal tissue by malignant cells is likely to be
important for the escape of neoplastic cells from
tumor margins allowing invasion of adjacent
normal tissues and possibly entry into the blood
or lymphatic systems. However, it is difficult
to imagine these mechanisms being involved
in the infiltration of malignant cells at distance
sites where a much more rapid regulation of
MMPS is likely to be required [25].

In this study a significant association be-
tween MT1-MMP expression and MMP-2 ac-
tivity in tumor tissue was detected (p:value=
0.007). In consistence with our result Velasco
et al. [26] and Murphy et al. [27] who showed
that MT1-MMP may have the ability to activate
pro-MMP2 through the association of an MTI-
MMP with tissue inhibitor of matrix metallo-
proteinase-2 (TIMP-2) extracellulary,  this com-
plex then binding pro-MMP2. The MMP2 is
then brought into close proximity with a second
MT-1MMP, resulting in cleavage of MMP2 pro-
domain. Also Cox et al. [28] reported that the
expression of gelatinase A can frequently be

DISCUSSION

MT1-MMP is a major MMP because, it has
been thought to be exclusively involved in the
breakdown of the ECM components including
collagens and laminin-5 [19], and in the activa-
tion pathway of soluble MMPs, i.e. MMP-2 and
MMP-13 [20]. The precise localization of MT1-
MMP between cancer cells and surrounding
stromal cells has been the subject of controversy.
MT1-MMP was originally identified as an acti-
vator of pro MMP2 on the surface of invasive
tumor cells [9]. MMP2 is thought to be respon-
sible for the degradation of the basement-
membranes as it degrades type IV collagen. In
our study, by using western blot analysis, MT1-
MMP was expressed in of breast cancer tissue
of 79.4% of breast cancer patients and only in
26.4% of normal corresponding adjacent tissues
(p:value=0.0001). Dalberg et al. [21] detected

Table (5): Serum levels of HGF in healthy controls and
breast cancer patients.

**p value <0.001 highly significant (2-tailed).

Patients
(no=34)

543.71±
103.03

Healthy control
(no=15)

409.67±
104.89

HGF (pg/ml)
Mean ± SD

Parameter

**<0.001

p
value

Fig. (2): Showed zymographic analysis of MMP2 in breast cancer patients.

Active MMP-2

HGF (pg/ml)
Mean ± SD

p: value

Table (6): Comparison between Serum HGF levels in
patients and MT1-MMP and MMP2 expres-
sion.

Parameter

MMP2
activity

MT1-MMP
expression

*p-value >0.05 not significant.
**p-value <0.001 highly significant.

** 0.001 * 0.07

–ve
(no=7)

478±
76.7

+ve
(no=27)

560.74±
103.2

–ve
(no=13)

448±
50.99

+ve
(no=21)

602.95±
79.48

 N                T              N           T              N               T
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superimposed on to that of MT1-MMP. This
suggests that the transcription of these two
genes may be coordinated and that MT1-MMP
then activates progelatinase A allowing ECM
degradation. Similarly Ratnikov et al. [29] stated
that Activation of the latent MMP-2 zymogene
involves its binding to the cell surface MT1-
MMP*TIMP-2 (membrane type-1 matrix met-
alloproteinase/tissue inhibitor of matrix metal-
loproteinase-2) complex with subsequent cleav-
age of proMMP-2 by TIMP-2-free adjacent
MT1-MMP. This is followed by autolytic mat-
uration of the activation intermediate and the
release of the mature MMP-2 species from cell
surfaces into the extracellular milieu.

In our study, no association between MMP2
and MT1-MMP in normal breast tissue has been
found. This resultes in agreement with Naw
eroke et al. [30], who stated that there was no
association between gelatinase A and MT1-
MMP in normal lung parenchyma, so the cor-
relation of MT1-MMP with MMP2 activation
in breast cancer tumor tissue again suggests
that MT1-MMP is a tumor specific activator of
proMMP2.

Clinical parameters such as tumor size, grade
and lymph node status have long been used to
characterize breast phenotypes in relation to
prognosis. In the present study, we investigated
MTI-MMP and MMP-2 for their prognostic
significance. We found that MT1-MMP was
expressed in 91.7% of positive lymph nodes
cases, while expressed in 50% only of negative
lymph nodes cases. (p:value=0.014). This sig-
nificant association has previously mentioned
by Yao et al. [31] who reported that MT-1 MMP
protein expression in human breast cancers had
positive correlation with lymph node metastasis.
Mimori et al. [32] also determined that the high-
est expression of MT1-MMP mRNA was found
in breast cancer specimens showing lymph-
node metastasis and/or lymph-vessel invasion.

Meanwhile there was only a tendency of
increased MMP2 activity in positive lymph
nodes cases as it expressed in 66.7% of positive
lymph node cases comparing to 50% in negative
lymph node ones, but the difference was not
statistically significant. In agreement with our
result Têtu et al. [33] who did not find a signif-
icant association between MMP2 activity and
lymph nodes metastasis in cancer breast patients.

The association of MT1-MMP but not MMP-
2 expression with lymph nodes metastasis may
be explained by the fact that MT1-MMP has
many substrates other than MMP-2 [21]. How-
ever our study demonstrated no association
between MT1-MMP or MMP2 and tumor size
or tumor grade. In contrary to our result He-
Cheng et al. [34] and Yao et al. [31] who found
that, the expression of MMP2 and MT1-MMP
correlated with tumor grade and tumor size,
this discrepancy could be explained by the
different method of detection used.

The serum levels of hepatocyte growth factor
have already been shown to be of prognostic
value in other malignancy [35]. Semi quantitative
analysis by immunohistochemical staining of
tumor specimen has several drawbacks; as it is
sometimes not accurate enough to evaluate the
intermediate patterns of staining although it is
sufficient to differentiate negative versus posi-
tive reaction, also different results could due
to possibility of heterogeneity within tumor
specimens. So the choice of serum for a quan-
titative analysis in this study could possibly
avoid the abovementioned disadvantages of a
semiquantitative analysis by immunohistochem-
ical staining.

The present study showed highly statistically
significant elevated levels of serum HGF in
cancer breast patients when compared with
controls. (p-value<0.001). Our results agree
with Sheen-Chen et al. [36] who reported that
there was a highy significant increase in preop-
erative serum level of HGF in cancer breast
patient in comparison with control. Also HGF
is found to be involved in carcinogenesis, Jeffers
et al. [38] reported that co transfection of HGF
was able to induce morphologic transformation
in vitro and tumorigenicity in vivo in a nontu-
morigenic mouse cell line C127.

The cut-off value of HGF was ³430pg/ml,
it detected breast cancer patients with sensitivity
91.2% and exclude normal control with speci-
ficity of 73.3% so, serum HGF could be used
as a non invasive marker for diagnosis  of breast
cancer. On the other hand the present study
showed that there no significant correlation
between HGF serum level in cancer breast
patients and lymph nodes status, tumor grade
or tumor size. In disagreement with our result,
Sheen-Chen et al. [36] who stated that the pre-
operative level of serum HGF may reflect the
severity of invasive breast cancer.
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Furthermore the results of the present study
showed highly significant increase in the  serum
levels of HGF in cancer breast patients with
positive MMP2 activity in their tumor tissue
than those with negative MMP2 expression with
p-value<0.001. So there was a strong positive
association between MMP2 and HGF. Mean-
while there was a tendency of increased serum
levels of HGF in cancer breast patients in cases
with positive MT1-MMP expression than those
with negative MT1-MMP expression but the
difference did not reach a significant level
(p:value=0.07). Previous reports have shown
that PEA3/E1AF/ETV4 gene (which encodes
an Ets-related transcription factor that is ex-
pressed in the epithelial cells of the mammary
gland) can up-regulate promoter activities of
many genes associated with tumorigenesis. A
significant fraction of those encode matrix
metalloproteinases (MMP genes) [38,16]. Also
Motoaki Hanzawa et al. [16], reported that the
levels of MMPs mRNAs increased in cells
treated with HGF and correlated with E1AF up
regulation.

Conclusion:

• MT1-MMP can be used as prognostic factor
predicts the possibility of breast cancer inva-
sion and metastasis, so the enzyme may be
used a therapeutic target in breast cancer.

• The significant association between MT1-
MMP protein expression and MMP2 activity
in tumor tissue confirms the previous results
that MT1-MMP is the tumor-specific activator
of proMMP-2.

• Serum HGF may be used as diagnostic marker
for breast cancer and the highly significant
association between it and MMP2 activity
reflects and confirms the regulatory role of
HGF on MMPs genes.

• Follow-up of cases and further study with
larger number of patients may be of great
value to achieve more substantial conclusion
and confirms the usage of the three parameters
which investigated as a diagnostic or prog-
nostic markers.

Acknowledgment:

The authors acknowledg Dr. Amany A. El
basmy. (Department of biostatistics, Cancer
epidemiology), National Cancer Institute, Cairo
University for their help.

REFERENCES

1-  Visse R, Nagase H. Matrix metalloproteinases and
tissue inhibitors of metalloproteinases: Structure,
function, and biochemistry. Circ Res. 2003, 92: 827-
839.

2-   Vihinen P, Kahari VM. Matrix metalloproteinases in
cancer: Prognostic markers and therapeutic targets.
Int J Cancer. 2002, 99: 157-166.

3-    Sternlicht MD, Werb Z. How matrix metalloproteinases
regulate cell behavior. Annu Rev Cell Dev Biol. 2001,
17: 463-516.

4-   Deryugina EI, Ratnikov B, Monosov E, Postnova TI,
DiScipio R, Smith JW, Strongin AY. MT1-MMP ini-
tiates activation of pro-MMP-2 and integrin alphavbeta
3 promotes maturation of MMP-2 in breast carcinoma
cells. Exp Cell Res. 2001, 263: 209-223.

5-  Lexey M Belkin, Sergey S Akimov, Liubov S
Zaritskaya, Boris I Ratnikov, Elena I Deryugina, Alex
Y Strongin. Matrix-dependent Proteolysis of Surface
Transglutaminase by Membrane-Type Metallopro-
teinase Regulates Cancer Cell Adhesion and Locomo-
tion. J Biol Chem. 2001, Vol. 276, Issue 21, 18415-
18422, May 25.

6-   Vito Quaranta. Cell Migration through Extracellular
Matrix: Membrane-Type Metalloproteinases Make
the Way, The Journal of Cell Biology. 2000, Volume
149, Number 6, June 12, 1167-1170.

7-  Velasco G, Cal S, Merlos-Suarez A, Ferrando AA,
Alvarez S, Nakano A, Arribas J, Lopez-Otin C. Human
MT6-matrix metalloproteinase: Identification, proge-
latinase A activation, and expression in brain tumors.
Cancer Res. June 2000, 60: 877-882.

8-  Kevin Hotary, Edward Allen Antonello Punturieri,
Ikuo Yana, Stephen J Weiss. Regulation of Cell Inva-
sion and Morphogenesis in a Three-dimensional Type
I Collagen Matrix by Membrane-Type Matrix Metal-
loproteinases 1,2, and 3 The Journal of Cell Biology.
2000, Volume 149, Number 6, June 12, 1309-1323.

9-   Zhou Z, Apte SS, Soininen R, Cao R, Baaklini GY,
Rauser RW, Wang J, Cao Y, Tryggvason K. Impaired
endochondral ossification and angiogenesis in mice
deficient in membrane-Type matrix metalloproteinase
I. Proc Natl Acad Sci USA. 2000, 97: 4052-4057.

10- Nagase H, Woessner JF. Matrix metalloproteinases:
J Biol Chem. 1999, 274: 21491-21494.

11- Tsunezuka Y, Kinoh H, Takino T, Watanabe Y, okada
Y, Shinagawa A, Sato H, Seiki M. Expression of
membrane-Type matrix metalloproteinase 1 (MT1-
MMP) in tumor cells enhances pulmonary metastasis
in an experimental metastasis assay. Cancer Res. 1996,
56: 5678-5683.

12- Elenbaas B, Weinberg RA. Heterotypic signaling
between epithelial tumor cells and fibroblasts in
carcinoma formation. Exp Cell Res. 2001, 264: 169-
84.

13- Hood JD, Cheresh DA. Role of integrins in cell
invasion and migration. Nat Rev. 2002, 2: 91-100.



186

14- Sanders RJ, Mainiero F, Giancotti FP. The role of
integrins in tumorigenesis and metastasis. Cancer
Investig. 1998, 16: 329-44.

15- Parr C, Watkins G, Mansel RE, Jiang WG. The hepa-
tocyte growth factor regulatory factors in human breast
cancer, Clin Cancer Res. 2004, Jan 1, 10 (1 Pt 1):
202-11.

16- Motoaki Hanzawa, Masanobu Shindoh, Fumihiro
Higashino, Motoaki Yasuda, Nobuo Inoue, Kyoko
Hida, Mitsunobu Ono, Takao Kohgo, Motoyasu Na-
kamura, et al. Hepatocyte growth factor upregulates
E1AF that induces oral squamous cell carcinoma cell
invasion by activating matrix metalloproteinase genes.
Cancer Biology. June 2000, Vol. 21, No. 6, 1079-
1085.

17- Takahisa Takino Hiroshi Sato, Akira Shinagawa,
Motoharu Seiki. Identification of the Second Mem-
brane-Type Matrix Metalloproteinase (MT-MMP-2)
Gene from a Human Placenta cDNA Library .MT-
MMPs from a unique membrane- type subclass in the
MMP family, J Biol Chem. 1995, 270, Number 39,
Issue of September 29, pp. 23013-23020.

18- Nakamura T, Nawa K, Ichihara. Partial purification
and characteristic of hepatocyte growth factor from
serum of hepatectomized  rats. Bioch Biophys Res
Comm. 1984, 122: 1450-59.

19- Alexey M Belkin, Sergey S Akimov, Liubov S
Zaritskaya, Boris I Ratnikov, Elena I Deryugina, Alex
Y Strongin. Matrix-dependent Proteolysis of Surface
Transglutaminase by Membrane-Type Metalloprotein-
ase Regulates Cancer Cell Adhesion and Locomotion
J Biol Chem. 2001, Vol. 276, Issue 21, 18415-18422,
May 25.

20- Knauper V, Will H, Lopez-Otin C, Smith B, Atkinson
SJ, Stanton H, Hembry RM, Murphy G. The activity
of MT1-MMP is poorly inhibited by TIMP-1 but
efficiently inhibited by TIMP-2 and TIMP-3. J Biol
Chem. 1996, 271: 17124-17131.

21- Dalberg K, Eriksson E, Enberg U, Kjellman M, Back-
dahl M. Gelatinase A, membrane Type 1 matrix met-
alloproteinase, and extracellular matrix metallopro-
teinase inducer mRNA expression: Correlation with
invasive growth of breast cancer. World J Surg. 2000,
24: 334-340.

22- Etoh T, Inoue H, Yoshikawa Y, Barnard GF, Kitano
S, Mori M. Increased expression of collagenase-3
(MMP-13) and MT1-MMP in oesophageal cancer is
related to cancer aggressiveness Gut. 2000, 47: 50-
56, (July).

23- Lee KS, Rha SY, Kim SJ, Kim JH, Roh JK, Kim BS,
Chung HC. Sequential activation and production of
matrix metalloproteinase-2 during breast cancer pro-
gression. Clin Exp Metast. 1996, 14: 512-519.

24- Remacle AG, Noel A, Duggan C, McDermott E,
O'Higgins N, Foidart JM, Duffy MJ. Assay of matrix
metalloproteinases types 1,2,3 and 9 in breast cancer.
Br J Cancer. 1998, 77: 926-931.

25- Franklin T, Morris W, Edwards P, Large M, Stephenson
R. Inhibition of prolyl 4-hydroxylase in vitro and in

vivo by members of a novel series of phenanthrolines
Biochem J. 2001, 53: 333-338.

26- Velasco G, Cal S, Merlos-Suarez A, Ferrando AA,
Alvarez S, Nakano A, Arribas J, Lopez-Otin C. Tissue
mRNA expression in rat newly described matrixmet-
alloproteinases. Cancer Res. 2000, 60: 877-882.

27- Murphy G, Gavrilovic J. Proteolysis and cell migration:
Creating a path? Curr Opin Cell Biol. 1999, Oct 11,
(5): 614-21.

28- Cox G, Steward WP, 'Byrne KJO. The plasmin cascade
and matrix metalloproteinases in non-small cell lung
cancer Thorax. 1999, 54: 169-179, (February).

29- Ratnikov BI, Strongin AY. Deryugina EI Gelatin
zymography and substrate cleavage assays of matrix
metalloproteinase-2 in breast carcinoma cells overex-
pressing membrane Type-1 matrix metalloproteinase
Lab Invest. 2002, Nov. 82 (11): 1583-90.

30- Nawrocki B, Polette M, Marchand V, et al. Expression
of matrix metalloproteinases and their inhibitors in
human bronchopulmonary carcinomas: Quantitative
and morphological analyses. Int J Cancer. 1997, 72:
556-564.

31- Yao GY, Yang MT, Rong TH, He P. Significant of
membrane Typ-1 matrix metalloproteinase exptrssion
in breast cancer: Ai Zheng. 2004, Nov. 23 (11): 1482-
6.

32- Mimori K, Ueo H, Shirasaka C, Mori M. Clinical
significance of MT1-MMP mRNA expression in breast
cancer. Oncol Rep. 2001, 8: 401-403.

33- Têtu B, Brisson J, Lapointe H, Bernard P. Prognostic
significance of stromelysin 3, gelatinase A and uroki-
nase expression in breast cancer. Hum Pathol. 1998,
29: 979-985.

34- He-Cheng Li, Dao-Cheng Cao, Yi Liu, Yi-Feng Hou,
Jiong Wu, Jiong Wu, Jin- Song Lu, Gen-Hong, et al.
Prognostic value of matrix metalloproteinases in
patients with negative breast carcinoma. Breast Cancer
Research and Treatment. 2004,  88: 75-85.

35- Siegfried JM, Weissfeld LA, Luketich JD, et al. The
clinical significance of hepatocyte growth factor for
non-small cell lung cancer. Ann Thorac Surg. 1998,
66: 1915-8.

36- Sheen-Chen SM, Liu YW, Eng HL, Chou FF. Serum
levels of hepatocyte growth factor in patients with
breast cancer. Cancer Epidemiol Biomarkers Prev.
2005, Mar 14 (3): 715-7.

37- Jeffer M, Rong S, Anver M, Woude GFV. Autocrine
hepatocyte growth factor/scatter factor-met signaling
induces transformation and the invasive/metastatic
phenotype in C127 cells. Oncogene. 1996, 13: 853-
61.

38- Bieche I, Tozlu S, Girault I, Onody P, Driouch K,
Vidaud M, Lidereau R. Expression of PEA3 /E1AF/
ETV4, an Ets-related transcription factor, in breast
tumors: Positive links to MMP2, NRG1 and CGB
expression. Carcinogenesis. 2004, Mar. 25 (3): 405-
11.

Association between Matrix Metalloproteinase2, Membrane Type 1-Matrix


	B.1

