Correlation of Tissue Inhibitor of Metalloproteinase-2
with Proliferative Activity and Patients’ Survival in

Breast Cancer

Lydia Nakopoulou, M.D., Sophia Katsarou, M.D., loanna Giannopoulou, Paraskevi Alexandrou, M.D.,
Ioanna Tsirmpa, Effie Panayotopoulou, Johnny Mavrommatis, Antonios Keramopoulos, M.D.
Department of Pathology (LN, SK, IG, PA, IT, EP, J]M) and First Department of Gynaecology and Obstetrics
(AK), Medical School, The National and Kapodistrian University of Athens, Athens, Greece

Tissue inhibitors of metalloproteinases (TIMPs) are
endogenous regulators of matrix metalloprotein-
ases (MMPs). They are believed to possess several
distinct cellular functions, particularly the contra-
dictory activities of inhibiting MMPs and promoting
tumor cell growth. Immunohistochemistry was per-
formed to detect TIMP-2 protein in 136 infiltrative
breast carcinomas. TIMP-2 protein was analyzed in
parallel with clinicopathologic features (tumor size,
histologic type, nuclear and histologic grade, stage),
patients’ overall survival and ER, PR, Ki-67, topo
Ile, c-erbB-2, p53 and bcl-2 proteins. Statistical
analysis was performed using univariate and mul-
tivariate models analysis. Immunoreactivity for
TIMP-2 was observed in cancer cells and stromal
fibroblasts in 106 (77.94%) and 104 (76.47%) of 136
cases, respectively. TIMP-2 protein expression in
stromal fibroblasts showed a statistically significant
inverse correlation with tumor size (P = .014). An
inverse correlation was also observed between
TIMP-2 epithelial immunoreactivity and nuclear
and histologic grade (P = .036 and P = .007, respec-
tively). TIMP-2 protein reactivity showed statisti-
cally significant positive associations with topo I«
and bcl-2 in stromal and cancer cells, respectively (P
= .032 and P = .001, respectively). TIMP-2 protein
expression in cancer and stromal cells was associ-
ated with better patients’ overall survival (P = .002
and P = .038, respectively). When evaluated by the
Cox’s proportional hazard regression model, this
association was further established, but only as far
as TIMP-2 expression in tumor epithelium was con-
cerned (P = .019). Our results support the multi-
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functional potential of TIMP-2 through its correla-
tion on the one hand to a favorable outcome, due to
its MMP inhibitory activity and on the other to topo
Il contributing to its growth factor activity.

KEY WORDS: Breast cancer, Inmunohistochemis-
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The process of cancer invasion and metastasis
comprises a complex series of sequential steps,
among which degradation of extracellular matrix
(ECM) is essential. Matrix metalloproteinases
(MMPs) are the principal class of enzymes respon-
sible for ECM degradation. Specific inhibitors, the
tissue inhibitors of metalloproteinases (TIMPs) re-
duce the proteolytic activities of MMPs (1). Four
homologous TIMPs have been characterized so far,
TIMP-1 to —4 (2). They are low molecular weight
proteins that bind to active MMPs in a 1:1 molar
ratio, and form noncovalent tight complexes with
them. TIMP-1, —2, and —4 are secreted in soluble,
whereas TIMP-3 in insoluble form due to ECM
binding (3). TIMP-2 preferentially inhibits the acti-
vation of the 72 kDa type IV collagenase/gelatinase
(MMP-2) and can inhibit the activated form of the
enzyme as well (4). The most recently discovered
TIMP, TIMP-4 may function in a tissue-specific
fashion, as it is found to be exclusively expressed in
adult heart tissue (5).

In general, TIMP-1 and TIMP-2 are capable of
inhibiting the activity of all known MMPs and as
such play a key role in maintaining the balance
between ECM deposition and degradation in differ-
ent physiologic processes.

Accelerated ECM breakdown occurs in various
pathologic processes, including inflammation,
chronic degenerative diseases and tumor invasion.
TIMP-1 and TIMP-2 can inhibit tumor growth, in-
vasion, and metastasis in experimental models,
which has been associated with their MMP inhibi-



tory activity (6). Recent developments in TIMP re-
search suggest that TIMP-1 and TIMP-2 are multi-
functional proteins with diverse actions. Both
inhibitors exhibit growth factor-like activity and
can inhibit angiogenesis (6); while TIMP-2, in addi-
tion, has the ability to activate pro-MMP-2 through
the formation of a MT1-MMP - TIMP-2 - pro-
MMP-2 complex on the cell surface (7).

Structure-function studies have separated the
MMP inhibitory activity from the growth promoting
effect. TIMP-1 is identical to human erythroid-
potentiating activity (EPA). TIMP-2 was also re-
ported to have EPA (6, 8). TIMP-1 and TIMP-2 have
mitogenic activities on a number of cell types
whereas overexpression of these inhibitors reduces
tumor cell growth and TIMP-2 but not TIMP-1 in-
hibits basic fibroblast growth factor-induced hu-
man endothelial cell growth (2). Nemeth et al. (5)
described the growth promoting ability of TIMP-2
in fibroblasts. Similar findings were observed in a
wide range of cells (9-11).

TIMP-1 and TIMP-2 production has been studied
in a variety of human tumors. High MMP and low
TIMP expression are correlated to invasiveness in
cervical carcinomas (12). Several studies have
found correlation between TIMPs expression and
tumor progression (6). An association between high

stromal expression of TIMP-2 protein and tumor
recurrence was observed in human breast carcino-
mas (13).

The aim of the present study was to evaluate the
immunoreactivity of TIMP-2 protein in a series of
invasive breast carcinomas and assess its statistical
correlations with known clinicopathologic prog-
nostic parameters, patients’ survival and the immu-
nohistochemical expression of ER, PR, Ki-67, topo
IIa, c-erbB-2, p53 and bcl-2.

MATERIALS AND METHODS

Patients and Tissue Specimen

One hundred and thirty-six paraffin blocks with
tumor samples were available from patients with
resectable breast cancer undergone surgery be-
tween 1992 and 1993. We selected only women with
histologically proven, clearly invasive breast carci-
nomas, regardless their initial stage, in whom axil-
lary lymph node dissection had been performed
and who had all their resected materials studied
histologically. As Table 1 demonstrates, patients’
data were analyzed for various clinicopathologic
factors. The patients were aged from 25 to 87 years
(mean age: 57.09 years). None of them had received

TABLE 1. TIMP-2 Protein Expression in Stromal Cells as Related to Clinicopathologic Parameters as well as Ki-67,

c-erbB-2, p53, bcl-2

TIMP-2 Stromal Cells

<10% 11%-30% >30%
Total N % N % N % P
Tumor size <2 cm 34 8.8 18 52.9 13 38.2 0.014
2-5 cm 83 21 25.3 22 26.5 40 48.2
>5 cm 18 38.9 3 16.7 8 44.4
Histologic type Ductal 107 25 23.4 34 31.8 48 44.9 NS
Lobular 29 24.1 9 31.0 13 44.8
Histologic grade 1 18 5.6 5 27.8 12 66.7 NS
2 62 15 24.2 21 33.9 26 41.9
3 27 33.3 8 29.6 10 37.0
Nuclear grade 1 50 14.0 20 40.0 23 46.0 NS
2 48 15 31.3 14 29.2 19 39.6
3 38 10 26.3 9 23.7 19 50.0
Lymph nodes Non-Infiltrated 57 10 17.5 19 33.3 28 49.1 NS
Infiltrated 78 21 26.9 24 30.8 33 42.3
Stage 1 22 9.1 10 455 10 455 NS
2 91 22 24.2 30 33.0 39 42.9
3 22 31.8 3 13.6 12 54.5
Estrogen receptors Negative 63 17 27.0 14 22.2 32 50.8 NS
Positive 73 15 20.5 29 39.7 29 39.7
Progesterone receptors Negative 68 16 23.5 18 26.5 34 50.0 NS
Positive 68 16 23.5 25 36.8 27 39.7
Ki-67 Negative 78 12 15.4 25 32.1 41 52.6 NS
1 25 36.0 5 20.0 11 44.0
2 14 35.7 6 42.9 3 21.4
c-erbB-2 Negative 51 17 33.3 15 294 19 37.3 NS
Positive 84 14 16.7 28 33.3 42 50.0
p53 Negative 101 24 23.8 31 30.7 46 455 NS
Positive 33 21.2 11 33.3 15 45.5
bcl-2 Negative 55 17 30.9 16 29.1 22 40.0 NS
Positive 79 13 16.5 27 34.2 39 49.4

* Association of statistical significance: P = .05.
NS = not significant.
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radiation or chemotherapy preoperatively. Maxi-
mum pathologic size was assessed in fresh speci-
mens and subsequently confirmed or amended af-
ter histologic examination.

In this study, all carcinomas were classified ac-
cording to the criteria of the World Health Organi-
zation (14) and were recorded as invasive ductal or
invasive lobular. All invasive ductal carcinomas
were of the not otherwise specified type and so they
were graded according to a modified Scarff-Bloom-
Richardson histologic grading system with guide-
lines as suggested by Nottingham City Hospital pa-
thologists (15).

Nuclear grading was separately assessed, based
on the Scarff-Bloom-Richardson scheme (16). Stag-
ing at the time of diagnosis was based on the TNM
system (17). Tumor size (less than 2 cm, 2 to 5 cm,
more than 5 cm) and lymph node status were eval-
uated separately. All women have been followed-up
after surgical treatment at 6-month intervals for a
mean period of 70.34 months (range: 7 to 94
months).

Immunohistochemistry

Thin tumor samples were fixed in 10% buffered
formalin solution for no more than 10h. Paraffin-
embedded tissue sections, 4 um thick, were cut on
poly-L-lysine coated slides, dried and deparaf-
finized. No antigen retrieval was needed for TIMP-2
protein demonstration. The slides were then
treated for blocking endogenous peroxidase activity
and nonspecific binding. Afterwards the sections
were incubated at 4°C in a humidified chamber
with a monoclonal antibody to TIMP-2 at a dilution
of 1:200 overnight. The clone used was 67-4H11,
corresponding to an oligopeptide of YRGAAPPKQE-
FLDIED (residue 178 to 193) on hTIMP-2, Medi-
corp, Montreal, Canada. A standard avidin-biotin-
peroxidase complex technique (18) (Vectastain
Elite, Vector Laboratories, Burlingame, CA) was
used for visualization with diaminobenzidine as a
chromogen. Sections were counterstained with he-
matoxylin and mounted.

Positive controls included breast cancer tissue
with known immunoreactivity for TIMP-2. Negative
controls had the primary antibody omitted and re-
placed by TBS. The other immunomarkers assessed
in the present study in combination with TIMP-2
had been previously detected with the following
antibodies:

1. Anti-ER clone 1D5 and anti-PR clone 1A6
(DAKO, Glostrup, Denmark) at dilutions 1:450 and
1:150, respectively.

2. Anti-c-erbB-2 clone CB 11 (Biogenex, San
Ramon, CA) at a dilution 1:150.

3. Anti-topo I« clone JH 2.7 (Biocare Medical,
Walnut Creek, CA) at a dilution 1:100.
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4. Rabbit anti-human Ki-67 (DAKO) at a dilution
1:300.

5. Anti-p53 clone BP 53.12.1 (Oncogene, Cam-
bridge, MA) at a dilution 1:50.

6. Anti-bcl-2 clone 124 (DAKO), at a dilution
1:100.

To enhance antigen retrieval for ER, PR, Ki-67,
and topo Ila, sections were microwave-treated in
0.01 m citrate buffer (pH 6.0) at 750 Watt.

Evaluation of Immunohistochemistry

Semiquantitative estimation based on the stain-
ing intensity and relative abundance of immunore-
active cells was performed independently by two
pathologists. The fraction of TIMP-2 positive
stained cells was scored after having examined 10
high-power fields (400X) of one section of each
sample and the percentage of TIMP-2 positive cells
was the average of the positive cells of 10 fields.

Immunoreactivity was evaluated as follows:
Staining intensity was compared with control (1+
weak, 2+ moderate, and 3+ strong). The extent of
positive tumor and stromal cells was scored using a
scale of 0 to 2. A score of 0 was given if fewer than
10% of positive cells were detected in 10 high-
power fields; score 1 if 11% to 30% were detected
and score 2 if more than 30% of cells were positive
per 10 high-power fields. The same cut-off points
were used for evaluation of p53 and Ki-67.

Staining for ER and PR was evaluated semiquan-
titatively using the H score system [0 = negative
(0-50), 1 = mild reactivity (51-100), 2 = moderate
(101-200), 3 = strong reactivity (201-300)]. The
fraction of c-erbB-2-positive stained cells also was
scored from 0 to 3 (0 = negative, 1 = 10% to 20%, 2
= 21% to 50%, 3 = more than 50% positive cells).
Bcl-2 expression was scored as negative (score 0) if
less than 10% of tumor cells were positive, slightly
positive (score 1) if 10-50% of tumor cells were
positive and as strongly positive (score 2) if more
than 50% of neoplastic cells showed cytoplasmic
staining. For purposes of statistical analysis as far as
ER, PR, c-erbB-2, p53, bcl-2 proteins were con-
cerned, cases with scores 1, 2, or 3 were included
into the same group of positive protein expression.

The evaluation of topo Ila immunopositivity was
performed in areas with a notable number of im-
munoreactive cells because this marker was gener-
ally expressed in few neoplastic cells. Scoring of
topo ITa immunostaining was performed by image
analysis. The ratio expressed in % of the number of
the immunohistochemically positive stained with
topo Ila neoplastic nuclei in a total number of 500
(stained or unstained) ones was calculated
automatically.



STATISTICS

Pearson’s x* statistic with continuity correction
was employed to assess the difference of TIMP-2
expression between tumor and stromal cells and
the categorical parameters of interest, whereas
nonparametric analysis of variance with ranks was
employed to assess topo Ila with TIMP-2.

Log-rank test and Cox’s proportional hazard re-
gression model were used to detect possible differ-
ences of survival distributions in TIMP-2 groups.
Graphical representation of survival in each statis-
tical significant parameter was performed by
Kaplan Meier curves.

RESULTS

TIMP-2 immunoreactivity was detected in 113
(83.08%) of 136 invasive breast carcinomas. TIMP-2
was localized in the cytoplasm of cancer cells in 106
(77.94%) or in tumor stromal cells in 104 (76.47%)
of 136 cases, respectively. Simultaneous expression
of TIMP-2 in cancer and stromal cells was demon-
strated in 64 (47.05%) of 136 cases (Figs. 1 and 2).
Immunoreactivity displayed various degrees of in-
tensity and intertumor heterogeneity. Areas of in
situ carcinoma showed intense TIMP-2 staining in
the tumor component as well as in the periductal
stroma. Staining was equally observed in the resid-
ual benign tissue. TIMP-2 reactivity in stromal fi-
broblasts showed a statistically significant associa-
tion with tumor size (P = .014) (Table 1, Fig. 3A).
Patients with increased tumor size more often dem-
onstrated negative TIMP-2 expression. An inverse
correlation was observed between the expression of
TIMP-2 in cancer cells and nuclear (P = .036) and
histologic (P = .007) grade (Table 2, Fig. 3, B-C). In
cases of both low nuclear and histologic grade
higher TIMP-2 levels were more often detected.

FIGURE 1. TIMP-2 immunoreactivity in many cancer cells (ABC X
400).

FIGURE 2. TIMP-2 positivity in stromal cells between the tumor
tissue (ABC X 300).

There was an absence of correlations of TIMP-2
immunopositivity status with clinicopathologic pa-
rameters such as histologic type, lymph node status
and stage as well as immunohistochemical expres-
sion of ER and PR proteins, Ki-67, p53 and c-erbB-2
(Tables 1 and 2). A positive association was ob-
served between the expression of TIMP-2 in stro-
mal cells and topo Ila (P = .032) (Fig. 4). This
relation was even stronger in cases with simulta-
neous expression of TIMP-2 in cancer cells and
fibroblasts (P = .012, data not shown). A significant
association was demonstrated between TIMP-2
protein in cancer cells and bcl-2 expression (P =
.001) (Table 2, Fig. 3D). More precisely the number
of cases positive for bcl-2 increased with increasing
TIMP-2 positivity.

Survival distribution was analyzed using the Log-
rank test to investigate the relationship between the
expression of TIMP-2 and patients’ survival. A sta-
tistically significant association was revealed be-
tween increased TIMP-2 expression levels in cancer
cells (P = .002) and a favorable disease outcome
(Fig. 5A). Concerning TIMP-2 protein expression in
fibroblasts, TIMP-2 positive patients had signifi-
cantly better survival than the TIMP-2 negative cas-
es(P = .038) (Fig. 5B).

Cox’s proportional hazard regression model con-
firmed the above mentioned association between
TIMP-2 immunolabeling and patients’ survival only
in cancer cells (P = .019) revealing an independent
effect of TIMP-2 on patients’ survival (Table 3).

DISCUSSION

Most of the existing literature on TIMPs pertains
to the MMP inhibitory function. However, accumu-
lated data provided in this field over the past few
years, support the multifunctional potential of
TIMPs. It is widely appreciated that TIMPs inhibit
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TABLE 2. TIMP-2 Protein Expression in Cancer Cells as Related to Clinicopathologic Parameters as well as Ki-67, c-

erbB-2, p53, bcl-2

TIMP-2 Cancer Cells

<10% 11%-30% >30%
Total N % N % N % P
Tumor size <2 cm 34 17.6 5 14.7 23 67.6 NS
2-5 cm 83 17 20.5 11 13.3 55 66.3
>5 cm 18 7 38.9 1 5.6 10 55.6
Histologic type Ductal 107 27 25.2 14 13.1 66 61.7 NS
Lobular 29 3 10.3 3 10.3 23 79.3
Histologic grade 1 18 0 0.0 3 16.7 15 83.3 0.007
2 62 14 22.6 8 12.9 40 64.5
3 27 13 48.1 3 11.1 11 40.7
Nuclear grade 1 50 5 10.0 8 16.0 37 74.0 0.036
2 48 11 22.9 7 14.6 30 62.5
3 38 14 36.8 2 5.3 22 57.9
Lymph nodes Non-Infiltrated 57 11 19.3 5 8.8 41 71.9 NS
Infiltrated 78 19 24.4 12 15.4 47 60.3
Stage 1 22 3 13.6 3 13.6 16 72.7 NS
2 91 20 22.0 13 14.3 58 63.7
3 22 7 31.8 1 4.5 14 63.6
Estrogen receptors Negative 63 17 27.0 8 12.7 38 60.3 NS
Positive 73 13 17.8 9 12.3 51 69.9
Progesterone receptors Negative 68 15 221 10 14.7 43 63.2 NS
Positive 68 15 22.1 7 10.3 46 67.6
Ki-67 Negative 78 9 11.5 16 20.5 53 67.9 NS
1 25 9 36.0 1 4.0 15 60.0
2 14 6 42.9 0 0.0 8 57.1
c-erbB-2 Negative 51 13 25.5 2 3.9 36 70.6 NS
Positive 84 16 19.0 15 17.9 53 63.1
p53 Negative 101 22 21.8 15 14.9 64 63.4 NS
Positive 33 7 21.2 2 6.1 24 72.7
bcl-2 Negative 55 18 32.7 1 1.8 36 65.5 0.001
Positive 79 11 13.9 16 20.3 52 65.8

* Association of statistical significance: P =< .05.
NS = not significant.

cell invasion in vitro, tumorigenesis and metastasis
in vivo, as expected from their MMP inhibitory
activity (8). On the other hand, the growth factor
EPA has been documented for TIMP-2 (7).

In the present study, TIMP-2 protein was local-
ized in both tumor and stromal cells in most of the
cases. Our results come along with observations in
mammary, colorectal and ovarian carcinomas (19—
21). An inverse significant correlation was observed
in this study between TIMP-2 expression in stromal
cells and the tumor size (P = .014). Inverse was also
the association that was demonstrated between
TIMP-2 immunostaining in cancer cells and the
nuclear and histologic grade (P = .036 and P = .007,
respectively). No significant correlation was ob-
served between TIMP-2 expression in cancer cells
and stromal fibroblasts and histologic type, lymph
node status, stage and ER/PR protein expression.
Remacle et al. (22) using ELISA for TIMP-2 evalua-
tion found no significant correlation between
TIMP-2 levels and tumor size. In contrast, the same
authors found a significant inverse relationship be-
tween TIMP-2 levels and estrogen receptor concen-
tration (22). On the other hand, Iwata er al. (19)
found no correlation between immunostaining of
TIMP-2 and ER status and tumor stage. Ree et al.
(23) also found no correlation between TIMP-2
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mRNA levels and steroid receptor status, whereas
there was a significant relation between its levels
and advanced stage of the disease. The different
methods used may account for the former dispari-
ties. On the other hand, high mRNA levels do not
necessarily reflect abundant protein expression or
activity. Studies referring to a relationship between
TIMP-2 immunostaining and tumor grade in breast
cancer patients, have not been previously reported,
to the best of our knowledge.

Another essential observation of this study was
the significant correlation between tumor cell and
stromal fibroblast TIMP-2 immunostaining and pa-
tients’ favorable outcome. These results are in ap-
parent agreement with the given main function of
TIMPs, the MMP inhibitory one. Consistent with
the role of MMPs in tumor progression, high levels
of a number of MMPs have been shown to correlate
with poor prognosis in different human cancers
(24). Positive MMP-2 immunostaining has been as-
sociated with shortened survival in patients with
breast cancer (25). If TIMPs inhibit MMPs in vivo, it
is expected that high levels of inhibitors would pre-
vent tumor progression and thus relate to good
outcome in patients with cancer. Indeed, in multi-
ple experimental systems, high levels of TIMPs have
been shown to prevent tumor growth, local inva-
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sion and metastatic spread (26-28). In keeping with
the above, we have found that high levels of
TIMP-2, in both tumor and stroma, correlated sig-
nificantly with better survival (P = .002 and .038,
respectively). Multivariate analysis confirmed this
significant correlation only as far as TIMP-2 expres-
sion in tumor cells was concerned (P = .019).

Results from previous studies concerning the re-
lationship between TIMP-2 expression and pa-
tients’ outcome in breast cancer are conflicting.
Visscher et al. (13), using immunohistochemistry in
frozen sections, demonstrated that breast tumors
with positive TIMP-2 expression recur more fre-
quently. However, the authors mention that the
clinical outcome data in their study were limited by
relatively short follow-up intervals. Besides, to eval-
uate their results, the authors performed only uni-
variate analysis. On the other hand, Iwata et al. (19)
found no such correlation between TIMP-2 immu-
nostaining and breast carcinomas recurrence. Re-
cently Remacle et al. (22) observed using ELISA, a
significant correlation between higher TIMP-2 lev-
els and adverse prognosis in breast cancer. In this
study, patients with tumors containing high con-
centrations of TIMP-2 had a shorter overall survival.
These results are in apparent conflict, though not
comparable with ours, due to the different meth-
odology and the use of just univariate statistical
analysis performed for their evaluation.

Observations concerning other organs are also
diverse. In a series of 100 primary gastric tumors,
increased TIMP-2 protein levels correlated signifi-
cantly with prolonged survival (29). On the other
hand, in bladder cancers, Grignon et al. (30) found
a significant association between TIMP-2 immuno-
staining and poor survival as well as Kanayama et
al. (31), using RT-PCR to evaluate TIMP-2 expres-
sion. Both these studies were performed in rela-
tively small number of patients, insufficient for
meaningful assessment by Cox’s multivariate re-
gression analysis.
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To further evaluate the role of TIMP-2 in breast
cancer progression, we examined its possible cor-
relation with biologic behavior markers such as
topo Ila, Ki-67, c-erbB-2, p53 and bcl-2. Our striking
observation was the positive correlation between
the expression of TIMP-2 in stromal cells and topo
ITa (P = .032). This relation was even stronger in

cases with simultaneous expression of TIMP-2 in
tumor and stromal cells. The nuclear enzyme DNA
topoisomerase II is a cell cycle related enzyme that
breaks and rejoins DNA strands; its isoform topo Ila
is associated with active cell proliferation of mam-
malian cells. It is considered to be a proliferation
marker along with Ki-67. Nevertheless, topo Ila is
present only during the late S and G2 phases of the
cell cycle, whereas Ki-67 is present in all (late G, S,
M, and G2 phases) except GO. Therefore, by com-
parison with Ki-67, topo Ila may provide a better
estimation of the number of actively cycling cells, in
other words the tumor growth fraction (32, 33).
Finding a positive association of TIMP-2 expression
with a cell proliferation marker, such as topo Ila,
was partly contradictory to the previous observa-
tions in this study. Nevertheless, in the past few
years, there is growing evidence supporting the
multifunctional potential of TIMPs, particularly
their cell growth promoting activity. Both inhibitors
TIMP-1 and TIMP-2 stimulate cellular proliferation,
at least in vitro (34, 35). Recent studies of Zhao et al.
(36) demonstrated that TIMP-1 accumulates in the
nuclei of human fibroblasts in a cell cycle-
dependent manner (maximal at S phase), which is
suggestive of its participation in cell growth. More-
over, the ability of TIMP-2 to increase thymidine
uptake in HSF4 fibroblasts has been shown to di-
rectly correlate with the percentage of cells in the S
phase, as determined by flow cytometric DNA anal-
ysis (37).

Furthermore, an additional biologic function, in-
dependent of their ability to block MMP activity,
has been reported for TIMPs. A novel antiapoptotic
function has been identified for TIMP-1 (38).
TIMP-2 has also been found to protect B,4zF,, mel-
anoma cells from apoptosis (39). On the other
hand, the bcl-2 oncogene is assumed to be involved
in the control of the apoptotic pathway; it is be-
lieved to be important in suppressing apoptosis
(40). Consistent with the above, when TIMP-2 and
bcl-2 were comparatively evaluated, most of the

TABLE 3. Contribution of Various Parameters to Survival Prognosis

Variable B SE df P-value HR 95% C.I. of HR
Age 0.0219 0.0167 1 .1878 1.0222 0.9893 1.0561
Histologic type 4480 0.7259 1 5372 1.5651 0.3773 6.4926
Nuclear grade 0.6922 0.3569 1 .0500 1.9981 1.0007 4.0216
Tumor size —1.0075 0.6244 1 .1066 0.3651 0.1074 1.2415
Lymph nodes 0.8955 0.3634 1 0137 2.4487 1.2013 4.9913
Stage 2.1110 0.8126 1 .0094 8.2563 1.6791 40.5977
ER —0.9137 0.6615 1 1672 0.4010 0.1097 1.4663
PR —0.1196 0.3060 1 .6960 0.8873 0.4871 1.6165
Ki-67 0.0353 0.5947 1 9527 1.0359 0.3229 3.3234
c-erbB-2 -0.3727 0.5406 1 4906 0.6889 0.2388 0.9874
p53 0.0535 0.5835 1 9269 1.0550 0.3362 3.3109
bcl-2 1.1384 0.6813 1 .0948 3.1217 0.8212 11.8675
TIMP-2 stromal cells 0.0263 0.4342 1 9516 1.0267 0.4384 2.4044
TIMP-2 cancer cells —0.9668 0.4149 1 .0198 0.3803 0.1686 0.8577

B, regression coefficient; SE, standard error; df, degree of freedom; HR, hazard ratio; CI, confidence interval.
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cases positive for bcl-2 were found to co-express
higher levels of TIMP-2 protein (P = .001), obser-
vation that reinforces the potential participation of
TIMP-2 in the apoptotic process. In previous stud-
ies bcl-2 protein expression has been associated
with factors indicating a favorable prognosis in
breast cancer (40, 41).

In summary, our data show that high levels of
TIMP-2 have a direct positive influence in patients’
survival, observation that is in line with the primary
action of TIMPs, meaning the inhibition of MMPs
and consequently inhibition of tumor invasion. On
the other hand, the positive association between
TIMP-2 and the proliferation marker topo Ile, is
suggestive of the mitogenic effect of TIMP-2. Fur-
thermore, we have demonstrated a positive rela-
tionship between TIMP-2 and bcl-2, which sup-
ports the potential anti-apoptotic function of
TIMP-2. TIMP-2 seems to be an important regula-
tor not only in matrix turnover but also in cellular
activities. Its multiple functions and the conflicting
reported evidence raise questions regarding its con-
tribution to cancer progression that need to be
elucidated by further studies.
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