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Abstract
Purpose Aromatase catalyzes the conversion of
androgens to estrogens; its high expression in breast
cancers may be responsible for the local high levels of
estrogen and may promote tumor growth and progres-
sion; however, the clinical importance of aromatase
remains unclear and needs to be further researched.
Methods By immunochemistry, we detected aroma-
tase, MMP2 and MMP9 immunoreactivity in 244 axil-
lary lymph node negative breast cancers.
Results Aromatase immunoreactivity was positively
associated with co-expression of MMP2 and MMP9
(MMP2/9) in the estrogen receptor and/or progestin
receptor- (ER/PR) positive patients (P < 0.05), but not
in the ER and PR negative patients (P > 0.05); aroma-
tase status positively associated with tumor size in the
postmenopausal patients (P < 0.05) but not in the pre-
menopausal patients (P > 0.05). The proportional haz-
ards assumption was violated for aromatase status
(global test, P < 0.05), and aromatase was an unfavor-
able prognostic factor for disease-free survival (DFS)
(P = 0.04) in multivariate analysis of time-dependent
non-proportional Cox regression. In the ER/PR-positive
patients, positive aromatase staining was signiWcantly

associated with decreased overall survival (OS)
(P = 0.04), but there was no such association in the ER
and PR negative patients (P > 0.05).
Conclusions Our study suggested that local estrogen
production by aromatase plays important roles in the
growth and invasiveness of breast cancer; tumor aro-
matase status may be indicative of breast cancer prog-
nosis in some patients.

Keywords Breast cancer · Aromatase · Matrix 
metalloproteinases · Prognosis

Introduction

It is well accepted that estradiol plays an important
role in the genesis and progression of breast cancer
(Pasqualini and Chetrite 2005). Aromatase, known as
estrogen synthetase, involves in estradiol bioformation
and mediates the conversion of estrogens from andro-
gens (Brodie et al. 1999). Human breast cancer tissues
contain aromatase for its mRNA, and protein as well
as enzyme activity (Esteban et al. 1992; Evans et al.
1993; Lu et al. 1996) were detected in the breast cancer
specimens. Observations on transgenic mice with over-
expressed aromatase (Kirma et al. 2001; Mandava et al.
2001; Tekmal et al. 1996) indicate that locally high con-
centrations of estrogen produced by aromatase may
play an important role in breast carcinogenesis; fur-
thermore, a study of aromatase gene-transfected breast
cancer cells (Dowsett et al. 1996) showed that tumor
growth is supported by this intracrine source of estro-
gen in the absence of endocrine estrogen stimulation.

There was evidence of elevated serum estrogen
levels associated with a high risk of breast cancer
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(Hankinson et al. 1998; Key et al. 2003; Missmer et al.
2004); however, it is interesting that local concentra-
tions of estradiol in specimens of breast carcinomas
from postmenopausal patients were found to be sev-
eral-fold higher than those in the plasma (Pasqualini
et al. 1996; van Landeghem et al. 1985). More than
50% of all breast cancers are sensitive to hormone
treatment, indicating an important role of estrogens in
the progression of the disease. Whether high expres-
sion of aromatase indicates unfavorable prognosis, and
whether it is associated with classic prognostic factors
in node negative breast cancers remain to be resolved.

Matrix-metalloproteinases (MMPs) play important
roles in the aggressiveness of malignant cells, especially
in the process of metastasis to distant sites (DuVy et al.
2000). MMP-2 and MMP-9 can degrade type-IV colla-
gen eVectively, and the latter is the main component of
the basement membrane (DuVy et al. 2000). Talvensa-
ari-Mattila observed that MMP-2 has been associated
strongly with a shortened survival, independent of
major prognostic factors in breast cancers (Talvensa-
ari-Mattila et al. 1998); MMP9 was found to be related
to lymph node metastasis in breast cancers (Iwata et al.
1996) and vascular invasion in esophageal cancers
(Koyama et al. 2000). The over-expression of MMP2
and MMP9 in breast cancers and their clinical signiW-
cance were also observed in other studies (Hirvonen
et al. 2003; Pacheco et al. 2001). Wolczynski observed
that both MMP-2 and MMP-9 biosynthesis could be
stimulated by estradiol in ER-positive MCF-7 cells
(Wolczynski et al. 2001). All these may indicate that
estrogen could enhance the invasive ability of breast
cancers through the ER pathway; however, whether
aromatase is related to MMPs in breast cancers needs
further research.

In this study, we examined the expression of aroma-
tase, MMP-2 and MMP-9 using immunohistochemistry
in 244 primary axillary node negative breast cancers,
correlated aromatase with MMPs and clinicopathologi-
cal factors and evaluated its prognostic values.

Materials and methods

Patient characteristics

A total of 244 patients, who underwent surgery of
modiWed radical mastectomy or radical mastectomy
from 1990 to 1998 in the Cancer Hospital of Fudan
University, were recruited in this study; all patients
were pathologically diagnosed with primary breast can-
cer with negative axillary lymph node metastasis. The
histological grade was determined according to the

modiWed ScarV–Bloom–Richardson criteria (Elston
and Ellis 2002). All specimens were Wxed with 10%
formalin and embedded in paraYn wax.

The patients did not receive irradiation, chemother-
apy or hormonal therapy before surgery. The patients
were aged 30–90 years, with a median age of 52.5 years
and a mean age of 53.9 years; the median follow-up
time was 59.0 months and the mean follow-up time was
56.9 months, which ranged from 11–120 months; the
distribution of follow-up times for patients still alive at
the time of follow- up ranged from 20 to 120 months,
with a median of 58.4 months. About 45.5% (111/244)
patients received adjuvant chemotherapy (CMF: cyclo-
phosphamide, 600 mg/m2 i.v. bolus, dl, 8; methotrexate
40 mg/m2, i.v. bolus, d1, 8; Xuorouracil 600 mg/m2, i.v.
infusion, d1, 8; every 4 weeks £ 6 cycles), 47.1% (115/
244) patients received adjuvant endocrine therapy
(tamoxifen 10 mg/day, po, bid £ 3–5 years) (Table 1).
Among tamoxifen treated patients, 72.2% (83/115)
were ER- and/or PR-positive, and among those with-
out tamoxifen, 65.1% (84/129) were ER- and/or PR-
positive.

Antibodies and immunohistochemistry

Monoclonal mouse antibody against aromatase
(MCA2077) was ordered from Serotec Company, Kid-
lington, UK; it was produced by the immunogen of syn-
thetic peptide corresponding to amino acids 376–390 of
human aromatase and works in immunohistology on
paraYn embedded slice (Turner et al. 2002). Poly-
clonal rabbit anti-human-MMP-2 antibody (sc-10736)
and polyclonal rabbit anti-human-MMP-9 (sc-10737)
antibody were ordered from Santa Cruz Biotechnol-
ogy, Santa Cruz, CA.

Immunohistochemical analysis was performed
employing the avidin–biotin–immuno-peroxidase tech-
nique using ABC Staining Systems from Santa Cruz
Biotechnology, Santa Cruz, CA, as previously
described (Hsu et al. 1981). Antigen retrieval for aro-
matase was performed by boiling the slides in a cooker
for 10 min in citric acid buVer [2 mM citric acid and
9 mM trisodium citrate dehydrate (pH 6.0)] after depa-
raVinization. Antigen retrieval for MMPs was per-
formed by treating the sections with 0.4% pepsin
(Sigma, St Louis, MO) for 20 min at room tempera-
ture. The dilutions of primary antibodies used in this
study were as follows: aromatase, 1:100 and MMP-2
and MMP-9, 1:150. The antigen–antibody complex was
visualized with 3,3�-diaminobenzidine (DAB) solution
[1 mmol/l 3,3�-DAB, 50 mmol/l Tris–HCl buVer (pH
7.6) and 0.006% H2O2] and the sections were counter-
stained with hematoxylin. Human placenta (Sasano
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et al. 2001) was used as positive control for detecting
aromatase, and previously known positive samples of
MMP-2 and MMP-9 were used as positive controls,
respectively. As negative controls, normal mouse or
rabbit IgG was used instead of the primary antibodies.
No speciWc immunoreactivity was detected in these
sections.

Scoring of immunoreactivity

Previously described scoring methods (Shenton et al.
1998; Talvensaari-Mattila et al. 1998) for aromatase
and MMPs were used with modiWcations. After review-
ing the entire slides of immunostained sections, the
sections were evaluated microscopically by two inde-
pendent investigators, who were blinded to the

patients’ outcome, using objectives with £10 and £40
magniWcations.

The results of the immunohistochemistry were eval-
uated by estimating the percentage of cancer cells with
positive cytoplasmic immunoreactivity. Cancers were
classiWed as aromatase positive if at least 10% of the
cells were stained, whereas those with no reactivity or
staining in less than 10% of the cells were regarded as
aromatase negative. For evaluation of the expression
of MMPs, the results were divided into two groups as
follows: (¡) no immunoreactivity (+) ¸1% positive
cytoplasmic stained cells.

Steroid-receptor assays

Before 1994, the standard dextran-coated charcoal
assay was used as described by Kute et al. (1992), the
Scatchard-plot analysis was done with eight points and
the protein content in the reaction was 1 mg/ml.
Receptor levels of 10 fmol/mg or more of the protein
were considered positive. Immunohistochemistry was
used since 1994 and ¸10% cells with nucleus staining
were considered positive for both ER and PR. The rab-
bit polyclonal antibodies for ER (sc-542) and PR
(sc-538) from Santa Cruz Biotechnology were used as
primary anybodies.

Statistical methods

Distributions of aromatase status and other categorical
variables were compared using standard �2 tests. The
disease-free interval was calculated from the date of
primary surgery of the breast. First recurrence or
metastasis was scored as an event, and patients without
recurrence or metastasis were censored at the time of
the last follow-up. OS was calculated from the date of
primary surgery with death from breast cancer being
scored as an event. Patients who were alive at the last
follow-up were censored at the last follow-up date. In
the univariate survival analysis, postoperative DFS and
OS were analyzed by the Kaplan–Meier method, and
the diVerences between subgroups were compared by
means of a log rank test. The multivariate analysis was
tested with the Cox proportional hazards model and
the time-dependent Cox non-proportional hazards
model. The proportional hazards assumption was
tested by a global test (Hilsenbeck et al. 1998). All sta-
tistical tests were two-sided at the 5% level of signiW-
cance and were performed using SPSS (SPSS
Company, Chicago, IL) and Stata software (Stata Cor-
poration, College Station, TX). Relative Risks (RRs)
are presented with their 95% conWdence intervals
(CIs).

Table 1 Correlation between aromatase and clinicopathological
factors

*P < 0.05

**P < 0.01

Characteristic Aromatase status P value

No. Negative
(%)

Positive
(%)

Histologic type
Ductal carcinoma 223 97 (43.5) 126 (56.5) 0.105
Other carcinoma 21 13 (61.9) 8 (38.1)

Tumor size (cm)
·2 83 46 (55.4) 37 (44.6) 0.020*
>2 161 64 (39.8) 97 (60.2)

Histological grade
Grade 1 40 17 (42.5) 23 (57.5) 0.281
Grade 2 134 64 (47.8) 70 (52.2)
Grade 3 49 16 (32.7) 33 (67.3)

Estrogen receptor
Negative 107 46 (43.0) 61 (57.0) 0.605
Positive 137 64 (46.7) 73 (53.3)

Progestin receptor
Negative 124 57 (46.0) 67 (54.0) 0.777
Positive 120 53 (44.2) 67(55.8)

ER and/or PR 0.937
Negative 77 35 (45.5) 42 (54.5)
Positive 167 75 (44.9) 92 (55.1)

Menopausal status
Premenopausal 126 57 (45.2) 69(54.8) 0.960
Postmenopausal 118 53 (44.9) 65 (55.1)

MMP2
Negative 101 59 (58.4) 42 (41.6) 0.000**
Positive 143 51 (35.7) 92 (64.3)

MMP9
Negative 91 54 (59.3) 37(40.7) 0.001**
Positive 153 56 (36.6) 97 (63.04)

Co-expression MMP2/9
Negative 126 70 (55.6) 56 (44.4) 0.001*
Positive 118 40 (33.9) 78 (66.1)

Adjuvant chemotherapy
No 133 54 (40.6) 79 (59.4) 0.124
Yes 111 56 (50.5) 55 (49.5)
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Results

Expression of aromatase, MMP-2 and MMP-9

Immunoreactivity for aromatase was detected mainly
in the cytoplasm of cancer cells and in the partially sur-
rounding stromal cells. Positive stain of aromatase was
54.9 % (134/244) (Fig. 1a). Both MMP-2 and MMP-9
were localized in the cytoplasm of carcinoma cells, and
a few in the stromal cells (Fig. 1b, c). Positive rate of
MMP-2 was 58.6% (143/244), and positive rate of

MMP-9 was 62.7% (153/244); co-expression rate of
both MMP2 and MMP9 was 48.4% (118/244)
(Table 1).

Correlation between aromatase and MMPs

Aromatase immunoreactivity was positively associated
with both MMP-2 and MMP-9, respectively (P < 0.01),
and also positively associated with the co-expression of
MMP2/9 (P < 0.01) (Table 1). It was interesting that a
positive correlation between aromatase and co-expres-
sion of MMP2/9 was observed in the ER- and/or
PR-positive patients (P < 0.01), but not in the ER- and
PR-negative patients (P > 0.05) (Table 2).

Correlation between aromatase and 
clinicopathological parameters

A signiWcantly positive correlation was observed
between aromatase immunoreactivity and tumor size
(P = 0.02) (Table 1). In the subgroup analysis, there
was a signiWcant relationship between tumor size and
aromatase immunoreactivity in postmenopausal
patients (P = 0.01), but not in premenopausal patients
(P = 0.464) (Table 3). There were no statistically sig-
niWcant correlation found between aromatase immuno-
reactivity and histological type, grade, age, ER status,
PR status and their combination (Table 1).

Survival analysis in the 244 patients and in diVerent 
ER/PR subgroups

In the univariate survival analysis, the aromatase-posi-
tive group showed a lower 10-year DFS rate (71.1%)
than the aromatase-negative group (95.3%), but with-
out statistical signiWcance (P = 0.058). There was no
statistically signiWcant association between positive-
aromatase immunoreactivity and decreased OS (10-
year OS rate, 87.5%, for aromatase-positive group
compared with 98.2% for aromatase-negative group,
P = 0.148); however, the prognostic factors for DFS
included tumor size, tamoxifen therapy and grade
(P < 0.05) (Table 4).

In Cox proportional hazards regression analysis,
tumor size, grade and adjuvant tamoxifen therapy
were independent prognostic factors for DFS
(P < 0.05), and aromatase status was not included in
the model (P > 0.05) (Table 4). To further evaluate
whether the proportional hazards assumption is valid
across aromatase categories, the test for the lack of
proportionality was performed and (Hilsenbeck et al.
1998), however, it was statistically signiWcant (global
test, P = 0.03). This suggested that the hazard ratio of

Fig. 1 Immunohistochemistry for aromatase and MMP2 and
MMP9 in breast cancer. Aromatase protein was detected in the
cytoplasm of invasive breast cancer cells (a). MMP2 was detected
in the cytoplasm of invasive breast cancer cells (b). MMP9 was
detected in the cytoplasm of carcinoma cells (c). Original magni-
Wcation £200
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aromatase was not constant and the time-dependent
non-proportional Cox regression was suitable for ana-
lyzing this data other than the Cox proportional haz-
ards regression. In the time-dependent Cox analysis,
aromatase status (P = 0.04, RR = 1.529, 95%CI:
1.017–2.299) as well as tumor size, grade, and tamoxi-
fen therapy (P < 0.05) were included in the model,
when aromatase was taken as a time-dependent
covariate (Table 4).

The univariate survival analysis showed that aroma-
tase positivity signiWcantly associated with decreased
OS (P = 0.04) in the ER- and/or PR-positive patients
(10-year OS 100% for the aromatase-negative group
compared with 85.1% for the aromatase-positive group )
(Fig. 2a). However, in the multivariate survival analy-
sis, we did not Wnd this association signiWcant
(P > 0.05). In the ER- and PR-negative cases, there
were not any signiWcant OS diVerences between aro-
matase-negative and aromatase-positive patients in
either univariate (Fig. 2b) or multivariate analysis
(P > 0.05) (data not shown).

Discussion

At present, there are three main kinds of methods to
evaluate the aromatase status in cancer specimens.
Biochemical measurement is classic and regarded as
the gold standard method for quantitative assessment
of aromatase activity (Shenton et al. 1998; Silva et al.
1989). However, there are unsolved disadvantages that
make it diYcult to apply for routine clinical measure-
ments. For example, the aromatase assay is lengthy and
requires a relatively large volume of tissue, and the tis-
sues should be frozen in liquid nitrogen immediately
after resection to avoid degradation until the beginning
of measurement (Brodie et al. 1998; Lu et al. 1996;
Sasano et al. 2001). The second method used in recent
research is reverse transcriptase polymerase chain
reaction (RT–PCR) to detect the expression of aroma-
tase mRNA in the tissues. Although it does not require
a large volume of sample and costs less time than the
biochemical assay, the specimen still should be stored
in nitrogen. Immunohistochemistry may overcome the

Table 2 Correlation be-
tween aromatase and MMP2/
9 in diVerent subgroups 
according to ER/PR status

MMP2/9 
co-expression

ER and PR negative ER and/or PR positive

No. Aromatase (%) P value No. Aromatase (%) P value

¡ + ¡ +

¡ 43 23 (53.5) 20 (46.5) 0.111 83 47 (56.6) 36 (43.4) 0.002*
+ 34 12 (35.3) 22 (64.7) 84 28 (33.3) 56 (66.7)*P < 0.01

Table 3 Correlation between aromatase status and tumor size in premenopausal patients and postmenopausal patients

*P < 0.05

Tumor size(cm) Premenopausal Postmenopausal

No. Aromatase (%) P value No. Aromatase (%) P value

¡ + ¡ +

·2 40 20 (50) 20 (50) 0.464 43 26 (60.5) 17 (39.5) 0.01*
>2 86 37 (43) 49 (57) 75 27 (36) 48 (64)

Table 4 Survival analyses of DFS in 244 node negative breast cancer patients

a P value of global test for aromatase was 0.03. In the time-dependent Cox regression analysis, aromatase was taken as time-dependent
covariate

*P < 0.05

**P < 0.01

Univariate 
analysis

Cox proportional 
hazards regression

Time-dependent Cox non-proportional 
hazards regression

P RR 95%CI of RR P RR 95%CI of RR P

Tumor size 0.008** 3.578 1.056–12.119 0.041* 3.377 1.002–11.384 0.050
Grade 0.031* 2.161 1.156–4.039 0.016* 2.212 1.175–4.165 0.014*
Endotherapy 0.045* 0.372 0.153–0.905 0.029* 0.337 0.139–0.817 0.016*
Aromatasea >0.05 – – >0.05 1.529 1.017–2.299 0.041*
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disadvantages and could be widely used in clinic and so
is highly desirable (Sasano et al. 2001; Shenton et al.
1998). Although both monoclonal and polyclonal anti-
bodies were used in several research studies, immuno-
reactivity with a monoclonal antibody, but not with a
polyclonal antibody, was strongly correlated to bio-
chemical aromatase activity in breast cancer specimen
(Shenton et al. 1998), which was supported by observa-
tions of in situ hybridization and aromatase activity
measurement in cryosections (Brodie et al. 1998; Lu
et al. 1996). So, to detect the expression of aromatase
in this study, we used a monoclonal antibody.

Consistent with Shenton and Brodie’s reports (Bro-
die et al. 1998; Brodie et al. 1997; Shenton et al. 1998),
we found that aromatase was expressed in the cyto-
plasm of carcinoma cells and in the surrounding stro-
mal cells, with the cancer cells comprising a major
portion of cells reactive to the anti-aromatase anti-

body. The aromatase-positive rate was 52% in Silva’s
study by biochemistry aromatase activity assay (Silva
et al. 1989), 52.6–64.29% in immunohistochemistry
study using anti-aromatase monoclonal antibody (Bro-
die et al. 2001; Lu et al. 1996; Shenton et al. 1998) and
similarly in our study, the positive rate was 54.9%.

Previous studies indicated no consistent association
between ER, PR status and aromatase status (Eppen-
berger et al. 2001; Silva et al. 1989) In our study, there
was no relationship between ER, PR and aromatase
status (P > 0.05), furthermore, we did not Wnd any sig-
niWcant relationship between the combination of the
ER and PR status and the aromatase status (P > 0.05).
This observation was also supported by cell research,
because both ER-positive (e.g., MCF-7) and ER-nega-
tive (e.g., SK-BR-3, MDA-MB-231) breast cancer cells
express aromatase protein and can produce E2 by
themselves (Kinoshita and Chen 2003; Zhou et al.
1996).

In breast cancer, MMP2 and MMP9 are both pro-
duced in the early stage of metastasis and enable the
cancer cells to metastasize (DuVy et al. 2000; Mitrop-
oulou et al. 2003; Talvensaari-Mattila et al. 1998). We
found signiWcant positive association of aromatase with
the MMP2/9 co-expression status (P < 0.05), and the
association was of statistical signiWcance in the ER/PR-
positive patients (P < 0.01), but not in the ER- and
PR-negative patients (P > 0.05). This phenomenon
indicates that the regulation of MMP2 and MMP9
expression may occur in the same way, up regulated by
local estrogen from autocrine mediated by ER. Previ-
ous studies (Abbas Abidi et al. 1997; Mitropoulou
et al. 2003) supported this hypothesis; they found that
aromatase inhibitor letrozole could suppress both
MMPs expressions in MCF-7 cells, and that estrogen
could stimulate their expression.

Evidence for the functional signiWcance of aroma-
tase was indicated by a correlation between aromatase
activity and expression of proliferating cell nuclear
antigen (PCNA) in the tumor (Brodie et al. 1997; Lu
et al. 1996). The in situ production of estrogens may
play an important role in the proliferation and growth
of breast cancer and consistent with it, we found that
there was a positive relationship between aromatase
and the tumor size (P < 0.05). In the subgroup analysis,
we found only in postmenopausal women a positive
relationship between aromatase and tumor size, which
was statistically signiWcant (P < 0.05). This may suggest
that in postmenopausal women, in situ estrogens
mainly come through the aromatase pathway in an
autocrine manner; as we know that in premenopausal
women ovarian estrogens predominate in the circula-
tion, but after menopause the relative proportion of

Fig. 2 Overall survival according to aromatase status in ER/PR-
positive (a) and negative (b) subgroups
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estrogen synthesized in the extragonadal sites increases
as ovarian function declines, and local synthesis of
estrogens may contribute to breast cancer growth in
postmenopausal women than in premenopausal
women (Ellis et al. 2004). Bolufer’s study (Bolufer
et al. 1992) was consistent with ours. They reported
that there was a strong direct association between aro-
matase activity and tumor size in postmenopausal
patients (P = 0.001).

As we know, aromatase is regarded as an important
enzyme in the intra-tumor estrogen biosynthesis and
can produce a local high level of estrogen suYcient to
stimulate the proliferation of cancer cells (Lu et al.
1996). Results from both animal experiments (Brodie
and Mouridsen 2003) and clinical trials (Buzdar 2003)
showed that aromatase inhibitors are powerful inhibi-
tors of estrogen synthesis and can signiWcantly suppress
the growth and recurrence of ER-positive breast can-
cers. So, the prognostic signiWcance of aromatase was
expected. However, only several studies on the prog-
nostic signiWcance of aromatase in breast cancer could
be found in medical literature. Silva et al’s study
showed that there was marginal inverse correlation
between aromatase activity measured by biochemical
assay and relapse-free survival (P < 0.1), and they fur-
ther found in univariate analysis (Silva et al. 1989), a
signiWcant correlation between aromatase activity and
survival of patients after relapse (P < 0.05). By RT-
PCR, Eppenberger (Eppenberger et al. 2001) found in
univariate survival analysis, women with their breast
cancers expressing higher aromatase mRNA signiW-
cantly correlated with increased risk of relapse and
death (P < 0.05). However, also by RT-PCR, Miyoshi
did not Wnd the prognostic signiWcance of the tumor
aromatase mRNA level in the breast cancer specimen
(P > 0.05) (Miyoshi et al. 2003). These diVerences may
be due to the method’s disadvantage, as Lu’s study
indicated that biochemical assay of aromatase activity
may underestimate the true aromatase activity in the
breast cancer microenvironment (Lu et al. 1996). The
disadvantage of both biochemical assay and RT-PCR is
that they just treat the tissue as a whole mass and pro-
vide no location information, while in the diVerent
types of cancers, there are diVerent ratios of carcinoma
cells to stoma cells and the result may be greatly inXu-
enced (Sasano et al. 2001; Shenton et al. 1998). Immu-
nohistochemistry may overcome these disadvantages
(Sasano et al. 2001). In our study, however, we did not
Wnd the signiWcant association between aromatase
immunoreactivity and DFS in univariate analysis
(P > 0.05).

Hilsenbeck believed that substantial violation of
the proportional hazards assumption may be a more

common phenomenon than is currently appreciated in
medical literature (Hilsenbeck et al. 1998). So, the
veriWcation of the proportional hazards assumption
could better be performed before using the Cox pro-
portional hazards regression analysis. The time-
dependent Cox regression is suitable for analyzing the
data if any violation of the proportional hazards
assumption was found (Hilsenbeck et al. 1998). Our
results indicated that hazard ratios of aromatase
changed across time and was a prognostic factor inde-
pendent of other clinical parameters (P < 0.05). As
previous reports suggested, using Cox proportional
regression, ignoring the violation of it, would lead us
to underestimate the prognostic factor’s important
eVects when the follow-up time was long, or overesti-
mate the strength of their prognostic relationship
when time was short (Hilsenbeck et al. 1998). So,
based on this study, we would underestimate the aro-
matase prognostic signiWcance if we use the Cox pro-
portional hazard regression in multivariate analysis.

Estrogen can enhance the abilities of proliferation
and invasiveness of the ER-positive breast cancer
cells (Brodie and Mouridsen 2003; Mitropoulou et al.
2003), so the clinical signiWcance of aromatase in
diVerent ER status patients may be diVerent. We
observed that in the ER/PR-positive subgroup, the
OS of patients with positive aromatase immunoreac-
tivity was worse than that of patients without aroma-
tase expression (P < 0.05); on the contrary in the ER
and PR negative patients, there was not any associa-
tion between aromatase expression and decreased OS
(P > 0.05). These indicate that the ER/PR-positive
breast cancers would be stimulated to progression
and metastasis by local estrogens produced by cancer
aromatase; however, this Wnding should be consid-
ered cautiously because of the limited number of
events, and further studies are needed to evaluate this
issue.

In summary, our data raise the possibility that in
breast cancers, aromatase may enhance the invasive
ability by up-regulating both MMP2 and MMP9
through the ER pathway and stimulate cancer growth
especially in postmenopausal patients. The relapse
hazards of aromatase-positive patients are changing
across time and the prognostic signiWcance will be lost
in patients with long time follow-up, while tumor aro-
matase status may be indicative of breast cancer prog-
nosis in some patients.
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