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Early nuclear alterations and immunohistochemical expression of Ki-67,
Erb-B2, vascular endothelial growth factor (VEGF), transforming growth
factor (TGF-BETA 1) and integrine-linked kinase (ILK) two days

after tamoxifen in breast carcinoma
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The purpose of the present study was to evaluate breast carcinoma samples before and two days after treatment with
tamoxifen in order to analyse early histopathological alterations — particulary nuclear alterations — as well as immunohis-
tochemical expression of Ki-67, Erb-B2, VEGF, TGf-betal and ILK proteins. Twenty one cases of invasive ductal and
lobular breast carcinoma were studied. Patients were submitted to biopsy of the lesion and, after confirmation of the
diagnosis, they received 20 mg of tamoxifen a day, beginning two days before surgery. The samples obtained during biopsy
and after surgery were stained with HE for histopathological diagnosis. Estrogen receptor was positive in 18 cases and
negative in 3. The immunohistochemical method was applied for the detection of Ki-67, Erb-B2, protein, vascular en-
dothelial growth factor (VEGF), transforming growth factor beta (TGF-betal) and integrin linked kinase (ILK).

Two days after tamoxifen treatment, the following results were observed: 1) decrease in the cell volume, chomatine
condensation, nucleoli less evident and clearly defined nuclear limits; 2) significant reduction in the expression of Erb-B2
protein and significant increase in the expression of TGF-betal protein; 3) expression of others proteins (Ki-67, VEGF and
ILK) was not altered during the indicated time frame.

Our results suggest that analyzing nuclear alterations and expression of Erb-B2 and TGF-betal proteins would be useful

to assess the initial response to tamoxifen.
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Breast cancer is a complex and heterogeneous disease. It
results from several genetic alterations, in which specific
genes or groups of genes take part in the induction and
maintenance of the disease, leading to a progressive disar-
rangement in the several stages of the homeostatic mechan-
ism that controls cell growth [29].

Tamoxifen is a drug largely used in hormonal treatment
for breast cancer and it is considered prophylactic for wo-
men with risk factor for tumor [3]. This drug is a partial
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agonist of the estrogenic activity. It interacts with steroid
receptors and competes with the hormone decreasing its
activity in the breasts [30].

One of many tamoxifen mechanisms of action is related
to the increase of the apoptosis index observed in cell cul-
tures of breast carcinoma, evidenced by condensation and
marginalization of the chromatin around the nuclear cover
24 hours after addition of the drug to the medium [6, 10].

In regard to protein expression, a decrease in Ki-67 ex-
pression occurs after the use of this drug, predominantly in
estrogen positive tumors [7]. This specific nuclear antigen is
expressed in cells throughout the active cell cycle, except for



482

MORENA, OSHIMA, GEBRIM, EGAMI et al.

GO phase and at the beginning of G1 serving as a marker of
cell proliferation [8]. In breast tumors, its expression is re-
lated to the histopathological degree, mitotic activity and
absence of estrogen receptors [8, 23].

The c-erbB2 protooncogene codifies a protein homolo-
gous to the epidermal growth factor (EGF) receptor. It is
located in the 1721 chromosome and codifies a transmem-
brane glycoprotein receptor denominated p185 neu/p28
erbB-2, which possesses tyrosine kinase activity and is in-
volved in growth and cell differentiation [31]. The super-
expression of this protein increases the metastatic potential
of the breast neoplasic cells, augments resistance to therapy
and decreases survival [9]. Tumors that do not express the
Erb-B2- oncoprotein exhibit a high response to tamoxifen;
nonetheless, a decrease in the Erb-B2 protein expression is
not always observed after treatment with the drug, mainly in
the metastatic disease [19].

The vascular endothelial growth factor (VEGF) repre-
sents one of the major angiogenic cytokines related to
breast cancer and survival of the neoplasic cells, since its
superexpression facilitates angiogenesis [13]. Evidence sug-
gests that tamoxifen has an antiangiogenic action in breast
tumors and that VEGF levels in breast cancer are relevant
to predict the response to tamoxifen treatment [20]. When
high levels of VEGF occur, there is a poor response to the
drug, whereas low levels indicate a good response and, con-
sequently, a better prognosis [12].

The transforming growth factor beta (TGF-beta) regu-
lates the growth of several types of cells inhibiting or stimu-
lating their growth [21, 26]. Regarding neoplasias, it is
known that TGF-beta plays a role in the inhibition of cell
proliferation at the beginning of tumoral growth. However,
during the course of the disease, tumoral cells frequently
become resistant to the inhibiting effects of TGF-beta and
begin producing great amounts of this cytokine favoring
angiogenesis, invasion and metastasization [26]. Tamoxifen
regulates TGF-beta protein expression in breast carcino-
ma by interacting with estrogen receptor and increasing
TGF-beta secretion, thus regulating the proliferation of
hormone-dependent carcinomas in an autocrine fashion
[15].

Another protein recently found in tumors which seems to
play an important role in the invasion and tumoral metas-
tases is integrin-linked kinase (ILK) [2, 28]. This protein is
involved in extra cellular matrix-cell interactions. It plays an
important role in cell survival and difficulty in these inter-
actions may result in apoptosis [32]. In addition, overexpres-
sion of ILK in breast tumor bestows resistance to apoptosis
and increases the capacity of tumoral invasion [28, 32]. To
the best of our knowledge there are no report in the litera-
ture on ILK expression after tamoxifen treatment.

Thus, the present study was carried out with the purpose
to examine the early response to tamoxifen before and two
days after the treatment, in samples of breast carcinoma,

investigating histopathological alterations, specially nucle-
ar alterations and the immunohistochemical protein expres-
sion of Ki-67, Erb-B2, VEGF, TGF-beta and ILK.

Patients and methods

Twenty-one ductal and lobular breast carcinoma samples
from the files of the Department of Pathology of the UNI-
FESP/EPM were studied. The patients were treated at the
Division of Mastology of the Department of Tocogynecol-
ogy and in the Radiotherapy Division of the Department of
Medicine at the UNIFESP/EPM, from 2000 to 2001. The
study was approved by the Ethical Committee of the Fed-
eral University of Sdo Paulo.

Patients were submitted to biopsy of the lesion and after
confirmation of the diagnosis they received tamoxifen 20
mg/day, two days prior to surgery. Patients with histological
diagnosis of lobular and ductal breast carcinoma at clinical
stage I and II, were included in this study. Pregnant women
who had taken hormone at least 12 months prior to the
study, patients who underwent previous treatment for
breast carcinoma or patients with a history of thromboem-
bolism or other circulatory disorders were excluded from
the study.

Biopsy samples and surgical pieces were fixed in formal-
dehyde at 10% and embedded in paraffin. Sections 3 um
thick and a slide of each block were stained with HE for
histopathological diagnosis, at the Department of Pathol-
ogy of the UNIFESP/EPM. For the immunohistochemical
study, the thin sections were adhered in silanized slides
(3-aminopropiltrietoxisilane (APTS).

The immunohostochemical method was used to detect
Ki-67, Erb-B2, VEGF, TGF-beta 1 and ILK proteins. The
antibodies used were anti-Ki-67 monoclonal IgG (DAKO),
anti Erb-B2 polyclonal IgG (A0485 DAKO), anti VEGF
polyclonal IgG (A-20 Santa Cruz Biotechnology, Santa
Cruz, CA), anti TGF-beta polyclonal IgG (Santa Cruz Bio-
technology, Santa Cruz CA) and anti ILK polyclonal IgG
(clone 65.1.9 Upstate Biotechnology). Positive controls for
reactions were used and specificity controls were performed
in the absence of a primary antibody.

The Ki-67 (Ki-67 LI) cell proliferation index was deter-
mined by the ratio between the total number of nuclei that
showed positive reaction in, at least, 1,000 analyzed nuclei.
Quantification was performed by means of an imaging di-
gital analysis, using the IMAGE-PRO Plus Program, ver-
sion 3.0. Images were generated in an Olympus microscope
connected to an Adaptor Camera CMA-D2-Sony con-
nected to the computer, by means of an image digitalized
plate Image Capture Board. Reactions with nuclear positiv-
ity bellow 10% indicated poor proliferation index; between
10 and 25% moderate index, and above 25% high prolifera-
tion index.
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For the Erb-B2 protein, the positivity pattern was that of
the membrane, which allowed a uniform delineation of the
cell edge. Cytoplasmic reactions were considered unspeci-
fic.

For VEGF, TGF-betal and ILK proteins, the positivity
factor was cytoplasmic, being evaluated according to the
criteria of intensity of expression in neoplasic cells.

The criteria used for evaluation of immunohistochemical
data for Erb-B2, VEGF, TGF-betal and ILK were:

-(-) negative: absence of positivity in all neoplasic cells
available in the sample or isolated positive cells.

-(+) presence of neoplasic cells with weak positivity

-(++) presence of neoplasic cells with moderate positivity

-(+++) presence of neoplasic cells with strong positivity

Analysis of pre and post-treatment values of Ki-67, Erb-
B2, VEGF, TGF beta 1 and ILK variables was performed
by the Wilcoxon’s non-parametric test “signed rank sum®.
The level of rejection of significance was set at 0.05, where
significant differences are signed by an asterisk, where as
lack of significance is signed by the indication (NS) for non
significant.

Results

The histopathological analysis of the samples harvested
two days after treatment with Tamoxifen revealed an evi-
dent decrease in cell volume, marked chromatin condensa-
tion, less evident nucleoli, more defined nuclear edge and,
apparently, a greater frequency of apoptosis in both histo-
pathological types (Fig. 1).

Immunolocalization of the Ki-67 protein, before treat-
ment with tamoxifen was detected in the cellular nucleus
of tumoral tissue and, two days after treatment there was
a change in the positivity pattern of the nucleus to the cyto-
plasm, although no alteration in protein expression was ob-
served (p=0.296) in either histopathological types.

In pre-treatment samples, the Erb-B2 protein was ob-
served in the membrane of tumoral tissue cells, and the
cytoplasmic positivity was considered non-specific. A signif-
icant decrease (p=0.003) of the immunoexpression of this
protein two days after tamoxifen therapy in both tumoral
types (Fig. 2A, B; Fig. 3) was observed.

Before treatment, the VEGF protein was observed in the
cytoplasm of tumoral cells and in the mammary stroma.
Two days after tamoxifen treatment no alteration of immu-
no- positivity (p=0.108) was observed in both histopatholo-
gical types.

Before treatment, the active TGF-betal protein was ob-
served in the cytoplasm of the tumoral cells of the mammary
stroma. A significant increase (p=0.001) in the immunopo-
sitivity was observed two days after tamoxifen therapy in
both types of carcinoma (Fig, 2C, D; Fig. 4).

Immunolocalization of the ILK protein was detected in

Figure 1. A — Photomicrography of ductal breast carcinoma before tamox-
ifen. Neoplastic cells with massive nuclei, evident nucleoli, thin granular
heterochromatin with homogeneous distribution (arrows) (HE 630x). B —
Predominance of neoplastic cells with heterochromatic nucleus and decrease
in volume after tamoxifen (arrows). Apoptotic cell (arrow heads) (HE 630x).

Figure 2. A — Photomicrography of breast ductal carcinoma. Neoplastic cells
strongly immunopositive for the Erb-B2 protein in the membrane, before
tamoxifen (arrow heads) (680x). B — Neoplastic cells moderately immuno-
positive for Erb-B2 in the membrane, after tamoxifen (arrows) (680x). Im-
munohistochemical for Erb-B2. Anti-Erb-B2 IgG polyclonal antibody
(A0485 DAKO). C - Predominance of moderate and diffuse inmunoposi-
tivity for TGF-betal protein in the cytoplasm of tumoral cells with homo-
genous distribution, before tamoxifen (arrows) (630x). D - Clear
predominance of cells strongly immunopositive for the TGF-betal protein,
with a granular pattern and heterogeneous distribution in the cytoplasm
post-tamoxifen (arrows heads) (630x). I istry for TGF-
betal. Anti-TGF-betal IgG polyclonal antibody (Santa Cruz Biotechnology,
Santa Cruz, CA).

hictoch

the cytoplasm of the tumoral cells and, in a few cases, in the
mammary stroma before tamoxifen treatment. No altera-
tion of immunoexpression of the ILK protein (p=0.228)
occurred two days after tamoxifen treatment in both types
of tumors.
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Figure 3. Box plot of the Erb-B2 protein expression in invasive ductal and
lobular breast carcinoma before and after tamoxifen.
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Figure 4. Box plot of the TGF-betal expression in invasive ductal and lobular
breast carcinoma before and after tamoxifen.

Discussion

Due to the high incidence of breast cancer, there is a great
interest to better understand the physiopathology of the
disease, its clinical evolution and, mainly, its response to
treatment, aiming at optimal results [22]. Among the avail-
able therapeutic strategies, tamoxifen is a synthetic anti-
estrogen, which has been largely used in breast cancer treat-
ment, either in the initial or in the advanced stages of the
disease, resulting in an early favorable response in tumors
such as ductal and lobular mammary carcinoma [6, 11].

To evaluate the carcinoma response to this drug, some
strategies have been used: determination of the tumor pro-
liferation index, by assessing Ki-67 protein [23]; evaluation
of the Erb-B2 oncoprotein, expressed in almost 30% of the
mammary carcinomas 26; transforming growth factor beta

(TGF-beta) [21, 24] and vascular endothelial growth factor
[13, 34].

In the present study an initial response of the breast car-
cinoma to tamoxifen was evaluated by means of the nuclear
histopathological alterations and expression of Ki-67, Erb-
B2, TGF-betal, VEGF and ILK proteins.

Histopathological results of the surgical specimens, two
days after tamoxifen treatment, revealed an evident de-
crease of nuclear volume, marked chromatin condensation,
less evident nucleoli and more defined nuclear edge eviden-
cing an early response of the tumoral cells. Such results are
well-established for tumor estrogen receptors positive [27].
They are in accordance with data observed with lineages of
human (HeLa) and murine (BB-88) cervical carcinoma
cells, and in cell lineages of human breast cancer, which
include cellular shrinkage multinucleation and apoptosis
after using the drug [4, 18].

Regarding the immunohistochemical study, there was
a great amount of immunopositive nuclei for Ki-67 protein
in the cells of the tumoral tissue before the treatment of
cases of either ductal mammary carcinoma or invasive lob-
ular cancer. After tamoxifen treatment, immunopositivity
apparently decreased in the nucleus but this reduction did
not reach statistical significance (p=0.269). Positivity was
also observed in the cytoplasm of neoplasic cells after using
the drug. This finding may likely be a sign of an initial re-
sponse and a sign of cell proliferation halt, although two
days were not sufficient for this process to occur, as indi-
cated by the lack of decrease in the marker expression.
Some authors report a decrease of the Ki-67 expression only
inlonger periods of treatment such as 7, 10, 14,21 days and 3
months [6, 7, 8].

Immunolocalization of the Erb-B2 protein before tamox-
ifen treatment was observed in the membrane of cells of the
tumoral tissue and a significant decrease of the immunoex-
pression in both histopathological types occurred after
treatment, (p=0.003), indicating an early response of this
marker in the samples studied. Tumors expressing Erb-B2
protein are tamoxifen-resistant and many times do not re-
veal alteration of immunoexpression after treatment, indi-
cating a poor prognosis and contributing for the metastatic
potential of the tumor [17]. However, some studies report
a decrease in the Erb-B2 protein immunoexpression be-
tween 7 and 10 days after tamoxifen treatment in samples
harvested by fine-needle aspiration (FNA) [11, 16].

Regarding TGF-betal immunoexpression, we observed
a significant increase (p=0.001) after tamoxifen treatment.
It is known that the use of this drug induces an increase in
the latent and active TGF-beta immunoexpression in cell
lineages of hormone-dependent mammary cancer, MCF-7,
resulting in growth inhibition and induction of apoptosis
[25, 33]. This action may be an attempt to control cell pro-
liferation [24]. In the present study, increase in the TGF-
betal protein expression was detected in vivo, two days
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after the use of tamoxifen, suggesting that this initial re-
sponse may later modulate cell proliferation.

Regarding VEGF, no significant alteration of its immu-
noexpression was observed two days after tamoxifen treat-
ment (p=0.108), although its immunopositivity was
seemingly more intensive. There is a report in the literature
on an early increase (24 hours) of the VEGF protein in the
serum of patients treated with the drug, although the
authors do not comment on the meaning of this finding
[1]. Some authors report VEGF increase in situ after tamox-
ifen treatment, that lasts for 3 years, and suggest that the
drug is ineffective [5, 12].

In the present study perhaps the apparent and non-sig-
nificant initial increase is a reaction to the increase of TGF-
betal expression [3, 27].

Regarding integrin-linked kinase (ILK), its immunoloca-
lization was detected in the cytoplasm of invasive lobular
and ductal carcinoma cells before and two days after the use
of tamoxifen. After treatment, the immuno-expression of
this protein apparently was more intensive, although not
significant (p=0.225). In some cell lineages, such as melano-
ma, there is an increase in ILK immunoreactivity, induced
by the TGF-betal [14]. In the present study performed in
vivo, two days after treatment were not enough to detect
a statistical alteration of the ILK expression in the breast
tumor samples. Possibly this apparent increase could be
a reaction to the increase in the TGF-betal expression or
yet, the beginning of a response, which would be later de-
fined.

The results obtained in this study reveal premature nu-
clear alterations in the carcinoma cells of invasive lobular
and ductal breast carcinoma, two days after tamoxifen treat-
ment with a significant increase in the TGF-beta immunoex-
pression and significant decrease in the Erb-B2 protein
expression. Our results suggest that these parameters could
be used to evaluate the early and initial response to tamox-
ifen, therefore corroborating with the therapeutic optimiza-
tion of the breast cancer treatment.
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