
Abstract. The aim of this study was to characterize the
hematogeneous spread, in vivo, of breast cancer (BC) cell
lines that express hormonal receptors (HR) comparing with
triple-negative (TN) BC, particularly considering the lung
and liver. Female Balb/c nu nu mice (n=30) were injected
with two breast cancer cell lines (MCF7 and HCC1806).
Nuclear medicine imaging with Technetium (99mTc)-
hydroxymethylene diphosphonate (99mTc-HMDP) and 99mTc-
Hexakis 2-methoxy-2-methylpropylisonitrile (MIBI) were
performed between the 7th and 8th weeks after injection. The
histological metastatic foci were analyzed by morphometric
and immunohistochemistry studies regarding estrogen
receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (ERBB2) and cytokeratin (CK)-5/6.
The mean area of lung metastasis in MCF7 cases was
significantly higher (p=0.023), although the number of liver
foci was higher in the HCC1806 group (p=0.006). Logistic
regression revealed a potentiating model for liver metastasis
with HCC1806 cells (odds ratio=16; p=0.03). The number
and area of lung-metastatic foci were not predictive of liver
dissemination. Lung metastasis study showed ER positivity in
57.1% of the MCF7 group, compared to 80% of the
HCC1806 group. PR was positive in 42.9% of MCF7 cases
and negative in 60% of HCC1806 cases. HR-positive cells
developed massive lung metastization. TN cells seem to
potentiate liver metastasis. ER, PR, ERBB2 and basal-like CK
expression in metastases was not uniformly correlated with
that of primary tumor cells. 

Breast cancer represents a heterogeneous group of tumors.
In clinical practice, tumors are stratified into three main
groups: hormonal receptor (HR)-positive, namely for
estrogen (ER) and progesterone (PR) receptors, which
respond to therapeutics targeting ER and to chemotherapy;
ERBB2-positive tumors, candidate for treatment with the Ho
monoclonal antibody trastuzumab; and triple-negative tumors
(TN), HR- and ERBB2-negative, for which the only
available systemic therapy is conventional chemotherapy.

Therapeutic strategies in metastatic breast cancer depend
on tumor biology. About 30-40% of cases of metastatic
breast cancers respond to hormone therapy, but there are
other fractions that are stable under adjuvant chemotherapy
(1, 2). Hormone therapy has less toxicity and a lasting
suppressive effect, but despite this, classic chemotherapy has
a better response rate (50-60%) (3). The systematic
evaluation of the expression of HRs (ER and PR) has great
advantage in selecting patients that benefit from adjuvant
hormone therapy and those who benefit from other strategies. 

In metastatic disease, response depends on the
maintenance of these receptors in relation to the primitive
tumor. Previous studies have demonstrated that 10% to 20%
of primary tumors that express ER are negative for this
receptor in their metastases (4). The response rate in these
cases was 12% compared to 74% when the expression of ER
was positive in both metastases and primary tumor. The
intensity of ER positivity also correlates with hormonal
response and is potentiated by the presence of PR (1, 5).
Patients with breast cancer without ER benefit from
cytostatic therapy, with a risk reduction of 35% compared to
only 20% in those with ER-positive tumors (6).

Tumors that overexpress ERBB2 have an aggressive
biological behavior and are associated with a higher rate of
recurrent disease and lower survival than ERBB2-negative
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tumors (7). The expression of ERBB2 in the primary tumor
and in axillary metastases is not concordant; previous studies
describe a concordance rate of 77% in tumors overexpressing
ERBB2 and of 95% in ERBB2-negative tumors (8).
Expression in metastases may be concordant (98%) but the
number of cases is less representative and refers to different
locations (9). 

TN breast cancer represents 10% to 17% of all breast
cancer (10,11). These tumors present aggressive clinical
behavior and confer worse prognosis despite response to
conventional chemotherapy (12-15). The interest in TN arose
due to the lack of targeted therapies and a similarity with
basal-like tumors of the molecular classification of breast
cancer (16-18). Another issue is the short interval to first
metastasis compares with other sub-types of breast cancer
(11). The preferential metastatic spread of these tumors is
hematogeneous and distant metastases develop more
frequently in the brain and lungs (19). 

The present study aimed to evaluate the in vivo
hematogeneous dissemination of TN (HCC1806) compared
with HR-positive (MCF7) breast cancer cells. The main
objective was the evaluation of metastasis after injection of
these cells in the mouse tail vein, using nuclear imaging
methods, histological analyses and immunohistochemistry.
We aimed to evaluate the phenotype of secondary lesions
compared with the initially injected cells regarding ER, PR,
ERBB2 and basal cytokeratins (CK5/6). 

Materials and Methods

Cell culture. The human breast cancer cell lines MCF-7, which
expresses ER and PR, and HCC1806, which does not express ER,
PR or ERBB2, were obtained from the American Type Culture
Collection (ATCC, Middlesex, UK). The cell lines were maintained
and expanded in accordance with ATCC recommendations with
Dulbecco's modified Eagle's medium (DMEM), for MCF-7 cells and
RPMI-1840, for HCC1806 (Sigma, Missouri, USA) supplemented
with 10% fetal bovine serum (FBS) (Gibco, Paisley, UK) at 37˚C in
95% air and 5% CO2 atmosphere, in a humidified incubator. 

Immediately prior to in vivo studies, cells were detached using a
solution of 0.25% trypsin-EDTA (Gibco, Paisley, UK) and cell
suspensions with 1.5×106 cells were prepared. The cells were
labeled with 99mTc-Hexamethylpropyleneamine Oxime (HMPAO)
according to Bassa et al. (20).

Animal studies. Four to 6-week-old female athymic nude mice
(Balb/c nu/nu), with 18-22 g weight, were purchased from Charles
River Laboratories (Wilmington, Massachusetts, USA) and housed
under conditions in accordance with the Institution of Animal Care
of the University of Coimbra and European Community. The study
was approved by the Ethics Committee (reference: IBB/58/08,
approved in 10 July 2008).

Three experimental groups were considered: group 1 consisted
of 17 animals injected in the tail vein with MCF7 cells; group 2
consisted of 13 animals injected into the tail vein with HCC1806
cells; and group 3 consisted of 10 animals as a control group. 

For cell administration and for the acquisition of images, the
mice were anesthetized with a solution of ketamine (77%) and
chlorpromazine (23%), administered subcutaneously.

Administration of the labeled cells was performed with the
animals placed in prone position over the detector of a gamma
camera (GE 400AC; Milwaukee, Wisconsin, USA) coupled with a
low-energy and high-resolution parallel hole collimator. During this
procedure, a dynamic sequence of 60 images of 10 sec each for a
matrix of 128×128 pixels resolution was acquired allowing
recording the trajectory of the cells to the locations of embolization.
Image processing was performed in a Xeleris workstation (GE,
Buckinghamshire, United Kingdom). 

Nuclear imaging studies. Seven to eight weeks after cell injection, and
in order to evaluate and characterize the existence of metastases images
with 99mTc- Hexakis 2-methoxy-2-methylpropylisonitrile (MIBI)
(MIBI-Cardiolite®; Bristol-Myers and Squibb, New York City, Nem
York, USA) and 99mTc- hydroxymethylene diphosphonate (99mTc-
HMDP) (Medronate II Agent; GE Healthcare, Buckinghamshire,
United Kingdom) were performed. 99mTc-MIBI is uptaken by
mitochondria and used to perform cardiac and tumor acquisitions.
99mTc-HMDP is a tracer whose accumulation is achieved by binding
phosphonate groups with the calcium of hydroxyapatite crystals, hence
it is used to perform bone scintigraphy (21).

Labeling of 99mTc-MIBI was performed according to the
manufacturer's instructions by adding approximately 1850 MBq of
99mTcO− in 4 ml of 0.9% NaCl to the pharmaceutical formulation.
Immediately after dissolving, the solution was heated at 100˚C for
10 minutes. To obtain 99mTc-HMDP about 11.840 MBq of 99mTcO−

in 8 ml of 0.9% NaCl were added to the pharmaceutical formulation
and incubated during 20 min according to the manufacturer's
instructions. Radiochemical purity for both radiopharmaceuticals
was accessed through ascendant thin-layer microchromatography. 

99mTc-HMDP was injected into the dorsal vein of the tail and
dynamic images were acquired immediately as described before.
Static image of 256×256 pixels, zoom 2, with individual duration of
2 minutes were obtained 30, 60, 90 and 120 min after administration
of the radiopharmaceutical. Processing of images was performed on a
Xeleris workstation and consisted in drawing regions of interest
(ROIs) on tumor projections to obtain activity–time curves. 

Seven days after this acquisition, we proceeded to injection
17.6±13.3 MBq of 99mTc- MIBI in the dorsal vein of the tail and
used the same acquisition protocol.

Ex vivo studies. Eight weeks after tumor cell injection, animals were
killed by cervical dislocation. Necropsy was performed with
harvesting of the lung, liver, brain, kidneys, spleen, uterus and
ovaries, as well as all locations macroscopically suspected of
metastasis. After tissue collection, each organ was measured and
weighed. Concerning the lungs, the different lobes were separated,
considering for the right lung a sample of cranial, middle, accessory
and caudal lobes and for the left lung a sample of lower and average
lobes. The liver was also divided into the left lateral, middle left,
middle right and right lateral lobes. The brain was divided into
anterior and posterior parts. The samples were immediately
preserved in buffered formalin.

Histology and morphometry. Each sample was fixed, embedded in
paraffin, cut into sectors and placed on slides randomly, and stained
with hematoxylin and eosin (H&E). Each section of pulmonary and
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hepatic samples was evaluated for the presence of metastases. All
slides with images suggestive of secondary lesions were
photographed. Subsequently the images were analyzed by drawing
ROIs to obtain the total area of pixels.

Immunohistochemistry. Nine cases were selected from the MCF7
group and eight cases from the HCC1806 group, according to the
presentation of metastases. The presence of ER (Dako® N1575,
Glostrup, Denmark), PR (Neomarkers® MS-RP-192-TO, Fremont,
California, USA), ERBB2/HER-2/neu (Thermo® RB-9040-R7,
Waltham, Massachusetts, USA) and CK5/6 (Dako® IR780,
Glostrup, Denmark) was evaluated.

For ER, PR and CK5/6 a semiquantitative score based on the
intensity and the proportion of labeled tumor cells was assigned 0,
+, ++, +++. The cut-off value for positivity was 10% (+), about 50%
of cells moderate (++), intense and diffuse (+++).

For ERBB2, Food and Drug Administration criteria were used
considering unmarked (0); weak marking in fewer than 30% of cells
(+); complete marking of the membrane in fewer than 10% of cells
(++); and intense and uniform labeling membrane by at least 30% of
the cells (+++). Marking of (+++) was considered for
overexpression of ERBB2 (22).

Statistical analysis. To study the statistical significance of
histology and morphometric data, we compared the mean values
obtained for each parameter by ANOVA with multiple
comparisons by post-hoc Tukey test whenever needed. We used
logistic regression analysis to iterate, by blocks, and logistic
regression analysis by the enter method to identify possible
predictors of liver metastasis choosing the best fit method via the
Hosmer-Lemeshow test. The results were confirmed using
principal components categorical analysis.

In the data analysis concerning marking by immunohisto-
chemistry, McNemar test was used.

All results were evaluated at a significance level of 0.05, and
obtained with SPSS, version 17.0, Armonk, New York, USA).

Results

Image analysis. After injection of cells labeled with 99mTc-
HMPAO, the dynamic images revealed an embolization
profile predominantly in pulmonary localization, as shown
in Figure 1.

The metastatic foci were evaluated with nuclear imaging
using the 99mTc-MIBI and 99mTc-HMDP radiotracers, 7 to
8 weeks after tumor cell injection. The images of target
organs such as liver, lungs and brain were not significantly
different considering the animals injected with tumor cells
and the control group. Despite this, the use of these
radiotracers detected possible metastatic foci. One of the
cases (a mouse from the MCF7 group) showed an
increased uptake of 99mTc-HMDP that represented a bone
metastasis (Figure 2A). A second case corresponded to a
pelvic metastasis detected by hyperfixation with 99mTc-
MIBI, also in an animal from the MCF7 group (Figure
2B). These findings were confirmed by histological ex vivo
studies.

Ex vivo studies. The mass, nose-tail length and nose-anus
length were homogeneous for the animals of each group.

In the MCF7 group, two cases were found to have
macrometastases apart from those in the lung and liver. In one
of the cases, there was a neoformation in the left femur, with
round, imprecise limits and white coloration, of size
15×16×14 mm, infiltrating the adjacent tissue. The other case
was a pelvic mass, adherent to the retroperitoneum and
deviating the uterus to the left, 10 mm in largest diameter. The
mass presented an oval shape, irregular surface and yellow
color. Sectioning revealed macroscopic central necrosis. 

Lung metastasis. All animals injected with cell lines had foci
of lung metastasis (n=30). The mass of the right lung was
not significantly different considering the cell line injected,
but there was a significant trend (p=0.058) for an increase
in the mass of left lung, which was superior in the MCF7
group (0.10±0.01 g) compared to the control group
(0.05±0.01 g). 

The number of pulmonary foci was similar in mice
injected with MCF7 and HCC1806 cells, but the mean area
of each focus in each pulmonary lobe was significantly
higher in the MCF7 group (p=0.023). The medial region of
left lung had the highest area considering this cell line
(p=0.04) (Table I). The histology is represented in Figure 3,
showing a greater extent of pulmonary lesions in the MCF7
group compared with the HCC1806 group (Figure 3).

Liver metastasis. In general, liver metastases were detected
in 14 cases (47%). Considering the group injected with
MCF7 cells, liver metastases were found in 29% (n=5). On
the other hand, the animals injected with HCC1806 cells
developed this secondary lesion in 69% (n=9). The number
of metastatic foci was significantly higher (p=0.006)
comparing HCC1806 with MCF7 cells. There was no
significant difference between the groups considering the
different liver lobes (Table II). Histological images (Figure
4) illustrate a greater number of liver foci in the HCC1806
group than in the MCF7 group. The mean area of liver
metastasis in each lobe was not significantly different by
group (p>0.05.).

The logistic regression showed that HCC1806 cells
potentiated the development of liver metastasis (odds
ratio=16; p=0.030); this predictive model had a sensitivity
of 88.9%, specificity of 66.7% and an accuracy of 77.8%.
The number, area and sum of areas of lung metastases were
not predictive of liver metastasis. A second model of
prediction was found, with an inferior accuracy (70%). It
was found that the presence of MCF7 cells was associated
with a decreased risk and did not potentiate liver metastasis.
The estimated decreased risk of developing liver metastasis
with MCF7 cells was approximately 5.4-fold higher
(p>0.05). This model had a sensitivity of 75% and specificity
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of 64.3%. Considering Figure 5, liver metastasis was
independent of the number of lung foci. On the other hand,
liver metastasis was related to the presence of HCC1806
cells and absence of MCF7 cells, despite the first association
being stronger. There was an association between liver
metastasis and a smaller mean area of lung foci and the sum
of areas in each lung lobe, but these variables were not
identified as being predictive of liver metastasis in the
logistic regression. 

Immunohistochemistry. Immunohistochemistry was
performed on lung samples for ER, PR, ERBB2 and CK5/6
(Table III). The alteration of ER, PR in HCC1806 group was
identical to that of the MCF7 group (p>0.05). The change in
ERBB2 expression in HCC1806 cells was not significantly
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Figure 1. Pulmonary embolization of breast cancer tumor cells labelled
with 99mTc- Hexamethylpropyleneamine Oxime (HMPAO).

Figure 2. A: Static image obtained after 99mTc-hydroxymethylene diphosphonate (99mTc-HMDP) administration; arrows: hyperfixation representing
bone metastasis. B: Static image obtained after 99mTc-Hexakis 2-methoxy-2-methylpropylisonitrile (99mTc-MIBI) administration; arrow: hyperfixation
representing pelvic metastasis.

Figure 3. Histology (hematoxylin and eosin staining) of lung metastases. A, B and C: MCF7; D, E and F: HCC1806 (Magnification: A and C,
400×; B, D, E, F, 100×).



different comparing with MCF7 cells, although a case with
ERBB2 overexpression was found in the HCC1806 group.
CK5/6 expression was positive in only one case of the
HCC1806 group. 

In the group injected with MCF7 cells, the phenotype was
similar to that of the original cells in three cases (42.8%). In
the HCC1806 group, the TN group, the maintenance of cell
phenotype was not described in any case. 

Discussion

Metastasis is still one of the main issues in breast cancer.
Despite surgery, systemic therapy and radiotherapy,
metastasis occurs in a large proportion of patients and about
one-third already have metastases at diagnosis (23).

The development of a secondary lesion depends on several
factors, including the characteristics of original tumor, cell
survival in the circulation and growth in a distant organ (24).
Metastasis is an inefficient process, as only a small
proportion of cells complete all steps (25). 

In the present study, we used an animal model to study the
metastasis and growth of human breast cancer cells, a simple
procedure that allows for genetic and pharmacological
manipulation of tumor cells. Despite the introduction of
tumor cells into the circulation not being considered a true
process of metastasis (26), this methodology does allow the
evaluation of circulatory dissemination according to tumor
cell phenotype. The procedure starts from the presence of
disseminated cells and the subsequent steps that lead to a
secondary lesion. This type of dissemination is preferential

for visceral metastasis. Spontaneous metastasis from primary
tumor may occur in orthotopic animal models, however, it
does not happen frequently and takes a long time after cell
inoculation. Nevertheless, there exist factors that should be

Carvalho et al: Hematogenic Dissemination of Breast Cancer Cells 

439

Figure 4. Histology (hematoxylin and eosin staining) of liver metastases. A and B: MCF7; C and D: HCC1806 (magnification: 100×).

Figure 5. Graphic representation of the logistic regression model for the
factors predictive of liver metastasis. 



considered. Using the injection of tumor cells into the tail
vein, it is not possible to perform a total correlation with the
dissemination process, particularly considering the immune
response and influence of stroma compounds. We aimed to

evaluate the differential metastasis of two breast cancer cell
lines with distinct phenotypes. The inherent aspects of the
metastatic model are present in both groups, which allows
the investigation to be completed in a short period of time,
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Table I. Mean area (pixels) of metastatic foci of each pulmonary lobe.

Cell line N Mean area (pixels) Standard deviation Minimum Maximum

Foci/lobe MCF7 17 58192.1 49387.2 10839.5 19916.3
(p=0.023) HCC1806 13 24263.5 12369.9 8816.4 56895.8

Total 30 43489.7 41248.5 8816.4 199163.3
Foci/lobe MCF7 16 53983.6 64046.9 8854 254841
Right cranial HCC1806 12 26646.2 22526.2 6163 74619
(p=0.171) Total 28 42267.5 51724.5 6163 254841
Foci/lobe MCF7 16 37088.2 25456.9 8449 109706
Right medial HCC1806 11 33553.6 24624.7 8898 90849
(p=0.723) Total 27 35648.2 24702.9 8449 109706
Foci/lobe MCF7 13 69315.3 78741.2 5726 260222
Right caudal HCC1806 11 21373.9 12188.4 6912 45599
(p=0.059) Total 24 47342.2 62408.9 5726 260222
Foci/lobe MCF7 13 97271.2 152167.4 7564 569825
Right accessory HCC1806 12 22935.8 15516.4 6955 59555
(p=0.106) Total 25 61590.2 114562.2 6955 569825
Foci/lobe MCF7 15 50386.8 41533.7 11015 136705
Left medium HCC1806 11 22213.8 11655.1 7462 40996
(p=0.040) Total 26 38467.5 34954.9 7462 136705
Foci/lobe MCF7 14 35904.3 32183.8 12518 119062
Left inferior HCC1806 10 24916.6 23251.5 5051 84738
(p=0.368) Total 24 31326.1 28768.4 5051 119062

Figure 6. Immunohistochemistry of lung metastasis. A: Estrogen receptor positivity in the MCF7 group; B: progesterone receptors positivity in
theVHCC1806 group; C: human epidermal growth factor receptor 2 (ERBB2) positivity in the MCF7 group; D: cytokeratin 5/6 staining in the
HCC1806 group (magnification: 100×).



simultaneously showing reproducibility, which is confirmed
by the metastasis that was observed in the lungs, developed
by all animals from both groups, in accordance to previous
reports (27-30). This model was developed to provide
experimental data that allow evaluation of this type of
metastasis. In fact, there are aspects that limit direct clinical
implication, mainly the response of host immune system. 

The necropsy revealed lung metastasis in all animals and
liver metastasis in 47%. There was a case of bone metastasis
and another with a pelvic mass in the HR-positive group. The
distribution of circulating tumor cells does not seem be a
random phenomenon (31). Tumor cells have dimensions that
are superior to those of capillary vessels, with preferential
interactions with microvasculature (32). In lungs and liver, the
distribution of blood flow and cellular embolization are
relatively uniform (33). This distribution of tumor cells in
these organs is dependent on its vascularization. The clinical
trials showed a prevalence of metastasis in lung of 70%, in
bone of 70%, in the lymph nodes of 67%, in the liver of 62%,
in the brain of 25% and in the ovary of 20% (28). The
expression of HRs also influences the type of distant
metastasis, bone metastasis being more frequent than visceral
metastasis in HR-positive breast cancer (34). Our results
emphasize significant metastasis to lungs in the HR-positive
group. Hence there are factors that influence the metastatic
growth and neovascularization to lungs that are targeted by
HRs. In fact, the number of foci was similar between the HR-
positive and TN groups, showing that the phenomena of
extravasion and survival in an extravascular environment are
due to the same molecular mechanisms. But the regulatory
pathways for metastatic growth and neovascularization are
particularly over-regulated in cells that express HRs. The
expression and the function of adhesion molecules members

of the integrin family, cadherins and matrix metalloproteinases
may have an important role (35, 36). The C-X-C cytokine
receptor type 4 (CXCR4) seems to have a specific function in
lung metastasis from breast cancer and its specific ligand
CXCL12 allows for activation of signalization pathways (37,
38). ER and PR also influence the expression of growth
factors particularly Transforming growth factor alpha (TGF-
α), Insulin-like growth factor-1 (IGF1) and -2 (39, 40). Tumor
cells exposed to hypoxia activate genes associated with
transcription of Hypoxia-inducible factor 1 (HIF1) and -2 (41).
It is recognized that 40% of breast tumors present hypoxia
areas, with pO2 <2.5 mmHg (42, 43). The mechanisms that
decrease oxygen pressure in secondary tumor of the lungs may
be particularly over-activated in ER-positive cells. 
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Table II. Number of metastatic liver foci.

Location Injected cell line n Mean Standard deviation Minimum Maximum

Total MCF7 17 1.2 2.04 0 6
(p=0.011) HCC1806 13 5.8 6.55 0 22

Total 30 3.2 5.04 0 22
Left lateral lobe MCF7 4 1.8 0.96 1 3
(p=0.149) HCC1806 3 3.3 1.53 2 5

Total 7 2.4 1.39 1 5
Left medial lobe MCF7 4 1.3 0.50 1 2
(p=0.214) HCC1806 7 4.0 4.00 1 11

Total 11 3.0 3.41 1 11
Right medial lobe MCF7 3 2.3 1.53 1 4
(p=0.257) HCC1806 6 4.7 3.01 1 10

Total 9 3.9 2.76 1 10
Right lateral lobe MCF7 1 1.0 – 1 1
(p=0.604) HCC1806 6 1.5 0.84 1 3

Total 7 1.4 0.78 1 3

Table III. Immunohistochemistry of lung metastization considering
estrogens receptors (ER), progesterone receptors (PR), human
epidermal growth factor receptor 2 (ERBB2) and cytokeratin 5/6.

MCF7 HCC1806 p-Value
n (%) n (%)

ER
Positive 4 (57.1%) 4 (80%) 0.546
Negative 3 (42.9%) 1 (20%)

PR
Positive 3 (42.9%) 2 (40%) 0.546
Negative 4 (57.1%) 3 (60%)

ERBB2
Positive 1 (20%) 0.125
Negative 7 (100%) 4 (80%)

CK5/6
Positive 1 (20%) 0.125
Negative 7 (100%) 4 (80%)



Regarding liver metastasis, the results showed that
circulatory dissemination was more relevant in TN cells that
are resistant in systemic circulation and metastasis occurs in
a uniform way in the hepatic parenchyma. Hematogeneous
dissemination has been described as preferential in basal-like
cells that have a phenotype partially similar to TN cells (44,
45). Some pulmonary and hepatic studies demonstrated
cellular viability several hours after placement of cells in
circulation (27). This type of cell tolerates being in
intravascular spaces in the lung and despite hemodynamic
stress, is returned to the systemic circulation, leading to
extra-pulmonary metastasis.

It is not established if the tumor phenotype in metastasis is
a characteristic of natural history or a direct consequence of
therapy. Considering ER, in lung metastatic foci, there was
maintenance of the expression of the phenotype of the
injected cells in 57.1%. In clinical trials, the expression of
ER in locoregional recurrence and at distant metastasis can
reach 97% (46). ER negativity in metastasis seems to be
consistent (46, 47). But these conclusions refer to
retrospective studies with divergent criteria and techniques
of characterization of receptors. The results of our
experimental study reflect a systemic evaluation of ER in
metastasis as being predictive of hormonotherapy response.
The loss of expression of PR reached 57%, which correlates
with inferior response to hormonotherapy and promotion of
metastasis. The metastatic process is a late event in the
natural history of this type of tumor, usually with good
prognosis. This points to possible systemic therapy in
metastatic breast cancer under hormonotherapy. Bone
metastasis is another issue considering HR-positive breast
cancer that was not described in our experimental data, that
focused on secondary tumors of lung and liver.

Regarding ERBB2, we only found one case of
overexpression in metastasis in the HCC1806 group, pointing
to acquisition in the metastatic process, a phenomenon that
elects patients to targeted-therapies. The overexpression of
ERBB2 is not the same as the primary tumor (48-51). The
alteration of its expression may be the result of the selection
of an ERBB2-expressing clone or heterogeneous expression
inside the tumor with higher potential for metastasis. 

TN tumors are similar to basal-like ones, which are
thought to derive from myoepithelial cells. CK5/6 expression
is a method to identify basal-like tumors (12, 52). Our results
emphasize a dichotomy in TN tumors. On the one hand, the
basal-like phenotype in metastasis was present in only one
part of the TN cells. On the other hand, applying this CK to
evaluate the phenotype can be limiting. Some studies note a
specificity of 80% of CK5/6 to the basal-like phenotype (53,
54). We found that the discordance of basal-like phenotype
from the primary tumor can reach 30%. The expression of
this and other markers with therapeutic implication are of
great importance in studying tumor progression.  

Conclusion

All animals developed lung metastases after injection of
tumor cells into the tail vein. The area of metastases in
animals injected with cells expressing HRs were significantly
higher than those with TN tumors, emphasizing a possible
influence of HRs in the expression of growth factors and
neovascularization in the lung microenvironment. Liver
metastases were superior in animals injected with TN cells,
reflecting a higher resistance of this type of cell in the
circulation. The predictive model applied showed an inferior
risk of liver metastases with HR-positive cells and superior
risk with TN cells. Lung metastases are not predictive of
liver metastases. 

The phenotype of secondary lesions was not significantly
different in the two groups analyzed. The global maintenance
of HRs reached 42.8% and in TN group, the markers
changed in all cases. These experimental results highlight the
complex behavior of metastatic breast cancer which
clinically translates into the need for adequate targeted-
therapies. 
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