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Abstract. Based on our studies demonstrating first time
evidence that the cyclooxygenase-2 (Cox-2) enzyme is abundant
within invasive human breast tumors, we developed a clonally
derived human breast tumor cell clone designated as MCF7/Cox-2 Clone 10 by transfection of human Cox-2 cDNA into
slow growing, Cox-2 null, non-metastatic MCF-7 human breast
tumor cells. The present studies evaluated the biological
characteristics of the MCF-7/Cox-2 Clone 10 human breast
tumors compared to the characteristics of MCF-7/empty vector
control tumors when grown in vivo following injection of 5x106
tumor cells into mammary fat pads of ovariectomized female
Crl:Nu-Foxn1nu mice implanted with slow release 17-‚ estradiol
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pellets. At 60 days after tumor cell injection, MCF-7/Cox-2
Clone 10 human breast tumors were 4-fold greater (p<0.01) in
volume than MCF-7/empty vector control tumors. MCF-7/Cox-2
Clone 10 human breast tumor xenografts were highly angiogenic
based on histological observation of large-bore blood vessels,
which was confirmed by immunohistochemical staining with
anti-CD-31 antibody and quantitation of mean vessel density.
MCF-7/Cox-2 Clone 10 human breast tumor cells were present
within regional lymph nodes adjacent to mammary fat pads
with their local invasion confirmed by Western blotting of
Cox-2-protein. This unique Cox-2-dependent breast tumor
model rapidly produces large, angiogenic, locally invasive
human breast tumor xenografts in mammary fat pads of
ovariectomized female Crl:Nu-Foxn1nu mice at 42-60 days
which recapitulate human breast ductal carcinomas. This
unique model may be invaluable as a means to evaluate
preclinical safety and efficacy of novel adjuvant therapies for
women with metastastic breast cancer including prostanoid
receptor antagonists, newly developed anti-angiogenic therapies,
as well as other novel approaches for targeting and destruction
of human breast tumors and their vasculature.
We were the first laboratory to report that the cyclooxygenase2 (Cox-2) enzyme is present in human breast tumors with
evidence of invasion (1), which has since been confirmed by a
number of other laboratories (2-4). One study, which
evaluated 1576 invasive human breast cancers, reported that
high levels of Cox-2 protein were associated with histology
consistent with ductal carcinomas, with large tumor size and a
high proliferative rate, the presence of the Her2/Neu
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oncogene, high p53 expression, a high rate of axillary node
metastasis, and an overall poor prognosis (5).
A number of studies from our laboratory (6-8) as well as
those of others (9-17) have used chemically-induced mammary
carcinogenesis models and models that have endogenously
high levels of Cox-2 (18-19) to demonstrate a role for Cox-2
and PGE2 in mammary tumors. In addition to these rodent
models of mammary tumorigenesis, there has been one
primary Cox-2 driven mammary tumor transgenic mouse
model developed using the mouse mammary tumor virus
combined with human Cox-2, which has been defined as the
MMTV-Cox-2 transgenic mouse (20-22). The MMTV-Cox-2
transgenic model has significantly advanced our knowledge
about the central role that Cox-2 and PGE2 play in mammary
tumor development, in resistance to apoptosis, and of the role
of PGE2 in the "angiogenic switch" which activates new blood
vessel development that is considered essential to tumor
expansion and invasion (21, 22). Recent studies using MMTVCox-2 transgenic mice have reported that Cox-2 and PGE2
regulate the oncogene HER2/Neu, which is found in 33% of
human breast tumors and have reported that Cox-2 may be
central to the control of production of estrogenic hormones
through modulation of the P450 enzyme aromatase (23, 24).
Given that Cox-2 is present in over 66% of human tumors
regardless of hormone status, these recent studies reemphasize the importance of Cox-2 in human breast cancer,
regardless of the recent issues raised with using selective Cox2 inhibitors for adjuvant therapies in women with metastatic
breast cancer due to cardiovascular side-effects.
While the models of carcinogen-induced mammary
tumors, including those that have high endogenous Cox-2,
and MMTV-Cox-2 transgenic model of mammary
tumorigenesis have been very useful in identifying molecular
mechanisms associated with murine mammary tumor
development, resistance to apoptosis and angiogenesis, the
present studies were focused on developing a model of
human breast cancer that recapitulated the biological
characteristics of human ductal carcinoma. Once developed
and characterized, such a human breast tumor xenograft
model may be useful in testing novel targeted therapeutics,
and hormonal therapies which cannot be fully evaluated in
murine mammary tumors.
We previously described the development and
characterization of MCF-7/Cox-2 clonally derived human
breast tumor cell lines which were established by stable
transfection of human Cox-2 cDNA into the Cox-2 null,
estrogen-dependent MCF-7 human breast cancer cell line
(25). One of these clonally derived cell lines, designated as
MCF-7/Cox-2 Clone 10, produces high levels of PGE2,
which is the product of the Cox-2 enzyme, and proliferates
with a 3-fold increased rate of proliferation compared MCF7/empty vector control breast tumor cells, which is
consistent with the decreased turnover time observed. The
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MCF-7/Cox-2 Clone 10 human breast tumor cells also
express mRNA for heparin binding pro-angiogenic growth
factors within the vascular endothelial growth factor family
(VEGF A) of angiogenic factors including VEGF145,
VEGF165 and VEGF189, are invasive across an artificial
basement membrane, and grow as large anchorageindependent colonies in soft agar (25).
Our previous studies using samples from invasive human
breast tumors were also the first to establish a link between
elevated Cox-2 mRNA and increased gene expression for the
P450 enzyme aromatase, which is the enzyme that is
responsible for production of estrogenic hormones (26). Our
recent studies have demonstrated that the MCF-7/Cox-2
Clone 10 breast tumor cells express high levels of mRNA of
the P450 aromatase which biotransforms androgenic
hormones to estrogen and estradiol, with selective expression
of specific promoter regions of the P450 aromatase. We also
found that MCF-7/Cox-2 Clone 10 human breast tumor cells
use specific promoter regions of the aromatase enzyme during
growth of breast tumor cells and simultaneously secrete large
amounts of estradiol, the product of the aromatase enzyme
(27). These studies also demonstrated that the combination of
the aromatase inhibitor, formestane, and the selective Cox-2
inhibitor, celecoxib, effectively blocked MCF-7/Cox-2 Clone
10 proliferation and estradiol production.
While our previous studies have evaluated the in vitro
characteristics of the MCF-7/Cox-2 Clone 10 human breast
tumor cells, the current studies are focused on development
of human breast tumors that grow in vivo in mammary fat
pads of ovariectomized female Crl:Nu-Foxn1nu mice. The
present studies evaluate the biological characteristics of MCF7/Cox-2 Clone 10 human breast tumors that are a direct result
of the presence of human cyclooxygenase cDNA. Studies
included those to determine the timing of initial development,
growth, angiogenesis and invasion of MCF-7/Cox-2 Clone 10
human breast tumors compared to these characteristics in
MCF-7/empty vector control tumors. In addition, the
histopathology, angiogenesis, mean vessel density and invasion
into regional lymph nodes was examined in these two different
breast tumor types over a period of 60 days. The present
studies describe the biological characteristics of a model of a
unique human breast tumor which develops exponentially, is
highly angiogenic, are rapidly invasive to adjacent regional
lymph nodes and recapitulates human breast ductal
carcinoma, effects which are directly attributable to the
presence of Cox-2 cDNA.

Materials and Methods
Cell culture conditions. The MCF-7/Cox-2 Clone 10 human breast
cells and the MCF-7/empty vector control tumor cell clones were
developed in our laboratory as previously described (25). Cells
were grown in Dulbecco's modified Eagle's medium HEPES
modification (DMEM/HEPES) (Sigma Chemical Co., St. Louis,
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MO, USA), 10% heat-inactivated FBS (Invitrogen, Carlsbad, CA,
USA), 1% nystatin (Sigma) and 50 mg/ml gentamycin (Invitrogen)
supplemented with 0.25 mg/ml Zeocin (Invitrogen). Cells were
maintained at 37ÆC with 5% CO2.
Development of human breast tumor xenografts in nude mice.
Ovariectomized Crl:Nu-Foxn1nu mice (6-8 weeks of age, Charles
River Laboratories, Wilmington, MA, USA) were housed in a
barrier-free vivarium space at The Ohio State University which
meets the requirements of the American Association for
Accreditation of Laboratory Animal Care. The Institutional
Animal Care and Use Committee of The Ohio State University
approved all protocols prior to beginning the study. Animals had
access to food and water ad libitum and were kept on a 12 h cycle
of light and dark.
Ovariectomized Crl:Nu-Foxn1nu mice were implanted
subcutaneously with 0.5 mg, slow release, 17‚-estradiol pellets (SE121, Innovative Research of America, Sarasota, FL, USA) at 24 h
prior to tumor cell injection. To implant the estradiol pellets, mice
were anesthesized with 5% isoflurane, using an automated
anesthesia machine, which was continued throughout the
procedure using 2.5% isoflurane introduced via a nose cone.
To prepare for tumor cell injection, MCF-7/Cox-2 Clone 10 cells
and MCF/empty vector cells were trypsinized, counted using a
hemocytometer and resuspended in Matrigel® (Fisher Scientific,
Pittsburgh, PA, USA) at a concentration of 2.5x107 cells/ml.
Subsequently, 0.2 ml of cell suspension (5x106 cells) was injected
into the right mammary fat pads of ovariectomized Crl:Nu-Foxn1nu
mice implanted subcutaneously with 17‚-estradiol pellets. Tumors
were monitored every other day, measured using digital calipers,
weight and tumor sizes with recorded at those times. Tumors were
isolated at 42 and 60 days post injection from ovariectomized
Crl:Nu-Foxn1nu mice. Upon removal of tumors, tumor volume was
calculated using the equation: tumor volume = (length x width2) /
2. Tumor samples were either fixed in 10% neutral buffered
formalin or snap frozen in liquid nitrogen for further analysis.
Histology and immunohistochemistry of CD-31 (PECAM) and
quantification of angiogenic blood vessel development in MCF-7/Cox2 human breast tumor xenografts. Tumor samples fixed in 10%
neutral buffered formalin were paraffin embedded and sectioned
(3 Ìm) for either hematoxylin and eosin (H&E) staining for
histological evaluation by a pathologist, or were used for
immunohistochemical analysis of anti-CD-31 (PECAM) staining.
Tissue sections were mounted onto SuperFrost Plus slides (Fisher
Scientific), deparaffinized in Histo-Clear (National Diagnostics,
Atlanta, GA, USA) and rehydrated through a gradient of
descending alcohols. Endogenous peroxidase activity was blocked
by incubating the sections in 3% hydrogen peroxide in methanol
for 20 min. Tissue sections were then exposed to 10 mM citrate
buffer (pH 6.0) in a steamer for antigen retrieval. Sections were
blocked for 1 h at 25ÆC in 1% bovine serum albumin (BSA, Sigma)
in 1X Tris-buffered saline with 0.05% Tween 20 (TBST). The
primary antibody, rabbit anti-human CD31 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), was then applied at 1:50 for
1 h at 25ÆC. After incubation with primary antibody, slides were
washed in TBST and biotinylated goat anti-rabbit secondary
antibody (Vector Laboratories, Burlingame, CA, USA) was applied
at 1:200 for 20 min at 25ÆC. The peroxidase-based Vectastain Elite
ABC kit (Vector Laboratories) was used and color was developed

using the chromogen Vector VIP (Vector Laboratories). All
sections were counterstained with pre-heated Methyl Green
(Vector Laboratories), dehydrated and cover slips were mounted
using Permount mounting medium (Fisher Scientific). Negative
control sections were treated in an identical manner, with the
exclusion of the primary antibody. Representative images were
captured using a Zeiss Axioplan 2 imaging microscope and a Zeiss
Axiocam digital camera. To obtain mean vessel density
measurements for quantitation of CD-31 staining, measurements
were performed by two separate individuals by counting vessels
stained with anti-CD-31 antibodies within 10 random x40 fields on
4 separate tissue sections isolated from both MCF-7/Cox-2 Clone
10 and MCF-7/empty vector control tumors.
Protein isolation and Western blot analysis of human Cox-2 in regional
lymph nodes adjacent to MCF-7/Cox-2 clone 10 breast tumor xenografts.
Frozen tumor samples were homogenized in a tissue homogenizer
and protein was extracted using the mirVana PARIS kit per
manufacturer’s instructions (Ambion, Austin, TX, USA). Protein
concentration was determined using the BIO-RAD Protein Assay
(Biorad, Hercules, CA, USA) with BSA as a control, and 40 mg of
protein was separated by SDS-PAGE (10% gel). Protein was then
transferred onto polyvinylidene difluoride (PVDF) membranes
(Amersham Pharmacia Biotech, Piscataway, NJ, USA), and
membranes were blocked in Blotto (1xPBS, 0.1% Tween 20, 5%
nonfat dried milk, and 1% BSA) for 1 h at 25ÆC. During this time,
the monoclonal anti-human Cox-2 antibody (1:250, Cayman
Chemical, Ann Arbor, MI, USA) and anti-mouse IgG-horseradish
peroxidase (HRP) (1:5000, Amersham) were pre-incubated at 37ÆC
for 1 h. Membranes were then probed with the primary and
secondary antibodies together overnight at 4ÆC. Blots were developed
using the ECL+plus Western blotting detection system (Amersham).
The monoclonal Cox-2 antibody does not cross react with Cox-1, nor
does it cross-react with murine Cox-2.

Results
In vivo development of MCF-7/Cox-2 clone 10 human breast
tumors. Ovariectomized female Crl:Nu-Foxn1nu mice were
implanted with 17-‚ estradiol pellets and 24 h later their
mammary fat pads were injected with 5x106 MCF-7/Cox-2
Clone 10 human breast tumor cells contained in 200 Ìl
Matrigel. At 15 days after tumor cell injection, palpable
human breast tumors developed. At 60 days after injection
of tumor cells, tumor volumes of MCF-7/Cox-2 Clone 10
human breast tumors were 4-fold greater (p<0.01)
compared with tumor volumes of MCF-7/empy vector
control tumors (371.62 mm3±77.7 mm3 compared to 86.99
mm3±37.7 mm3) (Figure 1).
Histopathology of MCF-7/Cox-2 clone 10 human breast
tumors. Human breast tumors were isolated and stained with
H&E and viewed using a light microscope to define the
histology of the tumors. At 60 days post injection of 5x106
tumor cells into mammary fat pads of ovariectomized
Crl:Nu-Foxn1nu mice, MCF-7/empty vector control tumor
cells formed smaller human breast tumors than those formed
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Figure 1. Comparison of average tumor volumes of MCF-7/Cox-2 Clone
10 human breast tumors and MCF-7/empty vector breast tumors at 60
days after injection of 5x106 tumor cells into mammary fat pads of
ovariectomized Crl:Nu-Foxn1 nu female mice.

in the mice injected with MCF-7/MCF-7/Cox-2 Clone 10
human breast tumor cells, which was consistent with a 4-fold
(p<0.01) significant difference in tumor volumes (Figure 1).
The human tumors formed at 60 days following injection
of MCF-7/empty vector tumor cells were composed of
organized nests of tumor cells within the Matrigel® matrix
of the mammary fat pad into which the cells had been
injected (Figure 2A). The white box shown in Figure 2A is
the area in which the magnification of MCF-7/empty vector
cells are shown at x40 magnification (Figure 2B). The small
tumors formed at 60 days following injection of MCF7/empty vector control cells contained cells that were
apoptotic, with histological evidence of necrosis in the
center of the tumors (Figure 2B, white arrows). At 60 days
after injection of 5x106 human MCF-7/Cox-2 Clone 10
human breast tumor cells into mammary fat pads,
histological examination revealed that the large MCF7/Cox-2 Clone 10 human breast tumors were disorganized,
with the presence of prominent nuclei and visible Indian
filing (Figure 2C and D, white arrows). The MCF-7/Cox-2
Clone 10 human breast tumors formed at 60 days cells also
had visible nuclear molding (Figure 2D white arrows) and a
high nuclear:cytoplasmic ratio. The white box shown in
Figure 2 C is the area in which the magnification of MCF7/Cox-2 Clone 10 human breast tumor cells are shown at
x40 magnification (Figure 2D). In contrast to the MCF7/empty clone tumors, there was no visible Matrigel® matrix
within the mammary fat pad of mice injected at 60 days with
MCF-7/Cox-2 Clone 10 human breast tumors cells (Figure 2
A compared to Figure 2C).
Visible angiogenic blood vessels, CD-31 immunohistochemical
staining and quantiation of mean vessel density in MCF7/Cox-2 clone 10 breast tumors. Human breast tumor
xenografts that developed at 60 days after injection of MCF-
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7/Cox-2 Clone 10 breast tumor cells into ovariectomized
Crl:Nu-Foxn1nu mice contained large and numerous blood
vessels (Figure 3A) compared to the few and small blood
vessels formed in ovariectomized Crl:Nu-Foxn1nu mice
injected with the MCF-7/vector control (data not shown).
Following immunohistochemical staining of tissue
sections taken from both MCF-7/empty vector control
tumors and MCF-7/Cox-2 Clone 10 human breast tumors
with anti-CD31 antibodies (Figures 3B-E), quantification of
staining was performed to provide a measure of microvessel
density (MVD), which delineates the angiogenic blood
vessels within the tumors. CD-31 staining has been reported
to commonly be located at the periphery of tumors (29, 30),
which is consistent with the findings of this present study
(Figures 3B-E) for both MCF-7/empty vector tumors and
MCF-7/Cox-2 Clone 10 human breast tumors. Based on
mean vessel density, MCF-7/Cox-2 Clone 10 human breast
tumors contained significantly greater numbers of blood
vessels compared to tumors that developed at 60 days
following injection of MCF-7/empty vector control tumor
cells (Figure 3F; p<0.01).
Invasion of MCF-7/Cox-2 clone 10 human breast tumor into
adjacent regional lymph nodes. At day 60, MCF-7/Cox-2
Clone 10 breast tumor cells were visible within adjacent
regional lymph nodes, indicating that theMCF-7/Cox-2
Clone 10 breast tumor cells were invasive (Figure 4A and B).
The white box shown in Figure 4A is the area in which the
magnification of MCF-7Cox-2 Clone 10 human breast tumor
cells are shown at 40 x magnification (Figure4 B).
The invasion of MCF-7/Cox-2 Clone 10 breast tumor cells
into regional lymph nodes adjacent to mammary fat pads
was confirmed not only by histological examination but also
by Western blotting for Cox-2 protein in lymph node tissue
(Figure 4C). In contrast, MCF-7/empty vector control cells
were not visible in adjacent regional lymph nodes and there
was no Cox-2 protein detected within lymph nodes adjacent
to mammary fat pads where MCF-7/empty vector cells had
been injected (Figure 4C).

Discussion
Our previous studies characterized the direct effects of the
presence of human Cox-2 cDNA on in vitro biological
characteristics of human breast tumor cells (25, 26). The
MCF-7/Cox-2 clone 10 was generated by stable transfection
of the MCF-7 human breast cancer cell line with human
Cox-2 cDNA. The MCF-7/Cox-2 Clone 10 cell line
proliferates at a 3-fold higher rate than Cox-2 null MCF7/empty vector control tumor cells and expressed higher
levels of mRNA of specific heparin binding proteins of the
vascular endothelial growth factor (VEGF) family of proangiogenic growth factors (25)
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Figure 2. Comparative histological analysis of human breast tumors formed within mammary fat pads of ovariectomized Crl:Nu-Foxn1nu female mice
at 60 days after injection of 5x106 MCF-7/empty vector control cells (A and B) and 5x106 MCF-7/Cox-2 Clone 10 human breast tumor cells (C and D).

The present results describe the development of a
unique in vivo model of human breast tumor xenografts
which was developed to evaluate the direct in vivo
biological activities of Cox-2 cDNA on the biological
activities of breast tumor cells. Injection of MCF-7/Cox-2
Clone 10 human breast tumor cells into mammary fat pads
of ovariectomized female Crl:Nu-Foxn1nu mice that had
been implanted into the subcapular area with slow release
17-‚ estradiol pellets rapidly formed angiogenic and
invasive human breast tumors that histologically
recapitulated ductal carcinoma breast tumors, and were
invasive to adjacent regional lymph nodes. Formation of
large, invasive breast tumors after injection of the MCF7/Cox-2 Clone 10 human breast tumor cells demonstrates
the critical role of Cox-2 in rapid development of human
breast tumors, their very early local invasion into regional
lymph nodes, and the formation of angiogenic blood vessels
at very early times after MCF-7/Cox-2 Clone 10 human
breast tumor cell injection into mammary fat pads. In
addition, the presence of Cox-2 cDNA increased the
volume of human breast tumors by 4-fold.

Histological evaluation of the breast tumors revealed that
at 60 days after injection, MCF-7/Cox-2 Clone 10 human
breast tumors were highly disorganized and had histological
characteristics, such as Indian filing, that were indicative of
a highly invasive phenotype. This is in comparison to the
tumors formed after injection of the MCF-7/vector control
cell line which remained organized and had necrotic cells
wthin the central areas of the tumors with visible apoptotic
cells. While the MCF-7/Cox-2 Clone 10 human tumors were
visible outside the mammary fat pad, the MCF-7/empty
vector cells remained within the Matrigel substrate in which
they had been injected at all time periods examined (15-60
days). Although we evaluated proteins known to be involved
in regulation of apoptosis, including bcl-2, bax and bad, we
did not observe any differences between these two cell lines
(data not shown). These results suggest that mechanisms
other than those involving the bcl-2 family of proteins may
be involved in providing the MCF-7/Cox-2 Clone 10 human
breast tumors with the ability to resist undergoing apoptosis
compared to the apoptosis observed in the MCF-7/empty
vector tumors.
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Figure 3. A) Visible angiogenic blood vessel in MCF-7/Cox-2 Clone 10
breast tumor isolated at 60 days after injection of 5x106 tumor cells into
mammary fat pads of ovariectomized Crl:Nu-Foxn1nu female mice. B-E)
CD31 staining of tissue sections of human breast tumors isolated from
ovariectomized Crl:Nu-Foxn1nu mice sacrificed at 60 days post-injection
of either 5x106 MCF-7/vector control cells (A and B) or MCF-7/Cox-2
Clone 10 cells (C and D). Magnification is x10 (A and C) and x40 (B and
D). The white hatched boxes (A and C) denote the areas that are further
magnified. F) Quantification of mean vessel density based on anti-CD31
stained blood vessels in MCF-7/Cox-2 Clone 10 human breast tumors
compared to MCF-7/empty vector control tumors.
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Figure 4. A and B) Hematoxylin & Eosin stained tissue sections of adjacent
regional lymph nodes isolated at 60 days following injection with 5x106
MCF-7/Cox-2 Clone 10 cells. Magnification is x10 (A) and x40 (B). The
white hatched box (A) denotes the area that is further magnified. C) Western
blot confirming Cox-2 protein in MCF-7/Cox-2 Clone 10 human breast
tumor cells in lymph nodes adjacent to MCF-7/Cox-2 Clone 10 human
tumor isolated at 60 days following injection of 5x106 tumor cells into into
mammary fat pads of ovariectomized Crl:Nu-Foxn1 nu female mice.

In addition to forming large human breast tumors, MCF7/Cox-2 Clone 10 tumor cells also invaded the adjacent
regional lymph nodes. The local invasion of MCF-7/Cox-2
Clone 10 tumor cells into adjacent lymph nodes observed
in the present study is consistent with observations from
our in vitro studies of the MCF-7/Cox-2 Clone 10 cell line
which demonstrated that MCF-7/Cox-2 Clone 10 cells
invaded across an artificial Matrigel® matrix basement
membrane and formed large anchorage-independent
colonies in soft agar (25).
The observations that the MCF-7/Cox-2 Clone 10 breast
tumors in vivo are invasive are also consistent with reports
from other laboratories which observed that the presence of
Cox-2 in the human breast cancer cell line, Hs578T, resulted
in production of elevated levels of proteolytic enzymes,
which are known to degrade basement membrane
components. These results suggest that Cox-2 stimulates
enzymes that provide a pathway for tumor cell migration
and invasion (28). Furthermore, using gene and tissue arrays
combined with patient samples taken from non-small cell
lung tumors and gastric tumors, Cox-2 expression has been
associated with lymphovascular invasion of lymph nodes
through activation of proteolytic enzymes such as the matrix

metalloproteinases (MMP)-2 and MMP-9 (28, 30). Taken
together, these observations suggest that the presence of
Cox-2 appears to play a critical role in breast tumor cell
migration and invasion, which was confirmed by the present
in vivo studies.
The formation of new blood vessels is a requirement for
the expansion of tumors beyond 1-2 mm in size. This
process, defined as tumor-associated angiogenesis, is critical
for a tumor to obtain adequate supplies of nutrients and
oxygen as it develops and expands (31-33). One marker of
new blood vessel formation is the protein CD31 or plateletendothelial cell adhesion molecule-1 (PECAM-1), a member
of the immunoglobulin superfamily. The present study used
microvessel density as a representation of active tumorassociated angiogenesis based on quantification of the CD31
staining within human breast tumors formed by MCF-7/Cox2 Clone 10 breast tumor cells and MCF-7/vector control
cells. Previous studies have shown a positive association
between Cox-2 and angiogenesis in invasive human breast
tumors through the activation of VEGF pro-angiogenic
growth factors or their associated VEGF receptors (22, 24),
which is in agreement with the findings of our in vitro studies
demonstrating that specific heparin binding proteins within
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the family of VEGF A family of pro-angiogenic growth
factors including VEGF145, VEGF165 and VEGF189 are
increased in the MCF-7/Cox-2 Clone 10 human breast tumor
cells compared to the MCF-7/vector control cells (25).
Upon visual inspection of each tumor prior to its
isolation, human breast tumors derived from injection of
MCF-7/Cox-2 Clone 10 human breast tumor cells into
ovariectomized Crl:Nu-Foxn1nu mice had large vascular
supplies surrounding each tumor. The significant number of
angiogenic blood vessels that we observed in the MCF7/Cox-2 human tumors is also consistent with our in vitro
studies demonstrating the angiogenic phenotype of the
MCF-7/Cox-2 Clone 10 human breast tumor cells (25).
In contrast to the rapid development of human breast
tumors following injection of MCF-7/Cox-2 Clone 10 breast
tumor cells, the MMTV-Cox-2 transgenic model system of
mouse mammary tumor development requires successive
rounds of pregnancy, lactation and weaning prior to the
development of mammary tumors (20, 22). In this model,
Cox-2 expression is under the control of the MMTV, which
is hormonally regulated; these rounds of hormonal
fluctuation are required for sufficient Cox-2 expression.
Additionally, the mammary gland undergoes proliferation
and apoptosis during pregnancy, lactation and the ductal
involution that occurs during weaning, which may also
contribute to the mammary tumor formation in MMTVCox-2 transgenic mice. Although the chemically induced
rodent models of mammary carcinogenesis as well as the
MMTV-Cox-2 transgenic mouse model of mammary
tumorigenesis have been invaluable in identifying
mechanisms and pathways involved in mammary
carcinogenesis mediated by the presence of Cox-2, the
present studies provide a unique human breast tumor model
system with which to evaluate agents that may target
development, rapid tumor proliferation and expansion,
invasion, angiogenesis and estrogen production of human
breast tumors. This model of human breast carcinoma, which
rapidly recapitulates invasive and angiogenic human ductal
carcinoma, may be useful for the evaluation of new agents
such as prostaglandin (EP) antagonists which may replace
selective Cox-2 inhibitors; it can also be used to evaluate
aromatase inhibitors with a spectrum of activities which may
function through specific aromatase promoter regions, as
well as estrogen receptor antagonists. In addition, this
unique model of human tumorigenesis may be uniquely
suited to evaluating newly developing anti-angiogenic
approaches for treatment of primary and metastatic human
breast tumors as adjuvants to more conventional therapies.
This human breast tumor model may also provide a means
to evaluate very new approaches such as novel
nanotechnology approaches that target both the breast
tumor as well as the adjacent neovasculature (34). Since this
model of human breast carcinoma is histologically closer to
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that observed in patients than the majority of mammary
tumors, it may be useful for safety and efficacy preclinical
studies of new agents under development for use as
chemotherapeutic strategies, as adjuncts to conventional
therapies, or as chemoprevention agents.
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