
Abstract. Background/Aim: Our aim was to investigate the
crosstalk between tumor and immune cells (M2
macrophages) and its effects on cyclo-oxygenase-2 (COX2)
regulation in canine mammary tumors (CMT). Materials and
Methods: Sh1b CMT cells and human BT474 mammary or
HT29 colon cancer cells were co-cultured with canine
peripheral blood mononuclear cells (PBMCs) or with
macrophage-like differentiated THP1 monocytes (dTHP1).
Intracellular COX2 expression by PBMCs, dTHP1 and
cancer cells was evaluated by flow cytometry. Results: Co-
culturing of Sh1b and canine PBMCs induced COX2
overexpression in CMT cells. In turn, COX2 expression by
PBMCs, mostly CD68+ macrophages, was attenuated by co-
culture with Sh1b (p=0.0001). In accordance, co-culture with
dTHP1 prompted intracellular production of COX2 in both
Sh1b CMT cells and HT29 human colon cancer cells and
reduced production of COX2 in BT474 human mammary
cancer cells. The intracellular COX2 expression from dTHP1

decreased when treated with conditioned medium from
cultured Sh1b and HT29 cancer cells. Conclusion:
Bidirectional COX2 regulation between cancer and
monocytes/macrophages might shape a tolerogenic tumor
microenvironment in CMT.

Tumor progression is critically dependent on the micro-
environment in the surrounding stroma. The microenvironment
contains a cocktail of inflammatory, regenerative and immune
cells, along with all cytokines and mediators they release that
may support or suppress tumor growth (1).

T-Lymphocytes and macrophages are major constituents of
the inflammatory infiltrate observed in several human and
canine tumors. In both species, these immune cells in
mammary tumor sites produce a variety of inflammatory
mediators that influence tumor progression, invasion and
metastasis (2-6). Interestingly, animal and human studies report
that cyclo-oxygenase-2 (COX2) overexpression in mammary
tumors in particular strongly supports the development of
hallmarks of cancer and disease progression (7-12).

In parallel, in human and canine mammary tumors (CMT),
the presence of high numbers of intratumoral T-lymphocytes
as well as of macrophages with a typical M2 phenotype is
generally associated with poor overall survival (OS) (4, 13,
14). Immunosuppression associated with T-lymphocyte
infiltration has been explained by the compartment of
CD4+CD25+forkhead box P3 (FOXP3)+ regulatory T-cells
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(Tregs) that inhibit cytotoxic activity (15-18). In contrast, the
immunosuppressive and, therefore, pro-tumorous action of
macrophages is much less defined. 

In human breast cancer, COX2-derived prostaglandin E2
(PGE2) has the ability to influence local immune responses
in the tumor stroma, contributing to tumor evasion of immune
surveillance (11, 19). A substantial body of work describes an
immunosuppressive role for COX2. The COX2/PGE2
signaling pathways may contribute to modulation of
macrophages, inducing the promotion of M2-macrophages
cytokines which nourish T-helper (Th) 2 immune responses
(20, 21). The immune cell subtypes modulated by COX2
share common cytokine mediators and, more importantly,
each cell subtype can also influence COX2 production,
providing an autocrine mechanism for prolonging and
enhancing their own immunosuppressive phenotype (22). 

Collectively, these findings show that in cancer immune
cells share common signaling pathways of COX2 regulation.
This is relevant for mammary carcinogenesis associated with
changes in immune cell profiles and functionality, possibly
allowing neoplastic cells to evade attack from the immune
system (22). 

In contrast, in CMT only few studies have yet concentrated
on the COX2 crosstalk between cancer and immune cells (23,
24). We, therefore, focused on the interplay of macrophages
and tumor cells aiming to contribute to the understanding of
the potential bidirectional crosstalk between them and their
role in regulation of COX2 expression. 

Materials and Methods

Cell culture. Canine mammary carcinoma cell line Sh1b was a kind
gift of Dr. Gerard Rutteman (Department of Clinic Science and
Companion Animals, University of Utrecht, the Netherlands) to the
University of Veterinary Medicine Vienna. HT29 human colon cancer
cell line, BT474 human breast carcinoma cell line and THP1 human
monocytic cell line were purchased from American Type Culture
Collection (Rockville, MD, USA). Sh1b was maintained in Dulbecco’s
modified Eagle’s medium (DMEM) F12 (Gibco, Life Technologies,
Carlsbad, CA, USA) supplemented with heat inactivated 10% fetal
calf serum (FCS), 2 mM L-glutamine and 10 μg/ml gentamicin sulfate.
BT474 was maintained in DMEM (Gibco) with 10% FCS, 2 mM 
L-glutamine, penicillin (100 U/ml) and streptomycin (100 μg/ml).
HT29 and THP1 were cultured in Roswell Park Memorial Institute
(RPMI)-1640 medium (Gibco) supplemented with 10% FCS, 2 mM
L-glutamine, penicillin (100 U/ml) and streptomycin (100 μg/ml).
Cells were incubated at 37˚C in a humidified atmosphere containing
95% air and 5% CO2.

Collection of tumor cell line culture supernatants. Sh1b, HT29 and
BT474 cells were grown in flasks at 80-90% confluence and
harvested with trypsin. After that, 8×105 cells/ml were seeded into
6-well culture plate containing 2 ml per well of DMEM F12 for
Sh1b, DMEM for BT474 or RPMI-1640 for HT29 cells. Cells were
incubated at 37˚C in a humidified atmosphere containing 95% air
and 5% CO2. After 24 h incubation, the medium of all cell lines was

changed for fresh RPMI-1640 and the culture supernatants were
collected 24 h later and stored at −20˚C until needed for the
corresponding experiments. 

THP1 differentiation in response to phorbol myristate acetate
(PMA) and treatment with culture supernatant. THP1 cells (2×105
cells/ml) were seeded into a 24-well plate containing 500 μl of
RPMI-1640 culture medium with 200 nM of PMA for 72 h. After
incubation, nonattached cells were removed by aspiration. The
adherent THP1 cells were washed three times with Hank’s Balanced
Salt Solution (HBSS) to completely remove PMA and then treated
with 50% v/v of Sh1b or HT29 culture supernatant for 48 h. CD68
and intracellular COX2 expression in macrophage-like differentiated
THP1 monocytes (dTHP1) was then evaluated by flow cytometry. 

Isolation of canine peripheral blood mononuclear cells (PBMCs).
Blood samples from male and female spayed dogs (n=11)
undergoing cancer treatment in the Oncology Clinic of the
University of Veterinary Medicine Vienna were used in this study.
All dogs received doxorubicin-derived chemotherapy and at blood
collection the treatment duration was less than 3 months. Two
milliliters of blood was drawn from the cephalic vein of each dog
by venipuncture into EDTA tubes. PBMC isolation was performed
with the standard Ficoll-Paque solution (Sigma Chemical, St. Louis,
MO, USA) density gradient centrifugation. After collecting the
contents of the milky PBMC layer, cells were washed in HBSS, re-
suspended in DMEM, counted and incubated in RPMI-1640 culture
medium until needed for the co-culture experiments.

Co-culture experimental conditions. Sh1b, HT29 and BT474 cell
lines (5×105 cells per well in co-culture) were plated into a 24-well
plate in respective culture medium. On day 2, the culture medium
of Sh1b, HT29 and BT474 was changed for fresh RPMI-1640
supplemented with 10% FCS, 2 mM glutamine and
penicillin/streptomycin antibiotic. Canine PBMCs (1×106 cells/ml)
or PMA dTHP1 (2×105 cells/ml) were plated directly onto 24-well
plate transwell inserts (0.4 μm pore size; Corning, Life Sciences,
Tewksbury, MA, USA) in RPMI-1640 culture medium and co-
incubated with canine mammary cancer cell line Sh1b for 48 h.
PMA dTHP1 macrophages (2×105 cells/ml) were also co-incubated
with HT29 and BT474 human cells. 

Assessment of CD68, CD3 and intracellular COX2 by flow
cytometry. CD68, CD3 and intracellular COX2 expression in canine
PBMCs; intracellular COX2 expression in Sh1b, HT29 and BT474
cells; and CD68 and intracellular COX2 expression in dTHP1 cells
was evaluated on a FACSCanto II flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA).

Briefly, all cells were detached, washed three times with HBSS,
and re-suspended in FACS buffer. After that, the primary antibody
master mix for CD68 (clone eBioY1/82A, R-phycoerythrin-cyanine
dye, 2 μl per tube; eBioscience, San Diego, CA, USA) and CD3
(clone CA17.2A12, purified, 1 μl per tube; Bio-Rad, Hercules, CA,
USA) was added and cells were incubated for 30 min at 4˚C in the
dark. Subsequently, cells were washed with FACS buffer and
incubated for 30 min at 4˚C in the dark with rat anti-mouse IgG1
secondary antibody for CD3 (clone M1-14012, allophycocyanin, 1 μl
per tube; eBioscience). After washing, cells were fixed with fixation
buffer (eBioscience) and permeabilized with permeabilization buffer
(eBioscience) according to the manufacturer’s instructions and
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incubated with primary antibody against COX2 (SP21, 1:50
dilution; Thermo Scientific, Lab Vision, Fremont, CA, USA) for 
30 min at 4˚C. Cells were then washed in permeabilization buffer
and incubated for 30 min at 4˚C in the dark with secondary antibody
for COX2 (Goat anti-rabbit IgG, Alexa Fluor 488, 2 μg/ml; Life
Technologies, Waltham, MA, USA). Finally, cells were washed with
permeabilization buffer three times, re-suspended in FACS buffer
and analyzed by flow cytometry. An appropriate isotype control was
used to adjust for background fluorescence, and results are reported
as the percentage expression or as the geometric mean fluorescence
intensity (MFI). Flow cytometric analysis was performed using the
data analysis software FlowJo version X (FlowJo LLC, Ashland,
OR, USA). 

Statistical analysis. Statistical Package for the Social Sciences
version 19.0 (IBM Corp., Armonk, NY, USA) was used for
statistical analysis. Comparisons among groups were performed
with ANOVA or Student’s t-test. Only differences with values of
p<0.05 were considered significant. 

Results

Effects on COX2 expression of co-culture of Sh1b canine cancer
cells and PBMCs from canine patients with tumor. To determine
whether COX2 expression in canine mammary carcinoma cells
was co-regulated by immune cells, we performed an in vitro co-
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Figure 1. Effects of co-culture of canine peripheral blood mononuclear cells (PBMCs) with Sh1b canine cancer cells on intracellular cyclo-
oxygenase-2 (COX2) expression. A: Graphs show the overlay of flow cytometric expression of intracellular COX2 by Sh1b mammary cancer cells
alone (gray filled histogram) and in co-culture with canine PBMCs (black solid line). Sh1b mammary cancer cells co-cultured with canine PBMCs
showed a trend for overexpression of COX2 in comparison with Sh1b cultured alone. Co-culture of Sh1b mammary cancer cells and canine PBMCs
reduced the expression of intracellular COX2 by the PBMCs (***p=0.0002) (B), specifically in the CD68+CD3− PBMC cell fraction (*p=0.0215)
(C), but did not induce alteration in COX2 expression in CD68−CD3+ cells (D). Graphs show the mean±SD of five independent experiments. p-
Values were calculated by two-tail paired Student t-test: ns, non significant.



culture experiment. Sh1b mammary cancer cells co-cultured
with canine PBMCs showed a trend for overexpression of
COX2 in comparison with Sh1b cells cultured alone (Figure
1A). The expression of COX2 by PBMCs was significantly
attenuated by their co-culture with the Sh1b cancer cell line
(p=0.0002, Figure 1B). Interestingly, CD68+ cells, putatively
macrophages, are characterized by the highest expression of
COX2 among PBMCs. The co-culture of Sh1b and canine
PBMCs induced a decrease in expression of intracellular COX2
by the CD68+ fraction of canine PBMCs (p=0.0215, Figure
1C), but did not induce significant alteration in intracellular
COX2 expression by CD3+ PBMCs (Figure 1D).

Effects on COX2 expression of co-culture of cancer cell lines
and human macrophages dTHP1. The results obtained with
PBMCs were validated in the CD68+ monocytic cell line
THP1. Co-culturing dTHP1 cells with Sh1b cells indeed
prompted up-regulation of COX2 in the canine mammary
cancer cell line (Figure 2A). 

Contrary to our expectations, co-culture of dTHP1 cells
prompted a decrease in intracellular production of COX2 in
BT474 human mammary cancer cells (Figure 2B). 

In accordance with the results obtained with Sh1b cells,
co-culture between HT29 cells and dTHP1 cells induced an
increase of COX2 expression in the human colon cancer
cells (Figure 2C).

Effects of cancer cell culture supernatants on intracellular
COX2 expression by dTHP1 cells. In the co-culture model
used above, immune cells were not allowed to make direct

contact with the tumor cells. Thus to demonstrate the
presence of soluble factors that might regulate intracellular
COX2 expression in monocytic dTHP1 cells, cells were
treated with conditioned medium recovered from Sh1b and
HT29 cells cultured for 48 h. dTHP1 cells treated with both
Sh1b and HT29 culture supernatants showed a significant
decrease of intracellular COX2 expression (Figure 3).

Discussion

In human mammary tumors, COX2 has crucial effects on the
regulation and activity of T-cells and macrophages (19, 20,
25-27), contributing to tumor evasion of immune
surveillance and supporting tumor development and
metastasis (11, 19). Additionally in murine breast cancer
models, selective COX2 inhibitors were shown to restrain
breast cancer through augmentation of Th1 antitumor
immune responses (26, 28). In canine mammary cancer,
however, the association between COX2 and immune cells
has so far only been described by immunohistochemistry,
hence in a descriptive manner (23, 24). In order to determine
the potential mutual regulation of COX2 between immune
cells and mammary cancer cells, this aspect of the tumor
microenvironment was mimicked in this study in vitro
through the use of a transwell system. When in a first step
the Sh1b canine mammary carcinoma cell line was co-
cultured with canine PBMCs from tumor patients, a trend for
overexpression of COX2 was observed in comparison with
Sh1b cells cultured alone. In turn, the expression of COX2
by PBMCs was significantly down-regulated. Almost all
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Figure 2. The effects of co-culture of THP1 human macrophage cell line and canine or human cancer cell lines on cyclo-oxygenase-2 (COX2)
expression by the cancer cells. Co-culture of differentiated THP1 cells with Sh1b canine mammary cancer cells resulted in overexpression of
intracellular COX2 (A), while that with BT474 human mammary cancer cells reduced intracellular COX2 production (B), but that with HT29 human
colon cancer cells resulted in COX2 overexpression (C). Graphs show the overlay of flow cytometric expression of intracellular COX2 by cancer
cells alone (gray filled histogram) and in co-culture (black solid line). 



COX2 expression was be ascribed to CD68+ PBMCs, likely
representing macrophages. Importantly, the co-culture did
not induce considerable alteration in intracellular COX2
expression by CD3+ PBMCs. 

Clinical and experimental human studies indicate that not
only tumor-associated T-lymphocytes but also macrophage
polarization are modulated by the tumor microenvironment
in mammary cancer. In the tumor microenvironment,
macrophages are ‘educated’, adopting a role that facilitates
angiogenesis, matrix breakdown and tumor-cell motility in a
COX2-dependent manner (5, 6, 20, 26, 29). 

Our findings are in accordance with the results of a study
using co-culture between HCC1954 human mammary cancer
cell line and mouse peritoneal macrophages, which showed
increased COX2 expression in the cancer cells and elevated
PGE2 level in the conditioned medium. Similar results were
observed when human monocyte-derived macrophages were
co-cultured with HCC1954 cells (27). More recently, another
study using tumor-associated macrophages (TAMs) isolated
from tumor tissues demonstrated that COX2+ TAMs
promoted human mammary cancer cell proliferation and
survival (22). Furthermore, in the same study COX2 in
TAMs induced the expression of COX2 in breast cancer
cells, which in turn promoted polarization of macrophages
towards M2, hence, a positive-feedback loop exists between
macrophages and breast cancer cells (22). 

Although in dogs recent studies showed the relevance of
a relationship between canine mammary cancer cells and
macrophages that promotes macrophage polarization and
cancer cell migration and invasion (6, 30), to our knowledge
there are no studies on their potential interdependence in
terms of COX2 regulation. 

In order to validate the results obtained with the CD68+
cell fraction of canine PBMCs, we next used the human
CD68+ cell line THP1. The biological behavior of these cells
is similar to that of monocyte-derived macrophages
regarding adherence and phagocytic capacity, surface marker
and cytokine expression (31), and they are widely used as
monocyte/macrophage model (22, 31, 32). Previously, the
co-culture of THP1 and HCC1937 human mammary cancer
cell line led to increased COX2 expression in cancer cells
(22). In accordance with this, our results demonstrated that
co-culture with dTHP1 prompted intracellular production of
COX2 both in Sh1b canine mammary cancer cells and HT29
human colon cancer cells, but unexpectedly led to a decrease
of COX2 in BT474 human mammary cancer cells. The
effects were independent of cellular contact, but were
transmitted by soluble mediators, from three different canine
and human cancer cell lines to the monocytic cell line THP1.

We would like to emphasize that THP1 is a model cell line
only. Therefore, we find it important that the results from this
model mirrored the results from the CD68+ PBMCs from canine
cancer patients. Moreover, other researchers demonstrated that
COX2 in TAMs induced the expression of COX2 in cancer cells
(20, 21). Importantly, this in turn, promoted macrophage
polarization to the M2 tumor-supportive phenotype (27). 

Our data support the notion that COX2-mediated
immunomodulation in human breast cancer is a phenomenon
shared by cancer cells and macrophages. This emphasizes
the importance of exploring the tumor microenvironment as
a whole (1, 22). The findings of the present study suggest for
the first time that similarly to human breast cancer, COX2
regulation in tumor cells and macrophages in canine
mammary cancer are interconnected and dependent on as yet
unidentified soluble molecules.

Conclusion

Our data highlight the bi-directional regulation of COX2 in
the canine mammary cancer microenvironment, implicating
the contribution of cancer cells and macrophages. Immune
cell-mediated induction of COX2 in canine mammary cancer
cells may provide a mechanism whereby tumor-associated
inflammatory cells contribute to tumor progression. COX2
regulation between cancer cells and macrophages in canine
mammary cancer contributes to shaping a tolerogenic tumor
microenvironment, and understanding this phenomenon
might bring to light new potential therapeutic targets in
canine mammary tumors. 
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Figure 3. Effects of soluble factors derived from cultured cancer cells
on intracellular cyclo-oxygenase-2 (COX2) expression by macrophages.
Differentiated THP1 macrophages were cultured in medium alone or
treated with 50% v/v conditioned medium from cultured Sh1b canine
mammary cancer cells or HT29 human colon cancer cells) for 48 h.
Graph shows the mean±SD z-score of intracellular COX2 mean
fluorescence intensity (MFI) of two independent experiments. p-Values
were calculated by one-way ANOVA with Bonferroni’s multiple
comparisons post test: *p=0.0257 and **p=0.0028.
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