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Tumor-associated macrophages increase COX-2 expression promoting 
endocrine resistance in breast cancer via the PI3K/Akt/mTOR pathway 
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Breast cancer is the most common malignancy in females. The emergence of endocrine resistance is frustrating for 
estrogen receptor (ER)-positive breast cancer patients even the efficacy of endocrine therapy is acceptable. Our previous 
study has shown that tumor-associated macrophages (TAMs) are associated with endocrine resistance, yet the mechanism 
remains unclear. This article is dedicated to discuss the role of TAMs in the endocrine resistance of breast cancer. It was 
found that tamoxifen-resistant MCF-7 cells induced more macrophages polarized into TAMs. Conversely, TAMs increased 
the expression of cyclooxygenase-2 (COX-2)/prostaglandin E2 (PGE2), which promoted tamoxifen resistance through the 
activation of the PI3K/Akt/mTOR signaling pathway in MCF-7 cells. Furthermore, clinical analysis supported that five-year 
progression-free survival (PFS) of breast cancer patients with abundant COX-2 expression in TAMs was shorter (p<0.05). 
Therefore, these results show a positive feedback loop between TAMs and breast cancer cells, suggesting that TAMs and 
COX-2 may be new therapeutic targets for breast cancer patients suffering from endocrine resistance. 
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Breast cancer is the most common malignant tumor 
among female patients [1], which has become a major 
health threat to women. Approximately 70% of patients have 
hormone receptor (HR) positive breast cancer, and endocrine 
therapy continues to be the cornerstone of treatment for these 
patients [2]. However, the therapeutic effect of endocrine 
therapy is limited by primary or acquired drug resistance [3]. 
Tamoxifen, a synthetic estrogen receptor (ER) modulator, is 
the international standard treatment of endocrine resistance 
[4, 5]. Therefore, resistance to tamoxifen in breast cancer 
patients is a hot topic in clinical research.

The tumor microenvironment (TME) is the internal 
environment for tumor cells to absorb nutrients and obtain 
energy. In addition to the tumor cells themselves, the 
surrounding stromal cells and the cytokines secreted by them 
together constitute the TME [6], which is considered to be the 
essential factor in inducing drug resistance [7]. Macrophages, 
the most abundant inflammatory stromal cells in TME, have 
a particularly heterogeneous phenotype depending on the 
different organs and stimuli [8]. M2 macrophages promote 
tumor growth and metastasis by releasing a variety of tumor-
promoting factors, which are generally referred to as tumor-
associated macrophages (TAMs) [9, 10]. Some studies have 

shown that TAMs increase the resistance of breast cancer 
cells to chemotherapy drugs and improve their survival time 
[11]. Previously, our research has found that TAMs may play 
a significant part in endocrine resistance [12], but the under-
lying mechanism has not been elucidated.

Cyclooxygenase-2 (COX-2) is a key rate-limiting enzyme 
that catalyzes the conversion of arachidonic acid (AA) into a 
variety of prostaglandins (PGs) including prostaglandin E2 
(PGE2) [13]. Moreover, COX-2 is involved in the pathophysi-
ological process of inhibiting tumor cell apoptosis, promoting 
angiogenesis and metastasis, and improving drug resistance 
[14]. COX-2 is overexpressed in a variety of malignant 
tumors [14, 15] and TME, especially TAMs [16]. In addition, 
studies have shown that the high expression of COX-2 in 
TAMs is related to the poor prognosis of melanoma, prostate 
cancer, and breast cancer [15, 17]. But as far as we know, the 
role of COX-2 in TAMs has not been studied in the field of 
endocrine resistance in breast cancer up to now.

The mechanism of endocrine resistance in breast cancer 
involves many molecules and pathways, such as mutations 
of ER [18], overexpression of EGFR/HER-2/FGFR [19], and 
activation of PI3K/Akt/mTOR [20] and cell cycle pathways 
[21]. Among them, the PI3K/Akt/mTOR signaling pathway 
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plays a major role in resistance to endocrine therapy, which is 
a crucial bridge linking inflammation and immune response 
with tumor drug resistance. Due to the fact that the majority 
of patients will acquire endocrine resistance and disease 
progression after endocrine therapy [3, 22], it is an impor-
tant clinical treatment approach to prolong or reconstruct 
the sensitivity of endocrine therapy.

The aim of this study is to explore the interaction mecha-
nism between TAMs and breast cancer endocrine-resistant 
cells. We tested the ability of breast cancer cells with different 
sensitivity to tamoxifen to induce macrophages polarized 
into TAMs. After that, we verified the underlying mechanism 
that TAMs promoted tamoxifen resistance in breast cancer 
cells. Lastly, the correlation between COX-2 expression in 
TAMs and the five-year progression-free survival (PFS) of 
breast cancer patients treated with tamoxifen was analyzed 
by the Kaplan-Meier method. Our results reveal the forma-
tion mechanism of the positive feedback loop between TAMs 
and tamoxifen-resistant cells, further suggesting TAMs and 
COX-2 may become promising novel therapeutic targets for 
endocrine-resistant breast cancer patients.

Patients and methods

Cell lines and cell culture. Breast cancer cell line MCF-7 
and human monocyte cell line THP-1 were purchased from 
the Type Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China) and maintained in RPMI-1640 
medium (R8758, Sigma, Shanghai, China) with fetal bovine 
serum (FBS) (FND500, ExCell Bio, China). MCF-7 cells 
were treated with 1 μM of 4-OH Tam for 3 months to obtain 
tamoxifen-resistant MCF-7 (MCF-7R) cells. MCF-7R cells 
maintained their resistance to tamoxifen by growing in 
RPMI-1640 medium with 5% FBS and 1 μM 4-OH Tam.

The procedure for collecting the conditioned medium. 
In order to obtain the culture supernatant of the cells, 
approximately 1×106 cells were cultured in a 60 mm diameter 
cell culture dish (430166, Corning, USA). The new culture 
medium containing FBS was replaced when the adherent 
cells grew to 80% confluency the next day, and the cells were 
continuously cultured for 24 hours. Then the supernatant 
was collected as the conditioned medium (CM) and used 
immediately in the later experiments.

The definitions and treatments of cells cultured in CM. 
Macrophages (MΦ) were defined as THP-1 cells that were 
treated with 320 nM PMA for 24 h. MS cells were defined 
as macrophages that were cultured in CM of MCF-7 cells 
for 24 h. MR cells were defined as macrophages that were 
cultured in CM of MCF-7R cells for 24 h. Some of the 
obtained MΦ, MS, and MR cells were used to extract proteins, 
and the others were used to change a fresh culture medium 
containing FBS for collecting CM immediately. MCF-7 (MΦ) 
cells were defined as MCF-7 cells cultured in CM of MΦ for 
24 h. MCF-7 (MS) cells were defined as MCF-7 cells cultured 
in CM of MS cells for 24 h. MCF-7 (MR) cells were defined 

as MCF-7 cells cultured in CM of MR cells for 24 h. Then the 
CMs were removed by centrifugation at 1000× g for 5 min, 
and MCF-7 (MΦ), MCF-7 (MS), and MCF-7 (MR) cells were 
cultured in a fresh medium containing FBS with 5 μmol/l 
tamoxifen for 48 h.

Antibodies and reagents. 4-hydroxytamoxifen (4-OH 
Tam, H113419) was purchased from Aladdin Shanghai, 
China. PMA (P1585) and PGE2 (P0409) were purchased 
from Sigma-Aldrich St. Louis, MO, USA. Celecoxib (T0466), 
a selective COX-2 inhibitor, which is strong specificity and 
mild adverse reactions, was purchased from Marget Mol, 
USA. Antibodies against CD163 (A00812-1), Akt (BM4400), 
p-Akt (BM4721), mTOR (A00003-2), and p-mTOR 
(BM4840) were purchased from Boster, Wuhan, China. 
Anti-Arginase-1 antibody (93668) was purchased from 
CST, Danvers, MA, USA. Anti-c-Myc antibody (ab32072) 
and anti-COX-2 antibody (ab179800) were purchased from 
Abcam, Shanghai, China. Anti-p-JNK antibody (ABP0041) 
was purchased from Abbkine, CA, USA.

Cell viability assay. Cell proliferation was assessed by Cell 
Counting Kit 8 (CCK-8, Dojindo, Japan) assays according to 
the manufacturer’s instructions. The cells were incubated for 
12, 24, 36, and 48 h with different reagents according to the 
experimental design. At the end of the respective incubation 
times, cells were incubated in a complete medium containing 
10% CCK-8 reagent for 2 h. Subsequently, absorbance was 
measured at 450 nm in a microplate reader (Mannedorf, 
Switzerland). The experiment was repeated three times.

Cell invasion assay. 100 μl cell suspension containing 
5×105 cells with different drugs and reagents was added 
into the Transwell upper chamber, while 600 μl of complete 
medium with FBS was added to the lower chamber, and 
incubated it in a sterile incubator at 37 °C and 5% CO2 for 
48 h. The cells were dyed with 0.1% crystal violet for 30 min. 
The cells were observed under the inverted microscope, and 
5 fields were randomly selected to count the number of cells 
and calculated the mean value. The above experiments were 
repeated three times minimum.

Western blot analysis. The protein concentration was 
determined by the Lowry protein assay kit (Solaibio, Beijing, 
China). The proteins were separated by SDS-PAGE and 
transferred to PVDF membranes. The membranes were 
blocked with 5% fat-free milk in TBST (50 mM Tris, pH 7.5, 
0.15 M NaCl, and 0.05% Tween 20) at room temperature for 
1 h, and then incubated with the primary antibodies at 4 °C 
overnight. The protein bands were detected by ECL chemi-
luminescence (Promega, Madison, WI, USA), and the gray 
value was analyzed by ImageJ software (National Cancer 
Institute, Bethesda, MD, USA).

Patients. From December 2003 to June 2013, 180 patients 
with ER-positive breast cancer were included in the retro-
spective study. All the patients received routine endocrine 
therapy. The fixed paraffin-embedded breast cancer samples 
were obtained from the Pathology laboratories with a thick-
ness of 4 μm.
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Immunohistochemistry. Serial pathological slides of 
breast cancer samples were incubated overnight at 4 °C 
with anti-CD163 antibody (1:250 dilution) and anti-COX-2 
antibody (1:300 dilution), respectively. After which, the slides 
were washed with PBS 3 times, each time for 3 min. Then the 
slides were incubated with the secondary antibody (G-21234, 
1:500 dilution, Thermo Fisher Scientific, China) for 30 min 
at room temperature. After color development, the yellow 
granules represented CD163 or COX-2 positive. CD163 
immunoreactivity was scored as the infiltration density of 
CD163 positive macrophages ranging from 0 (absent) to 3 
(dense). Macrophages with a score equal to or greater than 
1 were considered as TAMs. COX-2 immunoreactivity was 
scored by staining intensity (negative, weak, moderate, or 
strong staining) and the percentage of positive tumor cells 
per core (≤25%, >25–50%, >50–75%, and >75%). Tissues of 
COX-2 expression with higher than moderate staining inten-
sity in >25% of the cells examined were regarded as positive. 
The results were used for statistical analysis.

ELISA. MCF-7 cells were cultured with the CM of macro-
phages with different degrees of TAM polarization for 48 
hours. After that, the secretion levels of IL-1β, TNF-α, TGF-β, 
and PGE2 in culture supernatant were detected by ELISA kit 
(R&D Systems, Minneapolis, MN, USA) according to the 

manufacturer’s instructions. The sample concentrations were 
estimated with a microplate reader (450 nm and 630 nm).

Statistical analysis. Numerical results were expressed 
as mean ± SD. All data and statistic graphs were analyzed 
using GraphPad Prism software (version 6.0) and SPSS 
Statistics software (version 19.0). Data from multiple groups 
were evaluated by ANOVA. χ2-test was used to analyze the 
relationship between COX-2 in TAMs and tamoxifen resis-
tance. The survival curves were performed by the Kaplan-
Meier method and compared by log-rank test. A p-value 
<0.05 was considered to be statistically significant different 
between comparison groups (*p<0.05, **p<0.01).

Ethical statement. The research was approved by the 
Ethics Committee of Harbin Medical University Cancer 
Hospital, according to the Declaration of Helsinki. All 
patients signed informed consent.

Results

CM of tamoxifen-resistance breast cancer cells induces 
macrophages to polarize into TAMs. Macrophages (MΦ) 
were cultured in the CM of MCF-7 and MCF-7R cells to 
obtain MS and MR cells (Figure 1A). In order to analyze 
the polarization differences in macrophages, western blot 

Figure 1. Crosstalk between tumor-associated macrophages (TAMs) and MCF-7 cells. A) Procedure used to obtain macrophages from different con-
ditioned mediums (CMs) ([MΦ] macrophages, [MS] macrophages cultivated in CM from MCF-7 cells, and [MR] macrophages cultivated in CM from 
MCF-7R cells). B) Western blot analysis of CD163 expression in MΦ, MS, and MR cells. C) Procedure used to testify the effect of CMs from different 
macrophages (MΦ, MS, and MR) on MCF-7 cells. D) Relative viability of MCF-7 (MΦ), MCF-7 (MS), and MCF-7 (MR) cells treated with 5 μmol/l 
tamoxifen. E) Transwell assay analysis of MCF-7 (MΦ), MCF-7 (MS), and MCF-7 (MR) cells treated with 5 μmol/l tamoxifen for 48 h.
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to tamoxifen. Endocrine-resistant cells induce macrophages 
into TAMs polarization, which in turn promotes endocrine 
resistance in cancer cells.

TAMs induce endocrine resistance via the PI3K/
Akt/mTOR pathway in MCF-7 cells. The above results 
have shown that CMs of MS and MR are associated with 
endocrine resistance in MCF-7 cells. As the aberrant activa-
tion of the PI3K/Akt/mTOR pathway is a vital process in 
cancer cell proliferation and drug resistance [23], the effect of 
TAMs on this pathway was investigated. Western blot results 
showed that the phosphorylation levels of Akt and mTOR 
were significantly increased in MCF-7 cells treated with CM 
of MR, in which macrophages expressed the highest CD163 
and polarized into the most TAMs (Figure 2A). It suggests 
that TAMs promote endocrine resistance in breast cancer by 
activating the PI3K/Akt/mTOR pathway.

High COX-2 expression in TAMs promotes endocrine 
resistance by the PI3K/Akt/mTOR pathway. In this study, 
MCF-7 cells were cultured in a microenvironment of macro-
phages of different phenotypes, and the microenvironment 
contained cytokines secreted by them. Therefore, it is likely 
that a certain cytokine released by TAMs mediates endocrine 

method was used to detect the expressions of CD163 in 
MΦ, MS, and MR. CD163 is considered to be a polarization 
marker for TAMs. The higher expression of CD163 means 
the more macrophages are induced into TAMs. It was found 
that CM from breast cancer cell lines increased the expres-
sion of CD163 in macrophages. Compared with MS, CD163 
expression was higher and TAM polarization was more 
pronounced in MR (Figure 1B). These results indicate that 
higher expression of CD163 was induced in macrophages 
cultivated in the CM from MCF-7R cells.

CM of TAMs induces MCF-7 cells tamoxifen resis-
tance. To verify the function of macrophages with different 
phenotypes, MCF-7 cells were cultured in the CM of MΦ, 
MS, and MR (Figure 1C). After that, the cells were treated 
with 5 μmol/l tamoxifen for 48 h. The CCK-8 analysis was 
used to evaluate the cell survival rate, and the Transwell assay 
was used to detect the cell invasion ability (Figures 1D, 1E). 
MCF-7 cells cultured in CM-TAMs (MS, MR) were observed 
to have tamoxifen resistance, of which MCF-7 (MR) cells 
were the most significantly resistant to tamoxifen. Therefore, 
it indicates that TAMs polarization enhances the ability of 
MCF-7 to proliferate and invade, and promotes resistance 

Figure 2. High expression of COX-2 in tumor-associated macrophages (TAMs) induces endocrine resistance by activating the PI3K/Akt/mTOR path-
way in MCF-7 cells. A) Western blot analysis of the PI3K/Akt/mTOR pathway. The expressions of p-Akt and p-mTOR were highest in MCF-7 cells 
cultured in the conditioned mediums (CMs) of MR (TAMs from tamoxifen-resistant microenvironment). B) ELISA shows the secretion levels of four 
cytokines in CMs of different macrophages (MΦ, MS (TAMs from tamoxifen-sensitive TME), and MR). Only the change trend of PGE2 was increased 
significantly. C) The COX-2 expressions in MCF-7 and MR were detected by western blot. It indicates it is TAMs that increase the expression of COX-2/
PGE2 promoting endocrine resistance in MCF-7 cells.
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resistance, and this cytokine has the ability to activate the 
PI3K/Akt/mTOR pathway. After reviewing the relevant 
literature, we selected the key cytokines that may activate 
this pathway, including IL-1β, TNF-α, TGF-β, and PGE2 
[24]. The secretion levels of these four cytokines in the three 
CM (MΦ, MS, and MR) were assessed by ELISA. The results 
showed that with the polarization of macrophages into 
TAMs, the changes of IL-1β and TGF-β were not obvious, 
the secretion of TNF-α decreased, while only the secretion 
of PGE2 increased significantly (Figure 2B). It indicates that 
PGE2 may be an important mediator of endocrine resistance 
through the PI3K/Akt/mTOR pathway.

The synthesis of PGE2 requires the role of the key synthase 
COX-2, which may be expressed in both TAMs and tumor 
cells. In order to prove that the PGE2 overexpressed in TME 
was mainly secreted by TAMs, western blot was used to 
detect the expression levels of COX-2 in MCF-7 cells and 
MR (TAMs). The results demonstrated that the expres-
sion of COX-2 in MR was higher than that in MCF-7 cells 
(Figure  2C). It suggests that TAMs overexpress COX-2, 

inducing the endocrine resistance in breast cancer. The 
western blot results showed that adding CM from MR to 

MCF-7 cells enhanced the activation of the PI3K/Akt/mTOR 
pathway, while celecoxib (40 μmol/l) inhibited this effect. 
Furthermore, the phosphorylation of Akt and mTOR was 
also significantly increased when MCF-7 cells were treated 
with 50 nmol/l PGE2 (Figure 3A). The levels of PGE2 in the 
four groups were analyzed by ELISA, which is consistent 
with pathway activation (Figure 3B). Besides, MCF-7 cells 
cultured with MR or PGE2 acquired a stronger ability of 
proliferation and invasion and were more resistant to tamox-
ifen (Figures 3C, 3D). The above results indicate that TAMs 
overexpress COX-2 increasing the secretion of PGE2, which 
promotes endocrine resistance through the activation of the 
PI3K/Akt/mTOR pathway.

Breast cancer cells induce TAMs polarization through 
the activation of the JNK/c-Myc/Arginase-1 pathway. The 
above experiments have proved that the TME induces TAMs 
polarization, but the relevant mechanism has not been eluci-
dated. Due to the immortal proliferation of tumor cells, the 
interior of the tumor is often in a state of hypoxia. In this 
local hypoxic environment, the JNK/c-Myc pathway in 
macrophages is activated, which is a classic pathway involved 
in TAMs polarization of macrophages [25]. Therefore, a 

Figure 3. Tumor-associated macrophages (TAMs) and COX-2/PGE2 promote endocrine resistance, while celecoxib inhibits endocrine resistance in 
MCF-7 cells treated with 5 μmol/l tamoxifen. A) Western blot analysis of the PI3K/Akt/mTOR pathway. Conditioned mediums (CMs) of MR (TAMs 
from tamoxifen-resistant TME) and PGE2 (50 nmol/l) activate the PI3K/Akt/mTOR pathway in MCF-7 cells. The activation of the PI3K/Akt/mTOR 
pathway by the conditioned mediums (CMs) of MR decreased when MR was treated with 40 μmol/l celecoxib. B) PGE2 levels in four groups were 
detected by ELISA. C) Relative viability of MCF-7, MCF-7+MR, MCF-7+MR+celecoxib, and MCF-7+PGE2 cells treated with 5 μmol/l tamoxifen. D) 
Transwell assay analysis of MCF-7, MCF-7+MR, MCF-7+MR+celecoxib, and MCF-7+PGE2 cells treated with 5 μmol/l tamoxifen for 48 h.
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western blot was used to detect the activation of this pathway. 
Moreover, the overexpression of Arginase-1 is the represen-
tative marker for macrophages TAMs polarization [8, 26]. 
The results showed that the expressions of p-JNK, c-Myc, 
and Arginase-1 were the highest in MR, and the most TAMs 
were generated (Figure 4A). The reason may be that when 
breast cancer cells are resistant to tamoxifen, the cell prolif-
eration and invasion ability is still maintained at a high level, 
and the oxygen content in TME is relatively low. These results 
indicate that breast cancer endocrine-resistant cells are more 
capable of mediating the polarization of macrophages into 
TAMs through the JNK/c-Myc/Arginase-1 pathway. In 
summary, TAMs promote endocrine resistance in breast 
cancer, which in turn, endocrine-resistant breast cancer cells 
mediate macrophages TAMs polarization, forming a positive 
feedback loop.

COX-2 in TAMs is associated with endocrine resis-
tance in breast cancer patients. In order to investigate 
the clinical relevance of COX-2 in TAMs and endocrine 
resistance, pathological paraffin sections of 180 ER-positive 
breast cancer patients were immunohistochemically stained 
with anti-CD163 and anti-COX-2 antibody (Figure 5A). In 
the stroma of 180 patients, 124 (68.9%) CD163-positive 
patients were included in the final research. Among the 
124 patients, 50 (40.3%) were found overexpressing COX-2 
in TAMs, while 74 (59.7%) were found under-expressing 
COX-2 in TAMs. Recurrence and progression were observed 
in 31 (62%) patients with high COX-2 expression, while 24 
(32.4%) patients with low COX-2 expression. Chi-square 
test statistical analysis was applied to evaluate the relation-
ship between COX-2 expression and endocrine resistance 
in breast cancer. The results illustrate those patients with 
high expression of COX-2 in TAMs are more likely to obtain 
resistance to endocrine therapy of breast cancer, which 
leads to disease recurrence and progression (p<0.01, Figure 
5B). To summarize, these results indicate that COX-2 in 
TAMs plays a key role in promoting endocrine resistance 
in breast cancer.

High COX-2 expression in TAMs results in a poor five-
year PFS for breast cancer patients. The χ2-test showed 
that the higher the expression of COX-2 in TAMs, the better 
chance to develop tamoxifen resistance. As a consequence, 
it is reasonable to investigate whether the COX-2 in TAMs 
is relevant to clinical survival. Of the 50 patients with high 
COX-2 expression in TAMs, 22 (44%) developed progres-
sion within five years, with a median follow-up time of 43 
months. Of the 74 patients with low COX-2 expression in 
TAMs, 19 (25.7%) developed progression within five years, 
with a median follow-up time of 59 months. Kaplan-Meier 
survival curve was used to analyze the relationship between 
COX-2 expression and the five-year PFS of these patients. 
The results indicate that the higher the expression of COX-2 
in TAMs, the lower the five-year PFS of the breast cancer 
patients (p<0.05, Figure 5C), and the difference was statisti-
cally significant.

Discussion

Endocrine resistance is the main cause of progression or 
death in patients with ER-positive breast cancer. At present, 
most researches on the mechanisms of endocrine resistance 
focus on breast cancer cells, while the study on the role 
of other cells in TME is less frequent. TAMs are the most 
abundant infiltrative immune-related stromal cells in TME 
that promote tumor growth, angiogenesis, invasion, and 
metastasis, and inhibit apoptosis in a variety of tumors [27]. 
Our previous study has confirmed that TAMs are associated 
with tamoxifen resistance in breast cancer patients [12]. This 
study mainly explored the mechanism of TAMs mediated 
endocrine resistance in breast cancer cells.

We found that endocrine-resistant breast cancer cells 
induce macrophages TAMs polarization. When breast 
cancer cells acquire the ability to resist endocrine therapy, 
the functions of cell proliferation and anti-apoptosis are 
not affected, resulting in the local microenvironment of 
the tumor is often in a state of hypoxia. It is found that 
macrophages polarize into TAMs through the JNK/c-Myc/
Arginase-1 pathway in this specific TME.

It was confirmed that endocrine-resistant breast cancer 
cells induce the polarization of TAMs, and TAMs in turn 
further promote endocrine resistance of breast cancer cells. In 
addition to the overexpression in breast cancer cells, accumu-

Figure 4. Conditioned mediums (CMs) of tamoxifen-resistant MCF-7 
cells (MCF-7R) induce macrophages to polarize into tumor-associated 
macrophages (TAMs) through the activation of the JNK/c-Myc/Arginase 
pathway. A) Western blot analysis of the JNK/c-Myc/Arginase pathway. 
CMs of tamoxifen-sensitive MCF-7 cells (MCF-7S) and MCF-7R acti-
vated JNK/c-Myc/Arginase pathway in macrophages. Furthermore, the 
activation of the JNK/c-Myc/Arginase pathway was more obvious in MR 
(TAMs from tamoxifen-resistant TME). It suggests that macrophages 
cultured in CM of MCF-7R are more likely to polarize into TAMs.
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lating evidence shows that COX-2 also commonly exists in 
other components of TME, such as fibroblasts and myeloid 
cells [28, 29]. Hou et al. [15] observed that macrophages 
induced COX-2 expression in breast cancer cells, which may 
result in tumor progression. Moreover, it is also reported 
that COX-2 inhibition leads to the loss of M2 macrophages’ 
characteristics in TAMs, which may help to prevent metas-
tasis in mouse breast cancer models [30]. Taken together, 
it indicates that COX-2 in TAMs may participate in the 
progression and drug resistance of malignant tumors [31]. 
The activation of the PI3K/Akt/mTOR pathway in tumor cells 
is the central event of TAMs-mediated cancer progression, 
because the chemokines or cytokines secreted by TAMs may 
be the effective PI3K/Akt/mTOR activators [23, 32]. In this 
study, we found that COX-2 in TAMs increases the release 
of PGE2 and promotes endocrine resistance in breast cancer 
cells by activating the PI3K/Akt/mTOR pathway, which is 
the classical signaling pathway that mediates the endocrine 
resistance [20, 21]. We also investigated that breast cancer 
patients with COX-2 overexpression in TAMs are more likely 
to develop endocrine resistance. More importantly, the high 

expression of COX-2 in TAMs is related to the poor five-year 
PFS, which is consistent with a previous study [11].

The crosstalk between TAMs and cancer cells is complex, 
involving exosomes, cytokines, and metabolites [33]. 
Considering that TAMs are a kind of stromal cells in TME, 
other stromal cells and various cytokines may also have 
potential impacts on the endocrine resistance of breast 
cancer cells. In future research, it is necessary to further 
investigate these issues.

In conclusion, our results indicate that endocrine-resis-
tant breast cancer cells prefer to mediate TAMs polariza-
tion of macrophages through the JNK/c-Myc/Arginase-1 
pathway. In turn, TAMs highly express COX-2, which further 
promotes the endocrine resistance of breast cancer cells by 
activating the PI3K/Akt/mTOR pathway, thereby forming a 
positive feedback loop between TAMs and breast cancer cells 
(Fig. 5D). These findings suggest that COX-2 and TAMs may 
be potential therapeutic targets for endocrine-resistant breast 
cancer patients. Our results further improve the possibility 
of reversing the endocrine resistance of breast cancer and 
improve the clinical treatment effect of these patients.

Figure 5. High COX-2 expression in tumor-associated macrophages (TAMs) is related to endocrine resistance and a poor five-year progression-free 
survival (PFS) in breast cancer patients. A) Representative images immunohistochemical staining for CD163 and COX-2 in serial sections from human 
breast cancer samples. B) χ2-test for the correlation between COX-2 expression in TAMs and endocrine resistance in breast cancer patients (p < 0.0001). 
C) Kaplan-Meier five-year PFS curve in estrogen receptor (ER)-positive breast cancer patients with low (n = 74) and high (n = 50) COX-2 expression 
in TAMs (p = 0.0186). D) Proposed model for TAMs increases COX-2 expression activating the PI3K/Akt/mTOR pathway to promote endocrine resis-
tance in breast cancer cells, forming a positive feedback loop between TAMs and breast cancer cells.
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