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Abstract

Cyclooxygenase-2 plays a role in oncogenesis and its overexpression is associated with tri-
ple-negative breast cancer. However, the mechanisms whereby cyclooxygenase-2 contrib-
ute to breast cancer are complex and not well understood. Cyclooxygenase-2
overexpression causes hypoxia, oxidative stress, and endoplasmic reticulum stress. The
aim of this study is to investigate the correlations among cyclooxygenase-2 expression,
endoplasmic reticulum stress-associated molecules, and autophagy-associated molecules
in triple-negative breast cancer. Surgical specimens from two cohorts of triple-negative
breast cancer patients without neoadjuvant systemic therapy were analyzed: cohorts 1 and
2 consisted of 218 cases from 2004 to 2006 and 221 cases from 2007 to 2009, respectively.
Specimens were evaluated by immunohistochemical examination of cyclooxygenase-2,
endoplasmic reticulum stress markers, and autophagy markers expression using tissue
microarrays. Cyclooxygenase-2 was overexpressed in 29.8% and 23.9% of cases in
cohorts 1 and 2, respectively; and it was positively correlated with two out of three endoplas-
mic reticulum stress-associated molecules (XBP1, p = 0.025 and p = 0.003 in cohort 1 and
cohort 2, respectively; PERK, p < 0.001 in both cohorts). Cyclooxygenase-2 was also posi-
tively correlated with two out of three autophagy markers (p62, p = 0.002 and p = 0.003 in
cohort 1 and cohort 2, respectively; beclin1, p < 0.001 in both cohorts). Although cyclooxy-
genase-2 was not an independent prognostic factor for distant metastasis free survival and
overall survival, its expression was associated with the expression of endoplasmic reticulum
stress and autophagy molecules in triple-negative breast cancer.

Introduction

Triple-negative breast cancer (TNBC) is a subtype of breast cancer that is characterized by the
lack of expression of the estrogen and progesterone receptors as well as the lack of overexpres-
sion of human epidermal growth factor 2 (HER2). Although TNBC accounts for only
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approximately 10%-15% of all breast cancers, it is disproportionally lethal because of its
aggressive behavior and absence of targeted therapies [1]. Many TNBC biomarkers (e.g., prog-
nostic or predictive indicators) as well as novel therapies have been studied. These include tar-
geted inhibitors and immune checkpoint inhibitors, which have been incorporated into the
therapeutic regimen in some settings. For example, the importance of tumor-infiltrating lym-
phocytes as a candidate biomarker is increasing. However, cytotoxic chemotherapy still
remains the mainstay therapy because of the heterogeneity within this single subtype of breast
cancer. Therefore, the clinical demand for new TNBC treatment strategies remains urgent.

Given its high metabolic profile and aggressive nature, autophagy and the stress response
are critical to the growth regulation of TNBC [2]. To maintain ER homeostasis during geno-
toxic stress, various cancers, including breast cancer, induce an unfolded protein response
(UPR) and autophagy. Also, it is well known that all three UPR arms regulate autophagy [3].
Among the main responses of UPR, the IRE1a-XBP1 and PERK/eIF20./ATF4 pathways play
critical roles in TNBC, such as tumor initiation, vascularization, progression, and tumor
microenvironment reprogramming [4, 5]. While there has been little evidence for a direct role
for the ATF6 branch (another major pathway in the UPR response) in breast cancer, Sicari
et al. found that ATF6 activity contributes to TNBC cells’ viability and invasion [6]. Autop-
hagy-related proteins, including Beclinl and LC3, are highly expressed in TNBC compared to
other breast cancer subtypes due to the hypoxic conditions associated with the former. Knock-
down of beclinl and LC3 significantly decreases autophagy and inhibits proliferation, migra-
tion, and invasion of TNBC cell lines. Another major participant in autophagy is p62, whose
accumulation is associated with advanced stage, positive lymph node and lymphovascular
invasion in TNBC [7-9]. Collectively, mounting evidence suggests the importance of the UPR
response and autophagy in promoting aggressiveness in TNBC. Nevertheless, no commercial-
ized strategy for TNBC treatment has targeted these pathways.

Cyclooxygenase-2 (COX-2) is an inducible, proinflammatory enzyme that catalyzes the
rate-limiting step in eicosanoid synthesis, i.e., the conversion of arachidonic acid to prosta-
glandins and thromboxanes. Numerous studies have highlighted the importance of COX-2 in
tumor initiation, progression, invasion, multidrug resistance, and metastasis [10, 11]. Among
the products of COX-2, prostaglandin E2 (PGE2) is thought to play a pivotal role in the pro-
oncogenic action of COX-2. PGE2 inhibits apoptosis and promotes angiogenesis, prolifera-
tion, and metastasis [12, 13]. Although levels of COX-2 are tightly controlled by transcriptional
and translational processes in most tissues, COX-2 is frequently overexpressed in breast can-
cers, particularly TNBC [14]. While early evidence suggests that the PGE2 pathways are impor-
tant to the progression and chemotherapy resistance of TNBC, the exact mechanisms involved
in the COX-2-mediated regulation of these processes are largely unknown.

In this study, we elucidated the correlations among COX-2 expression, endoplasmic reticu-
lum (ER) stress-associated molecules, and autophagy-associated molecules in TNBC, includ-
ing in patient-derived xenograft (PDX) models. We also measured tumor-infiltrating
lymphocyte (TIL) levels in TNBC and its association with COX-2. Our objectives were to
determine the associations between these known altered markers of TNBC, and to understand
the mechanisms used by these proteins and pathways in the biological and clinical behavior of
TNBC.

Materials and methods
Patients and tissue specimens

A total of 439 TNBC patients who underwent surgery for primary breast cancer between 2004
and 2009 at Asan Medical Center in Seoul, Korea were retrospectively selected. Of these 439
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patients, cohorts 1 and 2 consisted of 218 patients who underwent surgery from 2004 to 2006
and 221 patients who underwent surgery from 2007 to 2009, respectively. Within cohorts 1
and 2, 141 (64.7%) and 153 (69.2%) patients, respectively, had no lymph node metastasis and
received four cycles of adjuvant adriamycin (60 mg/m?*) and cyclophosphamide (600 mg/m?).
In the remaining cohorts 1 and 2 patients, 77 (35.3%) and 68 (30.8%) patients, respectively,
presented with lymph node metastases and underwent four cycles of adriamycin and cyclo-
phosphamide, followed by either four cycles of paclitaxel (175 mg/m?) or four cycles of doce-
taxel (75 mg/m?). Radiotherapy was performed on 348 patients (79.3%). The median follow-
up time was 120.7 months. Clinicopathologic data, such as age at diagnosis, histologic grade,
pathologic T stage, and N stage were obtained from medical records and pathology reports
from the surgery. All procedures performed in studies involving human participants were per-
formed in accordance with the Declaration of Helsinki. The need for consent has been waved
by Institutional Review Board of Asan Medical Center (2013-0866).

Histological evaluation

Representative tumor sections obtained through surgery were stained with hematoxylin and
eosin and reviewed by two pathologists (H.J.L. and G.G.) to evaluate TIL levels (defined as the
mean percentage of stroma in invasive carcinoma infiltrated by lymphocytes in 10% incre-
ments) [15], as well as histologic subtype and grade. Histologic types were identified based on
the 2020 World Health Organization criteria, while the histologic grade was assessed using the
modified Bloom-Richardson classification [16, 17].

PDX model

Fresh tumor tissue samples obtained from TNBC patients from 2015 to 2020 were sliced into
2-3 mm’ fragments and grafted onto the inguinal mammary fat pad of four-week-old female
NOD/SCID mice (KoaTech, Pyeongtaek, Gyeonggi-do, Korea). For tumor implantation, ani-
mals were anesthetized with 10mg/kg Alfaxan® (Jurox Pty Ltd, Australia) and 1.2mg/kg Rom-
pun® (Bayer Korea, Korea) by intraperitoneal injection. After tumor engraftment, the mice
were maintained on a 12-hour light/dark cycle in specific-pathogen-free (SPF) conditions and
monitored twice a week for one year. Feed and water were freely provided for consumption.
The tumor was excised when the xenograft tumor reached a size of 500 mm?®.

The animal experiments were carried out ethically under protocols approved by the Institu-
tional Animal Care and Use Committee of the Asan Institute for Life Sciences (2018-12-059).
All experiments were performed under anaesthesia, and when the tumor was excised, the ani-
mals were euthanized in the chamber by adding a low concentration of CO, and via subse-
quent cervical dislocation. All efforts were made to minimize suffering. The animals were
managed under 24-hour surveillance by veterinarians and staff assigned to the facility under
SPF conditions.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue samples were arrayed with a tissue-arraying instru-
ment as previously described [18]. A tissue microarray was also constructed using 37 TNBC
PDX tumors. Tissue microarray sections were stained using an automated immunohistochem-
ical staining device (Benchmark XT; Ventana Medical Systems, Tucson, AZ). Antibodies tar-
geting cyclooxygenase-2 (COX-2; 1:400, PA5-16817, ThermoFisher, Waltham, MA), phospho-
eukaryotic initiation factor 2a (p-elF2a; 1:200, ab32157, Abcam, Cambridge, UK), protein
kinase RNA-like endoplasmic reticulum kinase (PERK; 1:200, Cell Signaling Technology,
Danvers, MA), X-box binding protein-1 (XBP1; 1:75, ab37152, Abcam), Microtubule-
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associated protein 1A/1B-light chain 3 beta (LC3b; 1:200, ab48394, Abcam), p62 (1:10000,
ab56416, Abcam), and beclinl (1:50, ab51031, Abcam) were used. The nuclear and cyto-
plasmic expression levels of XBP1, LC3B, p62, beclinl were evaluated separately. The intensity
of immunochemical staining was graded as 0 (negative), 1 (weak), 2 (moderate), or 3 (strong),
and the percentage of positive tumor cells was also evaluated. The “immunoreactive score” was
calculated by multiplying the percentage of coverage by the staining intensity.

Statistical analysis

All statistical analyses were performed using SPSS statistical software ver. 26.0 (IBM Corp.,
Armonk, NY, USA). Mann-Whitney U test, Spearman’s correlation analysis, the chi-square
test, Cox proportional hazards regression model were used as appropriate. All statistical analy-
ses were two-sided, and statistical significance was set at p < 0.05.

Results

Clinicopathologic characteristics

All 439 patients were female, with a median age of 47 years at diagnosis (range, 23 to 76 years).
Histologic grades of 2 and 3 were scored in 102 (23.2%) and 337 (76.8%) cases, respectively.
Tumors consisted of 180 pT1 (41.0%), 238 pT2 (54.2%), and 21 pT3 (4.8%) tumors. No pT4
tumors were detected. Most (n = 294) of the patients did not have pathologic lymph node
metastasis (pNO, 67.0%), while 74 (17.0%), 36 (8.2%), and 35 (8.0%) tumors were pN1, pN2,
and pN3, respectively. The tumors were categorized into four groups based on TIL amounts:
<10% TILs (100 patients, 22.8%), >10%; <30% TILs (99 patients, 22.6%), >30%; and <60%
TILs (99 patients, 22.6%), >60% TILs (141 patients, 32.1%). The clinicopathologic parameters
of cohorts 1 and 2 did not differ significantly (Table 1).

Table 1. Comparison of clinicopathologic variables of cohorts 1 and 2.

Cohort 1 Cohort 2 p-value
Age
<50 134 (61.5) 135 (61.1) 0.935
>50 84 (38.5) 86 (38.9)
Histologic grade
1and 2 57 (26.1) 45 (20.4) 0.151
3 161 (73.9) 176 (79.6)
pT
1 87 (39.9) 93 (42.1) 0.863
2 121 (55.5) 117 (52.9)
3 10 (4.6) 11 (5.0)
TIL
<10% 52 (23.9) 48 (21.7) 0.524
>10% and <30% 53 (24.3) 46 (20.8)
30% and <60% 50 (22.9) 49 (22.2)
>60% 63 (28.9) 78 (35.3)
LN metastasis
Negative 141 (64.7) 153 (69.2) 0.311
Positive 77 (35.3) 68 (30.8)

pT, pathological tumor stage; TIL, tumor-infiltrating lymphocyte; LN, lymph node

https://doi.org/10.1371/journal.pone.0289627.t001
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immunoreactive score

Expression of COX-2

The COX-2 immunoreactive scores of the two cohorts did not differ significantly (p = 0.072,
Fig 1). The average value of the sum of COX-2 immunoreactive scores of both cohorts was
64.9. Therefore, immunohistochemical analysis of COX-2 expression was scored as follows:
below average, low expression (321 cases, 73.1%); and above average, high expression (118
cases, 26.8%). In cohort 1, 153 cases (70.1%) were low and 65 cases (29.8%) were high; while in
cohort 2, 168 cases (76.0%) were low and 53 cases (23.9%) were high. Meanwhile, the average
COX-2 immunoreactive score among successful engraftments for the PDX model was 220.5,
which is significantly higher than that of primary tumors.

Characteristics of tumors according to COX-2 expression

In cohort 1, high COX-2 expression was significantly associated with lower TIL levels

(p =0.002). In cohort 2, a trend of association was seen between the TIL level and COX-2
expression (p = 0.087). COX-2 expression levels were not significantly associated with age, his-
tologic grade, pT stage, and lymph node metastasis in both TNBC cohorts (Table 2).

‘shaart 1 T short 9

e - Wik &

Fig 1. Distribution of triple-negative breast cancer patients in cohorts 1 and 2 based on immunoreactive scores for COX-2 expression.

https://doi.org/10.1371/journal.pone.0289627.9001
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Correlation of COX-2 expression with ER stress and autophagy markers

ER stress is known to induce the expression of COX-2 [19]; moreover, NSAIDs, including cel-
ecoxib, modulate autophagy [20, 21]. Therefore, we first analyzed the cytoplasmic association
among the COX-2 immunoreactive scores, ER stress-associated molecules, and autophagy
markers. We observed positive correlations between COX-2 and two out of three ER stress-
associated molecules: XBP1 (p = 0.025 in cohort 1 and p = 0.003 in cohort 2), PERK (p < 0.001
in both cohorts), and p-elF2a (p > 0.05 in both cohorts). COX-2 was also positively correlated
with two out of three autophagy markers in both cohorts: p62 (p = 0.002 in cohort 1 and

p = 0.003 in cohort 2), beclinl (p < 0.001 in both cohorts), and LC3B (p > 0.05 in both
cohorts) (Figs 2 and S1 and S2).

In the 37 TNBC PDX models, COX-2 was also positively correlated with the same ER
stress-associated molecules: XBP1 (r = 0.560, p < 0.001), PERK (r = 0.591, p < 0.001), and p-
elF2a (r = 0.286, p = 0.086); however, it was positively correlated with only one autophagy-
related molecule, p62 (r = 0.606, p < .001) (S1 Table).

Prognostic significance of COX-2 expression

While the overexpression of COX-2 is known to be a poor prognostic marker in breast cancer,
COX-2 expression is higher in TNBC than in other subtypes. Therefore, we analyzed the prog-
nostic significance of COX-2 expression in two TNBC cohorts. Univariate and multivariate
analyses of age, pT stage, histologic grade, TIL level, and lymph node involvement were under-
taken to elucidate the prognostic significance of COX-2 expression. Univariate analysis
showed that TIL level and lymph node involvement were significantly associated with overall
survival (OS) in both cohorts; while pT stage, TIL, and lymph node involvement were signifi-
cantly associated with distant metastasis free survival (DMFS) in both cohorts (Table 3).

Table 2. Comparison of clinicopathologic variables according to COX-2 expression level.

COX-2 immunoreactive score (Cohort 1) COX-2 immunoreactive score (Cohort 2)

Low (%) High (%) p-value Low (%) High (%) p-value
Age
<50 98 (64.1) 36 (55.4) 0.229 106 (63.1) 29 (54.7) 0.275
>50 55 (35.9) 29 (44.6) 62 (36.9) 24 (45.3)
Histologic grade
1and 2 36 (23.5) 21 (32.3) 0.177 31 (18.5) 14 (26.4) 0.209
3 117 (76.5) 44 (67.7) 137 (81.5) 39 (73.6)
pT
1 64 (41.8) 23 (35.4) 0.572 70 (41.7) 23 (43.4) 0.562
2 83 (54.2) 38 (58.5) 91 (54.2) 26 (49.1)
3 6(3.9) 4(6.2) 7 (4.2) 4(7.5)
LN metastasis
Negative 100 (65.4) 41 (63.1) 0.747 116 (69.0) 37 (69.8) 0.916
Positive 53 (34.6) 24 (36.9) 52 (31.0) 16 (30.2)
TIL
<10% 27 (17.6) 25 (38.5) 0.001 32(19.0) 16 (30.2) 0.087
>10% and <30% 35(22.9) 18 (27.7) 33 (19.6) 13 (24.5)
30% and <60% 40 (26.1) 10 (15.4) 41 (24.4) 8 (15.1)
>60% 51 (33.3) 12 (18.5) 62 (36.9) 16 (30.2)

pT, pathological tumor stage; LN, lymph node; TIL, tumor-infiltrating lymphocyte

https://doi.org/10.1371/journal.pone.0289627.t002
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Multivariate analysis found that only TIL level was an independent prognostic factor for OS in
both cohorts, while TIL and lymph node involvement were independent prognostic factors for
DMES in both cohorts. Contrary to our expectation, COX-2 expression was not significantly
associated with OS in both cohorts (in univariate analysis, p = 0.441 in cohort 1 and p = 0.190
in cohort 2; in multivariate analysis, p = 0.924 in cohort 1 and p = 0.115 in cohort 2). Interest-
ingly, COX-2 expression was significantly associated with DMES in only cohort 1, based on
univariate analysis (p = 0.002 in cohort 1 and p = 0.145 in cohort 2). However, multivariate
analysis revealed that COX-2 expression was not an independent prognostic factor for DMFS
(p =0.056 in cohort 1 and p = 0.089 in cohort 2). Therefore, COX-2 expression was not an
independent prognostic factor for OS and DMEFS.

Discussion

To the best of our knowledge, this study is the first to explore the correlation between COX-2,
ER stress, and autophagy in TNBC using protein assays. We found that higher COX-2 levels in
TNBC were associated with higher ER stress and autophagy markers. Analysis of TNBC PDX
models showed not only the same correlation patterns as those found in the primary tumor,
but these models also detected a much larger correlation coefficient (Figs 2 and S1 and S2).
These results suggest the possibility that COX-2 may be a part of the cell stress response,
because TNBCs, which are notably aggressive tumors, have a high PDX success rate [22].
COX-2 mediates the interaction between heavy metal-induced ER stress and autophagy via the
elF20-ATF4 pathway, a major autophagy pathway [23, 24]. In the non-TNBC pre-clinical
models MCF-7 and ML-1, both COX-2 and autophagy pathways are activated upon ER stress
[19], which has also been reported in TNBC MDA-MB-231 cell lines [25]. In non-breast can-
cer model chondrocytes, increased ER stress is associated with increased COX-2 expression
[26]. Moreover, the relationship between ER stress and autophagy has been well established.
Interestingly, three branches of the UPR pathway are linked to autophagy-related signaling
pathways [27] as part of critical cell stress response regulation mechanisms. Yet, the exact con-
tribution of COX-2 to these cell stress pathways in TNBC remain unclear.

Considering the results of previous reports on the associations among COX-2, ER stress,
and autophagy pathways, we hypothesize that the correlation observed in the current study are
a result of the high metabolic activity and aggressive nature of TNBC. Cells affected by TNBC
are well known to undergo intense and wasteful metabolic activities, resulting in activation of
both autophagy and ER stress pathways. However, to date, the involvement between COX-2
and cell stress response is unknown. Our current study is purely observational, thus further

COX-2 PERK P-elF2a LC3B beclinl

Ko N

Low COX-2 High COX-2

Fig 2. Representative immunohistochemical staining images of ER stress and autophagy markers according to COX-2 expression (x200) Tumors with high COX-2
expression levels also show high levels of ER stress (XBP-1 and PERK) and autophagy (p62, beclinl) markers. In contrast, tumors with low COX-2 expression levels
show low levels of ER stress (XBP-1 and PERK) and autophagy (p62, beclin1) markers.

https://doi.org/10.1371/journal.pone.0289627.9002
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Table 3. Univariate and multivariate analyses of overall survival and distant metastasis free survival in each cohort.

Cohort 1 (N =218) Cohort 2 (N =221)
Univariate HR (95% CI) | p value ‘ Multivariate HR (95% CI) | Multivariate p | Univariate HR (95% CI) ‘ p value ‘ Multivariate HR (95% CI) ‘ Multivariate p
Age (<50 vs. >50 years)

1.345 0.327 1.147 0.657 1.106 0.764 1.135 0.714
(0.743-2.435) (0.625-2.105) (0.574-2.132) (0.576-2.239)
pT stage (<5 cm vs. >5 cm)
2.637 0.065 2.254 0.13 3.199 0.028 2.013 0.222
(0.943-7.376) (0.786-6.460) (1.133-9.034) (0.656-6.180)
Histological grade (Grade 3 vs. grade 1 and 2)
Tg 1.063 0.861 1.35 0.41 1.381 0.469 1.515 0.361
é (0.537-2.103) (0.661-2.757) (0.576-3.311) (0.621-3.693)
%
= TIL (percentage)
§ 0.984 0.015 0.983 0.013 0.982 0.006 0.979 0.002
© (0.972-0.997) (0.969-0.996) (0.970-0.995) (0.966-0.992)
Node (negative vs. positive)
1.829 0.046 1.785 0.061 2.677 0.003 2.515 0.009
(1.012-3.306) (0.973-3.273) (1.405-5.103) (1.261-5.016)
COX-2 expression
1.001 0.441 1 0.924 0.997 0.19 0.996 0.115
(0.998-1.005) (0.997-1.003) (0.992-1.002) (0.992-1.001)
Age (<50 vs. >50 years)
0.984 0.965 0.72 0.388 1.168 0.67 1.219 0.598
(0.478-2.027) (0.341-1.519) (0.572-2.384) (0.584-2.547)
pT stage (<5 cm vs. >5 cm)
= 3.908 0.011 3.242 0.035 3.838 0.012 2.188 0.182
E (1.367-11.175) (1.085-9.685) (1.342-1.978) (0.694-6.902)
f Histological grade (Grade 3 vs. grade 1 and 2)
& 0.732 0.418 1.231 0.607 1.092 0.846 1.157 0.755
é (0.345-1.555) (0.557-2.723) (0.448-2.663) (0.464-2.882)
% TIL (percentage)
g 0.969 0.001 0.97 0.003 0.983 0.014 0.98 0.007
§ (0.951-0.987) (0.951-0.990) (0.969-0.996) (0.966-0.994)
A | Node (negative vs. positive)
2.72 0.006 2.264 0.032 3.082 0.002 2.897 0.006
(1.332-5.553) (1.074-4.771) (1.518-6.255) (1.348-6.227)
COX-2 expression
1.005 0.002 1.003 0.056 0.996 0.145 0.995 0.089
(1.002-1.009) (1.000-1.007) (0.990-1.001) (0.990-1.001)

HR, hazard ratio; pT, pathological tumor stage; TIL, tumor-infiltrating lymphocyte

https://doi.org/10.1371/journal.pone.0289627.t003

mechanistic studies are needed to determine the mechanisms of action of COX-2, ER stress,
and autophagy under high stress conditions similar to those of TNBC. However, we are confi-
dent that our study has shed new insight on the role of COX-2 in cell stress responses through
direct analysis of patient samples.

It is known that COX-2 levels in breast cancers are elevated, ranging from 27.9% to 81.4%.
These overexpression levels are highly variable because of the differences in scoring methods,
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staining protocols, and cut-off points among different studies. Interestingly, basal-like TNBC is
associated with COX-2 overexpression [14, 28, 29]. COX-2 overexpression is known to be a
poor prognostic factor in breast cancer. Although reports of the prognostic value of COX-2 vary
from study to study, and lead to no consensus, a recent meta-analysis by Xu et al. [28] showed
that COX-2 overexpression in breast cancer is associated with poor prognosis as well as larger
tumor size and lymph node metastasis. However, few studies have addressed the association
between COX-2 level and prognosis of TNBC patients, and regarding breast cancer, there is no
consensus yet. Zhou et al. [30] reported that COX-2 overexpression is significantly correlated
with a shorter OS time in 31 TNBC patients. Similarly, Chikman et al. [31] reported that COX-
2 is associated with a decreased DFS in a cohort of 67 TNBC patients. In contrast, Kwon et al.
[32] failed to show the clinical significance of COX-2 in TNBC patients. In our study, univariate
analysis of cohort 1 showed that COX-2 was a poor prognostic factor for DMFS, but COX-2 did
not act as an independent prognostic factor of TNBC because it was observed only in univariate
analysis. Moreover, COX-2 also showed no significant relationship to OS. Our study, consistent
with the results of other studies, failed to demonstrate that COX-2 can act as an independent
predictor of any type of patient survival in TNBC. Nevertheless, additional studies are required,
considering that other studies have been based on small cohorts.

Association of COX-2 expression in invasive tumor cells and the level of TILs has not been
analyzed previously. In this study, we found a negative correlation of these two factors in both
cohorts. Cohort 1 showed a statistically significant correlation, but cohort 2 showed only a
trend of association. These associations need to be further investigated.

Our study found that cancers with higher COX-2 expression levels also showed elevated ER
stress and autophagy marker levels. Based on these results, we hypothesize that the COX-2 is
the actual promoter of these pathways, and therefore a suppression of COX-2 by therapeutic
intervention (e.g., COX-2 inhibitor celecoxib) may mitigate activated cell stress response. In
theory, attenuation of the cell stress response will result in the stress-induced death of cancer
cells. Although further studies on this treatment regimen are needed, a useful approach may
be to examine COX-2 levels in TNBC patients treated with celecoxib. Indeed, anti-COX-2
agents such as celecoxib have been tested in clinical trials [33]. More in depth mechanistic
studies will provide further insight into the appropriate direction of therapeutic strategies for
one of the most aggressive breast cancers, TNBC.
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