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Impact of COX2 Inhibitor for Regulation of PD-L1
Expression in Non-small Cell Lung Cancer
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Abstract. Background/Aim: There is no clear evidence in
the literature regarding the regulation of programmed cell
death-ligand 1 (PD-L1) expression by cyclo-oxygenase-2
(COX2). In this study, whether PD-LI expression was
regulated by COX2 activity was examined in vitro. Materials
and Methods: Resected lung cancer specimens were
analyzed for PD-L1I and COX2 expression by
immunohistochemical analysis. Next, co-localization of PD-
L1 and COX2 expression was analyzed by double-
fluorescence staining. Lastly, the effect of COX2 inhibition
on the expression of PD-L1 was examined using lung cancer
cell lines. Results: PD-LI expression was significantly
correlated with COX2 expression in the resected specimens.
The majority of cancer cells that expressed PD-LI also co-
expressed COX2. However, treatment of lung cancer cell
lines with a COX2 inhibitor had no impact on PD-LI
expression. Conclusion: Our results suggest that COX2
inhibition might have no effect on the usage of immune
checkpoint inhibitors in lung cancer treatment.

In recent years, the development of new and more effective
cancer immunotherapy has partially improved the prognosis
of patients with advanced non-small cell lung cancer
(NSCLC) (1, 2). Programmed cell death-1 (PD-1) is a T-cell
co-inhibitory receptor with ligand specificity for PD-ligand 1
(PD-L1) and PD-L2. PD-1 and PD-L1 are well-known as
immune checkpoint inhibitory molecules. Binding of PD-1
with PD-L1 results in inhibition of T-cell activation and
proliferation (3, 4). To date, several studies have reported that
tumor overexpression of PD-L1 is a predictor of a poor
clinical outcome in patients with NSCLC (5-7), whereas it was
also correlated with an improved response to treatment with
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immune checkpoint inhibitors (8-11). Cyclooxygenase-2
(COX2) is an inducible enzyme that is activated by growth
factors and pro-inflammatory cytokines (12). Past
epidemiological studies have indicated that prolonged COX2
inhibition, such as through aspirin or non-steroidal anti-
inflammatory drugs, could offer some protection against
colorectal, breast, and other cancer types (13, 14). In NSCLC
treatment, immune checkpoint inhibitors are now widely
used. In contrast, COX2 inhibitors are commonly used drugs
for pain control. However, to date, the relation of COX2 with
regulation of PD-L1 expression is still unknown.

We previously examined the expression of three
biomarkers in resected specimens of lung adenocarcinoma:
PD-L1, COX2, and tumor-infiltrating lymphocytes (TILs)
(15). We reported that tumors with high PD-L1 expression
had a significantly larger number of TILs than those with
low expression; in contrast, tumors with high COX2
expression had significantly fewer TILs than those with low
expression. We also suspected that PD-L1 and TILs status
might indicate the effects of COX2 inhibitor. In order to
clarify this point, whether COX2 expression was correlated
with PD-L1 expression in resected lung adenocarcinoma
specimens, and whether the PD-L1 expression in lung cancer
cell lines is regulated by COX2 activity were examined.

Materials and Methods

Tumor samples. We previously examined the expression of PD-L1
and COX2 in resected tumor specimens of 170 patients with clinical
T1-2 NO MO lung adenocarcinoma (15). Of these, 16 patients with
both very high PD-L1 and COX2 expression levels were enrolled
in this study. Written informed consent for the study of the excised
tumor samples was obtained from each patient. This study was
conducted with the approval of the Ethics Committee of Kawasaki
Medical School (No. 2762).

Immunohistochemical (IHC) analyses and assessment. ITHC analyses
were performed on paraffin-embedded lung cancer tissue specimens.
After microtome sectioning (into 4-pum-thick sections), the slides
were processed for staining using an automated immunostainer
(Nexes; Ventana, Tucson, AZ, USA). The primary antibodies were
used according to the manufacturer’s instructions. IHC was
performed using the following primary antibodies: mouse
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monoclonal anti-PD-L1 (clone 28-8, ab205921, 1: 50 dilution;
Abcam, Cambridge, MA, USA) and COX2 (clone CX-294, 1: 50
dilution; Dako Agilent Technologies, Inc., Santa Clara, CA, USA).
PD-L1 expression was deemed positive when the tumor cell
membrane showed staining of any intensity. The percentage of
positively stained cells in a section that contained at least 100 tumor
cells was used to calculate the tumor proportion score (TPS). TPS
of 5% or more was defined as high PD-L1 expression (9). For
COX2, the slides were scored according to the intensity of staining
(as 0-3) and the percentage of positively stained cells (0, 0%; 1, 1-
9%; 2, 10-49%; and 3, 50-100%). The H-score was calculated as
the product of the intensity and percentages (as 0-9). High COX2
expression was defined as an H-score =4 (16). The slides were
examined by two investigators who were blinded to the
corresponding clinicopathological data. Representative sections of
PD-L1 and COX2 staining are shown in Figure 1.

Immunofluorescence staining. Double-fluorescence staining for PD-
L1 and COX2 was conducted in 16 representative tumor tissue
sections showing positive staining for both PD-L1 (clone 28-8) and
COX2 (clone CX-294). Following deparaffinization and hydration,
the prepared slides were incubated for antigen retrieval in a pressure
cooker (Biocare Medical, Concord, CA, USA) for 10 min at 110°C.
Following incubation with protein blocking solution, the slides were
incubated with a cocktail of PD-L1-and COX2-specific monoclonal
antibodies at room temperature. Primary antibodies were detected
using a cocktail of goat anti-mouse IgG dylight 488 and goat anti-
rabbit IgG dylight 594. After the slides were washed twice, the
nuclei were stained with 4’ ,6-diamidino-2-phenylindole (DAPI) at
room temperature for 10 min. Finally, the slides were examined
under a fluorescence microscope (Nikon Eclipse ES00 Microscope
with Digital Imaging Accessories).

Cell lines and reagents. Human A549 (adenocarcinoma, epidermal
growth factor receptor (EGFR) wild-type, low PD-L1 expression),
LC-2/ad (adenocarcinoma, EGFR wild-type, high PD-LI
expression), PC9 (adenocarcinoma, EGFR mutated) and RERF-LC-
Al (squamous cell carcinoma, EGFR wild-type) cell lines were used
for the in vitro assay; A549, LC2/Ad, and RERF-LC-AI were
obtained from Riken BRC through the National BioResource
Project of the Ministry of Education, Culture, Sports, Science and
Technology (Tsukuba, Japan), and PC-9 was obtained from the
Immuno-Biological Laboratories cell bank (Gunma, Japan). All cell
lines were authenticated by genotyping with the PowerPlex 16 STR
system (Promega, Madison, WI, USA) and maintained as previously
described (18). COX2 inhibitor, celecoxib, and the Janus kinase
(JAK) inhibitor, tofacitinib, were purchased from Selleck Chemicals
(Houston, TX, USA). Interferon-y (IFN-y) was purchased from
R&D Systems (Minneapolis, MN, USA).

Cell culture. All the cell lines were maintained in culture in RPMI-
1640 medium (Sigma-Aldrich, St. Louis, MO, USA) with 2 mM L-
glutamine (Invitrogen, Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum (FBS; Gibco by Life Technologies, Grand Island,
NY, USA), and 50 U/ml penicillin streptomycin (Sigma-Aldrich) at
37°C in a with 5% CO, atmosphere.

Four NSCLC cell lines were treated with 1-30 uM of celecoxib
for 24 h, then the expression of PD-L1 was evaluated by flow
cytometric analysis. Moreover, NSCLC cells lines A549 and RERF-
LC-AI were pretreated with 10 uM of celecoxib or 1 pM of
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tofacitinib for 2 hours, followed by 0.5 ng/ml of IFN-y for 24 h,
then the expression of PD-L1 was assessed by flow cytometry. Each
experiment was repeated at least three times.

Flow cytometry to assess the expression of PD-LI in NSCLC cell
lines. Extracellular staining was performed with fluorochrome-
conjugated antibodies according to standard protocols, as previously
described (17, 18). The following antibodies were used for flow
cytometry: phycoerythrin (PE)-labeled PD-L1 (clone 29E.2A3), and
isotype control PE-labeled antibody, which were obtained from
BioLegend (San Diego, CA, USA). Cells were acquired on a
FACSCanto II flow cytometer with the FACSDiva software (BD
Biosciences, San Diego, CA, USA), and the analysis was conducted
using the FlowJo software 6.4.7 (Treestar, Ashland, OR, USA).

Statistical analysis. All the statistical analyses were performed using
the SPSS statistical package (version 17.0; SPSS, Chicago, IL,
USA). Chi-square test or Fisher’s exact test was performed to
compare the expression levels of PD-L1 and COX2 among patients.
In all tests, a value of p<0.05 was considered as denoting statistical
significance.

Results

IHC characteristics. The IHC PD-L1 and COX2 expression
levels in the 170 tumor specimens are reported in Table I.
IHC analysis revealed high PD-L1 expression (=5% of the
cells) in 59 specimens (34.7%), and high COX2 expression
(H-score =4) in 78 cases (45.9%). A significant positive
correlation was observed between PD-L1 and COX2
expression (p=0.035). Of these, 16 patients whose tumor
specimens showed very high PD-L1 expression levels (TPS
=50%) and very high COX2 expression levels (H-score =6)
were examined for co-localization.

Co-localization of PD-LI and COX2 in lung
adenocarcinoma tissues. We then investigated whether single
lung cancer cells expressing PD-L1 also co-expressed
COX2. Double-immunofluorescence staining utilizing both
PD-L1 and COX2-specific monoclonal antibodies was
performed on 16 representative lesions, and representative
staining patterns of two typical primary lesions are shown in
Figure 2. The majority of cancer cells that expressed PD-L1
also co-expressed COX2 in all cases.

Effect of COX2 inhibition on PD-LI expression in NSCLC
cell lines. We next used four NSCLC cell lines to evaluate
whether celecoxib affected the expression of PD-L1 in
NSCLC. All the cell lines were treated with the selective
COX2 inhibitor celecoxib at different doses for 24 hours,
and PD-L1 expression was assessed by flow cytometry.
Celecoxib was found to have no effect on the basal
expression of PD-L1 in the NSCLC cell lines examined
(Figure 3). IFN-v is known to induce PD-L1 expression
(20,21). Zang et al. reported that PD-L1 was induced by
IFN-v released from tumor-associated macrophages via the
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Figure 1. Representative sections of lung adenocarcinoma tissues with strong membranous staining for programmed cell death-ligand 1 (PD-LI)
(A), and strong cytoplasmic staining for cyclo-oxygenase-2 (COX2) (B).

Figure 2. Representative matched immunofluorescence staining of lung tumors with cyclo-oxygenase-2 (COX2)-specific (clone CX-294) (A, D), PD-
L1-specific (clone 28-8) (B, E) and both COX2-and PD-LI-specific (C, F) monoclonal antibodies. COX2 was detected with goat anti-mouse I1gG
dylight 488 (green). Immunofluorescence staining of PD-LI was detected with goat anti-rabbit IgG dylight 594 (red).
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JAK/signal transducer and activator of transcription (STAT3)
and phosphoinositide 3-kinase (PI3K)/AKT signaling
pathways in lung cancer cells (22). Next, we investigated
whether IFN-y-induced PD-L1 was blocked by celecoxib in
NSCLC cell lines. As expected, JAK inhibitor tofacitinib
blocked IFN-y-induced PD-L1 expression in the cell lines
(Figure 4A) whereas, on the other hand, celecoxib did not
block IFN-y-induced PD-L1 expression (Figure 4B). These
results suggest that COX2 has no impact on basal nor IFN-
v-induced PD-L1 expression in NSCLC.

Discussion

Recently, development of inhibitors of immune checkpoint-
inhibitory molecules such as PD-1 and PD-L1 has
revolutionized the treatment of advanced NSCLC. Several
clinical trials have shown that immune checkpoint inhibitors
increase the response rate and survival of advanced patients
with  NSCLC, especially those with tumor PD-L1
overexpression (8-11, 22). Significant effort is currently being
invested in evaluating novel combinations of PD-1 or PD-L1
inhibitors with other immunotherapeutic agents or treatment
modalities, such as chemotherapy and radiation therapy.
Several studies have reported that COX2 is constitutively
overexpressed in a variety of cancer types, such as of the
lung, breast, pancreas, colon, esophagus, and head and neck,
and tumor COX2 overexpression is usually associated with
a poor outcome (23-25). In 2010, we demonstrated that the
tumor-infiltrating regulatory T-cell count was positively
correlated with COX2 expression, and was also associated
with survival (26). COX2 is currently being investigated as
a potential therapeutic target. For example, Edelman et al.
reported that COX?2 expression was a significant prognostic
factor in patients with advanced NSCLC. Moreover, patients
with moderate to high tumor COX2 expression treated with
celecoxib showed better treatment outcomes, including better
local tumor responses and prolonged survival, compared to
those not treated with celecoxib (16). On the other hand, in
the NVALT-4 study, COX2 expression was not identified as
a prognostic biomarker and had no predictive value even
when celecoxib was added to chemotherapy (27). Thus, in
the treatment of NSCLC, the usefulness of COX2 inhibitors
remains controversial and requires further investigation (28).
There are still many unclear points regarding the
significance of the relationship between PD-L1 and COX2.
In this study, we demonstrated the following: i) PD-L1
expression was correlated with COX2 expression in resected
tissue specimens of lung adenocarcinoma; ii) the majority of
cancer cells expressing PD-L1 also co-expressed COX2; iii)
COX2 inhibition had no impact on PD-L1 expression in
NSCLC cell lines as assessed in vitro. To date, there are two
studies that have reported the regulation of PD-L1 expression
by COX2. The first, published in 2009 by Liang et al.,
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Table 1. Relationship between programmed cell death-ligand 1 (PD-L1)
and cyclo-oxygenase-2 (COX2) expression (n=170).

Variable Number (%)

PD-L1 TPS (%)

0 46 (27.1)
1-4 65 (38.2)
59 21 (12.3)
10-49 20 (11.8)
250 18 (10.6)

PD-L1 expression status

Low expression (TPS=0-4) 111 (65.3)

High expression (TPS=5) 59 (34.7)
COX2 H-score

0 16 (9.4)

1-3 76 (44.7)

4 32 (18.8)

6 35 (20.6)

9 11 (6.5)
COX2 expression status

Low expression (H-score=0-3) 92 (54.1)

High expression (H-score=4) 78 (45.9)

TPS: Tumor proportion score.

reported that the COX2 inhibitor nimesulide inhibited IFN-
v-induced PD-L1 expression in breast cancer cells (29). The
second, by Botti et al., described that melanoma cancer cells
expressing higher levels of COX2 also co-expressed PD-L1
at higher levels, and inhibition of COX2 activity by
celecoxib down-regulated PD-L1 expression (30). Findings
i) and ii) of our study were similar to the observation in
breast cancer or melanoma, however, finding iii) differed
from those in the latter two malignancies. The experimental
results can be interpreted as suggesting that COX2 inhibition
has no effect on PD-L1 expression, and that, therefore,
COX?2 inhibition has little influence of the efficacy of
immune checkpoint inhibitors in lung cancer treatment.

To date, two pathways are well known to regulate PD-L1
expression. COX2 and the prostaglandin E, (PGE,) pathway
were found to regulate PD-L1 expression in tumor-associated
macrophages and myeloid-derived suppressor cells (31). On
the other hand, existence of a relationship between COX2
activity and activation of the AKT/STAT3 or nuclear factor-
kappa B (NF-xB) pathways was also reported (32-34).
Future studies addressing the molecular signals underlying
the regulation of PD-L1 expression by COX2 in cancer cells
might shed light for developing novel therapeutic agents to
modulate cancer cell immune responses.

This study had several limitations that should be
considered when interpreting the results. The major
limitations were the retrospective study design and relatively
small number of enrolled patients. Further accumulation of
data is needed.
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Figure 3. Cyclo-oxygenase-2 (COX2) inhibition did not attenuate programmed cell death-ligand 1 (PD-L1) expression in non-small cell lung cancer
(NSCLC) cell lines. PD-L1 expression was assessed by flow-cytometry in four NSCLC cells treated with 10-30 uM of celecoxib for 24 h (A-D).
Representative data from at least three independent experiments are shown.

In conclusion, PD-L1 expression was significantly
correlated with COX2 expression in resected lung
adenocarcinoma specimens, and the majority of cancer cells
that expressed PD-L1 also co-expressed COX2. However,
treatment with a COX2 inhibitor had no impact on PD-L1
expression in the NSCLC cell lines studied here. Our
results suggest that COX2 inhibition might have no effect
on the usage of immune checkpoint inhibitors in lung
cancer treatment.
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