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The expression of PD-L1 is checkpoint indicator indicative of immunosuppression and
cause for poor prognosis in several cancers. The effects of PD-L1 are mediated through its
binding to the Programmed Cell Death-1 (PD-1) receptor, which is expressed on lymphoid and
non-lymphoid derived cells. The binding of PD-L1 to the PD-1 receptor mediates checkpoint
inhibition to regulate peripheral T-cell responses. Therefore, determining the mechanisms of
regulation of the PD-L1 expression is very important for understanding the impacts of immu-
nosuppressive microenvironment, and is also crucial for the purpose of reactivating the T-cells
that can lead to enhanced tumor attack. Therefore, we analyzed relieving the T-cell from the
checkpoint inhibition. The expression of PD-L1 was analyzed in various cancer cells and the
highest-level of expression was found in HCC827 (Lung Adenocarcinoma) cells followed by
H460 (Large Cell Lung Cancer), H226 (Squamous Cell Carcinoma), H1975 (Non-Small Cell
Lung Cancer) and H1568 (Non-Small Cell Lung Cancer). Relatively lower level expressions
were found in H23 (Non-Small Cell Lung Cancer) and H522 (Non-Small Cell Lung Cancer) cell
lines. To determine the effects of HDAC (Histone Deacetylase) inhibitor SAHA (suberoylanilide
hydroxamic acid), we analyzed the expression levels of PD-L1 in HCC827 cells. The treatment
of SAHA (0.5 - 10 uM) was able to reduce the expression of PD-L1 in dose dependent manner
within 24 hrs. In addition to decreasing the expression of PD-L1, SAHA treatment was sable to
produce decreases in EGFR and pEGFR levels also in HCC827 cells following SAHA treatment.
Treatment of HCC827 cells with SAHA increased the levels of acetyl-H2B, and acetyl-H3. Since
acetylation mediated unwinding of the DNA is typically responsible for increased expression
of p21/CDKN1A gene, SAHA treatment elevated the levels of p21WAf/¢P1 glso. It is suspected
that the decrease in the PD-L1 levels may be due to reduced transcription of the CD274 gene
that is coding for PD-L1. However, it is not clear whether the decrease is because of p21WAf/cIP1
mediated negative control on the transcription or due to some other mechanism. In addition
to regulating PD-L1 expression in HCC827 cells that were growing in monolayer, SAHA treat-
ment for 7 days induced significant reduction in the volume of H1975 cells that were grown as
spheroids. Additional studies are required to fully understand the actual mechanisms that may
be involved in the regulation of PD-L1 expression in lung cancer cells.

Introduction

Various pathways can be utilized by cancers to avoid recogni-

inhibited by the cancer cells, through binding of PD-1 receptor by

tion by the immune system to escape from the T-cell attack in the
body. Actively involved in this process are the pairs of inhibitory
receptors and ligands that are expressed on T-cells, Antigen Pre-
senting Cells (APCs) and other types of immune cells, which are
collectively termed as ‘immune check points’ In order to escape
from the detrimental effects of the immune responses that occur

in response to T cell activation, the checkpoint signaling is often

specific cell surface ligands such as PD-L1 that are expressed on
cancer cells [1]. The PD-1 receptor is mainly expressed on anti-
gen-sensitized memory T-cells in peripheral tissues [2]. It can also
be expressed on B-cells, monocytes, Dendritic Cells (DCs) and Natu-
ral Killer (NK) cells. The levels of PD-1 is rapidly up-regulated after
exposure to cognate antigens but is down-regulated upon antigen

clearance. Thus, the PD-1 receptors that are expressed on naive or
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memory T-cells in lymphoid tissues, serve as attractive target for
PD-L1 binding, which leads to rapid blockade of the effector func-
tion of T-cells. Thus, the PD-1 receptor and its ligands PD-L1 or PD-
L2, which are the members of the CD28 and B7 families, play critical
roles in T cell co-inhibition and exhaustion. In addition, overex-
pression of PD-L1 on tumor cells correlates with poor treatment
outcome in several human cancers [3,4]. Therefore, monoclonal
antibodies have been developed for the checkpoint rescue thera-
py, to induce the antitumor immunity by activating the suppressed
T-cells. Some of the anti-CTLA-4 and anti-PD-L1 antibodies have led
to extraordinary increases in overall survival of patients, in various
malignancies [5,6]. Consequently, greater appreciation for the util-
ity of anti-PD-1 or anti-PD-L1 therapy has been developing in the
recent times.

Though PD-L1 is commonly elevated in cancer cells, the
mechanisms that control PD-L1 expression during the pathogenesis
of cancer remains unclear. Some of the recent studies have identified
the pro-survival signaling pathway as a common mechanism by
which upregulation of PD-L1 can be accomplished in cancer cells.
Nevertheless, there is a necessity to comprehensively understand
the molecular and cellular interactions between PD-1 and PD-L1 and
the extent by which this axis is involved in influencing the immunity
towards a variety of cancer types [7-10]. To further advance the
existing knowledge related to PD-L1 mediated immune-escape, we
analyzed the expression levels of PD-L1 in lung cancer cells after
treating them with SAHA. The results presented here are pointing
towards a very valuable strategy.

Materials and Methods

Reagents

PD-L1 antibody was purchased from R&D Systems (Minneapolis,
MN, USA). Histone Deacetylase (HDAC) inhibitor SAHA was
purchased from Selleckchem (Houston, TX, USA). p21WAf/CP1 EGFR,
pEGFR, AC.H2B, and AC.H3 antibodies (1:1000) were purchased
from Cell Signaling Technology (Danvers, MA, USA).

Cell Lines

All cell lines were cultured in RPMI-1640, It were supplemented
with 10% Fetal Bovine Serum (FBS) and 1% ABAM. The cells were
cultured in a humidified atmosphere of 95% air and 5% COZ2.
Whenever needed, the cells were treated individually with 0.5, 2.5,
5.0,7.5,10.0 (uM) SAHA.

Western Blot Analysis

Western blotting was used to determine the levels of PD-L1,
p21WAr/CiPl ' EGFR, pEGFR and Acetyl-Histone H2B H3 expressions
after SAHA treatment. The resolved proteins were blotted onto
nitrocellulose membrane and then the protein bands were detected
using the Enhanced Chemiluminescence (ECL) system and then the
images we captured using the UVP image analyzer. Densitometric
analyses of the bands in the western blots were performed using

the Image] program (NIH Image, Bethesda, MD).

Three-Dimensional (3d) Spheroid Assay with H1975
Lung Cancer Cells

For spheroid formation, one hundred lung cancer cells (H1975)
per well were seeded in 200 pL serum-free RPMI 1640 culture
medium supplemented with B27 in an ultra-low-attachment 24 -
well plate (Corning Inc., Lowell, MA) for 72 hrs. The dose-dependent
effect of SAHA, a Histone Deacetylase Inhibitor (HDACi) was
determined by treating the spheroids with different concentrations
(0, 1.25, 2.5, 7.5, 10, 20 uM) of SAHA. Spheroids were grown for 7
days at 37°C in a humidified atmosphere with 5% CO,. A total of
15 spheroids’ diameters were counted in each experimental group.
Data were calculated with mean values +SD for comparisons among
control and different treatment groups.

Results and Discussion
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Figure 1: Expression of PD-L1 expression in HCC827,
H23, H226, H460, H522, H1568 and H1975 cancer cell lines.

When we analyzed the expression levels of PD-L1 our results
confirmed the highest-level of expression in HCC827 lung cancer
cells (Figure 1). In addition, H460, H1975 (Lung Cancer), cells were
also found to express PD-L1 in high levels (Figure 1). Relatively,
lower level expression of PD-L1 was detected in H23, H1568 and
H522 cells. Since HCC827 cells showed the highest levels of PD-L1,
the regulation of its level was assessed using these cells. The cells
were treated with SAHA up to 10 uM concentration and the HDAC
inhibitor showed significant reduction of PD-L1 levels starting from
2.5 pM concertation (Figure 2). SAHA was also able to significantly
elevate the levels of p21WAf/CP1 3lso in HCC827 cells (Figure 2)
without impacting the levels of p53 (data not shown). Thus, our
results clearly suggested that SAHA treatment could significantly
elevate p21WAr/CIPL expression in HCC827 lung cancer cells, following
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SAHA treatment while the PD-L1 expression was downregulated.
Concomitantly, the levels of EGFR and pEGFR were also reduced in
HCC827 cells following SAHA treatment (Figure 3). When the levels
of acetylated H2B was assessed in SAHA treated HCC827 cells, the
acetyl-H2B level was found to be elevated significantly, as shown
in (Figure 4). This result correlated inversely with the decreased
levels of PD-L1 and positively with the p21WAF/CPL Jeyels. Since
acetylation mediated unwinding of the DNA is typically responsible
for the increased expression of genes such as p21WAf/¢"1 during
HDAC inhibition, it was occurring as per our expectations in the
HCC827 lung cancer cells also. Furthermore, it is suspected that,
the decrease in the PD-L1 levels observed in HCC827 cells may
be due to suppression of the CD274 gene transcription following
hyperacetylation of H2B. However, it is not certain whether the
decreasein PD-L1 proteinlevels observed following HDAC inhibition
is because of the direct effects of p21WAF/¢Pl mediated pathway on
the transcription / degradation of the PD-L1 proteins or purely due
to the impact of acetyl-H2B on the transcription mechanism. In
addition to decreasing the expression of PD-L1, the SAHA treatment
was able to reduce the EGF and pEGFR levels also. However, it is not
clear whether p21 is responsible for this reduction. Also, incubation
of H1975 lung cancer cells growing as spheroids in 3D format, with
SAHA for 7 days in the concentration range of 1.25 pM - 20.0 pM,
yielded interesting results. SAHA treatment was able to produce
significant reduction in the volume of the spheroids over a period
of 7 days, with complete disruption seen in 7.5 uM concentration to
20 uM concentrations (Figure 5). It is not clear whether there is any
link between the cytoreductive effect and the PD-L1 expression in
H1975 cells. Additional studies, such as use of p21WAFY/CP1 jphibitors
or EGFR inhibitors are necessary to fully understand the interplay
between p21WAF/CP1 hEGFR and PD-L1 and their impact on the
volume of cells growing as spheroids.
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Figure 2: Effect of different concentrations of SAHA (0.5 -
10 uM) on PD-L1 and p21WAF/CIPt expressions in HCC827
lung cancer cells.

Size of Spheroids in micro meter (pum)

°

e

b= o

5 w o e w g

J =] o~ w ~ -
pEGFR - R — u

-

corn [

30000

20000
15000
10000

5000

Relative Intensity

0

25000 A

OpEGFR -U EpEGFR-L BEGFR

Control 0.5 25 5.0 7.5 10

Concentration of SAHA (uM)

Figure 3: Effect of different concentrations of SAHA (0.5-
10 pM) on pEGFR and EGFR expressions in HCC827 lung

cancer cells.
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Figure 4: Effect of different concentrations of SAHA (0.5-
10 pM) on the acetylation status of H2B in HCC827 cells.
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Figure 5: Effect of different concentrations of SAHA (1.25
- 20 pM) after 7 days on the growth volume of H1975 cells
that were growing as spheroids.
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So far, our preliminary results indicate a very important
consequence of HDAC inhibition in relation to the PD-L1
levels. Very recently, the regulation of PD-L1 by HAT1 (Histone
Acetyltransferase 1) was reported to occur in Pancreatic Ductal
Adenocarcinoma Cells (PDAC). In addition to promoting the cell
proliferation that was leading to poor prognosis, the elevation of
HAT1 level was reported to increase PD-L1 overexpression also
[11]. However, our results suggest that, in HCC827 lung cancer cells,
hyperacetylation of H2B following HDAC inhibition might lead to
inhibition of PD-L1 expression. Since hyperacetylation of histones
is reported to produce both down regulation and upregulation of
genes, it is important to verify whether the decrease in the PD-L1
expression observed in HCC827 cells is really a direct consequence
of hyperacetylation mediated suppression of gene transcription or
due to some other mechanism.
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