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Histone Deacetylase as a Valuable Predictive Biomarker and Therapeutic Target
in Immunotherapy for Non—-Small Cell Lung Cancer
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Purpose Histone deacetylase inhibitors (HDACis) are epigenetic regulators and used clinically for hematopoietic malignancies.
Recently, HDACis have received attention as a factor that modulates the immune system. In this study, the role of histone deacetylase
(HDAC) expression as a predictive marker in lung cancer patients who were treated with immune checkpoint inhibitors (ICls) and the
role of HDACi and ICI combination treatment in the mouse tumor model were analyzed.

Materials and Methods The overall response rate (ORR) and progression-free survival (PFS) were analyzed by the expression of
HDAC. In vitro assay, the mRNA and protein expression levels of cytokines and programmed death-ligand 1 (PD-L1) were analyzed
after HDACi treatment. In vivo assay, TC-1 tumor-bearing mice were treated with HDACi and mouse programmed cell death 1 (PD-1)
inhibitor.

Results The HDAC6 low expression group showed high ORR and prolonged PFS. When the selective HDACG inhibitor was adminis-
tered to the A549 cell ling, the levels of interleukin-1p and interleukin-6 decreased and the expression of PD-L1 was reduced. Mice
that received both the mouse PD-1 inhibitor and pan-HDACi had a smaller tumor size than that of the mice from the control group.
Moreover, mice treated with the mouse PD-1 inhibitor and pan-HDACi generated greater numbers of E7-specific CD8* T cells.

Conclusion HDACG expression can predict the prognosis of non-small cell lung cancerpatients who were treated with ICls. Fur-
thermore, co-treatment with HDACi and PD-1 inhibitor was shown to decrease the tumor growth rate and create a favorable tumor
microenvironment for cytotoxic T lymphocytes in the TC-1 mouse model.
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Introduction

The therapy for non-small cell lung cancer (NSCLC) has
entered a new era with the emergence of immune check-
point inhibitors (ICIs). ICIs attack cancer cells by activating
cytotoxic T lymphocytes (CTLs) that have been inhibited by
the immune checkpoint [1]. Compared to cytotoxic chemo-
therapy, ICIs are ideal cancer treatment with a long duration
of efficacy and few side effects [2]. However, the tumor cells
alter the tumor microenvironment (TME) to create a favora-
ble environment for the cancer cells, thus enabling immune
escape [3]. Cancer cells can inhibit CTLs by recruiting mye-
loid-derived suppressor cells (MDSCs) or regulatory T cells
(Tregs) in the TME [4,5] and by secreting various cytokines
[6]. Because of these immunosuppressive immune cells and
cytokines, antigen sensitization is lowered, and the migra-
tion, infiltration, and activation of CTLs are suppressed [7].
Therefore, the use of ICIs for treating NSCLC is limited due

to treatment response rates as low as 15%-25%. An effective
biomarker that can predict the treatment response to ICIs is
highly desired, as are drugs that can enhance the therapeutic
effect of IClIs by creating a favorable TME for CTLs.

Histone deacetylase (HDAC) and histone deacetylase
inhibitors (HDACis) are attracting attention as factors that
can predict the treatment response to ICIs and increase
their efficacy [8]. HDAC and HDACi are known as factors
involved in cell proliferation, differentiation, and apoptosis
by regulating gene expression [9]. In addition, HDACi can
modulate the immune system and chronic inflammation
[10]. When the HDAC expression is increased, a chronic
inflammatory condition can occur, which can create a favora-
ble environment for cancer [11]. This study aimed to analyze
the correlation between HDAC expression and the prognosis
of NSCLC patients and the treatment prognosis of ICIs. In
addition, the effects of HDACi on the TME were analyzed
through in vitro and mouse experiments, and the effect of
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combined treatment with ICI was to be evaluated.

Materials and Methods

The study was divided into three parts. First, the prognosis
of patients treated with ICIs was analyzed through immuno-
histochemistry (IHC) of HDAC (Correlation between HDAC
expression and ICI treatment outcome). Second, changes in
the TME were assessed by HDACi treatment in a lung can-
cer cell line (effects of HDACi on tumor microenvironment).
Third, changes in the TME were examined by HDACi treat-
ment in the TC-1 mouse model (combined effect of ICI and
HDAC!i in mouse tumor model).

1. Study design and participants

Forty-six NSCLC patients who received ICIs at tertiary
academic Hospitals were retrospectively analyzed from
December 1, 2016 to June 30, 2019. Based on the 8th edition
of the tumor, node and metastasis (TNM) staging, NSCLC
patients with stage IIIA or higher and relapsed NSCLC
patients were included. Patients over the age of 18 that had
an Eastern Cooperative Oncology Group performance sta-
tus of less than level 2 were included. Patients were treated
with either pembrolizumab, atezolizumab, or nivolumab.
Pembrolizumab and atezolizumab were administered for 3
weeks on a 1-cycle basis, and nivolumab was administered
for 2 weeks on a 1-cycle basis. ICI treatment continued until
patients could no longer be treated due to disease progres-
sion or side effects. Responses were evaluated through chest
computed tomography (CT) every two cycles for pembroli-
zumab and atezolizumab patients and every three cycles
for nivolumab patients. Positron emission tomography CT
was also performed when needed for response evaluation.
Responses were evaluated based on Response Evaluation
Criteria in Solid Tumors ver. 1.1. Depending on the expres-
sion level of HDAC, the overall response rate (ORR), pro-
gression-free survival (PFS), and overall survival (OS) were
analyzed. ORR is defined as the complete response or partial
response based on the best response. In cases where the con-
dition was judged to be a progressive disease (PD) as deter-
mined by CT, treatment was continued when it was estimat-
ed to be a pseudo-progression according to the judgment of
the clinician. PFS was calculated from the start of ICIs treat-
ment to the date of discontinuation; OS was calculated from
the start of ICIs treatment to the date of death. Patients who
used ICIs in the fourth or higher lines, patients for whom
the response could not be evaluated, or patients who did not
complete the second cycle were excluded.

Fig. 1. Representative tumor microarray core stained with his-
tone deacetylase 6 (HDAC6). The score was recorded as a per-
centage of tumor cells that showed any intensity of cytoplasmic
immunoreactivity. (A) HDAC6-High group (HDAC expression
51%-100%). (B) HDAC6-Low group (HDAC expression 0%-
50%).

2. Immunohistochemical staining

IHC was performed using initially diagnosed samples of
NSCLC patients who received ICI. HDAC1 and HDAC6
were selected as candidate members from the HDAC Class
I and HDAC Class II families, respectively. Rabbit mono-
clonal antibodies against HDAC 1 (anti-HDAC1 antibody
[EPR460(2)] ab109411, Abcam, Cambridge, MA) and 6 (anti-
HDACS6 antibody [EPR1698(2)] ab133493, Abcam) were used.
HDAC expression was evaluated in the same way as pro-
grammed death-ligand 1 (PD-L1) expression was analyzed.
Two pathologists and two respiratory specialists evaluated
HDAC expression levels in a blinded manner, and complete
observer agreement was conducted. The score was recorded
as a percentage of tumor cells that showed any intensity of
cytoplasmic immunoreactivity. We classified the examined
cases into two groups according to their IHC scores as fol-
lows: HDAC-high group (HDAC expression of over 51%)
and HDAC-Low group (HDAC expression of 0%-50%)
(Fig. 1).

3. Cell lines and reagents

The A549 cell line, a human lung carcinoma cell line, was
purchased from the Korean Cell Line Bank (Seoul, Korea)
and grown in Roswell Park Memorial Institute 1640 media
(Welgene, Gyeongsan, Korea) containing 10% fetal bovine
serum as a growth factor and 100 mg/mL penicillin/strep-
tomycin as antibiotics. Cells were plated at 0.3x10° cells/ well
on 6-well plates. Treatments were administered in consid-
eration of the half maximal inhibitory concentration (ICs).
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Cells were incubated at 37°C with a 5% CO; atmosphere in
an incubator. Cells were harvested 72 hours after treatment.
The mouse lung tumor line TC-1, which was transduced to
express the E7 oncogene of HPV-16, was provided by T. C.
Wu [12]. TC-1 cells were grown in RPMI medium 1640 sup-
plement with 10% fetal bovine serum, 50 U/mL penicillin/
streptomycin, 2 mM L-glutamine, 1 mM sodium pyruvate,
and 2 mM non-essential amino acids and 2-mercaptoethanol
at 37 °C in a 5% CO, atmosphere. Nexturastat A (molecular
weight=341.4, catalog No. S7473) was selected from among
the HDAC], as it is a potent and selective HDACS6 inhibitor
with an ICs of 5 nM and > 190-fold selectivity over other
HDACs. Nexturastat A was purchased from Selleckchem
(Houston, TX). New Pan-HDAC inhibitor, M166 was sup-
plied by Chong Kun Dang Pharm.

4. RNA isolation and reverse transcription polymerase
chain reaction

Total RNA was isolated from cells using TRIzol solution
(Life Technologies, Carlsbad, CA). Complementary DNA
was prepared using a CycleScript Reverse Transcription Pre-
Mix (dT20) kit (Bioneer, Daejeon, Korea). Transcripts were
amplified using Taq PCR Master Mix reagent (Bioneer).
Polymerase chain reaction (PCR) was performed under the
following conditions: pre-denaturation at 95°C for 1 minute
followed by cycles of denaturation at 95°C for 30 seconds,
annealing at 60°C for 30 seconds, and polymerization at 72°C
for 30 seconds; 30 and 25 cycles were used for the ampli-
fied genes and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), respectively. The final extension step was at 72°C
for 5 minutes, and the hold step was at 4°C. PCR primers of
human GAPDH, human interleukin (IL)-IL-1p, IL-6, and PD-
L1 are denoted in S1 Table.

5. Animal model

Female C57BL/6 mice (5-6 weeks old) were purchased
from Orient Bio Animal Inc. (Seoul, Korea). For the in vivo
tumor treatment, 2x10° TC-1 tumor cells per mouse were
subcutaneously injected into the left or right flank area of
6-7-week-old C57BL/6 mice. After 10-12 days, similar size
tumor-bearing mice were divided into four groups (five per
group), each receiving a different treatment regimen: group 1
received no treatment after the TC-1 tumor challenge, group
2 was treated with anti-mouse programmed cell death 1
(PD-1) antibodies (CD279) (catalog No. RMP1-14, Bio X Cell,
Lebanon, NH) by intraperitoneal injection (200 ug/mouse) 3
times per week for 3 weeks, group 3 was treated with new
pan-HDACi (M166) by intraperitoneal injection (based on
50% and 60% of ICs) twice per week for 3 weeks, and group
4 was treated with both anti-mouse PD-1 antibodies (CD279)
and new pan-HDACi (M166). The new pan-HDACi (M166)
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Fig. 2. Patient flow chart. In total, 92 patients received immune
checkpoint inhibitors; 46 patients were excluded based on the
exclusion criteria. There were 11 and 35 patients in the histone
deacetylase 6 (HDAC6)-Low and HDAC6-High groups, respec-
tively. ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status.

was injected two times per week by M166 drug toxicity. The
mice were monitored thrice a week by examination and pal-
pation. Tumor size was monitored by measuring the longest
dimension (length) and the shortest dimension (width) of the
tumors using dial calipers at 3-day intervals. Tumor volume
was calculated by the following formula: tumor diameter=
lengthx(widthxwidth)x0.5.

6. Intracellular cytokine staining and flow cytometry analy-
sis

Pooled splenocytes from tumor-bearing mice that were
treated with the various treatment regimens were harvested
7 days after the last treatment and incubated for 24 hours
with 1 pg/mL of the E7 peptide containing an MHC class I
epitope (amino acids 49-57, RAHYNIVTF) in the presence of
GolgiPlug (BD Pharmingen, Franklin Lakes, NJ). The stimu-
lated splenocytes were then washed once with fluorescence-
activated cell sorting (FACS) buffer and stained with PE-con-
jugated monoclonal rat anti-mouse CD8a antibodies (clone
53.6.7). Intracellular interferon y (IFN-y) was stained with
FITC-conjugated rat anti-mouse IFN-y. All antibodies were
purchased from BD Pharmingen. Flow cytometry analysis
was performed using a FACS Fortessa instrument with Flow
Jo software (BD Biosciences, San Jose, CA).

7. Statistical analysis
Data were analyzed using SPSS ver. 20 software (IBM
Corp., Armonk, NY). Continuous variables were reported
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Table 1. Baseline characteristics

Total HDAC6-High HDACé6-Low
) (n=35) (n=11) p-value
Age (yr) 69.8+8.8 70.5+9.0 67.448.0 0.055
Sex
Male 38 (82.6) 28 (80.0) 10 (90.9) 0.658
Female 8(17.4) 7 (20.0) 1(9.1)
Smoking history
Current/Ex-smoker 30 (65.2) 22 (62.9) 8(72.7) 0.722
Ex-smoker 16 (34.8) 13 (37.1) 3(27.3)
Comorbidities
Hypertension 20 (43.5) 14 (40.0) 6 (54.5) 0.494
Diabetes 13 (28.3) 10 (28.6) 3(27.3) >0.99
COPD 9(19.6) 6(17.1) 3(27.3) 0.664
ILD 3(6.5) 3 (8.6) 0 >0.99
Histological feature
Squamous 31 (67.4) 23 (65.7) 8 (72.7) >0.99
Non-squamous 15 (32.6) 12 (34.3) 3(27.3)
TNM stage
I 9(19.6) 7(20.0) 2(18.2) 0.250
I\Y% 34 (73.9) 27 (77.1) 7 (63.6)
Recur 3(6.5) 1(2.9) 2(18.2)
PD-L1 tumor proportion score
0%-49% [SP263] 14 (30.4) 12 (34.3) 2(18.2) 0.460
50%-100% [SP263] 32 (69.6) 23 (65.7) 9 (81.8)
Immune checkpoint inhibitor
Pembrolizumab 32 (69.6) 24 (68.6) 8(72.7) 0.120
Nivolumab 11 (23.9) 10 (28.6) 109.1)
Atezolizumab 3 (6.5) 1(2.9) 2 (18.2)
Line
First 10 (21.7) 7 (20.0) 3(27.3) 0.682
Second-third 36 (78.3) 28 (80.0) 8 (72.7)

Values are presented as meantstandard deviation or number (%). COPD, chronic obstructive pulmonary disease; HDACS, histone dea-
cetylase 6; ILD, interstitial lung disease; PD-L1, programmed death-ligand 1.

as the meanszstandard deviations, and categorical variables
were reported as a number and percentage. Continuous vari-
ables were compared using Student’s t test. Categorical vari-
ables were compared using the chi-square test or with Fish-
er’s exact test, which was used when the expected number of
events was < 5. The Kaplan-Meier method and log-rank test
were used for analyzing PFS and OS. p-values < 0.05 were
considered statistically significant.

Results

1. Correlation between HDAC6 expression and the effect of
ICI treatment in NSCLC patients treated with ICI
Regarding the expression of HDAC1 in lung cancer tis-

sues, 41 patients had 100% expression, and 45 patients
showed more than 50% expression. Overall, HDAC1 primar-
ily exhibited high expression; thus, further analysis could not
be performed. However, for the expression of HDACS6, there
were 11 people in the HDAC6-Low expression group and
35 people in the HDAC6-High expression group. These two
groups, which were classified according to HDAC6 expres-
sion level, were compared (Fig. 2). The mean age was 69.848.8
years, and about 80% of patients were male. Moreover, 30
patients had ex- or current smoking history, 31 had squa-
mous cell carcinoma, 34 had stage IV cancer, and pembroli-
zumab was administered the most frequently. The baseline
characteristics revealed no statistical differences between the
two groups (Table 1).

There were no patients who showed complete response
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Table 2. Best response according to RECIST

Total HDAC6-High HDAC6-Low

(n=35) (n=11)
CR 0 0 0
PR 16 (34.8) 10 (28.6) 7 (63.6)
SD 25 (54.3) 20 (57.1) 4 (36.3)
PD 5(10.9) 5(14.3) 0
DCR 41 (89.1) 30 (85.7) 11 (100)
(CR+PR+SD)
ORR (CR+PR) 16 (34.8) 10 (28.6) 7 (63.6)

Values are presented as number (%). CR, complete response;
DCR, disease control rate; HDACS, histone deacetylase 6; ORR,
overall response rate; PD, progressive disease; PR, partial res-
ponse; RECIST, Response Evaluation Criteria in Solid Tumors;
SD, stable disease.

in either group. In the first response evaluation after two
cycles, five patients had PD in the HDAC6 high group,
whereas no patients had PD in the HDAC6-Low expression
group. The ORR showed a statistically significant differ-
ence in both groups (p=0.042) (Table 2). The waterfall plot
analysis indicated that the overall size of the tumor mass
decreased more in the HDAC6-Low group. On average,
tumor size in the HDAC6-High expression group decreased
by 13.4%+35.8%, while that in the HDAC6-Low expression
group decreased by 38.6%+31.8% (Fig. 3).

The average follow-up period for the HDAC6-High group
was 417.1£158.2 days, and that for the HDAC6-Low group

80 1
60
40 4
20 4

0-
20 -

—40 1

Change from baseline (%)

—60

—80

-100 -

was 506.9+182.3 days. During the follow-up period, 26
patients showed PD in the HDAC6-High group, and
only four patients in the HDAC6-Low group showed PD
(p=0.035). Furthermore, 15 and three patients died in the
HDAC6-High expression and HDAC6-Low expression
groups, respectively (p=0.090) (Fig. 4).

2. HDACi decreased inflammatory cytokine and PD-L1
expression

To find the effect of HDACS6 at the molecular level in lung
cancer, the effect of HDAC6 inhibitor on inflammatory mark-
ers was evaluated. Nexturastat A (HDACS6 inhibitor) treat-
ment decreases the IL-1p and IL-6 inflammatory cytokine
mRNA expression levels (Fig. 5A). It was confirmed that the
expression levels of IL-1p and IL-6 were the lowest following
treatment with Nexturastat A at a concentration that was 1.5
times its ICs. Although inflammatory cytokine levels were
increased following treatment with Nexturastat A at concen-
trations up to 2.0-fold that of its ICsy, they were still lower
than those of the control (no treatment) group. Especially,
IL-1p cytokine as a pulmonary inflammatory marker, expres-
sion levels were dose-dependently decreased by Nexturastat
A (Fig. 5B). These experimental results are performed three
independently. These figures are the representative result
and band intensity measured by the Image J program, then
average and standard deviation are calculated by Excel pro-
gram. These results indicated that Nexturastat A is efficiently
reduced proinflammatory cytokines of IL-1p and IL-6.

Another effect of Nexturastat A, when treated with Nex-

® HDACB-High
= HDAC6-Low

PD

PR

Fig. 3. Waterfall plot for the overall objective response rate in patients with metastatic non-small cell lung cancer who received immune
checkpoint inhibitors. The overall tumor size showed a greater decrease in the histone deacetylase 6 (HDAC6)-Low group. On average,
the tumor size of the HDAC6-High group decreased by 13.4%+35.8%, and that of the HDAC6-Low group decreased by 38.6%+31.8%. PD,

progressive disease; PR, partial response.
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Fig. 4. Kaplan-Meier survival curves for progression-free survival (A) and overall survival (B). (A) Twenty-six patients showed progres-
sive disease (PD) in the histone deacetylase 6 (HDAC6)-High group, whereas only four patients in the HDAC6-Low group showed PD
(p=0.035). (B) Fifteen and three patients died in the HDAC6-High and HDAC6-Low groups, respectively (p=0.090).

Nexturastat A Nexturastat A
(nM) 0 (nM) 0

e v

GAPDH Tubulin
120 4 120 1
& s
‘w1001 ‘» 1001
wv (%]
@ o
%g 80 - gc 80 -
o2 T 5
< 60+ @2 60
=22 =5
o+ 40 o 404
£ £
= 20 4 = 20 4
D (<&}
o o
0- 0-
10 (nM) . 10 (nM)
120 4 120 1
j oy =
2 100 2 1001
o 3
s 801 S - 80-
© < 601 © S 60 -
=290 =%
22 40- 2" 404
= 20- = 204
oc oc
0- 0-

10 (nM) 10 (nM)

Fig. 5. Reverse transcription polymerase chain reaction (RT-PCR) and Western blotting analysis of inflammatory cytokines. (A) A549 cells
were treated in vitro with Nexturastat A dose-dependently, then mRNA levels of interleukin (IL)-1p and IL-6 were measured by RT-PCR.
(B) Protein expression levels of IL-1p and IL-6 in A549 cells were measured by Western blot experiment after treatment with Nexturastat
A. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 6. Reverse transcription polymerase chain reaction (RT-PCR) and Western blotting analysis of programmed death-ligand 1 (PD-L1).
(A) A549 cells were treated in vitro with Nexturastat A dose-dependently, then mRNA levels of PD-L1 were measured by RT-PCR. (B)
Protein expression levels of PD-L1 in A549 cells measured by Western blot experiment after treatment with Nexturastat A or pan-HDACi
(M166). GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HDAC], histone deacetylase inhibitor.

turastat A, the mRNA expression levels of PD-L1 were
reduced. Additionally, this change followed a dose-depend-
ent pattern (Fig. 6A). Also, PD-L1 protein expression levels
were dose-dependently decreased by Nexturastat A (Fig.
6B). New pan-HDACi (M166) also decreased PD-L1 protein
expression, dose-dependently (Fig. 6B). These results indi-
cated that Nexturastat A efficiently reduced PD-L1 mRNA
and protein expression. Also, new pan-HDACi (M166) effi-
ciently reduced PD-L1 protein expression. These meanings
indicated that Nexturastat A and new pan-HDACi (M166)
efficiently reduced the expression of PD-L1 cancer cell sur-
face protein.
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3. Combination treatment of HDACi and PD-1 inhibitor
generates anti-tumor effects and elicits E7-specific CD8* T
cells in TC-1 tumor-bearing mice

To determine whether the reduction in the expression of
inflammatory cytokines (IL-1f, IL-6) and PD-L1 influences
tumor growth, we made a TC-1 tumor-bearing mice model
(Fig. 7A). Mice that received both the mouse PD-1 inhibitor
(CD279) and new pan-HDACi (M166) had a smaller tumor
size compared to that of the control group (p=0.03). There
were no statistically significant differences between the ICIs
and new pan-HDACi (M166) groups (Fig. 7B). These results
indicated that new pan-HDACi (M166) was synergistic effect
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Fig. 7. The TC-1 mouse model study. (A) Schematic representation of the anti-mouse programmed cell death 1 (PD-1) antibody (CD279)
and new pan-HDACi (M166) treatment regimens. C57BL/6 mice (five per group) were subcutaneously injected with 2x10° TC-1 cells per
mouse on day 0. Tumor-bearing mice were treated with CD279 and/or M166 beginning on day 10, as indicated in the timeline. CD279
(200 pg/mouse) was administered at intervals of 2-3 days. M166 was administered via intraperitoneal injection at a dose of 60 mg/kg
body weight. (B) Tumor volumes of mice treated with PD-1 antibody and new pan-HDACi (M166). Mice that received both mouse PD-1
inhibitor and new pan-HDACi (M166) had a smaller tumor size compared to that of mice from the control group (p=0.03). (C) Characteri-
zation of E7-specific CD8* T cells. Mice receiving both the mouse PD-1 inhibitor and pan-HDACi generated significantly more E7-specific
interferon-y—producing CD8* T cells. HDAC], histone deacetylase inhibitors; ICI, immune checkpoint inhibitor; IEN-y, intracellular inter-

feron y.
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of ICI function.

In addition, mice receiving both mouse PD-1 inhibitor
and new pan-HDACi (M166) generated more significantly
E7-specific IFN-y-producing CD8" T cells. Although the dif-
ference was little, more E7-specific IFN-y-producing CD8*
T cells were produced by the new pan-HDACi (M166) treat-
ment group than by the mouse PD-1 inhibitor group (Fig.
7C). These results indicated that E7-specific IFN-y—produc-
ing CD8" T cells were more expression by ICI co-treat with
new pan-HDACi (M166). These results reflex the synergistic
effect of ICI function by new pan-HDACi (M166) through an
immune-mediated mechanism.

Discussion

This research has demonstrated that HDAC6 expression
can predict responsiveness to ICIs. The high HDAC6 expre-
ssion indicates that the prognosis of the patient is poor.
Besides, selective HDAC6 inhibitors (Nexturastat A) have
been shown to create a favorable environment for CTLs.
Selective HDACS6 inhibitors (Nexturastat A) can lower
inflammatory cytokine secretion, regulate PD-L1 expression,
and alter the composition of CTLs.

NSCLC has one of the highest mortality rates among many
solid cancers. In advanced non-small cell carcinoma, the life
expectancy is approximately 1 year even with cytotoxic
chemotherapy. As a new treatment to overcome this chal-
lenge, ICIs have been developed and are actively used in real
clinical fields. However, cancers evade immune mechanisms
by regulating the TME. Because of the various mechanisms
of immune escape, ICIs have shown a lower therapeutic
response rate [13]. To overcome these limitations, it is nec-
essary to develop effective biomarkers that can predict the
therapeutic response to ICIs [14]. Moreover, there is a need
for research on drugs that can increase the response rate by
altering the TME to favor ICIs [15].

Research on various cytokines and cells that can influence
the TME is actively underway [16]. Chronic inflammatory
conditions have been linked to the development, progres-
sion, and exacerbation of cancer and have been found to
inhibit the effectiveness of ICIs [17]. IL-1B and IL-6 have
been identified as representative inflammatory cytokines
that can inhibit the effects of ICIs. IL-1B can promote can-
cer by controlling angiogenesis and endothelial cells around
cancer cells and can directly suppress the immune system
using MDSCs [18]. IL-1 blockers (anakinra and canakinum-
ab) have also been examined in clinical studies [19]. Moreo-
ver, IL-6 has been shown to inhibit the invasion of CTLs into
the tumor mass and suppress ICIs by activating MDSCs and
Tregs [20]. Drugs capable of inhibiting IL-1p and IL-6 are
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thought to increase the efficacy of ICIs.

HDAC: inhibits the exocytosis of inflammatory cytokines
and the synthesis of inflammation-related substances (nitric
oxide and prostaglandin E2) [21]. Currently, HDACi is one
type of drug that is being studied in combination therapy
with ICIs [22,23]. HDACi is well known as a drug type that
regulates various cell functions, such as cell proliferation,
differentiation, and apoptosis, by regulating gene transcrip-
tion [24]. It has recently been found that HDACi can regulate
inflammation, infection, and immunity through mechanisms
that are independent of histones. Moreover, HDACis are
thought to be effective in increasing the efficacy of ICIs by
creating a favorable environment for CTLs. The currently
reported mechanisms underlying their action include increa-
sed expression of major histocompatibility complex class,
increased levels of cytokines favorable to the activity of
CTLs, increased survival of activated CTLs, and decreased
levels of MDSCs or Treg cells [25,26].

HDAC has several classes, and their functions vary
depending on the class [27]. HDAC class I (HDAC 1, 2, 3, 8)
mainly exists in the cell nucleus and regulates gene transcrip-
tion. The function through which HDACi creates a favorable
environment for ICIs is thought to occur in the cytoplasm
and not in a region that regulates the chromatin environ-
ment. The HDAC class IIB (HDAC 6, 10) is mostly distrib-
uted in the cytoplasm. Among these, HDAC6 inhibitors are
thought to be able to alter the TME through interactions with
non-histone substrates [28]. The Nexturastat A, one of the
selective HDAC6 inhibitors, increases the memory capac-
ity of CTLs, and inhibits the activity of pro-tumorigenic M2
macrophages and Treg cells to create a favorable environ-
ment for ICIs [25,26]. In this study, Nexturastat A created a
favorable environment for CTLs by inhibiting the secretion
of inflammatory cytokines such as IL-1f and IL-6.

Research for predicting the prognosis of patients with vari-
ous solid cancers using HDAC as a marker has long been
conducted [29]. However, this study is the first to analyze
the prognosis of ICI treatment in NSCLC based on HDAC6
expression. Unlike the expression level of PD-L1, the patho-
logic criteria for evaluating the expression level of HDAC
are yet to be established. When criteria for HDAC expres-
sion are established and combined with other biomarkers, a
more accurate prognostic analysis will be possible. In some
reports, there is a positive correlation between HDAC expres-
sion and PD-L1 expression. However, in our clinical data,
there was no correlation between HDAC expression and
PD-L1 expression. This reflects that different mechanisms
may act between HDAC and PD-L1 therapeutics. Although
HDACis reduce the expression of PD-L1, their main action
is to change the immune status in the TME by influencing
immune-suppressive inflammatory cytokines rather than
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inhibiting PD-L1. This indicates a synergistic effect of HDA-
Cis on PD-L1 inhibitors. Among general lung cancer patients,
PD-L1 high accounts for about 30%; whereas in our study,
70% of patients had PD-L1 high. The higher proportion of
PD-L1 in our study could place a limitation on the analysis
of the correlation between HDAC expression and PD-L1
expression. The effects of HDACi on PD-L1 expression and
the mechanisms underlying these effects vary depending on
the class of HDAC targeted by the HDACi and the type of
HDACI. Even when using the same HDAC], the effect differs
according to the cell type. For example, SAHA (a representa-
tive pan-HDAC]) lowered PD-L1 expression in a lung cancer
cell line, whereas it increased the PD-L1 expression in a B-cell
lymphoma cell line [30].

In cancer treatment, HDACi has been noted only for alter-
ing gene transcription. However, HDACi is thought to be a
drug type capable of altering the TME through interactions
with non-histone substrates. Here, this potential was demon-
strated through experiments involving IHC analysis of lung
cancer cell lines and mice. HDAC6 low expression group
showed good ICI response in NSCLC patients. HDACi mod-
ulates inflammatory cytokine and PD-L1 expression to cre-
ate a favorable environment for ICIs in lung cancer cell line.
Combination treatment of HDACi and PD-1 inhibitor gen-
erates anti-tumor effects in TC-1 tumor-bearing mice. In the
future, clinical trials of the combination therapy of HDACi
and ICIs should be actively considered.
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