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Background: The incidence rate of lung adenocarcinoma (LUAD) is rapidly increasing. Recent
studies have reported that histone acetylation modification plays an important role in the occurrence and
development of tumors. However, the potential role of modification of histone acetylation modification in
the development of tumor immune microenvironment is still unclear.

Methods: In this study, we comprehensively evaluated the acetylation modification patterns of LUAD
samples obtained from various different databases based on 36 histone modification regulators, and
constructed a prognostic model based on The Cancer Genome Atlas (T'TCGA) LUAD cohort using the Cox
regression method. The close relationship between histone acetylation and tumor immune characteristics
was further studied, including immune infiltration, immune escape and immunotherapy. Finally, we
combined three cohort (GSE30219, GSE72094 and GSE50081) from Gene Expression Omnibus (GEO)
database to verify the above results.

Results: We analyzed the expression, mutation and interaction of 36 histone acetylation regulated genes.
After Univariate Cox regression analysis and least absolute shrinkage and selection operator regression
(LASSO), 5 genes (KAT2B, SIRT2, HDACS, KATS8, HDAC?2) were screened to establish the prognosis
model and calculate the risk score. Then, patients in the TCGA cohort were divided into high- and low-
risk groups based on the risk scores. Further analysis indicated that patients in the high-risk group exhibited
significantly reduced overall survival (OS) compared with those in the low-risk group. The high- and low-
risk groups exhibited significant differences in terms of tumor immune characteristics, such as immune
infiltration, immune escape and immunotherapy. The high-risk group had lower immune score, less immune
cell infiltration and higher clinical stage. Moreover, multivariate analysis revealed that this prognostic model
might be a powerful prognostic predictor for LUAD. In addition, drugs sensitive for this classification were
identified. Finally, the efficacy of the prognostic model was validated by cohort (GSE30219, GSE72094 and
GSE50081) from GEO database.

Conclusions: Our study provided a robust signature for predicting changing prognosis of patients with
LUAD. Thus, it appears to be a potentially useful prognostic tool. Moreover, the important relationship

between histone acetylation and tumor immune microenvironment was revealed.
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Introduction

At present, the incidence and mortality rates of lung cancer
ranks first among malignant tumors in China, and non-
small cell lung cancer (NSCLC) is the most common
pathological type of lung cancer, accounting for 85% of all
lung cancer (1). Lung adenocarcinoma (LUAD) is the most
common subtype of NSCLC, accounting for 40% (2). For
anti-tumor studies, effectively killing cancer cells without
damaging normal cells is a challenge. The key to this is to
identify the unique characteristics of tumor cells.

Various diseases, particularly cancer, involve epigenetic
changes (3,4). Histone is the main protein component
of chromatin and plays a central role in gene regulation,
acting as a spool winding DNA (5). Histones undergo
various modifications, including phosphorylation,
acetylation, glycosylation, methylation, ubiquitination, and
citrullination, which affect gene transcription (6,7). The
importance of histone acetylation has been confirmed in
cancer; it regulates gene transcription and cellular processes
such as immune response, apoptosis, autophagy, tumor
mutational burden (TMB), cell cycle arrest, DNA damage
repair, and metabolism (8). Abnormal histone acetylation is
a hallmark of many cancers, particularly NSCLC (9-11).

Histone acetylation is involved in the regulation of
various biological processes, which is also a research hotspot
in recent years (12). Histone acetylation helps to open
chromatin by neutralizing the positive charge of lysine
residues on histone and provides a binding platform for
“reader” protein (13). Histone acetylation status depends on
the competition between histone acetyltransferase (HAT)
and histone deacetylase (HDAC) in terms of activity (14,15).
The abnormal binding of HDAC to specific promoter
region, inhibits the transcription of normal functional
genes, which may be one of the mechanisms of underlying
malignant tumorigenesis (16). Acetylation modification
of lysine residues in histone controls many important
functions, including carbon metabolism, transcriptional
regulation, amino acid metabolism and so on (16,17).
Therefore, Histone acetylation modification has become
the target in anti-tumor drug development (18).
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Therapeutic agents targeting the epigenetic regulatory
family of HDACs have demonstrated clinical success in
treating some hematological malignancies (19-21). Preclinical
models of melanoma and LUAD have demonstrated that
HDAC inhibitors can upregulate the expression of ligand
programmed death-ligand 1 (PD-L1) and T-cell chemokines,
thereby enhancing the sensitivity of immune responses to
anti-programmed death 1 (PD-1)/PD-L1 treatment and
improving clinical outcomes (22,23). Recent studies have
reported that histone acetylation is closely related to tumor
microenvironment (TME); specifically, histone acetylation
regulates the cytolytic activity of CD8" T cells, polarization
of macrophages, and immunosuppressive function of
regulatory T cells (24-26).

Because of technical limitations, current relevant
research is mostly limited to one or two histone
acetylation regulators and cell types; however, antitumor
effect is characterized by the interaction of many tumor
suppressors in a highly coordinated manner. In this regard,
bioinformatic analysis is helpful. We developed histone
acetylation modification scores to predict prognosis, clinical
characteristics, and immune status in patients with LUAD.
Our results suggested that histone acetylation modification
score is a powerful prognostic marker that can accurately
predict prognosis and immunotherapy response. We present
the following article in accordance with the TRIPOD
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-1000/rc).

Methods
Data collection

The RNA-Seq data and corresponding clinical information
of patients with LUAD were collected from The Cancer
Genome Atlas (TCGA) database. In total, 497 LUAD and
54 normal samples were obtained. The normalized matrix
files of the three cohorts (GSE30219, GSE72094 and
GSES50081) from the Gene Expression Omnibus (GEO)
database were downloaded for the validation of data sets.
Genomic mutation data, including somatic mutation and
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copy number variation (CNV) of TCGA-LUAD were
obtained from the UCSC Xena database. Both TCGA
and GEO database are publicly available. Thus, the
present study did not require the approval of local ethics
committees. The literature related to histone acetylation
modification was retrieved, and 36 acknowledged histone
acetylation genes were curated and analyzed to identify
distinct histone acetylation modification patterns. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Construction of prognostic model based on bistone
acetylation regulators

The survival R package was used for univariate Cox
regression analysis to identify the genes involved in histone
acetylation and associated with overall survival (OS).

The risk score calculating formula was shown as follows:

n
Risk score = z Exp, *x, (1]
=
where Exp, was the gene expression level and «; was the
regression coefficient which was calculated by multivariate
Cox regression.

Prediction of immunotberapy response

Tumor immune dysfunction and exclusion (TIDE) is a
computational method to simulate the main mechanism
of tumor immune escape, which can predict the immune
checkpoint blockade response. We downloaded the TIDE scores
related to patients with LUAD from http://tide.dfciharvard.edu
for further analysis. In addition, to further study the differental
effects of immune checkpoints such as PD-L1 and CTLA4 in
different groups, we downloaded the immunophenotypic score
(IPS) data of immune checkpoint inhibitors (ICIs) from the
cancer immunization database (http://tcia.at/home).

Establishment and validation of nomogram

We constructed a nomogram by integrating traditional
clinical variables such as age, gender, T stage, M stage, and
N stage, and the risk score derived from the prognostic
signature to analyze the probable 1-, 3-, and 5-year overall
survival of patients with LUAD. Furthermore, calibration
curves of the nomogram were generated to examine the
concordance between predicted survival and observed
survival after bias correction.

© Journal of Thoracic Disease. All rights reserved.
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Functional enrichment analysis

To explore the underlying mechanisms of histone
acetylation and risk-score-related differentially expressed
genes (DEGs) (high- vs. low-risk groups), we performed
Gene Ontology (GO) enrichment analysis, involving
cellular component (CC), molecular function (MF), and
biological process (BP). Further, we performed Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analyses.

Statistical analysis

The data was processed using the PERL programming
language (Version 5.32.0, http://www.perl.org). All
statistical analyses were performed using the R software
(version 4.1.2, https://www.r-project.org/). P<0.05 was
considered statistically significant.

Results

Expression, mutation and interaction of histone acetylation
regulated genes in LUAD

A total of 36 histone acetylation regulated genes including
9 writers (HAT1, KAT2A, KAT2B, KATS, KAT6A, KAT6B,
KAT7, EP300 and CREBBP), 12 erasers (HDAC1, HDAC?2,
HDAC3, HDACS, SIRT2, HDAC4, HDACS, HDACE,
HDAC7, HDAC9, HDAC10 and HDACI1I) and 15 readers
(BRD2, BRD3, BRD4, BRDT, BPTF, ATAD2B, BAZ2B,
TAF1, YEATS4, DPF3, SMARCA2, SMARCA4, PBRMI,
DPFI and DPF2) were identified in this study (Table SI).
Using the WilCoxon test method in R software, significant
differences were observed in the expression of most genes
between normal and tumor tissues (Figure 1A). After
clarifying the differences in the expression of these genes,
we assessed the CNVs and somatic mutations of 36 histone
acetylation regulators in patients with LUAD from TCGA
cohort. In the TCGA-LUAD cohort, 38.15% of the
samples had mutations in histone acetylation regulatory
genes, and the mutation type was mainly missense mutation,
followed by nonsense mutation (Figure 1B). Among the
36 histone acetylation regulation genes, the mutation rate
of smarca4 accounted for 7%, and the mutation rate of
HDACY, BPTF, BAZ2B, and CREBBP was also higher
than 3%. The investigation of CNV change frequency
revealed that CNV change was common in 36 regulators
(Figure 1C). The location of CNV alteration of histone
acetylation regulators on 23 chromosomes (Figure 1D).
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Figure 1 Landscape of genetic and expression variation of histone acetylation regulators in lung adenocarcinoma. (A) The expression of the
36 histone acetylation regulators between tumor and normal tissues in the TCGA-LUAD cohort. Tumor: red; normal: blue. (¥, P<0.05, **,
P<0.01, ***, P<0.001). (B) The mutation frequency of 36 histone acetylation regulators in TCGA-LUAD cohort. (C) The CNV variation
frequency of m6A regulators in the TCGA-LUAD cohort. (D) The location of CNV alteration of m6A regulators on 23 chromosomes in
the TCGA-LUAD cohort. (E) The interaction among histone acetylation regulators in LUAD. The circle size describes the effect of each
regulator on the prognosis and scale by P value. Readers: Indigo; writers: brown; erasers: gray. The red and blue lines represent positive
and negative correlations, respectively (P<0.0001). TCGA, The Cancer Genome Atlas; LUAD, lung adenocarcinoma; CNV, copy number
variation.
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Figure 2 Construction of a LASSO-Cox regression model in the TCGA cohort. (A) Indicates the HR (95% CI) and P value of selected mRNAs by

univariate Cox proportional hazards. Blue dots represent protective factors, and red dots represent risk factors. (B) Trajectory of each independent

variable. Horizontal axis represents log of independent variable L. Vertical axis represents coefficient of independent variable. (C) Tenfold cross-
validaton of tuning parameters in LASSO-Cox regression model. (D) The PCA plot in the TCGA cohort. (E) The t-SNE plot in the TCGA
cohort. (F) Correlation between candidate genes. ***, P<0.001. (G) Survival curve for the high risk and low risk groups. (H) Heatmap shows that

the expression of candidate genes. (I) The risk score distribution in the TCGA cohort. (J) Scatter plot shows the correlation between survival time

and risk score of TCGA-LUAD patients. LASSO, least absolute shrinkage and selection operator regression; TCGA, The Cancer Genome Atlas;

PCA, principal component analysis; t-SNE, t-distributed stochastic neighbor embedding; HR, hazard ratio; CI, confidence interval.

Further, we constructed a network of histone acetylation
regulators, revealed the interaction among regulators, and
comprehensively presented the prognostic significance of
each regulator in patients with LUAD (Figure 1E). The
high mutation rate indicates the instability of histone
acetylation regulatory genes in the TCGA-LUAD cohort,
and suggests the potential relationship between histone
acetylation modification and tumors.

© Journal of Thoracic Disease. All rights reserved.

Construction of a prognostic model in the TCGA cobort

Using the WilCoxon test method in R software, we
identified 7 genes from the TCGA database (Figure 2A4).
Only one gene HDAC2 was considered as the risk factor
with HR >1 in patients with LUAD, whereas another
6 genes, KAT2B, KATS, SIRT2, HDACS, BAZ2B, and TAF1I,
were considered as protective factors with HR <1. After

7 Thorac Dis 2022;14(10):3886-3902 | https://dx.doi.org/10.21037/jtd-22-1000
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LASSO-Cox regression analysis, 5 genes were screened
to establish the prognosis model using the Cox regression
method (Figure 2B,2C). The risk score was calculated using
the following formula: risk score = (-0.08807 x expression
value of KAT2B) + (-0.03254 x expression value of KATS)
+ (=0.036396 x expression value of HDAC2) + (-0.03734
x expression value of SIRT2) + (-0.04152 x expression
value of HDACS). Further, patients in the training cohort
were divided into high- and low-risk groups based on the
risk scores. The high- and low-risk groups could be clearly
distinguished using the principal component analysis (PCA)
and t-distributed stochastic neighbor embedding (t-SNE)
analysis (Figures 2D,2E). The 5 genes exhibited a certain
correlation (Figure 2F). The Kaplan—Meier survival curve
revealed the significantly worse survival in the high-risk
group (P=6.24e-03; Figure 2G). The expression trend of
5 hub genes is shown in the heat map in Figure 2H. The
risk distribution of gene expression in the training set and
the survival status of each patient are given in Figure 21,27.
Overall, these 5 histone acetylation characteristics can
distinguish the prognosis of patients with LUAD to some
extent.

Clinicopatbologic features analysis and subgroup analysis

We analyzed the correlation between risk score and
clinicopathologic features, several clinical features including
gender, TNM stage are correlated with risk score, except
for age Figure 34. We conducted a subgroup analysis to
clarify the relationship between TNM stage subgroups
and risk group Figure 3B-3G. In T1-2 stage, the higher
the significant risk score, the more obvious the tumor
progression, but there was no significant difference in 13-4
stage. In stage NO, the higher the significant risk score was,
the more obvious the lymph node metastasis was. However,
there was no significant difference in stage N1-2. The same
situation happens between M0 and M1 stage. In conclusion,
the risk score is related to the occurrence, development and
invasion of earlier stage.

Establishment and validation of nomogram

Univariate and multivariate analyses revealed that risk score
was an independent prognostic predictor in the TCGA
cohort. The results of univariate Cox regression analyses
revealed that the risk score was significantly associated with
OS (HR =2.457, 95% CI: 1.786-3.379, P<0.001; Figure 4A).
After correcting for other confounding factors, multivariate

© Journal of Thoracic Disease. All rights reserved.
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analyses revealed that risk score still proved to be an
independent prognostic predictor in the TCGA (HR =2.311,
95% CI: 1.649-3.237, P<0.001; Figure 4B). We established a
nomogram to accurately predict the OS of the patients using
risk score calculated from the prognostic signature of histone-
acetylation-related genes and other clinicopathological
factors, including age, gender, T stage, M stage, N stage, and
risk score (Figure 4C). Calibration plots for, 3-, and 5-year OS
were used to visualize the performances of the nomograms
(Figure 4D). Receiver operating characteristic (ROC) curve
revealed that the AUC of nomogram for predicting 5-year
survival was 0.735 (Figure 4E). The results indicated that this
model performed well in predicting OS.

Correlation analysis between risk score and TMB

We divided the patients with LUAD in TCGA into H-TMB
and L-TMB groups based on the TMB. After grouping
TMB and risk groups, survival analysis was performed
again, and the survival curve was plotted (Figure 5A). It
confirmed the adverse effect of low mutation on survival.
Correlation analysis confirmed the correlation between
risk score and TMB (R=0.21, P=2.33¢-06; Figure 5B). The
difference between mutation and low and high scores was
revealed by drawing waterfall diagram (Figure 5C,5D).
Obviously, the proportion of mutations was higher in the
high-risk group.

Function and pathway envichment analysis

First, we analyzed the differences between the high- and
low-risk groups and determined the DEGs. To elucidate
the biological functions and pathways, the DEGs were used
to perform GO enrichment and KEGG pathway analyses.
GO enrichment analysis indicated that DEGs were
enriched in humoral immune response, collagen-containing
extracellular matrix, receptor ligand activity, and signaling
receptor activator activity (P<0.05; Figure 6A4,6B). It is
worth noting that negative regulation of protein processing
was confirmed by enrichment analysis (P,;,,<0.05).
Interestingly, KEGG enrichment indicated that DEGs
were enriched in IL-17 signaling pathway and amoebiasis
(P,4jusc<0.05; Figure 6C,6D).

djust

Analysis of immune cell infiltration and subgroup analysis

Considering the important influence of immune cell
infiltration on tumor progression, we compared the
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Figure 3 Clinical relevance analysis of the risk score in the TCGA cohort. (A) Heatmap shows that the clinical characteristics analysis
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differences in immune cell infiltration between the two

groups (Figure 74). T cells, macrophages, mast cells, and

neutrophils were different in terms of levels between
the high- and low-risk groups (P<0.01). We conducted

© Journal of Thoracic Disease. All rights reserved.

a subgroup analysis to clarify the relationship between

immune cell subgroups and risk groups (Figure 7B-7G).

The results indicated that different degrees of immune cell

infiltration were closely related to the prognosis of patients
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with LUAD. immunity and histone acetylation, we compared the differences
of immune status between the two groups (Figure 84).
B cells, DCS, HLA, and immune checkpoints were
significantly different between the two groups, which may
To better understand the complex relationship between indicate that targeted histone acetylation can change the

Immune-relevance and drug sensitivity analyses
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immune state of LUAD or enhance the response to the
immunotherapy in LUAD. Gene set variation analysis
(GSVA) enrichment revealed the activation of various
pathways under the high- and low-risk groups (Figure §B).
The correlation heat map revealed the correlation between
the 5 candidate genes and immune checkpoints (Figure 8C).
The correlation between KAT2B and immune checkpoints

cannot be ignored. Moreover, the immune microenvironment
of the high- and low-risk groups was different (Figure §D-8F).
The low-risk group exhibited higher ESTMATEscore,
Immunescore, and Stromalscore. (Figure §G-87) show
the sensitivity of PDL1 and CTLA4 immunotherapy in
the high- and low-risk groups. Low risk means higher
sensitivity to immunotherapy. Comparison of TIDE score,
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microsatellite instability (MSI), or other immune-related
characteristics in high risk and low risk groups (Figure 8K).
TIDE score can be used to evaluate the immune escape
of tumor. Our study demonstrated that the low-risk
group was more prone to immune escape. Further, to
improve the guiding significance of risk score for clinical
application, we identified the sensitivity of patients in

© Journal of Thoracic Disease. All rights reserved.

different groups to LUAD using the GDSC database
(Figure 8L,8M). The results revealed significantly lower I1C;,
values of paclitaxel and etoposide in the high-risk group.

Validation of the 5-gene signature in the GEO cobort
We combined three cohorts (GSE30219, GSE72094, and

7 Thorac Dis 2022;14(10):3886-3902 | https://dx.doi.org/10.21037/jtd-22-1000
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GSE50081) from GEO database to verify the above results.
Based on the same calculation and grouping method, we
divided the patients from GEO cohorts into the low- and
high-risk groups. The difference in survival between the
two groups was significant (Figure 9A4). The survival curve
indicated that the survival rate of the low-risk group was
better than that of the high-risk group. The risk distribution
of gene expression in the training set and the survival status
of each patient are given in Figure 9B,9C. The expression
trend of the 5 hub genes is given in the heat map in
Figure 9D. ROC curve revealed the AUC of risk score for
predicting survival for 1-, 3-, and 5-year (Figure 9E). The
high- and low-risk groups could be clearly distinguished
using the PCA and t-SNE analysis (Figure 9F,9G).
The immune cell infiltration results from the GEO cohort
verified the results from TCGA cohort, although some
differences were noted (Figure 9H). The correlation heat
map revealed the correlation between the 5 candidate genes
and immune checkpoints (Figure 91). KAT2B was associated
with the most immune checkpoints.

Discussion

Acetylation refers to the transfer of acetyl groups from acetyl
CoA to amino acid residues in proteins by an enzymatic or
nonenzymatic process (12). The more extensive function of
acetylation modification is not limited to the nucleus, thus,
it can be divided into histone and non-histone acetylation
modifications (27). At present, acetylation modification of
histones is studied most widely, which is very important in
the process of apparent regulation (5). Histone acetylation
modification affects the activities of various physiological
processes through the interaction of proteins with various
acetylation regulators, including chromatin remodeling, cell
cycle, splicing, nuclear transport, mitochondrial biology,
and actin nucleation (28). In biology, acetylation plays an
important role in the formation of immunity, physiological
rhythm and memory. Protein acetylation is a favorable
target for designing new drugs against many diseases (29,30).
Recent studies have report that acetylation modification
plays an important role in the occurrence and development
of tumors (31). Considering the close relationship between

” «

the three histone acetylation regulators (“writer,” “eraser,”
and “reader”), their overall analysis of them would help
to enhance our understanding of tumor epigenetic
transcriptomics and guide more effective treatment
strategies (32).

In this study, we found that there were significant

© Journal of Thoracic Disease. All rights reserved.
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differences in the expression of acetylated genes between
tumors and normal tissues. We systematically analyzed the
prognostic prediction accuracy of Histone acetylation genes
in LUAD using bioinformatics and statistical tools, and
5 genes (KAT2B, SIRT2, HDACS, KATS, HDAC?2) were
screened from 36 Histone acetylation genes to construct
the prognostic model and calculate the risk score. Previous
studies have shown that all five candidate genes are closely
related to cancer.

Both KAT2B and KATS belong to HAT. KAT2B, lysine
acetyltransferase 2B, is closely related to immunotherapy,
and low KAT2B expression was associated with unsatisfactory
efficacy of immune checkpoint blockade (ICB) of patients
with LUAD (33,34). In addition, KAT2B is related to
congenital heart disease, pulmonary artistic hypertension
and other diseases (35,36). KATS, lysine acetyltransferase 8,
contributes to tumor progression by activating epidermal
growth factor receptor (EGFR) signaling in glioblastoma
cells (37,38). In addition, KAT8 can regulate the level of
reactive oxygen species (39). Both HDACS and HDAC?2
(Histone Deacetylase 5 and 2) belong to Non-specific
HDAC. HDACS expression was regulated by PI3K/Akt
signaling pathway in diabetic kidney disease (40). At the
same time, some studies report that catalytic activity of
HDACS suppresses oxidative stress in cardiomyocyte and
NREF2 target gene expression (41). The expression level of
HDAC?2 was negatively correlated with the prognosis of
patients with lung cancer (42). In colorectal cancer, HDAC?2
promotes epithelial mesenchymal transition (EMT) (43).
Sirtuin 2 (SIRT?2) is an NAD"-dependent deacetylase
inhibiting T-cell metabolism by targeting key enzymes
involved in glycolysis, tricarboxylic acid cycle, fatty acid
oxidation and glutamine decomposition (44).

According to the median risk score, patients with LUAD
were divided into low- and high-risk groups. The prognosis
analysis revealed that the OS of the high-risk group was
significantly shorter than that of low-risk group. Through
univariate and multivariate analyses, risk score can be
used as an independent risk factor for prognosis analysis
of patients with LUAD. Our data revealed a significant
correlation between risk score and tumor mutation load. In
the high-risk group, the mutation frequency of TP53, TTN
and other genes increased significantly, and it was consistent
with our prediction. In clinical correlation analysis, risk
score had no significant effect on T3-4, N1-2 and M1
stages of lung cancer through subgroup analysis, in other
words, risk score is closely related to early-stage LUAD. To
help in determining the prognosis of individual patients, we

7 Thorac Dis 2022;14(10):3886-3902 | https://dx.doi.org/10.21037/jtd-22-1000
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Figure 9 Validation of the histone acetylation regulators prognostic signature in GEO cohort. (A) Survival curve for the high risk and low
risk groups. (B) The risk score distribution in the TCGA cohort. (C) Scatter plot shows the correlation between survival time and risk
score of LUAD patients. (D) Heatmap shows that the expression of candidate genes. (E) AUC of time-dependent ROC curves in the GEO
cohort. (F) The PCA plot in the GEO cohort. (G) The t-SNE plot in the GEO cohort. (H) Analysis of the difference between high and low
risk groups in immune infiltration. *, P<0.05; **, P<0.01; ***, P<0.001. (I) Correlation between candidate genes and immune checkpoint.
*, P<0.05; **, P<0.01; ***, P<0.001. GEO, Gene Expression Omnibus; TCGA, The Cancer Genome Atlas; LUAD, lung adenocarcinoma;
AUC, area under the curve; ROC, receiver operating characteristic; PCA, principal component analysis; t-SNE, t-distributed stochastic
neighbor embedding.
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combined the 5 gene characteristics and clinicopathological
parameters to construct a nomogram.

At present, the influence of immune factors on tumors
has attracted much attention, not only the immune
microenvironment, the immune escape of tumors and so
on (45,46). Inmunotherapy may become the key treatment
to cure cancer (47). In recent years, immune checkpoint
blocking therapy has shown significant efficacy in the
treatment of various types of tumors (47,48). In our study,
we paid special attention to the effect of acetylation score on
immunity. Interestingly, according to our prognostic model,
acetylation was closely related to the TME, and some
classical immune checkpoints were identified. Importantly,
the immunotherapeutic effect of PDL1 and CTLA4 was
also very obvious (49,50).

TIDE algorithm is a newly developed method to calculate
the potential regulators and indicators of ICI resistance
(51,52). It can be used to calculate the interaction between
T-cell characteristics in LUAD to simulate tumor immune
escape. A higher TIDE score indicates a higher possibility
of tumor immune escape and a lower response rate to ICI
treatment. In our study, the calculated risk score is strongly
negatively correlated with TIDE score, which means that the
high-risk group was not prone to immune escape. This was
unexpected, so more in-depth studies are necessary.

After determining the relationship between Histone
acetylation and the immune microenvironment of LUAD,
it may be necessary to provide potential therapeutic agents.
So, we further identified the therapeutic effect of common
chemotherapeutic drugs between high- and low-risk groups.
The screening results showed that paclitaxel and etoposide
showed potential sensitivity and selectivity for LUAD with
high-risk group of Histone acetylation.

To verify the results obtained from the TCGA
cohort, mRNA sequencing data from the tissue samples
from patients with LUAD (GSE30219, GSE72094 and
GSE50081) were analyzed using R software and related
R packages to conduct a batch correction of sequencing
results as the validation cohort. By analyzing the data of the
validation cohort, results similar to those from the TCGA
cohort were obtained, including those related to immune
microenvironment, immune cell infiltration, immune
checkpoint, and drug sensitivity.

This study has some limitations. First, we only included
505 tumor samples in this study to construct the prognostic
model. Studies with a larger sample size are needed.
Second, most of the patients were white, African, or Latino
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and did not represent all human races. Third, more samples
are needed to verify the model. Finally, further biochemical
experiments should be performed to explore the roles of the
histone-acetylation-related genes and their interactions.

Conclusions

Our study provided a robust signature for predicting
the changing survival risk of patients with LUAD, and it
appears to be a potentially useful prognostic tool. Moreover,
we revealed the important relationship between histone
acetylation and tumor immune microenvironment.
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Supplementary

Table S1 Summary of histone acetylation Modification regulators

Gene Complex Type

HAT1 Histone Acetyltransferase 1 writer
KAT2A Lysine Acetyltransferase 2A writer
KAT2B Lysine Acetyltransferase 2B writer
KAT8 Lysine Acetyltransferase 8 writer
KAT6A Lysine Acetyltransferase 6A writer
KAT6B Lysine Acetyltransferase 6B writer
KAT7 Lysine Acetyltransferase 7 writer
EP300 E1A Binding Protein P300 writer
CREBBP CREB Binding Protein writer
HDAC1 Histone Deacetylase 1 eraser
HDAC2 Histone Deacetylase 2 eraser
HDAC3 Histone Deacetylase 3 eraser
HDACS8 Histone Deacetylase 8 eraser
SIRT2 Sirtuin 2 eraser
HDAC4 Histone Deacetylase 4 eraser
HDAC5 Histone Deacetylase 5 eraser
HDAC6 Histone Deacetylase 6 eraser
HDAC7 Histone Deacetylase 7 eraser
HDAC9 Histone Deacetylase 9 eraser
HDAC10 Histone Deacetylase 10 eraser
HDAC11 Histone Deacetylase 11 eraser
BRD2 Bromodomain Containing 2 reader
BRD3 Bromodomain Containing 3 reader
BRD4 Bromodomain Containing 4 reader
BRDT Bromodomain Testis Associated reader
BPTF Bromodomain PHD Finger Transcription Factor reader
ATAD2B ATPase Family AAA Domain Containing 2B reader
BAZ2B Bromodomain Adjacent To Zinc Finger Domain 2B reader
TAF1 TATA-Box Binding Protein Associated Factor 1 reader
YEATS4 YEATS Domain Containing 4 reader
DPF3 Double PHD Fingers 3 reader

SMARCA2 SWI/SNF Related, Matrix Associated, Actin Dependent Regulator Of Chromatin, Subfamily A, Member 2 reader

SMARCA4 SWI/SNF Related, Matrix Associated, Actin Dependent Regulator Of Chromatin, Subfamily A, Member 4 reader

PBRM1 Polybromo 1
DPF1 Double PHD Fingers 1
DPF2 Double PHD Fingers 2

reader
reader

reader
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