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Background: Although the prognosis of non-small cell lung cancer (NSCLC) can be assessed based on
pathological type, disease stage and inflammatory indicators, the prognostic scoring model of NSCLC
still needs to improve. HDACI1 is associated with poor prognosis of partial tumors, but its prognostic
relationship with NSCLC is poorly understood. In this study, the role of HDACI11 in NSCLC was studied to
evaluate relationship with disease prognosis and potential therapeutic target.

Methods: The clinicopathological and paracancerous tissues of patients with NSCLC primarily diagnosed
in Tangdu Hospital from 2009 to 2013 were collected. Follow-up of patients were made every three
months and the last follow-up period was December 2018. The expression of HDACII was assessed by
immunohistochemistry (IHC). Then, weighted gene co-expression network analysis (WGCNA) was
used to analyze the relationship between HDACI1 expression and the prognosis of lung adenocarcinoma
(LUAD) patients. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis. Kaplan-Meier plotter database was used to verify the connection between
hub genes and tumor stage and prognosis. We accessed the relationship between HDACII expression and
clinicopathological features, and impact on the prognosis.

Results: The study assessed 326 patients with NSCLC. Compared with adjacent tissues, HDACI1
expression was upregulated (HR =1.503, 95% CI: 1.172 to 1.927, P=0.001). Kaplan-Meier survival analyses
showed that HDACI1 expression was closely related to OS of NSCLC patients (P=0.0011). Univariate and
multivariate analyses showed that the independent risk factors of OS were clinical stage, HDACI1 expression,
and HDACI1 differentiation (all P<0.001). HDACI1 was significantly associated with prognosis in LUAD.
A total of 1,174 differential genes and WGCNA were obtained to construct a co-expression network in
LUAD. The GO and KEGG pathway enrichment analyses showed the relevance with staphylococcus aureus
infection, NOD-like receptor signaling pathway, and others. The results of LUAD survival analysis showed
that HDAC1 1-related genes NKX2-5 and FABP7 were significantly associated with LUAD prognosis.
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Conclusions: The high expression of HDACI1 is related to the poor prognosis of LUAD, and it is

expected to become a therapeutic target and prognostic evaluation therapy for LUAD in the future.

However, the relevant results need to be further studied and verified.
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Introduction

Lung cancer is the most common cause of cancer death
worldwide (1). It is a molecularly heterogeneous disease,
with over 85% of these patients affected by histological
subtypes classified within non-small cell lung cancer
(NSCLC) (2). With the advancements in of molecular
biomarker research, significant progress has been made
in utilizing targeted therapy to treat NSCLC. While
these therapies are a key component in the fight against
lung cancer, there remain a limited number of molecular
therapeutic targets. Biomarkers represented by PD-L1
expression and tumor mutational burden (TMB) can be
used to assess the prognosis of patients, but their predictive
value is also controversial due to the need for sufficient
tumor tissue. Clinical biomarkers should be considered not
only in practicability, but also in operability and high cost.
Therefore, it is urgent to explore suitable biomarkers that
can be used in clinic to predict the prognosis of patients
with NSCLC.

Histone or lysine deacetylase (HDAC/KDAC) regulates
a variety of processes including transcription, cell death,
and metabolism by targeting histones and non-histones to
remove acetyl or acyl groups from their lysine residues (3-5).
These enzymes control many growth & development
processes and are key to the balance of gene expression
within cells. As a result, prior work has been focused on
the fundamental functions of HDACs in various organs
and cellular processes in hopes to use isotype-specific
or selective HDAC inhibition as a targeted strategy for
treating specific diseases. As the sole class IV HDAC (6),
HDACI1 is a functional enzyme with HDAC activity
>10,000 times more efficient than deacetylase activity (3).
While it is expressed in many organs, such as the brain and
heart, its function currently is poorly understood (7,8).
Previous findings have indicated that HDACII plays roles
in immune response, neutrophil and T cell development,
and tumor biology (9). According to one report, HDACI11
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binds to the interleukin-10 (IL-10) promoter to promote
histone deacetylation, thereby negatively regulating
IL-10 of antigen-presenting cells (APCs), and subsequently
affecting immune activation (10).

Notably, HDACI11, which is a key decision of great
significance for autoimmunity, transplantation and cancer
immunotherapy, represents a molecular target that affects
immune activation and immune tolerance (10). Several
interesting studies have uncovered that HDACII is
associated with poor prognosis of neuroendocrine (10,11),
gynecologic (12), and central nervous system tumors (13-16).
However, the role of HDACI11 in NSCLC remains unclear
to date. Hence, we aimed to study the role of HDACII in
NSCLC to assess its relationship with clinical outcomes
and potential as a new therapeutic target NSCLC. We
present the following article in accordance with the
REMARK reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-22-403/rc).

Methods
NSCLC tissue samples

Patients with NSCLC who underwent radical surgery
between May 2009 and December 2013 with available
paraffin-embedded tissue specimens at Tangdu
Hospital (Xi’an, China) were retrospectively recruited
to this study. The inclusion criteria were as follows: (I)
NSCLC diagnosed by histology; (II) no radiotherapy or
chemotherapy prior to surgery; (III) comprehensive staging
imaging and exclusion of other organ tumors. Some clinical
characteristics and results were collected from all patients,
including age, gender, smoking history, histological type,
clinical stage, T classification, lymph node metastases, M
metastases, and histological differentiation. Postoperative
survival was measured from the day of surgery, and the cut-
oft of follow-up was until death or December 2018. Patients
were followed up every three months during this period.
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Primary endpoint was overall survival (OS). All tumors were
staged according to the Union for International Cancer
Control (UICC) Pathological Tumor-Node-Metastasis
(pTNM) classification (7th edition) (17). The histological
classification of the tumors was in line with World Health
Organization (WHO) standards. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by ethics committee
of the Fourth Military Medical University (No. TDLL-
202206-06) and informed consents were not requested for
this retrospective study.

Tissue microarray immunobistochemistry

Paraffin-embedded tissue was cut into 5 pm slides coated
with silane. They were dewaxed in xylene and hydrated
by a series of anhydrous ethanol followed by antigenic
microwave repair. After washing with phosphate-buffered
saline (PBS) to reduce specific binding, the slides were
sealed with goat serum blocking solution and excess liquid
was dumped. A primary antibody (1:400; Proteintech,
Rosemont, IL, USA) was added in proportion, and
incubated overnight at 4 °C. A negative control was obtained
by replacing the primary antibody with PBS to maintain
the specificity of staining. After the tissue sections had
been washed with PBS, EnVision horseradish peroxidase
(HRP; Kangwei, China) was used for secondary antibody
incubation. A 3,3'-diaminobenzidine (DAB) Elite (Dako;
Glostrup, Denmark) kit was used to display peroxidase
activity, and sections were stained with hematoxylin.
Immunohistochemistry (IHC) staining scores were based
on two criteria: (I) staining intensity: (score 0, negative;
score 1, yellow; score 2, brown; and score 3, tan); and (II)
percentage of staining positive cells (score 0, <5%; score
1, 6-25%; score 2, 26-50%; score 3, 51-75%; and score
4, >75%). The 2 scores were multiplied to obtain the total
score (0-12 max). We considered the mean as the dividing
line between low expression and high expression in tissue
specimens.

Weighted gene co-expression network analysis (WGCNA)
and protein-protein interaction (PPI) screening of
HDACI11 expression affecting the survival and prognosis
of lung adenocarcinoma (LUAD)-related genes

We downloaded LUAD RNA-seq data from The Cancer
Genome Atlas database (TCGA; https://portal.gdc.cancer.
gov/). A total of 535 LUAD samples of tissues were
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presented. We built LUAD gene expression data by using
a “WGCNA” package in the form of genetic co-expression
modules. Soft power P=3 was selected to calculate
topological overlap matrix (TOM) and corresponding
dissimilarity degree (1-TOM). In the subsequent
grouping, a hierarchical clustering tree was formed for the
1-TOM matrix. For the same gene expression, at least 50
genes were used to form the tree, which was divided into
separate gene co-expression modules. A module-trait heat
map was made and the relationship between the module-
trait and HDACI1 expression was calculated. The module
eigengene (ME) brown, with the largest correlation
coefficient was selected, and the correlation coefficient was
0.21, with a total of 1,816 genes. Then, we used the limma
package in R (R Foundation for Statistical Computing,
Vienna, Austria) to screen differentially expressed genes
(DEGsS). The llog2FoldChange!| >2 and adjust P<0.05
were set to screen DEGs. The “ggplot. 2” in the edge R
package was used to draw a volcano plot for the DEGs.
In order to explore the function of LUAD, we used Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG; http://www.kegg.jp/kegg/) pathway
enrichment analysis according to “cluster Profile” package
in R. Search Tool for the Retrieval of Interaction Genes/
Proteins (STRING) database (http://string-db.org/) is
a database that searches for known proteins and predicts
interactions between proteins (18). PPI network analysis
was performed in the STRING online database and the hub
gene was identified by Cytoscape software. Finally, we used
the Kaplan-Meier plotter database (https://kmplot.conv/) to
validate key genes.

Statistical analysis

We used y° test or Fisher’s exact test to evaluate the
relationships between HDACII expression and the
clinicopathologic parameters of the NSCLC patients.
The Kaplan-Meier method and log-rank test were used
to analyze survival data. Cox proportional hazards models
were used to calculate hazard ratios (HRs) with 95%
confidence intervals (Cls) in univariate and multivariate
analysis Student’s #-test was used for comparison between
groups. Data were expressed as mean = standard deviation.
Cases with incomplete patient data were eliminated. All
statistical analyses were performed using SPSS 26.0 (IBM
Corp., Armonk, NY, USA) software. All statistical tests were
2-sided, and a P value <0.05 was considered statistically
significant.
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Table 1 Relationship between HDACI1 expression and
clinicopathological features of patients with NSCLC

HDACT11 expression

Parameter Number
Low High P value
Age (years) 0.499
<60 146 83 63
>60 180 109 71
Gender 0.589
Male 258 150 108
Female 68 42 26
Smoking history 0.159
Smoke 221 136 85
Never smoke 105 56 49
Histological type 0.600
LUAD 109 62 47
LUSC 217 130 87
Clinical stage 0.016
-1 145 96 49
-1V 181 96 85
T classification <0.001
T1-T2 129 80 49
T3-T4 197 105 92
Lymph node metastases 0.678
NO 148 89 59
N1-N2 178 103 75
Metastasis 0.023
Mo 317 190 127
M1 9 2 7
Differentiation 0.021
Well and moderate 144 95 49
Poorly and not 182 97 85

NSCLC, non-small cell lung cancer; LUAD, lung
adenocarcinoma; LUSC, lung squamous cell carcinoma.

Results

Patient characteristics

Tumor tissue and matched adjacent normal tissue from 339

patients were collected. We excluded 13 patients from the

© Translational Lung Cancer Research. All rights reserved.

Lu et al. High HDAC11 is associated with poor prognosis in NSCLC

study due to loss of follow-up or incomplete data. A total of
326 patients had complete clinical data and were included
in this retrospective study, for whom the median follow-
up time was 27.0 (11.0 to 64.0) months. To determine
the relationship between HDACI1 expression and
clinicopathologic characteristics, we summarized details of
baseline characteristics in 7able 1. There were 146 patients
aged <60 years and 180 patients >60 years. The majority
were male (n=258). A total of 109 cases were diagnosed with
LUAD; the other 217 were squamous cell lung carcinoma
(LUSC). Clinical postoperative staging included stage I-
II disease in 145 patients and stage III-IV disease in 181
patients. According to pTNM classification, patients
had T1-T2 (n=129) or T3-T4 (n=197) disease, lymph
node metastases were NO (n=148) and N1-N2 (n=178),
metastases were MO (n=317) and M1 (n=9). Histopathologic
diagnoses included well and moderately differentiated
(n=144) and poorly or undifferentiated (n=182) tumors.

Association of HDAC11 expression in NSCLC and
correlation with different clinical parameters

To investigate HDACI1 expression in NSCLC, we
performed IHC analysis of tissue chips previously collected
from the 326 patients (Figure 14). We found that HDACI11
expression was significantly higher in cancer tissue than
that in the adjacent tissue samples. From the 326 samples,
there were 53 patients with a score of 0 and 7 patients with
a score of 12 in the cancer tissue. In paracancerous tissue,
43 patients had a score of 0 and 1 patient had a score of 12.
The mean value of cancer tissue was 3.1314, but that of
adjacent tissue was only 1.7876 (Figure 1B). Existing data
displayed that HDACI11 expression was closely related
to clinical stage (P=0.016), T classification (P<0.001), M
metastasis (P=0.023), and differentiation (P=0.021). There
was no significant correlation with age, gender, smoking
history, or lymph node metastases (Zible 1).

Relationship between HDAC11 expression and prognosis
and survival in NSCLC

We performed correlation analyses to investigate the
association of HDAC11 expression with different clinical
outcomes. The results showed that the survival of patients
with high HDACI1 expression (n=134) in NSCLC was
significantly worse than that of those with low HDACI1
expression (n=192) (P=0.0011, Figure 1C). To further
evaluate whether HDACI1 expression can be a prognostic
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Figure 1 Association between low HDACI11 levels and poor overall survival in NSCLC patients. (A) Representative IHC images for
HDACI1 expression in LUAD and LUSC and adjacent non-cancerous tissues. Scale bar, 100 pm and 20 pm (inset) respectively. (B)
Statistical analysis of HDACII expression in tumor tissue and adjacent noncancerous tissue of 326 NSCLC patients. (C) Kaplan-Meier
survival analyses of high/low HDACII expression based on tissue microarray IHC results for 326 NSCLC patients. (D) The relationship
between HDACII expression and survival prognosis according to Kaplan-Meier plotter database. (E) Survival outcomes of patients at
different clinical stages, with 144 NSCLC patients with the early clinical stages (clinical stage I-II), and 182 NSCLC patients with late
clinical stages (clinical III-IV). (F) Survival outcomes of patients in the T classification, including 129 patients in T1-T2 and 197 in T3-T4

tumors. IHC, immunohistochemical; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinomas.

factor, OS of NSCLC patients was analyzed by Cox 1.411 to 2.350), metastasis (P=0.025, HR =2.140, 95% CI:
proportional risk regression model. Univariate analyses 1.098 to 4.169), differentiation (P<0.001, HR =5.274, 95%
showed that in our analysis of age, gender, smoking CI: 3.984 to 6.983), and HDACI11 expression (P=0.001,
history, pTNM classification, and other factors, clinical HR =1.503, 95% CI: 1.172 to 1.927) were significantly
stage (P<0.001, HR =3.164, 95% CI: 2.422 to 4.133), T correlated with survival. Subsequent multivariate analysis
classification (P<0.001, HR =2.141, 95% CI: 1.644 to 2.788), showed that only clinical stage (P<0.001, 95% CI:
lymph node metastases (P<0.001, HR =1.821, 95% CI: 1.436 to 3.142), tumor differentiation (P<0.001, 95%
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Table 2 Univariate and multivariate analyses of variables associated with survival of patients with NSCLC

Univariate analysis Multivariate analysis

Variable Category

HR (95% Cl) P value HR (95% Cl) P value
Age (years) <60 vs. =60 1.182 (0.922-1.516) 0.187 - -
Gender Male vs. female 1.071 (0.789-1.454) 0.659 - -
Smoking history Yes vs. no 0.978 (0.751-1.273) 0.868 - -
Histology LUSC vs. LUAD 0.822 (0.642-1.054) 0.122 - -
Clinical stage -1V vs. - 3.164 (2.422-4.133)  <0.001 2.124 (1.436-3.142)  <0.001
T classification T3-T4 vs. T1-T2 2.141 (1.644-2.788) <0.001 1.145 (0.829-1.583) 0.411
Lymph node metastases Yes vs. no 1.821 (1.411-2.350)  <0.001 1.057 (0.772-1.449) 0.729
Metastasis Yes vs. no 2.140 (1.098-4.169) 0.025 1.550 (0.765-3.141) 0.223
Differentiation Poorly and not vs. well and moderate  5.274 (3.984-6.983) <0.001 4.497 (3.358-6.021)  <0.001
HDAC11 expression High vs. low 1.503 (1.172-1.927) 0.001 1.478 (1.144-1.909)  <0.001

NSCLC, non-small cell lung cancer; HR, hazard ratio; Cl, confidence interval; LUAD, lung adenocarcinoma; LUSC, lung squamous cell

carcinoma.

CI: 3.358 to 6.021), and HDACI11 expression (P<0.001,
95% CI: 1.144 to 1.909) were associated with survival
and prognosis of NSCLC patients (7able 2). Hence,
we interpreted that HDACI1 expression may play an
important role in influencing the prognosis of NSCLC.
Considering the small actual sample size in this study, we
verified the relationship between HDACII expression and
survival in a larger cohort-Kaplan-Meier plotter database
(n=1,925, Figure 1D). Consistent with the conclusions of
this study, results in Kaplan-Meier plotter database showed
that NSCLC patients with high HDACI1 expression
had worse survival prognosis. Notably, we found when
survival was analyzed based on stage at diagnosis, there was
significant difference among patients in the clinical stage I-
IT (P=0.0104, Figure 1E), but not in the clinical stage III-
IV (P=0.4356, Figure 1E). Furthermore, when analyzing
according to T classification, it was revealed that patients
with high HDACI11 expression had worse OS. This was
evident for earlier (stage T1-12) (P=0.0063, Figure 1F), but
not more advanced (stage T3-T4) (P=0.1136, Figure 1F) T
stages.

High HDACI1 expression level and poor prognosis in
LUAD and LUSC

The 326 patients were divided into LUAD and LUSC
according to pathological types, yielding 109 cases of
LUAD and 217 cases of LUSC. We further investigated
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the effect of HDACII expression on prognosis in patients
with LUAD and LUSC. Data in LUAD showed that high
HDACI1 expression was significantly associated with poor
prognosis (P=0.0004, Figure 24), which was also confirmed
in the Kaplan-Meier plotter database (HR =1.43, logrank
P=0.0045, Figure 2B). Then, we performed survival analyses
based on clinical stage and T classification in patients with
LUAD. Clinical stage III-IV patients with high HDAC11
expression in LUAD had significantly poorer survival,
(P=0.0276, Figure 2C). A similar trend was seen with T
classification, as there was a significant difference in survival
in T1-T2 classification (P=0.0088, Figure 2D). Notably,
this difference was not present in LUSC, neither in the
data of the patients in this study (P=0.1593, Figure 2E) nor
in the Kaplan-Meier plotter database (HR =1.06, logrank
P=0.72, Figure 2F). Interestingly, among patients with
LUSC, only early clinical stages (I-1I) (P=0.044, Figure 2G)
were associated with survival, and there was no significant
difference between advanced clinical stages (III/IV) and T
classification (Figure 2H).

Structural network algorithms identified prognostic genes
associated with HDACI1 expression in LUAD

Using edge R package chip reads to obtain 535 genes from
TCGA, the mean expression level of HDACII gene was
divided into high and low expression groups, including
209 NSCLC patients with high HDACII expression and
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Figure 2 Correlation of low HDACI1I level with poor overall survival in patients with LUAD and LUSC. (A,E) The Kaplan-Meier
survival analyses of 150 patients were analyzed in LUAD and 176 in LUSC. (B,F) Kaplan-Meier survival analyses of high/low HDACI11
expression in 672 LUAD patients and 271 LUSC patients based on the Kaplan-Meier plotter database. (C,G) Survival analysis of low/high

HDACII expression in different clinical stages. In LUAD, 62 patients were from clinical stage I-IT and 88 from clinical stage III-IV. In
LUSC,82 patients were from clinical III-IV and 74 from clinical III-IV. (D,H) Survival analysis of 71 LUAD patients who had in T1-T2
and 79 LUAD patients who had T3-T4 disease. In LUSC, there were 58 patients in T1-T2 classification and 118 in T3-T4 classification.
HDAC11, Histone deacetylase 11; HR, hazard ratio; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma.

326 with low expression. Differences in LUAD samples to
llog2FoldChange| >2 or more and adjust P<0.05 or less
for screening criteria yielded 1,173 DEGs (Figure 3A4). The
TMM standardization algorithm was used to standardize
the data. There were 56 up-regulated genes and 1,117
down-regulated genes. In addition, a TOM was used to
standardize the original matrix, which was also divided into
209 cases in the high expression group and 326 cases in the
low expression group. We used to WGCNA analyze and
select the module with the largest correlation coefficient,
ME Brown, with a correlation coefficient of 0.21, and a total
of 1,816 genes. Modules were divided into the sub-modules

© Translational Lung Cancer Research. All rights reserved.

according to their gene expression levels (Figure 3B),

and heat maps were used to show the significance and
clinical features of modules. In the heat maps, red represents
positive correlation and blue represents negative correlation

(Figure 3C). Subsequently, 41 genes were obtained by
intersection with DEGs (Figure S1A). The GO analysis
only enriched to structural constituent of cytoskeleton
(Figure S1B). The KEGG pathway enrichment analysis
revealed relevance with staphylococcus aureus infection,
NOD-like receptor signaling pathway, PPAR signaling
pathway, apoptosis, and others (Figure 3D). PPI analysis
screened 10 genes related to HDACI1 affecting the
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prognosis of LUAD (Figure 3E). The genes NKX2-5, SCG3,
NOL4, OTX2, INSM1, LIN284, FABP7, AFP, NEFM,
and ACTL6B were selected as hub genes (Figure 3F). The
Kaplan-Meier plotter database showed that NKX2-5 (HR
=1.76, logrank P=1.6e-06, Figure 3G) and FABP7 (HR
=1.54, logrank P=0.00026, Figure 3H) were associated with
LUAD prognosis. Meanwhile, SCG3 (HR =1.26, logrank
P=0.054, Figure S1C), NOL4 (HR =1.14, logrank P=0.29,
Figure S1D), OTX2 (HR =1.2, logrank P=0.13, Figure S1E),
INSM1 (HR =1.16, logrank P=0.2, Figure S1F), LIN284
(HR =1.08, logrank P=0.54, Figure S1G), AFP (HR =1.19,
logrank P=0.13, Figure S1H), NEFM (HR =1.07, logrank
P=0.56, Figure S1I) and ACTL6B (HR =1.06, logrank
P=0.63, Figure S1]J) were no correlation.

Discussion

As the predominant type of lung cancer, NSCLC
accounts over 85% of all lung cancer cases and consists
mainly of LUAD and LUSC (19). Targeted therapies
have transformed cancer treatment with great success for
patients with actionable NSCLC mutations; however,
currently only a minority of patients can benefit from such
treatment dependent on mutation status. Furthermore,
resistance to chemotherapeutic agents and epithelial growth
factor receptor (EGFR) inhibitors leads to recurrence
of highly aggressive lung tumors in NSCLC, resulting
in poor prognosis. Therefore, it is imperative to identify
novel therapeutic strategies to combat NSCLC. At present,
epigenetic therapy combined with immunotherapy has
emerged as a promising approach to treating cancer The
HDAC family is involved in a variety of physiological
and pathological regulatory processes in humans (20),
and investigation of this family comprises a new research
field (21). As a new member of the HDACs family,
HDAC11 is highly conserved (22), with molecular weight of
only 39 KDa (8,23). Although most of the previous research
on HDACII has focused on immunology (24), the clinical
relevance of HDACI11 to NSCLC warrants attention.
Previous studies have shown that HDACI1 plays a role in
hematological system tumors (9,25-27), and other system
tumors (28,29). For example, Bi et al. (30) reported that
HDAC!1 was highly expressed in hepatocellular carcinoma
and closely related to disease prognosis, and the main
mechanism was that HDACI I regulated glycolysis according
to the LKB1/AMPK signaling pathway. Another study
demonstrated that plasma cell development and survival are

dependent upon HDAC!1, and knockdown or inhibition of

© Translational Lung Cancer Research. All rights reserved.
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HDACTII induced cell death in multiple myeloma (MM) cell
lines, suggesting this enzyme was a promising therapeutic
target in MM (31). However, its carcinogenic effect and
detailed molecular mechanism in NSCLC remain unclear.

In this study, the collected NSCLC samples were
prepared for tissue microarray IHC analysis to study the
expression of HDACI1I in clinical samples. Analysis of
the results showed HDACI1 protein expression in tumor
sections was significantly higher than that in adjacent non-
cancerous tissues. However, the expression of HDACI1
in lung cancer has not been reported to date. Our data
suggest that HDAC11 expression in NSCLC is significantly
correlated with clinicopathological parameters such as
clinical stage, T classification, metastasis, and tumor
differentiation. Our results are consistent with a prior
study demonstrating that HDACII expression affects the
development and spread of lymph node metastasis in breast
cancer (32). Hence, HDAC11 may be a new diagnostic tool
or prognostic biomarker for NSCLC.

"To our knowledge, this retrospective study is the first to
suggest that HDACII may be an independent prognostic
factor in patients with NSCLC. There is a significant
correlation between high HDACII expression and poor
prognosis in NSCLC patients. Univariate analyses showed
that clinical stage, T classification, lymph node metastases,
metastasis, differentiation, and HDAC11 expression
were relevant to prognosis. Multivariate analysis further
concluded that clinical stage, tumor differentiation,
HDACI1I expression, and prognosis were related. In
addition, HDACI1 expression in LUAD was significantly
associated with OS, but not in patients with LUSC. We
then verified the expression of HDACI1 in the Kaplan-
Meier plotter database which confirmed these findings.
Therefore, to determine whether HDACI1 expression
can predict adverse outcomes in LUSC patients, further
studies in a larger cohort of LUSC patients are needed to
determine whether the lack of survival association was due
to insufficient power or a difference in tumor biology.

With the development of gene chip and RNA
sequencing, biological information analysis has been widely
used to identify biomarkers related to cancer (33). Given
the demonstrated significance of HDACI1 expression in
LUAD, we further explored the mechanism of HDACI1
promoting LUAD by performing a functional enrichment
analysis for the HDAC11 included GO and KEGG (http://
www.kegg.jp/keg/) pathway. The GO analysis result showed
that HDAC11 was only enriched to structural constituent
of cytoskeleton; KEGG pathway enrichment analysis
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showed the relevant with staphylococcus aureus infection,
NOD-like receptor signaling pathway, transcriptional
misregulation in cancer, signaling pathway, and apoptosis.
Most of the abovementioned pathways are inflammatory
pathways, and it is generally believed that inflammation is
closely related to cancer; in particular, chronic inflammation
can regulate the activity of transcription silver, promote
cell proliferation, inhibit cell apoptosis, and promote
angiogenesis (34).

According to the mean expression of HDACII,
LUAD patients in the TCGA database were divided
into a low expression group and high expression group,
and 10 highly related genes were screened by WGCNA
and PPI. The results showed that NKX2-5 and FABP7
were associated with LUAD prognosis. In recent years,
abnormal expression of NKX2-5 has been linked to the
occurrence and development of tumors (35). The FABP7
gene is thought to control the absorption and transport of
fatty acids and plays an important role in differentiation of
cells (36,37). Study has found that F4BP7 is a prognostic
marker in glioblastoma. Nuclear FABP7 immunoreactivity
is preferentially expressed in infiltrative glioma and is
associated with poor prognosis in EGFR-overexpressing
glioblastoma (38). Therefore, we speculate that NKX2-5
and FABP7may be correlated with HDACI1 expression in
LUAD, and thus affect the prognosis of patients.

A previous report has shown that HDACI1 inhibits
BMP4 transcription in embryonic childhood tumors
and promotes malignant development of tumors (39).
Inhibition of HDACI1I led to p53-dependent apoptosis in
hepatocellular carcinoma (29). Additionally, several cancer
types have been shown to have HDAC overexpression (40).

Our study had limitations including a relatively small
sample size, and inclusion of mostly non-metastatic
NSCLC. Future studies involving larger samples are
required to validate our findings. Second, we used the
LUAD data from TCGA, which may have affected the
reliability of our study. Finally, we showed that NKX2-5
and FABP7 are related to HDACI11 expression in LUAD,
but the nature of this network relationship needs to be
further elucidated as HDAC!1 plays an important role in
the development and progression of human cancers. This
study has demonstrated for the first time that HDACI1 is
a novel biomarker in NSCLC to predict patient outcomes.
In NSCLC, HDACI1 expression is significantly correlated
with patients’ OS, and patients with low HDACI1
expression level have higher survival prognosis and better
prognosis overall. Notably, targeting HDACI1 may be a

© Translational Lung Cancer Research. All rights reserved.
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novel clinical strategy for LUAD.
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Figure S1 Prognosis of HDAC11 expression related genes in LUAD. (A) Venn diagram of 41 intersecting genes. (B) Enrichment analysis of
DEGs by GO. (C-J) The relationship between different gene and survival prognosis of LUAD patients was based on Kaplan-Meier plotter
database. DEG, differendally expressed genes; GO, Gene Ontology; LUAD, lung adenocarcinoma.
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