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Background: H2A histone family member Z (H2AFZ) is a special subtype in the H2A histone family, which participates in the
regulation of gene transcription. Nevertheless, little is known about the role of H2AFZ in the tumor microenvi-
ronment and genetic factors associated with lung cancer.

Material/Methods: The expression of H2AFZ in LUAD was analyzed via Tumor Immune Estimation Resource (TIMER), the Cancer
Genome Atlas (TCGA), and Gene Expression Omnibus (GEO) databases at the mRNA level. To detect the pro-
tein expression level of H2AFZ, immunohistochemistry (IHC) was performed using LUAD tissues and non-tumor
lung tissues. Kaplan-Meier survival analysis and Cox regression analysis were conducted to identify the effect
of H2AFZ expression on overall survival (OS) based on TCGA-LUAD and the GEO dataset GSE68465 cohorts,
and our LUAD patient cohort was used for validation. Identification of signaling pathways associated with the
expression of H2AFZ was performed using Gene Set Enrichment Analysis (GSEA). The influences of expression
of H2AFZ on tumor immune-infiltrating cell (TIICs) were assessed via TIMER and CIBERSORT.

Results: The expression of H2AFZ was increased in LUAD tissues at both mRNA and protein levels. In addition, high
expression of H2AFZ predicted poor OS and might be an independent prognostic predictor in LUAD patients.
Moreover, H2AFZ affected the relative proportion of TIICs and was positively associated with Myeloid-derived
suppressor cells (MDSC) infiltration level in LUAD.

Conclusions: H2AFZ was upregulated in LUAD and related to poor prognosis of LUAD patients; thus, it could be an underly-
ing prognostic biomarker correlated with immune infiltration in LUAD.
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Material and Methods

Based on the analysis of GLOBOCAN 2018, the most common
cause of death among all malignancies worldwide is lung can-
cer [1]. The proportion of non-small cell lung cancer (NSCLC)
is highest in all lung cancer cases [2], with LUAD occupying a
large part of NSCLC [3]. Although recent progress in therapeutic
methods has greatly improved clinical outcomes, the progno-
sis of LUAD patients is still far from satisfactory [4]. Previously,
studies have reported widespread use of immunotherapy as
an effective treatment strategy in patients with LUAD [4, 5].
Nonetheless, due to specific differences in patients, only a tiny
proportion benefit from immunotherapy. In this regard, there
have been efforts by scientists to search for more meaningful
immune-related biomarkers as targeted agents and prognos-
tic predictors in patients with LUAD.

H2A histone family member Z (H2AFZ) is the most expressed
histone variant in the H2A family. The variant is significant-
ly involved in key cell growth and division processes, includ-
ing chromosome segregation [6], cell cycle progression [7],
and maintenance of heterochromatin [8]. The involvement of
H2AFZ in these processes has been linked to the main mech-
anisms of its carcinogenic effects [9]. Recently, many studies
have concentrated on the relationships between H2AFZ ex-
pression and cancers, including breast cancer [10-13], prostate
cancer [14-16], bladder cancer [17], colorectal cancer [18], and
its role in tumor progression. Elsewhere, the overexpression of
H2AFZ has been reported to be more pronounced during the
metastatic stage of cancer [18,19]. A study based on meta-
analysis identified H2AFZ as a commonly dysregulated gene
in lung cancer and an essential gene associated with molec-
ular pathohistological subtypes of lung cancer [20]. However,
few studies have explored the role and mechanism of H2AFZ
in LUAD. Recent advances in the study of H2AFZ have opened
up new insights for the study of LUAD.

Herein, using abundant TCGA, Gene Expression Omnibus (GEO),
and TIMER databases, we attempted to investigate the ef-
fect of H2AFZ on tumor-infiltrating immune cells (TIICs) and
its prognostic value in lung adenocarcinoma (LUAD). We also
attempted to verify differential expression via immunohisto-
chemistry, and analyze the correlation between expression lev-
el of H2AFZ and clinical features, as well as the OS of LUAD pa-
tients. The function enrichment analyses were carried out to
identify the potential molecular mechanism of H2AFZ in LUAD.
Furthermore, we studied the correlations between H2AFZ ex-
pression and immune cell subtypes to identify whether H2AFZ
could be a new molecular target associated with immune in-
filtration for the treatment of LUAD patients.

Data Obtained from Different Databases

The mRNA sequencing information as well as corresponding
clinical parameters for samples were obtained from The Cancer
Genome Atlas (TCGA) (https://tcga-data.nci.nih.gov/tcga/) and
GEO database (https://www.ncbi.nlm.nih.gov/geo/). The TCGA-
LUAD dataset comprised 594 samples, including 535 LUAD sam-
ples and 59 non-tumor samples. Due to the lack of M classifi-
cation in most samples, we excluded the M classification from
our study. Therefore, a total of 439 tumor cases with complete
clinical data were obtained for further analyses. Three datas-
ets, namely GSE68465, GSE10072, and GSE43458, were select-
ed from the GEO database. The GSE10072 dataset comprised
107 samples containing mRNA sequencing information of 49
non-tumor cases and 58 LUAD cases. The GSE43458 dataset
consisted of 30 non-tumor samples and 80 LUAD samples for a
total of 110 samples. Similarly, there were 439 tumor samples
in the GSE68465 dataset after excluding samples with incom-
plete information. The mRNA sequencing data from the GEO
database were normalized by Bioinformatics Array Research
Tool (BART) [21], which can comprehensively analyze the ex-
tensive microarray datasets on GEO and correct the data to
make the results more authentic and reliable.

Differential Analysis of H2AFZ mRNA Expression

TIMER 2.0 (http://timer.cistrome.org) is an open-access data
mining database. It includes multiple oncology datasets, sam-
ples and corresponding sequencing data. The differential ex-
pression of H2AFZ in multiple tumors was identified using the
GENE_DE module in the TIMER 2.0 database. The downloaded
mRNA expression profile and clinical data from the TCGA-LUAD
cohort were sorted out and merged using Perl programming
language (https://www.perl.org/). After that, the mRNA expres-
sion profile of H2AFZ was extracted from the TCGA-LUAD da-
taset and visualized with “limma” and “beeswarm” packages
of R version 4.1.0. Importantly, GSE10072 and GSE43458 co-
horts were only used to verify the difference in H2AFZ mRNA
expression between normal lung and LUAD sample, owing to
lack of corresponding clinical information.

Patient Samples

We randomly selected 109 LUAD samples and 55 para-can-
cerous samples in the Department of Pathology, the Second
Affiliated Hospital of Zhengzhou University from 2015 to 2018.
None of the patients had received preoperative chemoradio-
therapy, and their clinical diagnosis was confirmed by the pa-
thology department of our hospital. All samples were subjected
to immunohistochemistry experiments, and clinical informa-
tion of the samples were collected for survival analysis. The
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use of human specimens in this study was approved by the
Ethics Committee of our hospital (No. 2021311).

Immunohistochemistry

About 3-um-thick tissues were cut from formalin-fixed paraf-
fin-embedded (FFPE) specimens and were placed on the slides.
The sections were deparaffinized and hydrated, then heat-me-
diated antigen retrieval was carried out with sodium citrate
buffer (pH 6.0). The sections were treated with 3% catalase
solution and incubated for 15 min to inactivate endogenous
peroxidase activity. The primary antibody of H2AFZ (Abcam,
Cat# ab150402, RRID: AB_2891240, US) at 1: 2500 dilution
was added to the sections and incubated for 1 h. The sections
were then rinsed with 0.3% phosphate-buffered saline 3 times
and treated with secondary goat anti-rabbit antibody at room
temperature. After staining, washing, and dehydrating, the sec-
tions were covered with glass coverslips.

Comprehensive judgments were made according to the per-
centage of positive cells combined with staining intensity. The
staining intensity score standard was: colorlessness of 0; low
intensity of 1; medium intensity of 2; strong intensity of 3.
Under the microscope 100x field of vision, each section was
observed randomly in 5 fields and 100 or 200 cells were count-
ed. The scores ranged from 1 to 4 depending on the percent-
age of positive cells: 1; 0-25% of positive cells, 2; 26-50%, 3;
51-75%, and 4; 75-100%. The 2 scores were multiplied to then
yield a final IHC score [22]. The IHC results were confirmed by
the independent observation of at least 2 pathologists. In ac-
cordance with the median value of the IHC score, LUAD sam-
ples were divided into 2 groups: a score less than 7 was con-
sidered as low H2AFZ expression, while >7 was considered as
high H2AFZ expression.

Functional Enrichment Analyses of H2AFZ and Co-
Expression Genes

Following LUAD data in the TCGA database, H2AFZ and the
top 100 relevant genes were identified using the LinkedOmics
web server (http://www.linkedomics.org) [23]. To determine
the potential role of H2AFZ in LUAD, Gene ontology (GO) and
Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analyses and visualization were carried out on
H2AFZ co-expressed genes using R packages “clusterProfil-
er, org.Hs.eg.db, enrichplot and ggplot2” [24]. A g-value less
than 0.05 showed that GO terms and KEGG pathways were
significantly enriched.

Survival Analysis and Cox Regression Analyses

The extracted sequencing data with corresponding clinical
parameters in the TCGA-LUAD cohort and GSE68465 dataset
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were merged. Based on the median expression level of H2AFZ,
deemed as the cut-off value, all LUAD cases in the TCGA-LUAD,
GSE68465, and our hospital cohorts were respectively divid-
ed into low and high expression groups. This was followed by
Kaplan-Meier analysis of OS between the 2 groups using the
log-rank test. Then, the Cox regression analysis was carried
out on the TCGA-LUAD and GSE68465 cohorts to assess the
predictive ability of H2AFZ expression on OS.

Gene Set Enrichment Analysis (GSEA)

To explore the molecular role of H2AFZ and its oncogenic mech-
anism in LUAD, tumor-associated signaling pathways related
to H2AFZ expression in the TCGA-LUAD dataset were identi-
fied through GSEA 3.0 software [25]. We selected the hallmark
gene set (h.all.v7.2.symbols.gmt) as the internal reference. A
phenotype label was determined based on the H2AFZ expres-
sion level. Every gene set was permuted 1000 times to calcu-
late the normalized enrichment score (NES). Pathways related
to gene sets were screened using the nominal (NOM) P value
<0.05, and false discovery rate (FDR) g-value <0.05 as the cri-
teria. Then, visualization of those results was performed using
R packages “ggplot2, plyr, grid and gridExtra” [26].

Correlation Analysis of H2AFZ with Imnmune-Infiltrating
Cells

TIMER 2.0 can systematically analyze the relationships be-
tween target genes and multiple immune cells in different can-
cer types following gene expression sequencing profiling in the
TCGA database. The association between TIIC infiltration lev-
el and the expression level of H2AFZ was assessed using the
Gene module of TIMER 2.0. In addition, we also investigated
whether H2AFZ affected the OS of patients with LUAD by af-
fecting the infiltration level of MDSC using the “OUTCOME”
module. Finally, under the median H2AFZ expression value,
the TCGA-LUAD cases were divided into 2 subgroups: high-
and low-H2AFZ expression groups. The difference in immune
cells composition between the 2 groups was then analyzed
using CIBERSORT.

Statistical Analysis

The difference in the expression of H2AFZ between LUAD tis-
sues and non-tumor tissues was determined using the Wilcoxon
test. The Kruskal-Wallis test was applied to observe chang-
es in the expression of H2AFZ among different groups based
on pathological stages and T and N classifications. To assess
the influence of H2AFZ on the prognosis of patients, Kaplan-
Meier analysis was performed on all LUAD samples. The log-
rank test was carried out to determine the difference in the
survival curves between the 2 groups. The expression of H2AFZ
that correlated with the clinic-pathological parameters was
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Figure 1. H2AFZ expression in LUAD tissue at the mRNA level. (A) Differential expression of H2AFZ in different cancer tissues

compared with normal tissues in the Timer 2.0 database (* p<0.05, ** p<0.01, *** p<0.001). (B-D) Comparisons of H2AFZ
expression levels between LUAD tissues and normal lung tissues in different datasets including TCGA, GSE10072 and
GSE43458 datasets. R 4.1.0 software, (R Development Core Team, Vienna).

evaluated using the chi-square (x?) test. SPSS 22.0 software,
R 4.1.0 software, and GraphPad Prism 7.0 software were used
for statistical analyses, and p<0.05 was considered as a sta-
tistically significant.

Results

The Expression Level of H2AFZ mRNA was Upregulated in
LUAD Tissues

Analyses of the TIMER 2.0 database indicated that H2AFZ was
overexpressed in many cancer types compared with adjacent
normal tissues, such as bladder, breast, cervical, colorectal, gas-
tric, kidney, liver, and lung cancers (Figure 1A). Comparison of
the expression level of H2AFZ in LUAD tissues with their ad-
jacent non-tumor lung tissues via analysis of RNA sequenc-
ing data of TCGA-LUAD samples showed that the expression
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level of H2AFZ mRNA was upregulated in LUAD samples
(Figure 1B). Besides, the expression level of H2AFZ was ver-
ified in GSE10072 and GSE43458 datasets (Figure 1C, 1D).
Therefore, H2AFZ might promote the occurrence of a variety
of cancers, especially LUAD.

Expression of H2AFZ Was Upregulated at the Protein Level
in LUAD Tissues

Immunohistochemical staining performed on specimens in-
cluding 109 LUAD tissues and 55 non-tumor tissues revealed
that H2AFZ was mainly located in the nucleus of LUAD cells,
but H2AFZ protein expression was not recognized in adjacent
normal tissues. Results of immunohistochemical staining are
presented in Figure 2A and 2B. After independent scoring by
2 pathologists, the differences between LUAD and non-tumor
tissues were statistically significant at P<0.05 (Figure 2C).
The expression of H2AFZ in LUAD tissues was increased at
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Figure 2. Immunohistochemistry of H2AFZ in the LUAD tissues and normal lung tissues. (A) Nuclear staining in LUAD tissues
(left panel: 20x, right panel: 40x). (B) Cells in adjacent normal tissues are not stained (left panel: 20x, right panel:
40x). (C) Differential expression of H2AFZ protein in LUAD tissues and normal lung tissues. GraphPad Prism 7.0 software

(GraphPad Software Inc., La Jolla, CA, USA).
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Figure 3. Gene enrichment analysis of H2AFZ co-expressed genes based on the TCGA-LUAD data. (A) Heatmaps showing genes
positively and negatively correlated with H2AFZ in LUAD (top50). (B, €) Enriched GO terms and enriched KEGG pathways of
H2AFZ-associated genes. R 4.1.0 software, (R Development Core Team, Vienna).
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Figure 4. The expression level of H2AFZ in subgroups of patients with LUAD. (A-C) The expression of H2AFZ is grouped by pathological
stage, T, and N classification based on TCGA-LUAD data. (D) Differential mRNA expression of H2AFZ in LUAD with different T
classifications in GSE68465. R 4.1.0 software (R Development Core Team, Vienna).

the protein level, which was consistent with its expression at
the mRNA level.

GO Annotation and KEGG Pathway Enrichment of H2AFZ
Co-Expressed Genes

The LinkedOmics database was applied to seek the genes as-
sociated with H2AFZ in LAUD. As presented in the heatmap
(Figure 3A), 50 genes positively and negatively were correlated
with H2AFZ, respectively. To identify the molecular functions of
H2AFZ, GO and KEGG enrichment analyses were conducted on
its co-expressed genes. It was found that the most significant
GO biological process (BP) terms were “chromosome segrega-
tion” and “nuclear division”. Furthermore, H2AFZ co-expressed
genes were found to be prevalently enriched in “chromosomal
region” in terms of the cellular compartment (CC). Results of
molecular function (MF) analysis identified that H2AFZ might
participate in regulating “protein serine/threonine kinase ac-
tivity” (Figure 3B). Several KEGG signaling pathways suggest-
ed that H2AFZ and associated genes have the potential to par-

ticipate in processes like “cell cycle”, “progesterone-mediated
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oocyte maturation”, and “p53 signaling pathway” (Figure 3C).
These results demonstrated that H2AFZ might promote tu-
mor cell proliferation by regulating certain critical process-
es in cell division.

The Relationship Between the Expression of H2AFZ and
Clinical Features in LUAD

On extracting the expression value of H2AFZ from clinical data
of patients from the TCGA-LUAD cohort, the effect of tumor
pathological stage on H2AFZ expression (P<0.05) was the most
significant clinical feature observed (Figure 4A). T and N classifi-
cations also influenced the expression of H2AFZ, with the high-
est expression occurring in T3 and N2 classifications LUAD pa-
tients (Figure 4B, 4C). The above analyses were then performed
in GSE48465, and similar results were obtained (Figure 4D).

By setting median expression value as the cut-off, TCGA-LUAD
samples and GSE68465 were separated into 2 groups. As
shown in Table 1, the increased expression of H2AFZ was re-
markably associated with pathological stage, T classification, N

€933447-8
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Table 1. Association between H2AFZ expression and clinicopathologic characteristics in patients with LUAD in TCGA-LUAD cohort.

H2AFZ expression

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.022

T3 17 21 38

T4 9 9 18

N classification

NO 160 130 290

N1 33 49 82
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.032

N2 26 39 65

N3 1 1 2

Bold values indicate p<0.05.

Table 2. Association between H2AFZ expression and clinicopathologic characteristics in patients with LUAD in GSE68465.

H2AFZ expression

Bold values indicate p<0.05.
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Table 3. Association between H2AFZ expression and clinicopathological characteristics in patients with LUAD in our cohort.

H2AFZ expression
High (n=219)

Low (n=220)

1 8
N
© Tdassification
""""" T 23
""""" 1w

———————————————————————————————————————————————————————————— 0.039
6 14
5 6
45 68
18 28

0.801

0.679

Bold values indicate p<0.05.

classification, and sex in the TCGA-LUAD cohort, all at P<0.05.
Elsewhere, it was found that H2AFZ expression was related to
T classification and sex in GSE68465, all at P<0.05 (Table 2).
In our cohort, H2AFZ overexpression was associated with tu-
mor pathological stage and sex (Table 3). The above results
revealed that H2AFZ overexpression might be an important
element of tumor progression.

H2AFZ Overexpression Predicted Poor Overall Survival in
LUAD Patients

K-M survival analysis and log-rank test done on the low and
high H2AFZ expression groups in the TCGA-LUAD cohort and
GSE68465 dataset to analyze survival differences between the
groups in TCGA-LUAD and GSE68465 samples showed that high
H2AFZ expression was markedly correlated with decreased OS
in LUAD patients, at P<0.05 (Figure 5A, 5B). The above anal-
ysis carried out on LUAD samples from our hospital revealed
similar results (Figure 5C), at P<0.05.

H2AFZ Serves as an Independent Prognostic Marker in
LUAD Patients

Cox regression analyses were conducted in TCGA-LUAD and
GSE68465 cohorts to identify whether H2AFZ expression could
independently influence the OS of LUAD patients. In the TCGA-
LUAD cohort, univariate analysis demonstrated that advanced
pathological stage, T and N classifications, and increased
H2AFZ expression were closely related to shorter OS period
(all P<0.001). Elsewhere, results of the multivariate analysis
indicated that both H2AFZ expression and pathological stage
are potential indicators that predict survival of LUAD patients
(Table 4, Figure 6A). Similarly, as represented in Table 5 and
Figure 6B, H2AFZ mRNA expression, age, and T and N classifi-
cations were independent predictors for OS of LUAD patients
in the GSE68465 dataset (all at P<0.001). Taken together, our
results suggest that H2AFZ could be a new independent fac-
tor predicting poor prognosis of LUAD patients.
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Figure 5. Kaplan-Meier survival curves comparing the high and low expression of H2AFZ in TCGA-LUAD, GSE68465, and our cohorts.
(A) Kaplan-Meier (KM) survival analysis of H2AFZ in LUAD based on the TCGA-LUAD cohort. (B) Kaplan-Meier (KM) survival
analysis of H2AFZ in LUAD based on the GSE68465. (C) Kaplan-Meier (KM) survival analysis of H2AFZ in LUAD based on our
cohort. GraphPad Prism 7.0 software (GraphPad Software Inc., La Jolla, CA, USA).

Enrichment Analyses Associated with H2AFZ Using GSEA

To determine the potential functions of H2AFZ and its effect on
LUAD carcinogenesis, the H2AFZ expression data obtained from
the TCGA-LUAD dataset were used to determine cancer hall-
marks significantly related to H2AFZ through GSEA. According to
NES, FDR g-value, and nominal P value, 10 significant signaling
pathways were enriched in the high expression group of H2AFZ:
DNA repair, MYC targets V2, G2M checkpoint, E2F targets, oxi-
dative phosphorylation, mitotic spindle, MYC targets V1, unfold-
ed protein response, and mTORC1 signaling pathways, as well
as the PI3K/AKT/mTOR signaling pathway (Table 6, Figure 7).

H2AFZ Expression Might Affect Inmune Infiltration Levels
in LUAD

The study further sought to understand whether the expres-
sion of H2AFZ was associated with the level of immune infil-
tration in LUAD patients. First, we sought to investigate im-
mune cell subtypes affected by the expression of H2AFZ in
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LUAD. Comparisons of the relative proportions of immune cells
between the low and high H2AFZ expression groups showed
that there were significant differences in some immune cell
subtypes (P<0.05), including memory B cells, resting mast cells,
CD8+ T cells, activated dendritic cells, resting memory CD4+
T cells, monocytes, activated memory CD4+ T cells, eosino-
phils, follicular helper T cells, M1 macrophages, resting den-
dritic cells, and T cells gamma delta (Figure 8A).

Results of the correlation analyses between expression of H2AFZ
and immune cell subtypes using the TIMER 2.0 database indi-
cated that the expression level of H2AFZ were negatively cor-
related with the infiltration levels of MDC cells (Rho=-0.257,
P=7.54e-09), NK cells (Rho=-0.275, P=5.55e-10), T cell regu-
latory (Tregs) (Rho=-0.224, P=4.78e-07), and macrophage M2
(Rho=-0.334, P=2.57e-14). On the contrary, the expression lev-
el of H2AFZ was positively correlated with the levels of MDSC
(Rho=0.606, P=7.55e-51) and macrophage M1 (Rho=0.327,
P=9.22e-14) (Figure 8B). Finally, the influence of expression
of H2AFZ and the infiltration level of MDSC on the OS of LUAD
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Table 4. Univariate analysis and multivariate analysis of the correlation of H2AFZ expression with OS among LUAD patients in TCGA

cohort.

Univariate analysis
Parameters

1.189-1.891

Multivariate analysis

1.185-1.884

Bold values indicate p<0.05. HR — hazard ratio; Cl — confidence interval.

patients was also analyzed. As presented in Figure 8C, patients
with high H2AFZ expression and high level of MDSC infiltration
were likely to have poorer prognosis, suggesting that H2AFZ
influences the prognosis of patients with LUAD by affecting
the MDSC to some degree.

Discussion

Lung adenocarcinoma (LUAD) is a serious threat to human
health and it is an important cause of cancer death worldwide.
With the continuous progress of scientific research, new in-
sights into the diagnosis and treatment of LUAD continue to
develop. However, the development of metastasis and recur-
rence after treatment makes the prognosis of LUAD patients
poor. Therefore, the search for new biomarkers and therapeu-
tic targets has become the main direction of research on the
treatment of LUAD.

Genome and epigenetic changes are essential drivers of the
development of cancer. Moreover, histone variants and their
post-translational modifications also play an essential role in
the occurrence and development of cancer. H2AFZ serves as
a histone H2A variant and cell cycle-related gene. The variant
participates in the activation, inhibition, and extension of tran-
scription during gene transcription. It also plays a vital role in
the histology and stability of chromatin [27]. Its expression is
upregulated in a variety of tumor tissues, affecting the prog-
nosis of patients [28]. A report on breast cancer suggested that
H2AFZ induced the expression of Myc protein by enriching the
promoter region of the Myc gene [29]. In malignant melano-
ma, high expression of H2AFZ was necessary for cell prolifer-
ation and was related to decreased OS [30].

In our study, we attempted to characterize the role of H2AFZ
upregulation in the development of LUAD and explore how
it participates in this process. First, we observed that H2AFZ

expression in LUAD tissues was remarkably increased at the
MRNA level based on TIMER 2.0, TCGA, and GEO databases. To
verify the expression difference of H2AFZ at the protein lev-
el, we performed IHC on clinical LUAD tissues and non-tumor
tissues. The results of immunohistochemistry were consistent
with those of the above databases. We found that H2AFZ might
be related to the occurrence of LUAD. We also found that the
expression level of H2AFZ in the advanced stage of LUAD was
obviously higher than that in the early stage and was related
to the T classification. This implies that the higher the expres-
sion level of H2AFZ, the higher the malignant degree of LUAD.
In addition, a higher expression level of H2AFZ indicated poor
prognosis, and the results of univariate and multivariate anal-
yses suggested that H2AFZ could independently predict OS of
LUAD patients. We also collected detailed information on pa-
tients in our hospital and carried out survival analysis on them,
and the results were consistent with bioinformatic analysis.

Some studies have proposed that metabolic abnormalities are
not only associated with the occurrence and progression of tu-
mors, but also the abnormal expression of genes correlated with
metabolic pathways. This may be realized through direct involve-
ment in cell regulation which promotes the abnormal prolifer-
ation of tumor cells [17,31]. It has been reported that H2AFZ
might be involved in the occurrence of liver cancer by acceler-
ating the cell cycle process and regulating related proteins [13].
Regarding LUAD, these studies were consistent with the signal-
ing pathways (cell cycle, pyrimidine metabolism, p53 signaling
pathway, and DNA replication) as determined in our enrichment
analysis. In addition, we also screened out several cancer-re-
lated signal pathways closely associated with H2AFZ high ex-
pression through GSEA. Many studies have shown that certain
signaling pathways, such as DNA repair, G2M checkpoint, mi-
totic spindle, E2F targets, and Myc targets V1/2, were involved
in cell growth and cell proliferation, leading to cancer invasion
and metastasis and low patient survival [32,33]. Some scientists
also believe that PI3K/AKT/mTOR and unfolded protein response
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# Events: 235; Global p-value (log-rank): 3.2201e-24
AIC: 2449.27; Concordance index: 0.72

Hazard ratio
Age (N=439) (1,016P1.0)
1.5
Stage (N=439) (1.20-19)
# Events: 151; Global p-value (log-rank): 4.7204e-11
AIC: 1472.99; Concordance index: 0.7
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Figure 6. Forest plot for the multivariate Cox proportional hazard regression model in 2 datasets. (A) TCGA-LUAD cohort. (B) GSE68465.
HR — hazard ratio; CI — confidence interval. * p<0.05, ** p<0.01, *** p<0.001. R 4.1.0 software, (R Development Core Team,

Vienna).

pathways are closely correlated with the occurrence and pro-
gression of various tumors, especially non-small cell lung can-
cer [34,35]. These analyses provided strong shreds of evidence
for us to explore the pathogenesis of LUAD. However, these re-
sults may need to be further validated by in vitro experiments.

Recently, it was reported that the tumor microenvironment has a
great influence on the occurrence, development, and metastasis

of tumors [36,37]. In accordance with the results of GSEA enrich-
ment, H2AFZ is related to the mTORC1 signaling pathway in LUAD,
and the mTORC1 signaling pathway is an integral part in the
regulation of the tumor microenvironment [38], which allowed
us to study the correlation between H2AFZ and immune cells.
According to TCGA data, the difference in proportions of partial
immune cells in the high and low H2AFZ expression groups was
statistically significant. Immune cells infiltration in LUAD varied
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Table 5. Univariate analysis and multivariate analysis of the correlation of H2AFZ expression with OS among LUAD patients in

GSE68465.

Univariate analysis
Parameters

Multivariate analysis

H2AFZ 1.652 1.307-2.088 <0.001 1.639 1.276-2.105 <0.001
Bold values indicate p<0.05. HR — hazard ratio; Cl — confidence interval.
Table 6. Gene sets enriched in the high H2AFZ expression phenotype.

Gene set name NES NOM p-value FDR g-value

HALLMARK_MTORC1_SIGNALING 2.66 0.000 0.000
| HALLMARK_MYC TARGETS V1 250 0000 0000
_ HALLMARK_DNA REPAR 2490 0000 0000
_ HALLMARK_G2M_CHECKPOINT 239 o000 0000
© HALLMARK_E2F_TARGETS 237 o000 0000
 HALLMARK_UNFOLDED_PROTEIN_RESPONSE 220 o000 0000
| HALLMARK_MYC TARGETS V2 224 0000 0000
_ HALLMARK_OXIDATIVE_PHOSPHORYLATION 218 0000 0001
 HALLMARK_PI3K_AKT_MTOR SIGNALNG 216 0000 0001
* HALLMARK_MITOTIC_SPINDLE 188 o012 0015

Enrichment score
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Figure 7. The significantly enriched signaling pathways in the high-expression phenotypes of H2AFZ in LUAD. GSEA 3.0 software

(Massachusetts Institute of Technology, Cambridge, MA, USA).
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Figure 8. Correlation of H2AFZ with TIICs in LUAD. (A) Proportions of the 22 tumor-infiltrating immune cell subtypes in high and low
H2AFZ expression groups. (B) Correlation between H2AFZ expression and immune cells in LUAD. (C) The combined impact
of H2AFZ expression and MDSC infiltration on the survival of LUAD patients. R 4.1.0 software (R Development Core Team,

Vienna).

according to H2AFZ expression, including M1 macrophages, mem-
ory B cells, and CD8+ T cells. Therefore, increased H2AFZ might
alter the composition of immune cells in the LUAD microenvi-
ronment. In addition, the expression of H2AFZ was positively
correlated with the infiltration level of MDSC. Being immature
myeloid cells, MDSC could promote growth and metastasis of
tumors by inducing immunosuppression, and ultimately affect
the therapeutic effect of patients [39]. In our research, high ex-
pression of H2AFZ combined with the high level of MDSC infil-
tration might be an important reason for the poor prognosis of
LUAD patients. As such, H2AFZ might suppress the function of
immune cells by increasing the infiltrating level of MDSC, thus
being a potential immune therapy target.

Nonetheless, there are still some limitations in our research.
First, the clinical data was incomplete and did not provide es-
sential information, such as tumor grades. Moreover, there is
a need for more clinical trials to be conducted to demonstrate
the function and the prognostic value of H2AFZ.
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Conclusions

Compared with adjacent normal tissues, H2AFZ was observ-
ably overexpressed in LUAD tissues, which participated in the
occurrence and development of LUAD, leading to a poor prog-
nosis of LUAD patients. Meanwhile, H2AFZ played a crucial
role in the regulation and recruitment of LUAD immune-infil-
trating cells. Therefore, H2AFZ is speculated to participate in
tumor prevention, early diagnosis, and tumor immunothera-
py in the future. Thus, H2AFZ may serve as a new biomarker
and an important therapeutic target for LUAD.
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