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Background: Inappropriate repair of DNA damage drives carcinogenesis. Lymphoid-
specific helicase (HELLS) is an important component of the chromatin remodeling
complex that helps repair DNA through various mechanisms such as DNA methylation,
histone posttranslational modification, and nucleosome remodeling. Its role in human
cancer initiation and progression has garnered recent attention. Our study aims to provide
a more systematic and comprehensive understanding of the role of HELLS in the
development and progression of multiple malignancies through analysis of HELLS
in cancers.

Methods: We explored the role of HELLS in cancers using The Cancer Genome Atlas
(TCGA) and Genotype-Tissue Expression (GTEx) database. Multiple web platforms and
software were used for data analysis, including R, Cytoscape, HPA, Archs4, TISIDB,
cBioPortal, STRING, GSCALite, and CancerSEA.

Results: High HELLS expression was found in a variety of cancers and differentially
expressed across molecular and immune subtypes. HELLS was involved in many cancer
pathways. Its expression positively correlated with Th2 and Tcm cells in most cancers. It
also correlated with genetic markers of immunomodulators in various cancers.

Conclusions: Our study elucidates the role HELLS plays in promotion, inhibition, and
treatment of different cancers. HELLS is a potential cancer diagnostic and prognostic
biomarker with immune, targeted, or cytotoxic therapeutic value. This work is a
prerequisite to clinical validation and treatment of HELLS in cancers.
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INTRODUCTION

Exposure to toxic chemicals, oxidation, free radicals, ultraviolet
light, and ionizing radiation damages human DNA, including
double-stranded breaks (1, 2). Double-stranded breaks are
difficult to repair (3). Faulty damage response signals and
unrepaired DNA destabilize the genome, possibly leading to
cancer (4).

Eukaryotic cells have evolved a set of mechanisms called the
DNA damage response (DDR) to detect, signal, and repair DNA
damage (4). The SWI/SNF2 superfamily of ATPases participates in
this process by hydrolyzing ATP, which fuels chromatin
remodeling (5, 6). Members of the SWI/SNF2 superfamily
include SMARCA1 (SWI/snf-related, matrix-associated, actin-
dependent regulatory chromatin group a) (SNF2L), SMARCA2
(BRM), SMARCA3 (LTF), SMARCA4 (BRG1), SMARCA5
(SNF2H), SMARCA6 (HELLS), SMARCAD1, and SMARCAL1.
They belong to three different SWI/SNF2 subfamilies: SWI/SNF,
ISWI, and INO80 (7). Previousworks have studied the linkbetween
genetic susceptibility to cancers and mutational inactivation of
SMARCA2 and SMARCA4 (8). However, SMARCA6 has
attracted more attention in recent years.

SMARCA6, also known as HELLS (helicase, lymphoid-
specific), LSH (lymphoid-specific helicase), or PASG
(proliferation-associated SNF2-like gene), localizes on the
human chromosome in the 10q23-q24 region of c3-d1 and
belongs to the SWI2/SNF2 superfamily (9). HELLS plays a
vital role in chromatin remodeling, DNA replication, repair,
recombination, methylation, transcription regulation, and
maintaining chromosomal stability (10). HELLS deletion
causes perinatal death in mice, whereas HELLS mutation leads
to embryonic multi-organ and stem cell defects (11, 12).

How HELLS affects cancer development and progression is
important because chromosomal instability contributes to
cancer. The role of HELLS in cancer has received a lot of
attention from researchers in the past years, and aberrant
HELLS expression is reportedly involved in the development of
a variety of malignancies and is linked to poor prognosis in these
tumors (13–16). HELLS has a broad and diverse regulatory role
in cancer and is closely linked to well-known molecules or
pathways regulating cancer (17) which have important
implications for cancer therapy. This suggests that HELLS is
an attractive target for tumor diagnosis and treatment. However,
no studies have yet analyzed the role of HELLS in pan-cancer.

Due to the rapid development of biological databases in
recent years, we have been able to access large samples of
bioinformatics data on a wide range of cancer and associated
normal tissues in publicly available databases. This makes the
results of bioinformatics analyses with large sample sizes or
incorporating a large number of cancer types extensive or
representative. It is also possible to find other important
researchable directions beyond the previously reported results.
Here we present a comprehensive bioinformatic analysis of
HELLS expression, diagnostic value, prognostic value,
functional enrichment, and immune infiltration in pan-cancer.
We found that HELLS is valuable in the diagnosis and prognosis
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of a wide range of cancer and regulates cancer by a variety of
mechanisms. The role of HELLS in some of these cancers has not
been reported and there are also previously unexplored
mechanisms or pathways that regulate progression in the
cancers where HELLS has been reported. The relationship
between HELLS and tumor-infi ltrating lymphocytes,
immunostimulators, immunoinhibitors, MHC molecules,
chemokines, and chemokine receptors in 33 cancers has also
rarely been reported in previous studies. This may contribute to
the understanding of the role of HELLS in cancer
immunomodulation and immunotherapy.
MATERIALS AND METHODS

HELLS Expression and Datasets Obtained
We searched HPA (https://www.proteinatlas.org/) and got the
HELLS RNA and protein expression summary in humans.
Details of HELLS expression in tissues and cell lines were
obtained from the Harmonizome database (https://maayanlab.
cloud/Harmonizome/). TCGA (https://cancergenome.nih.gov)
and GTEx (https://gtexportal.org/) were used to obtain the
HELLS mRNA expression of tumor samples, corresponding
paracancer samples, and normal samples. The 33 cancer types
included: Adrenocortical carcinoma (ACC), Bladder Urothelial
Carcinoma (BLCA), Breast invasive carcinoma (BRCA), Cervical
squamous cell carcinoma and endocervical adenocarcinoma
(CESC), Cholangiocarcinoma (CHOL), Colon adenocarcinoma
(COAD), Lymphoid Neoplasm Diffuse Large B-cell Lymphoma
(DLBC), Esophageal carcinoma (ESCA), Glioblastoma
multiforme (GBM), Head and Neck squamous cell carcinoma
(HNSC), Kidney Chromophobe (KICH), Kidney renal clear cell
carcinoma (KIRC), Kidney renal papillary cell carcinoma
(KIRP), Acute Myeloid Leukemia (LAML), Brain Lower Grade
Glioma (LGG), Liver hepatocellular carcinoma (LIHC), Lung
adenocarcinoma (LUAD), Lung squamous cell carcinoma
(LUSC) , Meso the l i oma (MESO) , Ovar i an s e rou s
cystadenocarcinoma (OV), Pancreatic adenocarcinoma
(PAAD), Pheochromocytoma and Paraganglioma (PCPG),
Prostate adenocarcinoma (PRAD), Rectum adenocarcinoma
(READ), Sarcoma (SARC), Skin Cutaneous Melanoma
(SKCM), Stomach adenocarcinoma (STAD), Testicular Germ
Cell Tumors (TGCT), Thyroid carcinoma (THCA), Thymoma
(THYM), Uterine Corpus Endometrial Carcinoma (UCEC),
Uterine Carcinosarcoma (UCS), Uveal Melanoma (UVM).

We excluded the samples with “0” values for gene expression.
Paired samples are retained for paired sample analysis. RNA-
sequencing data in Fragments Per Kilobase per Million format
were converted and normalized by the Toil process as transcripts
per million reads and log2 transformed for further analysis.

R (v 3.6.3) software was used to perform statistical analyses in
this study. The “ggplot2” (v3.3.3) package was used to present
HELLS gene expression as bar graph in patients with the 33
cancers. The median method of gene expression was selected for
cutoff values. The Wilcoxon rank-sum test was performed to
determine the difference between groups.
June 2022 | Volume 13 | Article 870726
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Receiver Operator Characteristic (ROC)
Curve of HELLS in the 33 Cancers
ROC curves were used to estimate the diagnostic value of HELLS
in the 33 cancers. The data used to construct ROC curves are
derived from the mRNA expression of HELLS in cancer and
corresponding normal tissues in TCGA and GTEx. ROC curves
were calculated by package “pROC” (v1.17.0.1) of R software and
plotted by package “ggplot2”. The Area under Curve (AUC),
cutoff, sensitivity, specificity, positive predictive value, negative
predictive value, and Youden’s index (YI) were also calculated.
The closer the AUC is to 1, the better the diagnosis is. 0.5 to 0.7
AUC has low accuracy, 0.7 to 0.9 AUC has good accuracy, and
0.9 or more AUC has high accuracy. YI indicates the total ability
of the screening method to detect real patients versus non-
patients. The larger the index, the more valid the
screening method.

Survival Analysis of HELLS in the
33 Cancers
The “survival” package was used to conduct Kaplan–Meier (K-M)
analysis. The overall survival (OS), disease-specific survival (DSS),
and progress-free interval (PFI) rates between the high- and low-
HELLS gene expression groups were compared in the 33 cancers.
The p-value was determined by Cox regression analysis. The forest
plots plotted the hazard ratio (HR), 95% confidence interval and p-
value of survival curves were calculated and visualized by
“survminer” and “ggplot2” package.

HELLS Expression in Different Molecular
and Immune Subtypes of Cancers
For investigating the associations between HELLS expression
and molecular or immune subtypes in the 33 cancers, the
“subtype” module of TISIDB database was performed. The
TISIDB database combines various data types to evaluate
cancer and immune system interaction. HELLS mRNA
expression was investigated in different immune subtypes,
including C1 (wound healing), C2 (IFN-g dominant), C3
(inflammatory), C4 (lymphocyte deplete), C5 (immunologically
quiet), and C6 (TGF-b dominant).

Genetic Alteration Analysis of HELLS
The cBioPortal (https://www.cbioportal.org/) was searched for
genetic alteration information of HELLS. All the TCGA
PanCancer Atlas Studies were included. Somatic mutation
frequency and genomic information of HELLS mutation in
cancers were explored with the “cancer types summary and
mutations” and “mRNA vs. study” module. The mutations
sites were obtained from “mutations” modules.

Protein-Protein Interaction (PPI) Network
Analyses of HELLS
STRING database (https://string-db.org/) was used to collect and
integrate potential protein interactions with HELLS. The relevant
genes obtained were used to conduct a PPI network analysis. A
confidence score > 0.7 was set as the significance threshold. Then
we imported relevant data into Cytoscape (v3.8.2) for
Frontiers in Immunology | www.frontiersin.org 3
visualization and subsequent analysis. The cytoHubba plugins
of Cytoscape were used to identify key modules, and the top 10
nodes, ranked using MCC of cytoHubba, are presented as hub
genes. The pathlinker plugins were performed to reconstruct
signaling pathways from the top 10 hub genes. Pathlinker (18)
can efficiently calculate multiple short paths from receptors to
transcription factors (TFs) in a pathway from the PPI network.
We have subsequently explored correlations between hub genes
in a variety of cancers as well.

Functional Enrichment Analysis of HELLS
We conduct Gene Ontology (GO) function and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses for the gene closely interact with HELLS which were
obtained from STRING via the “clusterProfiler” and
“org.Hs.eg.db” packages of R. The cutoff threshold was set as
p-value < 0.01 for GO and KEGG pathway enrichment analyses.
The results were presented as a bubble chart via the “ggplot2.”

GSCALite
GSCALite (19) is a genomic cancer analysis platform that integrates
cancer genomic data from TCGA for the 33 cancer types, drug
response data from GDSC, CTRP, and normal tissue data from
GTEx in a unified data analysis process for gene set analysis. We
explored the famous cancer-related pathways activated or inhibited
in the 33 cancer types of HELLS on this platform. The pathways
include TSC/mTOR, RTK, RAS/MAPK, PI3K/AKT,Hormone ER,
Hormone AR, epithelial–mesenchymal transition (EMT), DDR,
Cell Cycle, and Apoptosis pathways.

Gene Set Enrichment Analysis
The “clusterProfiler” package performed Gene set enrichment
analysis (GSEA) to determine the biological pathway differences
between high- and low-HELLS groups. Remarkably changed
pathways were considered as a false discovery rate (FDR) < 0.25
and an adjusted p-value < 0.05. Each analysis should perform the
Gene set permutation 1,000 times. The top 15 entries of the
enrichment results are presented as mountain maps. The
“ggplot2” package in R was used to visualize the results of GSEA.

CancerSEA
We have studied the functional status of HELLS in a variety of
cancers using CancerSEA (20) which is a database capable of
studying the functional status of cancer cells at the single-cell
level. The average correlation between HELLS and functional
states in 18 cancers was explored, including invasion, metastasis,
proliferation, epithelial–mesenchymal transition (EMT),
angiogenesis, apoptosis, cell cycle, differentiation, DNA
damage, DNA repair, hypoxia, inflammation, quiescence, and
stemness. The threshold for correlation between HELLS and
cancer functional states was set at a correlation strength of 0.3
and a p-value of less than 0.05.

Immunogenomic Analyses of HELLS in the
33 Cancers
The “GSVA” package with “ssGSEA” algorithm was used to
explore the correlation between the HELLS expression and
June 2022 | Volume 13 | Article 870726
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tumor-infi l trating lymphocytes, immunostimulators,
immunoinhibitors, MHC molecules, chemokines, and
chemokine receptors in the 33 cancers. The correlation was
evaluated via Spearman’s correlation and p-values < 0.05 were
considered statistically significant. The “ggplot2” package was
performed to visualize the correlations as heatmaps.

RESULTS

Expression Landscape and Pan-Cancer
Expression of HELLS
The mRNA and protein of HELLS are widely expressed in
various organs and tissues (Figure 1A). The result obtained
from the consensus dataset, which included 375 normal tissues in
HPA database and 13,084 samples in GTEx, showed mRNA of
HELLS expressed primarily in bone marrow, thymus, testis,
tonsil, lymph node, appendix, esophagus, cerebellum, skin, and
rectum (Figure 1B). The protein of HELLS data was acquired
from the HPA database which has 144 individuals corresponding
to 44 samples of different normal tissue types. The protein of
HELLS is mainly expressed in the small intestine, rectum, testis,
lymph node, tonsil, nasopharynx, bronchus, oral mucosa,
esophagus, and stomach. (Figure 1C). The details of HELLS
mRNA expression in different tissues and cell lines are shown in
Supplemental Figure 1.

The HELLS mRNA expression was evaluated in the 33 cancer
types. As Figure 2A shows, 15,776 samples were included in the
unpaired sample analysis, compared with normal samples low
Frontiers in Immunology | www.frontiersin.org 4
HELLS mRNA expression was observed in PRAD (p = 0.002)
and high HELLS mRNA expression was observed in ACC, BLCA,
BRCA, CESC, CHOL, COAD, DLBC, ESCA, GBM, HNSC, KICH,
KIRP, LAML, LGG, LIHC, LUAD, LUSC, OV, PAAD, READ,
SKCM, STAD, TGCT, THCA, THYM, UCEC, UCS (all p < 0.001),
KIRC, and PCPG (p = 0.007). MESO, SARC, and UVM could not
be analyzed due to the lack of sufficient normal samples. Compared
to paracancerous tissue, HELLS mRNA expressed significantly
lower in KICH (p < 0.001) and significantly higher in BLCA,
BRCA, CHOL, COAD, ESCA, GBM, HNSC, LUAD, LUSC,
PRAD (p = 0.045), READ, STAD, THCA, THYM, UCEC (all p <
0.001) and CESC (p = 0.003), KIRC (p = 0.011), KIRP (p = 0.031),
PCPG (p = 0.006). This paired analysis included 10,534 samples
(Figure 2B). ACC, DLBC, LAML, LGG,MESO, OV, SARC, SKCM,
TGCT, THYM, UCS, and UVM could not be analyzed due to the
lack of sufficient paracancerous samples. There was no difference
shown in PAAD (p > 0.05). Among the paired sample analyses that
was performed with 730 samples in 18 cancers and 730
paracancerous samples, HELLS mRNA expression was increased
in BLCA, BRCA, COAD, HNSC, KICH, LIHC, LUAD, LUSC,
STAD, UCEC (all p < 0.001) and CHOL (p = 0.004), ESCA (p =
0.008), and READ (p = 0.004). It was decreased in KICH (p =
0.001) (Figure 2C).

The Diagnostic Value of HELLS in the
33 Cancers
As shown in Figures 3A–N, HELLS has a good diagnostic value
in a variety of cancers. Its AUC was greater than 0.7 in 27 cancers
A

B

C

FIGURE 1 | RNA and protein expression profile of HELLS in human organs and tissues. (A) The summary of HELLS mRNA and protein expression in human organs
and tissues; (B) HELLS mRNA expression summary in different human organs and tissues based on consensus dataset; (C) HELLS protein expression summary in
different human organs and tissues.
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and even exceeded 0.9 in 14 cancers including BLCA (AUC =
0.921), BRCA (AUC = 0.924), CESC (AUC = 0.993), CHOL
(AUC = 0.997), COAD (AUC = 0.979), ESCA (AUC = 0.983),
LAML (AUC = 0.937), LICH (AUC = 0.942), LUAD (AUC =
0.960), LUSC (AUC = 0.969), PAAD (AUC = 0.979), READ
(AUC = 0.967), STAD (AUC = 0.982) and UCS (AUC = 0.945)
(Supplemental Table 1), which had high diagnostic value.

Survival Analysis of HELLS in
the 33 Cancers
For purpose of evaluating the prognosis value of HELLS, we
carried out the Kaplan–Meier analysis. Cox regression analysis of
the 33 cancers showed that HELLS expression in 12 cancers was
significantly associated with OS (Figure 4, Supplemental
Table 2). The result found that high HELLS groups have
statistically better OS than those for the low HELLS groups in
CESC, LUSC, and THYM. However, the low HELLS groups
show statistically better OS than high HELLS groups in ACC,
KIRP, LGG, LIHC, LUAD, MESO, PAAD, PRAD, and SARC
(Figures 5A–L). Regarding DSS of the 33 cancers, the HELLS
play a protective role for CESC, COAD, and UCS and a risk role
for ACC, KIRC, KIRP, LGG, LIHC, LUAD, MESO, and SARC
(Figure 4, Supplemental Figures 2A–K, Supplemental
Table 2). For PFI analysis in the 33 cancers, the HELLS play a
risk role for ACC, KIRP, LIHC, LUAD, MESO, PAAD, PRAD,
and SARC (Figure 4 , Supplemental Figures 3A–H ,
Supplemental Table 2).

HELLS Expression in Different Immune
and Molecular Subtypes of the 33 Cancers
From the previous results, we found that the high or low level of
HELLS expression had an impact on the OS of 12 cancers. We
Frontiers in Immunology | www.frontiersin.org 5
therefore analyzed HELLS expression in the immune and
molecular subtypes of these cancers and 21 other cancers. The
results show that HELLS expresses significantly differently in
nine of 12 cancers for immune subtypes, including ACC (six
subtypes), KIRP (six subtypes), LGG (four subtypes), LIHC (five
subtypes), LUAD (five subtypes), LUSC (five subtypes), PAAD
(five subtypes), PRAD (four subtypes), and SARC (five subtypes)
(Figures 6A–I). For molecular subtypes, HELLS expresses
significantly differently in five cancer types, including ACC,
KIRP, LIHC, LUSC and PRAD (Figures 7A–E). For the other
21 cancers, significant differential expression of HELLS is
observed in the immune subtypes of BRCA, COAD, ESCA,
HNSC, KICH, KIRC, OV, PCPG, READ, SKCM, STAD,
TGCT, THCA and UCEC (Supplemental Figures 4A–N) and
the molecular subtypes of BRCA, COAD, HNSC, OV, PCPG,
SKCM, STAD, UCEC (Supplemental Figures 5A–H)

Genetic Alteration of HELLS
The genetic mutations of HELLS expression in cancers were
analyzed through the cBioPortal online tool. All the TCGA
PanCancer Atlas Studies with 32 studies and 10,967 samples
were included. We found 139 mutation sites between amino
acids 0 and 838, including 107 missense mutations, 23
truncating, five splices, four SV/fusion, and R803Q as the most
frequent mutation site (Figure 8A). The most predominant
mutation types were Missense mutation, Amplification, and
Deep Deletion. HELLS mutations were most commonly seen
in UCEC, STAD, COAD, SKCM, PRAD, DLBC, BLCA, and UCS
(Figure 8B). Among the 32 cancers, shallow deletion was
common in the expression of HELLS mRNA in all cancers
except AML, ACC, DLBC, PCPG, THYM, THCA, and
UVM (Figure 8C).
A

B

C

FIGURE 2 | The expression of HELLS mRNA in pan-cancer. (A) Expression of HELLS between the 33 cancers and normal tissues in unpaired sample analysis; (B)
Expression of HELLS between the 33 cancers and paracancerous tissues in unpaired sample analysis; (C) Paired sample analysis of HELLS mRNA expression between 18
cancers and paracancerous tissues in BLCA, BRCA, CHOL, COAD, ESCA, HNSC, KICH, KIRC, KIRP, LIHC, LUAD, LUSC, PAAD, PRAD, READ, STAD, THCA and UCEC.
∗p < 0:05, ∗∗p < 0:01, ∗∗∗p < 0:001. ns, Not Significant.
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A B D

E F G

I

H

J K L

M N

C

FIGURE 3 | Receiver Operator Characteristic (ROC) curve of HELLS in 14 Cancers. Cancers with AUC > 0.9 for HELLS: (A) BLCA, (B) BRCA, (C) CESC,
(D) CHOL, (E) COAD, (F) ESCA, (G) LAML, (H) LICH, (I) LUAD, (J) LUSC, (K) PAAD, (L) READ, (M) STAD, (N) UCS.
FIGURE 4 | K-M analysis for high- and low- HELLS gene expression in cancers. Forest plot of HELLS OS in 12 cancers (Red), DSS in 11 cancers (Green), and PFI
in 8 cancers (Blue).
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The PPI, Functional Enrichment, and Gene
Set Enrichment of HELLS in Cancers
A total of 50 genes, closely linked to HELLS, were obtained from
string and a PPI network was constructed by searching at the
given threshold (Figure 9A). The top 10 hub genes were BUB1B,
MAD2L1, TOP2A, DTL, NCAPG, TTK, KIF11, CDK1, HELLS,
and RRM2 (Figure 9B). The top 10 hub genes are all closely
linked in cancers in which HELLS expression affects prognosis
(all p < 0.001) (Figure 9C). In the top 10 hub genes, BUB1B,
Frontiers in Immunology | www.frontiersin.org 7
DTL, and CDK1 were receptors and the remains were TFs
(Figure 9D). GO/KEGG enrichment analyses were performed
on these genes. The RNA functional included three categories:
the biological process (BP), molecular function (MF), and
cellular component (CC). The top GO terms of BP were DNA
replication, sister chromatid segregation, DNA conformation
change, nuclear division, and organelle fission; CC were
chromosomal region, chromosome, centromeric region, MCM
complex, condensed chromosome, spindle and MF were DNA
A B

D E F

G IH

J K L

C

FIGURE 5 | Correlations between HELLS and prognosis in 12 cancers. OS K-M curve for HELLS in 12 cancers. The unit of X-axis is month. (A) ACC, (B) CESC,
(C) KIRP, (D) LGG, (E) LIHC, (F) LUAD, (G) LUSC, (H) MESO, (I) PAAD, (J) PRAD, (K) SARC, (L) THYM.
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replication origin binding, catalytic activity, acting on DNA,
single-stranded DNA binding, DNA helicase activity, and
helicase activity. The top KEGG pathways were cell cycle,
DNA replication, viral carcinogenesis, cysteine and methionine
metabolism, and human T-cell leukemia virus I infection
(Figure 9E). The pathways activated by HELLS, mainly in
cancers, were apoptosis, cell cycle, DDR, EMT, and hormone
AR, and those inhibited are hormone AR, RAS/MAPK, PI3K/
AKT, RTK, and TSC/mTOR (Figure 9F).

The GSEA results of 12 cancers are shown in Figures 10A–L.
Common enrichment pathways are cell cycle checkpoints,
resolution of sister chromatid cohesion, mitotic prometaphase,
retinoblastoma gene in cancer, cell cycle, mitotic spindle
checkpoint, M phase, DNA irdamage and cellular response via
ATR. resolution of D loop structures, related to primary cilium
development based on CRISPR and so on. These results suggest
that in a variety of cancers, HELLS is closely associated with the
Frontiers in Immunology | www.frontiersin.org 8
processes of DNA strand replication, repair, recombination,
and transcription.

Functional States of HELLS in
scRNA-Seq Datasets
We explored the functional state of HELLS in various cancer
types via the CancerSEA, which can enable us to analyze the
correlation of HELLS with multiple functional states of cancer
cells at the single-cell level. The results showed that HELLS
expression had a positive correlation with the cell cycle, DNA
damage, DNA repair, invasion, and proliferation. Negative
correlations were observed between HELLS expression and
angiogenesis, hypoxia, inflammation, and quiescence but these
negative correlations were relatively weak (Figure 11A). We then
explored the correlation between HELLS and the functional
status in specific cancers. The results found that HELLS
positively correlated with DNA repair, cell cycle, EMT, and
A B

D E F

G IH

C

FIGURE 6 | Correlations between HELLS expression and immune subtypes in 9 cancers. (A) ACC, (B) KIRP, (C) LGG, (D) LIHC, (E) LUAD, (F) LUSC, (G) PAAD,
(H) PRAD, (I) SARC. C1 (wound healing), C2 (IFN-g dominant), C3 (inflammatory), C4 (lymphocyte deplete), C5 (immunologically quiet), and C6 (TGF-b dominant).
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invasion in acute myelogenous leukemia (AML); with DNA
repair in acute lymphoblastic leukemia; with DNA repair, cell
cycle, and DNA damage in BRCA; with cell cycle, DNA repair,
and invasion in chronic myelogenous leukemia; with DNA
damage, cell cycle, and DNA repair in colorectal cancer; with
cell cycle and DNA repair in GBM; with DNA repair and cell
cycle in LUAD; and with cell cycle in melanoma (MEL).
Conversely, the HELLS were negatively correlated with
hypoxia and metastasis in BRCA, with quiescence, hypoxia,
metastasis, differentiation angiogenesis, and inflammation in
LUAD (Figures 11B–I).

Immunogenomic Analyses of HELLS in the
33 Cancers
To assess the relationship of HELLS with immune infiltration
and immune regulation, we constructed a heat map of HELLS
with markers of immune cells or factors. Our results showed that
HELLS was positively correlated with the level of central memory
T cell(Tcm), T helper, and Th2 infiltration in the 33 cancers and
negatively correlated with the level of infiltration of most other
immune cells (Figure 12A). In terms of immunostimulators,
HELLS was positively correlated with most immunostimulators
in the 33 cancers, especially in several HNSC, KIRC, KIRP,
LIHC, PRAD, THCA, and UVM (Figure 12B). Interestingly,
HELLS also showed a positive correlation with most
Frontiers in Immunology | www.frontiersin.org 9
immunoinhibitors, particularly in DLBC, HNSC, KIRC, KIRP,
LIHC, PRAD, STAD, THCA, and UVM (Figure 12C). HELLS
showed a positive correlation with most MHCs in KIRC, LGG,
LIHC, PAAD, PRAD, THCA, UVM and a negative correlation
with most MHCs in GBM, LUAD, LUSC, OV, SARC, THYM,
and UCEC (Figure 12D). The majority of cytokines in COAD,
KIRC, LGG, LIHC, PRAD, THCA, and UVM showed a positive
correlation with HELLS, while in GBM, LUSC, PCPG, SARC,
and TGCT there were negative correlations (Figure 12E). As for
cytokine receptors, HELLS showed a positive correlation with
most of them in HNSC, KIRC, LIHC, PRAD, THCA, and a
negative correlation in LUSC (Figure 12F).
DISCUSSION

HELLS plays a major role in epistasis regulation and DNA repair.
This member of the SN2 family of chromatin remodeling
proteins has earned attention for its involvement in tumor
development, progression, and treatment. Our bioinformatics
approach revealed the role HELLS plays in pan-cancer. Here, we
determined the expression levels of HELLS mRNA and protein
in human organs, tissues, and cell lines and compared them with
those found in various cancers. We then quantified the
diagnostic and prognostic values of HELLS expression in
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FIGURE 7 | Correlations between HELLS expression and molecular subtypes in 5 cancers. (A) ACC, (B) KIRP, (C) LIHC, (D) LUSC, (E) PRAD.
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various cancers and differentiated its expression levels across
several immune and cellular subtypes of cancers. The most
common types of HELLS mutations and their locations were
also identified. PPI and miRNA regulatory networks were
constructed for HELLS, its activation or inhibition in famous
pathways investigated, its functionally enriched pathways
revealed, and its activation or inhibition at the single-cell level
in specific cancers explored. Finally, we correlated HELLS
expression levels with the infiltration levels of immune cells
and regulators in various cancers.

Although HELLS is not widely expressed in all normal tissues,
our results from TCGA and GTEx show that its expression was
significantly higher in most cancers than in normal tissues. The
AUC of the ROC exceeded 0.7 in 27 cancers and 0.9 in 14
cancers, suggesting that increased HELLS expression contributes
to the development of many cancers and can be a new diagnostic
marker in clinical practice. Our results show an AUC of 0.865 in
the ROC of HNSC. Previous studies (21, 22) showed that the key
oncogene FOXM1 promoted the progression of HNSC and
OSCC through the downstream target HELLS. A combination
of HELLS and FOXM1 may serve as a biomarker for early cancer
Frontiers in Immunology | www.frontiersin.org 10
detection, malignant transformation, and progression in HNSC
and OSCC. HELLS expression was also elevated in breast cancer
(23), non-smallcell lung cancer (15), and liver cancer (24). Kim
et al. (25) showed that HELLS mRNA levels in the blood of
patients with distant organ metastases from malignant
melanoma were significantly higher than those of localized
patients. In this study, the area under the ROC curve of
HELLS was greater than that of serum LDH, which is
currently one of the most useful serum prognostic indicators
for metastatic melanoma. This suggests that HELLS mRNA can
be a serum biomarker for metastasis in some cancers.

Our study used K-M analysis to evaluate the prognostic value
of HELLS in the 33 cancers. Concerning OS, HELLS was a risk
factor in several cancers, including ACC, KIRP, LGG, LIHC,
LUAD, MESO, PAAD, PRAD, and SARC, but was a protective
factor in cancers such as CESC and LUSC. We also performed
DSS and PFI analysis of HELLS in the 33 cancers because other
factors may confound OS, and deaths from noncancerous causes
do not fully represent the impact of cancer progression on
survival. High HELLS showed as a risk factor in ACC, KIRP,
LIHC, LUAD, MESO, and SARC for OS, DSS, and PFI, in PAAD
A

B

C

FIGURE 8 | Genetic alteration of HELLS in 32 cancers. (A) Mutation diagram of HELLS across protein domains; (B) Bar chart of HELLS mutations in 32 cancer
studies based on TCGA PanCancer Atlas Studies; (C) Mutation counts and types of HELLS in 32 cancers.
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and PRAD for OS and PFI. It showed as a risk factor in LGG but
a protective factor in COAD for OS and DSS. This suggests that
HELLS has a better prognostic predictive value in these cancers.
Previous studies have associated HELLS with poor prognosis in
various cancers. For example, HELLS can promote the
progression of nasopharyngeal carcinoma by regulating
fumarate hydratase expression (25). HELLS overexpression can
also promote the growth of hepatocellular carcinoma by
activating the transcription of centromere protein F (24). In
glioma, HELLS regulates the proliferation of stem cell-like
glioblastoma stem cells by interacting with key oncogenic TFs
E2F3 and MYC; targeted the inhibition of HELLS and prolonged
survival in mice and improved the prognosis of patients with
increased HELLS expression (17). This suggests that HELLS is
not only a predictor of tumor prognosis but also a possible target
for tumor therapy. Targeting HELLS could complement
chemotherapeutic agents. Xuyang Hou et al. (26) found that
HELLS was highly expressed in patients with prostate cancer and
greater expression was linked to more advanced clinical stages
and worse prognosis. HELLS also promotes the development of
pancreatic cancer through epigenetic silencing of the tumor
suppressor TGFBR3, whereas inhibition of HELLS slows tumor
growth and increases sensitivity to the chemotherapeutic
agent cisplatin.

HELLS expression varied across different molecular or
immune subtypes of cancer. These types of cancer were not
Frontiers in Immunology | www.frontiersin.org 11
limited to those where survival is determined by HELLS
expression. HELLS is expressed abnormally in a particular
subtype of cancer, which results in outcomes that may not be
reflected in the overall population of that cancer. This could
explain why differential HELLS expression does not affect
survival in certain cancers, whereas its varied expression in
different molecular or immune subtypes plays a different role
in the prognosis of various cancers. Follow-up studies of HELLS
expression in cancer will require inclusion of various subtypes
and subtype-specific groups and targeting of unique molecular or
immunological subtypes.

We observed that HELLS was mutated infrequently in 32
cancers and 6% of the UCEC population had HELLS mutations,
which was the highest of all cancer types. Although Deep deletion of
HELLS was present in UCEC, STAD, COAD, SKCM, PRAD,
DLBC, HNSC, LUSC, CESC, LUAD, BRCA, and SARC, HELLS
expression was higher than normal tissue in all the cancers except in
PRAD, where HELLS expression was lower than normal tissues.
This may be due to the fact that although the overall frequency of
HELLSmutations in cancer is not high, we can see that the majority
of HELLSmutations in PRAD are Deep deletion, and the number of
samples with Deep deletion in HELLS mRNA expression is highest
in PRAD compared to other cancers. In addition, the mutation
types of HELLS in PCPG were almost exclusively amplified, which
is consistent with the fact that the mutation types of HELLS mRNA
expressed on PCPG samples were mainly Gain and amplification.
A B

D E F

C

FIGURE 9 | The PPI network and functional enrichment analysis of HELLS. (A) The PPI network of HELLS, (B) The top ten hub genes of PPI network, (C) The
association hub gene with HELLS in 12 cancers present as heatmap. ∗p < 0:05, ∗∗p < 0:01, (D) The signaling pathway reconstruct form hub genes. Blue diamonds
represent receptors and yellow squares represent transcription factors in the signaling pathway, (E) GO/KEGG pathway enrichment for HELLS and closed interact
genes, (F) HELLS with pathway activity or inhibition.
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A PPI network was created to further elucidate the biological
function of HELLS. We identified ten hub genes and explored
how they correlated with HELLS expression in various cancers.
HELLS expression was closely associated with these hub genes,
suggesting their complementary biological roles in cancer.
Among these hub genes, MAD2L1, TOP2A, NCAPG, TTK,
KIF11, HELLS, and RRM2 may affect biological changes after
receiving second messengers from activated BUB1B, DTL, and
CDK1. BUB1B encodes a kinase involved in spindle checkpoint
function, whose impairment is associated with various cancers
(27–30). CDK1 encodes the catalytic subunit of a highly
conserved protein kinase complex that is required for the G1/S
and G2/M phase transitions of the eukaryotic cell cycle.
Moreover, CDK1 regulates many cancers through multiple
signaling pathways (31–34). DTL is also associated with poor
prognosis in various cancers (35–37). Our GSEA results showed
that the top pathways enriched in ACC, LGG, MESO, and
Frontiers in Immunology | www.frontiersin.org 12
THYM contained mitotic spindle checkpoints, whereas the top
pathways enriched in ACC, MESO, PAAD, SARC, and THYM
were associated with the G1/S or G2/M phase. The DNA damage
checkpoint is often compromised in cancer cells, leading to
sustained cell division despite accumulated genetic errors (38,
39). BUB1B and CDK1 may act in concert with HELLS,
contributing to cancer malignancy and progression.

HELLS activates or inhibits several famous pathways in
cancers, suggesting that HELLS regulates tumors through
various mechanisms. HELLS may regulate apoptosis and cell
cycle by interacting with tumor protein 53 (TP53). In
hepatocellular carcinoma, TP53 inhibits HELLS, which
mediates HELLS downregulation through cell cycle regulation
and induces apoptosis (40). However, HELLS can act as a
positive regulator in nasopharyngeal carcinoma cell lines to
activate TP53 (41). P53RRA activates TP53 and the inhibition
of P53RRA in human lung cancer cell lines can lead to HELLS
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FIGURE 10 | GSEA functional enrichment analysis of HELLS expression in 12 cancers. The top 15 GSEA functional enrichment pathways of HELLS in (A) ACC, (B) CESC,
(C) KIRP, (D) LGG, (E) LIHC, (F) LUAD, (G) LUSC, (H) MESO, (I) PAAD, (J) PRAD, (K) SARC, (L) THYM. The Y-axis represents one gene set and the X-axis is the
distribution of logFC corresponding to the core molecules in each gene set.
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involvement in TP53-mediated cell cycle arrest and apoptosis
(42). This suggests an interplay of multiple mechanisms between
HELLS and TP53 which could disrupt the delicate balance
between HELLS regulation of the tumor cell cycle and
apoptosis. Here, HELLS negatively correlated with apoptosis in
LUAD at the single-cell level, suggesting that HELL-mediated
apoptosis regulation mechanisms differ across cancers.

HELLS may also regulate cancer by mediating DNA repair and
cell cycle. Damaged DNA in chromatin can be repaired by various
mechanisms, including DNA methylation, posttranslational
modification of histones, and nucleosome remodeling. HELLS may
shift the relative orientation of two recA-like structural domains on
itself by hydrolyzing ATP (43), hence increasing the accessibility of
transcription factors to DNA (44) and carrying out the primary
molecular biological function of reconstituting nucleosomes (45). As
a key regulator of chromatin structure, HELLS helps maintain
genome stability and repair DNA damage (46). Eukaryotic cells
activate DDR after DNA damage and initiate two downstream
pathways, canonical nonhomologous end joining (C-NHEJ) and
Frontiers in Immunology | www.frontiersin.org 13
homologous recombination (HR), to maintain genomic integrity.
HELLS indirectly repairs DNA damage by positively regulating C-
NHEJ and HR (47), affecting genomic homeostasis and cancer
regulation (48). It recruits Ku80 and Ku70 to the location of the
double-strand break, beginning at C-NHEJ (49). Interacting with
ZBTB24, CDCA7, and DNMT3B, HELLS also preserves normal
DNAmethylationandstructural repair (48, 50). Inaddition,H2AXis
a DNA damage marker and HELLS can sustain efficient H2AX
phosphorylation and DNA damage repair by ATP hydrolysis (48,
51). CtIP, a transcription factor with a C2H2 zinc finger structure, is
essential for cell cycle monitoring point control and DNA damage
repair. HELLS starts the HR pathway to permit homologous
recombination at DNA two-ended breaks and repair
heterochromatic regions in the G2 phase by boosting ATP-
dependent end-resection and CtIP accumulation at DNA damage
(52). In addition, HELLS catalyzes the transfer of macroH2A into
mononucleosomes reconstitutedbynormal corehistones in anATP-
dependent manner, therefore shielding nascent DNA from
degradation and preserving the chromatin environment at
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FIGURE 11 | The correlation of HELLS with functional state in cancers. (A) The interactive bubble chart present correlation of HELLS with functional state in 16
cancers. The correlation of HELLS with functional state in (B) AML, (C) ALL, (D) BRCA, (E) CML, (F) CRC, (G) GBM, (H) LUAD, (I) MEL. X-axis represents different
gene sets; ***p < 0.001, **p < 0.01, *p < 0.05.
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replication forks (53–55). However, the damage is tissue-specific;
although DDR operates relatively uniformly, DDR activation can
vary across tissue microenvironments, which can lead to tissue-
specific tumourigenesis (56). Thus, HELLS is a protective factor in
some cancers but a risk factor in others. The efficacy of oncology
treatments may depend on tissue-specific DDR and tumourigenesis.

Our results also showed that HELLS activates the EMT
pathway in cancers and that HELLS expression positively
correlates with EMT in AML. EMT enhances the migratory
and invasive potential of malignant tumor cells, which may
trigger anti-apoptosis and degradation of the extracellular
matrix (57). Previous studies (58, 59) found that HELLS can
mediate EMT in nasopharyngeal carcinoma cells by altering
intermediates of tricarboxylic acid metabolism in cancer cells,
promoting their migration, invasion, and progression.

Finally, we assessed the impact of HELLS on immune infiltration
by analyzing its correlation with immune lymphocytes and
immunomodulatory factors in the 33 cancers. DDR can affect
both natural and intrinsic immunity (60); inappropriate DDR
Frontiers in Immunology | www.frontiersin.org 14
triggers abnormal immune responses in the tumor
microenvironment (TME) (61, 62). Immune infiltration in the
TME determines the clinical outcome of patients with cancer.
Here, HELLS expression was positively and strongly correlated
with Th2 cells in most tumors, whereas it was negatively or not
correlated with Th1 cells. CD4+ T helper cells can differentiate into
different subtypes: Th1 and Th2 cells. Th1 cells enhance the
antitumor function of cytotoxic T cells in situ by producing
several cytokines, including IL-2 and IFN-g (63). A
predominantly Th1-directed response inhibits tumor growth and
increased Th1 cell infiltration is associated with a good prognosis in
almost all tumors (64). In contrast, Th2 has both protumor and
immunosuppressive functions and is often associated with poor
prognosis in different tumors (64, 65).

Th1 and Th2 cells are balanced under normal conditions
because they secrete cytokines to promote their proliferation and
inhibit the proliferation of the other. But abnormal conditions
can disturb this balance, as seen in cancers in which Th2 cells
often dominate Th1 cells (66, 67). This phenomenon likely
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FIGURE 12 | Correlation of HELLS with TILs and immunoregulation-related genes in 33 cancers. Correlations between HELLS expression and (A) TILs, (B)
Immunostimulators, (C) Immunoinhibitors, (D) MHC molecules, (E) Chemokines, (F) Chemokine receptors. ∗p < 0:05, ∗∗p < 0:01.
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explains why high HELLS expression is linked to poor prognosis
in many cases. The Th2/Th1 imbalance may be associated with
the immune escape of tumors (65), and this, together with the
association of HELLS expression with immunosuppressive
markers in various cancers, suggests that HELLS can be used
to identify tissue-specific programs that drive the Th2 immune
response. It can also be used in conjunction with other immune,
targeted, or cytotoxic therapies to block Th2 responses. HELLS
expression correlates positively with Tcm cells in many cancers.
Klebanoff et al. (68) found that Tcm cells show superior in vivo
expansion, persistence, and antitumor capacity compared with
effector memory T cells and effector T cells in CAR-T therapy.
However, no studies have explored how patients with high
HELLS expression respond to CAR-T therapy. Future clinical
trials should consider using HELLS as a classifier.

In conclusion, our study elucidated the role of HELLS in pan-
cancer from various angles, including its relevant signaling
pathways, mutation sites, and relation to immune cell
infiltration. HELLS is highly expressed in many cancers and is
a potential diagnostic and prognostic marker. HELLS can
activate or inhibit a variety of cancer-related pathways and is
also closely associated with immune infiltration and
immunomodulation. Our findings on the role of HELLS in
tumor promotion and suppression are prerequisites to clinical
validation and practical application of HELLS-based therapies.
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Supplementary Figure 2 | Correlations between HELLS and DSS in 11 cancers.
DSS K-M curve for HELLS 11 cancer types. The unit of X-axis is month. (A) ACC,
(B) CESC, (C) COAD, (D) KIRC, (E) KIRP, (F) LGG, (G) LIHC, (H) LUAD, (I)MESO,
(J) SARC, (K) UCS.

Supplementary Figure 3 | Correlations between HELLS and PFI in 8 cancers.
PFI K-M curve for HELLS 8 cancer types. The unit of X-axis is month. (A) ACC, (B)
KIRP, (C) LIHC, (D) LUAD, (E) MESO, (F) PAAD, (G) PRAD, (H) SARC.

Supplementary Figure 4 | Correlations between HELLS expression and immune
subtype in 14 cancers. (A) BRCA, (B) COAD, (C) ESCA (D) HNSC, (E) KICH, (F)
KIRC, (G) OV, (H) PCPG, (I) READ, (J) SKCM, (K) STAD, (L) TGCT, (M) THCA, (N)
UCEC.

Supplementary Figure 5 | Correlations between HELLS expression and
molecular subtypes in 8 cancers. (A) BRCA, (B) COAD, (C) HNSC, (D) OV, (E)
PCPG, (F) SKCM, (G) STAD, (H) UCEC.
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