Lietal. BMC Cancer ~ (2024) 24:1122 BMC Cancer
https://doi.org/10.1186/s12885-024-12879-2

The role of HGH1 in breast cancer prognosis: =
a study on immune response and cell cycle

Hailong Li'", Yong Xu?!, Rong Xu'" and Wei Du'"

Abstract

Background Breast cancer (BRCA) remains to be among the main causes of cancer-associated mortality in women
globally. HGH1 homolog (HGH1) has been reported to be associated with tumor immunity. However, the function of
HGH1 in BRCA remains unclear. Therefore, the present study examined the potential role of HGH1 in BRCA.

Methods The Cancer Genome Atlas (TCGA) databases and Gene Expression Omnibus (GEO) were used to obtain
RNA-seq data for BRCA. A protein localization of HGH1 was determined by using the Human Protein Atlas (HPA),

and immunohistochemistry (IHC) staining revealed an upregulation in the expression of HGH1 in clinical BRCA
tissues. Xenograft mice were used to test tumor growth and HGH1 expression in breast cancer cells. The protein
interaction information of HGH1 was analyzed using the GeneMANIA website. Based on univariate Cox regression
and Kaplan-Meier methods, we evaluated the role of HGH1 in BRCA prognosis. HGH1-related differentially expressed
genes were analyzed using GO, KEGG, and GSEA. We also examined the relationship between HGH1 expression,
immune checkpoints, and immune infiltration. CCK-8, EdU, and colony formation assays were used to measure cell
proliferation, and western blot analysis was used to evaluate HGH1's role in BRCA.

Results IHC results showed that the expression of HGH1 was significantly upregulated in BRCA tissues compared

to normal tissues. High levels of HGH1 expression was associated with worse clinical features and a worse prognosis.
HGH1 expression was an independent predictor of BRCA outcomes in both univariate and multivariate analyses.
Functionally, western blot analysis showed that HGH1 is implicated in cell cycle. As well, knocking down HGH
significantly reduced BRCA cells' proliferative abilities. Crucially, HGH1 expression levels were positively correlated with
Th2 cell infiltration and negatively correlated with Tcm cell infiltration.

Conclusion Biomarkers such as HGH1 can reliably predict prognosis in BRCA patients.
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Introduction

Breast cancer (BRCA) is the second most com-
monly diagnosed cancer worldwide, with approxi-
mately~2.1 million new cases and around ~ 627,000
BRCA-related deaths annually [1, 2]. In recent years,
BRCA has become the most prevalent malignancy
among women. As a disease closely linked to aging, the
primary treatment strategies for BRCA include surgery
and chemotherapy. However, poor prognosis associated
with BRCA poses significant challenges for long-term
clinical management [3]. Consequently, there is an urgent
need to identify novel molecular prognostic markers and
therapeutic targets for BRCA.

HGH1 homolog (HGH1), also known as BRPI6,
BRP16L, FAM203A, FAM203B, C8orf30A, and
C8orf30B, is a protein-coding gene linked to maturity-
onset diabetes of the young, type 3 [4]. It is located at
the chromosomal region 8q24.3. However, the role
of HGH1 in cancer remains largely unexplored, with
only two studies reporting its involvement in cancer.
Specifically, HGH1 was been implicated in the migra-
tion and invasion of colorectal cancer cells, suggesting
that HGH1 may enhance the malignancy of colorec-
tal cancer [5]. Additionally, a tumor microenviron-
ment characterized by high HGH1 expression has been
associated with an immune-depleted environment [6].
However, the expression and clinical significance of
HGH1 in BRCA remain unclear. Thus, investigating
the function of HGH1 in BRCA could provide valuable
clinical insights.

In this study, we the hypothesis that HGH1 may
serve as an independent prognostic biomarker in
patients with BRCA. We also analyzed the functional
networks associated with HGH1 expression, including
its role in cell cycle regulation and tumor immunity.
The findings of this study may contribute to under-
standing HGH1 as a potential therapeutic target or
predictive biomarker for risk stratification. Moreover,
we aim aimed to explore the molecular mechanism
underlying BRCA progression and the role of HGH1 in
this process.

Materials and methods

Clinical data collection

The Cancer Genome Atlas database (TCGA; https://
cancergenome.nih.gov/) [7] is the largest database of
cancer genetic information, containing data from 33
types of cancer based on large-scale genome sequencing
and various omics techniques, including genomic, tran-
scriptomic, epigenetic, proteomic analyses. The origi-
nal RNA expression data from 1,083 BRCA cases were
downloaded from TCGA (Supplementary Table 1). High
throughput sequencing fragments per kilobase of tran-
script per million values were converted to transcript per
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million values to identify genes with differential expres-
sion among the samples. Corresponding clinical infor-
mation for patients with BRCA was also retrieved from
the TCGA database. To validate the findings from TCGA
data, the GSE22820 and GSE42568 datasets were used
for further validation [8]. Immunohistochemical (IHC)
images of BRCA tissues and normal tissues were obtained
from Human Protein Atlas (HPA) database (https://www.
proteinatlas.org) [9].

Immunohistochemical (IHC) analysis and
immunofluorescence (IF)

60 pair normal breast tissues and breast cancer tis-
sues were collected from the first’s people of Changde
city (Changde, Chinna). All samples were diagnosed
based on the clinical information of patients with BC.
All sample collection procedures were approved by the
Ethics Committees of the first’s people of Changde city
(approval number:2024-147-01). Firstly, we collected
the breast tissue and breast cancer tissues, which were
then fixed it with formalin, dehydrated for 12 h, and
then embedded in paraffin to prepare 3 pum thick tissue
sections. Primary antibodies were applied and incu-
bated overnight at 4 °C. After adding secondary anti-
bodies, the sections were washed three times with PBS.
Positive results were defined as the presence of brown
particles in the nucleus and cytoplasm in five random
fields under a microscope. For the staining evaluation,
we enlisted the assistance of three experienced patholo-
gists [10]. Immunofluorescence (IF): After routine rehy-
dration, the tissue was subjected to antigen retrieval,
followed by blocking with 5% BSA. The primary anti-
body was then added and incubated overnight at 4 °C.
The corresponding fluorescent secondary antibody was
applied, and the cell nuclei were stained with DAPIL.
The images were acquired by a fluorescent microscope
(Zeiss, Jena, Germany) [11].

Cell culture, plasmids, and western blots
MDA-MB-231and MCE-7 cells (Xiangya School of Medi-
cine, Central South University, China) were cultured.
The HGHI1 knockdown siRNA sequence was designed
and purchased from RIBO Biotechnology (Guangzhou,
China). Primary antibodies against HGH1, ¢-MYC,
BCL2, CCNBI1 and the loading control GAPDH, as
along with HRP-conjugated secondary antibodies were
obtained from Abcam (Cambridge, MA).

Cell counting kit-8 (CCK-8)

Cells were transfected with NC and si-HGH], then trans-
fected to 96-well plates. 24 h later, CCK-8 reagent was
added to the culture medium, and the cells were incu-
bated for 1 h at 37 °C. The OD value at 450 nm was mea-
sured using a microplate reader.
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EdU cell proliferation experiment

2x10° cells were seeded in six-well plates. EAU experi-
mental procedures were carried out according to the
EdU kit instructions (BeyoClick™), EAU-555, Shanghai,
China). Briefly, the cells were incubated with culture
medium added EdU solution for 3 h in 37°C. Then fixed
with 4% Paraformaldehyde for 30 min at room tempera-
ture, Finally, Stain the cell nuclei with DAPI. The images
were acquired by a fluorescent microscope (Zeiss, Jena,
Germany).

Colony formation assay

In 6-well plates (1000 cells per well), NC and si-HGH1
sequences were transfected into cells. The cells were then
cultured for 14 days, with the medium changes every 3
days. To count colonies, the cells were stained with crys-
tal violet and fixed with paraformaldehyde.

Establishment of nude mouse xenograft model

The Beijing Vital River Laboratory Animal Technology
Co., Ltd. provided us with four-week-old nude mice. A
SPF-grade animal laboratory with a humidity of 60 to
65% and a temperature of 22 to 25 °C was used to house
the mice in separate cages. Acclimatization feeding lasted
a week before experiments began. Observations were
made before the experiment to determine the health
status of the mice. Protocols for animal use and experi-
mental procedures were approved by the relevant ethics
committee.

To establish the in vivo model, Knockdown and nega-
tive control MCF-7 cells (1.0x10°%) were suspended in
pre-cooled PBS, and Inject the cells subcutaneously into
the mammary fat pad of the nude mice [12]. In the final
experiment, we observed the growth of tumors in mice.
Once the volume reached about 500 mm?, the mice were
euthanized by cervical dislocation, and their tumor tissue
was collected for further study. Tumor volume changes
were periodically recorded throughout the experiment
using appropriate measuring tools.

Relationship between HGH1 expression and

clinicopathological features and prognoses

The RNA sequencing data and corresponding clinical
information for BRCA were obtained from TCGA-BRCA
dataset. The relationship between HGH1 expression and
clinicopathological features, as well as prognosis was
analyzed using R software (version 4.3.3). The R pack-
ages “ggplot2’;, “ggpubr’, “survival’, and “survminer” were
employed in this process. To the analyze association
between HGHI1 and clinicopathological parameters, Wil-
coxon Rank Sum and Signed Rank Tests were used for
pairwise comparisons, while Kruskal-Wallis was applied
for multiple sample comparisons. For the overall sur-
vival (OS)analysis, cohorts were formed based on HGH1
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expression levels using 50% expression levels, with a 50%
expression threshold used to categorizing high and low
expression groups [13]. The diagnostic value of HGH1
was evaluated using ROC curve analysis. The pROC
package was employed for the analysis, and the results
were visualized with ggplot2. A nomogram model was
constructed based on independent prognostic factors
identified through multivariate analysis. The propor-
tional hazards assumption was tested, and Cox regres-
sion analysis was performed using the survival package.
Nomogram-related models were constructed and visual-
ized with the rms package. Calibration curves were used
to assess the difference between predicted probabilities
and actual outcomes, with the x-axis representing pre-
dicted survival time and the y-axis representing actual
survival time. In an ideal predictive model, the predicted
survival rates would align with a 45° slope on the curve.

Analysis of differentially expressed genes (DEGS) in low
HGH1- and high HGH1-expressing subgroups

Samples were ranked based on HGH1 expression, and
the top 25% were classified as the high HGH1 expression
subgroup, while the bottom 25% were classified as the
low HGH1-expressing subgroup, respectively. Differen-
tial expression analysis of the two groups was performed
using the ‘DESeq2’ tool in R, with criteria set at |logFold
Change| > 1 and adjusted P<0.05. DEGs were identified
as the genes with statistically significant differences.

Protein-protein interaction (PPI) and functional
enrichment analysis

For PPI network analysis, we utilized the GeneMA-
NIA website [14]. we conducted GO, KEGG, and GSEA
analysis to predict biological pathways and molecular
functions associated with HGH1. The GSEA analysis
was performed using the “h.all.v2023.2.Hs.symbols.gmt”
file [15]. TCGA-BRCA data were analyzed by divid-
ing samples into high-expression and low-expression
groups, Differential expression analysis was then con-
ducted, and volcano plots were generated to visualize the
results. DEGs were further analyzed through enrichment
analysis. The R software packages used in the process
are “limma’, “tibble”, “ggplot2, “and “enrichplot” R soft-
ware GSVA package was used to explore the correlation
between HGH1 and signaling pathways. Spearman cor-
relation was used to assess the relationship between gene
expression and pathway scores. A p-value of <0.05 was
considered statistically significant.

HGH1 and tumor immunity

R software was used to assess immune infiltration, as
well as calculate the ImmuneScore, StromalScore, and
ESTIMATEScore. Immune invasion data in BRCA
were obtained from the TIMER and CIBERSORT [16]
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databases. The ssGSEA method, implemented via the
GSEA package in R, was used to quantify the infiltra-
tion levels of 24 tumor-infiltrating immune cells in BRCA
samples. Additionally, the correlation between HGH1
expression and various immune checkpoint genes, as well
as tumor mutation burden, was evaluated using R soft-
ware packages “ggplot2” and “pheatmap”

Statistical analysis

The Wilcoxon rank sum test was used to compare HGH1
expression levels between normal and tumor tissues,
while Pairwise t-tests were employed to analyze BRCA
samples obtained from hospitals. Prognosis was assessed
using both Cox regression and Kaplan-Meier. Addi-
tionally, spearman correlation analysis was performed
to evaluate the statistical relationship between HGH1
expression and immune cell infiltration levels, immune
regulatory genes, and other factors. All calculations were
performed using the R package, with P<0.05 considered
statistically significant.

Results

High HGH1 expression in BRCA

To explore the potential relevance of HGH1 to cancer, we
screened for cancers with differentially expressed HGH1
between tumor and healthy tissues using TCGA data
(Fig. 1A). TCGA analysis revealed that HGH1 expression
was significantly higher in BRCA tissues compared with
that in healthy tissues (P<0.05), a finding further vali-
dated in clinical BRCA tissues and paired normal breast
tissues (P<0.05; Fig. 1B and C). Additionally, HGH1
expression showed strong discriminatory power with
an area under the curve (AUC) value of 0.951, indicat-
ing its potential to differentiate BRCA from healthy tis-
sues (Fig. 1D). These results were further validated using
the GSE22820 and GSE42568 datasets (Fig. 1E and F). A
representative IHC image from the HPA database is dis-
played (Fig. 1G). Furthermore, Clinical specimens ana-
lyzed through IHC experiments confirmed that HGH1
protein levels were significantly upregulated in BRCA
samples (Fig. 1H-I).

Association between HGH1 expression and clinical features
Subsequently, we assessed the association between
HGH1 expression levels and various clinical features.
High HGH1 expression was significantly associated with
N stage (Fig. 2A), estrogen receptor (ER) status (Fig. 2B),
PMA 50 (Fig. 2C), progesterone receptor (PR) status
(Fig. 2D), pathological staging (Fig. 2E), histological type
(Fig. 2F), and Race (Fig. 2G) (all p<0.05)).

Additionally, logistic regression analysis revealed that
elevated HGH1 expression was strongly associated with
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several clinical features indicative of poor prognosis,
including pathological stage [Stages II-IV vs. Stage [;
odds ratio (OR), 1.456; 95% CI, 1.055-2.017;P=0.023],
histological type (Infiltrating Lobular Carcinoma vs.
Infiltrating Ductal Carcinoma; OR, 0.390; 95% CI,
0.281-0.538;P<0.001), PR status (Positive vs. Negative;
OR, 0.691; 95% CI, 0.532—0.897; P=0.006) and ER status
(Positive vs. Negative; OR, 0.685;95% CI, 0.511-0.915;
P=0.011; Supplement Table 2).

Prognostic value of HGH1 in BRCA

Univariate and multivariate Cox regression models were
used to assess the independent predictive capacity of
HGH1 expression. Both analyses revealed that T stage,
M stage and HGH1 were significant predictors of over-
all survival (OS) in BRCA patients (all p<0.05) (Fig. 3A
and B), indicating that the HGH1 expression is an inde-
pendent prognostic factor for BRCA. Based on these fac-
tors, 1-, 3- and 5-year OS nomograms are constructed
(Fig. 3C). Patient prognosis was observed to worsen
as the cumulative scores for the four prognostic crite-
ria increased. Additionally, the calibration curve dem-
onstrated that the nomogram accurately predicted the
OS at 1, 3 and 5 years (Fig. 3D). These findings suggest
that HGHI could serve as a predictive marker for BRCA
patient.

Next, the association between the OS and HGHI1
expression in BRCA patients was examined (Fig. 4A).
Kaplan-Meier survival curves showed that BRCA with
high HGH1 expression were significantly reduced OS
compared to those with low HGH1 expression (P<0.05).
Moreover, HGH1 expression was negatively associated
with the OS across various anatomical subdivisions of
BRCA patients (P<0.05) (Fig. 4B and C).

Detection of differentially expressed genes (DEGs)
between the high and low HGH1 expression groups

Data from TCGA were analyzed using the ‘DESeq2’ tool
in R (|logFold Change| > 1); adjusted P<0.05), which
identified 240 DEGs, including 115 upregulated and 125
downregulated genes between the high and low HGH1
expression groups (Fig. 5A). To further investigate the
proteins interacting with HGHI, selected some DEGs
were used to construct PPI networks, revealing that
HGHL1 is closely associated with these DEGs (Fig. 5B).

Functional annotation and predicted signaling pathways

To comprehensively understand the functional impact of
HGH1 in BRCA, we conducted GO, KEGG, and GSEA
enrichment analysis based on the DEGs associated with
HGH1. GO analysis revealed that the most significant
biological processes (BP), cellular components (CC), and
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molecular functions (MF) include the mitotic cell cycle,
cell division, extracellular space, extracellular region,
extracellular matrix structural constituent, and hepa-
rin binding (Fig. 6A). KEGG enrichment analysis iden-
tified significant enrichment in the cell cycle and PPAR
signaling pathway (Fig. 6B). Furthermore, GSEA analy-
sis indicated that the high HGH1 expression is primar-
ily associated with the activation of MYC_TARGETS,
E2F_TARGETS and G2M_CHECKPOINT. The inter-
secting genes involved in these three activated signaling
pathways include MYC, CDC20, CDK4, and MCM2.
In summary, our findings demonstrate a significant
enhancement in cell cycle, suggesting that HGH1 plays a
role in regulating this process. (Fig. 6C-D).

HGH1 promoted the proliferation, colony formation, and
cell cycle of BRCA cells

To validate the impact of HGH1 on the phenotype of
breast cancer cells, Western blotting (WB) was used to
analyze the efficiency of HGH1 knockdown. The results
showed that siRNA-2 sequences specifically targeting
HGH1 significantly suppressed HGH1 expression lev-
els (Fig. S1). The EdU and CCK-8 assay was employed to
evaluate the role of HGH1 in the growth of BRCA cells.
Compared to the control group cells, the proliferation of
MDA-MB-231 and MCEF-7 cells with HGH1 knockdown

was significantly inhibited (Fig. 7A-C). A colony forma-
tion assay further evaluated the impact of HGHI1 on
the colony formation ability of BRCA cells. The results
demonstrated that MDA-MB-231 and MCEF-7 cells with
HGH1 knockdown exhibited a reduced colony forma-
tion capacity compared to the control group (Fig. 7D-
E). Additionally, to further investigate the mechanism
of HGH1, we utilized bioinformatics approaches and
found that HGHLI is closely associated with the cell cycle
and MYC pathway (Fig. 7F-H). Subsequently, WB assay
was conducted to examine the protein expression levels
of ¢-MYC [17], CCNBI [18], and BCL2 [19] in MDA-
MB-231 and MCEF-7 cells with HGH1 knockdown. The
results demonstrate that the expression levels of c-MYC,
CCNBI, and BCL2 were lower in the HGH1 knockdown
cells compared to the control group (Fig. 7I-K). These
findings suggest that HGH1 promotes the proliferation,
colony formation, and cell cycle progression of BRCA
cells in vitro.

Impact of HGH1 expression on the growth of BRCA cell
xenografts

An in vivo study was conducted to investigate the poten-
tial regulatory mechanisms of HGH1 on BRCA cell
proliferation and its role in BRCA progression. By sub-
cutaneously inoculating MCF-7 cells with inhibited
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HGH1, we successfully established a xenograft mouse
model of BRCA. The growth trends of tumors and the
expression of HGH1 were continuously monitored and
recorded throughout the experiment. Results indicated
that the downregulation of HGHI significantly reduced
the growth of tumors, as evidenced by reductions tumor
volume and weight (P<0.01) (Fig. 8A—C). Immunofluo-
rescence experiment showed that Ki-67 positive cells was
observed alongside reduced HGH1 expression (£<0.01)
(Fig. 8D). Additionally, IHC data showed that compared

to the NC group, the expression of HGH1 protein in
the si-HGH1 group was significantly reduced (P<0.01)
(Fig. 8E). These findings indicate that HGH1 plays a cru-
cial role in promoting MCEF-7 cell proliferation.

Correlation analysis of immune response

To understand the impact of HGH1 expression on the
tumor microenvironment (TME), single-sample GSEA
analysis of immune infiltration was conducted. Spear-
man’s correlation was used to examine the relationship
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between immunity cell enrichments in BRCA tissues and
HGH1 expression patterns. The results revealed a nega-
tive correlation between HGH1 expression and the infil-
tration levels of several immune cells, such as Tcm and
T helper cells(P<0.05) (Fig. 9A). Moreover, compared to
the low HGH1 expression group, the high HGH1 expres-
sion group exhibited lower StromalScore, ImmuneScore
and ESTIMATScore (Fig. 9B). Additionally, a negative
correlation was found between HGH1 expression levels
and immune checkpoint-related genes (Fig. 9C). Lastly,
we assessed the relationship between tumor mutation
burden and HGH1 expression, discovering a positive cor-
relation between HGH1 expression and tumor mutation
burden(P<0.05) (Fig. 9D).

Discussion

BRCA currently has the highest rate of incidence rate
among all malignancies in women [20]. This study
explored the clinical value and function of HGHI using

bioinformatics databases and found that HGH1 is a
potential prognostic molecular marker in clinical prac-
tice (Fig. Scheme 1). Identifying novel prognostic factors
can aid in assessing treatment efficacy and predicting dis-
ease progression. For instance, Cytokine-induced apop-
tosis inhibitor 1 (CIAPIN1) is significantly associated
with tumor immune cells infiltration and poor prognosis
in invasive breast cancer, making it a potential prognostic
marker for this condition [21].

Data from TCGA database revealed that HGHI is
expressed at higher levels in tumor tissues compared
with normal tissues, which was validated in the HPA
dataset and GEO database. Additionally, IHC assay dem-
onstrated the HGH1 protein expression is significantly
increased in BRCA tissues compared to normal tis-
sues. ROC curve suggested that HGH1 gene expression
may serve as a future diagnostic marker to distinguish
between BRCA and healthy individuals. To determine
whether the expression level of HGH1 is associated with
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the clinical characteristics, one-way ANOVA was con-
ducted using clinical data from TCGA database. It was
found that BRCA patients who are PR- and ER-negative
had worse prognose [22]. Our study showed that HGH1
expression was significantly higher in PR- and ER- nega-
tive patients compared to PR- and ER-positive patients
in BRCA. Moreover, invasive ductal carcinoma tissues
exhibited higher HGH1 expression than lobular adeno-
carcinoma tissues. Breast cancer metastasis is the leading
cause of cancer-related deaths worldwide. Early diagno-
sis, identification of therapeutic targets, and prognostic

markers are crucial for improving the management of
metastatic breast cancer. Tubulin a-1b chain (TUBA1B),
a subtype of a-tubulin, has the potential to serve as both a
diagnostic marker and a promising therapeutic target for
breast cancer treatment [23]. F-actin, known for its sen-
sitivity to mechanical stimuli, plays critical roles in cell
attachment, migration, and cancer metastasis. Moreover,
interfering with F-actin using a low-frequency rotat-
ing magnetic field has been shown to effectively inhibit
breast cancer metastasis. This approach suggests a new,
non-invasive, and highly penetrative physical therapy
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strategy for controlling metastatic cancer [24]. Herein,
the prognostic value of HGH1 in BRCA patients was ana-
lyzed. Univariate and multivariate analysis revealed that
HGHL1 is an independent prognostic marker. A prognos-
tic model incorporating HGH1, T stage, N stage, M stage
and Histological stage was developed to predict the clini-
cal treatment efficacy of BRCA. Kaplan-Meier survival
curve analysis showed that that BRCA patients with high
HGH1 expression levels had a significantly lower over-
all survival (OS) probability compared to those with low
HGHI1 expression. Additionally, the expression of HGH1

was negatively associated with OS across various BRCA
anatomical subtypes of. Further exploration of potential
marker genes in BRCA is necessary to determine their
clinical significance in treatment and drug development
[25]. T This study screened differentially expressed genes
(DEGs) associated with HGH1 and performed functional
enrichment analysis on these genes, revealing that HGH1
may be involved in cell proliferation and the cell cycle.
Targeting cell cycle-related proteins, such as MYC [26]
and CCNBI1 [27], could offer a solution to current issues
with BRCA drug resistance [28].
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Immunotherapy is currently a powerful approach in
cancer treatment [29]. Studies have found that Gelsolin
(GSN) has significant diagnostic value in breast cancer
and is involved in immune-related pathways, making it
a potential predictive, diagnostic, and immune marker
in pan-cancer [30]. Additionally, TIGIT has been iden-
tified as a promising target for immunotherapy in inva-
sive breast cancer, providing a solid foundation for new
treatment strategies [31]. In this study, the relation-
ship between the expression level of HGH1 and tumor
immune cell infiltration was analyzed. Results indicated

that HGH1 expression is positively correlated with Th2
cell infiltration and negatively correlated with Tcm cell
infiltration. Additionally, HGH1 expression is closely
associated with the tumor microenvironment (TME)
score, immune checkpoint genes, and tumor mutation
burden. Therefore, from an immunotherapy perspective,
HGHI1 may become an effective target for BRCA immu-
notherapy. However, this study has certain imitations, It
relied on open-access databases, which may introduce
biases in the BRCA data. Moreover, the study focused
solely on gene expression data without considering other
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factors that could influence tumor occurrence and devel-
opment. To enhance our understanding of tumors, future
research should incorporate more clinical and epidemio-
logical data. Rigorous experiments are also needed to
explore how HGH1 affects the tumor immune response.
Despite these limitations, this study is the first to inves-
tigate the relationship between HGH1 and BRCA and
its prognostic effects, laying the foundation for further
research. Targeting HGH1 could potentially improve
BRCA treatment and survival rates.
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