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Knockdown of HGH1 in breast cancer cell lines can inhibit the viability, invasion 
and migration of tumor cells
Zeyu Wanga*, Taiyuan Liub*, Kang Hec, Longyun Wanga, Xiaoxuan Maa, Zhaoyun Yanga, Yingchao Zhangb, 
and Lijing Zhaoa

aDepartment of Rehabilitation, School of Nursing, Jilin University, Changchun, China; bDepartment of Breast Surgery, Second Hospital of Jilin 
University, Changchun, China; cRehabilitation Medicine Center and Institute of Rehabilitation Medicine, West China Hospital, Sichuan 
University, Chengdu, China

ABSTRACT
Background: Research on the function of HGH1 in breast cancer remains lacking.
Methods: TCGAand GEO (GSE45827) datasets investigated discrepancies in HGH1 expression 
in BC. An aggregate of 106 clinical samples were gathered through immunohistochemistry, KM 
curves were drawn for prognostic analysis, and the function of HGH1 of BC was predicted. Finally, 
the effects of HGH1 knockdown on MDA-MB-231 and MCF-7 BC cells were verified via CCK8, 
invasion, wound healing and colony formation assays.
Results: HGH1 is highly expressed in BC and is linked to unfavorable prognosis. HGH1 over
expression is connected to keratinization and the cell cycle and is closely related to ER and PR 
expression and tumor stage in BC patients. Knocking down HGH1 in BC cells inhibited the 
viability, invasion and migration.
Conclusion: Knockdown of HGH1 in breast cancer cell lines can inhibit the viability, invasion and 
migration of tumor cells.
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Introduction

Breast cancer (BC) has become a global health chal
lenge [1,2]. The incidence has risen dramatically in 
recent years, and the disease burden is increasing [3]. 
Due to the high heterogeneity of breast cancer, the 
individualized treatment of this disease has received 
increasing attention [4]. Therefore, the identification 
of biomarkers and molecular targets are particularly 
important for early-stage diagnosis, prediction of dis
ease development and assessment of patient prognosis 
[5–7]. Cancer is a complex and diverse condition 
marked by the disruption of critical biological pro
cesses, including growth, proliferation, and cell death 
pathways [8].

Human growth hormone (HGH) is a pituitary- 
derived protein with a molecular mass of 22 kDa that 
is a family of molecules consisting of various isomers 
that differ in size, structure, charge, and posttransla
tional modifications [9,10]. One of the subtypes of this 
family, growth hormone 1 (HGH1), is located on chro
mosome 8 and can interact with specific proteins and 
indirectly regulate target genes. Current studies have 
shown that HGH1-mediated CASC21 accelerates 

colorectal cancer progression in vivo and boosts the 
growth, movement, EMT, and stem-like characteristics 
of colorectal cancer cells [11]. However, HGH1 in BC 
remains unexplored.

In this research, HGH1 expression and its correlation 
with clinical features were analyzed via TCGA and GEO 
databases, and the expression results were verified via 
immunohistochemistry of 106 clinical samples. Moreover, 
protein‒protein (PPI) networks were constructed via 
HGH1 and its related HUB genes, the function of HGH1 
in BC was predicted via GO, KEGG, GSEA, and immune 
infiltration analysis. Finally, HGH1 was verified in MDA- 
MB-231 and MCF-7 cells, underlying molecular mechan
ism how HGH1 promotes BC progression was elucidated.

Methods

Data acquisition and preprocessing

Raw genes for BC and corresponding clinical information 
were retrieved from the TCGA database (https://portal. 
gdc.cancer.gov/) and RNA-seq described the variation 
HGH1 expression in unmatched and matched samples. 
An aggregate of 103 BC samples and 3 normal breast 
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samples were incorporated. Toil process uniformizes the 
data [12]. Differential analysis data for HGH1 in the 
expression profile of GSE45827 were downloaded from 
GEO database.

Single-gene differential analysis of HGH1

To analyze single-gene difference and correlations for 
HGH1 in BRCA projects, we applied the DESeq2 software 
and STAT software using data from the TCGA database 
[13]. Volcano maps were generated via ggplot2 software 
[version 3.3.6]. STRING database was employed to visua
lize DEGs [14], and PPI network was examined through 
the Cytoscape software. The top 35 correlations are then 
searched in descending order by | Pearson value |.

Functional enrichment analysis

GO and KEGG functional analysis were conducted 
via the R packages ‘clusterProfiler.’ GSEA was con
ducted to study the presumed signaling pathway on 
the basis of different expression analysis. A p-value 
adjusted to less than 0.05 was regarded as indicating 
significant enrichment. All the results were visua
lized via R software.

Immunoinfiltration analysis of HGH1

The immune infiltration analysis was carried out 
using the ssGSEA algorithm and Spearman correla
tion method. Using GSVA [version 1.34.0], we 
assessed 24 distinct immune cell types [15]. The 
samples were categorized into groups based on 
HGH1 expression levels, one with low HGH1 expres
sion and the other with high, to compute the 
immune cell infiltration enrichment scores for each 
subgroup.

An analysis to assess HGH1 mRNA levels and 
patient prognosis in BRCA

Overall survival was plotted on the Kaplan-Meier curve 
for BRCA. The ROC analysis was conducted using the 
pROC package. Finally, we established binary logistic 
regression models and clinical baseline data tables for 
the prediction about the correlation between clinico
pathological features and HGH1 expression.

Specimens

The Ethics Review Committee of the School of Nursing, 
Jilin University, authorized this study (Changchun, China). 
Ethics approval number: 2022062701. Paraffin-embedded 

samples were obtained from 103 breast cancer patients and 
3 healthy controls in Second Hospital of Jilin University, 
diagnosed between December 2013 and December 2023. 
All patients were informed about the breast cancer-related 
study and provided written consent to participate. 
I confirm the study adheres to the Declaration of Helsinki.

Immunohistochemistry

IHC staining was conducted following the protocol 
outlined in a previous study [16,17]. Images were cap
tured using an optical microscope of the sections at 
magnifications of × 200 or × 400. The IHC-stained sec
tions were graded independently and double-blinded 
by two pathologists.

Cell culture and the development of stably 
transfected cells

In iCell Bioscience Inc., Shanghai, we purchased MCF- 
10A, MCF-7 and MDA-MB-231 cells. MCF-10A and 
MCF-7 was prepared in DMEM medium supplemented 
with 10% fetal bovine serum, 1% nonessential amino 
acids, and 1% penicillin-streptomycin. For MDA-MB 
-231, Leibovitz’s L-15 culture medium was used. All 
cells were cultured at the humidified atmosphere con
taining 5% CO2 at 37°C.

The lentiviral vector plasmid pLKO.1-Puro was 
employed to generate the pLKO.1-Scramble and 
pLKO.1-shHGH1. Following primers: HGH1 gene, 5’- 
CCTAGAGGAAGGCATCCAAA-3’ for forward and 5’- 
GCAGCCCGTAGTTCTTGAGTAG-3’ for reverse; 
GAPDH gene, 5’-GAAGGTGAAGGTCGGAGTC-3’ for 
forward and 5’-GAAGATGGTGATGGGATTTC-3’ for 
reverse. The lentivirus used in this study was packaged 
via. The lentiviral vector plasmid was combined with 
PMD2.G (BR037, Fenghui), psPAX2 (BR036, Fenghui) 
and Lipofectamine™ 3000 transfection reagent 
(L3000150, Thermo Fisher) was used to introduce the 
complexed solution into HEK-293T cells. And then, cul
ture-medium was collected by filtration with a 0.2 μm 
filter after 48 and 72 hours.

MCF-7 and MDA-MB-231 cells were seeded into 
a six-well plate (300,000 cells/well) for culture of the 
transfected cell lines. The cells containing the resistance 
gene were screened with 2 μg/ml purinomycin.

Real-time PCR

The RNA extraction was performed using EasyPure 
RNA Kit (TransGen, ER101–01), and cDNA synthesis 
used the kit (TransGen, AT311–02), following manu
facturer’s instructions. The primers employed were as 
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follows: for the HGH1 gene, forward primer 
5’−GATCCTTCGAGAGCTGCACA and reverse pri
mer 5“-CAGCAGGTTTTCCATGCCAC; for the 
GAPDH gene, forward primer 5”-GAAGGTGA 
AGGTCGGAGTC-3’ and reverse primer 5‘-GAAGAT 
GGTGATGGGATTTC-3’. The expression of mRNA 
was quantified using 2-ΔΔCt [18].

Cell counting kit-8

MCF-7, McF-7-shScramble, McF-7-shHGH1, MDA- 
MB-231, MDA-MB-231-shScramble, and MDA-MB 
-231-ShHGH1 was inoculated into a 96-well plate. 
The samples were incubated at 37°C for 1.5 h at 450  
nm with an enzyme marker (E0226; Detie, Inc.), and 
the absorbance was measured.

Invasion assay

A total of 100 µl of serum-free medium containing 
20,000 cells per well was added to upper chamber of 
the transwell insert (Labselect, product code 14,342), 
which was coated with Matrigel. The lower chamber 
was supplemented with 600 µl of medium containing 
10% serum. Cells were incubated at 37°C for 24 hours, 
followed by staining with 10% Giemsa.

Wound-healing assays

All the aforementioned cells were plated six-well plates, 
and scratched with 200 ul pipette, and photographed 
with an optical microscope at 0, 24, and 48 h.

Colony formation assays

All above cells were plated six-well plates (100 cells/ 
well). And then, they were stained with 10% Giemsa 
(Biotopped, China).

Western blot

Intracellular protein samples were extracted and sepa
rated using 12.5% SDS-PAGE gel electrophoresis. And 
then, they were transferred to PVDF membranes, using 
the Immobilon-P membrane (Millipore, Merck, Italy). 
The PVDF membrane was incubated in 5% skim milk 
for 1 h, followed by washing with TBST. It was then 
incubated with the diluted primary antibody. TBST was 
washed again and incubated with a second antibody 
labeled with horseradish peroxidase for 1 h. Enhanced 
chemiluminescence (ECL) was used to detect protein 

levels. The strip is quantized using ImageJ. β-actin acts 
as an internal parameter of the total protein. The Protein 
marker is Blue Plus® V Protein Marker (10–190 kDa) 
(Item: DM141–01).

Statistical analysis

The means of three independent experiments, along 
with the standard deviation (SD), were statistically ana
lyzed. SPSS 25.0 was used; Assessing differences 
between groups using the ANOVA.

Results

HGH1 is upregulated in pancarcinoma and BRCA

As depicted in (Figure 1a), analysis of unmatched samples 
revealed HGH1 expression was elevated in the following 
cancer types compared to normal tissues: bladder urothe
lial carcinoma (BLCA), breast invasive carcinoma (BRCA), 
cervical squamous cell carcinoma and endocervical adeno
carcinoma (CESC), colon adenocarcinoma (COAD), eso
phageal carcinoma (ESCA), glioblastoma multiforme 
(GBM), head and neck squamous cell carcinoma 
(HNSC), kidney renal clear cell carcinoma (KIRC), kidney 
renal papillary cell carcinoma (KIRP), liver hepatocellular 
carcinoma (LIHC), lung adenocarcinoma (LUAD), lung 
squamous cell carcinoma (LUSC), pancreatic adenocarci
noma (PAAD), prostate adenocarcinoma (PRAD), rectal 
adenocarcinoma (READ), pulmonary sarcomatoid carci
noma (SARC), stomach adenocarcinoma (STAD), thyroid 
carcinoma (THCA), thymoma (THYM), and uterine cor
pus endometrial carcinoma (UCEC).

Analysis of paired samples indicated that HGH1 
expression was elevated compared to normal tissues: 
BLCA, BRCA, cholangiocarcinoma (CHOL), COAD, 
ESCA, HNSC, KIRC, KIRP, LIHC, LUAD, LUSC, 
PRAD, READ, STAD, THCA, and UCEC (Figure 1b).

HGH1 expression was consistently higher in tumor 
tissues in both unmatched and paired BRCA samples 
(Figure 1c,d). This observation was validated using 
HGH1 mRNA expression from the GSE45827, as pre
sented in Figure 1e.

Evaluation HGH1 expression in clinical samples of 
BRCA

AOD was determined by immunohistochemistry in 
103 BC clinical samples and 3 normal tissue samples. 
HGH1 expression varies in BC tissues with different 
differentiation, HGH1 showed a low expression in 
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normal tissues and increases progressively as tumor 
differentiation decreases (Figure 2a). The HGH1 
immunohistochemical results in 106 samples are 
shown in Figure 2b. As shown in Figure 2c–e, 
HGH1 expression is associated with ER, PR levels, 
as well as the tumor stage. Remaining data are pre
sented in Supplementary Table 2. In addition, ROC 
curve is presented in Figure 2f, with an AUC of 
0.880, suggesting that HGH1 is associated with the 
development of BC.

Single-gene expression and analyses about HGH1

As shown in Figure 3a, 622 genes were satisfied, in 
which 243 genes are overexpressed and 379 genes are 
underexpressed. As shown in Figure 3b, for construct
ing the protein interaction network, these 622 genes are 
introduced in STRING, and 10 hUB genes (LOR, 
LCE1C, LCE1A, KPRP, SPRR2G, SPRR2E, LCE2A, 
LCE3D, LCE1B, and LCE5A) were screened out. After 
that, correlation analysis was performed. Figure 3c pre

Figure 1. HGH1 expression in pancarcinoma and BRCA. (a) HGH1 in unpaired pancarcinoma and normal samples. (b) HGH1 in paired 
pancarcinoma and normal samples. (c) HGH1 in unpaired BRCA and normal samples. (d) HGH1 in paired BRCA and normal samples. 
(e) HGH1 based on GSE45827 data. “*, p < .05; **, p < .01; ***, p < .001”.

4 Z. WANG ET AL.



sents the co-expression heat map about HGH1 and the 
first 35 genes, while Figure 3d displays the co- 
expression heat map about HGH1 and HUB genes.

Functional enrichment analysis of HGH1

HGH1 and its differentially expressed genes were sub
jected to functional enrichment via GO and KEGG. 
GO analysis indicate in terms of ‘biological processes’, 
keratinization, adenylate cyclase-modulating 

G protein-coupled receptor signaling pathway, nega
tive regulation of epithelial cell apoptotic process, 
DNA replication-dependent chromatin assembly, and 
peptide hormone secretion were enriched. In terms of 
‘molecular function,’ CENP-A containing nucleosome, 
transmembrane transporter complex, collagen- 
containing extracellular matrix and DNA packaging 
complex were enriched. In terms of ‘cell composition,’ 
gated channel activity, hormone activity, acetylcholine 
receptor regulator activity, heparin binding, and 

Figure 2. HGH1 expression in BRCA clinical and normal tissues. (a) Immunohistochemical staining about HGH1 expression across 
different differentiation grades. (b) Comparison about HGH1 immunohistochemical between 103 BRCA clinical samples and 3 normal 
breast tissue samples. (c–e) Comparison about HGH1 protein expression levels across groups on ER, PR and Stage of tumor. (f) 
Diagnostic ROC curve for HGH1. “*, p < .05; **, p < .01; ***, p < .001”.
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alcohol dehydrogenase [NAD (P)+] activity were 
enriched (Figure 4a,c and Supplementary Table 1).

The KEGG functional enrichment results revealed that 
neuroactive ligand‒receptor interaction, regulation of lipo
lysis in adipocytes, retinol metabolism, PPAR signaling 
pathway, neutrophil extracellular trap formation and 

metabolism of xenobiotics were among enriched 
(Figure 4b,d and Supplementary Table 1).

GSEA functional enrichment analysis predicts the func
tion of HGH1 in BRCA. We find HGH1 and HATs acet
ylate histones, HDACs deacetylate histones, senescence 
associated secretory phenotype SASP, Activated PKN1 

Figure 3. Single-gene expression and analyses about HGH1. (a) Volcano plot of HGH1. (b) HUB genes’ PPI. (c) Heatmap analysis. (d) 
Heatmap illustrating the co-expression between 35 hUB genes and HGH1.
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promotes the transcription of AR-regulated genes KIK2 
and KIK3, signaling by NOTCH, ESR mediated signaling, 
PI3K-AKT-mTOR signaling pathway, and TCF-dependent 
signaling in response to the Wnt and other pathways are 
closely related (Figure 4e–g).

Immunoinfiltration analysis of HGH1

HGH1 expression showed a positive correlation with 
the infiltration levels of Th2 cells and a negative cor
relation with the infiltration levels of T cells 
(Figure 5a,c).

Figure 4. Functional enrichment analysis about HGH1 gene. (a, b) GO and KEGG results. (c, d) Category names for GO and KEGG 
analyses corresponding to their respective identifiers. (e–g) GSEA analysis results. A positive value on the abscissa indicates positive 
correlation between HGH1 and the pathway, while a negative value indicates an inverse correlation.
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Then we analyzed the correlation between HGH1 
and surface marker proteins of immune cells, and 
the results revealed strong correlations between 
HGH1 and CR2, CD8A, SIGLEC8, IL3RA, CD3G, 
CD4, PTPRC and CXCR5 (Figure 5b). Finally, in 
Figure 5d–f and Supplementary Table 3, we investi
gated the correlation between HGH1 and several 
common immunotherapy targets, finding that 

HGH1 was positively associated with STX10 and 
negatively associated with CD200 and CFH.

High HGH1 expression indicates poor prognosis in 
BRCA

Survival analysis was conducted using prognostic 
data from BC patients. As depicted in Figure 6a, 

Figure 5. Immunoinfiltration on HGH1. (a) Analysis of the correlation between HGH1 and 24 immune types. (b) Heatmap between 
HGH1 and various immune cell surface marker protein. (c) Comparison of immune cell infiltration levels with varying HGH1. (d–f) 
Analysis of the correlation between HGH1 and CD200, STX10, CFH. “*, p < .05; **, p < .01; ***, p < .001”.
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elevated HGH1 expression was linked to worse over
all survival (OS). For instance, in Figure 6b, ROC 
assessed predictive accuracy of HGH1 expression for 
patient prognosis, an AUC of 0.643 was found, indi
cating that HGH1 was significant in predicting 
patient outcomes with BC. Moreover, an online data
base analyzed the prognostic impact of HGH1 
expression in CESC, KIRC, and LIHC, as displayed 
in Supplemental Figure 1. The analysis revealed that 
elevated HGH1 correlates with reduced OS, implying 
a potential link between HGH1 and tumor 
progression.

We subsequently used 106 sample data to explore 
the relationship between HGH1 and patient prognosis. 
Figures 6c,d indicated higher HGH1 correlated with 
worse prognosis, aligning with the online data findings.

Effects of HGH1 knockdown in BC cells

Compared with normal breast cells, HGH1 protein was 
up-regulated in BC cells MDA-MB-231 and MCF-7 
(Figure 7a,b). Then, we constructed MDA-MB-231 
and MCF-7 cells that knock down HGH1, and confirm 
the reduced expression of HGH1, as shown in 
Figure 7c–d. After that, a CCK-8 assay was performed, 
and the results revealed that cells with low HGH1 
knockdown had reduced proliferation ability, as 
shown in Figure 7e,f. A colony formation test revealed 
that colony formation ability decreased after HGH1 
knockdown, as shown in Figure 7g,i. Transwell experi
ments revealed that the invasive capacity of HGH1- 
knockdown cells was reduced (Figure 7h,j). Wound- 
healing assays further indicated that, over time, the 
migratory ability of HGH1-knockdown cells dimin
ished, as illustrated in Figures 7k–n. Additionally, 

western blot revealed ER protein expression was up- 
regulated after HGH1 knockdown (Figure 7o–p).

Discussion

BC is a group of biologically and molecularly hetero
geneous diseases originating in the breast [19] with 
increasing incidence and mortality worldwide [1,20]. 
Indications and precision have become popular focuses 
of breast cancer treatment. Therefore, identification of 
the molecular targets that promote BC growth is parti
cularly important for diagnosis, treatment and 
prognosis.

At present, many genes or proteins related to growth 
and proliferation have been shown to be related to BC. 
HGH1 is a human growth hormone associated with 
mature-onset Diabetes of the Young, Type 3 
(MODY3), and its function in malignant tumors has 
not been defined. Only one study has shown that 
HGH1-mediated CASC21 can accelerate the malignant 
phenotype of tumor cells [11], suggesting that HGH1 
may be related to cancer cells proliferation and migra
tion. As a result, we speculate HGH1 may be related 
to BC.

This research first used RNA-seq data, which is mainly 
from TCGA and GEO databases, revealed HGH1 was 
notably elevated in BC. Immunohistochemistry of 106 
samples that HGH1 protein was higher in tumor tissues 
compared to normal tissues, and its expression was 
strongly linked to ER and PR levels, as well as tumor 
stage. Additionally, ROC curve analysis, AUC = 0.880 
indicates that HGH1 may promote tumor onset and 
progression, potentially serving as a molecular marker 
for BC diagnosis.

Figure 6. HGH1 expression in prognosis. (a) Kaplan–Meier survival curves for OS stratified by HGH1 expression. (b) Prognostic ROC 
curve. (c) Kaplan–Meier OS curves on HGH1 expression in 106 BC clinical samples. (d) Kaplan-Meier DSS curves on HGH1 expression 
in 106 BC clinical samples.
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Figure 7. Effects of HGH1 knockdown in BC cells. (a) HGH1 protein in MCF-10A, MDA-MB-231 and MCF-7. (b) Quantitative analysis of western 
blot. (c) Fluorescence map of HGH1 knockdown cell construction. (d) MDA-MB-231 and MCF-7 were transfected with shHGH1, and HGH1 was 
assessed using qRT-PCR. (e, f) Cell proliferation was measured through CCK-8 assays, and (g, i) colony formation was evaluated. (h, j) Invasion 
assays were performed to assess cell migration, while (k–n) wound-healing assays were performed to assess the metastatic potential. (o) ER 
protein expression. (p) Quantitative analysis of western blot. “*, p < .05; **, p < .01, ***, p < .001”.
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To better understand HGH1 in BC development and 
progression, this study screened 35 genes and 10 hUB 
genes closely related to HGH1, including LCE protein 
family, SPRR protein family, through single-gene dif
ference and correlation analysis. Previous studies have 
shown that the LCE family enables identical protein- 
binding activity and participates in keratinization. 
LCE1C is the target of cyclin GAK [21]. LCE3D is 
upregulated in head and neck squamous cell carcinoma 
[22] and may serve as a potential target in cancer 
molecular diagnosis and targeted therapy. Small pro
line-rich proteins (SPRRs), which are structural com
ponents of the epidermis of the skin and are involved in 
keratinocyte differentiation and peptide crosslinking, 
are located in the keratinocyte envelope. SPRR2E has 
been shown to be present in cancer exosomes and 
promotes cancer cell differentiation as a novel molecu
lar target [23], and SPRR2G has also been shown to be 
highly expressed in HPV-positive head and neck squa
mous cell carcinoma, affecting the growth and differ
entiation of cancer cells [24]. These findings indicate 
HGH1 May participate in the cell cycle and differentia
tion, contributing to cancer onset and progression.

To gain deeper molecular mechanisms how HGH1 
contributes to tumor initiation and progression, we 
carried out GO, KEGG, GSEA functional enrichment 
analyses on HGH1 and its related differentially genes. 
The results are as follows: GO analysis revealed HGH1 
was associated with keratinization, epithelial cell apop
tosis and peptide hormone secretion, adenylate cyclase 
regulation, and GPCR signaling pathways. 
Keratinization is the differentiation process of epider
mal cells and is related to tumor progression [25]. Some 
peptide hormones, such as P substance and glucagon- 
like peptide 1, are overexpressed in tumors and can be 
used as tumor diagnosis and treatment targets [26–29]. 
Increased or decreased adenylate cyclase activity may 
lead to abnormal proliferation and invasion of BC cells. 
Moreover, adenylate cyclase/cAMP signaling pathway 
in BC cells interacts with estrogen receptor signaling 
pathway, which can influence the treatment response 
and prognosis. The abnormal expression and activation 
of GPCR is closely linked to pathological progression 
of BC. For example, GPCRS such as CXCR4 [30] and 
CCR7 [31] are elevated expressed in BC and are linked 
to the likelihood of tumor metastasis. The GPCR sig
naling pathway also influences the molecular typing 
of BC and its response to targeted therapies through 
interactions with breast cancer-related receptors such 
as ER [32] and HER2.

KEGG results show HGH1 is associated with the 
regulation of lipolysis in adipocytes, PPAR and 

metabolism by cytochrome P450. Lipolysis is linked to 
cancer-associated cachexia, with tumor-secreted prolif
erative protein-1 regulating both adipogenesis and lipo
lysis in this condition [33–35]. PPAR signaling pathway 
is a known tumor-related signaling pathway [36–38]. 
Research indicates PPARγ expression has a role in 
inhibiting tumor growth in BC [39]. PPARγ regulates 
the apoptosis of BC cells through its interaction with 
ER (estrogen receptor) signaling pathway, especially in 
ER-positive BC.

GSEA also indicated a strong association between 
HGH1 and keratinization, the formation of cornified 
envelope, cyclin, PI3K-AKT-mTOR signaling pathway 
and Wnt pathway.

Tumor microenvironment is highly heterogeneous, 
and a thorough understanding of their components, 
particularly the traits of tumor-infiltrating immune 
cells, is essential for identifying key regulatory mole
cules that drive tumor progression and impact immu
notherapy. Therefore, we investigated the association 
between HGH1 and various immune cells. HGH1 
showed a positive correlation with Th2 cell infiltration 
and a negative correlation with T cell infiltration. The 
shift from Th1/Th2 equilibrium to Th2 dominance 
plays a critical role in tumor progression. Th2 cells 
are ineffective in supporting cellular immunity against 
tumors [40]. The replication potential and differentia
tion status of T cells are important regulators of anti
tumor activity, and the use of T cells capable of 
increasing self-renewal and replication capacity is asso
ciated with the antitumor response [41–43]. Moreover, 
HGH1 was correlated with the immunotherapy target 
STX10 and negatively correlated with CD200 and CFH. 
The study’s results suggest high HGH1 expression 
might suppress the tumor immune response, indicating 
that HGH1 could serve as a potential target for cancer 
immunotherapy.

Next, the correlation between HGH1 and the prog
nosis of BC was examined. KM survival and ROC curve 
analysis indicated elevated HGH1 was linked to unfa
vorable prognosis. When examining the relationships 
between HGH1 and clinical characteristics, online data 
showed that HGH1 was related to ER, PR, tumor stage 
and BC classification (Supplementary Table 4), whereas 
when the sample information of 106 patients was used, 
HGH1 was related to ER, PR and tumor stage. The 
classification of tumors was not verified because of 
incomplete clinical data.

Finally, to verify HGH1’s function, we downregu
lated HGH1 in BC cell lines via stable transfection of 
shRNA. CCK-8, wound-healing, invasion, and colony 
formation assays showed knockdown HGH1 reduced 
the viability, invasion and migration ability.
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In summary, HGH1 expression contributes to the 
progression of BC, weakens antitumor immune 
response, and promotes invasion and migration of BC 
cells. Thus, HGH1 could serve as a valuable molecular 
marker for predicting breast cancer outcomes, as well 
as a new target for tumor therapy, presenting fresh 
strategies for the future management of BC patients.

This study first systematically demonstrates the 
important role of HGH1 in the progression of BC, 
particularly its inhibitory effect on anti-tumor 
immune responses and its promotion of BC cells 
invasion and migration. In contrast to existing litera
ture, most studies focus on well-known molecular 
markers and signaling pathways in breast cancer, 
such as HER2 and BRCA1/2 [44], while research on 
HGH1’s specific mechanisms in the tumor microen
vironment has been relatively lacking. Through com
prehensive mechanistic analysis, this study identifies 
the important role of HGH1 in immune evasion and 
tumor progression, offering a novel potential target 
for BC treatment.

Moreover, this study has limitations. One notable 
issue is the imbalance between tumor samples and 
normal samples, sample size should be expanded 
and the gap should be narrowed for further verifi
cation in the future. Second, this study only pre
dicted the diagnosis and prognosis of 
monogenic BC, which cannot fully reflect all biolo
gical changes and individual differences of patients, 
and may ignore the interaction between genes and 
the influence of microenvironment. Future studies 
can evaluate the prognosis and diagnosis of differ
ent combinations of markers. Finally, the effect of 
HGH1 on BRCA cell lines was validated in this 
study, the findings related to KEGG pathway 
enrichment require further validation through 
in vitro and vivo experiments. In the end, given 
that it is a retrospective study, further prospective 
research is essential to address the inherent biases 
linked to retrospective investigations.

Conclusion

Knockdown of HGH1 in BC cells can inhibit viability, 
invasion and migration of tumor cells.
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