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Abstract

Hepatocellular carcinoma (HCC) has a high mortality rate, and the identification of early prognostic markers is crucial for
improving patient outcomes. This study aimed to investigate the correlation between the expression of Histocompatibility
Minor 13 (HM13) and the prognosis of HCC patients. HM13 protein expression was assessed in HCC tissues and cells
through immunohistochemistry (IHC), quantitative reverse transcription PCR (qRT-PCR), and western blot. The relation-
ship between HM13 expression and clinicopathological data of HCC was evaluated. Bioinformatics analyses, including
Gene Expression Omnibus (GEO) database, Gene Expression Profiling Interactive Analysis (GEPIA), and Kaplan-Meier
plotter (K-M plotter), were employed to analyze HM13 expression and its association with patient survival. HM13 was
significantly overexpressed in HCC tissues and cells compared to normal controls. IHC revealed that HM13 protein was
primarily localized in the cytoplasm and highly expressed in HCC tissues. Interestingly, patients with high HM13 expres-
sion had significantly poorer overall survival (OS), progression-free survival (PFS), recurrence-free survival (RFS), and
disease-specific survival (DSS) than those with low expression. HM13 expression was associated with Edmondson grade,
metastasis, microvascular invasion, and alpha-fetoprotein (AFP) levels. Multivariate analysis identified HM13 as an inde-
pendent prognostic factor for poor OS in HCC. HM13 was markedly overexpressed in HCC and correlated with poor
prognosis, suggesting its potential as a promising biomarker for early prognostic detection in HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is the predominant form
of liver cancer, representing 75-85% of cases, and is the
primary type of liver cancer worldwide with the second
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the cell surface and is recognized by alloreactive T lympho-
cytes (Casillo et al. 2019; Kamasaka et al. 2020; Yokoyama
et al. 2021). Numerous studies indicated that HM13 pro-
tein is implicated in the regulation of malignant features
of tumor cells, such as cell proliferation, migration, and
invasion (Di Guida et al. 2020; Wei et al. 2017; Yang et al.
2022). Particularly, HM13 serves as an oncogenic factor in
breast cancer by dampening autophagy and prompting the
activity of PI3K-AKT-mTOR pathway (Yang et al. 2022).
HM13 affected epidermal growth factor receptor variant I11
(EGFRUVIII) secretion and thereby promoted glioblastoma
progression (Wei et al. 2017). Recent studies have high-
lighted the potential role of HM 13 in HCC. HM13 as a prog-
nostic factor and a predictive biomarker for immunotherapy
in HCC, suggesting its potential as a responsiveness indi-
cator in HCC immunotherapy (Zhang et al. 2022). HM13
is an unfavorable prognostic biomarker in HCC, promoting
cell proliferation, migration, and invasion (Liu et al. 2022).
Furthermore, HM13 is involved in the gene regulation net-
work of eukaryotic translation initiation factor 2 subunit 2
(EIF2S2), which contributes to HCC progression (Ji et al.
2021). Despite these findings, the prognostic value of HM13
in HCC development and progression have not been veri-
fied in large cohort of HCC subjects.

This study aimed to investigate the correlation between
HM13 expression and prognosis in HCC. We assessed
HM13 expression in HCC tissues and cells, and evaluated
its relationship with clinicopathological data. Bioinformat-
ics analyses using the Gene Expression Omnibus (GEO)
database, the Gene Expression Profiling Interactive Analy-
sis (GEPIA), and Kaplan-Meier plotter were employed to
analyze HM13 expression and patient survival. Our find-
ings revealed significant HM13 overexpression in HCC,
correlating with poorer overall survival, progression-free
survival, recurrence-free survival, and disease-specific sur-
vival. HM13 expression associated with Edmondson grade,
metastasis, microvascular invasion, and alpha-fetoprotein
levels. Multivariate analysis identified HM13 as an inde-
pendent prognostic factor for poor overall survival in HCC.
These results suggest HM13 as a potential prognostic bio-
marker and therapeutic target in HCC.

Methods and materials

Tissue specimens

HCC tissues were acquired from 90 patients who underwent
surgical resection at Yantai Yuhuangding Hospital between
January 2018 and December 2021. Inclusion criteria:

pathologically diagnosed as HCC, no prior chemotherapy
or radiotherapy, and patients provided written informed
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consent. The study was approved by the Ethics Committee
Board of Yantai Yuhuangding Hospital. Fresh tissue sam-
ples were immediately snap-frozen in liquid nitrogen and
stored at —80 °C until further analysis.

Bioinformatics analysis

Gene expression data and clinical information were
obtained from the Gene Expression Omnibus (GEO) data-
bases GSE102079 and GSE76427. The GSE102079 dataset
included 105 non-tumor liver tissues and 152 HCC tissues,
while GSE76427 contained 52 non-tumor liver tissues, 115
HCC tissues, and 167 clinical data points. The GEO2R
online tool (https://www.ncbi.nlm.nih.gov/geo/geo2r/) was
used to analyze the differentially expressed genes between
HCC and normal liver tissues. The Kaplan-Meier Plotter
(http://kmplot.com/analysis/), an online survival analysis
tool, was employed to assess the prognostic value of HM13
in HCC patients. The Gene Expression Profiling Interac-
tive Analysis (GEPIA, http://gepia.cancer-pku.cn/) database
was used to analyze HM13 expression and its correlation
with overall survival (OS) and disease-free survival (DFS)
in HCC patients.

Immunohistochemical (IHC) analysis

Formalin-fixed, paraffin-embedded HCC tissue Sect. (4 pm
thick) from all 90 patients were subjected to IHC analysis.
After deparaffinization and rehydration, antigen retrieval
was performed by heating the sections in 10 mM citrate
buffer (pH 6.0) for 10 min. Endogenous peroxidase activity
was quenched by incubating the sections with 3% hydrogen
peroxide for 10 min. Sections were then blocked with 5%
bovine serum albumin (BSA, Sigma-Aldrich, A9647) for
1 h at room temperature and incubated overnight at 4 °C
with a rabbit polyclonal anti-HM13 antibody (1:200 dilu-
tion, Abcam, ab266584). The specificity of the anti-HM13
antibody was validated by the manufacturer using knockout
cell lines. After washing with PBS, the sections were incu-
bated with a horseradish peroxidase (HRP)-conjugated goat
anti-rabbit IgG secondary antibody (1:500 dilution, Abcam,
ab6721) for 1 h at room temperature. The chromogenic reac-
tion was developed using the 3,3’-diaminobenzidine (DAB)
substrate kit (Vector Laboratories, SK-4100) according to
the manufacturer’s instructions. The sections were counter-
stained with hematoxylin, dehydrated, and mounted with
Permount (Fisher Scientific, SP15-100). Negative controls
were prepared by omitting the primary antibody. The sam-
ples were visualized under EVOS 3000 imaging platform
(Thermo Fisher Scientific).

The staining intensity was evaluated by two indepen-
dent pathologists blinded to the clinical data using an
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immunoreactive score (IRS) system. The IRS considered
both the percentage of positive cells (0: 0%, 1: 1-25%, 2:
26-50%, 3: 51-75%, 4: 76—-100%) and the staining inten-
sity (0: negative, 1: weak, 2: moderate, 3: strong). The IRS
was calculated by multiplying the scores for percentage and
intensity, ranging from 0 to 12. An IRS> 6 was considered
high HM13 expression, while an IRS <6 was regarded as
low expression.

Cell culture

Human hepatocellular carcinoma cell lines (Huh7, HB-8064;
HCCLM3, CBP60518; Hep3B, HB-8064) and the immor-
talized human normal hepatocyte cell line (L02, GNHu 39)
were obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA). Huh7, HCCLM3, and Hep3B
cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM, Gibco, 11965-092) supplemented with 10% fetal
bovine serum (FBS, Gibco, 16000-044), 100 U/mL penicil-
lin, and 100 pg/mL streptomycin (Gibco, 15140-122). L02
cells were maintained in Endothelial Cell Basal Medium
(EBM, Lonza, CC-3156) with the following supplements:
10% FBS, 0.1% human epidermal growth factor (hEGF,
Lonza, CC-4015), 0.1% hydrocortisone (Lonza, CC-4035),
and 0.1% gentamicin/amphotericin (GA-1000, Lonza,
CC-4083). All cell lines were cultured in a humidified incu-
bator at 37 °C with 5% CO2. Cells were regularly passaged
at 80-90% confluency using 0.25% Trypsin-EDTA (Gibco,
25200-056) to detach cells from the culture flasks.

RNA extraction and quantitative reverse
transcription PCR (qRT-PCR)

Total RNA was extracted from HCC tissues (10 mg) and cell
lines (5% 10”5 cells) using the TRIzol reagent (Invitrogen,
15596026) according to the manufacturer’s protocol. RNA
concentration and purity were determined using a Nano-
Drop 2000 spectrophotometer (Thermo Scientific). One
microgram of total RNA was reverse-transcribed into cDNA
using the High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, 4368814). The mRNA expression
levels of HM 13 and the internal control GAPDH were quan-
tified by qRT-PCR using the PowerUp SYBR Green Mas-
ter Mix (Applied Biosystems, A25742) on a QuantStudio
6 Flex Real-Time PCR System (Applied Biosystems). The
following primer sequences were used: HM13 forward, 5’-
ACCAGCTTTGCAGCCTACAT-3’ and reverse, 5’-GGA
TTTGACTCCTCATAACTGAACA-3’; GAPDH forward,
5’-AGAAGGCTGGGGCTCATTTG-3’ and reverse, 5’-AG
GGGCCATCCACAGTCTTC-3’. The qRT-PCR conditions
were: 95 °C for 3 min, followed by 40 cycles of 95 °C for
30 s, 60 °C for 30 s, and 72 °C for 30 s. All reactions were

performed in triplicate. The relative HM13 expression lev-
els were calculated using the 22722t method and normal-
ized to GAPDH.

Western blot analysis

Total protein was extracted from HCC tissues (20 mg) and
cell lines (1x 1076 cells) using RIPA lysis buffer (Thermo
Scientific, 89900) supplemented with a protease and phos-
phatase inhibitor cocktail (Thermo Scientific, 78442).
Protein concentrations were determined using the Pierce
BCA Protein Assay Kit (Thermo Scientific, 23225). Equal
amounts of protein (20 ug) were separated by 10% SDS-
PAGE and transferred onto PVDF membranes (Millipore,
IPVHO00010). After blocking with 5% non-fat milk in Tris-
buffered saline containing 0.1% Tween-20 (TBST) for 1 h at
room temperature, the membranes were incubated overnight
at 4 °C with the following primary antibodies: anti-HM13
(1:1000, Abcam, ab266584) and anti-GAPDH (1:5000,
Abcam, ab8245). After washing with TBST, the membranes
were incubated with an HRP-conjugated goat anti-rabbit
IgG secondary antibody (1:5000, Abcam, ab6721) for 1 h at
room temperature. The immunoreactive bands were visual-
ized using the SuperSignal West Femto Maximum Sensi-
tivity Substrate (Thermo Scientific, 34095) and imaged on
the ChemiDoc MP Imaging System (Bio-Rad). The relative
protein levels were quantified by densitometry using Image
Lab software (Bio-Rad) and normalized to GAPDH.

Statistical analysis

Graphpad Prism 5 software (GraphPad Software, San Diego,
CA, USA) was used for statistical drafting and analysis. The
differences between the two groups were compared by Stu-
dent’s t-test. Kaplan-Meier curves and the Gene Expression
Profiling Interactive Analysis (GEPIA) test were applied
to analyze the relationship between HM13 expression and
prognosis of hepatocellular carcinoma (HCC) patients. Cox
proportional hazards regression analysis was used to evalu-
ate HCC-related prognostic factors. A p-value <0.05 was
considered statistically significant.

Results

HM13 is highly expressed in HCC tissue

Analysis of the GEPIA database revealed that HM 13 mRNA
levels are significantly higher in HCC tissues compared to
normal tissues (Fig. 1a-b). Consistent with this, data from the

GEO datasets GSE102079 and GSE76427 showed elevated
HM13 expression in HCC samples (Fig. 1c-d). qRT-PCR
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Fig. 1 HM13 is Overexpressed in HCC (hepatocellular carcinoma)
Tissues. a Relative HM13 gene expression pattern analysis in differ-
ent malignancies using Gene Expression Profiling Interactive Analysis
(GEPIA) database; b GEPIA database revealed significantly higher

analysis of 90 HCC patient samples in our study cohort also
demonstrated significantly upregulated HM13 mRNA lev-
els in tumor tissues relative to adjacent non-cancerous tis-
sues (Fig. 2a). Western blot analysis of 5 randomly selected
paired HCC and non-tumor tissues further confirmed higher
HM13 protein expression in HCC (Fig. 2b). Immunohisto-
chemical staining revealed that HM 13 protein was primarily
localized in the cytoplasm and membrane, and was highly
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HM]13 messenger RNA (mRNA) expression levels in hepatocellu-
lar carcinoma (HCC) tissues compared to normal tissues. ¢-d Data
from the Gene Expression Omnibus (GEO) datasets GSE102079 and
GSE76427 showed elevated HM 13 protein expression in HCC samples

expressed in HCC tissue sections compared to normal liver
tissue (Fig. 2¢).

High HM13 expression correlates with poor survival
in HCC patients

Analysis of 364 HCC patients from the GEPIA database
showed that patients with high HMI3 expression had
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Fig. 2 Validation of HM13 Overexpression in HCC Patient Samples.
a Quantitative reverse transcription polymerase chain reaction (qQRT-
PCR) analysis of 90 HCC patient samples demonstrated significantly
upregulated HM13 mRNA levels in tumor tissues compared to adja-
cent non-cancerous tissues. ~ P <0.001. b Western blot analysis of

significantly worse overall survival (OS) and disease-free
survival (DFS) compared to those with low expression
(Fig. 3a-b). Kaplan-Meier plotter analysis further demon-
strated that elevated HM 13 levels were associated with infe-
rior OS, progression-free survival (PFS), recurrence-free
survival (RFS), and disease-specific survival (DSS) in HCC
patients (Fig. 3c-f). Consistent with these findings, estima-
tion of patient survival time in our cohort revealed dramati-
cally shorter OS in the HM13 high-expression group versus
the low-expression group (Fig. 3g).
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5 randomly selected paired HCC and non-tumor tissues confirmed
higher HM13 protein expression in HCC. ¢ Immunohistochemical
(IHC) staining of HM 13 protein in HCC tissue sections compared to
normal liver tissue. Scale bar, 50 pm in

HM13 expression correlates with clinicopathological
characteristics

Chi-square analysis was performed to evaluate the relation-
ship between HM1I3 expression and clinicopathological
parameters in HCC patients (Table 1). The results indicated
that high HM13 expression was significantly associated with
higher Edmondson grade, presence of metastasis, microvas-
cular invasion, and elevated alpha-fetoprotein (AFP) levels.
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Fig. 3 High HM13 Expression Correlates with Poor Survival in HCC OS, progression-free survival (PFS), recurrence-free survival (RFS),
Patients. a-b Analysis of 364 HCC patients from the GEPIA database and disease-specific survival (DSS) in HCC patients. g Estimation of
showed that patients with high HM13 expression had significantly patient survival time in the study cohort revealed dramatically shorter
worse overall survival (OS) and disease-free survival (DFS) com- OS in the HM13 high-expression group versus the low-expression
pared to those with low expression. ¢-f Kaplan-Meier plotter analysis group

demonstrated that elevated HM13 levels were associated with inferior
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Table 1 Relationship between HM13 expression and clinicopathologi-
cal data of HCC

Clinical pathologic ~ Group Case HMI13 expresssion P
parameters Low High
(n=45) (n=45)

Age (years) <55 44 19 25 0.2058
>55 46 26 20

Gender Male 59 31 28 0.5057
Female 31 14 17

Tumor size (cm) <5 40 18 22 0.3961
>5 50 27 23

Tumor number Single 46 25 21 0.399
Multiple 44 20 24

Edmondson grade  I+11 39 26 13 0.0057
I 51 19 32

Metastasis Negative 43 27 16 0.0203
Positive 47 18 29

Microvascular Absence 32 21 11 0.0277

invasion
Presence 58 24 34

AFP (ug/L) <50 48 30 18 0.0112
>50 42 15 27

Cirihosis Negative 40 18 22 0.3961
Positive 50 27 23

However, HM13 expression did not correlate with patient
age, gender, tumor size, tumor number, or cirrhosis status.

HM13 is an independent prognostic factor for poor
0Sin HCC

Univariate and multivariate Cox proportional hazards
regression analyses were conducted to determine indepen-
dent prognostic factors for overall survival in HCC patients
(Table 2). Univariate analysis revealed that high Edmond-
son grade, presence of metastasis, microvascular invasion,
elevated AFP levels, and high HM13 expression were asso-
ciated with poor OS. Importantly, multivariate analysis iden-
tified HM13 overexpression as an independent predictor of

shorter OS, along with high Edmondson grade, metastasis,
and microvascular invasion.

HM13 is highly expressed in HCC cell lines

To further validate the expression pattern of HM13 in HCC,
we examined its expression in human hepatoma cell lines
(Huh7, HCCLM3, and Hep3B) and the immortalized nor-
mal hepatocyte cell line L02. gqRT-PCR and western blot
analyses showed significantly higher HM/3 mRNA and
protein levels in the HCC cell lines compared to L02 cells
(Fig. 4a-b).

Discussion

Our demonstrated that HM13 is markedly upregulated in
HCC tissues and cell lines. High HM13 expression cor-
relates with aggressive clinicopathological features and
serves as an independent predictor of poor prognosis in
HCC patients, highlighting its potential as a prognostic bio-
marker. Currently, the primary focus of liver cancer research
lies in the later stages, with limited knowledge of the dis-
ease in its early stages (Akbulut et al. 2020; Choudhuri et al.
2019; Gasser et al. 2022; Guo et al. 2018). Therefore, identi-
fying early markers for liver cancer is crucial for improving
the prognosis of HCC. Pervious investigation showed that
by suppressing vascular endothelial growth factor (VEGF),
a marker for HCC, the activity of macrophages can be
reduced (Okikawa et al. 2022). A strong correlation was
found between high expression of thyroid hormone respon-
sive gene (THRSP) and a poor prognosis for HCC patients
(Ding et al. 2022). Additionally, heighten expression of
alpha-fetoprotein (AFP) and protein induced by vitamin K
absence (PIVKA)-II were found to be correlated with post-
transplant recurrence of HCC (Lee et al. 2022). These tumor
markers are currently used in the clinical screening and
monitoring of HCC. However, these markers are limited to

Table 2 Univariate and multivariate Cox regression curves were used to analyze the overall survival and prognosis of HCC patients

Clinical pathologic parameters Univariate analysis

Multivariate analysis

HR 95% CI P HR 95% CI P
Age (years) 1.25 0.43-3.26 0.62
Gender 2.58 1.11-4.85 0.54
Tumor size (cm) 1.86 0.34-2.59 0.01 1.14 0.59-2.24 0.57
Tumor number 1.77 0.54-5.16 0.32
Edmondson grade 2.76 1.04-4.15 <0.01 227 1.26-3.18 0.01
Metastasis 4.41 2.12-6.71 <0.01 3.07 1.17-5.22 0.03
Microvascular invasion 2.52 1.37-3.84 <0.01 1.84 0.85-4.32 0.36
AFP (ng/L) 2.13 1.25-3.18 <0.01 1.64 0.97-3.01 0.18
Cirihosis 1.86 0.62-5.15 0.25
HBs antigen 2.21 0.81-6.13 0.12
HM13 expresssion 3.11 1.11-5.25 <0.01 2.64 0.88-3.75 0.02
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Fig. 4 HM13 Expression in HCC Cell Lines. a Quantitative reverse
transcription polymerase chain reaction (QRT-PCR) and b western blot
analyses showed significantly higher HM13 mRNA and protein levels

specific conditions, making them insufficient for screening
the early stage HCC cases.

HM13, also known as non-metastatic cells protein 7
(NME7), is an integral membrane protein that exhibits
sequence motifs characteristic of presenilin-type aspartic
proteases (Yao et al. 2022). Accumulating evidence suggests
that HM13 plays a crucial role in promoting cancer progres-
sion and malignancy across multiple tumor types. In breast
cancer, HM13 has been shown to dampen autophagy and
activate the PI3K-AKT-mTOR pathway, thereby function-
ing as an oncogenic factor (Yang et al. 2022). Furthermore,
HM 13 overexpression in breast cancer cells enhanced their
proliferative, migratory, and invasive capabilities, while its
knockdown elicited the opposite effects.

Of note, the upregulation of HMI3 in breast cancer is
featured by loss of DNA demethylation at the gene loci
(Goovaerts et al. 2018). In glioblastoma, HM13 affects the
secretion of epidermal growth factor receptor variant I1I
(EGFRVIII), contributing to tumor progression (Wei et al.
2017). Notably, high HM 13 expression correlated with poor
prognosis in glioblastoma patients, suggesting its potential
as a prognostic marker (Zong et al. 2022). Our findings of
significantly elevated HM13 expression in HCC tissues and
cell lines, along with its correlation with aggressive clini-
copathological features and poor survival outcomes, further
corroborate the oncogenic role of HM13 in facilitating HCC
development and progression.

Previous studies have highlighted the potential involve-
ment of HM13 in HCC pathogenesis. HM13 is identified as
a prognostic factor and a predictive biomarker for immu-
notherapy responsiveness in HCC (Zhang et al. 2022),
while HM13 is reported to promotes HCC cell proliferation,
migration, and invasion (Liu et al. 2022). Moreover, HM13
participates in the gene regulation network of EIF2S2,
thereby contributing to HCC progression (Ji et al. 2021).
Consistent with these reports, our comprehensive analysis
using multiple publicly available databases, along with our
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in human hepatoma cell lines (Huh7, HCCLM3, and Hep3B) compared
to the immortalized normal hepatocyte cell line L02. P <0.001

patient cohort data, firmly establishes HM13 as a potent
prognostic biomarker in HCC. Importantly, we identified
HM13 overexpression as an independent predictor of poor
overall survival, underscoring its potential clinical utility as
a prognostic indicator for HCC patients.

While our study provides compelling evidence for the
prognostic value of HM13 in HCC, there are certain limita-
tions that warrant further investigation. Firstly, the underly-
ing molecular mechanisms by which HM13 promotes HCC
progression remain elusive and warrant in-depth mechanis-
tic studies. Secondly, the potential of HM3 as a therapeu-
tic target in HCC needs to be explored through functional
experiments, such as gene knockdown and animal study.
Additionally, larger multi-center cohort studies are required
to validate the prognostic significance of HM13 in differ-
ent stages of HCC cases. Future research should also focus
on the potential role of HM13 in predicting and monitoring
therapeutic response, particularly in the context of emerging
immunotherapies for HCC.

Conclusion

To conclude, our study establishes HM13 as a novel prog-
nostic biomarker in HCC, with its overexpression correlat-
ing with aggressive clinicopathological features and poor
survival outcomes. HM13 was identified as an independent
predictor of worse overall survival, underscoring its poten-
tial clinical utility. However, further research is needed to
elucidate the underlying mechanisms, explore HM13 as a
therapeutic target through functional studies, and validate
its prognostic value in larger multi-center cohorts. Addi-
tionally, investigating the role of HM13 in predicting and
monitoring treatment responses, particularly for immuno-
therapies, could facilitate its application in personalized
HCC management strategies.
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