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Abstract : Transmembrane proteins (TMEMs) are frequently used as prognostic biomarkers for various cancer
types, making them a significant area of interest in cancer research. The prognostic significance of transmembrane
protein 14C (TMEM14C) and its association with tumor-infiltrating immune cells (TIICs) has not been explored in
liver hepatocellular carcinoma (LIHC). This study aimed to assess the potential prognostic value of TMEM14C by
conducting a comprehensive analysis of online databases on LIHC. We evaluated the potential of TMEMI4C as
a prognostic biomarker using online databases such as TIMER, GEPIA2, UALCAN, OSlihc, and LinkedOmics.
We observed that the mRNA expression of TMEM14C was upregulated in LIHC than that in normal tissues.
Upregulated TMEM14C expression was associated with worse prognosis based on the clinicopathological
characteristics of patients with LIHC. Furthermore, TMEM14C expression was positively associated with TIICs.
In the co-expression and functional enrichment analyses of TMEM14C, 7,401 genes were positively associated
with TMEM14C, whereas 12,520 genes showed negative associations. The results of gene set enrichment
analysis (GSEA)-Gene Ontology showed that TMEM14C-related co-expression genes were involved in protein
localization to translational elongation, protein localization to the endoplasmic reticulum, and mitochondrial gene
expression. Furthermore, GSEA-Kyoto Encyclopedia of Genes and Genomes analysis showed that these genes
regulated ribosomes, oxidative phosphorylation, and spliceosomes. A survival map revealed that 28 and 24 genes
that were positively associated with TMEM14C showed significant hazard ratios for overall survival and disease-
free survival, respectively. Our findings demonstrate that TMEM14C is a novel prognostic biomarker and a
potential tumor immune therapeutic target in patients with LIHC.
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INTRODUCTION health challenge. Liver hepatocellular carcinoma (LIHC) is

the most common type of liver cancer based on histological

Liver cancer is the third most common cause of cancer- characteristics [1]. Notably, LIHC is among the most preval-
related fatalities worldwide, and poses a significant global ent malignant tumors worldwide and the leading cause of
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mortality in individuals with cirrhosis [2]. Furthermore,
LIHC is linked to clearly identifiable risk factors, including
hepatitis B and C viruses, excessive alcohol consumption,
metabolic syndrome, and diabetes [3]. Although the survival
rate of patients with LIHC has improved due to advance-
ments in diagnostic techniques, the effectiveness of treat-
ment remains restricted. Moreover, early and conclusive
diagnosis of LIHC is challenging. Most patients typically
exhibit late-stage LIHC and have a poor prognosis. Addi-
tionally, LIHC has a high mortality rate owing to the failure
of early detection. Therefore, novel approaches are required
to enhance the early identification and prognosis of this
condition [4]. Furthermore, innovative treatments for LIHC
are urgently needed. Finding a new prognostic biomarker
is crucial for improving early detection and increasing the
survival rates of patients with LIHC. In recent years, tu-
mor immunotherapy has become a promising therapeutic
approach for LIHC [5].

The immune system is essential for regulating cancer
advancement [6]. The tumor immune microenvironment
(TIME) and tumor-infiltrating immune cells (TTICs) sig-
nificantly affect the body. Notably, TIICs play a crucial role
in host defense against cancer cell growth [7]. Therefore,
TIICs have become significant research topics in the field
of cancer [8] and have a strong correlation with the clini-
cal outcomes of both tumors and immunotherapy [9,10].
Furthermore, the correlation between the characteristics of
immune response and prognosis is emphasized [11]. The
prognostic significance of TIICs and immune molecules,
including tumor-associated dendritic cells, macrophages,
and natural killer cells, has been specifically observed in
LIHC [12]. Therefore, TIICs can substantially affect the
management and prognosis of patients with LIHC.

Transmembrane proteins (TMEM) span the biological
membranes. Several of them traverse the lipid bilayer of the
plasma membrane, whereas others are situated on the mem-
branes of organelles. The TMEM family comprises proteins
with predominantly uncharacterized functions. In addition,
TMEM expression can be either decreased or increased in
tumor tissues compared to that in nearby healthy tissues.
Several TMEMs have been suggested as potential prognos-
tic biomarkers for lung cancer. Moreover, experimental
evidence has shown that TMEM proteins can be classified
as either tumor suppressors or oncogenes. Additionally,
TMEMs have been associated with the advancement and

infiltration of tumors [13]. Furthermore, TMEMs are used
as prognostic biomarkers in many cancers. The critical role
of TMEMs in cancer development and drug resistance sug-
gests that the TMEM family is an important focus of cancer
research. We examined TMEM 14C expression and its prog-
nostic implications in LIHC using publicly available data-
bases including the Tumor Immune Estimation Resource
(TIMER), University of ALabama at Birmingham CANcer
(UALCAN), Gene Expression Profiling Interactive Anal-
ysis version 2 (GEPIA2), and Online consensus Survival
for liver hepato-cellular carcinoma (OSlihc). Additionally,
we evaluated the biological functions and co-expression
patterns of TMEM14C in LIHC using the LinkedOmics
database. Our results suggest that TMEM4C is a new prog-
nostic biomarker and a possible target for tumor immuno-
therapy in patients with LIHC.

MATERIALS AND METHODS

1. TIMER database analysis

TIMER (https://cistrome.shinyapps.io/timer/) is a web-
based tool that allows the analysis of immune cell infil-
tration in different cancer types. It uses information from
10,897 samples from The Cancer Genome Atlas (TCGA)
to determine the immune cells present [1]. We investigated
TMEMI14C expression in various cancers and the correla-
tion between TMEM 14C expression and immune cells.

2. UALCAN database analysis

The UALCAN (http://ualcan.path.uab.edu) database util-
izes RNA sequencing and clinical data from 31 different
cancer types. This tool can be used to examine the com-
parative expression of particular genes in both tumor and
normal samples, as well as within different tumor subcate-
gories. Subgroups can be classified according to various
clinicopathological characteristics such as tumor stage,
grade, race, sex, histological subtype, age, nodal metastasis,
and TP53 mutation status [1].

3. OSlihc database analysis

The OSlihc (http://bioinfo.henu.edu.cn/DatabaseList.jsp)
database functions as a platform for researchers to identify
novel prognostic biomarkers and develop innovative targeted
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therapies for different cancer types. The prognostic value
of TMEM14C in overall survival (OS), disease-free interval
(DFI), progression-free interval (PFI), and disease-specific
survival (DSS) was assessed to determine survival out-
comes using OSlihc [14].

4. LinkedOmics database analysis

LinkedOmics (http://www linkedomics.org/) is an openly
accessible platform that contains data for 32 different cancer
types from TCGA. This resource provides a unique opportu-
nity for biologists and clinicians to investigate cancer-related
multiomics data. The Kyoto Encyclopedia of Genes and
Genomes (KEGG) is a web-based tool that facilitates the
systematic examination of gene function and genomic data.
Gene Ontology (GO) analysis classifies gene functions into
terms associated with cellular components (CC), biological
processes (BP), and molecular functions (MF). The ranking
criterion was set at a false discovery rate of <0.05, and 500
simulations were performed [15].

5. GEPIA2

GEPIA2 (http://gepia2.cancer-pku.cn/#index) was used
to consolidate clinical data from 9,736 tumors and 8,587
normal tissues obtained from TCGA and GTEx pro-jects.
The “Expression Analysis” module enabled the execution
of clinical staging and survival analysis. Using the median
value as the cut-off, we generated KM curves for OS and
disease-free survival (DFS) associated with TMEM14C in
LIHC. Survival results are shown as KM curves with HR
and P-values from a log-rank test. p<0.05 using the Stu-
dent’s t test.

6. Statistical analysis

All results of this study were obtained from an accessible
database, and all examinations were performed using online
tools. The results are reported as P-values obtained from the
log-rank test, with a significance level of p<0.05.

RESULTS

1. mRNA expression analysis of TMEM14C
in LIHC

To assess the differential expression levels of TMEM14C
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between tumor and normal tissues, we analyzed TMEM14C
expression levels in various cancer types, including LIHC,
using the TIMER and GEPIA2 databases. We found that
TMEM14C expression levels were upregulated in bladder
cholangiocarcinoma, esophageal carcinoma, glioblastoma
multiforme, head and neck squamous cell carcinoma, renal
clear cell carcinoma, kidney renal papillary cell carcinoma,
lung adenocarcinoma, stomach adenocarcinoma, and thy-
roid carcinoma tissues compared to normal tissues. Con-
versely, TMEM14C expression levels were downregulated
in kidney chromophobe, rectal adenocarcinoma, and uterine
corpus endometrial carcinoma tissues compared to those in
normal tissues (Fig. 1A). In addition, TMEM14C expres-
sion levels were upregulated in LIHC (Fig. 1B). We also
examined the relationship between TMEM14C expression
and various clinicopathological features of LIHC, including
tumor stage, tumor grade, histological subtype, and TP53
mutations. Our findings revealed a significant association
between TMEM14C expression and primary tumor, tumor
stage (I, I, III, and IV), tumor grade (I, II, I1I, and IV), his-
tological subtype (hepatocellular carcinoma or fibrolamellar
carcinoma), and TP53 mutations in LIHC (Fig. 1C). In
summary, our data showed that TMEM[4C expression is
upregulated in LIHC.

2. Prognostic value analysis of TMEM14C in LIHC

We utilized the OSlihc database to investigate the potential
prognostic value of TMEM14C expression. Survival rates,
including OS, DFI, PFI, and DSS, were analyzed according
to TMEM14C expression in LIHC. Our findings indicated
that elevated TMEM 14C expression was associated with a
significantly poor prognosis in LIHC, as evidenced by OS
(HR, 1.58; p=0.0107), DFI (HR, 1.68; p=0.0008), PFI
(HR, 1.63; p=0.0013), and DSS (HR, 1.95; p=0.004)
(Fig. 2A). Additionally, we utilized the GEPIA2 database.
Elevated TMEM14C expression was associated with poor
prognosis in LIHC, as evidenced by OS (HR, 1.9; p=
0.00058) and DFI (HR, 1.6; p=0.0027) (Fig. 2B). Our
results showed that upregulated TMEM 14C expression pre-
dicts a poor prognosis in LIHC.

3. Analysis of correlation between TMEM14C and
TIICs in LIHC

Next, we focused on the correlation between TMEM14C
and TIICs in LIHC using the TIMER database. The results


http://www.linkedomics.org/
http://gepia2.cancer-pku.cn/#index

Hye-Ran Kim, Jongwan Kim, Hyun Jun Woo, Mi-Suk Park

192

j. e E2L N
L Tﬁ«%ém.ﬂ z

T T T T T 7

L L 1 s v €
[14] (1 Wa1)Bor-uorsseschg

LIHC
(num(T)=369; num(N)=160)

(08=U) JownL'WAN
(£§=u) JownL'$DN
(5€=U) [ewsoN'230N
(sp5=u) JownL'53on
(0ZT=U) Jown"WAHL
(65=U) [WON'VOHL
(T0S=u) Jowny'VOHL
(05T=U) Jown:1591
(5E=U) |ewION'QYLS
(STy=u) JownL"Qv1S
(89€=U) SISEISCIOWWONS
(E0T=U) JownL WINS
(652=U) JownL"D¥vs
(0T=U) [ew.0N'QV3Y
(991=u) Jowni'av3y
(zs=u) [ewoN"QvYd
(L6v=u) JownL"Qv¥d
(£=U) [eUION'9dDd
(6L1=U) JownL"9ddd
(p=u) lewoN'avVvd
(8L1=U) JownL"Qvvd
(£0€=U) JownLAO
(£8=u) JownL'0S3W
(Tg=u) [euLoN"2SM
(10§=u) JownL'55Mm
(65=U) [ewoN'QYM
(§15=u) Jownr avn
(0g=U) [PUWLION"DHIT
(T£€=U) JownLDHN ; ; ; :
(915=u) Jowny 997 °

(€LT=u) JownL TNV m m m m m
(ze=u) [eWIONGYIN uoljjiw 13d jduosuesy uoljjiw Jad jdudsuesy
(062=U) JownL gyt
(2£=0) [ewoN DU
(g€5=u) Jown DYy
(52=U) [eWION'HOI
(99=U) JownL"HOI
(T2y=U) JownL -AdH-OSNH
(L6=U) Jown’ +AdH-DSNH
(vp=U) [WION'ISNH
(025=U) JowNnL"ISNH
(g=u) |ewoN'WED
(€ST=u) JownL'WEO
(TT=u) |JewioN'vIS3
(v8T=u) JownLvos3
(8y=u) JownL'Dg1a
(Tp=u) [ewioN'QvV0d
(LS=U) JownL"av0d
(6=U) [PULIONTOHD
(9€=u) JownLTOHD

(£=U) [euLioN'DS3D
(vog=u) JownL'5530
(£1z=u) JownL gunT-youa
(p9g=u) JownL ywni-ydyg
(zg=u) JownL ZoH-you8
(06T=U) Jowny"|eseg-youa
(211=U) |lewoN'vOUE
(€60T=U) Jown'¥Oug
(61=u) |ewioN'¥D18
(80y=u) JownL'vo1a

Stage4
(n=6)

carcinoma (Mixed)
(0=7)

Stage3
(n=82)

x%
T
R
—_—
.
i
i
carcinoma
(n=3)

wkk
T

Stage2

(n=84)

cancer stages

=

-
)
Normal
(n=50)

b i
Normal
(n=50)

ok ook

Expression of TMEM14C in LIHC based on individual

*kk
Stagel
168)
Expression of TMEM14C in LIHC based on Histological
subtypes
fk
e
b
carcinoma
(n=361)

250

200
50
00
50
0

400 1

*
3
H
1
Grade 4
=12)

(n:

*xk
T
H
H
H
Primary tumor
(n=371)
*kk

Grade 3
(n=118)

*
*
*
*
*
*
e
*
*
*
*
*
*
*
¥
*
*

Grade 2
(n=173)

Grade 1
(n=54)

T

1
Normal
(n=50)

(n:

;L
Normal
=50)

(n=255)

TP53-NonMutant

=105)

TP53-Mutant
(n

=50)

Normal

(n:

T T T T T T T
8 2 8 3 8 2 e 8 8 8 8 8 8
8 { & 2 & ] @9

uoljiw Jad jduosues) uoljiw 1ad yduosuesy

(6£=u) JownL DOV T

T T T T
=1 2 =1 2 8 3 e
] Q&

2 2 8
uoljiw sad jduosues)

Expression of TMEM14C in LIHC based on tumor grade
Expression of TMEM14C in LIHC based on TP53 muation
status

350 1
350

o © © <

(WdL Z60]) [9A37 uolssaidx3 DPTIWIWL

<

Expression of TMEM14C in LIHC based on Sample types

350

C

High or low expression of TMEM14C in tumor tissues compared with normal tissues analyzed using the GEPIA?2 database. (C) TMEM14C
expression according to the presence of clinicopathologic characteristics (primary tumor, tumor stage, tumor grade, histological subtype,

(LIHC). (A) High or low expression of TMEM14C in tumor tissues compared with normal tissues analyzed using the TIMER database. (B)
and TP53 mutation) compared with normal tissues analyzed using the UALCAN database (*p <0.05, **p<0.01, ***p<0.001).

Fig. 1. mRNA expression levels of transmembrane protein 14C (TMEMI4C) in several tissues including liver hepatocellular carcinoma
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Fig. 2. Prognostic significance of TMEM14C expression in LIHC. The prognostic value of TMEM14C expression was analyzed using the
OSlihc (A) and GEPIA2 (B) databases. OS, overall survival; DFI, disease-free interval; PFI, progression-free interval; DSS, disease-specific

survival.
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Fig. 3. Correlation between TMEM 14C expression and tumor-infiltrating immune cells (TIICs) in LIHC. (A) Scatterplots showing the cor-
relation between TMEM14C and TIICs, including neutrophils, macrophages, MO macrophages, and M2 macrophages were analyzed using
the TIMER database. (B) The prognostic value of TMEM14C and TIICs was analyzed using the TIMER database.

revealed that TMEM14C positively correlated with the in-
filtration levels of neutrophils (R=0.215, p=0.0000575),
macrophages (R=0.17, p=0.00158), MO macrophages (R =
0.128, p=0.0172), and M2 macrophages (R=0.198, p=
0.000214) in LIHC (Fig. 3A). Next, we explored the associa-
tion among TMEM 14C expression, prognosis, and TIICs in
LIHC. Our findings showed that high TMEM14C expres-
sion combined with high neutrophil infiltration was associat-
ed with a poorer prognosis than low TMEM14C expression
with low neutrophil infiltration. Low TMEM14C expres-
sion with low neutrophil infiltration was associated with
poorer prognosis than low TMEM14C expression with high
neutrophil infiltration. A worse prognosis was observed in
patients with high TMEM14C expression and high macro-
phage infiltration than in those with low TMEM14C expres-
sion and low macrophage infiltration. Furthermore, low
TMEM14C expression with low macrophage infiltration
was associated with poorer prognosis than low TMEM14C
expression with high macrophage infiltration. Similarly,
high TMEM14C expression with high MO macrophage in-
filtration was associated with a poorer prognosis than low
TMEM14C expression with low M0 macrophage infiltra-
tion. Additionally, high TMEM14C expression with high
M2 macrophage infiltration was associated with a poorer
prognosis than low TMEM14C expression with low M2

macrophage infiltration (Fig. 3B). In summary, our results
suggest that elevated TMEM14C expression is associated
with TIICs and may influence tumor prognosis in patients
with LIHC.

4. Co-expression and functional enrichment
analysis of TMEM14C in LIHC

To explore the potential biological roles and pathways of
TMEM14C expression in LIHC, we assessed the co-expres-
sion of TMEM14C using the LinkedOmics database. A total
of 7,401 genes demonstrated a positive association with
TMEMI14C expression, as indicated by dark red dots,
whereas 12,520 genes exhibited a negative association,
as represented by dark green dots, in Fig. 4A. Heat maps
were used to highlight the top 50 genes that were posi-
tively or negatively associated with TMEM14C expres-
sion (Fig. 4B and C). The four most positively correlated
genes were TMEM14B (R=0.8373, p=9.107e-99),
TOMMG6 (R =0.6843, p=1.497e-52), CUTA (R=0.6543,
p=3.039-46), and SNRPC (R =0.647, p=2.249¢-45) (Fig.
4D). Conversely, CDC42EP2 negatively correlated with
SYNEI (R=0.4821, p=5.506e-23), HIVEP3 (R =0.4429,
p=2.937e-19), ASCC3 (R=0.4378, p=28.446e-19), and
SHROOM?2 (R=0.4279, p=6.005e-18) (Fig. 4E). Biologi-
cal process categories were identified using gene set enrich-
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Fig. 4. Co-expression and functional enrichment for TMEM14C in LIHC. TMEM14C co-expression genes and Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) terms were analyzed using the LinkedOmics database. (A) Highly correlated genes for
TMEM14C expression were assessed using the Pearson’s test in the LIHC cohort. Heat maps showing the top 50 genes positively and nega-
tively correlated with TMEM14C expression in LIHC. Red (B) and blue (C) indicate positively and negatively correlated genes, respectively.
Correlation of the top 4 positively (D) and negatively related genes (E) with TMEM14C in LIHC. (F) Enriched biological processes associated
with TMEM14C co-expressed genes by gene set enrichment analysis (GSEA). (G) KEGG pathway analysis for TMEM 14C co-expressed genes
by GSEA. Dark blue and orange indicate a false discovery rate (FDR) of <0.05 and light blue and orange indicate FDR >0.05.
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Fig. 5. Prognostic significance of TMEM14C-related genes was analyzed using the GEPIA2 database. Survival map of the positively-related
genes of TMEM14C according to OS (A) and RFS (B). Survival map of the negatively-related genes of TMEM14C according to OS (C) and
RFS (D). Heat map presenting the log10 (HR) of genes in LIHC. A square with bold border represents p <0.05 in the survival analysis.



ment analysis (GSEA) based on GO. The analysis revealed
that genes co-expressed with TMEM14C were involved in
processes such as translational elongation, protein local-
ization to endoplasmic reticulum, and mitochondrial gene
expression (Fig. 4F). Additionally, GSEA of the KEGG
pathways indicated that the co-expressed genes were pre-
dominantly enriched in the ribosomes, oxidative phosphor-
ylation, and spliceosomes (Fig. 4G). In summary, our find-
ings indicated that TMEM14C may affect LIHC prognosis
by altering the overall transcriptome.

5. Prognostic value of TMEM14C-related gene
in LIHC

We investigated the prognostic value of TMEM [4C-related
genes in LIHC by analyzing data from the GEPIA2 data-
base. The TMEM14C-related genes appear to be high risk
factors for LIHC. Among the genes positively associated
with TMEM14C, 28 showed a significant hazard ratio (HR)
for OS, whereas 24 showed a high HR for DFS (Fig. 5A
and B). Conversely, Among the genes negatively associated
with TMEM14C, seven showed a significant HR for OS,
whereas three showed a significant HR for DFS (Fig. 5C
and D). Therefore, TMEM14C and its related genes are of
prognostic importance in LIHC.

DISCUSSION

LIHC is a globally prevalent malignancy, and is character-
ized by a poor prognosis and significant mortality rate [16].
Furthermore, LIHC is the predominant form of primary
liver cancer, accounting for approximately 90% of all cases
of liver cancer. Following initial therapies, including sur-
gical resection and transplantation, LIHC shows a signifi-
cant tendency to recur, with a 5-year survival rate ranging
from 50% to 70% [17]. The prognosis of LIHC is highly
unfavorable mainly because it is often diagnosed at an ad-
vanced stage and very few treatment options are available.
Therefore, promptly identifying significant biomarkers
for the diagnosis and prognosis of LIHC as well as targets
for treatment is crucial [18,19]. To date, limited research
has focused on TMEM14C; however, our findings are the
first to demonstrate its relationship with LIHC. This study
aimed to predict the prognosis of patients with LIHC and to
enhance future outcomes.

The immune system plays a crucial role in controlling
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cancer growth, and the activity of immune cells has the
potential to promote cancer progression [20,21]. The TIME,
which is regulated by TIICs, is pivotal for cancer progres-
sion and promotion [22]. Furthermore, TIICs play a crucial
role in the development and progression of cancer cells and
tumors. The number and specific characteristics of TIICs
directly affect clinical outcomes [23]. Several studies have
examined the attributes of various types of immune cells and
their correlation with prognosis [24] as well as the prognos-
tic importance of TIICs and immune molecules in LIHC [25].
Therefore, TIICs significantly influence the treatment and
prognosis of patients with LIHC.

A TMEM is a protein that extends across biological mem-
branes. Some of these proteins span the lipid bilayer of the
plasma membrane, whereas others are localized on organ-
elle membranes. The TMEM family comprises proteins
with predominantly uncharacterized functions. Further-
more, TMEMs are found in various cell types and play cru-
cial physiological roles, including epidermal keratinization
(TMEM45A) [26], autophagy, smooth muscle contraction
(TMEM16) [27], protein glycosylation (TMEM165) [28],
and liver development and differentiation (TMEM?97) [29].
Differential regulation of TMEM expression has been
observed in various cancer types, including lymphoma
(TMEM176) [30], colorectal cancer (TMEM?25) [31], hepa-
tic cancer (TMEM?7) [32], and lung cancer (TMEMA48) [33].
Numerous TMEMs are highly expressed in cancer cells. Cer-
tain genes are involved in tumor progression, invasion, and
development of metastasis, whereas others are associated
with poor prognosis and may act as prognostic biomarkers.
Many TMEM:s have been linked to the development of can-
cer and drug resistance, indicating that the TMEM family
is a prominent target for cancer investigation. In addition,
certain proteins function as tumor suppressors [34]. There-
fore, a more accurate description of these proteins would
enhance our understanding of their involvement in cancer
and facilitate the development of effective therapeutic
approaches.

In this study, we investigated the mRNA expression
levels of TMEM14C in LIHC. We found that TMEM14C
expression was upregulated in LIHC. Various clinicopatho-
logical factors were associated with this upregulation. Ele-
vated TMEM14C levels were associated with poor progno-
sis in patients with LIHC. Our data strongly indicated that
elevated TMEM14C levels could serve as a novel prog-
nostic biomarker for LIHC. We examined the relationship
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between TMEM14C and TIICs in LIHC. Our findings re-
vealed a positive correlation between TMEM14C expression
and the presence of neutrophils and macrophages. Further-
more, elevated TMEM14C levels were associated with a
worse prognosis. In our investigation of the co-expression
and potential biological functions of TMEM14C in LIHC,
we found that 7,401 genes were positively correlated with
TMEM14C, whereas 12,520 genes were negatively correla-
ted. This indicates that TMEM14C has an extensive impact
on gene expression patterns in LIHC. In this study, we in-
vestigated the prognostic significance of TMEM4C-related
genes in LIHC. Both TMEM14C and its related genes have
prognostic value in LIHC. These findings highlight the limit-
ations of big data analyses and emphasize the importance of
conducting further research to gain a better understanding
of the functional implications of these genes.

In conclusion, our findings indicate that high TMEM14C
expression is associated with worse prognosis and the pre-
sence of TIICs in LIHC. Therefore, TMEM14C is a novel
prognostic biomarker that provides information about pos-
sible targets for immune therapy in patients with LIHC.
Further investigations are required to examine the complex
mechanisms of TMEM14C as a potential prognostic bio-
marker through in vitro and in vivo studies involving living
organisms.
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