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Introduction 

Liver cancer, the third leading cause of cancer-related deaths worldwide, is ex-
pected to affect approximately one million patients by 2025. Liver hepatocellular 
carcinoma (LIHC) is the most common histological subtype of liver cancer [1]. 
Over the past decade, strategies for the early diagnosis and treatment of LIHC 
have improved the survival rate of patients. However, the survival rate of LIHC is 
low because of the high recurrence, metastasis, and side effects of LIHC chemo-
therapy [2]. Further, early diagnosis of LIHC remains difficult. Most patients are 
diagnosed with the disease in the late stages, thus showing poor prognosis after 
cancer diagnosis. Overall, there is an urgent need for the developing new bio-
markers to improve the early diagnosis and survival rate of LIHC; notably, tumor 
immunotherapy has recently been studied as a new treatment strategy for LIHC. 

The immune system plays an important role in cancer progression [3]. Cancer 
occurs in a complex tumor immune microenvironment (TIME) consisting of 
immune cells and various extracellular elements. To treat and predict cancer, un-
derstanding and overcoming the TIME is essential. The TIME comprises im-
mune cells, such as Th cells, Tc cells, B cells, NK cells, and various other extracel-
lular factors [4]. Tumor-infiltrating immune cells (TIICs) that infiltrate the TIME 
are related to the prognosis of cancer treatment and have been considered as 
novel biomarkers that predict therapeutic effects; many relevant studies are also 
ongoing [5,6]. Therefore, further research on TIICs is important. Many studies 

pISSN 2092-8335 · eISSN 2733-5380
Keimyung Med J 2023;42(2):87-96
https://doi.org/10.46308/kmj.2023.00220

Original Article

Received: October 7, 2023
Revised: November 10, 2023
Accepted: November 14, 2023

Corresponding Author: 
Jongwan Kim, PhD
Department of Biomedical Laboratory 
Science, Dong-Eui Institute of Technology,  
54 Yangji-ro, Busanjin-gu, Busan, 47230, 
Korea
Tel: +82-51-860-3525
E-mail: dahyun@dit.ac.kr

Value of TMEM115 as a Potential Prognostic 
Biomarker in Liver Hepatocellular Carcinoma
Hye-Ran Kim, Jongwan Kim

Department of Biomedical Laboratory Science, Dong-Eui Institute of Technology, Busan, 
Korea

Transmembrane protein 115 (TMEM115) is a membrane protein; considering the 
potential of membrane proteins as biomarkers for various pathological conditions, 
we aimed to examine the value of TMEM115 as a potential biomarker for improving 
the prognosis and treatment of liver hepatocellular carcinoma (LIHC) in this study. 
Online databases including the Tumor Immune Estimation Resource, UALCAN, 
Gene Expression Profiling Interactive Analysis version 2, OSlihc, and human Pro-
tein Atlas were used. The analysis suggested that TMEM115 expression in LIHC was 
higher compared to normal tissues; further, TMEM115 expression was confirmed to 
be related with poor prognosis in LIHC. Higher protein expression levels of 
TMEM115 were observed in LIHC tissues than in normal tissues. Tumor infiltration 
by immune cells was confirmed to be correlated with the expression of TMEM115. 
High TMEM115 expression and immune cell infiltration were further related to 
poor prognosis in LIHC. We also confirmed a correlation between TMEM115 and 
TP53 mutations. In conclusion, we confirmed that TMEM115 expression is correlat-
ed with tumor-infiltrating immune cells and poor prognosis in LIHC and that 
TMEM115 shows potential as a prognostic biomarker in LIHC. 
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have demonstrated a relationship between prognosis and the 
density and type characteristics of TIICs. These studies have 
demonstrated the importance of TIICs such as dendritic cells, 
macrophages, and NK cells in LIHC [7-9]. 

Transmembrane protein 115 (TMEM115) is a membrane 
protein that acts as a transporter of proteins from the Golgi to 
vesicles [10]. Membrane proteins constitute 30% of the human 
proteins and are used as biomarkers in various physiological 
and pathological conditions [11]. In addition, Transmembrane 
proteins have been reported to novel biomarker for prognosis of 
LIHC [12-14]. However, the TMEM115, a transmembrane pro-
tein, has not been confirmed as a biomarker in LIHC; thus, its 
potential as a tumor biomarker must be confirmed. TP53 mu-
tations occur in many cancers and are associated with poor 
prognoses [15,16]. Moreover, the most prevalent mutation in 
LIHC, TP53, has been demonstrated to affect LIHC prognosis 
[17]. However, the mechanisms underlying the association 
among TP53 mutations, TMEM115, and TIICs remain to be 
studied. Therefore, it is necessary to confirm the correlation 
between TMEM115 and TIICs in the context of TP53 muta-
tions in patients with LIHC. 

In this study, we compared the expression of TMEM115 in 
cancers, including LIHC, with that in normal tissues and evalu-
ated the prognostic value of TMEM115 expression. In addition, 
we aimed to confirm the correlation between TMEM115 ex-
pression and TIICs and to confirm the correlation between 
TMEM115 expression and TIICs according to TP53 mutations. 
Thus, we intend to present the possibility of TMEM115 as a 
biomarker for predicting LIHC prognosis. 

Materials and methods 

Tumor Immune Estimation Resource (TIMER) database 
analysis 

TIMER (https://cistrome.shinyapps.io/timer/) is an online 
tool used to analyze gene expression, survival rates, and im-
mune infiltration in various cancers including LIHC; it uses 
more than 10,000 samples from The Cancer Genome Atlas 
(TCGA) for analysis [18]. The correlation between TMEM115 
and TIICs was analyzed using TIMER. In addition, the correla-
tion between TP53 gene mutations and TIIC was confirmed. 

UALCAN database analysis 
UALCAN (http://ualcan.path.uab.edu) is an online database 

that uses TCGA sequences and the clinical data of 31 cancer 
types [19]. Using UALCAN, we analyzed the differences in 
gene expression between normal tissues and tumors according 

to race, sex, histological subtype, age, grade, and stage. 

Gene Expression Profiling Interactive Analysis version 2 
(GEPIA2) 

GEPIA2 (http://gepia.cancer-pku.cn/) is an online database 
containing information from more than 9000 cancer tissue 
samples and more than 8000 normal samples [20]. The survival 
rate and gene expression levels according to gene expression in 
LIHC were measured using GEPIA2. 

OSlihc database analysis 
OSlihc was used to evaluate the prognostic value of the gene 

[21]. The overall survival (OS), decay-free interval (DFI), pro-
gression-free interval (PFI), and disorder-specific survival 
(DSS) related to the gene were measured using OSlihc.  

Immunohistochemistry (IHC) staining analysis  
The Human Protein Atlas (HPA) is an online database that 

contains information about protein distribution in human tis-
sues and cells [22]. IHC images were obtained from HPA to 
confirm the TMEM115 protein expression levels. The protein 
expression level was expressed as undetected, low, medium, or 
high according to the fraction of stained cells. 

Statistical analysis 
The statistical results of all data analyses were automatically 

analyzed in the online databases, and the statistical results are 
presented as p-values <  0.05 from a log-rank test and hazard 
ratio (HR) values. 

Results 

mRNA expression levels of TMEM115 in LIHC and 
different tumor types 

TMEM115 expression was found to be upregulated in LIHC, 
bladder urothelial carcinoma, breast invasive carcinoma, blad-
der cholangiocarcinoma, esophageal carcinoma, head and neck 
squamous cell carcinoma, and prostate adenocarcinoma com-
pared to normal tissues. In addition, TMEM115 expression was 
found to be downregulated in colon adenocarcinoma, kidney 
renal papillary cell carcinoma, lung adenocarcinoma, lung 
squamous cell carcinoma, thyroid carcinoma, and uterine cor-
pus endometrial carcinoma compared to normal tissues (Fig. 
1A). We analyzed the correlation between TMEM115 expres-
sion and clinicopathological characteristics, including sample 
type, race, sex, histological subtype, age, grade, and TP53 muta-
tions in LIHC. Our results showed a significant correlation be-
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Fig. 1. mRNA expression levels of TMEM115. (A) Expression of TMEM115 using the TIMER database, (B) the expression of TMEM115 
in various clinicopathologic characteristics using the UALCAN database. TMEM115, transmembrane protein 115; TIMER, tumor immune 
estimation resource; UALCAN, the university of alabama at birmingham cancer data analysis; ACC, adrenocortical carcinoma; BLCA, bladder 
urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL, 
cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma 
multiforme; HNSC, head and neck squamous cell carcinoma; HPV, human papilloma virus; KICH, kidney chromophobe; KIRC, kidney renal clear 
cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LGG, lower grade glioma; LIHC, liver hepatocellular 
carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; MESO, Mesothelioma; OV, ovarian serous cystadenocarcinoma; 
PAAD, pancreatic adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; PRAD, prostate adenocarcinoma; READ, rectum 
adenocarcinoma; SARC, sarcoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; TGCT, testicular germ cell tumors; THCA, 
thyroid carcinoma; THYM, thymoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma; UVM, uveal melanoma.
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tween TMEM115 expression and the primary tumor, race 
(Caucasian, African, American, and Asian), sex (male and fe-
male), histological subtype (hepatocellular carcinoma, fibrola-
mellar carcinoma, and hepatocholangiocarcinoma), age, grade 
(I, II, III, IV), stage (I, II, III, IV), and TP53 mutations in LIHC 
(Fig. 1B). 

Protein expression levels of TMEM115 in LIHC 
The HPA database was used to assess TMEM115 protein ex-

pression. IHC results from the HPA showed that TMEM115 
protein was not expression in normal liver tissues but was high-
ly expressed in LIHC tissues (Fig. 2). 

Prognostic value of TMEM115 expression in LIHC 
The survival rate for TMEM115 expression in LIHC were 

analyzed. Higher TMEM115 expression was associated with 
poorer OS (hazard ratio [HR] =  2, p =  0.00017) and DFS (HR 
=  1.4, p =  0.04) (Fig. 3A). Further, upregulated TMEM115 ex-
pression was correlated with poor prognosis in LIHC using the 
OSlihc web server (OS: HR =  2.3159, p =  0.00005; DFI: HR =  
1.8293, p =  0.0033; PFI: HR =  1.8158, p =  0.0034; DSS: HR =  
2.1251, p =  0.0187; Fig. 3B). Furthermore, upregulated 
TMEM115 expression was associated with poor prognosis in 
LIHC (age: HR =  1.21, p =  0.0163; sex: HR =  1.21, p =  0.0181; 

race: HR =  1.23, p =  0.00996; stage: HR =  1.17, p =  0.00669; 
Fig. 3C). The survival rates associated with TMEM115 expres-
sion in various cancers are presented in Table 1. 

Correlations between TMEM115 expression levels and 
infiltrating immune cells in LIHC 

TMEM115 expression levels were positively correlated with 
the infiltration levels of B cells (r =  0.135, p =  0.012), neutro-
phils (r =  0.271, p =  0.000000321), macrophages (r =  0.247, p 
=  0.00000358), myeloid dendritic cells (r =  0.277, p =  
0.00000017), CD4+ T cells (r =  0.105, p =  0.022), and CD8+ T 
cells (r =  0.161, p =  0.0028; Fig. 4A). In addition, TMEM115 
expression levels were positively correlated with the infiltration 
levels of follicular helper T cells (r =  0.16, p =  0.0027), regula-
tory T cells (r =  0.11, p =  0.033) and M0 macrophages (r =  
0.12, p =  0.02), whereas resting CD4 memory T cells (r =  
-0.14, p =  0.0066) and resting mast cells (r =  -0.12, p =  0.019) 
were negatively associated with TMEM115 expression levels 
(Fig. 4B). We investigated whether TMEM115 expression was 
associated with prognosis and TIICs in LIHC. High TMEM115 
expression and high neutrophil infiltration levels were associat-
ed with worse prognosis than that with low TMEM115 expres-
sion and low neutrophil infiltration levels. High TMEM115 ex-
pression and high macrophage infiltration levels were associat-Figure 2

Fig. 2. Protein expression levels of TMEM115. Protein expression of TMEM115 was analyzed using the HPA. TMEM115, transmembrane protein 
115; HPA, the human protein atlas; LIHC, liver hepatocellular carcinoma.
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Fig. 3. Prognostic significance of TMEM115 expression. (A) GEPIA2, (B) OSlihc, and (C) TIMER. GEPIA2, gene expression profiling interactive 
analysis 2; OSlihc, online consensus survival web server for liver hepatocellular carcinoma; TIMER, tumor immune estimation resource; TCGA, the 
cancer genome atlas program; Overall survival, OS; disease-free interval, DFI, progression-free interval, PFI; disease-specific survival, DSS.
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GENDER STAGEAGE RACE

Figure 3

ed with a worse prognosis than that with low TMEM115 ex-
pression and low macrophage infiltration levels. High 
TMEM115 expression and high CD4+T cell infiltration levels 
were associated with worse prognosis than that with low 
TMEM115 expression and high CD4+T cell infiltration levels 
(Fig. 4C). In addition, based on the XCELL algorithm, the infil-
tration level of T cell CD4+ Th2, monocyte, common lymphoid 
progenitor was positively associated with the TMEM115 ex-
pression. Based on the CIBERSORT, the infiltration level of 
macrophage M2 was positively associated with the TMEM115 
expression. Based on the TIDE, the infiltration level of myeloid 
derived suppressor cell was positively associated with the 
TMEM115 expression (Table 2). Taken together, our results 
suggest that High TMEM115 expression is associated with 
TIICs and may affect tumor prognosis. 

Correlation between TMEM115 expression and TP53 
mutation in LIHC 

The correlation between TP53 mutation and TMEM115 ex-
pression in LIHC was investigated. TMEM115 expression levels 
were positively correlated with the TP53 expression levels (p =  
0.0000174) (Fig. 5A). In addition, TMEM115 expression was 
increased in TP53 mutation compared to that in the wild type 
(WT) (Fig. 5B). TMEM115 mutation was increased the num-
ber of macrophages M2 and activated memory CD4+ T cells 
(Fig. 5C). Further, TP53 mutation was associated with higher 
infiltration levels of B cells and macrophages (Fig. 5D). Taken 
together, these results suggest that TMEM115 expression is as-
sociated with TP53 mutations. 

A

B

C
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Table 1. Prognostic significance of TMEM115 expression in various cancers

Dataset Cancer Type Endpoint N ln (HR-high / 
HR-low) Cox p-value ln (HR) HR 

[95% CI-low CI-up]
GSE12276 Breast cancer Relapse Free Survival 204 -0.74 0.000009 -0.86 0.42 [0.29–0.62]
GSE7390 Breast cancer Relapse Free Survival 198 -0.83 0.027733 -0.18 0.83 [0.71–0.98]
GSE11121 Breast cancer Distant Metastasis Free Survival 200 -1.10 0.030108 -1.03 0.36 [0.14–0.91]
GSE31210 Lung cancer Relapse Free Survival 204 0.94 0.012843 1.57 4.83 [1.40–16.68]
GSE31210 Lung cancer Overall Survival 204 -1.16 0.003265 -0.57 0.57 [0.39–0.83]
GSE9891 Ovarian cancer Overall Survival 278 -0.68 0.000888 -0.51 0.60 [0.45–0.81]
GSE17537 Colorectal cancer Disease Free Survival 55 -1.11 0.002050 -5.19 0.01 [0.00–0.15]
GSE17537 Colorectal cancer Disease Specific Survival 49 -1.68 0.010429 -4.22 0.01 [0.00–0.37]
GSE17536 Colorectal cancer Disease Specific Survival 177 -0.82 0.040376 -1.83 0.16 [0.03–0.92]
GSE17537 Colorectal cancer Overall Survival 55 -1.61 0.003982 -3.95 0.02 [0.00–0.28]
GSE17536 Colorectal cancer Overall Survival 177 -0.83 0.036380 -1.62 0.20 [0.04–0.90]
GSE8970 Blood cancer Overall Survival 34 -1.69 0.005080 -1.06 0.35 [0.16–0.73]
E-TABM-346 Blood cancer Event Free Survival 53 -0.89 0.034906 -0.63 0.53 [0.30–0.96]
GSE4271-GPL96 Brain cancer Overall Survival 77 0.91 0.007552 0.51 1.67 [1.15–2.44]
GSE19234 Skin cancer Overall Survival 38 2.17 0.015668 1.18 3.27 [1.25–8.55]

THEM115, Transmembrane protein 115; N, number; HR, hazard ratio.

Discussion 

Among various cancers, liver cancer has a high mortality rate 
worldwide [23]. LIHC is the most common pathological form 
of liver cancer and occurs through chronic liver inflammation 
[24]. LIHC is associated with a continuous increase in mortali-
ty owing to its poor prognosis and limited treatment methods 
[25]. Biomarkers for prognostic prediction and treatment strat-
egies for LIHC are still being researched, but novel biomarkers 
have not settled in clinical practice except for alpha-fetoprotein 
[26]. Therefore, research is being performed to create biomark-
ers in order to uncover novel treatment techniques for LIHC. 

The immune system plays an important role in the progres-
sion and growth of cancers. In the TIME, TIICs surrounding 
tumor cells play an important role in cancer growth and have 
been found to be involved in the development and progression 
of cancer; they are thus being studied as important prognostic 
indicators and potential therapeutic targets [27,28]. 

TP53 is a tumor suppressor gene involved in apoptosis, cell 
cycle arrest, and DNA repair. However, mutations in TP53 are 
known to cause abnormal cell proliferation and tumor gene ac-
tivity, which are associated with poor prognosis in cancer. Re-
search on TP53 mutations and immune cell regulation is con-
stantly being conducted to study tumor immune regulation 
[29,30]. However, the mechanisms by which TP53 mutations 
are related to TMEM115 expression and TIICs have not been 
studied. 

TMEM115 is a membrane protein; notably, membrane pro-
teins constitute 30% of human proteins and have been used as a 
physiological and pathological biomarker [10,11]. Fan et al. 
found that increased TMEM147 expression was associated with 
poor prognosis [14]. Furthermore, LIHC has demonstrated the 
potential of transmembrane protein as a biomarker. In this 
study, the mRNA level of TMEM115 was found to be higher in 
LIHC tissues than in normal tissues. In addition, by upon ana-
lyzing the gene expression level by race, sex, age, grade, and 

Table 2. Correlation between TMEM115 expression and TIICs

Cancer Immune infiltrates Z-score p-value
LIHC (N =  371) T cell CD4+ Th2_XCELL 3.143444665 0.00166972

Monocyte_XCELL 2.220060308 0.026414674
Common lymphoid progenitor_XCELL 1.976289192 0.048122033
Macrophage M2_CIBERSORT 2.712012750 0.006687602
Myeloid derived suppressor cell_TIDE 3.176312933 0.001491600

THEM115, transmembrane protein 115; TIICs, tumor-infiltrating immune cells; LIHC, liver hepatocellular carcinoma; CD4, cluster of differentiation 4; 
Th2, T helper 2.
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Figure 4

A

B

Figure 4

C

Fig. 4. Correlation between TMEM115 expression and TIICs. (A) The correlation between TMEM115 and TIICs, (B) the correlation between the 
expression of TMEM115 and immune cells, (C) the prognostic value between TMEM115 expression and TIICs. TMEM115, transmembrane protein 
115; TIICs, Tumor-infiltrating immune cells; CD4, cluster of differentiation 4; CD8, cluster of differentiation 8.

A

B

C

stage in detail, a high expression level of TMEM115 was con-
firmed compared to that in normal tissues. TMEM115 expres-
sion was also correlated with poor prognosis in LIHC. In addi-
tion, a correlation between poor prognosis and various clinico-
pathological factors was confirmed. Thus, TMEM115 may 
serve as a potential biomarker for LIHC. 

Protein expression is important for gene function. By com-
paring the protein expression levels of TMEM115 in LIHC tis-
sues, IHC analysis confirmed its higher expression in LIHC tis-
sues than in normal tissues. These results suggest an effect of 
TMEM115 at the transcriptional and translational levels in pa-
tients with LIHC. 
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Fig. 5. Correlation between TMEM115 expression and TP 53 gene mutations. (A) The correlation between TMEM115 expression and TP53 
gene expression, (B) the correlation between TMEM115 expression and TP53 gene mutations, (C) the correlations between tumor-infiltrating 
immune cells and TMEM115 mutation, (D) the correlation between TP53 expression and TIICs in LIHC. TMEM115, transmembrane protein 115; 
WT, wild type; LIHC, liver hepatocellular carcinoma.

Figure 5

A

C

B

We confirmed the correlation between TMEM115 expres-
sion and immune cell infiltration in LIHC. High TMEM115 
expression and immune cell infiltration was found to be associ-

ated with worse prognosis in LIHC. These findings were con-
sistent with previous research on the identification of LIHC 
biomarkers [31,32]. 

D
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TP53 mutation, which is key to the progression of malignant 
tumors, results in loss of function through genetic modification 
in more than half of human cancers [33,34]. Therefore, the cor-
relation between TP53 and TMEM115 in the context of LIHC 
prognosis, needs to be confirmed. In a correlation investigation 
between TP53 mutation and TMEM115 expression in LIHC 
cells, TMEM115 expression was increased in TP53 mutation 
compared to that in WT. This finding suggests that TMEM115 
is associated with TP53 mutation. 

In conclusion, we suggest that high TMEM115 expression 
correlates with poor prognosis in LIHC. Therefore, we present 
TMEM115 as a potential biomarker for LIHC. As the results of 
this study were confirmed using online databases, further stud-
ies are needed to confirm the potential function of TMEM115 
using in vitro and vivo models. 
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