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Clinicopathological significance of TM4SFS expression
in human hepatocellular carcinoma tissues
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Abstract. Hepatocellular carcinoma (HCC) is a major cause
of cancer-related mortality. Recent studies have indicated that
transmembrane 4 L six family member 5 (TM4SF5) serves a
vital role in tumor progression and metastasis in human cell
lines and mouse models. However, little is known about the
association between TM4SF5 expression and clinicopatho-
logical factors. The aim of the current study was to investigate
this association and evaluate overall survival (OS) of patients.
Immunohistochemistry and clinical record analysis revealed
that TM4SFS5 expression was significantly downregulated in
HCC tissues. In addition, TM4SF5 expression was signifi-
cantly associated with tumor size, vascular invasion, tumor
differentiation, and tumor-node-metastasis stage. The survival
analysis also demonstrated that low TM4SF5 expression
resulted in shorter OS. In conclusion, the association between
TM4SF5 expression and clinicopathologic factors was estab-
lished, and prognostic significance of TM4SF5 as a potential
biomarker was evaluated using human HCC formalin-fixed
paraffin-embedded tissue samples. The results of the present
study demonstrated that low TM4SF5 expression was associ-
ated with tumor malignant progression and may be a good
prognostic biomarker for OS in HCC.

Introduction

Hepatocellular carcinoma (HCC) is the fourth most common
cancer and ranks third in digestive system in annual mortality
worldwide (1). The early stage of the disease is character-
ized by dysplastic nodules, also known as preneoplastic
lesions, which frequently develop in chronic inflammatory
liver disease or hepatitis, and promote fibrosis, cirrhosis,
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and HCC progression (2). In the past, surgery was the
main treatment for HCC. To date, the prognosis of patients
with HCC has improved due to various combinations of
treatment strategies including, surgery, chemotherapy, and
molecular-targeted therapy; however, therapeutic options
remain limited.

Transmembrane 4 L six family member 5 (TM4SF5) is
a transmembrane glycoprotein of the transmembrane 4 L
six family, a branch of the tetraspanin family. The TM4SF5
gene is located on human chromosome 17q13.3, and encodes
a 197 amino acid protein that has two cysteine residues and
two N-glycosylation sites within the extracellular loops (3-5).
TMA4SFS5 is highly expressed in esophageal cancer (6),
colorectal cancer (7), and HCC cells (8). In the study of HCC,
TMA4SFS5 has only been reported to induce HCC metastasis
in cell line experiments (8). Therefore, there has been limited
research on the association between TM4SF5 expression and
clinicopathological factors in HCC.

In the present study, the clinicopathological significance
of TMA4SF5 expression was examined using formalin-fixed
paraffin-embedded (FFPE) specimens from patients with
HCC; the aim was to investigate the potential of TM4SF5
as a biomarker and to analyze the prognostic significance of
TMA4SFS status.

Materials and methods

Patient selection. In this retrospective study, the pathology
archives from the Liaoning Cancer Hospital and Institute
(Shenyang, China) were reviewed to identify patients diag-
nosed with HCC. A spectrum of carcinoma cases was selected
from the period between January 2009 and December 2011.
Patients with intrahepatic cholangiocarcinoma or mixed hepa-
tocholangiocarcinoma were not included in the present study;
as a result, 89 cases of HCC were retrieved.

Clinical details were obtained from patients' pathology
reports and original electronic medical records. The
morphological features and histopathological variants were
classified according to the National Comprehensive Cancer
Network (NCCN) Clinical Practice Guidelines in Oncology
(version 2018). In addition, other clinicopathological data,
including age, sex, hepatitis B virus (HBV) or hepatitis C virus
(HCV) infection and survival data were obtained from medical
records. Time interval between surgery and final follow-up
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Table I. Association between TM4SF5 expression and clinicopathological factors.

TMA4SF5 expression

Clinicopathological factor Number (n=89) Low High P-value
Sex 0.166
Male 72 29 43
Female 17 10 7
Age 0.650
<60 64 29 35
>60 25 10 15
HBYV infection 0454
Negative 9 5 4
Positive 80 34 46
HCYV infection 0.305
Negative 76 35 41
Positive 13 4 9
Tumor size (cm) <0.001
<5 59 11 48
>5 30 28 2
Vascular invasion <0.001
No 75 26 49
Yes 14 13 1
Tumor differentiation 0.006
Gl 14 2 12
G2 70 33 37
G3 4 4 0
TNM stage 0.005
IA 12 1 11
1B 41 17 24
II 11 4 7
IITA 10 5 5
111B 11 10 1
IVB 4 2 2

HBYV, hepatitis B virus; HPC, hepatitis C virus; TM4SFS5, transmembrane 4 L six family member 5; TNM, tumor-node-metastasis.

was identified as a patient's survival time. All aspects of this
study were approved by the Liaoning Cancer Hospital and
Institute Ethics Review Board (approval no. 20180902).

Tissue sections. Liver tissue sections were obtained from orig-
inal FFPE tissue blocks. All tissue blocks were cut into regular
5-um sections and subsequently stained with hematoxylin
for 3 min and eosin for 30 sec (H&E) at room temperature to
confirm previously rendered histologic diagnoses based upon
current World Health Organization classifications. In addition,
all the pathologic slides were reviewed independently by two
pathologists, who reevaluated tumor differentiation, lymph
node metastasis, and vascular invasion.

Immunohistochemistry. Tissue samples from FPPE
blocks were sectioned (4 uym) and subsequently

deparaffinized at 70°C for 120 min, followed by antigen
retrieval in citrate buffer, pH 6. The slides were incubated
with 1:200 rabbit polyclonal anti-TM4SF5 primary anti-
body (cat. no. HPA041259; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany). Subsequently, the sections were
incubated by using UltraSensitiveTM SP (Mouse/Rabbit)
THC kit (cat. no. KIT-9710; Fuzhou Maixin Biotech Co.,
Ltd., Fuzhou, China) and expression was visualized using
a DAB Detection kit (cat. no. DAB-0031; Fuzhou Maixin
Biotech Co., Ltd.). High expression TM4SFS5 positive control
and untreated with primary antibody negative control were
included.

Evaluations of the pattern of immunoreactivity, percentage
of cell staining, and staining intensities for TM4SF5 were
performed by two independent pathologists. The percentage
of cells stained was graded on a scale of 1-4 (1, 1-25%;
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Figure 1. TM4SFS expression in a liver tissue section. TM4SFS5 protein expression is demonstrated by immunohistochemistry; x40 magnification (center
image). The strong staining (score 8) in the adjacent healthy tissue (left) and the weak staining (score 3) in the tumor tissue (right) are presented in the
photomicrographs; x400 magnification. TM4SF5, transmembrane 4 L six family member 5.

2,26-50%; 3, 51-75%; 4, 76-100%). Staining intensity was
scored on a scale of 1-3 (1, weak; 2, intermediate; 3, strong).
TMA4SFS expression was evaluated in each sample by calcu-
lating a final immunohistochemistry score as the sum of the
percentage score and the intensity score. The tissue samples
were divided into two groups, a high-TM4SF5 expression
group with a total score =6 and a low-TM4SF5 expression
group with a total score <6.

Statistical analysis. Comparison of distribution among
different histologies in this study was performed using a
Wilcoxon signed-ranked test (GraphPad Prism software 7.0;
GraphPad, La Jolla, CA, USA). ¥ test was used to assess the
association between TM4SF5 expression and clinicopatho-
logic parameters using SPSS 24.0 (SPSS, Inc., Chicago, IL,
USA). The survival curves of the patients were determined
using the Kaplan-Meier method and the log-rank test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Clinicopathological characteristics. The study included
89 patients with HCC (Table I): 72 male, 17 female; median
age at diagnosis was 54 years (range 25-76 years). The number
of patients infected with HBV was 80 (89.9%), whereas the
number of patients infected with HCV was 13 (14.6%).
According to NCCN Clinical Practice Guidelines in Oncology
(version 2018), 14 tumors were classified as well differentiated,
70 as moderately differentiated, and 4 as poorly differenti-
ated carcinomas. Twelve patients (13.5%) were staged as
1A, 41 (46.1%) as IB, 11 (12.4%) as 11, 10 (11.2%) as IIIA,
11 (12.4%) as 111B, and 4 (4.5%) as IVB.

Association between TM4SF5 expression and clinico-
pathological factors. TM4SF5 expression was investigated
in 89 HCC tissues and corresponding adjacent normal
tissues. Higher TM4SFS5 protein expression was observed
in normal tissues compared with carcinoma tissues (Fig. 1).
To demonstrate the difference in immunohistochemistry
scores between the two groups, a Wilcoxon signed-rank test
was applied, and the result revealed that the difference was
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Figure 2. Scatter plot of TM4SF5 expression score differences between
hepatocellular carcinoma tissues and adjacent normal tissues. TM4SF5,
transmembrane 4 L six family member 5.

statistically significant (Fig. 2). The carcinoma tissues were
further divided into two groups; high-TM4SF5 expression
and low-TM4SF5 expression (Fig. 3), to assess the asso-
ciation between TM4SF5 expression and clinicopathological
factors. Tumor size, vascular invasion, tumor differentiation,
and tumor-node-metastasis (TNM) stage were associated
with low TM4SF5 expression (Table I). No significant asso-
ciations were identified between TM4SF5 expression and the
remaining factors.

Survival analysis. A total of 86 patients completed the
follow-up period and the median period was 40 months
(range 1-113 months). Among these, the number of patients
in the high-TM4SF5 expression group was 47 and in the
low-TM4SFS5 expression group was 39. Kaplan-Meier survival
analysis demonstrated that patients with low-TM4SF5 expres-
sion exhibited shorter overall survival (OS) compared with
those with high-TM4SF5 expression, although the difference
was not significant (Fig. 4A). In addition, the 5-year survival
rate of the low-TM4SF5 expression group (30.8%) was lower
compared with the high-TM4SF5 expression group (44.7%)
(Fig. 4B).
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Figure 3. TM4SFS5 protein expression in four hepatocellular carcinoma sections. (A and B) Weakly stained tissue. (C and D) Strong staining. Magnification, x400.

TMA4SFS, transmembrane 4 L six family member 5.

A Overall survival B
1.0
=t High-TM4SF5 expression (n=47) =~
== Low-TM4SF5 expression (n=39) %
g &
£ | :
3 0.5 E
»
P=0.1731
0.0 ' . .
0 50 100 150

Survival time (months)

—_

8 8§ 8 8 8

m High-TM4SF5 expression
i Low-TM4SF5 expression

Survival time (years)

Figure 4. OS of patients with hepatocellular carcinoma. (A) Kaplan-Meier survival analysis of OS based on TM4SF5 expression score. (B) Bar graph of patient
survival rates between high-TM4SF5-expression and low-TM4SF5-expression patient groups. OS, overall survival; TM4SFS5, transmembrane 4 L six family

member 5.

Discussion

Human malignant tumors develop by genetic alterations and
are made up of a heterogeneous population of cells. HCC
develops through a multistep process, including cell mutation
and regeneration; it is one of the most common cancers, and
is characterized by a high mortality rate (9). Previous studies
have demonstrated that the risk factors for the occurrence of
HCC primarily include chronic HBV and HCV infections,
chronic alcohol consumption, and non-alcoholic fatty liver
disease (10-12). Despite the numerous therapeutic regi-
mens for HCC that have been proposed, including etiology
and oncology treatment, and currently approved standard
therapies, the disease is still progressive for the majority of
patients.

TMA4SFS5 is highly expressed in numerous types of cancers
and serves a crucial role in tumorigenesis (6-8). In human
hepatocytes, ectopic expression of TM4SF5 enhances focal

adhesion kinase (FAK) Tyr®”’ phosphorylation as well as the
association between FAK, Rho GTPase-activating protein 35
and Rho GTPase-activating protein 26, leading to transforming
protein RhoA inactivation (13). Additionally, TM4SF5 induces
stabilization of cytosolic cyclin dependent kinase inhibitor
1B (p27%®"), which may function as an inhibitor of the RhoA
signaling pathway (14). Consequently, TM4SF5-mediated RhoA
inactivation results in the process of epithelial-mesenchymal
transition, leading to tumor cell migration, invasion, and prolif-
eration due to the loss of contact inhibition (15). Tumor initiation
and progression also involve complex communications between
tumor cells and their microenvironments, including cytokines,
extracellular matrix, and growth factors (16). In this compli-
cated network, TM4SF5 protein not only cooperates with
integrins to communicate with the microenvironment (17), but
also mediates the activation of vascular endothelial growth
factor transcription and secretion (18). This study suggests these
factors contribute to the communication between cancer cells



and extracellular environments, as well as angiogenesis, which
provides beneficial conditions for tumor growth.

Advances in our knowledge about tumor initiation and
progression have enriched the way the role of TM4SF5 is
perceived. A study by Lee er al indicated that the interaction
between TM4SF5 and CD44 was essential for the self-renewal
and circulating capacities of HCC cells, leading to metas-
tasis (19). In addition, mitogen-activated protein kinase 8
signaling activity has been demonstrated to regulate cell-cell
adhesions through TM4SF5-mediated p27%*! phosphoryla-
tion (20). In the process of tumor immune escape, Ryu et al
revealed that crosstalk between the TM4SF5/FAK pathway
and the interleukin 6 (IL-6)/signal transducer and activator
of transcription 3 pathway promoted metastatic potential by
lowering IL-6 expression levels and avoiding its immuno-
logical action (21). However, studies using human HCC tissues
to evaluate the association between TM4SF5 expression and
clinicopathological factors have been very limited.

In contrast with results of Lee er al (19), the present study
demonstrated a cytoplasmic staining pattern for TM4SF5 in
both tumors and corresponding adjacent normal cells. Notably,
TMA4SF5 expression was demonstrated to be significantly
higher in adjacent normal cells compared with tumors. The
data were separated into two groups, a low-TM4SF5 expression
group and a high-expression group, to estimate the association
between TM4SF5 expression and clinicopathological data. Low
TMA4SF5 expression was associated with increased tumor size,
vascular invasion, tumor differentiation and TNM stage. In addi-
tion, survival analysis indicated that patients with low-TM4SF5
expression exhibited shorter OS, although no significance was
identified. These results are contrary to previous findings, which
may have resulted from the following: Experiments using cell
lines and mice merely reflect the biological features of human
bodies, whereas the initiation of human tumors is a complex,
multistep process. The multistep development of human tumors
involves several biological capabilities; for example, sustaining
proliferative signaling, evading growth suppressors, resisting
cell death, enabling replicative immortality, inducing angiogen-
esis, reprogramming of energy metabolism, evading immune
destruction, and activating invasion and metastasis (22). By
comparing the data of HCC microarray in GEO database
(https://www.ncbi.nlm.nih.gov/gds/), it was found that the gene
expression profiles and tumor biological functions were notably
different due to individual discrepancy in the study of a series
of patients with the same type of cancer. In the present study,
the data of a number of patients with high-TM4SF5-expressing
tumors were consistent with findings of a previous study (21).
When all patient data were summarized, the results revealed
distinct and opposing differences, which contributed to the
conclusion that there are large differences in biological processes
between cell lines, mice, and human bodies.

In the majority of previous studies (5,18,19), a monoclonal
antibody was applied to detect TM4SF5. By contrast, in the
present study, only the commercial polyclonal antibody
(HPA041259 from Sigma) was utilized; no comparison of
immunohistochemistry specificity between two antibodies
was performed, which may be a limitation to the present study.

In summary, associations between TM4SF5 expression and
clinicopathological factors were identified, and the prognostic
significance of TM4SF5 as a potential biomarker was further
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evaluated using a number of human HCC FFPE samples. To
the best of our knowledge, this was the first study to evaluate
TMA4SF5 expression and clinicopathological factors using
follow-up records and surgically resected specimens. The
conclusion that high-TM4SF5 expression may be associated
with OS was different from a previous study. These results indi-
cated that TM4SF5 expression may not only be a prognostic
factor, but also may be a predictive factor for HCC. However,
a large-scale investigation is required to confirm these results.
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