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Abstract: CMTM4 is the most conserved member of chemokine-like factor (CKLF)-like
MARVEL transmembrane domain-containing (CMTM) family on chromosome 16q22.1, a locus
that harbors a number of tumor-suppressor genes. In previous studies, CMTM4 was reported
to be downregulated and exhibited tumor-suppressor activities by regulating cell growth and
cell cycle in clear cell renal cell carcinoma. However, its roles in tumorigenesis of hepatocel-
lular carcinoma (HCC) remain poorly studied. This study first investigated the expression of
CMTM4 in HCC, and then examined the association between the expression of CMTM4 with
the clinicopathological features and prognosis of HCC patients. It was found that CMTM4 was
downregulated in HCC tissues, compared with matched adjacent nontumor tissues, as detected
by immunohistochemistry. In addition, Kaplan—Meier survival analysis showed that the negative
expression of CMTM4 was associated with decreased overall survival rates in patients with
HCC. The results of this study suggest CMTM4 plays a role as a tumor suppressor in HCC and
CMTM4 negative expression is a risk factor for poor prognosis of HCC.

Keywords: chemokine-like factor-like MARVEL transmembrane domain-containing 4,

hepatocellular carcinoma, immunohistochemistry, prognosis

Introduction

Hepatocellular carcinoma (HCC) is the fifth most prevalent malignancy in the world
and the third most common cause of cancer-related mortality.! It is estimated that
over 748,300 new cases are diagnosed every year, of which about 55% come from
People’s Republic of China.? The majority of patients with HCC are diagnosed in
the middle or late stages of the disease and have poor overall survival (OS) rates.
Although the curative effect of comprehensive treatment for HCC based on surgery
has substantially improved, clinical cure rates and long-term survival rates for HCC
remain low.>* In addition, 60%—70% of patients with HCC have recurrence or metas-
tasis within 5 years following cancer resection.’ At present, there are extensive studies
on the etiology, prognosis, and carcinogenesis of HCC,*!° but the exact molecular
mechanism has not yet been illustrated.

CMTM4 is the most conserved member of the human chemokine-like factor
(CKLF)-like MARVEL transmembrane domain-containing family (CMTM) on
chromosome 16¢22.1, a locus that harbors a number of tumor-suppressor genes.!!!?
CMTM4 encodes three transcript variants, CMTM4-v1, -v2 and -v3, and codes 234,
208, and 179 amino acids, respectively. However in many types of tissues and cell
lines, only CMTM4-v1 and -v2 could be detected. It was reported that overexpression
of CMTM4-v1 and -v2 can inhibit HeLa cell growth via G2/M phase accumulation
without inducing apoptosis.'® By omic data analysis, Ting Li et al'” found CMTM4
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was significantly reduced in 86.9% (53/61) of clear cell renal
cell carcinoma (ccRCC) tissues compared with the paired
adjacent nontumor tissues, as well as in the 786-O and A498
ccRCC cell lines. Restoration of CMTM4 significantly sup-
pressed 786-0 cell growth by inducing G2/M cell cycle arrest
and p21 upregulation, and cell migration was also inhibited.
Therefore, CMTM4 might be an important gene involved in
cell growth and cell cycle regulation.

The aim of this study was to investigate the associa-
tion between CMTM4 expression and prognosis of HCC.
CMTM4 expression levels were detected in 75 paired
HCC tissues and adjacent nontumor tissues by immunohis-
tochemistry. And then, the relationship between expression
of CMTM4 with clinicopathological features and prognosis
of HCC patients was analyzed.

Materials and methods

Patients and samples

All patients were newly diagnosed with HCC by histopa-
thology and recruited from the First Affiliated Hospital of
Guilin Medical University from 2007 to 2015. A total of
75 paired cancerous and matched adjacent normal tissues
were collected from HCC patients undergoing hepatectomy.
Prior to operation, no patient had received any type of treat-
ment. The age of the patients ranged from 18 to 73 years,
and the mean age was 49.81113.29 years. The tissues were
prepared into a tissue microarray chip by Guilin Fanpu
Biological Technology Co., Ltd. (Guilin, People’s Republic
of China). Clinicopathological data, including age, sex,
tumor size, tumor number, liver cirrhosis, and serum level
of a-fetoprotein were collected from the medical records of
each patient. Tumor staging was classified according to the
World Health Organization standards, and histological tumor
grading was based on Edmondson—Steiner classification.
OS was determined from the date of surgery to the time of
death or the last follow-up. This study was approved by the
ethics committee of Guilin Medical University, and written
informed consent was obtained from each patient involved
in the study.

Immunohistochemical analysis and

scoring

Immunohistochemical analysis was performed on forma-
lin-fixed, paraffin-embedded biopsy samples to detect the
expression of CMTM4. A total of 150 paraffin-embedded
biopsy samples were first heated at 60°C for 1 hour, dew-
axed, rehydrated through decreasing concentrations of EDTA
buffer (pH 8.0), and heated at 120°C for 2 minutes to retrieve

the antigen. And then the sections were soaked in 3% peroxide
solution for 15 minutes to remove endogenous peroxidase.
After washing in phosphate-buffered saline (PBS) buffer, the
sections were blocked with sheep serum for 20 minutes and
incubated with CMTM4 primary antibody (NBP1-84457,
1:100; Novus Biologicals LLC, Littleton, CO, USA) in a
humidified chamber at 4°C overnight. The sections were then
washed with PBS for 5 minutes and incubated with the anti-
rabbit IgG antibody (MaiXin Company, FuZhou, People’s
Republic of China) at 37°C for 30 minutes. After washing
with PBS, the sections were incubated with 3DAB solution
(MaiXin Company) and counterstained with hematoxylin
(Beyotime Institute of Biotechnology), which was visualized
under a light microscope. All the immunostained sections
were evaluated in a blind manner with no knowledge of the
clinicopathological information.

For the assessment of CMTMA4, five fields in each speci-
men were randomly selected to determine the mean percent-
age of immunostained cells relative to the total number of
cells. The positive cell staining percentages were scored
into five categories: 0 for =5%, 1 for 6%—25%, 2 for
26%—50%, 3 for 51%—75%, and 4 for >75% staining. The
immunohistochemical staining intensities were also scored
into four grades (0, 1, 2, and 3), according to the brown
color intensity of the cells: 0 for no color, 1 for light color,
2 for medium color, and 3 for dark brown color. Finally,
the percentage and intensity scores were multiplied for the
CMTM4 staining score. The total scores were defined: nega-
tive expression of CMTM4 for =4 and positive expression
of CMTM4 for >4.

Statistical analysis

The differences in the distribution of selected variables and
expression of CMTM4 were assessed using y* test. The
Kaplan—Meier estimate was used for survival analysis, and
the log-rank test was selected to compare the cumulative
survival durations in the HCC patients. All statistical tests
were two sided with a 0.05 significance level, and all tests
were conducted using SPSS software, version 19.0 (IMB
SPSS, Armonk, NY, USA).

Results
Expression of CMTM4 in HCC tissues

There were 75 pairs of HCC tissues and matched adjacent
nontumor tissues included in the study. Immunohistochemical
analysis was performed in all 75 paired archival paraffin-
embedded samples. Overall, 21 of the 75 (28.00%) cases
were positive for the expression of CMTM4 in the cancerous
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Table 1 CMTM4 expression in HCC tissues and adjacent non-
tumor tissues

HCC Adjacent tissues Total
tissues Positive Negative

Positive 8 13 21
Negative 41 13 54
Total 49 26 75

Abbreviations: CMTM4, chemokine-like factor-like MARVEL transmembrane
domain-containing family 4, HCC, hepatocellular carcinoma.

tissues, whereas 49 of the 75 (65.33%) cases were positive for
the expression of CMTM4 in the adjacent nontumor tissues.
The expression of CMTM4 in HCC tissues was significantly
reduced compared with that in the adjacent nontumor tissues
(P<<0.05, Table 1), and its expression was mainly located in
the nucleus (Figure 1).

The association between the expression
of CMTM4 and the clinicopathological

characteristics of HCC patients

The clinicopathological factors analyzed in relation to the
expression of CMTM4 are listed in Table 2. The expres-
sion of CMTM4 was significantly associated with tumor
size, clinical stage, tumor, node, and metastasis (TNM)
staging, and metastasis (P<<0.05, Table 2). Neverthe-
less, no significant association was detected between sex,
age, tumor number, pathology classification, liver cirrhosis,
o-fetoprotein, and expression of CMTM4 (P>0.05, Table 2).
Negative expression of CMTM4 is associated with metastasis
in multivariable logistic regression analysis adjusted for sex,
age, tumor size, clinical stage, TNM staging, and metastasis
(P<<0.05, Table 3).

HCC tissue

The association between the expression

of CMTM4 and the prognosis of HCC

To validate the prognostic value of CMTM4 in HCC, this
study also assessed the association between the expression
of CMTM4 and survival rates using Kaplan—Meier analysis
with a log-rank test. As shown in Figure 2, the survival rates
of'the patients with HCC were significantly different between
cases positive for CMTM4 expression and cases negative
for CMTM4 expression (P=0.037). Negative expression
for CMTM4 was an independent risk factor for prognosis
of HCC in Cox proportional hazards models (P=0.041,
odds ratio =2.433, 95% confidence interval =1.075-5.786,
Table 4). In patients with HCC, a high expression level of
CMTM4 indicated a better prognosis compared with those
with a low expression level of CMTM4, which indicated that
CMTMA4 played as a tumor suppressor in HCC.

Discussion

The epigenome is aberrantly reprogrammed leading to a wide
range of heritable changes in gene expression such as silencing
of tumor-suppressor genes in cancers.'® Methylation of CpG
at the promoter region of tumor-suppressor gene results in
stable gene silencing through direct inhibition of transcription
factor binding or by recruitment of methyl-binding domain
proteins, which can cause gene product expression to decline
or be absent.!*? Plate et al'’ found that overexpression of
CMTM4-v1 and -v2 can inhibit HeLa cell growth via G2/M
phase accumulation without inducing apoptosis. Ting Li
et al'® found a substantial downregulation of CMTM4 in
ccRCC. CMTM4 was significantly reduced in ccRCC tissues
compared with the paired adjacent nontumor tissues, as well

Adjacent nontumor tissue

CMTM4 (=) CMTM4 (+)

CMTM4 (=)

CMTM4 (+)

Figure | The expression of CMTM4 in HCC tissues and adjacent nontumor tissues by immunohistochemistry (magnification, x200).
Abbreviations: CMTM4, chemokine-like factor-like MARVEL transmembrane domain-containing family 4; HCC, hepatocellular carcinoma.
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Table 2 Association between the expression of CMTM4 and
clinicopathological features of HCC

Variables n CMTM4 r P-value
Positive Negative

Sex 0.508 0.476
Male 6l 16 45
Female 14 5 9

Age (years) 0.585 0.445
<50 34 Il 23
=50 41 10 31

Smoking status 2818 0.093
Never 42 15 27
Ever 33 6 27

Alcohol use 0.861 0.353
Never 35 8 27
Ever 40 13 27

HBYV infection 1.339 0.247
Negative 15 6 9
Positive 60 15 45

Tumor size (cm) 5.030 0.025
<5 38 15 23
=5 37 6 31

Tumor number 2.083 0.149
| 40 14 26
=2 35 7 28

Clinical stage 4.825 0.028
I+ 42 16 26
I+ 1v 33 5 28

TNM staging 4.240 0.039
TI+T2 43 16 27
T3+T4 32 5 27

Pathology classification 2.045 0.153
I+ 33 12 21
1l 42 9 33

Liver cirrhosis 1.844 0.174
No 37 13 24
Yes 38 8 30

Metastasis 6.771 0.009
No 51 19 32
Yes 24 2 22

o-fetoprotein (ng/mL) 2.499 0.114
<400 32 12 20
=400 43 9 34

Notes: Bold values indicate significance. P-values are based on the }? test.
Abbreviations: CMTM4, chemokine-like factor-like MARVEL transmembrane
domain-containing family 4; HBV, hepatitis B virus; HCC, hepatocellular carcinoma;
TNM, tumor node metastasis.

Table 3 Multivariable logistic regression analysis of CMTM4
expression in HCC patients

Variables B Wald P-value OR® 95% CI for OR
Lower Upper

Metastasis 2531 23.769 0.005 1.654  1.136 4.463

Tumor size 1.132  8.645 0.091 1.134  0.694 1.931

Notes: *OR adjusted for age, sex, smoking status, alcohol use, and HBV infection.
Abbreviations: Cl, confidence interval; CMTM4, chemokine-like factor-like
MARVEL transmembrane domain-containing family 4; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma; OR, odds ratio.

Survival functions
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Figure 2 Effect of the expression of CMTM4 on survival rates of HCC patients who
underwent resection determined via Kaplan-Meier model analysis.
Abbreviations: CMTM4, chemokine-like factor-like MARVEL transmembrane
domain-containing family 4; HCC, hepatocellular carcinoma.

as in the 786-O and A498 ccRCC cell lines. In this study,
immunohistochemistry was used to detect paired HCC and
adjacent nontumor tissues, and we found that the expression of
CMTM4 in HCC tissues was significantly reduced compared
with that in the adjacent nontumor tissues (P<<0.05), which is
consistent with the previous research findings.'"'s However,
the function of CMTM4 in tumorigenesis of HCC remains
poorly defined and needs to be further studied.

Despite improved diagnostic and treatment strategies such
as surgical resection, transcatheter arterial chemoemboliza-
tion, and liver transplantation, the OS of patients with HCC
remains poor.?'2 Studies found that the clinicopathological
features of tumor have very close ties with the prognosis of
tumor, including tumor size, tumor number, tumor staging,
alpha-fetoprotein levels and metastasis, liver cirrhosis, and
vascular invasion often indicates poor prognosis of HCC.2+2}
In this study, we found that the expression of CMTM4 was
significantly associated with tumor size, clinical stage, TNM
staging, and metastasis (P<<0.05), and negative expression
of CMTM4 was associated with metastasis in multivariable
logistic regression analysis. Further analysis found that

Table 4 Multivariate analysis of influenced factors for overall
survival of HCC patients after operation

Variables B Wald P-value OR 95% CI for OR
Lower Upper
CMTM4 0.897 4.043 0.041 2433  1.075 5.786

Abbreviations: Cl, confidence interval; CMTM4, chemokine-like factor-like
MARVEL transmembrane domain-containing family 4; HCC, hepatocellular
carcinoma; OR, odds ratio.
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postoperative survival time of patients with negative expres-
sion of CMTM4 was obviously lower than that in positive
group, suggesting that CMTM4 played a role as a tumor
suppressor in HCC.

Taken together, this study first reported that CMTM4
negative expression was a risk factor for poor prognosis of
HCC. It was expected that CMTM4 might be a new molecular
marker for early diagnosis and prognosis of HCC combined
with other markers. However, the sample size is small and the
analysis bias exists; whether it could be used as a single index
to prognosis or a marker of tumor invasion and metastasis
still needs to be verified in large samples.
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