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Expression of novel cancer/testis antigen TMEM31
increases during metastatic melanoma progression
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Abstract. Cancer/testis (CT) antigens are promising targets
for immunotherapy due to their restricted expression in the
germ cells of the testis in healthy tissue and high immunoge-
nicity. The aim of the present study was to determine whether
transmembrane protein 31 (TMEM31) is a CT antigen and
to investigate the pattern of TMEM31 expression during the
progression of melanoma. The pattern of expression of human
TMEM31 mRNA in multiple human tissues was determined
through reverse transcription-polymerase chain reaction anal-
ysis. TMEM3I1 protein expression was analyzed in the human
testis, in addition to 128 primary melanoma and 64 metastatic
melanoma samples through immunohistochemistry analysis.
TMEM31 was identified to be predominantly expressed in
the testis and weakly expressed in the placenta. In addition,
TMEM3I1 protein expression was detected in 120/190 (63.16%)
melanoma samples (primary and metastatic). The intensity
of TMEM3I staining in metastatic and primary melanomas
was determined through semiquantitative integrated optical
density (IOD) analysis, and identified to be significantly
increased in metastatic melanoma compared with primary
melanoma (0.24+0.03 vs. 0.09+£0.01 IOD/area; P<0.001). The
expression of TMEM31 protein was significantly increased in
metastatic compared with primary melanoma samples (76.56
vs. 56.35%; P=0.017). The results of the present study suggest
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that TMEM31 is a novel CT antigen that serves an essential
role in melanoma metastasis, in addition to being a potential
immunotherapeutic target for the treatment of patients with
melanoma.

Introduction

Melanoma is the most frequently occurring skin malignancy
and the most common cause of skin cancer-associated
mortality (1). Metastases are the most important prognostic
factor for patients with melanoma (2). Studies identifying
factors that predict the metastatic potential of melanomas have
previously been performed (2). However, although numerous
efforts have focused on understanding the processes of malig-
nant transformation, progression and metastasis in melanoma,
attempts to control melanoma metastasis have been unsuc-
cessful (3). Thus, there is a need for the development of novel
therapies for the treatment of advanced metastatic melanoma.
The identification of novel diagnostic factors and therapeutic
targets is required to aid in the diagnosis and treatment of
patients with metastatic melanoma.

Cancer/testis (CT) antigens are expressed in a variety
of different tumor types, but are exclusively expressed in
testis germ cells and the placenta in healthy tissue (4-6).
Due to their restricted expression pattern in healthy tissue,
aberrant expression in various types of cancer and strong
immunogenicity, CT antigens have been used in several
cancer biomarker identification studies and therapeutic vacci-
nation clinical trials (7,8). The first human cancer antigen
recognized by cytolytic T lymphocytes was a CT antigen
that originated from a patient with melanoma in 1991 (8).
As of 2008, >100 CT antigen genes have been identified,
including CT antigen 1B (NY-ESO-1), sarcoma antigen 1,
melanoma antigen (MAGE) A, the G antigen and SSX family
members (9,10). The majority of previous studies on CT
antigens focused on assessing the expression patterns of these
antigens in melanoma cells (11-14). However, little is known
about the association between CT antigen expression and the
clinical characteristics that distinguish primary tumors and
metastases (14). This area warrants investigation, in order to
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identify potential biomarkers and immunotherapeutic targets
to improve the efficacy of melanoma management.

Previously, the diverse expression patterns of human
genes between the testes and other organs were investigated
using the UniGene database (National Center for Biotech-
nology Information, Bethesda, MD, USA; www.ncbi.nlm.nih.
gov/unigene) and its digital differential display tool (13). This
led to the identification of 292 human testis-specific genes.
Transmembrane protein 31 (TMEM31) was one of the human
testis-specific genes identified and is located on chromo-
some X (q22.2). In the present study, the expression profiles
of TMEM31 in healthy human tissues and a series of different
malignant tumor tissues were compared to investigate if
TMEM31 is a novel CT antigen. Furthermore, an investiga-
tion into the expression characteristics of TMEM31 protein
in 128 primary melanomas and 64 metastatic melanomas was
performed, which will aid in understanding the progression of
metastatic melanoma.

Materials and methods

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was obtained from Takara Biotechnology Co.,
Ltd. (Dalian, China) for the following healthy tissues: Testis,
placenta, lung, spleen, heart, skeletal muscle, prostate,
stomach, small intestine, uterus, colon, bone marrow, brain,
kidney, liver, thyroid, ovary and bladder. A total of 2 ug of total
RNA was reverse transcribed into single-stranded cDNA in
20 ul of reaction buffer using Moloney-murine leukemia virus
(M-MLYV) reverse transcriptase (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). Forward and reverse oligonucleotide
primers specific to TMEM31, and GAPDH were designed
using Primer Express version 3.0 software (Applied Biosys-
tems; Thermo Fisher Scientific, Inc.) and were synthesized by
Sangon Biotech Co., Ltd. (Shanghai, China). The cDNA was
amplified via PCR using the following primers: TMEM?31
forward, 5'-GCCCAACAACTCTAATGCACC-3'; TMEM31
reverse, 5'-"AGGTTGATCGTTCTGTCGCTG-3"; GAPDH
forward, 5'-AGAAGGCTGGGGCTCATTTG-3"'; GAPDH
reverse, 5-AGGGGCCATCCACAGTCTTC-3'. PCR reactions
were performed in 20 pl reaction mixtures containing PCR
buffer, 2 mM MgCl,, 0.4 mM of each dNTP (dATP, dTTP,
dCTP, dGTP), 0.5 units of the DNA polymerase (BioTools,
Madrid, Spain), 0.4 uM of each primer and 1 pl of cDNA.
PCR thermocycling conditions consisted of a precycling step
at 95°C for 5 min, followed by 35 cycles of denaturation at
95°C for 30 sec, annealing at 58°C for 30 sec and extension
at 72°C for 45 sec, with a final extension at 72°C for 10 min.
The PCR products were analyzed using agarose gel (1.5%)
electrophoresis and monitored under ultraviolet light. GADPH
was used as a loading control.

Immunohistochemical staining. A paraffin-embedded malig-
nant melanoma tissue microarray (#ME2082), including
details of patient gender, age, organ, pathology diagnosis, stage,
tumor-node-metastasis stage and type, as well as a human
testis tissue microarray (#TEN241), including details of patient
gender and age, were purchased from US Biomax Inc. (Xi'an,
China) and analyzed using immunohistochemistry. Two
primary melanoma samples were eliminated due to core tissue
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damage. TMAs were deparaffinized in xylene and rehydrated
through treatment with a descending series of ethanol (100,
95 and 70% (v/v) in double-distilled H,O) and PBS washes.
The sections were subsequently subjected to thermal antigen
retrieval by boiling in citrate buffer (2 mM citric acid, 10 mM
sodium citrate, pH 6.0) for 15 min. Following washes with PBS,
endogenous peroxidases were quenched through incubation
with 3% hydroxyl peroxide for 10 min at room temperature.
Sections were then incubated with 10% goat serum (Fuzhou
Maixin Biotech Co., Ltd., Fuzhou, China) for 20 min at room
temperature to block nonspecific binding, followed by over-
night incubation with the anti-TMEM31 primary antibody
(dilution 1:200; #HPA0527601; Sigma-Aldrich, Merck Milli-
pore, Darmstadt, Germany) at 4°C. Following incubation with
biotinylated goat anti-rabbit IgG (dilution 1:5,000; #KIT9710;
Fuzhou Maixin Biotech Co., Ltd.) secondary antibody for
1 h at room temperature, the sections were visualized with
streptavidin-anti-biotin peroxidase (Fuzhou Maixin Biotech
Co., Ltd.). Subsequently, 3,3'-diaminobenzidine was added to
the sections for 10 min or until a color change was observed
under a light microscope (Leica Microsystems GmbH,
Wetzlar, Germany). Finally, the sections were counterstained
with hematoxylin, fixed with a series of ethanol and xylene,
and mounted using VectaMount AQ Aqueous Mounting
Medium (Vector Laboratories, Inc., Burlingame, CA, USA).
In the negative control for immunohistochemical analysis,
the primary antibody was replaced with normal IgG (dilution
1:500; cat. no. ab172730; Abcam, Cambridge, UK).

Evaluation of immunostaining. The degree of immunohisto-
chemical staining was evaluated and scored by two pathologists.
The proportion of TMEM31-expressing tumor cells was scored
as follows: 0, no staining; 1, <30%; 2, 31-60%; and 3, 61-100%.
Cells were considered TMEM31-positive if staining was
notable in the cytoplasm, regardless of the intensity.

Semiquantitative analysis of the intensity of TMEM31-posi-
tive staining in malignant melanoma tissues. The intensity of
TMEM31-positive staining in the malignant melanoma tissues
was analyzed through integrated optical density (IOD) using
Image-Pro® Plus software (version 5.1; Media Cybernetics,
Inc., Rockville, MD, USA). All images were taken using the
same light microscope and camera sets (Leica Microsystems
GmbH). The average IOD/TMEM31-positively stained area
(um?) was calculated for positively stained tissues.

Statistical analysis. Results are presented as the mean + stan-
dard error. All statistical analyses were performed using SPSS
software (version 17.0; SPSS, Inc., Chicago, IL, USA). A
Mann-Whitney U test was performed to compare TMEM31
staining in metastatic and primary melanomas. The Pearson
¥? test was used to determine the association between
TMEM31 expression and the clinicopathological character-
istics of patients with melanoma. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of TMEM31 mRNA in healthy human tissue.
TMEM31 mRNA expression was determined via RT-PCR in
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Figure 1. Expression of TMEM31 mRNA in 18 healthy human tissues. Lanes: 1, testis; 2, placenta; 3, lung; 4, spleen; 5, heart; 6, skeletal muscle; 7, prostate;
8, stomach; 9, small intestine; 10, uterus; 11, colon; 12, bone marrow; 13, brain; 14, kidney; 15, liver; 16, thyroid; 17, ovary; 18, bladder; and 19, negative control.

TMEM31, transmembrane protein 31.
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Figure 2. Immunohistochemical analysis of TMEM31 protein expression in healthy human testis. Cytoplasmic staining of TMEM31 was markedly observed
in the leydig cells and weakly observed in the inner area of the seminiferous tubules. Objective, x20 (inset, x40). TMEM31, transmembrane protein 31.

the following 18 healthy tissues: Testis, placenta, lung, spleen,
heart, skeletal muscle, prostate, stomach, small intestine,
uterus, colon, bone marrow, brain, kidney, liver, thyroid, ovary
and bladder. TMEM31 was identified to be strongly expressed
in testis and weakly expressed in the placenta, but was unde-
tectable in any of the other tissues (Fig. 1). These results
correspond with expression data on the UniGene database.

Expression of TMEM31 protein in healthy testis tissue. Immu-
nohistochemical staining for TMEM3I1 protein was performed
using human testis tissue microarray (Fig. 2). TMEM31 protein
was markedly expressed in the cytoplasm of leydig cells and
weakly expressed in the inner region of seminiferous tubules.
By contrast, this staining was not observed when primary
antibody was replaced by normal IgG.

Expression of TMEM31 protein in primary melanoma,
metastatic melanoma and adjacent healthy tissues. Immuno-
histochemical staining of melanoma samples was performed
(Fig. 3). TMEM31 protein cytoplasmic staining was identified
in 120/190 (63.16%) melanoma specimens. In total, 55/126
(43.65%) primary and 15/64 (23.44%) metastatic melanoma
specimens did not stain positive for TMEM31 protein
(Fig. 3A and F; Table I). Positively stained primary vs. meta-
static melanoma tissues were scored as follows: 1,27 (21.43%)
vs. 15 (23.44%) (Fig. 3B and G); 2,20 (15.87%) vs. 9 (14.06%)
(Fig. 3C and H); and 3, 24 (19.05%) vs. 25 (39.06%)
(Fig. 3D and I) (Table I). In addition, no healthy skin tissue
was identified to express cytoplasmic TMEM31 protein
(Fig. 3E and J). Semiquantitative IOD analysis revealed signif-
icantly stronger TMEM31 staining in metastatic melanomas
compared with primary melanomas (0.24+0.03 vs. 0.09+0.01
IOD/area; P<0.001; Fig. 3K).

Association between TMEM31 protein expression and the
clinicopathological characteristics of patients with melanoma.
The association between TMEM31 protein expression and the
clinicopathological characteristics of patients with melanoma,
including gender, age and disease status was investigated.
Melanoma samples were divided into groups based on gender
(male and female) and age (<60 and >60 years old). Immuno-
histochemical staining revealed that expression of TMEM31
protein was not associated with gender (P=0.912) or age
(P=0.615; Table I). Cytoplasmic staining for TMEM31 protein
was present in 71/126 (56.35%) primary melanomas and 49/64
(76.56%) metastatic melanomas. A significant difference
was identified between the expression of TMEM31 protein
in primary and metastatic melanoma specimens (P=0.017;
Table I).

Discussion

Melanoma is responsible for the majority of skin cancer-asso-
ciated mortalities, and, excluding female lung cancer, is the
malignancy with the highest increase in incidence world-
wide (1). It is estimated that the median life expectancy of
patients with advanced stage melanoma is <1 year, as existing
therapies are not effective once the tumor has spread to vital
organs (15). The metastatic capacity of the tumor is the key
prognostic factor for melanoma; however, the molecular
mechanisms underlying melanoma metastasis remain poorly
understood (2,16). Therefore, the identification and char-
acterization of novel diagnostic and prognostic markers is
required, in order to better manage the treatment of patients
with melanoma.

CT antigens have been demonstrated to serve as a unique
class of tumor-associated antigens, which are expressed
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Table I. Association between TMEM31 protein expression and the clinicopathological characteristics of patients with primary
or metastatic melanoma.

TMEM31 THC staining score [no. of patients (%)]

Clinicopathological No. of
characteristic patients 0 1 2 3 P-value
Gender 0912
Male 96 35(36.5) 17 (17.7) 12 (12.5) 32(33.3)
Female 94 35(37.2) 25 (26.6) 17 (18.1) 17 (18.1)
Age (years old) 0.615
<60 126 48 (38.1) 25 (19.8) 21(16.7) 32(254)
>60 64 22 (34.3) 17 (26.6) 8 (12.5) 17 (26.6)
Disease status 0.017
Primary 126 55 (43.7) 27 (21.4) 20 (15.9) 24 (19.0)
Metastasis 64 15(234) 15(234) 9 (14.1) 25(39.1)

TMEM31, transmembrane protein 31; IHC, immunohistochemistry.
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Figure 3. Immunohistochemical analysis of TMEM31 protein expression in primary melanoma, metastatic melanoma and adjacent healthy tissues in a tissue
microarray. Primary melanoma tissues with the following staining scores: (A) 0; (B) 1; (C) 2; and (D) 3. (E) There was no TMEM31 staining present in adjacent
healthy tissue. Metastatic melanoma tissues with the following staining scores: (F) 0; (G) 1; (H) 2; and (I) 3. (J) There was no TMEM31 staining present in
adjacent healthy tissue. Objective, x10 (inset, x20). (K) Semiquantitative IOD analysis of TMEM31-positive staining in primary and metastatic melanoma
samples (0.09+0.01 vs. 0.24+0.03 IOD/area). “"P<0.001. TMEM31, transmembrane protein 31; IOD, integrated optical density.

in different histological types of tumor, but not in healthy  antigen molecules, CT antigens are considered to be clinically
tissues, excluding testis and placenta tissue (5,6). Since testes  important biomarkers of cancer in this organ and immuno-
are immune privileged and do not express human leukocyte  therapeutic targets (6,7). It has been suggested that CT antigen
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genes that are located on the X chromosome frequently form
multigene families and exhibit tissue-restricted expression (4).
A previous study identified 153 CT antigens, 83 of which were
located on the X chromosome (5). A preliminary study identi-
fied a testis-specific gene, TMEM31, in addition to 291 human
testis-specific genes that were all encoded by the genes on the
X chromosome (17). In the present study, it was demonstrated
that in healthy tissue TMEM3I1 is predominantly expressed
in testes and weakly expressed in the placenta. In addition, it
was revealed that TMEM31 exhibits significantly increased
expression in metastatic melanoma compared with primary
melanoma. These results suggest that TMEM31 is a novel CT
antigen.

To the best of our knowledge, the present study reported
for the first time the expression of TMEM31 protein in mela-
noma. TMEM31 protein expression in melanoma samples in
the present study is notable compared with other known poten-
tial CT antigens. In a previous study, the well-characterized
CT antigen NY-ESO-1 was demonstrated to be expressed in
30% of stage I and 40% of stage II melanomas tested (18).
Other studies revealed that NY-ESO-1 was detected in 36 (11),
31.6 (12) and 45% (14) of melanoma samples tested. In addition,
MAGE-C1/CT7 and MAGE-C2/CT10 protein expression has
been identified in 24 and 33% of primary melanoma tissues,
respectively (19), and MAGE-A1 protein expression has been
detected in 27% of metastatic melanoma tissues (13). Further-
more, paraffin-embedded melanoma tissue samples were
analyzed using immunohistochemistry for the presence of
MAGE-A1 and MAGE-A4 protein. The frequency of the pres-
ence of MAGE-A1 and MAGE-A4 proteins in 586 melanoma
samples was identified to be 37 and 29%, respectively (14). In
contrast, the present study identified TMEM31 protein expres-
sion in 120/190 (63.16%) melanoma tissues, irrespective of
histotype, stage and clinical grade, which indicates that it is a
diagnostic biomarker and therapeutic candidate for melanoma.

TMEM3I1 protein expression was significantly higher in
metastatic compared with primary melanoma. A previous study
revealed a clear correlation between CT antigen expression and
advanced tumor stage. The frequency of CT antigen expres-
sion in primary tumors for MAGE-A1 and MAGE-A4 was
lower (20 and 9%, respectively). MAGE-A1 and MAGE-A4
expression levels were increased with advancing disease stage
(to 51 and 44% in distant metastases, respectively) (14). In
the present study, TMEM31 protein expression significantly
increased from 56.35% in primary melanoma samples to
76.56% in metastatic melanoma samples (P=0.017). The
results of the present study suggest that TMEM31 is a novel CT
antigen gene, with particularly high expression in melanoma.
In addition, TMEM3I1 protein expression was significantly
increased in metastatic compared with primary melanoma,
suggesting that it is potential therapeutic target for the inhibi-
tion of tumor metastasis pathways. In conclusion, TMEM31
may have applications in the diagnosis, prognosis and immu-
notherapeutic treatment of patients with melanoma.
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