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TDRG1 regulates chemosensitivity of seminoma TCam-2 cells to cisplatin via
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ABSTRACT
We previously identified TDRG1 (testis developmental related gene 1), a novel gene with exclusive expression
in testis, promoted the proliferation and progression of cultured human seminoma cells through PI3K/Akt/
mTOR signaling. As increasing evidence reveal that aberrant activation of this signaling is involved in cisplatin
resistance. Then, in this study, we further explored whether TDRG1 regulated the chemosensitivity of
seminoma TCam-2 cells to cisplatin. Our researches showed TDRG1 could regulate the viability of TCam-2
cells following cisplatin treatment in vitro through control of both cell apoptosis and cell cycle.
Mechanistically, we observed TDRG1 positively regulated the expression levels of the key elements in PI3K/
Akt/mTOR pathway including p-PI3K, p-Akt and p-mTOR and also affected the translocation of nuclear p-Akt
in TCam-2 cells during cisplatin treatment. Meanwhile, the levels of Bad, cytochrome c, caspase-9 ratio
(activated/total), caspase-3 ratio (activated/total) and cleaved-PARP were negatively modulated by TDRG1,
which meant the involvement of mitochondria-mediated apoptotic pathway. Furthermore, we found the
effect of TDRG1 knockdown or TDRG1 overexpression could be reversed by IGF-1, a PI3K signaling activator,
or LY294002, a inhibitor of this pathway, respectively. Similar effects of TDRG1 on cisplatin chemosensitivity
and associated molecular mechanism were also confirmed in vivo by employing xenograft assays. In addition,
the positive correlation between TDRG1 and p-PI3K, or p-Akt, was found in tumor tissues from seminoma
patients. In conclusion, we uncover that TDRG1 regulates chemosensitivity of TCam-2 cells to cisplatin
through PI3K/Akt/mTOR signaling and mitochondria-mediated apoptotic pathway both in vitro and in vivo.
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Introduction

Pure seminoma is a well defined clinic and pathologic entity
consisting approximately 50% of testicular germ cell tumors
(TGCT), and its incidence is increasing worldwide.1 Seminoma
represents a paradigm for a curable neoplasm. Almost 90% of
these patients initially diagnosed with clinical Stage I (testis
involvement only) or with non-bulky Stage II disease (retroperi-
toneal lymphadenopathy measuring less than 5 cm in greatest
dimension) were cured after undergoing radical inguinal orchiec-
tomy followed by suitable radiotherapy.2 Even for patients with
further advanced stages, the complete response rate can reach
70% to 90% with standard first-line cisplatin (cis-dichlorodiam-
mine platinum or CDDP)-based chemotherapy regimens.3-5

However, a minority of patients in advanced period are
either refractory to or will relapse after CDDP-based chemo-
therapy.6-8 They commonly do not achieve a long-term pallia-
tion and eventually die of their disease. Though the absolute
amount of deaths in these patients is small, the effects are dev-
astating, with no less than 35 y (years) of life lost per patient.8

On account of the centrality of CDDP in the current used che-
motherapy regimens, the principal cause of therapeutic failures
in these cases involves the phenomenon of resistance to this
drug. Furthermore, in addition to the issue of CDDP resistance,
approaches to reduce CDDP doses so as to limit the short and

long-lasting side effects in young patients are also needed.9

Nevertheless, up to date, neither the biological basis for the
highly sensitivity to CDDP in the most seminoma nor the
mechanisms underlying the rare phenomenon of CDDP resis-
tance have been well elucidated, which representing a great
challenge for the treating physician.

Testis developmental related gene 1 (TDRG1; GenBank ID,
DQ168992) is a novel and characteristic gene identified by our
group with exclusive expression in human spermatogenic
cells.10,11 Moreover, enhanced expression of TDRG1 protein is
identified in testicular seminoma when compared to normal
testicular tissues, and TDRG1 promotes the proliferation and
invasion of seminoma cells through activating the phosphatidy-
linositol 3-kinase (PI3K)/Akt pathway, indicating the carcino-
genic role of the protein in seminoma.12 The PI3K/Akt
pathway is one of the crucial signaling cascades in human and
involved in normal cellular processes such as cell survival, pro-
liferation and apoptosis, and also in many physiologic pro-
cesses.13,14 And yet, aberrant activation of this signaling has
been widely reported in human cancers, including semi-
noma.15,16 What’s more, numerous studies reported that abnor-
mal activation of the PI3K/Akt signaling plays critical roles in
the development of resistance to CDDP, and inhibition of this
pathway increases the efficacy of CDDP in several kinds of
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human malignancies.17 Additionally, a recent study also found
overactivation of Akt in CDDP-resistant TGCT cells compared
with sensitive cells and overexpression of p-Akt in CDDP-resis-
tant choriocarcinoma orthotopic tumors versus their sensitive
counterparts, highlighting the correlation of PI3K/Akt signal-
ing with CDDP resistance in TGCT.6 However, whether
TDRG1 participates in the regulation of CDDP chemosensitiv-
ity via this signaling in seminoma is still largely unknown and
further molecular mechanism needs to be unveiled.

Therefore, in the present study, we investigated the effects of
TDRG1 protein on the growth of seminoma TCam-2 cells in
vitro and on the tumor growth in vivo in nude mice, with or
without CDDP. Meanwhile, we also evaluated the association
of key components in PI3K/Akt signaling with TDRG1 in semi-
noma tissues. Our results demonstrated for the first time that
TDRG1 regulates chemosensitivity of TCam-2 cells to CDDP
via PI3K/Akt/mTOR signaling pathway and mitochondria-
mediated apoptotic pathway, and p-PI3K and p-Akt are posi-
tively correlated with TDRG1 in seminoma.

Methods

Ethics statement

This study was approved by the Institutional Research Ethics Com-
mittee of The Third Xiangya hospital of Central South University.
Informed consent conformed to the principles outlined in the Dec-
laration of Helsinki were obtained from all patients for the use of
their tissue samples and records. The in vivo experiments also con-
ducted in accordance with the Guide for Care and Use of Labora-
tory Animals published by theUnitedNational Institutes of Health.

Chemical compounds and antibodies

LY294002 (a PI3K inhibitor) and insulin-like growth factor-1
(IGF-1, a PI3K activator) were purchased from Selleck Chemi-
cals Company (Houston, TX, USA). Both the above com-
pounds were dissolved in dimethyl sulfoxide (DMSO). CDDP
was obtained from Sigma-Aldrich (St. Louis, MO, USA) and
diluted in sterile serum.

Antibodies against PI3K(the p85 subunit, 1:8000), p-
PI3K (Tyr607 of the p85 subunit, 1:8000), p-Akt (Ser473,
1:4000), cytochrome c (1:200), caspase-3 (1:200), cleaved-
PARP (1:300), Bad (1:1000), PLAP (1:400), OCT4 (1:100)
were obtained from Abcam Biotechnology (Cambridge,
UK); antibodies against caspase-9 (1:150) and GAPDH
(1:8000) were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Akt (1:600), p-mTOR (Ser2448,
1:4000), TDRG1 (1:1000) and Ki-67 (1:100) antibodies were
purchased from Signalway Antibody Biotechnology (Balti-
more, MD, USA), Cell Signaling Technology (Boston, MA,
USA), Acris Biotechnology (San Diego, CA, USA) and Gen-
eTex (Irvine, CA, USA), respectively.

Human tissue specimens, cell culture and drugs treatment

TDRG1, p-PI3K, p-Akt expression were analyzed on samples
representative of 35 patients diagnosed with seminoma between
April 2005 and April 2013 at our hospital. The formalin-fixed

paraffin-embedded tissue sections were histopathologically
confirmed and provided by Department of pathology. The
detailed clinical information was extracted from the patients’
electronic medical records.

Many research teams worldwide including us have failed to
establish a seminoma cell line, which mainly due to the distinct
property of seminoma cells to be prone to apoptosis in vitro.
Hence, to date, only 3 lines have been reported and none of
them can be purchased.18 The human TCam-2 cell line was pri-
marily derived from a testicular tumor sample of pure classical
seminoma in 1992.19 In this study, TCam-2 cells (kindly gifted
from Dr. Riko Kitazawa, Department of Diagnostic Pathology,
Ehime University Hospital, Matsuyama, Japan) were main-
tained in complete medium (Roswell Park Memorial Institute
Medium-1640 with 10% fetal calf serum) in a humidified 5%
CO2, 37�C incubator.

Different concentrations (0, 5, 10, 15, 25 and 30 mM) of
CDDP were used to treat TCam-2 cells with different TDRG1
expression levels for dose-depended cell viability assay for 72 h
(hours) and the 50% inhibitory concentrations (IC50) were cal-
culated, respectively. As for time-depended viability curves and
all followed experiments, the CDDP were used by IC50 of
TCam-2 cells with normal TDRG1 expression, and IGF-1
(100 ng/ml) or LY294002 (20 uM) were added as indicated.

RNAi and overexpression

RNAi and overexpression vectors were described previously.12

Briefly, 3 short hairpin interfering RNA (shRNA) targeting
TDRG1 were designed and chemically synthesized, and inserted
into the pGPU6/GFP/Neo vector. We selected one with a highest
inhibition efficiency here (Forward primer: 50-caccGCGCAG-
GATCAAGCTACAATGttcaagagaCATTGTAGCTTGATCCTG
CGCttttttg-30; Reverse primer: 50-gatccaaaaaaGCGCAGGAT-
CAAGCTACAATGtctcttgaaCATTGTAGCTTGATCCTGCGC-3
0) and a shRNA-control vector containing non-silencing sequenc
e (50-GACTTCATAAGGCGCATGC-30) was also used (Invitro-
gen Life Technologies, CA, USA). For overexpression, open read-
ing frame of TDRG1 was cloned into the enhanced green
fluorescent protein plasmid-C1 (pEGFP-C1) vector (Invitrogen
Life Technologies).

The shRNA-TDRG1 vector, shRNA-control vector and
pEGFP-C1-TDRG1 vector were transfected into Tcam-2 cells
after reaching 70% confluence using Lipofectamine 2000 (Invi-
trogen Life Technologies) according to the manufacturer’s
instructions. To determine the transfection efficicency, cells
expressing GFP protein were imaged using laser confocal scan-
ning microscopy (Leica TCS-SP5, Germany). Then 400 ng/ml
G418 (Sigma-Aldrich) was used for screening positively stable
transfectants.

Quantitative real-time PCR

The detailed procedure was described previously.12 The PCR
primer sequences for TDRG1 and b-actin were as follows:
TDRG1 forward primer 50-GAAGAGGAGGGAGGCAGTCT-
30, reverse primer 50-GGGAACCTAGA CCTGGGAAG-30;
b-actin forward primer 50-CATTAAGGAGAAGCTGTGCT-
30, reverse primer 50-GTTGAAGGTAGTTTCGTGGA-30. A
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melting curve analysis of the amplified products was performed
at the end of each PCR cycle. b-actin was used as the internal
control, and gene expression was relatively quantified using
2¡DDCT method.20

Cell viability assay

The cytotoxic effect of CDDP on TCam-2 cells with different
TDRG1 expression levels was measured by MTT assay. Cells
were seeded at a density of 104 cells/well in 96-well plates for
24 h. For dose-depended assay, different concentrations of
CDDP were used to treat cells for another 72 h. Then cells were
incubated with 20 ml MTT solution (final concentration, 5 mg/
ml, Sigma-Aldrich) for 4 h at 37�C. While for time-depended
curves, cells were treated with CDDP (10 mM), and with or
without IGF-1 or LY294002 as indicated. At different time
points (0, 12, 24, 48, 72, 96 h), MTT were added as described
above. After that, DMSO was added to each well to dissolve the
purple-blue formazan crystals by gentle agitation. For each
well, the absorbance at 570 nm (A570) was estimated using a
Microplate Reader (Bio-Tek ELX-800; Winooski, VT, USA),
with DMSO used as blank.

Cell apoptosis analysis

Annexin V-FITC (fluorescein isothiocyanate)/PI staining was
used to investigate cell apoptosis as described previously.12

Briefly, after drugs treatment and incubation for 72 h, cells
were collected, washed with ice-cold phosphate-buffered saline
(PBS), and labeled with Annexin V and propidium iodide
(PtdIns) in the dark using an Annexin V-FITC apoptosis detec-
tion Kit (Beyotime Biotechnology, Shanghai, China). Cell apo-
ptosis was subsequently analyzed by a FACSCalibur flow
cytometry (BD Biosciences, San Jose, CA, USA).

Cell cycle analysis

Cell cycle analysis was performed using the PI single staining
method as described previously.12 Briefly, after drugs treatment
and cultivation for 72 h, the cells were collected, washed and
centrifuged at 1000 rpm, and then fixed with 75% cold ethanol
at 4�C overnight. After staining in PtdIns and RNase A at
room temperature for 30 min (minutes) in the dark, the per-
centage of cells in each cell cycle phase was determined with
Cell Quest software and ModiFit (Verity Software House, Top-
sham, USA) by a flow cytometer (BD Biosciences).

Western blotting

Western blotting (WB) was implemented as described previ-
ously.12 Briefly, the cells and mice xenograft tumors were lysed
in lysis buffer containing protease inhibitors. Protein concen-
tration of lysates was determined by the bicinchoninic acid
assay (Beyotime Biotechnology). Equal amounts of protein
(20 mg) were separated by 10% SDS-PAGE electrophoresis and
subsequently transferred onto PVDF membranes. The mem-
branes were blocked with 5% non-fat dry milk in 0.2% Tween-
20 in Tris-buffered saline (TBS-T) for 1 h at room temperature
and then probed with primary antibodies. Immunoreactivity

was detected after incubation with a horseradish peroxidase-
conjugated secondary antibody by the enhanced chemilumines-
cence method (Thermo Scientific, Waltham, MA, USA).
GAPDH was stained as a loading control.

Immunofluorescence assay

Immunofluorescence assay was performed as described previ-
ously.21 Briefly, after drugs treatment and incubation for 72 h,
the cells was fixed in 4% paraformaldehyde for 20 min and per-
meabilized with 0.3% Triton X-100 (Sigma-Aldrich) for 1 h at
room temperature. Then cells were blocked with 1% BSA in
PBS for 2 h, and incubated with primary antibody against
TDRG1 or p-Akt at 4�C overnight. Finally, the cells were incu-
bated with anti-Rabbit IgG (HCL) antibody labeled with Alexa
555 (Invitrogen Life Technologies, 1:200) for 1 h at room tem-
perature in the dark, washed 3 times in PBS and mounted with
DAPI. A confocal microscope (Leica TCS-SP5) was used to
observe the cells.

Xenograft

Male athymic BALB/c nude mice (4–5 weeks old) were pur-
chased from the Institute of Experimental Animal of Central
South University (Changsha, China). Mice were maintained in
a germ-free environment for one week. All animals had free
access to standard laboratory mouse food and water. Then
TDRG1 knockdown, TDRG1 overexpression or siRNA control
TCam-2 cells (1 £ 106 in 200ml medium) were injected subcu-
taneously into the groin area. After one week, mice were ran-
domly chosen and assigned into 4 groups (6 mice per group)
based on different TDRG1 expression levels in the injected
cells, and CDDP (6mg/kg body weight, one times/week for 3
weeks, i.p.) was administrated as indicated: N.C. group, N.C. C
CDDP group, TDRG1 knockdown C CDDP group and
TDRG1 overexpression C CDDP group. Tumor parameters
were measured every 4 days, and tumor volume was calculated
by length £ width2 £ 0.5. After a 31 d follow-up period, mice
were sacrificed and the tumors were removed. The tumors were
fixed in 10% buffered formalin for immunhistochemistry anal-
ysis and in liquid nitrogen for WB.

Immunohistochemistry analysis

Immunohistochemistry (IHC) assays were carried out as
described previously. Briefly, the sections were routinely depar-
affinized in xylene, rehydrated in ethanol and finally rehydrated
in double-distilled water. Antigen retrieval was performed by
placing the sections in 0.01 M citrate buffer (pH 6.0) before
microwave heating for 20 min. Samples were then blocked with
10% normal goat serum for 30 min and subsequently incubated
with primary antibodies at 4�C overnight. The primary anti-
bodies were visualized under the light microscope using the SP
method according to the kit instructions (Maixin Biotechnol-
ogy, Fuzhou, China).

Protein expression level was classified semiquantitatively
combining the proportion and intensity of positively stained
immunoreactive cells. For each section, 5 random fields were
selected for scoring and a mean score was calculated in final
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analysis. The percentage of positive-staining cells was scored as
follows: 0 (no positive cells), 1 (< 10% positive cells), 2 (10%–
40% positive cells), 3 (40%–70% positive cells), and 4 (> 70%
positive cells). The intensity of positive staining was also used
in a 4 scoring system: 0 (negative staining), 1 (weak staining
exhibited as light yellow), 2 (moderate staining exhibited as yel-
low brown), and 3 (strong staining exhibited as brown). Protein
expression index D intensity score £ positive score.

Data processing

Statistical analysis of the in vitro and in vivo results was ana-
lyzed using GraphPad Prism 5.01 software (GraphPad Soft-
ware, CA, USA). The quantitative data were expressed as the
mean § standard deviation (mean § SD) of 3 to 6 independent
experiments. Differences among the means of multiple groups
were compared based on one-way ANOVA, followed by a
Newman–Keuls multiple comparison test. To test the correla-
tion between TDR1 with p-PI3K or p-Akt in IHC assays, linear
regression analysis was performed based on expression index
of each protein. p values below 0.05 were considered statisti-
cally significant.

Result

Establishment of seminoma TCam-2 cells with TDRG1
knockdown or overexpression

To investigate the role of TDRG1 in regulating CDDP sensitiv-
ity in TCam-2 cells, separate knockdown and overexpression
were done using either TDRG1 shRNA or pcDNA-TDRG1,
and stable transfected cells were screened. Successful transfec-
tion of TCam-2 cells was determined by detecting GFP

expression using fluorescence microscopy (Fig. S1). The results
showed that short hairpin constructs against TDRG1 were effi-
cient and specific in the ablation of the gene in TCam-2 cells at
both mRNA level and protein level compared with vector con-
trol cells. In contrast, TDRG1 expression was significantly
enhanced in TCam-2 cells treated with pcDNA-TDRG1
(Fig. S1). Thus, we successfully set up cell line models geneti-
cally manipulated for TDRG1 expression here.

TDRG1 regulates cell viability during CDDP treatment in
TCam-2 cells

Firstly, we employed MTT assays to see the effect of TDRG1 on
the chemosensitivity of TCam-2 cells to CDDP. As demon-
strated in Fig. 1A, after incubation with different concentra-
tions of CDDP for 72 h, TDRG1 inhibition markedly decreased
the cell viability in TCam-2 cells compared with negative con-
trol (N.C.). Furthermore, knockdown of TDRG1 also decreased
the cell viability in TCam-2 cells following CDDP treatment in
a time-dependent manner (Fig. 1A). As expectedly, TDRG1
overexpression confered resistance to CDDP in TCam-2 cells
in a both dose-dependent manner and time-dependent manner
(Fig. 1A). The 50% inhibitory concentration of CDDP for 72 h
in the TDRG1 knockdown, TDRG1 overexpression and N.C.
cells are shown in Fig. 1A. The concentration from the N.C.
cells in this study was similar with the IC50 of CDDP for 72 h
in TCam-2 cells reported by Wermann H et al.22

It was reported that PI3K signaling plays a critical role in the
occurrence and development of seminoma.15 Interestingly, we
found that LY294002, a PI3K signaling inhibitor, re-sensitized
TCam-2 cells with TDRG1 overexpression to CDDP, while IGF-1,

Figure 1. The effect of TDRG1 on cell viability of seminoma TCam-2 cells following CDDP treatment. (A) MTT assays were used to confirm the effects of different expres-
sion levels of TDRG1 on cell viability of TCam-2 cells following CDDP treatment. �p < 0.05, ��p < 0.01, ���p < 0.0001 compared to negative control TCam-2 cells with
CDDP treatment. (B) The effect of IGF-1, a PI3K signaling activator, on TCam-2 cells with TDRG1 knockdown and the effect of LY24002, a PI3Ksignaling inhibitor, on TCam-
2 cells with TDRG1 overexpression were also evaluated during CDDP treatment. �p < 0.05, ��p < 0.01, ���p < 0.0001 compared to negative control values.
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a PI3K activator, reversed the positive effect of TDRG1 knock-
down on the chemosensitivity of TCam-2 cells to CDDP (Fig. 1B).

Considering either control of cell apoptosis or regulation of
cell cycle may contribute to the modulatory effect of TDRG1
on the chemosenitivity, we then performed flow cytometry
analysis. The data showed that CDDP alone for 72 h had a
moderate effect on increasing early apoptosis rate and inducing
cell cycle arrest in the G0/G1 phase, with a lower proliferation
index (PI) in TCam-2 cells (Fig. 2A). Similarly with the results
in MTT assays, the combined therapy with TDRG1 inhibition
enhanced the effect of CDDP on cell apoptosis and cell cycle,
which could be hindered by IGF-1 (Fig. 2A). Reversely, the
joint application of TDRG1 overexpression and CDDP attenu-
ated the therapeutic effect, which could be rescued by
LY294002 (Fig. 2A). Collectively, these findings suggest that
TDRG1 regulates cell viability during CDDP treatment in
TCam-2 cells via modulating both cell apoptosis and cell cycle,
and PI3K signaling may be involved.

TDRG1 regulates the PI3K/Akt/mTOR signal pathway
during CDDP treatment in TCam-2 cells

Suppression of the PI3K/Akt/mTOR signaling has been demon-
strated to overcome CDDP resistance in several kinds of human

malignancy, indicating an important role of this signaling in reg-
ulating CDDP chemosensitivity.23 Therefore, based on the above
results, we then employed WB to test whether the PI3K/Akt/
mTOR signaling was involved in the regulating effect of TDRG1
on CDDP sensitivity. It was widely accepted that disruption of
the PI3K signaling is one of the molecular mechanisms of action
during CDDP treatment.24 Indeed, as shown in Fig. 3A, we
found the expression levels of phosphorylated PI3K, Akt and
mTOR were decreased after CDDP treatment for 72 h in
TCam-2 cells, while total PI3K, Akt and mTOR showed no sig-
nificant changes. As expected, combined with the effect of
CDDP, the expression levels of p-PI3K, p-Akt and p-mTOR
were further inhibited in TCam-2 cells with TDRG1 inhibition,
while the effect could be blocked by IGF-1. Additionally, the
inhibitory effect of CDDP on phosphorylated PI3K, Akt and
mTOR in TCam-2 cells with TDRG1 overexpression were atten-
uated and could be reversed by LY294002 (Fig. 3A).

Akt is an important and central component in PI3K signal-
ing.13,14 Akt regulates downstream targets in the PI3K pathway,
such as mTOR, and outside of the PI3K pathway, such as Bcl-
2-asscociated proteins, and thus functions in many physiologic
processes.25 Moreover, Akt is also expressed in the nucleus, and
increased levels of nuclear p-Akt have been seen in several
human cancers.26 Interestingly, as shown in Fig. 3B, we found

Figure 2. TDRG1 regulates early cell apoptosis and cell cycle distribution in seminoma TCam-2 cells following CDDP treatment for 72 hours. (A) Left: Cells were treated
with or without CDDP, IGF-1 or LY24002 for 72 hours, followed by staining with Annexin V-fluorescein isothiocyanate and propidiumiodide and analyzed by flow cytome-
try. Right: Quantitative summary of early apoptosis rate in different groups. Compared as indicated, ��p < 0.01, ���p < 0.0001. (B) Left: Cell cycle distribution in defferent
groups was analyzed by flow cytometry. Right: Quantitative summary of cell cycle distribution in different groups.
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the expression of p-Akt in the nucleus of TCam-2 cells, which
could be inhibited by CDDP treatment. Furthermore, TDRG1
knockdown inhibited the translocation of p-Akt from cyto-
plasm to the nucleus during CDDP treatment in TCam-2 cells,
while TDRG1 overexpression enhanced the translocation. Iden-
tically, these effects also could be reversed by IGF-1 or
LY294002, respectively (Fig. 3B).

TDRG1 regulates mitochondria-mediated apoptotic
pathway during CDDP treatment in TCam-2 cells

The mitochondria-associated apoptotic pathway participates in
cellular response in tumors to many anticancer drugs including
CDDP.27 To see whether it is involved in TDRG1 induced alter-
ation in sensitivity of TCam-2 cells to CDDP, we performed an
analysis of pro-apoptotic proteins (Bad, cytochrome c). Further-
more, it is also believed that activation of caspase-9, caspase-3
and PARP follows and stimulates mitochondrial cell death sig-
nals, therefore we also investigated the effects of TDRG1 on the
3 proteins during CDDP treatment.28 In Fig. 3C, the WB results
showed Bad, cytochrome c, caspase-9 ratio (activated/total), cas-
pase-3 ratio (activated/total) and cleaved-PARP levels moderately
increased after CDDP treatment in TCam-2 cells for 72 h. More-
over, compared to the vector control cells, TCam-2 cells with
TDRG1 knockdown showed higher levels of Bad, cytochrome c,

caspase-9 ratio, caspase-3 ratio and cleaved-PARP after treat-
ment with CDDP, while TCam-2 cells with enhanced TDRG1
expression showed lower levels of these proteins or indexes. Con-
sistently, these alterations could be respectively reversed by IGF-1
or LY294002 as well.

TDRG1 regulates seminoma growth in vivo during CDDP
treatment

To further validate the effect of TDRG1 on the chemosensitiv-
ity of seminoma cells to CDDP in vivo, xenograft tumors were
established by subcutaneous inoculation of TCam-2 cells in
male BALB/c nude mice. Seen from Fig. 4A, B, after 3 cycles of
CDDP treatment, we found the mean volume of tumors
derived from TCam-2 cells with TDRG1 knockdown was sig-
nificantly smaller than these from the vector control cells. On
the other hand, TDRG1 overexpression obviously enhanced
the growth of TCam-2 tumors during CDDP treatment. Fur-
thermore, TDRG1 knockdown caused more necrosis in some
areas of the xenograft tumors during CDDP treatment
(Fig. 4C). Accordingly, a significant decrease of Ki-67 expres-
sion (a well-known cell proliferation marker)29 was indicated
in the TDRG1 knockdown C CDDP group compared to the
CDDP group, while TDRG1 overexpression markedly
increased the expression (Fig. 4C). Similar results could also be

Figure 3. TDRG1 regulates PI3K/Akt/mTOR signaling and mitochondria-mediated apoptotic pathway in seminoma TCam-2 cells following CDDP treatment in vitro. (A)
Protein expression of TDRG1, PI3K, p-PI3K, Akt, p-Akt and p-mTOR was measured by protein gel blotting at 72 hours after CDDP treatment in different groups. GAPDH
served as the internal control. (B) Immunoflurescence staining was peformed to further detect the expression of TDRG1 and p-Akt in TCam-2 cells from different groups
at 72 hours after CDDP treatment. TDRG1 affected the nuclear p-Akt expression. (C) The key elements in mitochondria-mediated apoptotic pathway including Bad, cyto-
chrome c, caspase-9, caspase-3 and cleaved-PARP were also measured by western blotting at 72 hours after CDDP treatment in different groups. GAPDH served as an
internal control.
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found in the analysis of the expression of OCT4 and PLAP,30 2
widely-accepted seminoma markers (Fig. 4C). To elucidate the
molecular mechanism in vivo, WB tests were then performed
and also showed the involvement of PI3K/Akt/mTOR signaling
and mitochondria-mediated apoptotic pathway, which was
highly agreed with the results in vitro (Fig. 4D).

Expression and correlation of TDRG1, p-PI3K and p-Akt
in human seminoma tissues

Finally, we detected the expression status of TDRG1, p-PI3K and
p-Akt in human seminoma samples from 35 cases of seminoma
patients by IHC staining. The positive staining of TDRG1 was
indicated as brown precipitates in the cytoplasm, while the expres-
sion of p-PI3K and p-Akt could be detected both in the cytoplasm
and nucleus. The intensity of TDRG1, p-PI3K and p-Akt staining
was characterized as low, middle, or high, as illustrated in Fig. 5A.
We further analyzed the correlation between TDRG1 and p-PI3K
or p-Akt expression in these samples and found that TDRG1 was
significantly and positively correlated with p-PI3K (p D 0.0002)
and p-Akt (p < 0.0001, Fig. 5B, C). It is also interesting to note
that approximately 91% (32/35) of the patients expressed low (8/
35) or moderate (24/35) levels of TDRG1.

Discussion

Chemotherapy has been widely administrated in the treatment
of a variety of cancers, including seminoma. So far, platinum is

still the key agent in the chemotherapeutic regime for semi-
noma patients, and CDDP is one of the most commonly
used.31,32 The majority of seminoma patients present an
extremely good response to CDDP-based chemotherapy and
thus get the chance to be cured. In fact, yet a small group of
patients are not sensitive to CDDP-based chemotherapy and
suffer from pain and even inevitable death.6-8,33 However, the
mechanism accounting for the both phenomena is largely
unclear. Recently, certain genes have been reported to be prom-
ising targets in regulating the sensitivity of tumor cells to
CDDP, such as REV3L in cervical cancer cells, TFAP2a in blad-
der cancer cells.27,34 In the present study, as part of our efforts
to elucidate the above mechanism, TDRG1 was identified, for
the first time, to be able to regulate the chemosenitivity of semi-
noma cells to CDDP, which was confirmed both in in vitro and
in vivo experiments.

TDRG1 is a newly characterized human testis-specific gene and
encodes a 100-amino-acid protein without any known protein
domains.10 Therefore, the function of TDRG1 protein still needs to
be explored. Early studies indicated the protein functions in the
process of spermatgenesis and in the tumorigenesis and develop-
ment of TGCT.11,12,21 Generally, several signaling pathways jointly
participate in tumorigenesis. However, PI3K/Akt signal pathway,
one of the most active signaling in malignancies, has been reported
to play a key role in seminoma.15 Wang et al. firstly reported that
TDRG1 activates PI3K/Akt signaling and thus contributes to the
progression of seminoma.12 In this study, we employed MTT
assays and further found TDRG1 positively regulated the cell

Figure 4. TDRG1 regulates the chemosensitivity of seminoma to CDDP in vivo. (A) Representative tumors in nude mice from different groups. (B) The growth curves of
transplanted tumors in nude mice (n D 6), �p < 0.05, ���p < 0.0001. (C) Representative photographs of hematoxylin and eosin (H&E) and immunohistochemistry (IHC)
analysis of OCT4, PLAP and Ki-67, magnification, 200. The expression index of Ki-67 in different groups was analyzed, �p < 0.05. (D) Protein in mice xenograft tumors
from different groups were collected. And the key elements in PI3K/Akt/mTOR signaling and mitochondria-mediated apoptotic pathway were measured by protein gel
blotting. GAPDH served as a loading control.
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viability of seminoma TCam-2 cells in vitro during CDDP treat-
ment in a both dose-dependent and time-dependent manner. In
consideration of the link of PI3K/Akt signaling with CDDP sensi-
tivity, which has been confirmed in many human cancers, such as
lung cancer,35 bladder cancer,25 ovary cancer and even in
TGCT,6,23 we then designed functional reverse tests using IGF-1, a
PI3K signaling activator, and LY294002, a PI3K signaling inhibitor.
As expected, the results showed the effect of TDRG1 knockdown or
TDRG1 overexpression on the viability of TCam-2 cells during
CDDP treatment could be well reversed by IGF-1 or LY294002,
respectively. In vivo experiments also verified these findings, since
TDRG1 could regulate the growth of xenograft seminoma cancer
and affect the expression levels of Ki-67, OCT4 and PLAP in xeno-
graft tumors. These markers commonly represent the proliferation
ability and number of TCam-2 cells in tumors.29,30

Furthermore, in vitro and in vivo results from western blot-
ting further confirmed the involvement of PI3K/Akt signaling.
PI3K is a heterodimer which consists of an 85 kDa regulatory
subunit (p85) and a 110 kDa catalytic subunit (p110).13 Consis-
tent with the report from Wan et al., the expression of TDRG1
protein was positively correlated with the level of p-PI3K/p85
subunit in TCam-2 cells following CDDP treatment, while the
total PI3K/p85 was not obviously changed.12 The possible
explanation might be that TDRG1 can act like a protein kinase
and thus phosphorylate PI3K/p85. However, the action could
also be indirect, thus more researches are needed to fully
explain this phenomenon. Once p85 is phosphorylated, its reg-
ulatory activity decreases, leading to increased catalytic activity
of p110. Activated PI3K further caused the phosphorylation of
Akt.36 Therefore, the level of p-Akt was consistently changed
with TDRG1 as well. Moreover, it has been reported that the
level of nuclear p-Akt increases during the progression of

prostate cancer and increased level of nuclear Akt has been
seen in tumors such as acute myeloid leukemia and lung, breast
and pancreatic and thyroid cancers.37,38 These evidence support
an important role of nuclear Akt in tumorigenesis. Interest-
ingly, from the in vitro immunofluorescence results, we
observed p-Akt expression in nucleus of TCam-2 cells, and
TDRG1 regulated its expression during CDDP treatment.
Therefore, we postulated here aberrant nuclear p-Akt expres-
sion was involved in seminoma tumorigenesis and the response
to CDDP.

mTOR is phosphorylated at Ser2448 via PI3K/Akt signaling
and thus activated.13 In turn, activated mTOR participates in
mTORC2 complex, which phosphorylates Akt at Ser473 and
also stimulates Akt phosphorylation at Thr308 by 3-phosphoi-
nostitide dependent protein kinase-1, leading to full activation
of Akt cascade.39 Furthermore, mTOR also acts as a catalytic
subunit in mTORC1 complex, the activation of which leads to
the phosphorylation of p70 S6 protein kinase-1 (S6K1) and
eIF4E-binding proteins (4E-BPs) and thus enhances the
demand for protein synthesis to support cell cycle progres-
sion.40 In accordance with these reports, here we found
TDRG1 acted as a positive regulator of p-mTOR in TCam-2
cells during CDDP treatment and subsequently affected cell
cycle progression in the G0/G1 phase. However, more detailed
molecular mechanisms should be further explored. Further-
more, we also observed TDRG1 could regulate the early apo-
ptosis rate in TCam-2 cells during CDDP treatment. As
reported, induction of cell apoptosis also serves as an essential
mechanism of the anti-tumor efficacy of CDDP.32 Cell apopto-
sis is executed by members of the caspase family, which can be
mainly activated by 2 main pathways, including the extrinsic
death receptor pathway and the intrinsic mitochondria-related

Figure 5. Detect the expression of TDRG1, p-PI3K and p-Akt in tumor tissues from seminoma patients by immunohistochemistry (IHC) analysis. (A) Examples representa-
tive of low intensity, middle intensity and high intensity of positive TDRG1, p-PI3K and p-Akt immunostaining in matched seminoma patients samples. (B) The expression
of TDRG1 in seminoma tissues was positive correlated with the expression of p-PI3K (r2 D 0.3470, p< 0.0002). (C) TDRG1 expression in seminoma tissues was also positive
associated with p-Akt (r2 D 0.6248, p < 0.0001).
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apoptotic pathway.41 Bad, a pro-apoptotic protein, can be
treated as a link between PI3K/Akt signaling and mitochondrial
apoptotic pathway. In activation of PI3K/Akt signaling leads to
dephosphorylation of Bad and resulting in its translocation
from cytoplasm to the mitochondria, which is an important
event triggering the release of cytochrome c from mitochon-
dria.42,43 Cytochrome c in cytoplasm then activates caspase-9
and caspase-3. Activation of either caspase can cleave PARP
and trigger chromosomal DNA fragmentation, which is an
apoptotic hallmark.41 Herein, after confirming the involvement
of PI3K/Akt signaling, we then examined the expression of Bad
and cytochrome c in TCam-2 cells during CDDP treatment
and found they were both positively correlated with TDRG1.
Moreover, activation of the caspase cascade was also examined
and it could also be regulated by TDRG1. These findings sup-
port that mitochondria-mediated apoptotic pathway can be
modulated by TDRG1 in TCam-2 cells following CDDP
treatment.

In this study, though we reported some primary findings,
some limitations were inevitable. Firstly, we failed to obtain the
rare tissues from seminoma patients with CDDP resistance,
mainly due to its low incidence and the relatively unsound fol-
low-up system in China. So we only detected the expression of
TDRG1, p-PI3K and p-Akt in seminoma tissues. Interestingly,
TDRG1 was positively correlated with p-PI3K and p-Akt in
seminoma. What’s more, the majority of patients presented
low or moderate levels of TDRG1. We thus postulated this
might, at least partially, contribute to the high sensitivity to
CDDP in the most seminoma patients. In addition, because of
no purchase channel and the difficulty in primary culture, we
used only one seminoma cell line. Hence, if possible, more data
from various kinds of seminoma cells including CDDP-resis-
tant ones are needed.

However, we used both knockdown and overexpression of
TDRG1 in TCam-2 cells, which might cover the shortage to
some extent. All in all, here we provided both in vivo and in
vitro evidence that TDRG1 regulates the chemosensitivity to
CDDP in seminoma TCam-2 cell line through the PI3K/Akt/
mTOR signaling and mitochondria-mediated apoptotic path-
way. Moreover, the expression level of TDRG1 is positively
linked with the activity of PI3K/Akt signaling in seminoma.
Therefore, the therapy targeting TDRG1 may be a promising
approach in seminoma patients receiving CDDP treatment.
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