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Received 8 February 2020 for chemosensitivity as well as possible molecules accelerating cell-killing mechanisms. In this study, we attempted to
Received in revised form 19 March 2020 elucidate how MK2206, an allosteric Akt inhibitor, enhances the cisplatin (CDDP)-induced cytotoxicity and apoptosis
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in testicular cancer. MATERIALS AND METHODS: We checked three testicular cancer cell lines for the expression of
phospho(p)-Akt and its downstream molecules targets by Western blot. The potential antitumor effects were analyzed
by MTT assay in vitro and by subcutaneous xenograft models in vivo. The cell invasion was analyzed by transwell in-
vasion assay, and the activities of Akt signaling pathway and expression of apoptosis-related proteins were measured
by Western blot. RESULTS: Our results indicated that there was overactivation of p-Akt and its downstream molecules
in testicular cancer cell lines compared with normal testis epithelium cells. MK2206 (600 nM) inhibited cell invasion in
TCAM-2 and P19 cell lines and significantly increased the susceptibility of testicular cancer to CDDP. Combined with
CDDP, MK2206 potentiated CDDP-induced cytotoxicity and apoptosis, with repressed expression of p-Akt and its
downstream targets. The subcutaneous xenograft models also showed that a combined CDDP/MK2206 therapy
completely suppressed tumor growth without any side effects. CONCLUSION: These results suggested that the concom-
itant use of MK2206 could enhance the CDDP-induced cytotoxicity and apoptosis in testicular cancer with the sup-
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pressed expression of Akt pathway.

Introduction

Testicular cancer is the most common solid cancer in men between 15
and 35 years of age [1]. Cisplatin (CDDP)-based treatment is the first-line
chemotherapy used in testicular cancer patients, either alone or combined
with surgery, although the use of chemotherapy is associated with signifi-
cant toxicity. However, a proportion of patients relapsed or acquired resis-
tance to chemotherapy. To improve chemotherapeutic efficacy and explore
the molecular mechanisms, it is important to detect new molecular markers
for chemosensitivity and identify possible target-associated cell-killing
mechanisms in testicular cancer.

Akt is a serine-threonine kinase activated by growth factors or survival
factors to regulate cell growth, survival, proliferation, and metabolism [2].
Recent evidence indicates that Akt is frequently constitutively activated in
many types of human cancer, and activated PI3K/Akt signaling is the cen-
tral effector of many downstream signaling pathways that regulate various
cellular responses of tumors, including cell growth, tumorigenesis,

progression, survival, and chemosensitivity [3,4]. Dominant-negative mu-
tants of Akt enhance the cytotoxicity of chemotherapeutic agents, suggest-
ing an important role of Akt in drug resistance [5]. Some studies have
shown that Akt activation seems to be related with CDDP resistance of ovar-
ian cancer cells and bladder cancer cells [6,7]. Thus, chemotherapeutic
agents that could be sensitized by Akt inhibition are highly desirable to
guide the clinical application of Akt inhibitors.

MK2206 is a highly potent and selective allosteric Akt inhibitor which is
under development for the treatment of solid tumors. Previous reports have
demonstrated that MK2206 has antitumor activity alone and enhanced
anti-tumor efficacy in combination use with chemotherapeutic agents in
solid tumors [8,9], but there were no reports about the anti-tumor effects
of MK2206 combined with chemotherapeutic agents in testicular cancer.
In the present study, we investigated the effectiveness of MK2206 to en-
hance CDDP-induced cytotoxicity and apoptosis through the suppression
of phospho(p)-Akt expression and its downstream molecules. This com-
bined treatment may provide a potential new therapeutic option by
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targeting the Akt signaling pathway to increase CDDP sensitivity in testicu-
lar cancer.

Materials and Methods
Antibodies and Reagents

Antibodies were obtained as follows: anti-Akt, p-Akt (ser473), p-4EBP1,
p-mTOR, p-70S6K, p-GSK3pB, Ki-67, survivin (71G4B7), bax, cleaved
caspase-3, Snail, Slug and ZEB1 from Cell Signaling Technology (Beverly,
MA); anticaspase-8 and anticaspase-9 from BD Pharmingen (San Diego,
CA); MK2206 from Active Biochem (Maplewood, NJ); and CDDP from
WAKO (Osaka, Japan).

Cell Culture

Three testicular cancer cells lines (TCAM-2, NCCIT and P19) and one
testicular epithelial cell (15P-1) line were obtained from ATCC. Cells
were maintained in DMEM medium supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin. Cells were incubated at
37°C in a humidified atmosphere containing 5% CO,.

MTT Assay

Cell viability was assessed by MTT assay. Briefly, 1 x 10* cancer cells
with 100 pl suspension were grown in each well of 96-well plates. After
24 hours of incubation, cells were treated with or without different concen-
trations of drugs for another 24 hours. Then, 20 ul MTT working solution (5
mg/ml; Sigma) was added to each culture well and incubated for 4 hours.
The absorbance (A) of each well was measured by a microculture plate
reader at 540 nm. The percentage of cell viability = (A of experimental
wells / A of control wells) X 100. These experiments were performed at
least three times independently.

Drug Treatment and Preparation of Cellular Extracts

For the dose-response and the time-course studies, cells were grown
to 70-80% confluency in 100-mm dishes for 48 hours. Then cells were
treated with CDDP at the corresponding concentrations of IC30. For
analysis of Akt pathway, cells were treated with CDDP at the concentra-
tion corresponding to IC30 with or without treatment of 600 nM
MK2206. After treatment, cells were washed with phosphate-buffered
saline (PBS) and lysed in an appropriate volume of ice-cold cell lysis
buffer (20 mM Tris, PH 7.4, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA,
1% Triton, 2.5 mM sodium pyrophosphate, 1 mM beta-
glycerophosphate, 1 mM Na3VOy,, 1 pg/ml leupeptin) supplemented
with 1 mM phenylmethylsulfonyl fluoride. Cellular lysates were clari-
fied by centrifugation at 15000 X g for 20 minutes, and the protein con-
centrations of the lysates were determined by a detergent-compatible
protein assay kit (Bio-Rad, Hercules, CA). Portions of the same cellular
extracts were used for Western blot analysis.

Western Blot Analysis

Thirty to fifty micrograms of protein lysates were separated by SDS-
PAGE on a 10% to 15% Tris-HCL minigel, and transferred onto a PVDF
membrane following standard methods. After blocking, membranes were
probed with appropriate dilutions of primary antibodies overnight,
followed by incubation with horseradish peroxidase-conjugated secondary
antibodies 1 hours. Proteins were visualized by the chemiluminescent de-
tection system.

Transwell Invasion Assay

For transwell invasion assays, cells were suspended in serum-free
DMEM. The cell suspensions TCAM-2 and P19 (5 X 10*) were then added
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to the 8.0 um pore polyethylene terephthalate filter insert of a 24-well
transwell cell culture chamber (BD Falcon, Franklin Lakes, NJ, USA) and
were incubated for 24 hours with medium containing 10% FBS in the bot-
tom of the chamber. Residual cells on the upper side of chambers were re-
moved by scraping with cotton swabs and the cells that attached to the
lower side of the membrane were fixed with 70% ethanol and stained
with hematoxylin. The number of invaded cells was counted in 3 randomly
selected fields ( x 200) under microscope. Each experiment was triplicated
and performed three times independently.

Mouse Xenograft Model

To produce a subcutaneous xenograft model, 5 x 10° P19 cells in 100
ul phosphate buffered saline were inoculated subcutaneously into each
flank of pathogen-free 5-week-old female BALB/cAJcl-nu/nu mice
(Nihon Clea, Japan). After growing for 7 days, mice with tumor xeno-
graft were divided into four groups (5 mice each group) and treated
for 2 weeks as follows: (a) vehicle alone (DMSO); (b) CDDP at 6
mg/kg weekly; (c) MK2206 at 50 mg/kg weekly; (d) combination of
(b) and (c). We administered CDDP or MK2206 by intraperitoneal injec-
tion. The doses and injection regimens for these drugs were based on re-
ports published previously [10,11]. Mice body weight and tumor size
were measured every other day. Tumor volume was calculated using
the equation, volume = width? x length/2. All mice were sacrificed on
day 15 after initial treatment. Tumors were excised and formalin fixed
for Ki-67 immunostaining. Approval for these studies was obtained
from the Ethics Committee of Shandong Provincial Hospital Affiliated
to Shandong First Medical University.

Statistical Analysis

Statistical data was analyzed using Statistical Package for Social Sci-
ences (SPSS, version 17.0) software. All data used were representative of
at least three independent experiments. Quantitative data were expressed
as mean *+ S.D. Comparisons were carried out by the Mann-Whitney U
test and Kruskal-Wallis test. P values <.05 were considered statistically
significant.

Results
Expression status of the Akt signaling pathway in testicular cancer cell lines

In the present study, the change of p-Akt expression and its downstream
molecules were analyzed using 15P-1 (normal testicular epithelial cell) and
three testicular cancer cell lines (TCAM-2, NCCIT and P19). Three testicular
cancer cell lines had overexpression of p-Akt (Ser473), p-Akt (Thr308), and
downstream targets, including p-4EBP1, p-GSK3f, p-mTOR, and the cell
line P19 had the strongest expression of those molecules (Figure 1). There
were no or weak expressions of Akt signaling in normal testicular epithelial
cell 15P-1.

The Effect of MK2206 on p-Akt Expression, Cell Proliferation, and Cell Invasion
in Testicular Cancer Cell Lines

To investigate the effects of MK2206 on p-Akt expression, the three cell
lines were treated with increasing doses of MK2206 for 24 hours. Dose-
dependent decrease in the p-Akt (Ser473) expression were shown in these
cell lines (Figure 2A). The cell viability rates after exposure to 600 nM of
MK2206 were 74.67 +=2.54, 77.74+2.90, 78.93+3.03% in TCAM-2,
NCCIT and P19, respectively (Figure 2B). In this study, we used the concen-
tration (600 nM) at which MK2206 alone successfully suppressed p-Akt ex-
pression, but repressed cell viability only slightly and did not induce
significant apoptosis (Figure 2, A and B, and 4A).

The effects of MK2206 on cell proliferation were elucidated by Matrigel
invasion chamber assay (MTT), corresponding to the same concentrations
as those of WB. TCAM-2 and P19 were treated with control (DMSO) or
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Figure 1. The expression status of the Akt signaling pathway in testicular cancer cell lines and one testicular epithelial cell line. Western blot shows the expression of Akt and

its downstream molecular targets. Bars represent SD. *P < .05 vs. 15P-1.

MK2206 (600 nM) and incubated for 24 hours before the invasion assay
was taken. Invasion capability of TCAM-2 and P19 treated with MK2206
were decreased significantly compared with the control group (Figure 2,
C and D, and 2, F and G). The invasion assay result was influenced by de-
creased cell proliferation because cell proliferation was repressed approxi-
mately to 20% by MK2206 at 600 nM, which could inhibit cell invasion
rate approximately to 50% in TCAM-2 cells, and the invasion assay result
of P19 was similar with TCAM-2 (Figure 2, D and G). If normalized, the de-
crease in cell invasion rate would be roughly 30%. To clarify the functional
relevance of molecules that were associated with tumor invasion, the ex-
pression of Snail, Slug, and ZEB1 was checked using WB after treatment
with MK2206. The WB results demonstrated that pretreatment with
MK2206 for 24 hours inhibited the expression of Snail, Slug, and ZEB1
(Figure 2E). Meanwhile, Akt phosphorylation expression was also de-
creased when exposed to MK2206 (600 nM) for 24 hours in TCAM-2
(Figure 2A). We also tried invasion assay in P19, and the observation that
MK2206 had an inhibited effect on invasion in P19 was similar with
TCAM-2 (Figure 2H). These data may indicate that the decreased expres-
sion of Akt phosphorylation was associated with tumor invasion inhibition
through suppression of Snail, Slug, and ZEB1.

Sensitivity to CDDP in Testicular Cancer Cell Lines and Enhancement of CDDP-
Induced Cytotoxicity by MK2206

The sensitivity to CDDP differed among cells: IC50 monitored by MTT
assay was 76.0+4.6, 165.3+8.2, 221.5+11.4 pM in TCAM-2, NCCIT,
and P19, respectively (Figure 3A). Combination with MK2206 (600 nM)
significantly enhanced sensitivity to CDDP in a dose-dependent manner.
Significant differences in cell viability rates were observed, statistical differ-
ences between CDDP and CDDP + MK2206 were P < .05,P < .05,and P <
.05 in TCAM-2, NCCIT and P19, respectively (Figure 3B).

MK2206-Mediated Enhancement of CDDP-Induced Apoptosis Involved with In-
hibition of the Akt Pathway

To explore the molecular mechanisms underlying the effects of MK2206
in CDDP-induced apoptosis, p-Akt, p-GSK3, p-4EBP1, p-mTOR, survivin,
Bax, and caspases were examined after treatment with CDDP, MK2206,
and CDDP +MK2206 in a time-dependent manner in P19 (Figure 4, A
and B). Western blot analysis demonstrated that MK2206 (600 nM) alone
could inhibit the p-Akt expression, but it could not induce cleaved forms
of apoptosis targets (caspases-8/caspase-9/caspase-3) in the time course
(Figure 4A). Concomitant use of CDDP (130 pM) and MK2206 (600 nM)

did not change the expression of Akt, but it suppressed p-Akt, p-GSK3f3
from 3 hours, p-mTOR from 9 hours, and p-4EBP1 from 12 hours. The acti-
vation of caspase-8/caspase-9/caspase-3, as shown by a significant increase
in their cleaved products, occurred from 9 hours after exposure to
CDDP +MK2206, but CDDP itself caused slight cleaved forms of caspase-
3 only in 12 hours, with no significant change in phosphorylation of Akt,
4EBP1, and mTOR. The downregulation of survivin, as an antiapoptotic
protein, was observed in 9 hours after treatment with CDDP combined
with MK2206, but there was no obvious change in bax, an apoptotic pro-
tein, when treated with CDDP + MK2206 in time course (Figure 4B).

To further investigate the effects of the Akt pathway on the CDDP-
induced apoptosis, WB was performed using P19 cells, which were incu-
bated for 12 hours with the indicated reagents (Figure 4C). Single treat-
ment with CDDP (130 pM) did not induced cleaved forms of caspase-8/
caspase-9/caspase-3 and did not cause the activation of bax and remark-
able inhibition of survivin. Interestingly, single use of CDDP increased
the expression of p-4EBP1 and p-mTOR. CDDP combined with
MK2206 induced significant suppression of p-Akt, p-4EBP1, p-mTOR,
survivin, and activated caspases in the cell line, contrary to MK2206
or CDDP single treatment. These findings suggested that inhibition of
the Akt pathway played an important role in the enhancement of
CDDP-induced apoptosis.

MK2206 Effectively Enhanced CDDP-Induced Cytotoxicity in a Mouse In Vivo
Model

For the clinical use of MK2206 for testicular cancer, we examined
the effects of MK2206 alone or in combination with CDDP to the
in vivo growth of P19 cells, using a subcutaneous xenograft model.
CDDP and MK2206 were given weekly. To investigate the safety of
this combination, body weight was assessed. During the treatment dura-
tion, combination treatment of MK2206 and CDDP did not have an ad-
verse effect on body weight in comparison with MK2206 or CDDP
alone. In our conditions, MK2206 or CDDP only partially delayed
tumor cell growth and the tumor grew steadily, but the CDDP/
MK2206 combination therapy suppressed tumor growth remarkably
(Figure 5A). The tendency of tumor growth inhibition was observed
among groups. Ki-67 immunostaining of tumors demonstrated that
CDDP/MK2206 combination therapy of could reduce tumor cells prolif-
eration significantly when compared with CDDP treatment alone
(Figure 5B). These results indicated that MK2206 could enhance
CDDP-induced cytotoxicity in vivo as well as in vitro.
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Discussion

This study has shown that MK2206, an Akt inhibitor, specifically en-
hanced the CDDP-induced cytotoxicity and apoptosis with suppression of
the Akt pathway in testicular cancer cell lines. We demonstrated that
MK2206 sensitized those cancer cells to CDDP via the inhibition of phos-
phorylated Akt (p-Akt) and its downstream molecules in the Akt signaling
pathway. These results indicated that the Akt pathway is a novel candidate
and plays a critical role to influence chemosensitivity to CDDP in testicular
cancer.

Akt, as one of the important target in PI3K/Akt signaling pathway,
has 3 isoforms: Aktl, Akt2, and Akt3 [12]. Overactivation of Akt can
influence many downstream effectors and mediate multiple pathways
that favor tumorigenesis, and correlate with tumor progression and

reduced survival in human cancer [13,14]. Meanwhile, the finding of
PI3K/Akt mutations is notable, as prior studies in several tumor types
have identified mutational activation of the PI3K-Akt pathway as a po-
tential mechanism of resistance to cytotoxic chemotherapy, including
cisplatin [15,16]. For example, the increased activation of p-Akt in
human lung tumor is inversely correlated with CDDP sensitivity in
their primary derived culture counterpart [17]. Zhang has demon-
strated that Cx32 expression may induce CDDP resistance by activating
the EGFR-AKkt signaling pathway in ovarian cancer cells [18]. The re-
sults of Yang indicated that TCF21 inhibited gastric cancer growth
and chemoresistance through the AKT signaling pathway [19]. One
important mechanism involved in CDDP resistance is the down-
regulation of PTEN by induction of microRNAs, such as miR-93 in
ovarian cells [20] and miR-221 in osteosarcoma cells [21]. PTEN, the
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phosphatase and tensin homolog, as a tumor suppressor, negatively associates with the activation of Akt in tumor cell lines, and recent
regulates the Akt pathway by hydrolyzing phosphatidylinositol tri- studies have shown that reduced PTEN expression is common in testic-
phosphate to phosphatidylinositol biphosphate. Loss of PTEN strongly ular tumors [22].
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MK2206, a highly selective allosteric inhibitor of Akt, is being
tested in both preclinical settings and clinical trials as an anticancer
agent. MK2206 by itself causes cell proliferation inhibition of cell
lines, including breast cancer lines, hepatocellular cancer lines, naso-
pharyngeal carcinoma cell lines, and so on [23,24]. Meanwhile,
MK2206 could synergistically enhance antitumor efficacy with some
chemotherapeutic agents, and suppress cell invasion coincided with
decreased Akt phosphorylation [25,26]. In the current study,
MK2206 (600 nM) alone inhibited Akt phosphorylation effectively
using the concentration that could inhibit cell proliferation slightly,

but cell invasion rate was suppressed significantly by MK2206 (600
nM) with the inhibition of Snail, Slug and ZEB1, which were tran-
scription factors related with epithelial to mesenchymal transition
(EMT). In addition, it has been reported that the expression of EMT
pathways including Snail, Slug and ZEB1 were responsible for tumor
invasion, metastasis, and decreased chemosensitivity, and inhibition
of those targets increased the chemosensitivity [27-29]. Our results
may show that decreased Akt phosphorylation played a critical role
in the inhibition of cell invasion and repression of Snail, Slug and
ZEB1.
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To investigate the role of Akt in the CDDP-induced cytotoxicity, the
effect of cell viability was checked in testicular cancer cell lines. CDDP
combined with MK2206 clearly inhibited cell viability in comparison
with single use of CDDP. Previous data have suggested that
chemosensitivity to CDDP could be regulated by Akt pathway in some
human cancer, such as non-small-cell lung cancer and gastric cancer
[30,31]. Therefore, Akt inhibition is suspected to have a mechanism to
promote CDDP susceptibility. We found the contribution of Akt path-
way inhibition to apoptosis using MK2206 by showing the enhancement
of CDDP-induced apoptosis in CDDP +MK2206. Our results suggested
that 4EBP1, GSK3[ and mTOR seem to act as the downstream targets
of the Akt pathway to promote apoptosis. Generally, p-4EBP1 and p-
mTOR have a close relation to protein synthesis, and p-GSK3p is related
with cell cycle and metabolism. The activation of p-4EBP1, p-mTOR and
p-GSK3p has been reported to increase in the regulation of tumor
growth, angiogenesis and drug-resistance [32]. Previous reports have
suggested that piperlongumine induces caspase-dependent apoptosis
in human breast cancer cells via the inhibition of p-Akt, p-70S6K, and
p-4EBP1 [33]. SGK1 inhibition exhibits significant antitumor effects
against prostate cancer by inducing autophagy-dependent apoptosis
via the mTOR-Foxo3a pathway [34]. NSCLC cells treated with
cryptotanshinone reduced cell growth, and induced GO/G1 cell cycle ar-
rest and the activation of apoptosis through PI3K/Akt/GSK3[ pathway
inhibition [35]. From our data, considerable apoptosis and increased
chemosensitivity to CDDP were detected in combination use of CDDP
and MK2206, depending on the suppression of the Akt signaling path-
way, including reduction of p-4EBP1, p-mTOR and p-GSK3p. Our results
demonstrated that the expression level of survivin protein decreased
from 9 hours, corresponding to downregulation of Akt pathway mole-
cules and activating caspase pathway. These data indicated that the
change of survivin protein might mediate apoptosis through blockade
of the Akt pathway. In addition, our findings suggested that MK2206
might inhibit the molecular targets of Akt pathway, leading to accelera-
tion of CDDP-induced apoptosis and enhancement of chemosensitivity.
Here, we showed that the combination therapy may be effective to over-
come the preexisting resistance to a chemotherapeutic drug of testicular
cancer, that is, promotion of chemosensitivity. But another important
subject of chemotherapy against testicular cancer is acquired
chemoresistance during the chemotherapy, that is, treatment refrac-
tory. To explore the effectiveness of this combination therapy against
chemoresistance, we need further experiments using CDDP-resistant
testicular cancer cell lines in the future. If this treatment were also effec-
tive against a chemoresistant situation, indication of this combination
therapy would be further expanded.

To investigate the clinical usefulness and safety, we used a subcutane-
ous xenograft tumor model. In this model, MK2206 was administered intra-
peritoneally at 50mg/kg once per week. This dose was used referring to the
previous document [7]. Furthermore, this concentration could still enhance
cancer-specific CDDP-induced cytotoxicity, and significant tendency of
tumor growth inhibition was found in the combination therapy group.
When we consider the clinical application of MK2206 at a low concentra-
tion with CDDP, which is one of the most frequently used agents for testic-
ular cancer, is a very attractive choice.

Conclusions

In summary, we identified that MK2206 could promote CDDP-induced
cytotoxicity and apoptosis in testicular cancer cells by the repression of Akt
activation and its downstream molecular targets. Akt target therapy using
MK2206 will develop as a promising strategy applied to enhance
chemosensitivity to CDDP in testicular cancer.
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