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ABSTRACT
Objectives: Larynx cancer (LCa) represents approximately 30% of all cancers seen in the head and neck
region, with an unchanged overall survival rate over the last decades. Although several novel diagnostic and
therapeutic options has been developed, an effective treatment strategy is not currently available due to the
high metastatic and recurrent potential of LCa. In this study, we aimed at investigating the inhibitory potential
of AZD5363 on the phenotypes associated with LCa progression in vitro.
Methods: The impacts of AZD5363 on the proliferation, colony formation, and apoptosis potentials of HEp-
2 cells were tested using Cell Viability Detection Kit-8, soft agar assay and Annexin V-FITC Apoptosis assay,
respectively. Migration features of cells were evaluated using scratch and transwell migration assays. 
Results: We showed that AZD5363 increased phosphorylation of AKT and inhibited the phosphorylation of
its downstream effector GSK3β in an in vitro. LCa model in line with the findings of previous studies carried
out with different cancer types. Besides, AZD5363 successfully suppressed proliferative, clonogenic, and
migratory features of HEp-2 cells through induction of apoptosis. 
Conclusions: We revealed putative functions of AZD5363 in vitro. that points its potential to be used as an
adjuvant agent against LCa. However, further comprehensive molecular and clinical research is needed to
elucidate the potential use of AZD5363 in LCa therapy in detail.
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Larynx cancer (LCa), as a common reason for can-
cer-related mortality worldwide, represents ap-

proximately 30% of all cancers seen in the head and
neck region [1, 2]. Almost 40% of the LCa patients do
not visit doctor until the last stage of the disease [3]
and without treatment, patients have only 56.4% and
26.5% overall 1- and 2-year survival rates, respec-
tively [4, 5]. Besides, although several novel diagnos-

tic and therapeutic options such as surgery, radiother-
apy, and chemotherapy are applicable for LCa pa-
tients, an effective treatment strategy is not present due
to its high metastatic and recurrent potential [6].
Therefore, there is an urgent need to develop new
treatment strategies and novel adjuvant therapies es-
pecially against advanced LCa to enhance the life ex-
pectancy and survival rates of LCa patients. 
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      Phosphoinositide 3-kinase/serine-threonine pro-
tein kinase B (also known as AKT)/mammalian target
of rapamycin (PI3K/AKT/mTOR) signaling pathway
is involved in numerous key processes including cell
proliferation, apoptosis, and migration [7]. Abnormal
activation of this signaling pathway in various types
of cancers is quite common [8]. Loss of phosphatase
and tensin homolog deleted on chromosome 10
(PTEN), the negative regulator of the
PI3K/AKT/mTOR pathway, is a frequent event lead-
ing to activation of AKT signaling in various tumors
such as breast, prostate, and larynx cancers [9-12].
AKT, which is the center of this signaling network,
was reported to be overexpressed or activated in many
malignancies [13, 14]. Abnormal activation of AKT
was related to resistance to anti-cancer drugs, poor sur-
vival and advanced disease [15]. In LCa, AKT2 was
found to be strongly positive in cancerous and peri-
cancerous tissues, although no protein expression was
reported in normal laryngeal epithelium. AKT2 posi-
tivity in protein level was also significantly related to
tumor site, lymph node metastasis and clinical stage
[16]. In another study, elevated AKT3 expression was
related to shorter overall survival of LCa patients [17].
Therefore, PI3K/AKT/mTOR pathway might serve as
a crucial axis for development of novel treatment
strategies against LCa. 
      AZD5363 [(S)-4-amino-N -[1-(4-chlorophenyl)-
3-hydroxypro pyl]-1-(7H-pyrrolo [2, 3-d] pyrimidin-
4-yl) piperidine-4- carboxamide] is a novel
new-generation drug with inhibitory potential against
AKT 1, 2, and 3 [18]. AZD5363 was found to suppress
phosphorylation of AKT substrates including GSK3β
in various cell lines and rodent xenografts models
[18]. It has been shown to suppress the progression of
various human tumor xenografts when administered
alone or in combination with chemotherapeutics [19].
AZD5363 is currently being investigated in phase I
clinical trials in patients with advanced solid tumors
[20, 21]. However, its activity against LCa cells is not
yet documented. 
      We, therefore, examined the inhibitory potential of
AZD5363 on the phenotypes associated with LCa pro-
gression in vitro We demonstrated that AZD5363 in-
creases phosphorylation of AKT and inhibits its
downstream effector GSK3β in an in vitro LCa model
and AZD5363 successfully suppresses proliferative,
clonogenic, and migratory features of HEp-2 cells

through induction of apoptosis.

METHODS

Cell Culture 
      Hep2 cell line was received from SAP Institute,
Turkey (Ministry of Food Agriculture and Livestock).
Cells grown in RPMI (Gibco, Gaithersburg, MD,
USA) medium containing 10% Fetal Bovine Serum
(FBS, Gibco, Gaithersburg, MD, USA), 1% peni-
cillin/streptomycin (Gibco, Gaithersburg, MD, USA)
were cultured at 37°C in a humidified 5% CO2 incu-
bator. Cell culture medium was changed when the cell
density reached 80-90% confluency. 

Preparation of AZD5363 Stock Solution 
      AZD5363 (MedChemExpres, NJ,USA) was solu-
bilized in dimethyl sulfoxide (DMSO). Its stock solu-
tion was prepared at 10mM concentration and stored
at -80˚C until its use for in vitro experiments. 

Cell Proliferation Assay 
      To determine the effect of AZD5363 on the via-
bility of HEp-2 cells, Cell Viability Detection Kit 8
(CVDK-8, EcoTech Biotechnology, Turkey) was used.
Briefly, cells seeded at 2.5×103 cells per well in 96
well plates were cultured overnight in the appropriate
medium. Then AZD5363 was administered to cells at
increasing concentrations for 24 and 48h. To measure
changes in cell growth rate, CVDK-8 reagent was
added to each well according to the manufacturer’s in-
structions. After 1h incubation, absorbances were
measured at 450nm with an Epoch 2 Microplate Spec-
trophotometer (BioTek, Winooski, VT, USA) to deter-
mine cell viability. 

Soft Agar Colony Formation Assay 
      Soft agar assay was performed to investigate the
effect of AZD5363 on HEp-2 cells’ colonization po-
tential. Cells at a concentration of 3×103/per well
within 0.3% agar in RPMI were plated on a 0.6% base
agar in 6-well plates. Cells within agar were exposed
to varying concentrations of AZD5363 at 37°C for 21
days. Cells were fixed and stained with 0.01% crystal
violet solution containing 10% ethanol to visualize and
count the colonies. 
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Apoptosis Assay 
      Annexin V-FITC Apoptosis kit (BioVision, Mil-
pitas, CA, USA) was used to observe the effect of
AZD5363 applied at 1, 5 and 10 μM concentrations
on apoptosis of HEp-2 cells cultured in 6 well plates
at 2.5×105 cells per well. Following 48 hours of incu-
bation of HEp-2 cells with AZD5363, cells were
washed twice with cold PBS, harvested in 500 µL
binding buffer and then incubated with 5µL Annexin
V and PI for 15 minutes at room temperature. Finally,
the apoptotic state of HEp-2 cells was determined by
CyFlow® Cube 6 flow cytometry device. 

Scratch Assay 
      HEp-2 cells were seeded in 6-well plates with a
cell density of 5×105. After reaching %90-100 conflu-
ency, the areas where the cells are dense were detected
and uniform wounds were opened with a sterile 100
µL pipette tip. Then, cells were treated with fresh
medium containing the indicated concentrations of
AZD5363 and the wounds were photographed with an
inverted microscope (Leica, Wetzlar, Germany). After
24h, the migration potential of the cells was assessed
by comparing the size of wound closure. 

Cell Migration Assay 
      The transwell migration assay was performed to
examine the chemotactic motility of HEp-2 cells.
Firstly, serum-free medium containing 1×104 cells
were placed in the migration chambers with a total
volume of 250µL and the wells of the 24-well plate
into which the chambers were placed were filled with
500µL of RPMI-1640 medium containing 10% FBS.
The chambers were incubated for 24h in a humidified
atmosphere at 37°C. Subsequently, cells remaining on
the upper surface of the membrane were removed with
a cotton swap, and the chambers were stained with
crystal violet solution to count the migrated cells
through the 8 μm pores to the lower surface of the
membrane. Each membrane was photographed under
an inverted microscope (Leica, Wetzlar, Germany) and
cells at 3 randomly selected regions were counted. 

Western Blot Analysis
      Western blot analysis was performed to evaluate
the Akt, phospho-AKT (pAKT), and phospho-GSK3β
(pGSK3β) level in HEp-2 cells treated with AZD5363.
Briefly, HEp-2 cells were plated at a density of 2.5x105

cells per well in 6 well plates and cell lysates were pre-
pared using RIPA Lysis Buffer (EcoTech Biotechnol-
ogy, Turkey) from cells treated with AZD5363 for 48h
at concentrations ranging from 1µM to 10µM. Cell
lysates were mixed with same volume of Laemmli
buffer (EcoTech Biotechnology, Turkey) and boiled at
100°C for 5 minutes. Samples containing equal
amounts of protein were separated with 10%
SDS/PAGE and then transferred to nitrocellulose
membranes. Membranes were blocked with 5% non-
fat dry milk (EcoTech Biotechnology, Turkey) in PBS-
T buffer at room temperature and then incubated at
4°C overnight with one of the following primary anti-
bodies: β-Aktin (1:200, Santa Cruz Biotechnology,
Dallas, TX, USA), Akt (1:200, Santa Cruz Biotech-
nology, Dallas, TX, USA), pAkt (1:100, Santa Cruz
Biotechnology, Dallas, TX, USA), and pGSK3β
(1:500, Santa Cruz Biotechnology, Dallas, TX, USA).
After washing with PBS-T containing 0.1% Tween-20
for 3 times, membranes were probed with anti-mouse
(1:2000, Santa Cruz Biotechnology, Dallas, TX, USA)
or anti-rabbit (1:2000, Santa Cruz Biotechnology, Dal-
las, TX, USA) horseradish peroxidase (HRP)-linked
secondary antibodies for 1h at room temperature. Spe-
cific proteins were visualized using Pierce ECL West-
ern Blotting Substrate (Thermo Scientific, Waltham,
MA, USA) following the manufacturer’s instructions. 

Statistical Analysis 
      Numerical values were shown as mean ± standard
error of mean. Differences between groups were tested
using Student's t test. A p - value of < 0.05 was ac-
cepted as statistically significant. 

RESULTS

      AZD5363 induced phosphorylation of AKT and re-
duced phosphorylation of its downstream effector
GSK3β 
      To investigate the effects of PI3K/AKT/mTOR
pathway inhibition using AZD5363 in HEp-2 cells, we
initially measured the relative protein levels of AKT,
pAKT, and pGSK3β. AZD5363 increased the phos-
phorylation level of AKT, which is in parallel with the
previous results (Fig. 1). To validate the inhibition of
PI3K/AKT/mTOR pathway, we evaluated the phos-
phorylation of GSK3β and found that AZD5363 sup-
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pressed pGSK3β in a dose-dependent manner (Fig.
1).These data suggest that AZD5363 successfully in-
hibits PI3K/AKT/mTOR signaling pathway in the
HEp-2 laryngeal cancer cell line, which has been pre-
viously demonstrated to possess a constitutively active
PI3K/AKT/mTOR axis. 

AZD5363 reduced the proliferative and anchorage de-
pendent growth potential of HEp-2 cells in a dose and
time dependent manner 
      To determine the anti-proliferative effect of
AZD5363 on HEp-2 cells, varying AZD5363 concen-
trations ranging from 1 to 10 µM were exposed to cells
for 24 and 48 hours. 24 hour treatment of AZD5363

did not affect the proliferative potential of HEp-2 cells,
however, 5 and 10 µM AZD5363 significantly de-
creased the relative number of cells compared to con-
trol. On the other hand, 48 hour after treatment, the
viability of the HEp-2 cells was reduced effectively at
all concentrations (Fig. 2A). 
      In order to evaluate the effect of AZD5363 on an-
chorage independent growth features of cells, soft agar
assay was performed. Soft agar evaluates the aggres-
siveness of the cancer cells through testing the ability
of cells to form colonies under anchorage-independent
growth conditions on a semisolid surface.AZD5363
was found to inhibit the colony formation capabilities
of HEp-2 cells in soft agar in a dose-dependent manner
(Fig. 2B, C). 

AZD5363 effectively induced apoptosis of HEp-2 cells 
      To evaluate the underlying mechanism for de-
crease in proliferative potential of HEp-2 cells treated
with AZD5363, we assessed apoptosis using Annexin
V-FITC Apoptosis Kit. Flow cytometry analysis
showed that both 24 and 48 hours treatment of
AZD5363 did not markedly altered the early apoptotic
cells in HEp-2 cells (Fig. 3E, J). However, exposure
to AZD5363 for 24 or 48 hours significantly enhanced
the late apoptotic cells (Fig. 3A-D, F-I).10 µM of
AZD5363 increased the ratio of late apoptotic cells
from 0.69% to 1.55% and from 0.89% to 2.17% at the
end of 24 and 48 hours, respectively (Fig. 3A, D, E,
F, I, J).These results suggest that one of the possible

383 The European Research Journal   Volume 6   Issue 5   September 2020

Fig. 1. A) Western Blot analysis of pAKT, AKT, and pGSK3β
in cells treated with 1, 5, and 10 µM AZD5363. Β-Actin was
used as loading control. 

Fig. 2. A) Viability of cells exposed to1, 5, and 10 µM AZD5363 for 24 or 48 hours. B) Colony formation abilities of HEp-2
cells treated 1, 5, and 10 µM AZD5363. Mean ± Standard Error of Mean (SEM) is shown *p < 0.05; t-test.
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mechanisms of cell proliferation inhibition stems from
the potential of AZD5363 to induce apoptosis in a
dose and time-dependent manner in HEp-2 cells. 

AZD5363 reduced the ability of HEp-2 cells to migrate
in a dose dependent manner 
      To investigate the effect of AZD5363 on the abil-
ity of HEp-2 cells to migrate in vitro, we initially
tested the migratory potential of HEp-2 cells treated
with 1-5-10µM AZD5363 with scratch assay. Results
demonstrated that although the migration capabilities
of HEp-2 cells exposed to 1 µM AZD5363 did not
change, cells treated with 5 and 10 µM AZD5363 cov-

ered significantly smaller fraction of the wound in a
dose dependent manner when compared to control
cells (Figure 4A, C). Control cells could close more
than 50% of the wound, whereas the HEp-2 cells
treated with 5 and 10µM AZD5363 were able to close
only 33% and 17%, respectively. 
      We used transwell migration assay to further con-
firm the effect of AZD5363 on the migration capabil-
ities of HEp-2 cells.As the most effective result was
obtained at 10 µM in the wound-healing assay, tran-
swell migration assay was performed using this con-
centration. The migration rate of 10µM AZD5363
treated group decreased to 44% compared to the con-
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Relative apoptosis rates of control, 1, 5, and 10 µMAZD5363 treated 
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trol group cells (Fig. 4B, C). This result was consistent
with the scratch assay. These findings indicate that
AZD5363 can effectively decrease the mobility of
human laryngeal cancer HEp-2 cells.

DISCUSSION

      LCa is one of the most frequent cancer types lo-
calized in the head and neck region worldwide, with
an unchanged overall survival rate over the last
decades [25]. Considering recent developments in the
diagnostic and therapeutic options for LCa patients,
an effective treatment strategy could not be presented
due to its high metastatic and recurrent potential. 
      Currently chemotherapy serves as a standard ther-
apeutic option for LCa, for especially those with non-
operable locally advanced disease, to reduce the
systemic tumor burden and to sensitize cancer cells to
radiotherapy [26, 27]. Nonetheless, with some success
providing complete responses following chemother-
apy in certain cases with LCa [27], present chemother-
apy agents alone or together with other therapies
cannot successfully provide complete clinical re-
sponses. This situation necessitates identification of

adjuvant or neoadjuvant treatment modalities with po-
tential to increase positive clinical outcomes. 
      Several recent evidences support deregulation of
the PI3K-AKT-mTOR signaling pathway during car-
cinogenesis, metastasis, recurrence, and drug resist-
ance [28]. Considering the potential involvement of
PI3K-AKT-mTOR signaling pathway components in
the acquisition of important hallmark capabilities of
cancer, several novel small molecule inhibitors target-
ing PI3K, AKT or mTOR were developed [29]. 
      Among those, inhibitors of AKT, which is the
master regulator of this pathway, attract more attention
to be used as therapeutic agents against various cancer
types [30]. AKT has been found to be constitutively
active in laryngeal HEp-2 cells, emphasizing its im-
portance as a therapeutic target in LCa [24]. Besides,
abnormal expression of AKT isoforms was associated
with several clinico-pathological parameters including
tumor site, lymph node metastasis, clinical stage, and
shorter overall survival in LCa patients, which projects
the potential clinical value of AKT inhibition as a pu-
tative adjuvant therapy [16, 17]. As one can expect,
inactivation of AKT and thus its downstream effectors
in a recent study utilized a potential AKT inhibitor,
chamaejasmine, induced apoptosis in LCa cells both
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Fig. 4. A) The impacts of 1, 5, and 10 µM AZD5363 on HEp-2 cell migration evaluated with wound-healing assay, B) The
mean relative wound closure of control, 1, 5, and 10 µM AZD5363 treated cells. C) The impacts of 1, 5, and 10 µM AZD5363
on HEp-2 cell migration evaluated with Transwell migration assay, D) The mean relative migration rates of control, 1, 5, and
10 µM AZD5363 treated cells. Mean ± SEM is shown *p < 0.05; t-test.
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in vitro and in vivo [24]. 
      AZD5363, as a novel new-generation small mol-
ecule with catalytic inhibitor activity against all AKT
isoforms, have potential to inhibit the phosphorylation
status of AKT downstream targets, including that of
GSK3β [19, 31]. In our study, we demonstrate in-
creased pAKT in HEp-2 cells upon AZD5363 treat-
ment, which is in parallel with the previous researches
carried out with different types of cancer cells [22, 23].
AZD5363 treatment has been reported to cause its hy-
perphosporylation due to a secondary feedback mech-
anism activated as a result of inhibition of its kinase
activity [19]. Being the only AKT inhibitor with the
potential to induce AKT phosphorylation among many
other well-known AKT inhibitors like, LY294002,
MK-2206, and wortmannin, it reduces the pGSK3β
level as other AKT inhibitors [32]. Our results demon-
strated a concentration dependent inhibition of
GSK3β, pointing successful inhibition of PI3K-AKT-
mTOR signaling pathway in those cells treated with
AZD5363. 
      We further evaluated the affects of AZD5363 in
vitro on the phenotypes associated with cancer aggres-
siveness using HEp-2 cells. Our results demonstrated
that AZD5363 significantly inhibited proliferative and
anchorage independent growth potential of HEp-2
cells in a dose and time dependent manner through in-
ducing apoptosis. Further analysis of migratory poten-
tial in cells treated with AZD5363 showed also
inhibitory potential of AZD5363 on the migration ca-
pacity of HEp-2 cells. On a protein microarray analy-
sis carried out with tumor samples, confirmed
increased phosphorylated AKT levels and demon-
strated decreased Ki67 staining pointing its anti-pro-
liferative capacity in vivo [20]. In other studies,
AZD5363 lead to cell-cycle arrest in all cells studied,
through inhibition of cell cycle related genes such as
Rb and Cyclin D, and induction of apoptosis via ele-
vated levels of apoptosis related gene such as CASP9
[30]. 
      Interestingly, a recent study demonstrated that
AZD5363 treatment more effectively killed cells with
activating mutations in PIK3CA and/or loss of PTEN
function [30]. This implies an important point for tar-
geting LCa tumors, where sequence analysis for
PI3K/AKT/mTOR pathway components might in-
crease the efficacy of a potential therapy utilizing
AZD5363. Moreover, Choi et al. [32] demonstrated

that co-treatment of LY294002 or MK-2206 with
AZD5363 lead to a significant reduction in the level
of phosphorylated AKT. Considering MK-2206 is a
clinically used agent, they offered synergistic use of
MK-2206 and AZD5363 as potential therapeutic op-
tions for patients with cancer [32]. The success of their
synergistic use might be evaluated in further in vitro
and in vivo studies to demonstrate the feasibility of
AZD5363-based sensitization therapies in LCa.

CONCLUSION

      In conclusion, further comprehensive molecular
and clinical research may elucidate the potential use
of AZD5363 in LCa therapy in detail. However, the
current study has revealed putative functions of
AZD5363 in vitro that might be utilized against LCa. 
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