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inhibits colon 
cancer growth via 
suppression of 
PI3K/Akt signaling 
pathway 
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> Colon cancer is a common cause of cancer-
related death worldwide. However, the underlying 
mechanism of tumor progression of colon cancer 
remains far from being elucidated. In the present 
study, we report the role of UNBS5162 in colon 
cancer. UNBS5162 is a naphthalimide that can 
intercalate into DNA and suppress the expression 
level of CXCL chemokines. Here, we investigated 
its effect on cell proliferation, mobility and apop-
tosis in HCT116 cells, and explored the underlying 
mechanism. A CCK8 assay revealed that UNBS5162 
can block the proliferation of colon cancer cells. 
Base on a Transwell assay, we showed that cell 
migration and invasion ability of HCT116 cells 
are inhibited by UNBS5162. In addition, Annexin 
V-FITC/PI assay and Western blot analysis were 
performed to detect whether UNBS5162 could 
induce cell apoptosis. The results indicated that 
UNBS5162 increases the number of apoptotic cells 
remarkably. Furthermore, Western blot analysis 
demonstrated that UNBS5162 down-regulates the 
expression level of Bcl2, and up-regulates that of 
Bax as well as the level of activated Caspase-3. 
Moreover, we examined the impact of UNBS5162 
on PI3K/Akt signaling pathway. UNBS5162 subs-
tantially inhibited the phosphorylation of Akt and 
its downstream effector mTOR, and reduced the 
expression of p-70. Taken together, these results 
suggest that UNBS5162 should be considered as a 
potent therapeutic anticancer agent that targets 
the PI3K/AKT signaling pathway. < 
Key words: apoptosis, invasion, migration, PI3K, 
proliferation, UNBS5162. 

environment pollution and other 
carcinogenic factors (age, smoking, 
alcohol, and digestive disorders). Colon cancer is one of the most 
common malignant tumors with the highest incidence in the 40 to 
50-year-old population [1]. Globally, there are more than 1.4 million 
new cases in 2016 accounting for 10-15% of all malignancies [2]. In 
China, the incidence of colon cancer has increased every year. The 
death rate of colon cancer rates is second only to that of lung cancer, 
while liver cancer, accounts for the third place in China [3].
The phosphatidylinositol-3-kinase (PI3K)/Akt/mammalian target of 
rapamycin (mTOR) signaling pathway is an essential signaling pathway 
regulating cell survival and growth, proliferation, metabolism and 
genomic stability in eukaryotes cells [4, 5]. The PI3K/Akt pathway can 
be activated by a series of signals including growth factors, cytokines, 
hormones and extracellular matrix. Activation of Akt phosphorylates 
TSC2 (S939, S981, S1130, S1132, T1462) leading to TSC1/TSC2 complex 
dissociation and inhibition of TSC2 GAP ability [6-8], resulting in 
Rheb-GTP levels increase and downstream mTOR activity [9-12]. 
The over-activationof PI3K/Akt signaling pathway and of its 
downstream molecule mTOR are widely observed in multiple types 
of cancers. In tumor cells, the PI3K/Akt activity initiates a signal 
transduction cascade that promotes cancer cell growth and survival 
via protecting cancer cells from undergoing apoptosis [13, 14]. The 
presence of mutations in PIK3CA, that encodes the p110alpha catalytic 
subunit of PI3K, causes chronic activation of Akt [15]. Furthermore, 
loss-of-function mutations or silencing expression of phosphatase 
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Introduction

Colon cancer is a malignant epithelial tumor which 
develops due to several factors, including heredity, 
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obtained from AMRESCO (Solon, OH, USA). RIPA Lysis 
Buffer, Protease Inhibitor Cocktail and BCA Protein 
Assay Kit were purchased from ComWin Biotech (Beijing, 
China). Pre-stained protein marker was obtained from 
Thermo Fisher Scientific. LDS Sample Buffer was obtai-
ned from Invitrogen (Carlsbad, CA, USA). ECL Substrate 
Kit was purchased from Proteintech Group (Chicago, 
IL, USA). Matrigel was obtained from BD Biosciences 
(Bedford, MA, USA). Transwell inserts were obtained 
from Millipore (Billerica, MA, USA). Annexin V-FITC/PI 
Apoptosis Detection Kit was obtained from 4A Biotech 
(Nanjing, China).
Antibodies against Akt, mTOR, p-Akt, and p-mTOR were 
purchased from Cell Signaling Technology (Danvers, 
MA, USA),. Anti-Bax, -Bcl-2, -P-70, -Active-caspase3, 
-GAPDH and HRP-conjugated secondary antibodies 
(goat anti-rabbit or anti-mouse) were purchased from 
Proteintech Group (Wuhan, China). The antibodies were 
diluted at 1:1,000 except for anti-GAPDH (1:5,000) and 
HRP-conjugated secondary antibodies (1:5,000).

Cell culture
The human colon carcinoma cell line HCT116 was obtai-
ned from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, PR China). HCT116 cells were cultu-
red in RPMI 1640 medium at 37 °C in an incubator with a 
5% CO2 humid atmosphere. The RPMI 1640 medium was 
supplemented with 10% FBS, penicillin (100 U/mL) and 
streptomycin (0.1 mg/mL) (= complete medium). When 
adherent HCT116 cells entered into the growth logarith-
mic phase, they were washed with PBS 3 times, and then 
digested with trypsin for 3 min until the cell morphology 
changed to a round shape. Complete medium was added 
to block further trypsin digestion. After single cell 
suspension, HCT116 cells were then seeded into 6-well 
plates and cultured in plates until they reached to 
80% confluency. Cells were then treated with UNBS5162 
(10 µM) for 24 h. Control cells were treated with DMSO.

Western blot assay
HCT116 cells were cultured in 6-well plates and treated 
with UNBS5162 or DMSO for 24 h. After stimulation, 
the cells were washed with cold PBS and lysed with a 
RIPA buffer (50 mM Tris-HCI pH 7.4, 150 mM NaCl, 0.5% 
sodium deoxycholate, 1 mM EDTA, 1% NP-40, 0.1% SDS) 
for 15 min on ice. The RIPA buffer contained a protease 
inhibitor cocktail. HCT116 cells were then harvested 
and centrifuged at 12,000 rpm for 15 min at 4 °C. Pro-
tein concentration was determined using a BCA assay 
and then mixed with 5× protein loading buffer. Protein 
samples were boiled at 95 °C for 5 min and stored at 
-80 °C for further analysis. 

and tensin homolog (PTEN) due to epigenetic alterations lead to the 
PI3K pathway signaling hyper-activation [16]. In addition, another 
main function of activated Akt is is to block apoptosis. Akt can acti-
vate NF-κB signaling pathway via regulating IκB kinase (IKK), pro-
moting transcription of pro-survival genes [17]. Furthermore, Akt can 
phosphorylate pro-apoptotic proteins, including Bcl-2, Bax, BAD and 
Bim, to inhibit apoptosis [18]. Owing to the fact that Akt can promote 
cancer cell growth and protect cells from apoptosis, it has become an 
attractive target for drug development in cancer therapy. 
Increasing reports suggest that there is a positive correlation between 
PI3K/Akt activation and colon tumorigenesis. Hyper-activated Akt 
signaling and decreased expression of PTEN have been found in 60-70% 
of human colon cancer patients [19]. Therefore, PI3K/Akt has been 
suggested as a potential target for colon cancer therapy. In recent 
years, the dysfunction of mTOR pathway has been also found in colon 
cancer. Based on the important role of PI3K/Akt/mTOR signaling 
pathway in colon tumorigenesis and progression, a series of chemical 
inhibitors which target various components of this pathway have been 
reported for colon cancer therapeutics. LY294002 inhibitor blocks 
PI3K signaling pathway, inhibits cell proliferation and induces a pro-
grammed cell death in colon cancer cell lines [20]. Studies show that 
Buparlisib, a pan-PI3K inhibitor, is a safe drug that has shown antitu-
mor activity in a phase I clinical trial [21]. Recent studies have also 
shown that MK-2206, a new oral-specific Akt1/2/3 inhibitor, provides 
antitumor activity in vitro and in vivo [22]. Rapamycin, a specific 
inhibitor of mTOR, can inhibit the tumor growth in APCmin/- mice [23]. 
Dual PI3K/mTOR inhibitors are under development and have theoreti-
cal advantage. These dual inhibitors can completely suppress PI3K/Akt 
signaling pathway caused by negative feedback of mTORC1. BEZ235 is 
currently being assessed in early clinical trials for the therapy of colon 
cancer patients [24].
Thus, there is an urgent need to develop novel and more effective 
PI3K/Akt signaling pathway inhibitors for colon cancer therapy. In our 
present study, we studied the effects of UNBS5162, which inhibited the 
proliferation significantly as well as the invasion and migration ability 
of HCT116 cells. Further, our data showed that UNBS5162 up-regulated 
pro-apoptotic gene BAX expression and decreased anti-apoptotic 
gene Bcl2 expression, inducing then HCT116 cells apoptosis. Moreo-
ver, it has been suggested that UNBS5162 specifically inhibits the 
phosphorylation of Akt and its downstream effector mTOR and p-70. 
Overall, these findings highlight a new PI3K/Akt signaling pathway 
inhibitor UNBS5162 and its anti-cancer activity.

Materials and Methods

Reagents and antibodies
RPMI 1640 medium was purchased from Hyclone (Thermo Fisher Scien-
tific, Waltham, MA, USA). Fetal bovine serum (FBS) was obtained from 
Gibco (Carlsbad, CA, USA). Penicillin and Streptomycin were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Trypsin was obtained from 
Solarbio Science & Technology Company (Beijing, China). UNBS5162 
was purchased from MedChem Express (Princeton, NJ, USA). DMSO was 
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photographed and counted. The migration assay was 
the same as invasion assay, except that the top cham-
bers were not coated with Matrigel.

Statistical analysis
All experimental data were analyzed using the SPSS Sta-
tistics 18.0 software. The data were presented as mean 
± SD. Comparison of means between different groups 
were carried out by Student’s unpaired t-test. A P-value 
less than 0.05 was considered statistically significant.

Results

UNBS5162 inhibits proliferation of HCT116 cells
To confirm the effect of UNBS5162 on colon cancer 
progression, HCT116 cells were treated with UNBS5162 
(10 µM) or DMSO, and then CCK-8 assay was performed 
to examine the changes in cell proliferation. Prolif-
eration rate was measured dayly during the subse-
quent 72 hours. UNBS5162 effectively suppressed the 
proliferation of HCT116 cells, while DMSO as a negative 
control had no effect. The proliferation at 48 hours and 
72 hours was markedly inhibited (Figure 1A, P<0.05).

UNBS5162 suppresses migration and invasion of 
HCT116 cells
In addition to proliferation, we evaluated the effects 
of UNBS5162 on cell migration and invasion. A Transwell 
assay was carried out to examine its ability to inhibit 
migration and invasion of HCT116 cells. As shown in 
Figure 1B, the number of cells invading through the 
matrigel-coated membranes was decreased signifi-
cantly in presence of UNBS5162, as well as the number 
of cells migrating through non-coated membranes 

Protein samples were separated on SDS-PAGE gels and transferred to 
PVDF membranes. PVDF membranes were blocked with 5% of non-fat 
milk-TBST for 1 h at room temperature, and then incubated overnight 
with primary antibodies at 4 °C. HRP-coupled secondary antibodies 
were added to the membranes for 1 h and the immune-reactive bands 
were then visualized with ECL reagent. GAPDH was used as a protein 
control. Subsequently, the bands were scanned and the greyscale 
images were analyzed using the QUANTITY ONE software.

Cell Counting Kit-8 assay
HCT116 cells were seeded into 96-well plates at a density of 1×103 cells 
(100 µL) per well. UNBS5162 (10 µM) was added to UNBS5162-group 
and DMSO was added to the negative control group at the relevant 
concentration. Cells were grown at 37 °C in a 5% CO2 humid atmos-
phere incubator. CCK8 solution (10 µM) was added to each well daily, 
followed by incubation for another 1.5 h before cell number evaluation 
with the CCK-8 assay. Proliferative indexes were measured at 450 nm 
using a microplate reader to detect OD values. Calculation of mean 
values was used for plotting the proliferative curves.

Transwell migration and invasion assay
The Matrigel was thawed on ice overnight and diluted with pre-cooled 
serum-free medium. Subsequently, the diluted Matrigel (100 µL) was 
dispensed and added into the upper surface of the chambers for 4-6 h 
at 37 °C in a 5% CO2 humid atmosphere incubator. Then, the serum-
free medium (500 µL) was added into the bottom of the 24-well plate 
to hydrate the lower surface of chambers, replacing the serum-free 
medium with complete medium after 30 min. HCT116 cells were resus-
pended with serum-free medium after treatment with UNBS5162 or 
DMSO for 24 h. 1×105 cells (100 µL) were seeded to the top chamber for 
overnight culture. The cells present on the upper surface of the cham-
bers were swabbed with wet cotton swabs. Those on the lower surface 
of the chamber were fixed and stained with 0.1% crystal violet. Five 
random fields per sample from three independent experiments were 
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Figure 1. UNBS5162 inhibits the proliferation and mobility of HCT116 cells. A. Proliferation of HCT116 cells treated with UNBS5162 or DMSO (NC) 
for 72 h. P-value was calculated by an independent t-test (P<0.05). B. Transwell assay of HCT116 cell migration and invasion ability in presence of 
UNBS5162 or DMSO treatment. 
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UNBS5162 inhibits the activation of PI3K/Akt 
signaling pathway in HCT116 cells
Finally, we measured the involvement of PI3K/Akt signa-
ling pathway in UNBS5162-induced suppression of HCT116 
cells. PI3K/Akt signaling pathway plays an important role 
in the progression of tumors. Cell proliferation, aggressi-
veness, metastasis and apoptosis are related to PI3K/Akt 
signaling pathway. In the present study, we explored whe-
ther the inhibitory effects of UNBS5162 were associated 
with the modulation of the PI3K/Akt signaling pathway in 
HCT116 cells. Three key components, mTOR, Akt and P-70, 
were analyzed by Western-blot. Previous studies have 
shown that mTOR, Akt and P-70 play an important role in 
cell proliferation and metastasis. Figure 3A and B show 
that UNBS5162 inhibits the phosphorylation of Akt and 
mTOR proteins in HCT116 cells treated with UNBS5162, 
but in control groups. In addition, the expression of P-70 
protein was decreased simultaneously.
These results further confirms the impact of UNBS5162 
on PI3K/Akt signaling pathway in HCT116 cells. Thus, 
UNBS5162 represents a potential drug for colon cancer, 
which may provide novel insights into the understanding 
of the mechanism of the antitumor effects and should 
be further investigated. 

(P<0.05). DMSO as a control had negligible effects on cell migration 
and invasion. Thus, these in vitro results suggest that the metastasis 
ability of HCT116 cells could be inhibited by UNBS5162 in vivo.

UNBS5162 induces apoptosis of HCT116 cells 
We then explored whether UNBS5162 can impact apoptosis of HCT116 
cells. HCT116 cells were first cultured with serum-free medium and then 
treated with UNBS5162 or DMSO, respectively. Cells were double-stai-
ned with Annexin V-FITC and Propidium Iodide and analyzed using flow 
cytometry analysis. Compared with control group, HCT116 cell apoptosis 
was remarkably promoted by treatment with UNBS5162. As shown in 
Figure 2A, the percentage of apoptotic cells in control group was only 
5.0%, while 22.7% of cells treated with UNBS5162 were apoptotic.
To further investigate the effect of UNBS5162 on cell apoptosis, Wes-
tern-blot analysis was performed to characterize the expression of 
Bcl-2, Bax and active caspase-3, three apoptosis-related proteins. 
Bcl-2 is an anti-apoptotic protein that protects cells against apopto-
tic stimuli. Bax is a pro-apoptotic protein involved in the induction of 
cell apoptosis. Bcl-2 and Bax are Bcl-family proteins, while caspase-3 
belongs to the caspase family members. Activation of caspase-3 leads 
to cell apoptosis. In our study, as demonstrated in Figure 2B and 2C, 
UNBS5162 obviously inhibited the expression of Bcl-2 and promoted 
the expression of Bax. Activation of caspase-3 was also increased in 
cells treated with UNBS5162.
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Figure 2. UNBS5162 promotes HCT116 cells apoptosis. A. HCT116 cells cultured in presence of UNBS5162 or DMSO were labeled with Annexin V/FITC 
and PI solution. Results from flow cytometry analysis (Flowjo software) showed that the percentage of apoptotic cells was 22.7%, while only 5.03% 
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expression in HCT116 cells (Figure 3A and B). All these 
results indicated that UNBS5162 blocks the growth, pro-
liferation, migration, and invasion of HCT116 cells  and 
promotes apoptosis via a marked inhibition of the PI3K/
Akt/mTOR signaling cascade.
In summary, we have identified a new inhibitor, 
UNBS5162, for the  PI3K/Akt/mTOR signaling pathway, 
which could suppress proliferation of HCT116 cells and 
promote cell apoptosis via the up-regulation of the 
pro-apoptotic protein Bax and down-regulation of the 
anti-apoptotic protein Bcl-2. In addition, UNBS5162 
treatment inhibited HCT116 cells migration and inva-
sion. Moreover, our study suggested that the PI3K/Akt/
mTOR signaling pathway is involved in the inhibitory 
effects triggered by UNBS5162 on colon cancer cells. 
These results indicate that UNBS5162 is a poten-
tial agent for the treatment of colon patients, likely 
through its ability to impact the PI3K/Akt/mTOR signa-
ling pathway. ‡
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