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Abstract
Naphthalimides have potent anti-cancer activity against human cancer cells. UNBS5162, as a derivative of 

naphthalimide, is capable of removing primary amine group and reducing toxicity. Recently studies have discovered 
that UNBS5162 could significantly down-regulate pro-angiogenic chemokines in human prostate tissue, indicating 
it might have an anti-angiogenic effect. In this work, we intended to explore the functional role of UNBS5162 on 
glioma cells proliferation, migration and invasion. Cell viability, migration and invasion capabilities of U251 cells were 
examined by Cell Counting Kit-8 (CCK-8) and transwell assays. The cell apoptosis was tested by Annexin V-FITC/
PI and flow cytometry. Apoptosis-associated proteins and the related-markers of Phosphatidylinositol 3-kinase 
(PI3K) were examined by western blot analysis. The CCK-8 test suggested that UNBS5162 markedly suppressed 
the viability of glioma cell line U251. UNBS5162 markedly repressed glioma cell migration and invasion, which 
was shown from results of transwell assay. Further, UNBS5162 promoted glioma cell apoptosis rate, accompanied 
by reduced expression level of anti-apoptotic protein Bcl-2 and elevated expression level of pro-apoptotic protein 
Active Caspase-3 and Bax in U251 cell line administrated with UNBS5162. Additionally, UNBS5162 suppressed 
the Phosphatidylinositol 3-kinase (PI3K) signaling pathways in U251 cell line.  Therefore, the current finding unveils 
that UNBS5162 can repress glioma cell viability and induce glioma cell apoptosis by regulating the PI3K signaling 
pathway, suggesting it might be a potentially promising drug target for clinical glioma therapy.
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Introduction
Glioma is recognized as one of the commonest and the most 

deadly human intracranial tumors, and it accounts for more than 40% 
of primary central nervous system tumors [1,2]. The life expectancy 
of glioblastoma (GBM) patients is 6 to 12 months. Even in the most 
advantageous factors, the patients will die within 2 years [3]. According 
to the World Health Organization’s neuropathological classification, 
glioma is divided into astrocytoma, GBM, oligodendrocytoma and 
choroid papilloma and so on. The degree of malignancy of glioma is 
divided into four levels [4,5]. The most serious astrocytoma is GBM, 
belonging to grade IV gliomas. GBM, as the most intractable tumor, 
has a poor response to chemotherapy and radiotherapy [6]. Although 
the advancement of GBM treatment have achieved in recent years, the 
conditions of prognosis of it is still poor, with the five-year survival 
rate lower than 10% [7] Therefore, unearthing novel valuable drugs for 
GBM therapy appears to be particularly important.

Naphthalimides, a kind of compounds that bound to DNA by inter-
calation, have relatively strong anti-tumor action against a variety of 
cancer cells [8,9]. However, due to dose limitation of bone marrow 
toxicity, these naphthalimides failed to enter phase III, leading to 
thrombocytopenia, anemia and leukopenia [10]. Since the primary 
amine group in naphthalimides has side effects, it has been optimized 
and UNBS5162 is one of the derivatives. Studies have found that 
UNBS5162 is a G protein coupled receptor antagonist [11]. UNBS5162 
can reduce CXCL chemokine expression in experimental prostate 
cancer, which has a good inhibitory effect on the growth of tumor cells 
(Mijatovic et al., 2008). In addition, UNBS5162 can avoid blood toxicity, 
involve in cell cycle regulation, and relate to angiogenesis. Researches 
on UNBS5162 anti-tumor were less. Studies have found that UNBS5162 
has a good therapeutic effect in the treatment of prostate cancer [12]. 
Other researches have suggested that UNBS5162 exhibits inhibitory 
roles in human melanoma cell, retinoblastoma cell, A549 non-small-
cell lung cancer and esophageal cancer squamous cell [13-16].  In 
our study, we found UNBS5162 treatment could impair viability and 

metastasis of glioma U251 cells, which might be modulated by PI3K 
signaling inhibition induced apoptosis.

Materials and Methods
Cell culture

Human glioma cell line U251 and normal brain glial cell line HEB 
were purchased from the Chinese Academy of Science (Shanghai, 
China). Cells were cultivated in Dulbecco’s modified eagle media 
(DMEM) medium (HYCLONE, USA) containing with 10% FBS 
(Gibco, USA) at a 37 °C incubator with 5% CO2. 

Cell counting Kit-8 (CCK8) proliferation test

CCK8 was used to detect cell viability following the producer’s 
instructions. In brief, 1 × 103 cells per well was plated in 96-well plates. 
NC group was treated with 0.1% DMSO, the experimental group was 
treated with series of concentrations (0.1, 1, 10, 100 µM) UNBS5162 
(MedChemExpress, Monmouth Junction, NJ, USA). Next, cell viability 
was measured once every 24 h. For detecting cell viability, 10 μl of 
CCK8 reagent (Beyotime Institute of Biotechnology, Shanghai, China) 
was added to each well and kept in 37°C incubator for 1 h. The Optical 
density (OD) value was tested by microplate reader (Bio-Rad, Berkeley, 
CA, USA) at a wave-length of 450 nm. 
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Transwell assay

After cell treated with UNBS5162 for 24 h, cell migration and 
invasion were tested using the transwell assay in accordance with 
producer’s instructions. For examining cell migration, 300 µl serum-
free medium containing with 1 × 105 cell was plated into the top of 
transwell chamber (Millipore Corp., Billerica, MA, USA) and 500 µl 
medium with 10% FBS was plated into the low-storied chamber. After 
cultivation of 12 h, cells on the upper chamber were eliminated using 
cotton swabs and cells on the low-storied chamber were fixed in 4% 
paraformaldehyde, then stained with 0.1% crystal violet. Next, five 
random fields were chosen under microscope, photographed and 
counted. For examining cell invasion, Matrigel (BD Biosciences, San 
Diego, CA, USA) dissolved with serum-free DMEM diluted at 1:6 
overnight in advance and paved to the upper chamber of transwell, the 
remaining steps resembled migration assay [17]. 

Western blot assay

Cell proteins were extracted with RIPA lysis buffer and inhibitors 
specific to protease and phosphatase (Beyotime). Proteins concentrations 
were tested by bicinchoninic acid (BCA) (Beyotime ) kit. Then, protein 
with equal amount (20 μg) was separated in 10% sodium dodecyl sulfate 
-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto 
polyvinylidene difluoride (PVDF) membranes. After blocking with 5% 
BSA for 1.5 h, membranes were cultivated with primary antibodies at 4°C 
overnight and then incubated with secondary antibodies in dark place 
at room temperature for 2 h. An enhanced-chemiluminescence (ECL, 
Beyotime) detection system was applied to visualize the bands. The gray 
value was scanned by Quantity One (Bio-Rad). GAPDH was used as 
the internal control. Membranes were incubated with the antibodies 
as follows: primary antibody rabbit anti-human, AKT, p-AKT, mTOR, 

p-mTOR, p-P70S6K, Bcl-2, Bax, Active Caspase-3 (at dilute of 1 : 1000, 
Cell Signaling Technology, Danvers, MA, USA), GAPDH (at dilute of 
1:5000, Proteintech Group, Inc, Rosemont, IL, USA); corresponding 
horseradish peroxidase (HRP)-labelled secondary antibody (at dilute 
of 1:5000, Proteintech Group, Inc).

Cell apoptosis assay

After 10 µM UNBS5162 treating U251 cells for 24 h, cells apoptosis 
percentage was tested by Annexin V-FITC/Propidium Iodide (PI) and 
flow cytometry analyses in light of producer’s manuals. After cell were 
collected, centrifuged and resuspended, 1 × binding buffer were added 
to resuspend cells, and cells density were adjusted to 3 × 106/ml. Cells 
were stained with 5 µl Annexin V-FITC and 10 µl PI (Beyotime) in dark 
place for 20 min. Finally, cells were detected and analyzed using a FACS 
Calibur instrument (BD Biosciences). 

Statistical analysis

SPSS18.0 statistical analysis software (SPSS Inc., Chicago, IL) and 
GraphPad Prism 6.0 (GraphPad Software, Inc., LaJolla, CA, USA) were 
utilized to analyze the experimental data. The data are exhibited as the 
mean ± standard deviation (SD). The Student’s t test, ANOVA and post 
hoc Dunnett were used to analyze statistical correlation of data. p<0.05 
indicated statistically remarkable difference. 

Results
UNBS5162 inhibits glioma cell U251 viability

To assess the impact of UNBS5162 on GBM, we chose glioma cell 
U251 and the normal cell HEB using CCK-8 assay. 10 µM and 100 µM 
UNBS5162 treatment were effective on U251 cells (Figure 1A, p<0.01). 
The viability of HEB cells was repressed only in 100 μM UNBS5162 

 
Figure 1: UNBS5162 inhibited U251 cell proliferation by the CCK-8 assay (*p<0.05).
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treated group (Figure 1B, p<0.01). So in the following experiments, 10 
μM UNBS5162, a highly-effective and low-toxicity dose, was used. And 
the results also show that UNBS5162 obviously decreased the OD value 
of U251 cells in a time-dependent mode (Figure 1C, p<0.05, p<0.01). 
These data indicated that UNBS5162 hampered glioma cell U251 
viability effectively.

UNBS5162 inhibits glioma cell U251 migration and invasion

Then, we assessed the effect of UNBS5162 on migration and 
invasion capabilities of glioma cell U251 using transwell assays. In the 
experiment of migration, the number of positive cells staining with 
crystal violet was decreased by UNBS5162. Similarly, in the experiment 
of invasion, the cells were also reduced. These results suggest that 
UNBS5162 can inhibit migration and invasion of glioma cells. 

The number of migrated cells in UNBS5162 treating group was less 
than that of control group (18 ± 5 vs. 32 ± 2), indicating a functional 
role of UNBS5162 on down-regulating the migration capability of U251 
cells (Figures 2A and 2B, p<0.05). The capability of invasion was also 
inhibited (30 ± 2 vs. 78 ± 4) (Figures 2A and 2C, p<0.05), indicating 
UNBS5162 inhibiting U251 cells migration and invasion.

UNBS5162 promotes glioma cell U251 apoptosis

The function of UNBS5162 on U251 cells apoptosis was tested by an 
Annexin V-FITC/PI double staining analysis. The apoptosis percentage 
in UNBS5162 group was 24.46% while the apoptosis percentage 
in control group was 5.75% (Figures 3A and 3B, p<0.05). These 
data illustrated that UNBS5162 could induce glioma cell apoptosis. 
Furthermore, the apoptosis hallmarks such as anti-apoptotic protein 

Figure 2: UNBS5162 repressed U251 cell migration and invasion. (A) Migrated /Invaded cells were measured by transwell assay. Images were photographed under a 
microscope with 100x magnification. (B) The number of migrated /invaded cells was quantified.
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Figure 3: U251 cell apoptosis was induced by UNBS5162. (A) U251 cells apoptosis rates were measured by Annexin V-FITC/PI and flow cytometric analysis. (B) Western 
blot analysis detected apoptosis-related proteins of U251 cells treated with UNBS5162. (C-E) Protein bands were quantized (*p<0.05).

Bcl-2, pro-apoptotic protein Bax and Active Caspase-3, were measured 
using western blot assay. Corresponding to the result of flow cytometric 
analysis, the expression of anti-apoptotic protein Bcl-2 was found to 
be decreased, and the expression of pro-apoptotic protein Active 
Caspase-3 and Bax were observed to be elevated in the UNBS5162 
group on comparing the control group (Figure 3C and 3D, p<0.05). All 
of these data indicated that UNBS5162 promoted U251 cell apoptosis. 

PI3K signaling pathway mediates the inhibitory effect of 
UNBS5162 on glioma cell U251

It is well-known that PI3K signaling is an extremely vital pathway 
in numerous of tumors. We selected key molecules of this pathway, 
including AKT, mTOR, p-AKT, p-mTOR, and p-P70S6K proteins to 
assess the activity of PI3K signaling. The result of western blot assay 
showed that expressions of p-AKT and p-mTOR were significantly 
decreased in UNBS5162 treating U251 cells. Further, the expression of 
p-P70S6K was decreased after UNBS5162 treatment (Figure 4, p<0.05). 
These results revealed U251 cell growth inhibition resulted from 
UNBS5162 treatment was regulated by PI3K pathway.

Discussion
In this study, UNBS5162, a special derivative of naphthalimide, 

were executed a preliminary exploration in anti-cancer effect and 
underlying molecular mechanism of action. Notably, we uncovered 
that UNBS5162 repressed the U251 cell proliferation, migration and 
invasion. Further, cell apoptosis was observed to be efficiently induced 
by UNBS5162. Ultimately, it was found that the effects of UNBS5162 on 
U251 might be closely related to the inhibition of PI3K signal pathway. 
A diagram (Figure 5) was used to explain our findings.

DNA is recognized as an ideal target for anti-tumor drugs 
and DNA intercalators which are widely used in cancer treatment. 
Naphthalimide compounds have good embedding properties to 
DNA, and are often used as DNA intercalators, which has become a 
hotspot in recent years. The Spanish Brana team first synthesized a 
series of naphthalimide compounds. The anti-tumor activities of these 
compounds were tested in vitro and in vivo experiments. It has proved 
that some of these compounds have a good anti-tumor activity. The 
naphthalimide has been a hot topic in the investigation of anti-tumor 
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Figure 4: Functional role of UNBS5162 on the PI3K signaling in U251 cells. (A) Expression levels of PI3K signaling related proteins were tested in the U251 cells 
treatment with UNBS5162 by western blot analysis. (B-F) Protein bands were in contrast with control group (*p<0.05).

Figure 5: A diagram showing our findings associated with tumor-inhibitory role of UNBS5162 on glioma cell.

drugs [18]. These first synthesized compounds usually contain only one 
naphthoyl structure, and these compounds are commonly referred to 
as mononaphthalimide. Amonneide, elinafide and bisnafide were three 
successful naphthalimide compounds in clinical trials, which were 
recognized as potential anti-cancer agents by adding different stages of 
the drug. Studies have reported that a novel naphthalimide derivative, 
UNBS3157, can avoid the clinical metabolism of blood toxicity of 
amonafide [19]. 

Studies have reported that UNBS3157, rapidly hydrolysis of saline 
into a single product UNBS5162, has anti-cancer activity [20]. UNBS5162 
is a novel naphthalimide that is used to avoid specific metabolites 
of amonafide which induces blood toxicity. Studies have reported 
that UNBS5162 significantly attenuates the cell cycle progression of 
human cancer cells by significantly increasing the duration of its G2 
phase. Researches have shown that UNBS5162 can significantly down-
regulate pro-angiogenic chemokines in human prostate tissue and the 
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esophageal, showing it has an effect on anti-angiogenesis. Thymus, 
bone marrow, gastrointestinal tract and so on have been determined 
as targets for UNBS5162. Meanwhile, researches have suggested that 
in vitro incubation of UNBS5162 with human cancer cells obviously 
reduced the expression of the proangiogenic chemokines (e.g. CXCL1, 
CXCL2, CXCL3, CXCL5, CXCL6, and CXCL8). Because of these 
features, UNBS5162, as an antitumor agent, has considerable prospects 
to provide a new drug target for clinical cancer treatment and research. 
Researches have shown that UNBS5162 treatment can obviously reduce 
vascular surface area in human prostate cancer xenografts in vivo. But 
the functional action of UNBS5162 in other cancers remains unknown. 
In this work, we performed western blot assay, CCK8 proliferation test, 
transwell invasion/migration analyses and flow cytometry detection 
with U251 cell lines under different administration conditions. 
Our results suggested that UNBS5162 significantly repressed cell 
proliferation, migration/invasion capabilities and promoted cell 
apoptosis. In the future, UNBS5162 may become a potential molecular 
marker for therapy of glioma. 

In our report, transwell assay showed that UNBS5162 inhibited 
glioma cell U251 invasion and migration. Furthermore, UNBS5162 
could promote cell apoptosis and upregulate pro-apoptotic protein 
Active Caspase-3 and Bax, as well as downregulate anti-apoptotic 
protein Bcl-2. Bax/Bcl-2 and activation of Caspase-3, identified as a 
pivotal mechanism of action of anti-tumoral drug, are involved in cell 
death and apoptosis of tumor cells, which is developed as an important 
determining factor of chemotherapy effectiveness. Studies have shown 
that changes in tumor cell apoptosis are mainly due to abnormal 
expression of apoptosis-related factors and abnormal of cell apoptotic 
signal transduction pathways [21]. PI3K, known as a family of lipid 
kinases, plays an essential part in cell growth by inhibiting apoptosis 
in various cancers [22]. Our results showed that U251 cell apoptosis 
was associated with the PI3K pathway. In addition, PI3K pathway 
was involved in the development of cancer through AKT, mTOR and 
p-P70S6K, which suggests PI3K pathway to be the action pathways of 
UNBS5162 affecting on cancer. The hallmarks p-AKT and p-mTOR 
in the pathway exert an important action in the proliferation and 
metastasis of tumor cells. Activation of Akt antagonizes angiogenesis, 
tumor metastasis and invasion and phosphorylates protein kinase 
mTOR [23]. Researchers have suggested that PI3K/AKT/mTOR 
pathway facilitates the resistant phenotype in glioma. Thus, the PI3K/
AKT/mTOR signaling is considered as the most commonly used route 
for drug intervention in glioma. P70S6K is a serine/threonine kinase, 
worked as a downstream factor of the PI3K/AKT/mTOR pathway, and 
is tightly linked with cell proliferation. At present, mTOR is the clearest 
kinase that activates P70S6K by phosphorylating threonine 389. The 
mTOR/P70S6K signaling pathway has been activated frequently in 
multiple human cancer [24-31]. Consistent with these reports, we 
suggested that UNBS5162 inhibited the PI3K pathway in U251 cells, 
reduced p-AKT and its downstream effectors mTOR and p-P70S6K. 
Collectively, the down-regulation of the PI3K pathway may contribute 
to suppressive effect of UNBS5162 on U251 cells.

Conclusion
In conclusion, we identified that UNBS5162 could repress glioma 

cell proliferation, migration and invasion and promote cell apoptosis, 
which might be regulated by PI3K signaling. Our finding provides a 
foundation for further preclinical and clinical studies of UNBS5162 in 
glioma therapy strategy.
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