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Abstract

Ethnopharmacological relevance: Dapivirine is one of reverse transcriptase inhibitors (RTls). It is the
prototype of diarylpyrimidines (DAPY), formerly known as TMC120 or DAPY R147681 (IUPAC name: 4-
[[4-(2, 4, 6-trimethylphenyl) amino]-2-pyrimidinyl] amino]-benzonitrile; CAS no.244767—-67-7).

Aim: The purpose of this study is to investigate the antitumor activity of dapivirine, one of the RTls, on
U87 glioblastoma (GBM) cells in vitro and in vivo.

Materials and Methods: U87 GBM cells were cultured and treated with or without dapivirine. Cell
viability was evaluated by CCK-8 (Cell Counting Kit 8, CCK-8) assay; apoptosis was analyzed by flow
cytometry; cell migration was evaluated by Boyden Chamber assay; Western blotting was performed to
detect proteins related to apoptosis, epithelial-to-mesenchymal transition and autophagy. PathScan
intracellular signaling array kit was used to detect important and well-characterized signaling molecules.
Tumor xenograft model in nude mice was used to evaluate the antitumorigenic effect in vivo.

Results: Dapivirine weakened proliferation of glioma cells and induced the apoptosis of U87 glioblastoma
cells. Furthermore, dapivirine regulated autophagy and induced Akt, Bad and SAPK/JNK activations.
Moreover, the inhibition of glioma cell growth by dapivirine was also observed in nude mice in vivo.

Conclusion: In summary, in our study dapivirine exposure induces stress, resulting in JNK and PI3K/Akt
pathway activation through diminished inhibition of the apoptosis and autophagy cascade in U87 GBM
cells, which inhibits cell growth in vitro and in vivo.
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Introduction

Glioblastoma (WHO 1V) is the most commonly
diagnosed malignant adult primary brain tumor.
Median survival for GBM is 12 to 15 months [1].
Current treatment of GBM includes surgical resection,
diagnostic  biopsy, adjuvant radiation and
chemotherapy [2]. Temozolomide (TMZ) is the
standard-of-care chemotherapy for GBM as the first
line treatment with radiotherapy or as a single agent

for maintenance therapy. This approach doubles the
2-year survival rate to 27%, but overall prognosis
remains poor [3]. Therefore, new drugs for treating
GBM are urgently needed.

Reverse transcriptase inhibitors (RTIs) may have
a potential therapeutic effect against cancer cells.
Azydothymidine (AZT), a retrovirus reverse
transcriptase inhibitor, is one of the most studied
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RTIs. AZT can inhibit proliferation of cancer cells by
suppressing telomerase activity [4-10]. In addition,
zidovudine, which is an inhibitor of a viral enzyme
called reverse transcriptase, has been recommended
as the standard first-line chemotherapeutic drug for
adult T-cell leukemia (ATL) [11]. Moreover, tenofovir
could decrease both accumulation of cytoplasmic
DNA and pro-inflammatory signaling caused by
Fanconi Anemia (FA), which is a perspective of RTIs
in the prevention of adverse effects of chronic
inflammation in tumorigenesis [12]. Recently,
ritonavir, another RTI, has been demonstrated to be as
effective for treating glioblastoma and lung
adenocarcinoma [13, 14]. Choy. W et al. [14]
retrospectively reviewed 17 HIV-positive patients
with glioblastoma (histologically-proven World
Health Organization grade IV astrocytoma) and
reported that highly active antiretroviral therapy
(HAART) is associated with improved survival in
patients with HIV-associated glioblastoma, although
the precise mechanisms underlying this improvement
remain unclear. In HAART, RTIs play a pivotal role,
and it is likely to function as a kind of new
chemo-therapeutic drug in glioblastoma.

Dapivirine, a RTI now undergoing late stage
clinical testing, is widely known as the active
ingredient in antiretroviral agents, for example,
vaginal rings [15]. Dapivirine is the prototype of
diarylpyrimidines (DAPY), formerly known as
TMC120 or DAPY R147681 (IUPAC name: 4-[[4-(2, 4,
6-trimethylphenyl) amino]-2-pyrimidinyl]amino]-
benzonitrile; CAS no. 244767-67-7) [16]. The chemical
structure and relevant physicochemical properties of
dapivirine are presented in Fig. 1A. Although clinical
trials of dapivirine have emerged, it has not been used
for cancer treatment. In this study, with the respect to
GBM, we demonstrated that dapivirine has the
antitumor activity on U87 GBM cells in vitro and in
vivo by regulating cell proliferation-, apoptosis- and
autophagy-related signaling pathways.

Methods

Reagents

Dapivirine  (4-[[4-(2, 4, 6-trimethylphenyl)
amino]-2-pyrimidinyl]Jamino]-benzonitrile) was
purchased from Selleck (CAS No. 244767-67-7) and
was dissolved in DMSO (Sigma, D2650). The
dissolved dapivirine was then added to complete

culture medium at final concentrations of 4, 8 and 16
M.

Cell lines and culture conditions

U87 cells was purchased from the Chinese
Academy of Sciences (Shanghai, China). Cells were
cultured in Dulbecco’s modified Eagle’s medium

(DMEM, containing 4.5 g/L glucose; Gibco,
11995-065) with 10% fetal bovine serum (Gibco,
16140-071), 100 U/mL penicillin, and 100 mg/mL
streptomycin (Gibco, 15140-122). Cells were cultured

at 37 °C in a humidified atmosphere of 5% CO2.

Determination of IC50

The cells were seeded in 96-well plates (5x10*
cells/ml) with 100 pL cell suspension in each well
with either the indicated concentrations of dapivirine
4, 8,16, 32, 64 pM) or controls (DMSO). To determine
IC50 concentrations, cells were treated for 48 h, and
the viability of cells was determined according to Cell
Counting Kit-8 manufactures (Dojindo Laboratories,
Japan). Cells were cultured at 37 °C in 5% for 3 h, after
which the optical density was measured at 450 nm.
The inhibition rate (IR) = [ODuso (control) - ODuso
(dapivirine)] / [ODaso (control) - ODasso (blank)]. Each
experiment was repeated 3 times.

Cell proliferation assay

The cells were seeded in 96-well plates (2x10*
cells/ml) with 100 pL cell suspension in each well
with either the indicated concentrations of dapivirine
(4, 8, 16 uM) or control (DMSO), and were incubated
for 5 days respectively. The viability of cells was
determined according to Cell Counting Kit-8
manufactures (Dojindo Laboratories, Japan). Cells
were cultured at 37°C in 5% for 3 h, after which the
optical density was measured at 450 nm. Each
experiment was repeated 3 times.

Cell migration assay

For cell migration assays, 5x10* cells in 200 pL
DMEM without fetal bovine serum were seeded on
fibronectin-coated polycarbonate membrane inserts in
a transwell apparatus (Corning, 3422) with either the
indicated concentrations of dapivirine (8, 16 pM) or
control (DMSO). In the lower chamber, 600 pL of
conditioned medium was added as a chemoattractant.
After the cells were incubated for 12 h at 37 °Cin a 5%
CO2 atmosphere, the inserts were washed with PBS,
and cells on the top surface of the inserts were
removed with cotton swabs. Cells adhering to the
lower surface were fixed with methanol, stained with
DAPI, and counted under a fluorescence microscope
in 6 high-resolution (200x). Each experiment was
repeated 3 times.

Flow Cytometry-based Annexin-V Assay

Cells were plated between 60% and 70%
confluency into 6-well plates. In each well, cells were
treated with the indicated concentrations of
dapivirine (8, 16 pM) or control (DMSO) for 12 h, 24 h
and 48 h. After incubation for different hours, these
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cells were washed 3 times with PBS (pH 7.4) then  temperature for 15 min. After incubation, 400 pL of
resuspended in 500 pL of annexin binding buffer. 100  annexin binding buffer (containing 1 ng/ml
pL of this suspension (1x105 cells) was removed to a  propidium iodide (PI)) was added to each tube.
new 1.5-mL tube. 6 pL of Annexin-Vallophycocyanin =~ Samples were gently mixed, placed on ice, and
(APC) (BD Pharmingen) was added to each tube and  analyzed by flow cytometry within 60 mins.

gently mixed. Tubes were incubated at room
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Figure 1. Inhibition of glioma cell growth by Dapivirine. (A) Chemical structure and relevant physicochemical properties of dapivirine. (B) glioblastoma cells
were treated with Dapivirine at various concentrations (0, 4, 8, 16, 32, 64 pM) for 48h. Cell viability was measured by Cell Counting Kit assays. IC 50 is 10.73 pM. (C)
Cell Counting Kit assays on proliferating U87 glioblastoma cells in control conditions or treated with 4, 8, 16 UM Dapivirine for 24, 48, 72, 96 and 120 hours. (D) The
invasion ability of U87 cells was measured following treatment with dapivirine (16 uM and 8 uM) for 12 h. (E) Cells penetrating the artificial basement membrane were
counted under a light microscope in 5 random visual fields (200X). The error bars represent the standard deviation of the mean (n = 3; #, P > 0.05; *, P < 0.05; **,
P < 0.01; * P <0.001). (F) Expression of invasion-related proteins, N-cadherin and T-cadherin, in U87 cells treated with dapivirine (8 yM and 16 uM) for 12 h, 24
h and 48 h. All of the results were confirmed in three independent experiments.
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Antibodies and western blotting

Cells were lysed in RIPA Buffer (Cell Signaling
Technology, 9800), and protein concentrations were
determined by using BCA assays (Cell Signaling
Technology, 7780). Total protein (40 mg) was resolved
by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis on a 12% gel and electro transferred to
polyvinylidene fluoride membranes. Membranes
were then blocked with 5% nonfat dry milk in
Tris-buffered saline (Sigma, T7777, pH 7.6) and were
incubated overnight at 4 °C with rabbit monoclonal
anti-N-cadherin, anti-LC3B, anti-Beclin-1, anti-ATG7
antibodies (Cell Signaling Technology, EMT Antibody
Sampler Kit 9782 and Autophagy Antibody Sampler
Kit 4445) and rabbit polyclonal antibody
anti-T-cadherin (Millipore, ABT121). Alternatively,
membranes were incubated with mouse monoclonal
anti-GAPDH (Abclonal, AC002), apoptosis antibody
sampler kit (Cell Signaling Technology 9915),
anti-phospho SAPK/JNK (Cell Signaling Technology
81E11) and anti-SAPK/JNK (Cell Signaling
Technology  9252), anti-Akt (Cell Signaling
Technology C67E7) and anti-phospho Akt antibodies
(Cell Signaling Technology D9E). HRP-conjugated
anti-rabbit IgG and anti-mouse IgG antibodies were
obtained from Cell Signaling Technology (7074).

Intracellular signaling array

Thaw 1X Cell Lysis Buffer (Cell Signaling
Technology 7018) and mix thoroughly. Supplement
Cell Lysis Buffer with phenylmethylsulfonyl fluoride
(PMSF) (Solarbio, Beijing P0100) to a final
concentration of 1 mM with a protein phosphatase
inhibitor (Solarbio, Beijing P1260). Keep lysis buffer
on ice. Remove media and wash cells once with
ice-cold 1X PBS (Gibco, 20012027). Remove PBS and
add ice-cold Cell Lysis Buffer. For adherent cells, use
0.5 ml cell lysis buffer for each plate (10 cm in
diameter). Incubate on ice for 2 minutes. Tilt the plate
and collect the lysate into a clean micro tube. Optional
step: microcentrifuge the lysate at maximum speed
for 3 minutes at 4°C and transfer the supernatant to a
new tube. Intracellular signaling molecules were
detected using a PathScan® intracellular signaling
array kit (Cell Signaling Technology 7323) according
to the manufacturer’s procedure.

Tumor xenograft assays in nude mice

The protocol for the mouse xenograft model was
approved by the Experimental Animal Center of
Southern Medical University. In brief, GBM cells were
subcutaneously injected in the right flank of nude
mice (4-6week-old). Weights of mice were measured
every 3 days for 12 days. Tumors were measured with

calipers to estimate volume at the end of study, 28
days post-U87 cell implantation. The study was
conducted in accordance with the internationally
accepted principles for laboratory animal use and
care.

Immunohistochemistry

Tumor specimens from nude mice were
embedded by paraffin as routine methods. The tissue
slices were obtained for immunohistochemistry
according to manufacturer’s protocol. Anti-human
Ki67 (ZSGB-BIO ZM-0167) was used.

TUNEL assay

Tissue sections were dewaxed and rehydrated
according to the standard protocols of in situ cell
death detection kit, POD (Roche 11684817910).
TUNEL reaction mixture were added on samples, lids
were added and sections were incubated for 60 min at
37 °C in a humidified atmosphere in the dark. Slides
were rinsed 3 times with PBS. Then Converter-POD
were added on samples, slides were incubated in a
humidified chamber for 30min at 37 °C; DAB
Substrate were added, slides were incubated for a few
minutes at 15-25 °C Samples were counterstained
with hematoxylin and preserved with resinene prior
to analysis by light microscope. Each sample was
taken pictures by the microscope and the ratio of
apoptotic cells (TUNEL-positive cells) were counted.

Statistical analyses

Results are shown as means; error bars represent
the standard error of the mean (SEM), Analysis of
variance (ANOVA) was used to determine the
significance of difference in CCK-8, the annexin-V
assay and migration assays. Paired, 2-tailed t tests
were used to determine the significance of differences
in tumor volumes in the xenograft study. Differences
were considered significant when P < 0.05.

Results

Effect of dapivirine on the human glioblastoma
cells in vitro

Dapivirine inhibited proliferation of glioma cells

To investigate the anticancer activity of
dapivirine in vitro, U87 GBM cells were cultured in
absence (DMSO as control) or presence of increasing
concentrations of dapivirine for 48h. The viability of
cells was determined according to Cell Counting Kit-8
manufactures and the IC50 value of dapivirine was
10.73 uM (Fig. 1B).

Proliferation inhibiting effects of dapivirine on
U87 GBM cells were analyzed in long-term cell
proliferation assays. As shown in Fig. 1C, when the
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concentration of dapivirine is 16 pM, it was able to
retard cell growth.

Dapivirine induced apoptosis of U87 glioblastoma cells

Flow cytometry was used to measure early and
late apoptosis and necrosis of U87 GBM cells induced
by dapivirine (Fig. 2A). As shown in Fig. 2B, the
number of early and late apoptotic cells were
significantly increased with treatment of dapivirine
(16 pM, administered for 12h, 24h and 48h) as
compared to controls. However, there were no
significant changes in apoptosis or necrosis to U87
GBM with dapivirine (8 pM). To further confirm the
presence of apoptosis, a central regulator of apoptosis,
caspase-3 was examined. Western blotting analysis
showed that expression of cleaved caspase-3 was
accumulated in U87 cells treated with dapivirine, in
addition with decreased caspase-3 (Fig. 2C).

A

Dapivirine enhanced invasion of glioma cells

Results of cell invasion assays indicated that U87
cell invasion was stimulated by the treatment of
dapivirine (16 pM & 8 pM, 12 h) (Fig. 1D). The
number of cells penetrating the artificial basement
membrane obviously increased in those treated with
dapivirine (P< 0.0001) (Fig. 1E). Western blotting
analysis in U87 cells showed that the level of
N-cadherin, a mesenchymal marker, was increased
significantly after treatment with dapivirine in a
time-dependent manner (Fig. 1F). We also detected
the expression of E-cadherin and T-cadherin, two
classical epithelial markers. As shown in Fig. 1F,
T-cadherin was decreased in a time- and drug
dosage-dependent manner in U87 cells treated with
dapivirine. However, neither dapivirine treated-U87
cells or controls showed significant expression of
E-cadherin (not shown in figures).
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Figure 2. Dapivirine moderately induces the apoptosis of U87 glioblastoma cells. (A) After Annexin V and propidium iodide staining, the levels of
apoptosis in U87 glioblastoma cells were quantified by flow cytometry. (B) Statistical analysis of the early apoptosis and late apoptosis. (C) Western blotting was used
to detect the expression of apoptosis-related proteins in U87 cells treated with dapivirine (16 uM) for 12 h, 24 h and 48 h. All of the results were confirmed in three
independent experiments. The error bars represent the standard deviation of the mean (n = 3; #, P> 0.05; *, P < 0.05; **, P < 0.01; **¥ P < 0.001; *** P < 0.0001).
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Dapivirine promotes autophagy in U87 cells

Autophagy activity was analyzed by western
blotting to examine the expression of key proteins,
after 12 h, 24 h and 48 h exposure to dapivirine (16
pM) (Fig. 3A). With the exposure time of dapivirine
increasing, there was a reduction in LC3A/B-1, and
the ratio of LC3A/B-II to LC3A/B-I was increased.
The expression of Atg7 and Beclin-1 were increased
and there was a highest level after 24 h exposure.

Dapivirine induces Akt, Bad and SAPK/JNK activations

To further illuminate the molecular mechanisms
of dapivirine affecting U87 cell growth, a Path Scan
intracellular signaling array kit was used to detect the
changes of signaling molecules in U87 cells with or
without dapivirine treatment (Fig. 3B and 3C). Cell
extracts of U87 cells treated with dapivirine and
controls were prepared and analyzed using the
PathScan Intracellular Signaling Array Kit and images
were acquired by briefly exposing the slide to
standard chemiluminescent film. The PathScan
Intracellular Signaling Array Kit could be used to
monitor the expression of 18 signaling molecules that
are phosphorylated in response to signal-transduction
pathway activation. The dark dots indicate that there
was a significant activation of some proteins. As
shown in Fig. 3B, the phosphorylation of Akt (Ser473),
Bad (Ser112) and SAPK/JNK (Thr183/Tyr185) were
accumulated in dapivirine-treated cells. Similar to
PathScan, western blotting revealed that
phospho-SAPK/JNK, Akt and phospho-Akt were
elevated by dapivirine (16 pM for 12h, 24h, 48h)
treatment (Fig. 3D). The data indicates that dapivirine
could significantly affect the function of U87 cells via
stimulation of Bad while Akt and JNK are responsible.

Effiency of dapivirine of human glioblastoma
cells in vivo

Dapivirine inhibits the proliferation of glioblastoma in
vivo

The U87 cells were subcutaneously injected into
the nude mice (5%107 cells per mouse) to evaluate the
effect of dapivirine on GBM growth in vivo.
Following tumor formation, about 14 days after cell
injection, the mice were treated with either vehicle
(DMSO) or dapivirine (16 mg/kg) once every 3 days
for 12 days. Next, tumors were dissected from mice to
measure volume at the end of study, 28 days post-U87
cell implantation (Fig. 4A). As shown in Fig. 4B and
4C, increased growth trends of mice weight were in
both dapivirine-treated mice and controls, and no
significant difference of weight was observed between
dapivirine-treated mice and controls. The tumor
volumes of dapivirine-treated cells were significantly

decreased in mice than controls (Fig. 4D and 4E).
These results indicate that cancer proliferation is
inhibited by dapivirine in vivo. In addition,
proliferation status of tumor tissues was evaluated by
Ki67, a marker for proliferating cells that is over-
expressed in many cancers. Immunohistochemistry
experiments performed on the sections of U87 tumor
tissues showed a significant decrease in Ki67 staining
in sections of dapivirine-treated tumors compared to
tumors from vehicle-treated mice (Fig. 5E-F).
Specifically, quantification of Ki67 positive cells
revealed that dapivirine treatment reduced tumor
growth by 2.8fold and reduced cell proliferation
(Ki67) by 2.6fold with in U87.

Dapivirine induces apoptosis of glioblastoma in vivo

On the H&E sections, there was no obvious
necrosis in the tumor tissues (Fig. 5A and 5B), either
controls or dapivirine treatment. The extent of
apoptosis in tumor tissues was further examined
using the TUNEL assay (Fig. 5C). The quality of the
staining was nuclear, and increased TUNEL labeling
was observed in the tumor tissues treated with
dapivirine (16 mg/kg). There was also an increase in
the expression of cleaved caspase-3, which is
consistent with the results in vitro with dapivirine
treatment (Fig. 5G).

Dapivirine up-regulates expression of SAPK/JNK, Akt
in glioblastoma

Western blotting of tumors disstected from mice
was used to detect the expression of SAPK/JNK and
phospho-SAPK/JNK, Akt and phospho-Akt. As
shown in Fig. 5G, the phosphorylation of Akt,
SAPK/JNK and phospho-SAPK/JNK  were
accumulated in dapivirine-treated tumors.

Toxicity analysis

Toxicity analysis (including hepatic and renal
function indexes) was carried out in all groups of
tumor-bearing nude mice with dapivirine (16 mg/kg)
or vehicle treatment. It was carried out on day 0, day
7, day 14 and day 21 after drug injection. Function
indexes of liver (ALT, AST) and kidney (CREA,
UREA) were detected to evaluate the hepatic and
renal damage after drug treatment (Fig. 6A-D).
Hepatic function index of group of dapivirine
revealed no obvious difference with group vehicle (p
> 0.05). Although renal function index of dapivirine
group showed that values of CREA were higher than
group vehicle on day 7, there was no obvious effect on
kidney when toxicity analysis was carried out on
day14 or day 21. Our data suggests no signs of liver
damage after dapivirine treatment, and dapivirine
might have a temporary effect on kidney with the
concentration, 16 mg/kg.
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Figure 3. Dapivirine regulates autophagy and induced Akt, Bad and SAPK/JNK activations. (A) Western blotting was used to detect the expression of
autophagy-related proteins in U87 glioblastoma cells treated with dapivirine (16 UM) for 12 h, 24 h and 48 h. (B, C) PathScan® Intracellular Signaling Array Kit
(Chemiluminescent Readout) was used to detect important and well-characterized signaling molecules that were relevant to dapivirine (16 UM for 12 h, 24 h and 48
h) in U87 glioblastoma cells. (B) The dark dots indicate that there was a significant increase in some proteins. Images were acquired by briefly exposing the slide to
standard chemiluminescent film. (C) Schematic drawing of operating procedure for PathScan® Intracellular Signaling Array Kit. Cell extracts were prepared and
analyzed using the PathScan® kit and images were acquired by exposing the slide to chemiluminescent film. (D) Western blotting was used to verify the results of
PathScan® intracellular signaling.
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Figure 4. Dapivirine inhibits tumor growth of U87 glioblastoma cells in vivo. (A) Subcutaneous tumors of mice injected with U87 cells. Either vehicle or dapivirine (16
mgl/kg) was treated once every 3 days for 12 days, and mice were then sacrificed. (B, C) Body weights of mice in 2 groups were measured every 2 days. (D, E) Tumors were

dissected, volumes were measured.

Discussion

Our study took task to explore the effects of
dapivirine on GBM, and whether the antiretroviral
drug has an antineoplastic activity. We first observed
that dapivirne markedly inhibited human GBM cell
proliferation. The results of flow cytometry showed
that dapivirine induces apoptosis in U87 cells.
Western blotting revealed that full length caspase-3
was reduced and cleaved form was increased with
dapivirine treatment. Caspases are intracellular
proteases that work during apoptosis to disassemble
the cell into apoptotic bodies. Initiator caspases,
including caspase-8 and caspase-9, activate

executioner caspases, including caspase-3, which are
responsible for carrying out final steps in the
disassembling process. Elevated levels of active forms
of the caspases are considered markers of cellular
apoptosis [17]. The observation confirms that
inhibition of cell proliferation occurs and apoptosis
may be one of the reasons. However, we found that
neither the 12 h incubation with dapivirine at 16 pM-
nor incubation for a longer time (24 h/48 h)-have
much higher apoptosis rate than 3-fold of the control
group, which did not exactly match up to the results
of CCK-8 assay. Thus, there must be other
mechanisms responsible for the proliferation
inhibition.
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counted. (E, F) Analysis of cell proliferation (Kié7) by immunohistochemistry. The ratio of Ki-67 positive cells were counted. (G) Expression of apoptosis-related proteins, cell
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The autophagy-apoptosis puzzle in the tumor
context seems to have an extremely complex role.
Autophagy (referring to macroautophagy) is an
evolutionarily conserved cellular mechanism for the
clearance of damaged or superfluous
macro-complexes and organelles in eukaryotic cells
[18-20]. During autophagy, a process of dynamic flux,
autophagosomes engulf cytoplasmic components,
including cytosolic proteins and organelles.
Concomitantly, a cytosolic form of LC3 (LC3-I) is
conjugated to phosphatidylethanolamine to form
LC3-phosphatidylethanolamine conjugate (LC3-II),
which is recruited to autophagosomal membranes.
Autophagosomes fuse with lysosomes to form
autolysosomes, and intra-autophagosomal
components are degraded by lysosomal hydrolases.
At the same time, LC3-II in autolysosomal lumen is
degraded [19]. In our study, we further indicate that
autophagy was stimulated by dapivirine treatment.
We observed that dapivirine treatment firstly
increased expression of autophagy-related proteins,
Beclin-1 [21, 22] and ATG7. And as time goes on, their
levels were down-regulated. Furthermore, LC3-1 and
LC3-II were decreased in a time-dependent manner,
with increased ratio of LC3-II to LC3-1. These changes

suggest that autophagic flux was stimulated by
dapivirine in a short term. With dapivirine exposure
on U87 GBM cells in 48 h, cell proliferation was
significantly inhibited with a moderate cell death,
induced by apoptosis. Therefore, we hypothesize that
when U87 cells are treated with dapivirine, cell death
might serve as a late response in the event that
autophagy induction fails to provide effective
protection to the injured U87 cells. It is consistent with
a previous report showing the role of autophagy both
as a tumor suppressor as well as a factor in tumor cell
survival [23]. It was confirmed that dapivirine
significantly induces apoptosis in vivo by TUNEL
test, however, results of western blotting showed that
there was insignificant difference of autophagy
related proteins between tumors treated with
dapivirine and controls (data not shown in
manuscript) in vivo. Therefore, increased autophagy
induced by dapivirine seems to be a temporary
phenomenon in U87 cells. In murine models, the mice
were treated with dapivirine for 12 days, which is
longer than in vitro assays.

Interestingly, we observed that dapivirine
treatment contributed to cell motility in U87 cells.
Western blotting showed up-regulation of N-cadherin
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and down-regulation of T-cadherin, which are
importantly associated with GBM invasion and
metastasis [24]. Previous study has shown that
induction of autophagy increased cell migration and
infiltration in GBM cells [25]. Our results indicated
that stimulation of the invasion by dapivirine may
occur via the stimulation of autophagy. Moreover,
invasiveness was insignificantly enhanced in tumors
of nude mice, which suggests that the increased
invasiveness induced by autophagy is a temporary
phenomenon.

To illuminate the molecular mechanism that how
dapivirine alters the maintenance of GBM, we
detected modifications of some molecules associated
with cell growth, survival and cell cycle control in U87
cells after dapivirine treatment. The present study
demonstrated that activation of Bad (Ser112), Akt
(Ser473) and SAPK/JNK (Thrl83/Tyr185) may be

Recently, it has been demonstrated that stresses
activate JNK, inducing autophagy to counteract
apoptosis in mesenchymal stem cells [26]. PI3K/ Akt
pathway is the major signaling pathway related to
progression and invasion of cancer [27], and
activation of Akt and JNK pathway contribute to the
protective effect against stress [28].0n the one hand,
the promotion of invasion in U87 cells treated with
dapivirine, which may be correlated with the
increased expression of p-Akt and Akt. Choy, Y.Y., et
al showed that Akt inhibited the intrinsic
mitochondrial pathway by phosphorylating Bad at
Ser136, which prevents Bad translocation to the
mitochondria [29].

Taken together, our research suggests that
dapivirine exposure induces stress, leading to JNK
and PI3K/Akt pathway activation, which diminishes
the inhibition of apoptosis and autophagy cascade in

associated with dapivirine-induced apoptosis,  U87 GBM cells. As a result, dapivirine inhibits cell
invasion and autophagy. growth and stimulates cell invasion (Fig. 7).
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Figure 7. Schematic drawing of the molecular mechanism of dapivirine affecting U87 cells. (A) Dapivirine exposure induces stress, resulting in JNK and
PI3K/Akt pathway activation through diminished inhibition coupled with activation of the apoptosis and autophagy cascade in U87 GBM cells, which inhibits cell

growth and stimulates cell invasion.
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