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Rahimnejad et al.: Pterostilbene enhances anticancer effects of L-ASP

Antiproliferative and apoptotic effects of pterostilbene were examined in combination with L-asparaginase
in Jurkat cell line. Jurkat cells were incubated with different concentrations of pterostilbene alone or in
combination with L-asparaginase for 24,48 and 72 h. Cell viability was evaluated using 3-(4,5-dimethylthiazol-
2-yl)-5-3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium assay. Induction of apoptosis was
measured by annexin-V fluorescein isothiocyanate and the level of active caspase 3 positive cells by
intracellular staining and flowcytometry. Decline of cell viability to S0 % was observed at 67.78+3.88,
60.97+3.36 and 52.11+2.50 pM concentration after 24, 48 and 72 h incubation with pterostilbene, respectively.
Pterostilbene at a concentration of 30, 50 and 70 pM in combination with 0.5 and 0.7 IU/ml L-asparaginase
reduced relative cell growth to a significant level. The rate of apoptosis was significantly higher than control
at 80 uM concentration of pterostilbene and a combination of 60 pnM pterostilbene with 0.5 and 0.7 IU/ml
L-asparaginase, but not with L-asparaginase alone. The level of caspase 3 positive cells was significantly higher
than control at 80 pM concentration of pterostilbene. Pterostilbene increased antiproliferative and apoptotic
effects of L-asparaginase in Jurkat cells. These results suggested that pterostilbene might be a potential
anticancer agent in lymphoblastic leukaemia and potentiate the effect of L-asparaginase. Unravelling the
mechanism of pterostilbene-induced cell apoptosis in this cell line could help in the development of a targeted
therapy.
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Acute lymphoblastic leukaemia (ALL) is the most
frequent leukaemia in childhood and almost 25 %
of cancer cases under 15 y old". The treatment of
childhood ALL has developed in the past decade.
However common chemotherapy has failed in 20 %
of the patients”. Most therapy failures have been
explained by cellular resistance to antileukemia
drugs®. Children with T-lineage leukaemia are more
resistant to a variety of drugs in vitro than B-cell and
acute myeloid leukaemial®.

L-asparaginase (L-ASP) is a well-known and
prominent growth inhibitory enzyme in oncology
clinics and has been successfully used for combination
chemotherapy in ALL and some solid tumours?.
However, this treatment causes anaphylactic reaction
and coagulopathy in some patients and may have liver
and kidney toxicity. In addition, it is ineffective in
some patientsi®>®7, AntiL-ASP has been produced in
some patients following treatment, which can cause
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undetectable level of enzyme activity and minimize
the effect of the drug!®”. These limitations point out
to looking for alternative or complimentary treatments.

Stilbene-based phytonutrients have attracted the
attention of many studies to their wide biological
functions. One of such components is resveratrol,
which is a phytoalexin found in grapes and some of the
other food products and has demonstrated anticancer
effects!'®!. Pterostilbene (PT), the natural analogue of
resveratrol with similar pharmacologic properties, is
the main antioxidant in blueberries and has been found
in several types of grapes and tree wood. PT contains
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two methoxy groups, making it more lipophilic and
increasing oral absorption and cellular uptake!'. In
oral administration, it showed 95 % bioavailability
versus 25 % of resveratrol!’?! and its half-life is seven
times higher!l. Many studies have demonstrated
antiproliferative effects of PT. In association with
quercetin, PT inhibited metastasis of B16 melanoma
cell lineM™. Tts anticancer effect has been reported
in rodent model™]. Tolomeo and colleagues used
different myeloblastic leukaemia including drug
resistant cell lines and demonstrated that PT exerted
dose-dependent and line-specific inhibitory effect upon
cell growth!'®. The anticarcinogenic effect of PT has
also been demonstrated in bladder, breast, liver, colon,
lung, pancreatic and prostatic cell lines!'’?*). How it
can work in combination with common chemotherapy
agents needs to be investigated. The aim of our study
was to investigate the antiproliferative, apoptosis and
caspase 3 activity of PT versus and in combination with
L-ASP in Jurkat cell line as a possible chemotherapy
compound.

MATERIALS AND METHODS

Jurkat cells were purchased from Pasteur Institute
(Tehran, Iran). RPMI 1640 medium, penicillin/
streptomycin, trypan blue and PT were obtained from
Sigma-Aldrich (Germany). Bovine foetus serum was
obtained from GIBCO (USA), apoptosis kit from BD,
and caspase 3 assay kit and 3-(4,5-dimethylthiazol-2-
yl)-5-3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) from Promega (USA).

Cell culture:

Jurkat cells were grown in RPMI 1640 supplemented
with 0.3 mg/ml L-glutamine, 10 % fetal calf serum,
100 IU/ml penicillin and 100 pg/ml streptomycin
(complete media) at a concentration of 2x10%/ml. The
cells were incubated at 37° in a 5 % CO, atmosphere.

Cell viability assay:

To evaluate the number of living and dead cells, the
cells were stained with trypan blue and counted on a
haemocytometer. Cell viability was assessed by MTS
assay in a 96-well plate according to the manufacturer
instructions. Briefly, 1x10* live cells were seeded per
well in above complete media and incubated for 24 h.
10 mg of PT was dissolved in 1 ml dimethyl sulfoxide
(DMSO, stock). Working solution was prepared at
400 pm in culture media. The cells then were treated
with different concentrations of PT (0-100 um), L-ASP
(0.01-1 IU/ml) or a combination of them and incubated
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for 24, 48 and 72 h. 20 pl of MTS was added to each
well and incubated at 37° in 5 % CO, for an additional
3 h. The absorbance of the wells was measured against
the background (culture medium with DMSO) at
490 nm (the optical density is proportional to the total
number of living cells). At least 3 wells were used for
each concentration of the used drugs and values were
expressed as mean+SD.

Determination of apoptosis and necrosis:

Cells were seeded in a six well plate with 2x10° cells
per well in complete media and incubated for 24 h. The
cells were then treated with different concentration of
PT (0-100 pm), L-ASP (0.01-1 IU/ml) or a combination
of them and incubated for 24 and 48 h. The cells were
washed twice with PBS after the incubation time and
resuspended in binding buffer at a concentration of
10%ml. 1x10° cells were incubated with annexin V
conjugated with fluorescein isothiocyanate (FITC)
and propidium iodide (PI) for 20 min. The cells
were analysed afterward by flowcytometry (Partec,
Germany). Phosphatidyl serine migrates to the outer
surface of cell membrane in early apoptosis and bind to
annexin V FITC. Pl negative and FITC positive cells are
in first stage of apoptosis whereas PI and FITC positive
cells are in final stage of apoptosis. Both early and
final apoptotic cells were recorded as apoptotic cells.
The control was treated with highest concentration of
DMSO in treated cells for comparison.

Detection of active caspase 3 positive cells:

The active caspase 3 positive cells were detected using
intracellular staining and flowcytometry according to
the manufacturer instructions (BD). Briefly, the cells
were seeded in a 6 well plate at a concentration of
200 000 cells/well in 2 ml media and treated with
different concentrations of PT. After 48 h incubation,
the cells were washed and re-suspended in cytofix/
cytoperm and incubated for 20 min on ice. The cells
were then washed with perm/wash buffer and incubated
with PE conjugated anticaspase 3 in a perm/wash buffer
suspension for 30 min in darkness at room temperature.
The cells were washed and re-suspended in perm/wash
buffer and analysed by flowcytometry.

Statistical analysis:

Values are expressed as the mean+SD. All experiments
were done at least in triplicate. Data were analysed by
SPSS using Kruskal-Wallis multiple comparison and
Dunn’s test and the difference between control and
each experimental condition considered significant if
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p value was less than 0.05. EC50 was calculated using
probit analysis.

RESULTS AND DISCUSSION

Cells were incubated with different concentrations of
PT. Percent living cells was calculated over a period
of 24, 48 and 72 h and expressed as a percent of the
cells incubated with media alone (fig. 1). EC50 was
calculated as a drug concentration, which is capable
of inhibiting 50 % cell growth. PT displayed an EC50
of 67.78+3.88 uM at 24 h, 60.97+3.36 uM at 48 h
and 52.11£2.50 at 72 h of incubation. Cell viability
declined to 32.51+4.93 % and 22.33+4.72 % at 80
and 100 uM concentrations of PT, respectively. The
proportion of living cells decreased more over a period

Relative cell Growth

Concentration of Pterostilbene (um)

Fig. 1: Effect of pterostilbene on Jurkat cell viability

A) Cells incubated with 60 pM concentration of PT over
a period of 24, 48 and 72 h. Controls are the cells incubated
with media after 72 h incubation. The antiproliferative effect
of PT on Jurkat cells is time-dependent. B) Cells incubated
with different concentrations of PT for 24, 48 and 72 h and
MTS assay was performed to detect the viable cells. Cell
viability decreases in a concentration-dependent manner. All
experiments were done in triplicate. PT is pterostilbene (uM).
(==¢=—) 24 h; (=—m—) 48 h; (—A—) 72 h
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of 72 h incubation time with the same concentrations
as it was 11.21£2.65 % at 100 uM. As fig. 1 shows, PT
decreased cell viability in a time and dose-dependent
manner.

Jurkat cells were seeded in a concentration of 1x10*
cells per well in a 96 well plate and incubated with
different concentration (0.01-1 IU/ml) of L-ASP alone
or in combination with different concentrations of PT.
Cell viability declined slightly after 24 h incubation with
L-ASP (EC50 of 1.86+0.23), but fell to less than 40 %
after 72 h incubation with 0.7 [U/ml concentration of
the drug. L-ASP declined cell viability to 71.1242.08,
52.34+3.06 and 47.21+£3.06 % at the concentration of
0.1, 0.5 and 0.7 IU/ml with an EC50 0f 0.66+0.08 1U/ml
after 48 h incubation, respectively (fig. 2A). The
viability decreased to 33.17+4.16 and 28.12+4.0 %
when the cells were treated with a combination of 30 pm
concentration of PT and 0.5 or 0.7 IU/ml L-ASP,
respectively. The cell viability declined to 55.1444.36,
30.3243.06 and 21.41£3.0 % using a combination
of 50 pm concentrations of PT and 0.1, 0.5 and
0.7 TU/ml L-ASP, respectively. Viable cells reduced
to 35.61+6.01, 25.2343.0 and 18.52+2.01 % in the
presence of 0.1, 0.5 and 0.7 IU/ml L-ASP, respectively,
when used with 70 um concentration of PT (p<0.05,
fig. 2B).

Cell apoptosis was analysed after treatment with
different concentration of PT. Forty eight hours after
incubation with the drug, percent apoptotic cells
was determined by flowcytometry considering the
annexin V FTIC positive cells. Higher apoptosis
was observed at higher concentration of PT. Fig. 3A
demonstrates an example of apoptosis at 40 and 60 uM
concentration of PT compared to control. As shown
in fig. 3B, PT at the concentrations of 40, 60 and
80 uM induced 27.17+£6.56, 49.41+7.02 and 60.71=+
8.62 % cell apoptosis, respectively. There was a
significant difference between control and PT at
80 uM.

Apoptosis was analysed in the presence of L-ASP
alone or in combination with PT. Cells were incubated
with different concentrations of L-ASP alone or in
combination with 60 pm concentration of PT for 48 h.
As fig. 4A illustrates, the apoptosis was 22.75+5.31 and
57.4949.70 % after treatment with 0.5 [U/ml L-ASP
alone or in combination with 60 um PT (p<0.05),
respectively. The apoptosis increased to 34.05+9.08
and 69.41+9.59 % in the presence of 0.7 [U/ml L-ASP
alone and in combination with 60 um PT, respectively
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compared to 8.32 % in control (p<0.05). As fig. 4B
demonstrates, the combination induced more apoptosis
than L-ASP or PT alone.

Intracellular active caspase 3 was measured by
flowcytometry after permeabilization and fixation
of the cells and incubation with anticaspase 3 PI-
conjugated monoclonal antibody. After 48 h incubation
with different concentration of PT, the percentage of
positive cells was detected by flowcytometry. The
mean value of positive cells in three experiments was
18.3741.01, 25.38+3.06 and 40.85+1.25 % in the
presence of 40, 60 and 80 pum concentrations of PT,
respectively compared to 7.32+2.01 %. Although the
ratio of positive cells increased in all concentrations,
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Fig. 2: Cell viability in the presence of L-asparaginase alone or
in combination with PT
A) Cells incubated with different concentrations of L-ASP for
24, 48 and 72 h and MTS assay was performed to detect the
viable cells. Cell viability decreased after 48 and 72 h with a
concentration-dependent manner. All experiments were done
in triplicate. B) Cell viability was detected after 48 h incubation
with different concentrations of L-ASP alone or in combination
with different concentrations of PT. Each experiment was
performed in triplicates or more and cell viability compared
to control. Cell viability decreased to a significant level when
a concentration of 0.5 and 0.7 IU/ml of L-asparaginase was
combined with 30, 50 and 70 pM concentration of PT. Kruskal-
Wallis multiple comparison and Dunn’s test, (*shows significant
difference compared to control and indicates p<0.05). ASP is
asparaginase (IU/ml), PT is pterostilbene (uM). (=—¢=—) 24 h;
(=—m—) 48 h; (—=A—) 72 h
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there was more than two and three-fold increase at 40
and 60 um compared to control, the difference was
significant only at the 80 pm concentration (fig. 5).

The treatment approaches of ALL were developed
in the last decade, however common chemotherapy
has failed in some patients. The development of
therapies that could improve the quality of life without
compromising survival is promising. In the present
study we represented the enhancement of the effect
of L-ASP in combination with PT on cell viability
and apoptosis of a lymphoblastic leukaemia cell line.
Different studies have reported anticancer activity,
induction of apoptosis and inhibition of proliferation of
PT on some tumor cell lines. Here we demonstrated the
effect of PT, on inhibiting cell proliferation, inducing
apoptosis and increasing caspase 3 in Jurkat cell line.
The drug also increased the antiproliferative and
apoptotic effect of L-ASP.

The current data demonstrated that PT decreased
viability of Jurkat cells in a time- and dose-dependent
manner and viability fell to around 50 % at 61 pm
concentration after 48 h incubation. Different studies
have demonstrated that the EC50 of PT is variable
and dependent to the cell line!'®?*?51, Tolomeo et al.
studied PT effect on seven cell line including human
myeloid cell line and drug resistant myeloid cells. They
concluded that PT had dose-dependent inhibitory effect
on cell growth!'®!,

PT also increased antiproliferative effect of L-ASP in
our study. L-ASP is a part of combination chemotherapy
for ALL and some of the solid tumours and has
demonstrated antitumor activity on leukemic cell lines
including Jurkat cells. Abakumova et al. demonstrated
the cytotoxicity of ASP on different cell lines at the
concentration 0f0.02-10 TU/ml including Jurkat cells/¢!,
Apparently different cell lines have different sensitivity
to L-ASP™"!. In the present study dose-dependency of
this effect was demonstrated as maximal inhibition of
cell growth was at the highest concentration of 1 IU/ml
used. The important finding was the enhancement
of this antiproliferative effect in the presence of PT.
In fact the combination of 0.7 IU/ml of L-ASP with
70 um of PT led to 82 % growth inhibition. As more
intensive treatment with conventional combination
chemotherapy can lead to increased side effects, the
addition of PT to those combinations could improve the
outcome. The additive or synergistic antiproliferative
effect of a plant-derived constituent with another ALL-
chemotherapy agent, doxorubicin, was reported on
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Fig. 3: Analysis of apoptosis

Cells were incubated with different concentration of PT or media for 48 h, then stained for apoptosis and analysed by flowcytometry.
The annexin V positive cells were considered as apoptotic cells and the treated cells were compared to control. A) A representative
sample of flowcytometric analysis: apoptosis in (a) 40 and (b) 60 pM concentration (black) was compared to control (grey). B)
The apoptosis was 27.17+£6.56, 49.41+7 and 60.71+8.62 % at the concentrations of 40, 60 and 80 nM, respectively compared to
4.8.01+1.12% in control. Each experiment was performed in triplicate. *p<0.05 compared to control
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Fig. 4: Apoptosis in the presence of ASP or in combination with PT

Jurkat cells were treated with L-ASP alone or in combination with 60 pM concentration of PT for 48 h, then stained and analysed
by flowcytometry. A) A representative sample of apoptosis was induced by 0.5 and 0.7 IU/ml L-ASP in combination with 60 pM
of PT. B) Apoptosis level in the presence of ASP alone and in combination with 60 pM concentration of PT. Untreated cells served
as control. A significant difference was observed between control and a combination of 0.5 or 0.7 IU/ml L-ASP with 60 pM PT.

Kruskal-Wallis multiple comparison and Dunn’s test, *significant compared to control at p<0.05. Pterostilbene is in pM, ASP is
Asparaginase concentration in IU/ml
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Fig. 5: Alteration of the level of caspase 3 positive cells in the presence of PT

Cells treated with different concentrations of PT or incubated with media alone as control. A) A representative sample of
flowcytometric analysis of intracellular caspase 3 positive cells treated with 0, 40, 60, and 80 pM concentration of PT. B) The
mean frequency of caspase 3 positive cells were 18.37+1.01, 25.38+3.06, and 40.85 +1.28 % at concentrations of 40, 60 and 80 nM,
respectively, compared to 7.32+2.01 % in control. The experiments were performed in triplicate. *p<0.05 compared to control

lymphoblastic leukaemia cells®. The present work
also demonstrated the dose-dependency of apoptosis
upon treatment with PT as such effect with other plant-
derived compounds, epigallocatechin-3-gallate and
gallic acid in lymphoblastic cell line was previously
reported!®3%,

To investigate the mechanism of antitumor effect of PT,
cell apoptosis was investigated using flowcytometry.
Apoptosis is a mechanism, which an organism applies
to delete harmed or unnecessary cells. In the process
of cancer development, existing mutations allow
cells to avoid apoptosis. Therefore, induction of
apoptosis in pro-cancer and cancer cells could be an
approach to prevention and treatment®!!, In the present
investigation, the concentration of PT associated with
highest apoptosis rate by flowcytometric analysis
caused remarkable decrease in cell viability in cell
proliferation assay as well. An increase in caspase 3
positive cells to a significant level at 80 pM
concentration of PT was also observed. This finding in
Jurkat cells is in accordance with other cell lines.

These results demonstrated that apoptosis increased in
the presence of PT and PT enhanced L-ASP-induced
cell apoptosis. The induction of apoptosis by L-ASP
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is controversial. Holleman et al. have already reported
a significant inverse correlation between cellular
resistance to L-ASP and the percentage of cells with
phosphatidyl serine externalization in children with
ALLP2. The inhibitory effect on cancer cell growth is
mediated by the modulation of genes involved in cell
cycle, apoptosis and metastasis®®}!. Abakumova et al.
demonstrated that treatment with L-ASP for 72 h did
not change cell cycle distribution and did not increase
the number of apoptotic cells. A combination with
doxorubicin increased apoptosis of Jurkat cells up to
40 %. They concluded that apoptosis might not be the
main reason for tumor cell death after treatment with
L-ASPP¢, This interpretation could explain findings of
this investigation in the presence of a combination of PT
and L-ASP, as significant increase in the apoptosis was
observed compared to that with L-ASP alone. L-ASP
induced extracellular asparagine hydrolysis, stopped
asparagine-dependent proteins, prevented DNA
synthesis and decreased leukemic cell proliferation!?”..
It was reported that asparagine deficiency stopped
cells dividing rather than killing them™’. Some cell
lines increase asparagine synthesis in response to
amino acid deprivation®”). It appeared that similar
effect was encountered in the current experiments
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with Jurkat cells, as no remarkable apoptosis was
noticed with L-ASP alone. This finding is compatible
with some of the previous studies where ASP did not
induce remarkable apoptosis in Jurkat cell line. This
phenomenon might be related to the high expression of
antiapoptotic proteins of BCL2 family in these cells?**.
Resveratrol was shown to be involved in the type I
and type II pathways of apoptosis in human cancer
cellsB! and to have cytotoxic effect on tumor cells but
not normal tissue®®. Schneider et al. demonstrated the
inhibitory effect of PT on melanoma cell line, which
was associated with an increase in caspase activity®7.
Previous studies have also reported the effect of PT
on apoptosis through caspase cascade activation in
pancreatic cancer”.

PT was involved in inducing depolarization of
mitochondrial membrane in breast cancer cell line and
an increase in caspase 3/7. PT enhanced mitochondrial
pro-apoptotic Bax and decreased mitochondrial
antiapoptotic Bcl-2B38. Current study demonstrated that
the induction of apoptosis was not considerable with
L-ASP, but PT enhanced this apoptotic effect up to a
significant level. Wang et al. found the potentiation
of antitumor activity of ASP by curcumin®, which
demonstrated the effect of combination treatment and
is in accordance with our findings on proliferation
assay and apoptosis.

Overall, PT might be a potential anticancer compound
against lymphoblastic leukaemia and increase the
effect of ASP, however these effects on ALL patients’
lymphoblasts need to be investigated. As PT, a
resveratrol analogue, can have cytotoxic effect on
tumor cells but not normal tissue, it can be considered
as a potential choice of ALL chemotherapy. The
study of the mechanism of PT-induced apoptosis and
signalling pathways in lymphoblastic cell lines besides
in vivo studies of experimental models could be a step
toward targeted therapy.
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