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Summary

Background: In a previous article, we showed that metformin (MET) can reduce ionizing
radiation (IR) induced apoptosis in human peripheral blood mononuclear cells. However, the
anti-apoptotic mechanism of MET against IR remains unclear. The present study attempts to
investigate the mechanism of action of MET in limiting X-ray induced apoptosis in human
peripheral blood mononuclear cells. Material and Methods: Mononuclear cells were treated with
MET for 2 hours and irradiated with 6 MV X-rays. The gene expression levels of BAX, CASP3 and
BCL2 were determined 24 hours post irradiation using real time quantitative polymerase chain
reaction (qPCR) technique. Furthermore, the protein levels of BAX, CASP3 and BCL2 were
analyzed by Western blotting assay. Results: Radiation exposure increased the expressions
of BAX and CASP3 genes, and decreased the expression of BCL2 gene in mononuclear cells.
Conversely, an increase in BCL2 gene expression along with a decrease in BAX and CASP3 genes
expression was observed in MET plus irradiated mononuclear cells. It was found that radiation
increased BAX/BCL2 ratio, while MET pretreatment reduced these ratios. Also, treatment with
MET without irradiation did not change the expressions of BAX, CASP3 and BCL2 genes. On the
other hand, downregulated expression of BCL2 protein and upregulated expressions of BAX
and CASP3 proteins were found in 2 Gy irradiated mononuclear cells, while pretreatment
with MET significantly reversed this tendency. Conclusion: These results suggest that MET can
protect mononuclear cells against apoptosis induced by IR through induction of cellular anti-
-apoptotic signaling.
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Souhrn

Vychodiska: V predchozim ¢lanku jsme ukazali, ze metformin (MET) mUze snizit apoptézu indukovanou ioniza¢ni radiaci (ionizing radiation - IR)
v mononuklearnich burikéch lidské periferni krve. Anti-apoptoticky mechanizmus MET vici IR viak zUstava nejasny. Tato studie se pokousi
ovéfit mechanizmus plsobeni MET v omezovani rentgenem indukovanou apoptézu v mononukledrnich bunkach lidské periferni krve.
Materidl a metody: Mononuklearni buriky byly 2 hod o$etfovany MET a ozafovany 6 Gy rentgenovymi paprsky. Urovné genové exprese BAX,
CASP3 a BCL2 byly stanoveny 24 hod po ozéfeni za pouziti kvantitativni polymerazové fetézové reakce (qualitative polymerase chain reaction —
gPCR) v redlném case. Kromé toho byly hladiny proteint BAX, CASP3 a BCL2 analyzovany pomoci metody Western blott. Vysledky: Radiacni
expozice zvysila expresi genl BAX a CASP3 a snizila expresi genu BCL2 u mononukleédrnich bunék. Naopak, zvyseni exprese genu BCL2 spolu
se snizenim exprese genu BAX a CASP3 bylo pozorovédno u MET a ozafenych mononukleédrnich bunék. Bylo zjisténo, Ze zareni zvysilo pomér
BAX/BCL2, zatimco MET snizil tento pomér. Také 1é¢ba s MET bez ozareni nezménila expresi gend BAX, CASP3 a BCL2. Na druhou stranu snizena
hladina proteinu BCL2 a zvysena hladina proteint BAX a CASP3 v 2 Gy ozafenych mononuklearnich bunkach, zatimco ovlivnéni pomoci
MET vyrazné zvratila tuto tendenci. Zdvér: Vysledek naznacuje, ze MET muze chranit mononuklearni bunky pred apoptézou indukovanou IR

prostiednictvim indukce buné¢né anti-apoptotické signalizace.
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Introduction
Interaction between ionizing radiation
(IR) and cells leads to production of
free radicals that arise in the process
of energy absorption and breakdown
of chemical bonds in molecules. Free
radicals play a major role in radiation
effects on biological tissues and organ-
isms. Since cellular damage induced by
IR is attributed primarily to the harmful
effects of free radicals, molecules
with direct free radical scavenging
properties are particularly promising
as radioprotectants. Initial efforts were
centralized on synthetic thiol compounds.
These compounds are effective at reduc-
ing IR-induced lethality. Amifostine as
the most effective compound of this
type is the only radioprotector that has
been clinically approved by the Food and
Drug Administration (FDA) for reducing
side effects in cancer patients undergo-
ing radiotherapy. Because of some
undesirable side effects of amifostine,
such as hypotension, nausea, vomiting,
sneezing, hot flashes, mild somnolence
and hypocalcemia, researchers diverted
their attention toward other compounds
as radioprotectors [1-3]. Over the years,
a number of compounds have been
tested for their radioprotective efficacy
with generally limited success. Thus,
there is still an urgent need to identify
novel, nontoxic compounds to protect
humans from the damaging effects of IR.
Metformin (MET) is a widely used drug
in the treatment of diabetes mellitus
type 2 [4]. MET can neutralize reactive

oxygen species (ROS) as a direct and
indirect free radical scavenger through
donation of H atom from its CH, or NH
groups, and upregulation of the anti-
-oxidant thioredoxin, and/or suppres-
sion of NAD(P)H oxidase activity [5-9].
Several studies have confirmed that MET
possesses anti-inflammatory and anti-
apoptotic properties [10-13]. MET can
act as a radiosensitizer under in vitro
conditions in a variety of cancer cell
lines. For example, MET potentiated
the effects of irradiation on human
hepatic, lung, pancreatic, esophageal,
prostate, and breast cancer cells [14].
Recently, we have shown that MET plays
a role in reduction of radiation induced
apoptosis and genotoxicity in cultured
human blood lymphocytes (HBLs) [15].
Although, the radioprotective effect of
MET on cultured HBLs is clear, but its
mechanism is still unknown. Thus, the
present study attempts to investigate
the mechanism of action of MET in limit-
ing X-ray induced apoptosis in human
peripheral blood mononuclear cells
(PBMCs).

Materials and Methods

Isolation of mononuclear cells and
treatment procedure

This research was approved by the ethics
committee of the Tehran University of
Medical Sciences and Health Services.
Fifteen ml of blood samples were
collected in ethylenediaminetetraacetic
acid (EDTA) coated tubes from the
median cubital vein of each of the three

healthy male volunteers. The donors
were 25-30 year old non-smokers with
no history of radiotherapy, no alcohol or
medication consumption and no disease
at the time of blood collection. Written
consent was obtained from each blood
donor. Mononuclear cells were isolated
by Ficoll-Hypaque (Baharafshan Co.,
Iran) using the protocol suggested by
the manufacturer. The blood was diluted
1 : 1 with phosphate buffered saline
(PBS) and layered onto Ficoll-Hypaque
solution with the ratio of blood and
PBS - Ficoll-Hypaque maintained at 2: 1.
The blood was centrifuged at 3000 rpm
for 30 minutes at room temperature. The
mononuclear cells layer was removed,
washed twice with PBS and centrifuged
at 2000 rpm for 10 minutes each. After
separation, the mononuclear cells were
cultivated overnight at concentration of
3 x 106 cells/mlin Roswell Park Memorial
Institute (RPMI) Medium supplemented
with 10% fetal bovine serum (Gibco Co.,
USA), 10 mg/ml streptomycin (Sigma-
-Aldrich Co., USA), 10,000 U penicillin
(Sigma-Aldrich Co., USA) and 2 mmol/mL
L-glutamine (Gibco Co., USA) in a hu-
midified atmosphere with 5% CO, at
37 °C. The number of viable cells was
assessed by staining the cells with
trypan blue (Gibco Co., USA) and count-
ing the cells by hemocytometer. Trypan
blue exclusion showed their viability to
be > 96%.

The results of our previous article
showed that the maximum protective
effect of metformin against apoptosis
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induced by IR in HBLs occurred at the
dose of 2 Gy radiation and 50 uM of
metformin [15]. Hence, 2 Gy radiation
and 50 uM of metformin were chosen for
this study. In our experiment, cells were
divided into four groups and in each
group, three samples were processed
with triplicate:

Group | — Control - mononuclear cells
were treated with MET solvent
(PBS + RPMI Medium).

Group Il - 50 yM MET - mononuclear
cells were treated with 50 pM of MET
(Exir Pharmaceutical Co., Iran).

Group |l - Radiation only - mono-
nuclear cells were treated with MET
solvent (PBS + RPMI medium) for 2 hours
before exposure to 2 Gy X-radiation.

Group IV - 50 uM MET + Radiation
- mononuclear cells were treated
with 50 uM of MET for 2 hours before
exposure to 2 Gy X-radiation.

Irradiation

Mononuclear cells were irradiated with
6 MV X-rays from a medical linear accel-
erator (Elekta, Stockholm, Sweden) at
a dose rate of 2 Gy/min, 100 cm distance
from the source (SSD), over an area of
20 x 20 cm?, at room temperature.

Real time quantitative polymerase
chain reaction

Real time quantitative polymerase chain
reaction (RT-qPCR) was used to measure
the expression of BAX, CASP3 and
BCL2 genes. The total RNA was extracted
24 hours after irradiation using RNA
extraction kit (SinaClon BioScience
Co., Iran) according to manufacturer’s
instructions. RNA purity was quantified
by spectrophotometry at 260/280 nm
ratio and the integrity was confirmed by
electrophoresis on a denaturing agarose
gel. For each RNA sample, absence of
contaminating DNA was examined
by a PCR without preceding RT-qPCR
and no amplification product was
observed. Further, complementary DNA
(cDNA) synthesis kit (Yekta Tajhiz Azma
Co., Iran) was used to prepare cDNA
directly from cultured cells, according
to the manufacturer’s instructions. The
primers and cDNA sample qualities were
analyzed using PCR and agarose gel
electrophoresis. RT-qPCR was performed

Tab. 1. The primer sequences that were used in real time PCR.

Genes Primers sequences (5'-3’) Product size (bp)
BAX F: CGCCGTGGACACAGACTC 195

R: TCCCGGAGGAAGTCCAATGT
CASP3 F: ACATGGCGTGTCATAAAATACC 120

R: CACAAAGCGACTGGATGAAC
BCL2 F: GACTTCTCCCGCCGCTAC 191

R: ATCTCCCGGTTGACGCTCT

GAPDH F: AAGGTGAAGGTCGGAGTCAAC 102

R: GGGGTCATTGATGGCAACAATA

PCR - polymerase chain reaction

in a reaction volume of 25 pL according to
the manufacturer’s instructions. Briefly,
12.5 pL of master mix, 1 uL of primer assay,
9uLPCRgradeH,Oand2.5 yLoftemplate
cDNA were added to each sample. After
a brief centrifugation, the PCR plate was
subjected to 40 cycles of the following
conditions - (i) PCR activation at 95 °C for
15 minutes, (ii) denaturation at 95 °C for
15 seconds and (iii) annealing/extension
at 60 °C for 30 seconds. All samples
and controls were run in duplicate on
a Roter-Gene 6000 instrument (Corbett
Life Science, Australia) using RealQ
Plus 2x Master Mix Green (Ampligon
Co., Denmark). The quantitative RT-PCR
data was analyzed by a comparative
threshold (Ct) method, and the fold
inductions of samples were compared
with the untreated samples. GAPDH was
used as an internal reference gene to
normalize the expression of the genes.
The Ct cycle was used to determine
the expression level in control and
treated mononuclear cells. The gene
expression level was then calculated
as described by Yuan et al. [16]. The
results were expressed through the
ratio of reference gene to target gene
by using the following formula -
ACt = Ct (BAX, CASP3, BCL2 genes) -
Ct (GAPDH). To determine the relative
expression levels, the following formula
was used - AACt = ACt (treated) — ACt
(control). Thus, the expression levels
were expressed as n-fold differences
relative to the calibrator. The value was
used to plot the expression of genes
using the expression of 2-22¢ The
primers sequences that were used for

BAX, CASP3 and BCL2 in real time PCR
experiments, are illustrated in Tab. 1.

Western blotting assay

After 24 hours from irradiation, the mo-
nonuclear cells were washed twice
in PBS and suspended in radioimmuno-
precipitation assay buffer (RIPA buffer),
and placed on ice for 30 minutes. The
supernatant was collected after cen-
trifugation at 12,0009 for 10 minutes
at 4 °C and the protein concentration in
supernatant was determined using the
Lowry method. Equal amounts of protein
(50 uG) were fractionated by 10% sodium
dodecyl sulfate-polyacrylamide gel and
transferred to a nitrocellulose acetate
membrane. Nitrocellulose membrane
were blocked with 5% (w/v) nonfat milk
in TBST (1.5 M NaCl, 20 mM Tris-HClI,
0.05% [v/v] Tween-20) for overnight and
then incubated with primary antibodies
(mouse monoclonal antibodies anti-BAX,
anti-Bcl-2, anti-CASP3, and anti-pB-Actin;
Sigma-Aldrich Co., USA) for 6 hours.
The membranes were washed with
TBST thrice for 10-minute interval and
then incubated with horseradish per-
oxidase conjugated secondary antibody
(goat anti-Mouse IgG-HRP polyclonal
antibody; Sigma-Aldrich Co., USA) for
2 hours. Then, the membranes were
washed with TBST thrice for 10-minute
interval and the bands were detected
using a 3,3'-diaminobenzidine solut-
ion. The relative amount of protein
expressed was determined by using
-Actin as an internal control. The re-
lative intensity of bands was analyz-
ed by Image J software (v. 1.47, Ras-
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Graph 1. Effect of MET on the fold change of BAX expression
at 24 hours after 2 Gy X-ray radiation (relative to control). Va-
lues are expressed as mean + SEM of three experiments in each
group with triplicate (*p < 0.001 compared to the control group,
#p < 0.001 compared to the 2 Gy alone group).

band W S, National Institutes of Health,
Bethesda, MD, USA).

Statistical analysis

The data values are presented as
means + standard error of mean (SEM).
Statistical analysis was performed using
one-way analysis of variance (ANOVA),
as well as post hoc Turkey tests. Value
p < 0.05 was considered to represent
a statistically significant difference.

Results

As shown in Graph 1, irradiation with
2 Gy caused a marked increase in the
expression of BAX as compared with
the control group (5.23 + 0.39-fold;
p < 0.001). However, treatment with
50 uM of MET 2 hours before irradiation
showed a significant decrease in the
expression of BAX when compared to
radiation only group (2.69 + 0.27-fold vs.
5.23+0.39-fold, resp.p <0.001) (Graph 1).
Furthermore, treatment with 50 uM of
MET had no effect on BAX expression
when compared to control group (1.07 £
+ 0.22-fold; p = 0.997) (Graph 1). On the
other hand, in the irradiation only group,
the expression of BCL2 was significantly
decreased as compared to control group

(0.34 + 0.04-fold; p < 0.05) (Graph 2).
However, treatment with 50 pM of
MET 2 hours before irradiation caused
a significant increase in BCL2 expression
when compared to radiation only group
(1.65 £ 0.15-fold vs. 0.34 + 0.04-fold,
resp. p < 0.05) (Graph 2). The statistically
significant differences in the expression
of BCL2 was not seen in 50 pM of MET
alone group in comparison with control
group (1.00 = 0.21-fold; p = 1.00)
(Graph 2).Asshownin Graph 3, irradiation
with 2 Gy caused a marked increase in
the expression of CASP3 as compared
with the control group (3.09 + 0.29-fold;
p < 0.001). However, treatment with
50 uM of MET 2 hours before irradiation
showed a significant decrease in the
expression of CASP3 when compared
to radiation onlygroup (1.01 + 0.15-
fold vs. 3.09 £ 0.29-fold, resp. p < 0.001)
(Graph 3). Moreover, the treatment with
50 uM of MET did not lead to a significant
difference in CASP3 expression when
compared to the control group
(p =0.995) (Graph 3).

The ratio of pro-apoptotic BAX to anti-
-apoptotic BCL2 gene expression levels
has been suggested as a diagnostic bio-
marker for radiation exposure assess-

Graph 2. Effect of MET on the fold change of BCL2 expression
at 24 hours after 2 Gy X-ray radiation (relative to control). Va-
lues are expressed as mean + SEM of three experiments in each
group with triplicate (*p < 0.05 compared to the control group,
#p < 0.05 compared to the 2 Gy alone group).

ment. Graph 4 illustrates the results
of the BAX to BCL2 ratio for treatment
with MET, radiation (2 Gy), and the
combined treatment. Treatment with
50 uM of MET had no effect on the
BAX/BCL2 gene expression ratio when
compared to control group (1.23 + 0.40-
fold; p = 0.996) (Graph 4). A 2 Gy dose
of radiation resulted in 15.60 + 1.47-
-fold increase in the BAX/BCL2 ratio
in comparison with control group
(p < 0.001) (Graph 4). When 50 uM of
MET was combined with radiation, there
was a significant decrease in the
BAX/BCL2 gene expression ratio in
comparison with 2 Gy alone group
(1.70 £ 0.30-fold vs. 15.60 = 1.47-fold,
resp. p < 0.001) (Graph 4).

The protein level in 2 Gy irradiated
mononuclear cells with or without
MET pretreatment were examined
(Graph 5). Down-regulated expression
of BCL2 protein and up-regulated
expressions of BAX and CASP3 proteins
were found in 2 Gy irradiated mono-
nuclear cells, while pretreatment with
MET significantly reversed this tendency
(p < 0.001). In addition, the ratio of BAX
to BCL2 protein expression levels were
calculated for treatment with MET,
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Graph 4. Effect of MET on the fold change of BAX/BCL2 ra-
tio at 24 hours after 2 Gy X-ray radiation (relative to control).
Values are expressed as mean = SEM of three experiments in
each group with triplicate (*p < 0.001 compared to the control

compared to the 2 Gy alone group).

radiation (2 Gy), and the combined
treatment (Graph 5). BAX/BCL2 ratio
increased after 2 Gy radiation, while
these ratio was decreased by MET pre-
treatment.

Discussion

Lymphocytes as a component of human
immune system are very sensitive to
IR[17].1tis reported that the major cause
of lymphocytopenia in the early phase
after radiotherapy might be lymphocyte
apoptosis. In cancer patients undergo-
ing radiotherapy, lymphocytopenia
as a negative prognostic marker has
been accepted to be associated with
a poor prognosis in terms of both
response to therapy and survival
time [18-22]. Hence, lymphocytopenia
control by radioprotectors may result
in an improved response to cancer
therapy and finally longer survival
time. We previously determined that
pretreatment with 50 uM of MET 2 hours
before a 2 Gy of 6 MV X-rays diminish
apoptosis in cultured HBLs [15].
Apoptosis occurs via two different
death signaling pathways — the extrinsic
death receptor-dependent pathway and
the intrinsic mitochondria-dependent

group, #p < 0.001 compared to the 2 Gy alone group).

pathway [23-25]. For the intrinsic
mitochondria-dependent pathway, the
release of cytochrome c from the inner
mitochondrial membrane space into the
cytosol will cause Caspase-3 activation
and apoptosome formation [26]. The
Bcl-2 family members have important
role in modulation of cytochrome ¢
release in the context of apoptotic
stimuli [27]. Within the Bcl-2 family, BAX
is a pro-apoptotic protein and Bcl-2 is an
anti-apoptotic protein. BAX or Bcl-2 may
control mitochondrial permeability and
facilitate the passage of cytochrome c [2].
Thus, the BAX/Bcl-2 ratio determines the
fate of many cells [29]. An imbalance
of BAX and Bcl-2 proteins may lead to
the loss of mitochondrial membrane
potential and the release of cytochrome
¢, which triggers Caspase-3 activation
and results in apoptosis [30]. Our study
showed that 2 Gy of X-radiation may
produce the upregulation of BAX and
CASP3, and downregulation of BCL2 and
subsequently increase in BAX/BCL2 ratio
in irradiated mononuclear cells.
Moreover, our findings revealed that
50 puM of MET pretreatment reduced
the expression of BAX and CASP3,
and increased the BCL2 expression in

irradiated mononuclear cells. In addition,
the significant decrease was observed in
the BAX/BCL2 ratio following irradiation
in the 50 uM of MET pretreatment group.
On the other hand, the results of this
study show an increase in BCL2 protein
expression along with a decrease in BAX
and CASP3 proteins expression in MET
plus irradiated mononuclear cells. Ullah
et al. [31] showed that MET prevented
neuronal apoptosis by decreasing the
expression of proapoptotic BAX protein,
and increasing the expression of anti-
-apoptotic Bcl-2 protein in primary
cortical neurons. They also observed
that MET attenuated the elevation of
cytosolic free [Ca**], the activation of
Caspases-3 and -9 and the cleavage
of poly (ADP-ribose) polymerase 1
(PARP-1), and releasing of cytochrome c
from mitochondria. Furthermore,
pretreatment of nucleus pulposus
cells with MET attenuated tert-butyl
hydroperoxide-induced increases in
protein content of BAX and cleaved
Caspase-3, and decreases in Bcl-2 [32].
Zhou et al. [33] observed that MET
diminished neuronal apoptosis in
glutamate treated cerebellar granule
neurons by reducing cytochrome c re-
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Graph 5. Western blotting analysis of BAX, BCL2 and CASP3.

A - shows immunoblot images of BAX, BCL2 and CASP3. B-ACTIN was used as loading control. Lane A - represents the control, lane
B - 50 uM MET, lane C - 2 Gy; lane D - 50 uM MET + 2 Gy.

B-E - effect of MET on the expression of BAX, BCL2 and CASP3 in normal, 2 Gy and MET pretreated mononuclear cells. Values are
expressed as mean + SEM of three experiments in each group with triplicate (*p < 0.001 compared to the control group, #p < 0.001
compared to the 2 Gy alone group).
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lease, Caspase-3 activation and phos-
phorylation of MAP kinases. Another
study demonstrated that MET inhibited
menadione-induced apoptosis, Cas-
pases-9, -6 and -3 activation and PARP
cleavage in primary rat hepatocytes via
induction of heme oxygenase-1 and
Bcl-xl, and inhibition of c-Jun N-terminal
kinase (JNK) activation [34]. It is reported
that gentamicin increases PARP and
Caspase-3 in auditory cell line, while
pretreatment with MET reduced all
of these changes [13]. Asensio-Lopez
et al. [35] showed that pretreatment
with MET significantly attenuated
doxorubicin-induced apoptosis and
Caspases-8, -9 and -3 activation in
adult mouse cardiomyocytes. In mouse
Schwann cells, MET reduced apoptosis,
the activation of Caspase-3 and JNK
induced by methylglyoxal [36]. Recent
investigations have showed that MET
prevented oxidative stress-induced
death in several cell types through
a mechanism dependent on the mito-
chondrial permeability transition pore
(MPTP) opening and cytochrome c
release [37-39]. These studies estab-
lished that significant decrease in the
BAX/BCL2 ratio by MET can prevent the
translocation of BAX from cytoplasm
to mitochondria, inhibit opening of
MPTP in the mitochondrial membrane,
reduce release of cytochrome c to the
cytosol and inactivate Caspase cascade
and finally reduce irradiation-induced
apoptosis.

The majority of radioprotectors under
active investigation are designed to
scavenge IR-induced intracellular free
radicals and inhibit apoptosis, averting
initial cascades of radiochemical events
in cells following IR exposure [40,41].
Edaravone as a ROS scavenger protects
HBLs against apoptosis induced by
y-irradiation through downregulation
of BAX, upregulation of BCL2, and con-
sequent reduction of the BAX — BCL2 ra-
tio [42]. Begum et al. [43] showed
the anti-apoptotic effect of apigenin
against IR in HBLs by increasing
BCL2 and decreasing BAX, p53, p21 and
NF-kB expressions. In addition, black
tea and tetramethylpyrazine as two
radioprotective agents reduced apopto-
sis, Caspases activation and BAX

expression, and also increased BCL2 ex-
pression in irradiated HBLs [44,45].
Studies have suggested that ROS are
associated with the BAX activation in
apoptosis induced by some stimuli [46].
MET is effective in scavenging ROS and
modulating the intracellular production
of superoxide radicals [47]. Regarding
the close relationship between ROS and
apoptosis, the anti-apoptotic effect of
MET is supposed to have resulted from
the action of MET as direct free radical
scavengers against ROS generated by
radiation.

Conclusion

To the best of our knowledge, this is
the first study to present the molecular
mechanism of MET that it may be
beneficial in reduction of X-ray induced
apoptosis in PBMCs. This study reveals
that MET may reduce irradiation in-
duced apoptosis in mononuclear cells
presumably by induction of cellular anti-
-apoptotic signaling. However, further
in vivo studies are needed to clarify anti-
-apoptotic mechanism of MET.
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