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Jamileh Sadat Mirsanei*, Mahsa Nazari*!, Ronak Shabani?, Azam Govahi?,
Sahar Eghbalit, Marziyeh Ajdary®, Rana Mehdizadeh?,
Atieh Sadat Mousavi!, Mehdi Mehdizadeh*?

Abstract

Background: T-cell acute lymphoblastic leukemia (T-ALL) is known as an aggressive malignant disease
resulting from the neoplastic alteration of T precursor cells. Although treatment with stringent chemotherapy
regimens has achieved an 80% cure rate in children, it has been associated with lower success rates in adult
treatment. Silver nanoparticles (Ag-NPs) have a toxic effect on human breast cancer cells, human
glioblastoma U251 cells, and chronic myeloid leukemia cells in vitro. This study aimed to investigate the
effect of Ag nanostructures (Ag-NSs) on Jurkat cells’ viability and apoptosis.

Methods: The Jurkat cell line was acquired. Following the synthesis Ag-NSs and their characterization, they
were incubated with Jurkat cells at different doses for 24, 48, and 72 hours to determine the optimal time
and dose. Two groups were examined: a control group with Jurkat cells without nanostructure maintained
in the same medium as the cells in the treatment group without changing the medium, and a treatment group
with cells treated with the Ag nanostructure solution at a dose of 75 pg/ml for 48 hours according to the
MTT results. After 48 hours, the cells from the two groups were used for the g RT-PCR of the apoptotic
genes (BAX, BCL-2, and CASPASE-3).

Results: According to our results, the rod-shaped silver nanostructures had a size of about 50 nm, increased
apoptotic markers, including BAX and CASPASE-3, and induced cell death.

Conclusions: Ag-NSs have anticancer properties and can induce apoptosis of cells; therefore, they may be
a potential candidate for the treatment of T-cell acute lymphoblastic leukemia.
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Introduction

Acute Lymphoblastic Leukemia (ALL) is the marrow, blood or thymus, and lymph_nodes,
most common hematologic malignant disorder and it is twice as common in men as in women
(1), which is divided into two subtypes: B- (3).  According to the intrathymic
ALL Originating from B-cell progenitors and differentiation steps, T- ALL is divided into
T-ALL arising from T-cell progenitors (2). T- four subcategories: pro-T- ALL, pre-T- ALL,
cell acute lymphoblastic leukemia (T-ALL) is cortical-T- ALL, and medullary-T- ALL (4).
an aggressive, malignant lymphoid neoplasm Patients with T-ALL have a poor prognosis
of the T- cell lineage composed of bone arising from an increased risk of the central
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nervous system’s engrossment (5). Routine
treatment options for T- ALL, such as
chemotherapy, have not cured the disease
despite high cure rates and long-term
durability. Chemoresistance or relapse is the
major cause of T- ALL recurrence and death
(6). In human cancers, apoptosis evasion,
allowing cancer cells to proliferate
uncontrollably and develop resistance to
chemotherapy (7).

Apoptosis is considered an important
mechanism of programmed cell death and
plays a role in cell damage, morphogenesis,
and normal tissue development (8). Apoptosis
can occur in two ways, either by the extrinsic
pathway via cell death receptors such as TNFa
(tumor necrosis factor-a), TRIR, and FasL in
the cell by stimulating their receptors (TNFR,
DR5, and Fas) on another cell or by the
intrinsic pathway via the mitochondrial
signaling cascade (9, 10).

The BCL-2 protein family members play a
critical role in regulating the intrinsic or
mitochondrial pathways of apoptosis by
interactions determining the integrity of the
mitochondrial outer membrane (11).

In the field of nanomedicine, several studies
have addressed metal-based nanoparticles
(NPs) (12). Among different nanoparticles,
silver NPs (Ag-NPs) are of medical interest
due to their unique physical, chemical,
anticancer, and antimicrobial properties (13).
Numerous studies have reported varying
degrees of in vitro cytotoxicity induced by
silver NPs. One of the main toxic effects of
silver NPs is triggering programmed cell
death, cell apoptosis (14, 15). Some recent
reports have confirmed the cytotoxic effect of
silver NPs on human breast cancer cells MCF7
(16), human glioblastoma cells U251 (17), and
chronic myeloid leukemia cells in vitro (18).
Lee et al. (19) concluded that Ag-NPs
disrupted cellular proliferation and
mitochondrial function and induced the
apoptosis of NIH3T3 cells (19). In this regard,
Ag-NPs are hoped to provide a new strategy to
overcome treatments associated with T- ALL.

To our knowledge, there is no report on the
anticancer effect of silver NPs on T-ALL. The
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Gold-Silver core-shell nanorods were made
and examined in this study to investigate the
effects on T cell viability on acute
lymphoblastic leukemia and cell apoptosis.

Materials and Methods

Materials
Ascorbic  acid (AA, 2>99.7%) and
Tetrachloroauric acid trihydrate

(HAUCI4.3H20, 99.9% trace metal basis)
were obtained from Sigma-Aldrich (USA).
Sodium borohydride (NaBH4, 99.99%), silver
nitrate (AgNO3z, >99.8%), sodium hydroxide
(NaOH, 97%), cetyltrimethylammonium
bromide (CTAB, 99.9%), and sulphuric acid
(H2SO4) were purchased from Merck
(Germany).

Synthesis and Characteristic of Silver
Nanostructure

The Gold-Silver core-shell nanostructure was
fabricated and then characterized based on
our previous report (20).

Ethical consideration

All experiments were approved by the
Research and Ethics Committee of the Iran
University of Medical Sciences, Tehran, Iran
(IR.IUMS.FMD.REC.1398.033).

Cell line culture

The Jurkat cell line (human T-ALL) was
obtained from the Iranian Biological
Resource Center, Tehran, Iran (IBRC). The
cells were maintained in the RPMI-1640
medium (Gibco, Invitrogen) which contain
fetal bovine serum (10%) (FBS; HyClone; GE
Healthcare Life Sciences) and penicillin (1%)
(100 U/ml) [/ streptomycin (100 pg/mi)
(Gibco, Invitrogen). Cells were then placed in
a 5% CO2 incubator at 37 °C and humidified
atmosphere.

Dosimetry

Since treatment with Ag nanostructure was
performed on Jurkat cells, it was necessary to
obtain an optimal dose to induce appropriate
apoptosis in these cells. Jurkat cells were
treated with Ag nanostructure solutions at
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different doses and periods. Different
concentrations of Ag nanostructure (0, 25, 50,
and 75 pug/ml) were also added to the cultures
and incubated for 24, 48, and 72 hours.

Cytotoxicity assay
To determine the effects of nanostructure
dose on Jurkat cell line viability and effective
time we used the tetrazolium salt 3-(4,5-
dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (Sigma,
Saint Louis, USA) assay. Following the
treatment time point, cell viability and half-
maximal inhibitory concentration (IC50)
index were determined using the MTT assay.
Jurkat cells were seeded in 96-well
microplates at 2 x 10 cells per 200 ul RPMI
culture medium and treated with Ag
nanostructure solutions at different doses at
different intervals. Different concentrations
of Ag nanostructure (25, 50, and 75 pg/ml)
were added to the cultures and incubated for
24, 48, and 72 hours. Then the cells
(treated/untreated  control  cells)  were
centrifuged at 250 RCF for 10 minutes to
separate cells and supernatants. The cells
were incubated with 150 pl fresh medium and
50 ul MTT solutions (Sigma-Aldrich, USA)
(5 mg/mL) for 4 hours at 37 °C and 5% CO2,
among which the metabolically active calls
reduced MTT to blue formazan crystals.
Following the incubation period, the medium
containing MTT was discarded, and 100 pl
DMSO (Sigma-Aldrich) was added to each
well and shaken for 15 minutes to dissolve
these crystals. The Optical Density (OD) of
each sample was measured with a
spectrophotometric plate reader at 570 nm
(Biotek-refelx800, USA). All experiments
were performed in triplicate, the cell score
was evaluated using the equation in the
Appendix and compared with the control
group, and cell viability was expressed as a
percentage.

Nanostructure treatment

There were two groups in this experiment:
The nanostructure group (group 1) with cells
were treated with an Ag nanostructure

solution at a dose of 75 pg/ml for 48 hours
according to the MTT results, and the control
group (group 2) having Jurkat cells without
nanostructure, in the same medium as the
cells in the treatment group without changing
the medium. After 48 hours, the cells in both
groups were used for g RT-PCR.

Quantitative RT-PCR Analysis

The expression level of apoptotic genes
including BAX, BCL-2, and CASPASE-3 in
the Jurkat cell line was assessed using the
real-time PCR analysis.

Three gene-specific primer sets and the
housekeeping gene GAPDH primer were used
as reference genes (Table 1). To separate cells
and supernatant, control and treated cells
were centrifuged at 250 RCF for 5 minutes.
Total RNA was then extracted with Trizol
(Milipore Sigma, Sigma-Aldrich, USA) and
quantified using a Nano-Drop
spectrophotometer (Thermo Fisher Scientific
Inc., Wilmington, USA). Complementary
DNA (cDNA) was synthesized according to
the kit protocol (Fermentas Kit, Thermo
Fisher Scientific, USA). The standard agarose
gel electrophoresis method confirmed the
cDNA synthesis. The real-time PCR
experiment, performed in triplicate for each
sample, was conducted using SYBR Green/
ROX dye solution at a volume ratio of 25:1
(Applied Biosystems, OR, USA). Relative
expression was generally determined as a fold
change from the GAPDH level and quantified
using the 2" method (21).

Statistical analysis

All data were expressed as mean + standard
deviation (SD) in at least three specimens.
The significance level was set to be P< 0.05.
The normal distribution of the data was
analyzed using the Kolmogorov-Smirnov test.
Then the one-way Analysis of Variance
(ANOVA) test was used to determine the
significance of the data. All assays were
analyzed using GraphPad Prism software
version 8 (GraphPad Software, San Diego,
CA, USA).
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Table 1. Primer sequences used in Real-time PCR.

PCR
Gene Sequence (5'to 3") L(eg g)t 1 (I(T) product
P size (bp)
Forward CTTTGGTATCGTGGAAGGAC 20 55.86
GAPDH 126
Reverse GCAGGGATGATGTTCTGG 18 55.07
BAX Forward TTGCTTCAGGGTTTCATCCAGG 23 60.82 174
Reverse CACGGCGGCAATCATCCTCT 20 62.93
BCL-2 Forward GATAACGGAGGCTGGGATGC 20 60.60 162
Reverse GGCATGTTGACTTCACTTGTGG 22 60.29
Forward CACAGCACCTGGTTATTATTCTTGG 25 60.16
CASPASE-3 150
Reverse TCAAATTCTGTTGCCACCTTTCG 23 60.24
Results

The spherical and floating Jurkat cells with regular nuclei grew and reached a reasonable density (Fig. 1).

Fig. 1. Jurkat cell culture. Microscopic image of Jurkat cells after 48 hours show spherical cells under the inverted

microscope (magnification: 40x).

Characterization of Ag nanostructure
According to high magnification images
transmission electron microscopy (TEM), the
Ag-NS was rod-shaped, and the average size
of the particles was 60 nm. The UV-visible
spectrophotometer confirms the formation of
the synthesized nano silver (rod shape). The
change of nanostructure coating from CTAB to
alginate was investigated by Fourier transform
infrared spectroscopy (FTIR) analysis, and X-
ray diffractometer (XRD) proved the presence
of silver in the composition (20).

In vitro cell viability assay

The cytotoxicity of Ag-NS was determined by
MTT assay (Figs. 2A and B) at different
concentrations against Jurkat cells, revealing its
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potent anticancer activity against the leukemic
cell line in vitro. Jurkat cells incubated with 25-
75 ng/ml Ag-NSs decreased their viability in a
dose- and time-dependent manner. According
to the results of the MTT test (two-way
ANOVA) in the present study at 24 hours, there
were no significant difference between the
control group and the experimental groups;
hence, the concerned period was excluded.
Moreover, the 72-hour data were less valuable
than the 48-hour data because of cell doubling;
hence, 48 hours was set as the optimal time
point. The optimal dose for the Ag
nanostructure was also 75 pg/ml since the
survival of Jurkat cells was less than half the
maximum inhibitory concentration (1C50) and
>50%, respectively (P< 0.0001, Fig. 3).
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Fig. 2. Cytotoxicity of Ag nanostructure. A. Leukemic cell line was treated with different concentrations of Ag
nanostructure, and MTT assay was performed after 24, 48, and 72 hours of treatment. Absorbance was measured at 570
nm and showed strong anticancer activity against these cells at a concentration of 75 ug/mL after 48 hours. All results
were expressed as mean + SD. The * represents the values compared with the control group and the **** show P< 0.0001.
B. Jurkat cells treated with an Ag nanostructure at a dose of 75 pg/ml after 48 hours (magnification: 40x).

Gene expression results

The expression level of the BAX, BCL-2, and
CASPASE-3 in human Jurkat cells treated with
IC50 Ag-NPs compared to the control group,
indicating the critical role of apoptosis following

the treatment of Jurkat cells with Ag-NS (Fig. 3).
A significant increase in BAX (**P< 0.01) and
CASPASE-3 (*P< 0.05) and a significant
decrease in BCL-2 in the treated group compared
to the control group (**P<0.01) were found.
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Fig. 3. The effects of Ag nanostructures on mMRNA expression levels of apoptotic genes. The expression of BAX and CASPASE-
3 was upregulated in the treatment group. The expression of BCL-2 decreased significantly in the Ag group compared with the
control group. (n = 8) and GAPDH was an internal control. *P< 0.05 and **P< 0.01 compared with the control group.

Discussion

In this study silver nanorods was prepared and
the effects of modified silver nanostructures on
T-cell acute lymphoblastic leukemia were
evaluated. Results from high- resolution
transmission electron microscopy (HR-TEM)
show that the synthesized nanostructures were
rod-shaped with an average size of about 60
nm. The results of UV and XRD analyzes
confirmed the synthesis of the rod-shaped

Rep. Biochem. Mol. Biol, Vol.12, No. 2, Jul 2023

structure and the presence of silver crystals in
it. The change of nanostructure coating from
CTAB to alginate was also studied by FTIR
analysis (20). The findings mainly revealed the
induction of apoptosis in Jurkat cells by
increasing the expression of proapoptotic
genes and decreasing the expression of anti-
apoptotic genes.

Leukemia refers to a group of aggressive
and rapidly progressive cancers (22). In recent
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years, NPs have been used as a clinical
treatment for various diseases, including
cancers. Accordingly, Ag-NPs could be a
candidate for an anticancer drugs (23).

In the present study, the Gold-Silver core-
shell nanorods with a gold core and a silver
shell were selected because of the excellent
stability of Au and the aspect ratio
characteristics depending on local
plasmonicity. Moreover, this model of Ag-NSs
has been reported to have better clinical
applications. Anoop Narayanan et al.
concluded that silver nanorods could be used
as anticancer agents for colon cancer and
human breast cancer cells (24). In another
study, these nanorods had the increased levels
of proapoptotic proteins compared to nanostars
(25). In the present study, the size of the
synthesized Ag NRs was about 50 nm,
facilitating the diffusion of the particles into
the cells due to the smaller size of the NRs. The
stability of NPs is predicted using
physicochemical rules. The mean of zeta
potential for the Ag-NRs was about 60 mV,
indicating its excellent stability. According to
the literature review, the cytotoxic properties
of Ag-NPs inhibit proliferation (26, 27).
According to our findings, Ag-NSs induce cell
death in Jurkat cells via apoptosis signaling
pathway in T- ALL patients.

Apoptosis or programmed cell death is a
phenomenon controlled by genes (27). In our
study, the apoptotic effect of synthesized Ag-
NS was investigated by analyzing the
expression of the BAX, BCL2, and CASPASE-
3 genes in Jurkat cells treated with the IC50 of
Ag-NS for 48 hours. One of the most common
events in apoptosis is the activation of
caspases. An increase in CASPASE-3 activity
demonstrated that Jurkat cells induced
apoptosis following incubation with Ag-NPs
(28). Moreover, Ahmadian et al. (29) found
that treating liver hepatocellular carcinoma
cell lines with nanosilver leads to the
activation of CASPASE-3 (29). According to
our observations, apoptosis is induced by
activating effector caspase-3 in human Jurkat
cells. CASPASE-3 is also indispensable for
some typical apoptosis hallmarks and is
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required for apoptotic chromatin condensation
and DNA fragmentation (30).

Regulating apoptotic biomarker genes such
as BCL-2 and BAX is also reported to be critical
for the induction of apoptosis (31). According
to our findings, the BAX expression is
increased, indicating that the intrinsic
apoptotic pathway causes cell apoptosis in
Jurkat cells treated with Ag-NP. These
findings are consistent with previous studies
addressing other cells treated with silver
nanoparticles (27, 32).

This study also showed a decrease in the
BCL-2 gene expression. The BCL-2 family
proteins are located in mitochondria and
regulate apoptotic mechanisms (33). The
members of this family have anti-apoptotic
(including Bcl-2, Bcl-xlI) and proapoptotic
(including Bax, Bak) functions (34).

Variations in proapoptotic gene BAX and
the anti-apoptotic gene BCL-2 levels revealed
that Ag-NS induced apoptosis in Jurkat cells.
Due to the increased CASPASE-3 activity, the
mechanism of cell apoptosis is also dependent
on an intracellular pathway.

According to the findings, Ag-NSs have
anticancer properties and can induce cell
apoptosis; hence, they could be a potential
candidate  for treating T-cell acute
lymphoblastic leukemia.
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