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Abstract

In this paper, the bovine serum albumin protected gold nanozymes (BSA-Au nanozymes) were utilized as a novel

nanodrug for treatment of acute T-type lymphoblastic leukemia (Jurkat) by production of excessive ROS and effect on
the expression of anti-apoptotic genes. The effect of BSA-Au nanozymes on the Bcl-2 expression and survivin in the
Jurkat cell line was checked. The results showed that the expression of anti-apoptotic genes was significantly reduced
after treatment of the Jurkat cell line with the BSA-Au nanozymes (p-value of 0.001) as the potential nanodrug while
their expression in the normal PBMC was not affected by the nanodrug. Moreover, the cytotoxic effect of the devel-
oped nanodrug on the Jurkat cell line was evaluated which illustrated that survival rate in the studied cell line reaches
its minimum value (100% lethality, 0.0% survival) after treatment for 48 h. The IC50 for the nanodrug was calculated at
0.05 mM of the developed nanodrug. Overall, the BSA-Au nanozymes can be used as the nanodrug for treatment of
T-type lymphoblastic leukemia via reducing the expression of anti-apoptotic genes, increasing the effect of common
anticancer drugs such as Adriamycin and ara-C, and consequently increasing the survival of patients with leukemia.
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Introduction

These days, several diseases are affected on human life
and cause to decrease life quality. Some of them are
cure in short time (such as orthopedic damage [1])
while others may corporate the whole life, like diabetic
and blood disease [2, 3]. Acute lymphoblastic leuke-
mia termed as ALL is defined as a type of blood malig-
nancy that is detectable through the accumulation of
B and T lymphocyte progenitor cells in the bone mar-
row [4]. ALL is characterized by; (I) the cessation of
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puberty, (II) increased proliferation of malignant, and
(III) immature lymphoid cells in the blood and bone
marrow [5]. On the other hand, ALL is caused by exces-
sive proliferation of B or T lymphocyte precursors and
accumulation of blast cells in the bone marrow, result-
ing in the filling of the bone marrow space and finally
the suppression of hematopoiesis in the bone marrow,
which eventually leads to anemia, thrombocytope-
nia and becomes neutropenic [6, 7]. It is proved that
ALL occurs in both children and adults, but its peak
is at the age of 2—5 years. Inmunophenotypically, ALL
is divided into two groups: (I) B-ALL, and (II) T-ALL
which 8.0% of patients of ALL have B-ALL, and oth-
ers were infected with T-ALL. Although a number of
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commercial drugs are designed and characterized for
the treatment of ALL, these chemical anticancer drugs
show several harmful side effects [8]. Hence, the recent
researches were focused on the production of new
drugs with competitive anti-cancer properties, new
biomaterials and accelerate the recovery of the disease
with that of the synthetic drugs along with fewer side
effects [9-11]. However, many studies indicate that,
ALL can be control by controlling the expression of
Bcl-2 in cancer cells [12-15].

Nowadays, with the fast development of nanoscience,
scientists are looking for new methods for the synthesis
of nanomaterials with medicinal properties, especially
the novel nanodrugs with excellent effectiveness and
minimal side effects [16, 17]. Nanobiotechnology is one
of the branches of nanotechnology which has attracted a
lot of attention today [16, 18]. In fact, its mission is the
synthesis and characterization of the new nanoparticles
using biological methods such as nanoparticles synthe-
sis using the extracts of various plants as reductant [19—
23], extracts of various microorganisms such as algae as
reductant and stabilizer [24—26], and proteins [27, 28]
such as bovine serum albumin (BSA) [29] as both reduc-
ing and capping agents.

Recently, the medicinal properties of these biosyn-
thesized nanoparticles especially their anti-cancer and
antibacterial properties have been widely evaluated for
discovering the novel nanodrugs with high biocom-
patibility [26, 30-33]. For instance, Houshmand et al.,
developed a magic bullets as a nanocarriers for leukemia
treatment and demonstrate that: (i) they may be designed
to target leukemic cells selectively; (ii) they invariably
enhance bioavailability and blood circulation half-life;
(iii) their mode of action is expected to reduce side effects
[34].

Among the various nanomaterials, metal-based nan-
oparticles, especially silver nanoparticles and gold nan-
oparticles have been widely used in different research
fields due to their excellent optical, anti-cancer, and
anti-bacterial properties along with high biocompatibil-
ity [35, 36]. So far, the effect of several metal nanopar-
ticles synthesized via different biological methods has
been investigated on the different types of cancers [37,
38]. For example, the biosynthesized silver nanoparti-
cles using the extract of Erica carnea as the reductant
showed excellent cytotoxic effects on the breast cancer
cell line (MCF-7) which can be used as a nanodrug in
breast cancer treatment [16]. Moreover, the curcumin-
coated silver nanoparticles exhibited very excellent
effects on the induction of cell death in the A2780 ovar-
ian cancer cell line [9]. There are also reports about the
anti-cancer effects of the bio-synthesized silver nano-
particles by Laurencia caspica macroalgae extract on
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the T47D breast cancer cell line [39], and the silver
nanoparticles synthesized with the extract of Aka Lipp-
tus [10].

Studies have shown that gold nanoclusters were
introduced as attractive sensors due to their unique
fluorescence and catalytic properties [40]. The biosyn-
thesized gold nanoclusters using the protein-assisted
method by BSA as both the reducing and capping
agents have been widely utilized in analytical and medi-
cal chemistry [41, 42]. These nanomaterials which are
known as the nanozymes show an enzymatic role in
the redox reactions [43]. These catalytic properties of
BSA-Au nanozymes were the basis for utilizing these
nanozymes for several analytical purposes such as col-
orimetric silver (I) ion detection [44], and dopamine
quantification [45] and mercury (II) speciation [46] via
nanozyme-based methods.

Although most researches on the BSA-Au nanozymes
are focused on their fluorescence and nanozyme-based
detection, their potential application in medical sci-
ence such as neurodegenerative diseases diagnosis
[47] was also damned. However, due to the high bio-
compatibility and excellent enzyme mimic properties
of these nanozymes, their potential application for the
treatment of cancer can be also considered [45]. In the
study, the BSA-Au nanozymes were utilized as a novel
potential nanodrug for the treatment of acute T-type
lymphoblastic leukemia (Jurkat) via the effect on the
expression of anti-apoptotic genes. The effect of BSA-
Au nanozymes on the expression of Bcl-2 and survivin
in the Jurkat cell line. Moreover, the cytotoxic effect
of the developed nanodrug on the Jurkat cell line was
evaluated. MTT tests and Real-Time PCR were used to
evaluate the viability of cell groups and the expression
of anti-apoptotic genes, respectively, and all data were
analyzed using SPSS software (version 20).

Experimental

Synthesis of BSA-Au nanozymes: nanodrug

BSA-Au nanozymes were synthesized using bovine
serum albumin as both reducing and capping agents
according to pervious study [48]. Accordingly, 2.5 mL
of 10.0 mM HAuCl,-4H,0 solution was added to
2.5 mL of 50.0 mg/mL BSA under stirring, after 2.0 min,
250.0 pL of 1.0 M NaOH was added for the adjustment
of pH of the resulted solution, followed by incubation
at 37 °C (12 h). After that, the BSA-Au nanozymes were
collected, diluted to a final volume of 12.5 mL in DI
water, and stored at solution stored at 4 °C. The molar
concentration of BSA-Au nanozymes was calculated
based on the initial gold atoms, which is found to be
about 1.9 mM.
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Evaluation of cytotoxic effects of BSA-Au nanozymes

in Jurkat cell line

The cytotoxic effects of as-synthesized BSA-Au nanozymes
in the Jurkat cell line were evaluated by MTT analysis,
using the KMTT-500 cell toxicity and viability assessment
kit. In a typical MTT assay, the cells first treated with BSA-
Au nanozymes upon incubation for about 48.0 h, then
cells treated with the BSA-Au nanozymes were shaken
upon addition of 100.0 pL of the yellow solution of MTT
(5.0 min) and afterward re-incubated for 6 h again. After
re-incubation, the well contents of the MTT plate were
transferred into the tube tests, followed by centrifugation
at ambient temperature, the supernatants were collected
and 100.0 pL of pure DMSO was introduced to them, fol-
lowed by transferring all solutions into a new 96-well plate
house. The plate was then incubated at ambient tempera-
ture under dark for 2 h. After that the ELISA analyzer was
utilized to read the absorbance of the probe at 570 nm and
the cell mortality rate termed as CSV was estimated by the
following equation;

CSV(%) = (Acontrol/Asample) x 100

RNA extraction and synthesis of cDNA

Regard the extraction of the RNA content of cells, after
transferring the contents of each well to a test tube, 1.0 mL
of RL solution was added to the tubes, followed by vortex
for cell lysis by incubation at 15-30 °C for (5 min). Each
tube was then centrifuged at 4 °C at 12,000 rpm for 5.0 min
and the supernatant was transferred to the Rnase free tube,
followed by the addition of 200 uL of chloroform and cen-
trifugation at 4 °C for 12 min again, the colorless super-
natant was collected which contained RNA and 200.0 puL
ethanol was added to these solutions. The resulted solu-
tions were transferred to a column and centrifuged at 4 °C
at 12,000 rpm for 0.5 min again, collecting the bottom tube
solution and washing by 0.5 mL wash buffer].

Before cDNA synthesis, the polyadenylation was carried
out and the cDNA was immediately synthesized afterward
by the addition of 10 pL of polyadenylated RNA to each
tube, then their dilution to a final volume of 13.0 pL with
DEPC water, their heating in a dry bath at 75 °C for 5 min,
transferring to an ice bath, and adding 7.0 uL RT enzyme,
dNTP mix (100 mM), and RT buffer5 to each tube. Finally,
the as-synthesized cDNAs were stored at — 80 °C.

Expression changes of anti-apoptotic genes in Jurkat

and PBMC cell line after treatment with BSA-Au nanozymes
The expression changes of the anti-apoptotic genes in the
Jurkat and PBMC cell lines were evaluated using Real-
Time PCR analysis. The tests were performed in the fol-
lowing steps;
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I. The template DNA samples were taken out from
the — 80 freezer and thawed.

II. The main stock was provided for use in the PCR
reaction, contain Master Mix (single test equip-
ment), direct and inverse primers (stem cell),
DEPC water (Sina gene), and template DNA.

[II. 11.5 pL from solution (II) was introduced to the
1.0 puL of DEPC and 0.5 pL of mir-17 primer (NTC
sample).

IV. The test tubes were transferred to an ice batch, fol-
lowed by the addition of 12.0 pL from solution (II)
and 0.5 pL of the desired primer to each tube.

V. After addition of all 40 primers in the tubes, they
were placed in the Real time-PCR (ABI Step one
plus) and both time and temperature program were
set on it. The temperature and time program con-
sisted of one cycle of primary degeneration at 95 °C
and a time of 2.0 min and 45 cycles of secondary
degeneration for 5 s at 95 °C and 45 cycles of con-
nection and expansion phase for 30 s at 60 °C.

Statistical analysis

To evaluate the obtained data, all data were analyzed
using SPSS software version 20. The confidence level for
the statistical evaluation of data was considered as 95%
(p-value, 0.05). All data were analyzed by both a one-way
AONOA and a t-test.

Material and instrumentations for characterization

and anti-cancer tests

An ELISA analyzer (China, model: BIOBASE1000), an
Ultrospec 4000 UV-Vis spectrophotometer (Biochrome.
Ltd); a pH meter (Metrohm, 827 pH lab); a particle size
analyzer (model: SALD-301 V, Japan, Shimadzu) and a
transmission electron microscope (Zeiss, model EL10C)
were used. It should be mentioned that all materials used
in this work were provided from commercial markets in
their analytical grades.

Results and discussion

Morphological characterization of BSA-Au nanozymes

The morphological characterization of the as-synthesized
BSA-Au nanozymes was performed by Transmission
electron microscopy. The TEM image of the as-synthe-
sized BSA-nanozymes was shown in Fig. 1. As shown in
this figure, the as-synthesized BSA-Au nanozymes have a
narrow size distribution from 3.0 to 30.0 nm with spheri-
cal morphology. The mean size of the as-synthesized
BSA-Au nanozymes was calculated as 10.0 nm from the
TEM imaging method, showing the synthesis of small
size nanozymes upon the utilized experimental method.
The properties of the nanomaterials such as optical,
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Fig. 1 Morphological characterization of BSA-Au nanozymes by TEM
imaging

catalytic, and cytotoxic properties were significantly
dependent on their size due to the change in the active
sites of nanomaterials by their size variations. The small
size points to the higher active sites and consequently the
better properties [46].

Size estimation of BSA-Au nanozymes

Figure 2 demonstrate the data obtain from DLS analy-
sis. DLS analysis are known as the most popular method
for nano and micro materials size estimation for explor-
ing more precise on the size of the as-synthesized of
nanozymes [49]. As shown in Fig. 2, the as-synthesized
BSA-Au nanozymes have a size distribution from 7.0
to 31.0 nm with a majority distribution of particles in a
narrow range from 10.0 to 17.0 nm. The average size of
the as-synthesized BSA-Au nanozymes was estimated
at about 13.0 nm form the DLS analysis which is closed
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Fig. 2 Estimation of the size distribution of BSA-Au nanozymes by
DLS analysis
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with the average size estimated from the TEM imaging
method. The different sizes of the as-synthesized BSA-
Au nanozymes can affect their cytotoxic performances
toward cancer treatment due to the change in the specific
surface area, and the number of active sites with the size
variations [50]; however, the majority distribution of par-
ticles of the as-synthesized BSA-Au nanozymes are in a
narrow range from 10.0 to 17.0 nm which have the simi-
lar potential cytotoxic effects.

Nanozymatic activity of BSA-Au nanozyme

The nanozymatic activity of the as-synthesized BSA-
Au nanozymes was checked by the standard assay of
3, 3’-diaminobenzidine (DAB) using the hydrogen
peroxide as the reaction starter as reported [51, 52].
To do this, BSA-Au nanozymes (0.095 mM) was added
to a solution of DAB (2.0 mM) and hydrogen peroxide
(0.17 M), and the solution’s color was changed (pH,
7.0) from colorless to brown was considered as the
index of nanozymatic activity of the as-synthesized
BSA-Au nanozymes. The UV-Visible spectrum of
the reaction product was shown in Fig. 3. As shown
in this figure, the product of the reaction shows a sig-
nificant absorbance at 460.0 nm which is responsible
for the production of an indamine polymer during the
nanozymatic oxidation of DAB as reported [51, 52].
Hence, it can be concluded that the as-synthesized
BSA-Au nanozymes showed excellent nanozymatic
activity and also showing their successful synthesis.

Evaluation of cytotoxic effects of BSA-Au nanozymes

in Jurkat cell line

For investigating the cytotoxic effects of the as-
synthesized BSA-Au nanozymes on the Jurkat cells,
the MTT tests were carried out after 24, 48, and
72 h as the treatment time of the cancer cells with
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Fig. 3 Nanozymatic activity of BSA-Au nanozyme toward DAB
oxidation to indamine polymer
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the different dosages of the as-synthesized BSA-Au
nanozymes in a concentration range of 0.05-1.9 mM
of BSA-Au nanozyme as the anti-cancer nanod-
rug. The results were shown in Fig. 4. As shown that
the CSV percentages for the cancer cells after their
treatment with different dosages of the as-synthe-
sized BSA-Au nanozymes were significant differs
in all treatment times for the treated Jurkat cell line.
Regard, the 24 h as the treatment time, the as-syn-
thesized BSA-Au nanozymes showed 85.0% lethality
(15.0% survival) for the treated Jurkat cell line when
1.0 mM of BSA-nanozyme was used and the IC50 of
the Au nanozymes was found to be 0.05 mM for this
treatment time. Consider the 48 h as the treatment
time, the as-synthesized BSA-Au nanozymes showed
100.0% lethality (0.0% survival) for the treated Jurkat
cell line when 0.3 mM of BSA-nanozyme was used
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Fig. 4 Evaluation of cytotoxic effects of BSA-Au nanozymes in Jurkat
cellline, A24h,B48h,andC72h
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and the IC50 of the Au nanozymes was found to be
0.05 mM for this treatment time while after 72 h, the
as-synthesized BSA-Au nanozymes showed 75.0%
lethality (25.0% survival) for the treated Jurkat cell
line when 0.6 mM of BSA-nanozyme was used and the
IC50 of the Au nanozymes was found to be 1.5 mM
for this treatment time. Based on the above results,
the maximum dosages for the as-synthesized BSA-
Au nanozymes for 24, 48 and 72 h of treatment, were
found to be 1.0 mM, 0.3 mM, and 0.6 mM, respec-
tively. Considering the better IC50 and maximum
dosage for the treatment of Jurkat cell line with the
as-synthesized BSA-Au nanozymes for 48 h as the
treatment time than 24 h and 72 h, this time was used
at the best treatment time for the cancer treatment
using the BSA-Au nanozymes as a novel anti-cancer
nanodrug. The results of cytotoxic effects of the BSA-
Au nanozymes as a novel anti-cancer nanodrug on the
Jurkat cell line exhibited that the introduced BSA-Au
nanozymes can be utilized as a novel nanopharma-
ceuticals for acute T-type lymphoblastic leukemia
treatment.

Figure 5 indicate the Au-nanozymes and Adria-
mycin (as a commercial drug) experiments which
performed for 48 h, and compared with control and
optimum dosage of BSA-Au nanozymes for the Jurkat
cell line. As shown in Fig. 5, Au nanozyme showed low
lethality of jurkat cell line about 13% (87% survival)
when 0.3 mM of Au nanozymes was applied. More
ever, by increasing the amount of Au nanozymes to
0.6 mM, no significant changes were observed in Jur-
kat cell line lethality (80% survival), while Adriamycin
indicate more lethality for treated jurkat cell line. It is
observed that in 0.3 mM of Adriamycin the lethality
was 56% (44% survival), and also for 0.6 mM of Adria-
mycin it is showed extremely reduce to 14% survival
of treated jurkat cell line (86% lethality). It should be
noted again that, in the 0.3 mM and 0.6 mM dosages
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Fig. 5 Results of Jurkat cells viability when expose to BSA-Au
nanozymes, Au-nanozymes and Adriamycin with different dosage
(0.3 and 0.6 mM) for 48
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of BSA-Au nanozymes, the treated jurkat cell showed
100% lethality (0% survival) and 84% lethality (16%
survival) respectively. So, BSA-Au nanozymes have
indicated better performance than Au nanozymes and
Adriamycin.

Expression changes of anti-apoptotic genes in Jurkat cell
line and PBMC after treatment with BSA-Au nanozymes
The ANOVA results of Bcl2 expression after the treat-
ment of the Jurkat cell line with the as-synthesized BSA-
Au nanozymes were shown in Additional file 1: Table S1.
As shown, the changes in Bcl-2 expression in the Jurkat
cell line after their treatment with the as-synthesized
BSA-Au nanozymes were significant with a p-value of
0.001. In addition, the t-test was performed for com-
parison with the control. The results showed in Table 1.
The data in Table 1 demonstrate that, the expression of
the Bcl2 was significantly reduced in the Jurkat cell line
after their treatment with the as-synthesized BSA-Au
nanozymes as the nanodrug compared with the con-
trol. Moreover, the ANOVA results of survivin expres-
sion after the treatment of the Jurkat cell line by the
as-synthesized BSA-Au nanozymes were shown in Addi-
tional file 1: Table S2, which is indicate that, the changes
in survivin expression in the Jurkat cell line after their
treatment with the as-synthesized BSA-Au nanozymes
were significant with a p-value of 0.003. In addition, the
t-test was performed for comparison with the control.
The results showed in Table 2, compared to the con-
trol, the BSA-Au nanozymes-Max group had a decrease
in expression of 0.01, which was statistically significant
(p=10.005).

It is reported that Bcl2 can inhibit the activity of pro-
apoptotic proteins, increase the cell viability [53, 54],
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and prevent the apoptosis [55, 56], hence, the theory of
Bcl2 tumorigenic potential was evaluated based on the
increase in its expression in several types of cancers
[57]. On the other hand, the Bcl2 expression in the
cancer cells was found to be higher than the normal
cells. Hence, the Bcl2 expression changes can be con-
sidered as a biomarker for the diagnosis of cancer in its
early steps in the patients with family history. In this
regard, the Bcl2 expression changes were investigated
in breast cancer [58], esophageal cancer [59], and thy-
roid medullary carcinoma [60]. As reported [61], the
higher level for the Bcl2 expression in the cancer cells
caused to the lower life expectancy of patients with
cancer, moreover, the toxicity of Adriamycin and ara-C
on the cancer cells was reduced when the Bcl2 expres-
sion was increased in the cancer cells, causing low
recovery rate of the patients with cancer [62]. Based
on the above considerations, the researchers recom-
mended that the effects of cytotoxic drugs on the leu-
kemic cells can significantly increase via reduction of
the Bcl2 expression in the cancer cells, leading to an
increase in the survival rate and recovery of patients
[62].

Expect the Bcl2, survivin as a new member of
the apoptosis inhibitory proteins (IAP) family can
increase the cell viability, and prevent the apoptosis.
This gene shows a distinctive expression in the tumor
cells, unlike normal cells. Hence, it was known as the
fourth major trans-Cryptome in tumors [63]. The pro-
duction and expression of survivin were increased in
many human tumors and embryonic tissues. There-
fore, the researchers recommended that cancer cells
can be reduced by reducing the survivin expression in

Table 1 T-test results for Bcl2 expression on Jurkat cell line after treatment with BSA-Au nanozymes

t-test Mean diff Fold change 95.0% Cl of diff Result p-value
Fold change (log2) + SEM

Jur-BSA-Au nanozymes 50  —11.7£23 0.0006 —150t0 —6.3 Down 0.0007

vs. Jur control

Jur- Aunanozymes vs. Jur  —120+£2.2 0.0004 —1541t0-6.6 Down 0.0005

control

Table 2 T-test results for survivin expression on Jurkat cell line after treatment with BSA-Au nanozymes

t-test Mean diff Fold change 95.0% CI of diff Result p-value
Fold change(log2) + SEM

Jur- BSA-Au nanozymes —66+£15 0.01 —10.75t0 —248 Down 0.005

Max vs. Jur control

Jur- BSA-Au nanozymes 1.6£23 3.09 —2501t05.76 - 042

50 vs. Jur control
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the cancer cells because this reduction, increases the
apoptosis of the cancer cells [64].

In the case of BSA-Au nanozymes, based on the stud-
ies reviewed, variety of in vitro and in vivo studies show
good performance of bovine serum albumin as the drug
carrier, surface modification agent and biomimetic tem-
plate in cancer therapy [65, 66] and when it combined
with Au nanoparticle cause excessive production of ROS
which can damage cancer cells during oxidize the mito-
chondrial membrane disrupting and its potential and leak-
ing more superoxide anions into the cytosol which can in
turn be converted into H,0, molecules. These further dif-
fuse across membranes and damage RNA and as results,
decrease Bcl-2 expression. It should be mentioned that
Bcl-2 maintain mitochondrial integrity [67—-69].

As mentioned above, Bcl-2 inhibits apoptosis by
increasing the time-to-death and intrinsic cell-to-cell
variations in the mitochondrial pathway of cell death
[70]. Thus, considering the significant decrease in expres-
sion of both survivin and Bcl-2 expression in the Jurkat
cell line after treatment with the BSA-Au nanozymes,
it can be deduced that the as-synthesized BSA-Au
nanozymes (the introduced nanodrug) can reduce the
number of cancer cells through stopping in the cell cycle
and controlling its unbridled proliferation. Moreover, the
BSA-Au nanozymes can be used along with the com-
mon drugs such as Adriamycin and ara- C to increase
the survival of patients with leukemia via increasing the
cytotoxic effects of drugs via reduction of the expres-
sion of the anti-apoptotic genes in the cancer cells and
also enhance the radiosensitization by causing cell cycle
disruption and inducing apoptosis. Hence, the use of the
as-synthesized BSA-Au nanozymes can be considered as
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a novel nanodrug for the treatment of patients infected
with ALL.

For evaluation of the ability of the BSA-Au
nanozymes as an anti-cancer drug, it is necessary that
their effects were evaluated on the normal cells. The
drug with minimal effects on the normal cells and
maximal effects on the cancer cells can be considered
as a high powerful drug for cancer treatment. Hence,
the expression changes of anti-apoptotic genes in
PBMC after treatment with BSA-Au nanozymes were
checked. The results of the treatment of PBMC by BSA-
Au nanozymes showed that Bcl-2 expression changes in
the PBMC (Additional file 1: Table S3) were not signifi-
cant (p-value, 0.990). Moreover, the t-test showed that
in the PBMC, the changes of Bcl-2 are not significant
(Table 3).

Regard, the survivin expression in PBMC, the results
showed that according to the one-way ANOVA test
(Additional file 1: Table S4), the survivin expression in
PBMC was not changed significantly between the stud-
ied groups (p=0.604). In comparison with the control
group based on the t-test (Table 4), in the PBMC, the
changes are not significant. Based on the above results,
it can be concluded that the BSA-Au-nanozymes show
no significant effect on the normal cells due to their
high biocompatibility as reported [71] while they sig-
nificantly reduce the expression of anti-apoptotic genes
in the cancer cells. Hence, the as-synthesized BSA-Au
nanozymes as a potential novel nanodrug can increase
the survival of patients with leukemia. Figure 6 indicate
the expression changes of anti-apoptotic genes in Jur-
kat cell line and PBMC after treatment with BSA-Au
nanozymes.

Table 3 T-test results for Bcl2 expression on PBMC after treatment with BSA-Au nanozymes

t-test Mean diff Fold change 95.0% Cl of diff Result p-value
Fold change(log2) + SEM

PBMC-BSA-Au nanozymes 1.7+£5.0 34 —681t010.3 Not significant 0.69

50 vs. PBMC Control

PBMC-BSA-Au nanozymes 04+4.0 13 —81t090 Not significant 0.95

Max vs. PBMC Control

Table 4 T-test results for survivin expression in PBMC after treatment with BSA-Au nanozymes

t-test Mean diff Fold change 95.0% Cl of diff Result p-value
Fold change(log2) + SEM

PBMC-BSA-Au nanozymes —1.74+2.6 0.30 —7.71043 Not significant 0.56

50 vs. PBMC control

PBMC- BSA-Au —12+£27 048 —72t049 Not significant 0.69

nanozymes Max vs. PBMC
control
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