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Introduction
Acute lymphoblastic leukemia (ALL) is a fast-growing 
blood cancer caused by chromosome abnormalities and 
genetic changes that impact the growth and quick division 
of immature T or B cells.1 These genetic changes lead to 
the accumulation of leukemic cells in the bone marrow 
and other tissues, suppressing normal hematopoiesis in 
the bone marrow.2,3 ALL accounts for 75% of leukemia 
cases in children and is the third most common type of 

leukemia in adults. While ALL has a favorable prognosis 
and survival rates (around 80%) in children, it represents a 
severe condition in adults, with a survival rate below 40%.4 
Chemotherapy in ALL consists of three phases: induction, 
consolidation, and maintenance.5 Ara-C is an effective 
chemotherapy drug for the treatment of ALL. This drug 
is often used in combination chemotherapy along with 
fluorouracil, methotrexate, and dexamethasone in solid 
tumors and leukemia.6 The impact of Ara-C stems from 
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Abstract
Introduction: The current understanding 
highlights the intricate relationship between 
leukemic cells and their microenvironment, 
emphasizing the significant impact of 
environmental factors on chemotherapy 
resistance or sensitivity. Platelet-derived 
microparticles (PMPs) play a crucial role 
in facilitating intercellular communication, 
significantly contributing to the complex 
dynamics of cancer pathology and 
treatment outcomes. This study aims to 
investigate the cytotoxic and apoptotic effects of PMP, Ara-C, and their combinations on cancer 
cells, as well as their influence on the expression of critical genes like Bax, Bcl-2, P21, and h-TERT 
in the context of acute lymphoblastic leukemia (ALL) cell line (Nalm-6). 
Methods: PMPs were isolated through centrifugation at varying speeds, and their concentration 
was determined using the BCA assay. The size and immunophenotypic characteristics of PMPs 
were analyzed using dynamic light scattering (DLS) and flow cytometry. The cytotoxic and 
apoptotic effects of PMP, Ara-C, and their combinations on Nalm-6 cells were assessed using 
the MTT assay, the trypan blue exclusion assay, and flow cytometry. Gene expression levels were 
analyzed using real-time PCR.
Results: According to our research findings, PMPs did not independently impact the viability and 
apoptosis of Nalm-6 cells; however, they synergistically augmented Ara-C's suppressive impact on 
viability and apoptosis. The MTT assay showed that both PMPs and Ara-C, whether administered 
alone or in combination, had a cytotoxic effect on the Nalm-6 cells. Furthermore, the combined 
treatment significantly affected the expression of Bax, Bcl-2, P21, and h-TERT genes.
Conclusion: Our study demonstrates that PMPs have the potential to improve the effectiveness 
of Ara-C chemotherapy in treating ALL. These findings contribute to a deeper understanding of 
the interplay between PMP and chemotherapy agents, offering potential insights for optimizing 
treatment strategies and improving patient outcomes in ALL.
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its active absorption into specific cells and subsequent 
conversion to its active form through metabolism. 
The rapid inactivation of Ara-C by plasma enzymes 
makes its plasma half-life about 10 minutes. As a result, 
for more effectiveness, Ara-C is prescribed in high 
doses.7 While low-dose Ara-C therapy is generally well 
tolerated, significant toxicities mainly occur with high-
dose treatment. The dose-dependent toxicity is a notable 
limitation of Ara-C therapy.8 The objectives of ongoing 
ALL studies aim to optimize treatment strategies with 
less toxic interventions, enhance survival outcomes, and 
improve the overall quality of life for patients.9 Previous 
studies have demonstrated that, besides the dosage and 
combination of chemotherapy drugs, environmental 
factors significantly impact cancer cell biology and 
influence the overall effectiveness of cancer treatment.1 
Today, it is known that malignancies, including leukemia, 
are closely related to their environment, and platelets are 
an essential part of the cancer cell microenvironment.10 
Studies demonstrate that cancer cells activate platelets, 
leading to the release of platelet granule contents and 
microparticles known as platelet-derived microparticles 
(PMPs).11 PMPs are plasma membrane particles released 
from activated platelets during membrane budding. 
These particles constitute over 90% of microparticles 
found in the bloodstream.12 PMPs, which carry various 
functional compounds of platelets, serve as potential 
mediators between platelets and cancer cells. PMPs are 
an especially interesting type of extracellular vesicles for 
evaluating cancer, as their increase has been observed in 
all cancer types, including stomach, lung, skin, CML, CLL, 
ALL, and others.13 PMPs affect growth and proliferation, 
apoptosis, and gene expression patterns in the target 
cells by transferring genetic and biochemical content.14-16 
These findings show that PMPs can affect the biology of 
acute lymphoid leukemia cells and the effectiveness of 
chemotherapy drugs, improving risk-based treatments 
and reducing the dose and toxicity of drugs. Although 
various studies have investigated the dual effect of PMP 
in the progression and biology of cancer cells, the current 
knowledge in this field seems incomplete. The Previous 
study shows that Ara-C's impact on the expression of Bax, 
Bcl-2, P21, and h-TERT genes is crucial in its anti-cancer 
mechanism. It involves regulating the cell cycle, inducing 
apoptosis, and maintaining telomeres. Ara-C can boost 
the expression of proapoptotic genes like Bax, caspase-9, 
and caspase-3 at both mRNA and protein levels while 
suppressing the expression of the anti-apoptotic gene 
Bcl-2 in renal carcinoma cells. Experiments have proven 
that Ara-C can impede the AKT/PI3K signaling pathway's 
activity, thereby promoting cell apoptosis.17-20 In summary, 
while previous studies have investigated the role of PMPs 
in cancer biology and chemotherapy response, our study 
aims to provide novel insights into the specific mechanisms 
underlying the interaction between PMPs and cancer 

cells, particularly in the context of Ara-C treatment for 
ALL. By examining the impact of PMPs, Ara-C, and their 
combination on critical parameters such as cell survival, 
apoptosis induction, and gene expression profiles such as 
Bax, Bcl-2, P21, and h-TERT. We hypothesize that PMPs 
enhance the apoptotic effects of Ara-C and modulate the 
expression of critical genes involved in cell survival and 
proliferation pathways. These findings may contribute to 
developing more effective and targeted therapies for ALL. 

Materials and Methods
Preparation of platelet concentrates
Kerman Blood Transfusion Center provided expired 
platelet concentrate (PC) bags.

Separation of PMPs from PCs
A multi-step centrifugation technique was used to 
separate PMPs from PCs. To separate the cells (RBCs 
and WBCs), the PCs were transferred into 50 mL Falcon 
tubes and centrifuged at 2500 g for 10 minutes. This 
process was repeated to ensure the complete removal of 
any remaining cells. The resulting supernatant solution 
underwent centrifugation at 22000 g for 30 minutes to 
precipitate the PMP. The isolated PMP was then washed 
with PBS to eliminate any residual plasma and stored at 
-70 °C for future use.21

Characterization of isolated PMPs 
Determination of the size of PMPs
Dynamic light scattering (DLS) is a scientific technique 
used to measure the dimensions and size distribution 
of particles or molecules in a liquid or solution. DLS 
relies on the concept that particles in a liquid undergo 
random, thermally induced movements known as 
Brownian motion. These movements cause fluctuations 
in the intensity of scattered laser light. During a DLS 
experiment, a sample containing particles is exposed to 
a focused laser beam, and a detector records the changes 
in scattered light intensity over time at a specific angle. 
The software integrated into the device is employed to 
determine the average size of the particles.

The Malvern Master Sizer 2000 laser diffraction 
apparatus, utilizing DLS technology, is utilized for 
sizing analysis. Within this setup, a laser beam with a 
633 nm wavelength is aimed at the suspension housing 
microparticles. Subsequently, the scattered light is 
captured, and the instrument's software computes the 
dimensions of the microparticles.22

Examining the surface marker of PMPs
Flow cytometry was used to validate the separation 
technique and confirm the cellular origin of the isolated 
PMPs by identifying platelet-specific markers CD42b 
and CD61 on the surface of the PMPs. 250 μL of PMP 
suspension was mixed with an equal volume of PBS (1:1 
ratio in PBS). Subsequently, 100 µL of the diluted PMP 
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solution was combined with two test tubes and two 
control tubes, each containing 10 µL of CD42b and CD61 
antibodies, as well as 10 µL of IgG-FITC/PE antibody 
targeting mouse cells. After a thirty-minute incubation 
period at room temperature in the dark, the samples 
were analyzed using a flow cytometry instrument from 
BD Bioscience, with data management carried out using 
FLOMAX software.23 
Determining the concentration of PMPs 
The BCA method, which has been endorsed by the 
International Society of Extracellular Vesicles (ISEV), is a 
reliable technique for quantifying protein concentrations 
in various samples, including PMPs.24 The approach 
employed in this technique is based on the ability of 
proteins to convert copper ions into a colored chelate 
complex. This complex can then be measured using 
spectrophotometry to determine its quantity. The total 
protein content of PMPs was assessed using the Micro 
BCA Protein Assay Kit (Pierce, Thermo Scientific, 
Rockford, IL, USA) by the manufacturer's guidelines. 
Bovine serum albumin (BSA) served as the standard for 
comparative purposes.21

Cell culture 
The Nalm-6 cell line (Nalm-6, NCBI C212) was acquired 
from the Pasteur Institute collection located in Tehran, 
Iran. The Nalm-6 cells were cultured in RPMI-1640 
medium, which was supplemented with 10% fetal bovine 
serum (FBS) (GibcoTM A3160402) and 1% antibiotic 
(Penicillin-Streptomycin Solution 100X, Biowest, L0022). 
Subsequently, the cells were incubated in a humidified 
incubator at a temperature of 37 °C with a 5% CO2 
atmosphere.25

Calculation of the combination index and the dose 
reduction index
CI (combination index) between PMP and Ara-C was 
determined using CompuSyn Software (ComboSyn, Inc., 
Paramus, NJ, USA). CI to quantitatively depict synergism 
(CI < 1), additive effect (CI = 1), and antagonism (CI > 1). 

The dose reduction index (DRI) quantifies how much 
the dosage of a combination can be decreased to attain a 
particular level of effect compared to the concentration of 
the individual drug used alone.26 

Trypan Blue assay
Nalm-6 cells were cultured in a 6-well plate at a density 
of 5 × 105 cells per well. The cells were then treated with 
different concentrations of PMP (200, 400, and 800 µg/
mL) and Ara-C (0.5, 1, 1.5, and 2 µM) for 24, 48, and 72 
hours to evaluate the apoptotic effect of these compounds 
on cell viability. The cell suspension underwent 
centrifugation, followed by placing the pellet in a serum-
free complete medium. Subsequently, a mixture consisting 
of one part 0.4% trypan blue (GibcoTM 15250061) and one 

part cell suspension was incubated for 2 minutes at room 
temperature. The total number of unstained (viable) and 
stained (non-viable) cells was manually counted using a 
Neuberger chamber and a light microscope (ECLIPSE 
E100, Nikon). Finally, the percentage of viable cells was 
determined by calculating "Viability (%) = viable cells / 
viable cells + death cells × 100".27

MTT assay 
The MTT colorimetric assay was utilized to assess the 
cytotoxicity of PMP, Ara-C, and their combinations 
against cancer cell lines in vitro. This assay measures 
the capacity of viable cells to convert yellow tetrazolium 
salts into blue-colored formazan crystals. Nalm-6 cells 
were seeded at a density of 1 × 104 cells per well in 96-well 
plates and exposed to varying concentrations of PMP 
(200, 400, and 800 µg/mL) and Ara-C (1 and 1.5 µM) for 
durations of 24, 48, and 72 hours. Furthermore, viability 
evaluations were carried out for combinations of PMP/
Ara-C, such as PMP (200 µg/mL) + Ara-C (1 µM), PMP 
(200 µg/mL) + Ara-C (1.5 µM), PMP (400 µg/mL) + Ara-C 
(1 µM), and PMP (400 µg/mL) + Ara-C (1.5 µM). The 
plate was then centrifuged at 700g for 10 minutes, 
and the supernatant was removed. The cells were then 
exposed to 100 µL MTT solution (0.5 mg/mL; (M5655, 
Sigma) at 37 °C. After 4 hours, the colored formazan was 
dissolved in each well with 150 µL DMSO, and the optical 
absorbance at 570 nm was gauged using an enzyme-linked 
immunosorbent assay (ELISA). The metabolic activity of 
the treated cells was quantified as a ratio of untreated cells 
utilized as a negative control.28

Flow cytometry 
The impact of PMP, Ara-C, and their respective 
combinations on initiating early and late apoptosis was 
assessed through annexin-V and propidium iodide 
(PI) staining. A total of 4 × 105 cells were seeded per 
well on a six-well cell culture plate and subjected to 
treatment with PMP (400 µg/mL), Ara-C (1.5 µM), or a 
combination of both (400 µg/mL PMP and 1.5 µM Ara-C). 
Subsequently, flow cytometry analysis was performed 
using the Annexin-V Apoptosis Detection Kit (Mab Tag, 
AnxF100PI), and the resulting data were analyzed using 
FlowJo version 7.6.1 software.29 

Gene expression analysis using real-time PCR
Real-time PCR was used to monitor changes in mRNA 
expression of Bax, Bcl-2, P21, and h-TERT genes. Total 
RNA was isolated using YTzol Pure RNA (Yekta Tajhiz 
Azma, YT9066) from untreated (control) and treated cells 
with 400 µg/mL PMP, 1.5 µM Ara-C, and PMP/Ara-C 
combination (400 µg/mL PMP and 1.5 µM Ara-C) following 
a 48-hour treatment period. The purity and concentration 
of the extracted RNA were determined by analyzing the 
ratio of light absorption at wavelengths of 260 nm and 
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280 nm using a NanoDrop 1000 Spectrophotometer. 
Moreover, the quality of the extracted RNA was assessed 
by subjecting RNA molecules to electrophoresis on 
an agarose gel for separation. Afterward, cDNA was 
synthesized according to the manufacturer's instructions 
(Thermo Scientific Fermentas, K1622). As described 
previously, real-time PCR was used to monitor changes 
in the mRNA expression of the desired genes.28 Table 1 
shows the nucleotide sequences of the primers used in 
real-time RT-PCR. 

Statistical analysis
The statistical analysis for this research was conducted 
using SPSS26 software to assess the assumptions, while 
GraphPad Prism 8 software was utilized for generating 
graphs. A significance level of 5% (alpha error) was set as 
the threshold for either rejecting or confirming the null 
hypothesis. All mean comparisons were conducted using 
two-way tests. Statistical significance was determined 
with a P value below 0.05. For the analysis of cell survival, 
metabolic activity, apoptosis, and gene expression data, 
two-way repeated measures ANOVA was employed in 
this study. Sample size calculation was performed using 
G-Power software, considering an alpha error of 5%, a 

test power of 60%, an effect size of 50%, and accounting 
for four treatments measured at two different time points. 
The calculated sample size for each group was 3.

Results
Determination of the size of PMPs 
The average size of the isolated PMPs was 200 nm for 
90%, as shown in Fig. 1.

Phenotypical characterization of PMPs
The immunophenotypic characterization revealed that 
97% of the PMPs expressed CD61 (Fig. 2a), and 95% 
expressed CD42b (Fig. 2b) on their surface. 

The impact of Ara-C on the cell mortality of Nalm-6 cells 
was increased after co-incubation with PMP
The effects of different concentrations of Ara-C (0.5, 
1, 1.5, and 2 µM) and PMP (200, 400, and 800 µg/mL), 
both individually and in combination, on cell viability 
were studied at 24, 48, and 72 hours. According to Fig. 
3a, PMP treatment did not affect the viability of Nalm-6 
cells. In contrast, as illustrated in Fig. 3b, the Nalm-6 cell 
viability decreased following exposure to Ara-C. Notably, 
co-incubation of cells with the combination of Ara-C and 
PMP for 48 h of treatment reduced cell viability more 
effectively than to Ara-C alone, as illustrated in Fig. 3c. 

The cytotoxic impact of Ara-C and PMP on Nalm-6 cells 
intensified following concurrent incubation
The cytotoxic impact of PMP and Ara-C at different 
concentrations (1, 1.5 µM for Ara-C; 200, 400, and 800 
µg/mL for PMP) and their combination was assessed. 
PMP and Ara-C demonstrated independent cytotoxic 
effects on Nalm-6 treated cells (Fig. 4a, b). The concurrent 
treatment of PMP and Ara-C synergistically amplified the 
cytotoxic effects on the Nalm-6 cells (Fig. 4c). Synergistic 
effects (CI < 1) were observed for two combination doses: 
PMP (400 µg/mL) + Ara-C (1 µM) and PMP (400 µg/
mL) + Ara-C (1.5 µM). An additive effect (CI = 1) was 

Table 1. PCR primer sequences

Gene Sequence 5′–3′ Tm nt #

GAPDH-FW CCAACCGCGAGAAGATGA 50.3 18

GAPDH-Rv TCCATCACGATGCCAGTG 50.3 18

Bax-FW AGGATCGAGCAGGGCGAATG 62.5 20

Bax-Rv TCAGCTTCTTGGTGGACGCA 60.5 20

P21-FW CCTGTCACTGTCTTGTACCCT 54.4 21

P21-Rv GCGTTTGGAGTGGTAGAAATCT 53 22

Bcl-2-FW ATCGCCCTGTGGATGACTGAG 55.9 21

Bcl-2-Rv CAGCCAGGAGAAATCAAACAGAG 55.9 23

h-TERT -FW CGGAAGAGTGTCTGGAGCAA 60 20

h-TERT -Rv GGATGAAGCGGAGTCTGGA 59.3 19

Fig. 1. Determining the average size of microparticles derived from platelets by Malvern Master Sizer 2000. The size dispersion of the separated PMP was 
evaluated within a span of 200 nm.



Nikravesh et al

   BioImpacts. 2025;15:30454 5

noted for PMP (200 µg/mL) + Ara-C (1 µM), and an 
antagonistic effect (CI > 1) for PMP (200 µg/mL) + Ara-C 
(1.5 µM) (Fig. 5). Table 2 displays the CI and DRI values 
for the combination treatments, with the combination 
of 1.5 μM Ara-C and 400 µg/mL PMP showing strong 
synergistic effects, chosen for subsequent experiments.

PMP enhanced Ara-C apoptosis induced by Ara-C
The impact of Ara-C alone and in combination with PMP 
on programmed cell death was explored. Fig. 6a shows 
the control group that was not exposed to any treatment. 
Fig. 6b illustrates that the co-incubation of Nalm-6 cells 
with PMP for 48 hours did not lead to a notable effect on 

Fig. 2. Flow cytometry analysis revealed a high expression of CD61 (a) molecules (97.6%) and CD42b (b) molecules (95%) on the PMP.

Fig. 3. The viability of Nalm-6 cells was assessed for 24, 48, and 72 h to determine the impact of different doses of (a) PMP, (b) Ara-C, and (c) the 
combination of PMP and Ara-C. The assessment was conducted using trypan blue staining, and the results were presented as mean ± standard error 
(SE) with a sample size of 3. Interestingly, the various concentrations of PMP (200, 400, and 800 µg/mL) did not show any significant effect on Nalm-6 
cell viability. However, the effects of Ara-C (0.5, 1, 1.5, and 2 µM) were found to be dose- and time-dependent. This suggests that the viability of Nalm-6 
cells was influenced by the concentration of Ara-C and the duration of exposure. Furthermore, the impact of PMP and Ara-C in combination on Nalm-6 cell 
viability was evaluated after 48 h. The results indicated that the combination dose significantly reduced cell viability compared to Ara-C alone. This suggests 
a potential synergistic effect between PMP and Ara-C in inhibiting the viability of Nalm-6 cells (**P < 0.01, ***P < 0.001 relative to untreated cells).

Fig. 4. The cytotoxic effect of PMP (a) and Ara-C (b) on Nalm-6 cells was conducted at 24, 48, and 72 hours following treatment. Both PMP and Ara-C 
demonstrated toxicity effects. Additionally, (c) the collective impact of PMP and Ara-C was evaluated in comparison to separate dosages following a 48-hour 
period. PMP and Ara-C exhibited distinct cytotoxic impacts on Nalm-6 cells. The concurrent administration of PMP and Ara-C demonstrated a significant 
influence. Significant effects of the drug combination were noted in four specific doses (PMP and Ara-C: 200 + 1, 200 + 1.5, 400 + 1, 400 + 1.5) (*P < 0.05, 
**P < 0.01, ***P < 0.001, relative to untreated cells).
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cell apoptosis. Annexin V + /PI + cells in the Ara-C treated 
group increased significantly (Fig. 6c). According to Fig. 
6d, 48 h co-treatment of Nalm-6 cells with the combination 

of 1.5μM Ara-C plus 400μg/ml PMP induced cell death 
more than the Ara-C group. These findings suggest that 
PMP enhances the apoptotic effect of Ara-C.

The impact of the PMP/Ara-C combination on gene 
expression
The expression of genes associated with cell death was 
examined further to study the effect of the PMP on Ara-C-
dependent apoptosis. Ara-C upregulated the expression 
of the Bax gene, as illustrated in Fig. 7a, while PMP had 
no impact on Bax gene expression. The combination of 

Fig. 5. The synergistic effects of the combined therapy involving PMP and Ara-C on Nalm-6 cells were evaluated through the analysis of the CI versus FA 
Curve. Different combinations of PMP and Ara-C were administered, and their effect on the metabolic activity of the cells was evaluated using the MTT 
assay to generate CI vs FA data. (a) CI values below 1 indicate a synergistic effect, values at 1 represent an additive effect (shown by the solid line), and 
values above 1 indicate antagonism. It is worth noting that the combination doses of PMP (400 µg/mL) + Ara-C (1 µM) and PMP (400 µg/mL) + Ara-C (1.5 µM) 
exhibited significant synergistic effects. (b) Furthermore, the dose-normalized isobologram analysis demonstrated that points below the effect line indicate 
synergism, revealing a synergistic effect for two combination points in Nalm-6 cells.

Fig 6. Nalm-6 cells were subjected to various treatments, including control (untreated) (a), PMP: 400 µg/mL (b), Ara-C: 1.5 µM (c), and PMP: 400/Ara-C: 
1.5 (d) for a duration of 48 h. Flow cytometry was utilized to evaluate Annexin-V and Annexin-V plus Propidium Iodide (PI) expression. Following a 48 h 
co-incubation with PMP, there was no significant impact on cell apoptosis in Nalm-6 cells. Conversely, Annexin V + /PI + cells notably increased in the Ara-C 
treated group. It is apparent that PMP significantly enhanced the apoptotic effect of Ara-C on Nalm-6 cells (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 
relative to untreated cells). 

Table 2. CI and DRI for drug combination by Ara-C and PMP

Ara-C (µM) DRI PMP 
(µg/mL) DRI CI value (At 

inhibition of 50%)
1.0 1.5 200 2.757 1.029

1.0 2.231 400 1.889 0.977

1.5 1.172 200 3.129 1.172

1.5 3.32 400 3.568 0.581
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PMP and Ara-C resulted in a higher Bax gene expression 
compared to Ara-C treatment alone, as indicated by the 
results. The results (Fig. 7b) revealed that PMP did not 
affect the Bcl-2 gene in Nalm-6 cells. However, Ara-C 
decreased its expression. When cells were co-incubated 
with PMP and Ara-C, the expression of this gene was less 
than in the control group, Ara-C alone, and PMP alone. 
These results showed that PMP increases Ara-C-induced 
apoptosis in Nalm-6 cells. To further understand the 
effect of the PMP/Ara-C combination on the molecular 
mechanism of cell population reduction, the expression of 
the proliferative gene (P21) and the gene associated with 
telomerase (h-TERT) was studied. As seen in Fig. 7c, P21 
gene expression increases in all three groups, although it is 
more significant in the combined group than in the other 
two. PMP treatment increased h-TERT gene expression 
in Nalm-6 cells, but Ara-C treatment decreased h-TERT 

gene expression. Furthermore, co-treatment of cells with 
PMP plus Ara-C resulted in a substantial reduction in 
h-TERT gene expression (Fig. 7d). 

Discussion
Treatment resistance poses a significant challenge 
for individuals with ALL despite advancements in 
pharmacological therapies.30 While leukemia treatments 
have become more effective and less toxic over time, 
mortality rates persist as a concern. Combined therapy 
is often recommended to reduce cytotoxic dosages while 
enhancing treatment efficacy. Ara-C has demonstrated 
effectiveness in treating various hematologic cancers, 
including ALL.31 Numerous studies have explored 
the potential of combination therapy to improve ALL 
treatment, involving Ara-C and other drugs.32 Various 
factors within the tumor microenvironment play crucial 

Fig 7. Fold change gene expression. (a) The graph presents that PMP does not affect Bax gene expression, but Ara-C upregulates the Bax gene 
(proapoptotic). (b) Also, PMP does not affect Bcl-2 gene expression, but Ara-C downregulates the Bcl-2 gene (anti-apoptotic). After 48 h of treatment, a 
combination of PMP and Ara-C induces more significant changes in gene expression compared to single doses in Nalm-6 cells. (c) P21 gene expression 
increases in all three groups, although it is more significant in the combined group than in the other two. (d) Also, PMP treatment increased h-TERT gene 
expression in Nalm-6 cells, but Ara-C treatment decreased h-TERT gene expression. Furthermore, the combined dosage resulted in a substantial reduction 
in h-TERT gene expression (*P < 0.05, **P < 0.01, ***P < 0.001, relative to untreated cells).
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roles in determining the sensitivity of cells to therapeutic 
drugs in different types of cancers.33 Platelets contain 
growth factors, inflammatory cytokines, and immune 
factors that modify tumor biology.34 The intricate roles 
of platelet cargo in cancer are still not fully understood, 
with their influence probably varying based on factors like 
tumor type and stage.35 PMPs have attracted considerable 
interest due to their potential involvement in facilitating 
communication between platelets and cancer cells.36 
PMPs influence cancer cell behavior by delivering a varied 
payload of nucleic acids, proteins, and lipids.37-39 There 
has been a significant increase in research focusing on 
PMP and its roles in various cellular functions and disease 
states.40 Recently, considerable investigation has focused 
on the impact of PMPs in combination with chemotherapy 
drugs, mainly through in vitro studies. For example, Cacic 
et al demonstrated that PMPs protect the THP-1 cell line 
against daunorubicin-induced apoptosis.41 Additionally, 
in 2023, Gharib et al studied the resistance of cell-related 
chronic lymphocytic leukemia cells treated with PMP 
against cytarabine.42 These findings collectively advance 
our understanding of the intricate interplay between PMPs 
and chemotherapy agents in cancer treatment. Despite 
numerous studies on the interaction of PMPs and cancer, 
our understanding of their effectiveness in combination 
with chemotherapy drugs remains largely inadequate 
and necessitates further comprehensive research. In this 
research, we explore the cytotoxic and apoptotic effects of 
PMP, Ara-C, and their combinations on Nalm-6 cells, as 
well as their influence on the expression of critical genes 
like Bax, Bcl-2, P21, and h-TERT. Our study confirms 
the tumor-inhibiting effect of PMPs on cell lines in 
vitro. The cytotoxic effect of PMP on Nalm-6 cells and 
reduction in metabolic activity of Nalm-6 cells after PMP 
treatment is consistent with previous research indicating 
a potential anti-leukemic influence associated with PMPs. 
Vismora et al showed that PMPs significantly reduced the 
metabolic activity of breast cancer cells without notably 
affecting their viability.44 Additionally have been shown 
that PMPs inhibit mitochondrial function in the lung 
and colon cells in mice.45 Our study demonstrates that 
both PMP and Ara-C exhibit cytotoxicity and reduce 
metabolic activity in treated Nalm-6 cells. Moreover, the 
concurrent treatment with PMP and Ara-C synergistically 
enhances the cytotoxic effects on cells. Studies have shown 
varying results regarding the impact of PMPs on cancer 
metabolism. A study examined the influence of PMPs on 
cell lines associated with chronic lymphocytic leukemia, 
revealing a significant metabolic change from early to 
later stages.42 Furthermore, the CompuSyn analysis 
demonstrated significant synergistic effects on Nalm-6 
cells with two combination doses of Ara-C and PMP (400 
µg/mL + 1 µM and 400 µg/mL + 1.5 µM). These findings 
highlight the potential synergistic impact of PMP and 
Ara-C combination therapy on Nalm-6 cells, suggesting 

a promising avenue for further investigation. CD36, 
GNAI2, GNB2, PPP2R1A, PRKCA, PRKACB, PPP2CA, 
PRKAR1A, ITPR1, FASN, GNAQ, GNG5, and TKT 
are among the proteins associated with PMPs that play 
crucial roles in diverse signaling pathways and regulate the 
metabolic activity of target cells.46 Additionally, another 
study suggests that PMPs may influence metabolic activity 
by transferring genetic materials, such as miRNAs.45 

Co-incubation of Nalm-6 cells with PMPs increased 
their sensitivity to Ara-C at a concentration of 1.5 
μM Ara-C plus 400 μg/ml PMP. Studies have shown 
PMPs potentially influence cellular signaling pathways 
that sensitize cells to apoptosis. Baj-Krzyworzeka and 
colleagues conducted a study examining the effects of 
PMPs on hematological cell lines, revealing that PMPs 
activate MAPKp42/44 and PI-3K-AKT in hematopoietic 
cells.47 Moreover, Fateme Yari et al. showed that PMP 
induces apoptosis in PBMCs isolated from pre-B acute 
lymphoblastic leukemia.43 Several studies have observed 
that PMPs affect cancer cell apoptosis induced by 
chemotherapy drugs. For instance, Cacic and colleagues 
demonstrated that co-incubation of THP-1 cells with 
PMPs elevated levels of miR-125a, miR-125b, and miR-
199, which protected THP-1 cells against daunorubicin-
induced cell death.48 Recent findings also highlight 
the role of PMPs in the metabolic reprogramming of 
CLL cells, contributing to their increased resistance to 
chemotherapy drugs such as cytarabine, venetoclax, and 
plumbagin.42

To further investigate the underlying mechanisms, 
we assessed the impact of PMPs, Ara-C, and their 
combination on the expression of apoptotic genes like 
Bax and Bcl-2. Bcl-2 and Bcl-XL, members of the anti-
apoptotic Bcl-2 family, impede cell death by inhibiting 
caspase activation crucial for apoptosis or by preventing 
the release of apoptotic factors like cytochrome C and AIF 
from the mitochondria.49 In this study, the expression of 
the Bcl-2 gene in cells treated with PMPs did not show 
significant differences compared to the control group. 
However, gene expression decreased in cells exposed to 
Ara-C alone and in combination with PMPs. Importantly, 
PMPs did not affect the expression of the Bax gene. 
Nevertheless, Bax gene expression was higher in cells 
treated with both PMPs and Ara-C compared to cells 
treated with Ara-C alone. The analysis of Bax and Bcl-2 
gene expressions provides a plausible explanation for the 
increased susceptibility of Nalm-6 cells to chemotherapy 
drugs following treatment with PMPs and Ara-C.

Previous research has shown that PMPs transfer their 
genetic material, including miRNAs, to target cells, 
influencing gene expression and the apoptotic response 
in laboratory settings.50 PMPs contain a rich reservoir of 
proteins, lipids, second messengers, and various RNA 
species. These components are transferred to target 
cells, altering cell signaling pathways and modulating 
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the cellular response to drugs.51 However, the exact 
mechanisms underlying these changes in drug response 
are not fully understood and require further investigation.

We also examined the effects of PMP, Ara-C, and the 
combination of these two on the expression of P21 and 
h-TERT genes. The study findings revealed that PMP 
treatment led to an increase in the expression of the P21 
gene, with molecular data consistently aligning with the 
observed decrease in cell proliferation in cell culture. The 
results revealed that treating Nalm-6 cells with Ara-C, 
either alone or in combination with PMPs, enhanced 
the expression of the P21 gene. The influence of PMPs 
on proliferation control and cell population was assessed 
using Neobar slides and a cell counter. The results showed 
a significant decrease in cell population after treatment 
with both PMPs and Ara-C. The inhibitory effect of 
Ara-C was further enhanced when combined with PMP 
treatment.

Several studies have highlighted the potential tumor-
suppressing properties of PMPs, demonstrating their 
ability to inhibit tumor progression in mouse models 
of lung and colon cancer.45 Furthermore, in laboratory 
experiments, PMPs have been observed to suppress the 
growth of cancer cell lines, such as THP-1 and HUVEC.37,41 
Contrary to the findings in the study conducted by 
Mirzaee et al, it was demonstrated that PMPs reduce the 
expression of P21 and P53 genes in Mesenchymal Stem 
Cells, leading to increased cell proliferation. The differing 
effects observed in different cell lines suggest that the 
impact of PMPs may vary depending on the specific type 
of target cell.23 

The P21 gene inhibits cancer cell proliferation 
through pathways that involve both P53-dependent 
and independent mechanisms. These pathways include 
regulating metabolic pathways and triggering cellular 
senescence.52 Ensuring the longevity of telomeres through 
the activation of telomerase, particularly h-TERT, is 
essential for the continuous renewal of cells, which 
is a hallmark of cancer. The regulation of h-TERT 
transcription is critical for activating telomerase in human 
cancers. This underscores the importance of mechanisms 
that govern telomere maintenance in cancer development 
and their potential as indicators in oncology.53 While 
telomerase activity is typically observed in germline, 
hematopoietic, and rapidly renewing cells, this study 
sheds light on the intriguing interplay between PMP and 
h-TERT gene expression, demonstrating that PMP can 
provoke a notable increase in h-TERT gene expression 
levels. In the investigation by Samareh et al, real-time 
PCR analysis revealed a remarkable over threefold surge 
in h-TERT gene expression upon treatment with PMP, 
compared to the control group.53 Ara-C appears to cause 
a reduction in the expression of this gene. Interestingly, 
when Ara-C is given with PMP, it lessens the inhibitory 
effect of Ara-C on h-TERT gene expression. However, the 

precise mechanism behind this observed phenomenon 
is still unclear and requires additional investigation. 
Our study underscores the influence of PMPs on cancer 
biology. PMPs reduce cell proliferation and have a 
cytotoxic effect on cells, impacting gene expression both 
alone and in on with Ara-C. These results underscore 
the complex relationship between PMPs and cancer 
cell behavior, providing valuable insights for enhancing 
therapeutic strategies in cancer treatment.

Furthermore, our study is consistent with previous 
investigations,54 contrasting with reports of PMPs 
enhancing cancer progression in other studies.15,47 
This dual potential of PMPs to either promote cancer 
progression or suppress tumor growth suggests a 
complex interaction between cancer cells and PMPs, 
likely influenced by factors such as the conditions of PMP 
creation, cell type, and cancer stage. 

It is important to clarify that this study specifically 
investigated the interaction between PMPs and Nalm-6 
cells, as well as the combined effect of PMPs and Ara-C, 
in an in vitro setting.

It is worth noting that results obtained in vivo may vary 
due to the influence of environmental factors and the 
interplay between the cell line and the immune system. 
Moreover, the specific contents of PMPs and their 
mechanism of action remain crucial considerations for 
understanding their effects, However, these aspects were 
not investigated in our study, which aimed to explore the 
overall impact of PMPs. 

To strengthen the validity of our findings, future 
experiments should confirm our results using a wider 
variety of leukemia cell lines and additional chemotherapy 
drugs. This broader approach will help ensure the 
reliability and applicability of our conclusions across 
different contexts and treatments in leukemia research. 
Additionally, including samples from patients in the early 
stages of leukemia would provide valuable insights into 
the potential applicability of PMPs in diverse clinical 
contexts. This comprehensive approach is essential 
for gaining a deeper understanding of the therapeutic 
potential of PMPs in cancer treatment.

Advancing our understanding of the dynamic 
relationship between cancer cells and PMPs holds 
significant implications for potential therapeutic 
interventions. However, additional research is needed 
to uncover the precise mechanisms underlying PMPs' 
role in modulating cancer cell behavior. Specifically, 
efforts should focus on elucidating the specific molecules 
responsible for these effects.

Conclusion
Our study offers a new point of perspective on the 
interaction between PMPs and cancer, indicating that 
PMPs have the potential to impact cancer cell behavior 
and trigger unique reactions. These findings reinforce 
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the expanding evidence on the anti-tumor properties of 
PMPs and emphasize the necessity for comprehensive 
investigations to grasp their underlying mechanisms fully. 
Our research underscores the significance of examining 
the influence of environmental factors like PMPs in 
cancer biology, which could ultimately pave the way for 
developing more efficacious treatments for leukemia and 
various other cancer types.
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