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Abstract
Objective: Acute lymphoblastic leukemia (ALL) is a highly heterogeneous leukemia. Despite the current improvement in 
conventional chemotherapy and high survival rates, the outcomes remain challenging. Sesquiterpen extracted from the 
Tanacetum parthenium, parthenolide, is a potential anticancer agent that can modulate the expression of miRNAs and induce 
apoptosis. The objective of this study was to investigate the effect of parthenolide in combination with vincristine and alone on 
the apoptosis rate and expression of miR-125b-5p, miR-181b-5p, and miR-17-5p in the NALM6 cell line.    
Materials and Methods: In this experimental study, cell viability and metabolic activity were determined through MTT 
assay and PI staining. Flow cytometry was applied to evaluate the rate of apoptosis. The expression of miRNAs was 
assessed using real-time polymerase chain reaction. Bioinformatic analyses, including Cytoscape, RNAhybrid, and 
signaling pathway analysis were employed to investigate the association of miR-17-5p, miR-181b-5p and miR-125b-
5p with apoptosis. Further, molecular docking served to validate the modulation of these miRNAs by parthenolide and 
vincristine treatment.    
Results: The MTT assay indicated that 7.7 µM of parthenolide decreased the metabolic activity to 50% after 48 hours. PI 
staining analysis indicated that at concentrations below the half maximal inhibitory concentration, parthenolide caused 
50% cell death. Flow cytometric analysis indicated that parthenolide (1.925 µM) in combination with vincristine (1.2 nM) 
induced apoptosis in 83.2% of the cells. Real-time quantitative reverse transcription polymerase chain reaction (qRT-
PCR) analysis showed significant changes in the expression levels of miR-17-5p, miR-125b-5p, and miR-181b-5p. 
Moreover, the combination therapy downregulated the expression of miRNAs significantly. This was consistent with our 
bioinformatic analysis demonstrating that the studied miRNAs are regulators of apoptosis. Finally, molecular docking 
validated the modulation of the miRNAs by parthenolide and vincristine.    
Conclusion: Parthenolide in combination with vincristine triggers apoptosis at a high rate in the NALM6 cell line. 
Moreover, this combination therapy can decrease the expression of miR-17-5p, miR-181b-5p, and miR-125b-5p. 
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Introduction
Acute lymphoblastic leukemia (ALL) is a highly 

heterogeneous leukemia typically classified as B cell 
ALL (B-ALL) or T cell ALL (T-ALL). B-ALL accounts 
for approximately 85% of the cases (1). ALL is the most 
common pediatric cancer, representing 25% of cancer 
diagnoses in children (2). However, B-ALL can affect 
both children and adults (3). Despite the current high 
survival rates, improving conventional chemotherapy 
outcomes remains challenging, as the risk of relapse or 
refractory leukemia remains high (4). Therefore, it is 
crucial to explore new treatment methods and identify 

therapeutic biomarkers to enhance the quality of life and 
prognosis for ALL patients.

NALM6 is a B cell precursor leukemia cell line derived 
from the peripheral blood of a patient with ALL. These 
cells are commonly used as a model for studying tumor 
growth, metastasis, B-cell differentiation, and evaluating 
the effects of various drugs or therapies in animals (5).

MicroRNAs (miRNAs) are small, single-stranded, 
non-coding RNA molecules containing 21 to 23 
nucleotides. They are involved in RNA silencing and 
post-transcriptional regulation of gene expression. 
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MiRNAs can bind to complementary sequences in mRNA 
molecules, leading to gene silencing through processes 
such as cleavage of mRNA strands or destabilization of 
mRNA (6). They play critical roles in different pathways, 
especially apoptosis, and are also implicated in various 
pathological conditions, including ALL (7). The miRNAs 
studied in B-ALL can play tumorigenic or tumor suppressor 
roles. The miR-181 family, which includes miR-181b, is 
described as a regulator of early B cell development. On 
the other hand, miR-125b has a vital role in hematopoietic 
differentiation in two directions of myeloid or lymphoid 
population based on its expression level and the time 
point when it is expressed. Also, the overexpression of 
miR-125b in embryonic hematopoietic cells could induce 
B-ALL in vivo. Furthermore, mice deficient in miR-17-
92 cluster have B-cell maturation arrest in early stages, 
highlighting the significance of miR-17-92 cluster in 
B-cell lymphopoiesis. Recently, it has been demonstrated 
that these miRNAs are upregulated in B-ALL and target 
different factors including BTG2, PTEN, P53, BCL-2, and 
Bak1, resulting in reduced apoptosis (8, 9). Moreover, the 
downregulation of miR-17-5p, miR-181b-5p, and miR-
125b-5p in the context of apoptosis signaling is significant 
(10, 11).

Apoptosis has been studied widely and is characterized 
by the activation of caspases, which are proteases that 
degrade cellular proteins. This process is regulated by two 
main signaling pathways: the intrinsic (mitochondrial) 
and the extrinsic (death receptor-mediated) pathways. The 
intrinsic pathway involves the release of cytochrome C 
from the mitochondria into the cytosol, leading to caspase 
activation and eventually cell death. On the other hand, the 
extrinsic pathway involves the activation of death receptors 
on the cell surface, which recruits adaptor molecules 
and forms the death-inducing signaling complex. This 
complex initiates a cascade of events similar to the 
intrinsic pathway, leading to caspase activation. MiRNAs 
can regulate apoptosis by targeting genes involved in both 
intrinsic and extrinsic pathways (12). 

Parthenolide is a component of Tanacetum parthenium 
that has been found to influence key biological processes in 
cells, especially apoptosis. Parthenolide was traditionally 
used to treat migraine, fever, and rheumatoid arthritis but 
recent studies have found it to be effective in treating 
various cancers (13, 14). Also, previous studies have 
focused on the effect of parthenolide on apoptosis in 
several cancers. However, few studies have investigated 
its association with miRNAs. Therefore, the main goal 
of this study was to examine whether there would be a 
synergistic effect between parthenolide and vincristine, 
and how this combination could alter the expression 
of miR-17-5p, miR-125b-5p, and miR-181b-5p in the 
NALM6 cell line.

Materials and Methods
This experimental study was approved by the Ethics 

Committee of Shiraz University of Medical Sciences 
(IR.SUMS.REC.1401.173). All tests were conducted 

in Diagnostic Laboratory Sciences and Technology 
Research Center, School of Paramedical Sciences, 
Shiraz University of Medical Sciences, Shiraz, Iran. The 
NALM6 cell line was kindly provided by Dr. Majid Safa 
(Iran University of Medical Sciences, Tehran, Iran) which 
was previously purchased from ATCC. All materials 
and reagents used for cell culture were purchased from 
Gibco Life Technologies (Waltham, MA) and Sigma-
Aldrich (Munich, Germany). Parthenolide (5.0 mg) was 
acquired from Sigma-Aldrich (Munich, Germany) and 
was prepared using dimethyl sulfoxide (DMSO).

Cell culture
NALM6 cells (CRL-3273 ™) were cultured under 

standard conditions at 37°C in a humidified 5% CO2 
incubator. RPMI-1640 medium (ATCC® 30-2001™) 
supplemented with 10% fetal bovine serum (FBS, 
ATCC® 30-2020™), 100 U/ml penicillin-streptomycin, 
and 2 mM glutamine was used for cell culture. ATCC’s 
protocol (5) was followed for the culture method. Trypan 
blue staining was performed for the examination of cell 
viability.

Metabolic activity assessment
To examine the potential impact of parthenolide on 

metabolic activity, NALM6 cells were seeded into 96-
well culture plates at a density of 2×104 cells/well in 
200 µL of growth medium and treated with varying 
concentrations of parthenolide and vincristine (as positive 
controls). The concentrations ranged from 1 µM to 32 
µM for parthenolide, and 0. 5 nM to 5 nM for vincristine. 
Following a 48-hour incubation, MTT assay was 
conducted using 20 µL of sterile 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-tetrazolium bromide (MTT, Sigma-
Aldrich, Germany, Darmstadt). Following the removal 
of the MTT solution, 150 µL DMSO was added to each 
well to dissolve the formazan crystals. Spectrometric 
absorbance at 570 nm was measured using a BioTek 
ELx800 microplate photometer (BioTek ELx800, 
SN211805; BioTek, Winooski, VT). The half maximal 
inhibitory concentration (IC50) values were determined 
by comparing the experimental cells with their respective 
controls. Mean values were calculated from triplicate 
cultures.

Propidium iodide staining
To further investigate the inhibitory effects of 

parthenolide and vincristine on cell growth, propidium 
iodide (PI) was utilized as a viability stain (MabTag,s, 
Germany). A total of 1×105 cells were suspended in 800 
µl of fresh media and plated in each well of a 24-well 
microtiter plate. The cells were then incubated overnight. 
Subsequently, parthenolide and vincristine were added 
at 0, 7.7, 3.85, 1.925, 0.96 µM for parthenolide and 0, 
3.21, 1.6, 0.8, 0.4 nM for vincristine. After 48 hours, 
the cells were harvested and washed twice with cold 
phosphate-buffered saline (PBS). A solution containing 
1×105 cells (100 μl) was mixed with 5 μl of PI following 
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the manufacturer’s instructions. The mixed solution was 
incubated at room temperature in the absence of light 
for 15 minutes. The reaction of PI binding was analyzed 
quantitatively using a FACScalibur flow cytometer (BD 
Biosciences) and FlowJo software (TreeStar LLC).

Apoptosis assay
In each well of a 24-well microtiter plate, 1×105 cells 

were suspended in 800 µl of fresh medium and incubated 
overnight. Subsequently, parthenolide, vincristine, and 
a combination of both were added at the 2.8, 1.925 µM 
for parthenolide and 1.2, 0.8 nM for vincristine. After 48 
hours, the cells were harvested and washed twice with cold 
PBS. The washed cells were then resuspended in 90 µl of 
diluted (1x) Annexin-V binding buffer at a concentration 
of 1×105 cells/ml. Next, 5 μl of annexin V-FITC solution, 
containing the cells, and 5 μl of PI were mixed (MabTag’s 
Annexin-V Apoptosis Detection Kit, Germany) following 
the manufacturer’s instructions. The mixed solution was 
incubated at 25°C in the absence of light for 15 minutes. 
Subsequently, 400 μl Annexin-V binding buffer (1x) 
was added to each tube. Centrifugation at 400 g for 5 
minutes was performed. Analysis was conducted using 
a FACScalibur flow cytometer (BD Biosciences) and 
FlowJo software (TreeStar LLC).

RNA extraction
After 48 hours of treatment with parthenolide extract, 

vincristine, and the combination of both, total RNA was 
isolated using TRIzol reagent (Thermo Fisher Scientific). 
The quality of the extracted RNA was evaluated based 
on the 260/280 and 260/230 ratios using a NanoDrop 
spectrophotometer (Thermo Scientific NanoDrop2000, 
Finland). 

cDNA synthesis
For this study, reverse transcriptase (RT) microRNA 

PCR kit (Pars genome, Iran) was utilized to synthesize 
DNA. For the cDNA synthesis process, 2 µg of total RNA 
was used. Subsequently, the samples were incubated at 
45°C for 60 minutes. Finally, the samples were heated at 
85°C for 5 minutes to inactivate the RT enzyme.

MiR-17-5p, miR-125b-5p, and miR-181b-5p real-
time quantitative reverse transcription polymerase chain 
reaction (qRT-PCR) assays were performed with ABI 
7500 real-time PCR equipment (Applied Biosystems, 
USA). SYBR Green Master Mix and specific primers 
were purchased from Pars Gene (Pars genome, Iran). To 
normalize the miRNA expression data, 5S rRNA was 
chosen as the housekeeping gene.

Real-time polymerase chain reaction
The qRT-PCR assay was performed with the following 

conditions: initial denaturation at 95°C for 15 minutes, 
followed by 40 cycles of amplification consisting of 95°C 
for 30 seconds, 62°C for 30 seconds, and 72°C for 30 
seconds. The comparative CT technique was utilized to 

calculate the relative fold changes in miRNA expression 
for each sample, using the formula RQ=2-ΔΔCt. 

Bioinformatics analysis
Network creation

First, the targets of microRNAs were downloaded 
using the miRDB database and imported into Cytoscape 
to predict the miRNA and mRNA Model network. 
Apoptosis-related genes have been identified. RNAhybrid 
was used to predict miRNA binding site and potential 
mRNA targets related to apoptosis regulation.

Cell signaling pathway enrichment 
Data extracted from miRDB were prepared in an Excel 

file with two columns and a compatible format. The 
prepared data were uploaded to a bioinformatics platform 
(https://www.bioinformatics.com.cn/). On the Go pathway 
enrichment analysis platform, the data were copied 
and pasted into the input frame, and parameters were 
selected for analysis, such as miRNA target prediction 
and signaling pathway enrichment with a P<0.05. After 
submitting the analysis, the results were downloaded from 
the bioinformatics platform. The downloaded results were 
uploaded to RStudio (https://rstudio.com/). The ggplot2 
package in R was used to create graphical representations 
of the miRNA predictions.

Molecular docking

We performed molecular docking to validate the direct 
binding and binding affinity of miRNA-ligand interactions 
and to analyze the binding potential and nucleotide regions 
involved in the binding conformation. The 2D formats of 
ligands were downloaded as a spline font database file 
from the PubChem chemical database. To optimize the 
structures, the SDF formats of the ligands were subjected 
to energy minimization and partial molecular dynamics 
by Chem3D 17.1 software, to get the best conformation. 
Finally, the structural files of the ligands were saved as 
PDB files. To make the structures of miRNA molecules, 
their sequences were taken from the RNAcentral database, 
and the structures of miRNAs were created by Avogadro 
software v1.2.0 and saved as a PDB file. Lastly, molecular 
docking was carried out using AutoDock Vina. Polar 
hydrogen atoms and Gasteiger charges were added to the 
targets and ligand molecules and miRNAs were converted 
to pdbqt files and saved separately. The size of the grid 
box was chosen according to the size of the miRNAs to 
cover the entire molecule. The docking output poses were 
selected based on the affinity binding. The bases involved 
in binding with ligands were displayed by biovia discovery 
studio v2021 and the positions of miRNAs and ligands 
relative to each other were checked by UCSF-Chimera 
v1.16. Next, to check the binding affinity of the ligands 
in the presence of each other, the complexes of all the 
ligands with miRNAs were made by the biovia discovery 
studio v2021, and the complexes were again subjected to 
molecular docking with AutoDock Vina in the same way 
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as before (15, 16).

Statistical analysis
Statistical analysis was conducted using GraphPad 

Prism (version 8.4.3, GraphPad Software, Inc. USA). The 
data were analyzed using One-way ANOVA followed by 
Tukey’s test for multiple comparisons with a statistical 
significance of P<0.05.

Results
Effects of parthenolide and vincristine on the metabolic 
activity of NALM6 cells

The MTT assay showed that both parthenolide and 
vincristine had dose-dependent inhibitory effects on 
NALM6 cell line. Compared to controls, parthenolide 
reduced metabolic activity from 98.2 to 94.08%, and from 
77.8 to 29.5% after 48 hours of treatment in NALM6 cells, 
respectively (Fig.1A). Similarly, vincristine reduced the 
metabolic activity of NALM6 cells from 75.1 to 69.2%, 

and from 54.6 to 32.4% respectively. The concentration 
of parthenolide required to inhibit NALM6 metabolic 
activity by 50% (IC50) at 48 hours was 7.7 µM. The IC50 
value of vincristine for NALM6 cells was 3.21 nM.

Effects of parthenolide and vincristine on the cell 
viability of NALM6 cell line using PI-staining

To further determine the anti-cancer activity of 
parthenolide and vincristine on human NALM6 cells, 
the cells were treated with 0, 7.7, 3.85, 1.925, and 0.96 
µM parthenolide for 48 hours. The viability of the cells 
was measured using PI staining and flow cytometry. After 
treatment with parthenolide and vincristine, the viability 
of NALM6 cells was significantly decreased in a dose-
dependent manner. The cell death rates were 6.278, 
96.95, 87.50, 33.55, and 13.98% after treatment with 
parthenolide for 48 h (Fig.1B). Also, the rates were 6.495 
± 1.01, 92.78 ± 1.890, 90.61 ± 2.017, 56.08 ± 3.271, and 
16.43 ± 1.127 % after treatment with 0, 3.21, 1.6, 0.8, and 
0.4 nm of vincristine (Fig.1C).

Fig.1: Assessment of cell viability and metabolic activity through MTT and PI assays. A. The viability of NALM6 cells exposed to different concentrations 
of parthenolide after 48 hours (ns; Nonsignificant, *; P<0.05, and ****; P<0.0001). B. Flow cytometric analysis of PI staining on NALM6 cells incubated 
with different concentrations of parthenolide extract after 48 hours (*; P=0.028 and **; P=0.0011). C. PI staining on NALM6 cells incubated with 
different concentrations of vincristine after 48 hours (****; P<0.0001).  VCR; Vincristine, PTL; Parthenolide, MTT; (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, a tetrazole), and PI; Propidium iodide.
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Parthenolide in combination with vincristine promotes 
apoptosis in NALM6 cells

The Annexin-V-FITC/propidium iodide double staining 
assay showed that there were 10.73% apoptotic cells in the 
control group, increasing to 83.2% among the cells treated 
with the optimal combination of parthenolide (1.925 
µM) and vincristine (1.2 nM) for 48 hours (Fig.2C). In 
contrast, 50.1 and 58.6% of NALM6 cells were apoptotic 
when treated for 48 hours with parthenolide or vincristine 
alone, respectively (Fig.2D). In addition, early apoptotic 
cells accounted for 15.1, 17.5, and 10.3% of the cells 
in parthenolide, vincristine, and combination groups, 
respectively. It was found that 1.925 µM parthenolide 
with 1.2 nM vincristine had a robust synergistic inhibitory 
effect, leaving only 14% living cells after 48 hours of 
combination therapy (Fig.S1, See Supplementary Online 
Information at www.celljournal.org).

miR-17-5p, miR-125b-5p, and miR-181b-5p were 
downregulated in NALM6 cells receiving combination 
treatment

In the present study, the expression status of these miRNAs in 
parthenolide-, vincristine-, and combination-treated NALM6 
cells was examined by quantitative RT-PCR. The results of 
RT-PCR analysis showed that different concentrations of 
parthenolide and vincristine caused variable changes in 
the expression of miR-17-5p (Fig.3A, B and respectively). 
Additionally, Figure 3C, D shows that the combined 
treatment of vincristine and parthenolide led to a decrease in 

the expression of miR-17-5p in general. Furthermore, Figure 
3E shows that treatment with parthenolide extract caused 
significant decrease in the expression of miR-125b-5p. 
However, vincristine did not reduce the expression of miR-
125b-5p but rather increased its expression level (Fig.3F). 
However, when parthenolide was combined with vincristine, 
it caused a significant decrease in the expression of miR-
125b-5p (Fig.3G, H). Also, RT-PCR results for miR-181b-
5p showed that both parthenolide and vincristine caused a 
significant decrease in the expression of this miRNA (Fig.3I, 
J). Additionally, the combined treatment noticeably reduced 
the expression level of miR-181b-5p (Fig.3K). 

miR-181b-5p, miR-17-5p, and miR-125b-5p predicted 
to be apoptosis regulators

We constructed the gene network regulated by each 
miRNA that was involved in apoptosis signals using 
Cytoscape. Nodes represent genes while edges represent 
interactions between those entities. The thickness of an 
edge is used to visually encode the strength or weight of 
that interaction. RNAhybrid was the second approach 
which was employed to recognize the regions in 3´ UTRs 
which have the potential to form a thermodynamically 
favorable duplex with a specific miRNA. RNAhybrid uses 
minimum free energy (MFE) to evaluate the predicted 
binding sites for miRNAs. Figure 4 shows that the most 
frequently targeted sites are those where the MFE ranges 
with thresholds of -10 kcal/mol and the nucleotide position 
range is 0-4000 base pairs.

Fig.2: The results of apoptosis following different treatments of NALM6 cell line after 48 hours. A. The statistical analysis of the data after treatment 
withvincristine (**; P=0.0089, ***; P<0.001, and ****; P<0.0001). B. Treatment with parthenolide (***; P<0.001 and ****; P<0.0001). C. Combined
treatment (***; P=0.0004). D. The analysis of the combined data compared to separate treatments (*; P=0.0172 and ***; P<0.001). VCR; Vincristine, and 
PTL; Parthenolide.

A B C D
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Fig.3: RT-PCR analysis of miRNAs following different treatments for 48 hours. A. Alterations in the expression of miR-17-5p following treatment with 
partheolide (**; P<0.01). B. Vincristine (**; P=0.0011 and ***; P<0.0001). C. Combination therapy (*; P=0.0363). D. Comparison of combination therapy 
with separated treatments (***; P<0.001). E, F. Show miR-125b-5p expression changes after treatment with parthenolide (****; P<0.0001) and vincristine 
(***; P=0.0002 and ****; P<0.0001), respectively. G.  Combination therapy (****; P<0.0001), H. Comparison between combination therapy and separated 
treatments (***; P=0.0003 and ****; P<0.0001). I., miR-181b-5p expression changes following treatment with parthenolide (**; P<0.01), J. Vincristine (**; 
P<0.01). K. and combination therapy (**; P<0.01) and L.  comparison of combination therapy with separated treatments (**; P<0.01). VCR; Vincristine, 
PTL; Parthenolide, and RT-PCR; Real time -polymerase chain reaction.

A B C D

E F G H

I J K L
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Fig.4: Original Network Analysis using Cytoscape. Given the data of the miRDB dataset, three network analyses of each miRNA were performed with 
Cytoscape to show that genes regulating apoptosis are targeted by these miRNAs. A. miR-181b-5p, C. miR-125b-5p, and E. miR-17-5p. A thicker edge 
indicates a stronger interaction between the two nodes it connects. Target sites of human miRNAs on the genes which were analysed with Cytoscape, 
predicted by RNAhybrid server. B. miR-181b-5p, D. miR-125b-5p, and F. miR-17-5p. There is no direction for edges.

Molecular docking with Auto Dock Vina 
Molecular docking is a computational technique that 

predicts the binding mode and affinity of a small molecule 
to a target macromolecule. This technique can support 
the findings of an experiment. Molecular docking is an 
attractive platform for understanding ligand-miRNA 
interactions in molecular modeling and rational medication 
design. This method makes the ligand more flexible and 

uses more detailed molecular mechanics to determine the 
ligand’s energy in the setting of a possible active location. 
AutoDock Vina is an open-source program that performs 
molecular docking. It uses a scoring function to evaluate 
the binding affinity of a ligand to target macromolecules. 
The scoring function is based on the predicted free 
energy of binding, which is calculated using a grid-based 
algorithm. The results obtained from molecular docking 
by AutoDock Vina along with the binding affinity of each 
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ligand to free miRNAs and mRNAs complexed with the 
other ligands are shown in Figure 5. The experimental 
data completely corroborated the results obtained from 
molecular docking (Fig.5).

Pathways analysis of miRNAs
In this analysis, KEGG pathway enrichment was 

performed using the ggplot2 package in R software. The 
results were then visualized using a bubble plot, where 
each bubble represents a differential signaling pathway 
for each miRNA. The Y-axis indicates the pathway name 
while the X-axis indicates the enriched factor in each 
pathway. The size and darkness of the bubbles in blue 
color represent the significance of the pathway (Fig.6).

Fig.5: Molecular Docking analysis. The predicted 3D structures of mature miRNAs with vincristine and parthenolide. The green, gray, yellow, red, and 
blue colors indicate miR-17-5p, miR-125b-5p, miR-181b-5p, vincristine, and parthenolide, respectively. The numbers in the picture represent the binding 
affinity of each interaction. 

Fig.6: Pathway enrichment analyses of the differentially expressed genes related to each miRNA. Using P≤0.05 as a threshold. A. miR-17-5p, B. miR-181b-
5p, and C. miR-125b-5p. Items showed significant changes. D. Venn diagram of 3 miRNAs via pathways. 

A

B

D
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Discussion
The treatment of ALL is occasionally associated with 

resistance and there is a need for new treatment strategies. 
The study investigated the effects of parthenolide and 
vincristine on the expression of miR-17-5p, miR-181b-
5p, and miR-125b-5p, as well as apoptosis in the NALM6 
cell line. Our novel findings revealed that the expression 
of these miRNAs decreased and the rate of apoptosis 
increased after the treatment. The study also suggested 
that these miRNAs are negative regulators of apoptosis, 
and targeting them leads to the inhibition of the PI3K 
pathway, resulting in increased apoptosis.

Natural compounds have provided a range of alternative 
drugs for cancer treatment, and one such compound is 
parthenolide. A study conducted on patients with acute 
and chronic myelogenous leukemia (AML and CML) 
showed that parthenolide has low cytotoxicity in normal 
tissues (17). Additionally, JorgeJ et al. (14) declared that 
parthenolide could decrease cell viability in various cancer 
cell lines, including NCI-H929 (Multiple Myeloma), 
Farage (GCB-DLBCL), Raji (Burkitt Lymphoma), 697, 
KOPN-8 (B-ALL), CEM, and MOLT-4 (T-ALL). Herein, 
we assessed the therapeutic potential of parthenolide 
and its impact on the viability of the NALM6 cell line. 
Our findings indicated that parthenolide can decrease 
the metabolic activity and viability of NALM6 cells in 
a dose-dependent manner, after incubation for 48 hours. 
Our results are in accordance with Flores-Lopez et al. (18) 
discovered that parthenolide and DMAPT (a parthenolide 
analog) have a strong inhibitory effect on CML cells 
(K562, Meg-01, and KCL-22). 

Interestingly, our data suggest that parthenolide has a 
strong impact on the NALM6 cell line, reducing metabolic 
activity by 50% within 48 hours at a concentration of 
approximately 7.7 µM. Moreover, the PI studies indicated 
decreased cell viability in a dose-dependent manner. A 
previous study demonstrated that combining paclitaxel with 
a lethal dose of parthenolide led to a significant increase 
in cell apoptosis in gastric cancer cells. Similarly, in mice 
with A549 tumors, parthenolide enhanced the activity of 
paclitaxel (19). This is in line with our study that utilized 
flow cytometry to determine if the loss of cell viability 
was due to apoptosis. We also evaluated the combinational 
effects of parthenolide and vincristine in vitro. The results 
of Annexing V-FITC/PI double staining showed that 
the most effective combination which was 1.925 µM 
parthenolide and 1.2 nM vincristine in NALM6 cells, 
proved to be more effective than either agent alone. The 
rate of apoptosis was 1.66- and 1.41-fold higher compared 
to parthenolide or vincristine alone in NALM6 cells. 
These findings support those of another study that found 
parthenolide enhanced the toxicity of arsenic trioxide 
(ATO) in T-cell leukemia/lymphoma cells in vitro (20). 
Moreover, our study confirmed that parthenolide has a 
robust anti-apoptotic effect in NALM6 cells whether in 
combination or alone.

Parthenolide has anticancer effects due to its chemical 

structure. It can interact with proteins in cancer cells 
and disrupt multiple signaling pathways. One key action 
is inducing apoptosis in cancer cells that is linked to 
inhibiting NF-κB, a protein complex involved in cancer 
cell survival, generating reactive oxygen species (ROS), 
and causing mitochondrial dysfunction. Its natural origin 
makes it an appealing potential alternative to conventional 
chemotherapy drugs (21).

Overall, ALL is recognized as a genetic disease. 
However, the significance of epigenetic changes, 
particularly alteration of miRNAs, has become more 
apparent in the development of leukemia (22). Multiple 
studies have identified numerous miRNAs that exhibit 
abnormal apoptosis signaling in individuals with ALL 
(23). Consequently, there is growing interest in exploring 
the potential benefits of simultaneously targeting 
apoptosis signaling and modulating miRNAs. MiRNAs 
such as miR-181b-5p, miR-125b-5p, and miR-17-5p have 
significant involvement in the regulation of apoptosis, 
particularly in ALL (10, 23).

Moreover, to further understand how miR-17-5p, miR-
125b-5p, and miR-181b-5p affect apoptosis, the target 
genes of those miRNAs were identified using miRDB 
and the Cytoscape network. Also, to confirm that these 
miRNAs are regulators of apoptosis, the genes related 
to apoptosis were imported to RNAhybrid tool and the 
potential binding sites for the studied miRNAs on each 
gene sequence with minimum energy were obtained.

In this study, we conducted quantitative RT-PCR to 
assess the expression levels of miR-181b-5p, miR-125b-
5p, and miR-17-5p in the NALM6 cell line. The results 
of RT-PCR analysis showed that different concentrations 
of parthenolide and vincristine caused variable changes 
in the expression of miR-17-5p. However, the selected 
concentration of parthenolide (1.925 µM) and vincristine 
(1.2 nM) used for synergy in the apoptosis section, both 
caused a significant decrease in the expression level of 
this miRNA compared to the untreated cells. Additionally, 
the combined treatment of vincristine and parthenolide led 
to a decrease in the expression of miR-17-5p in general. 
Furthermore, treatment with parthenolide extract caused 
a significant decrease in the expression of miR-125b-5p 
(8.03-fold lower). While vincristine did not reduce the 
expression of miR-125b-5p, it increased its expression 
level. However, when parthenolide was combined with 
vincristine, which was actually our selected synergy 
point, it caused a significant decrease in the expression 
of miR-125b-5p (6.13 and 12.29-fold lower than the 
untreated and vincristine-treated group, respectively). 
The RT-PCR results for miR-181b-5p showed that both 
parthenolide and vincristine caused a significant decrease 
in the expression of this miRNA. 

Additionally, the combined treatment (parthenolide and 
vincristine) caused a sharp reduction in the expression 
levels of miR-181b-5p. Moreover, the power of 
parthenolide in reducing the expression of miR-181b-5p 
was greater than that of vincristine (95.87-fold and 17-

https://sciprofiles.com/profile/2084257
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fold lower, respectively).
While we mentioned these miRNAs are regulators 

of apoptosis and showed that they have interacted with 
parthenolide and vincristine, to validate their interaction, 
molecular docking was performed. Our experimental data 
of miRNAs is in line with the results of docking analysis. 
For example, the increase in miR-125b-5p following 
treatment with vincristine is probably due to the different 
binding site of the drug for miR-125b-5p, which binds to 
the 5´ end. Likewise, it can be concluded that the decrease 
in the expression of miR-125b-5p observed when the 
combination treatment was carried out, was mainly caused 
by parthenolide and not vincristine.

Pathway enrichment and bioinformatic study for the 
mentioned miRNAs demonstrated that PI3K signaling 
was the common significant pathway between miR-17-
5p and miR-181b-5p, while transforming growth factor-β 
(TGF- β) was the most significant pathway for miR-125b-
5p and miR-181b-5p. Therefore, it can be concluded 
that both miR-181b-5p and miR-17-5p target the PI3K 
pathway by commonly targeting the genes AKT, ERK, and 
PI3K, while miR-125b-5p and miR-181b-5p target TGF-β 
which is the upstream pathway of PI3K. Therefore, PI3K 
is probably the downstream mechanism of these miRNAs 
that leads to apoptosis. According to the results, it seems 
that miR-181b-5p, miR-17-5p, and miR-125b-5p can be 
used as biomarkers for patient follow-up and evaluating 
response to treatment.

This novel discovery suggests that the combination 
of parthenolide and vincristine has a synergistic effect 
on inducing apoptosis in NALM6 cells, potentially 
through the downregulation of studied miRNAs and their 
associated pathways. These findings contribute to a deeper 
understanding of the molecular mechanisms underlying 
the anti-cancer effects of this combination therapy. 
However, there are some limitations. Only one cell line 
was used, and a combination index is lacking. However, 
the key strengths are demonstrating parthenolides’s potent 
anti-apoptotic effects alone and in combination with 
vincristine, revealing synergistic induction of apoptosis 
by miRNAs, and supporting further development 
of parthenolide as an epigenetic therapy targeting 
dysregulated miRNAs in B-ALL. Accordingly, the study 
recommends parthenolide as a novel epigenetic modulator 
for combination therapy to overcome drug resistance in 
B-ALL targeting dysregulated miR-125b-5p, miR-17-5p, 
and miR-181b-5p. 

Conclusion 
The results of the current research show that the 

combination of parthenolide and vincristine has a greater 
capacity to inhibit NALM6 cell viability than either agent 
alone. The anti-cancer mechanism of the combination 
appears to involve cell apoptosis. Therefore, parthenolide 
and vincristine can be considered for combined use as a 
complementary strategy to treat B-ALL after animal model 
studies. Hence, our experimental and bioinformatics 

investigations demonstrate that combination therapy 
modulates the expression of mentioned miRNAs, which 
are drivers of apoptosis. Also, this research suggests miR-
17-5p, miR-181b-5p, and miR-125b-5p as therapeutic 
biomarkers for B-ALL patients with resistance to 
apoptosis.  Further research is warranted to evaluate both 
agents in more ALL models, elucidate the experimental 
molecular mechanisms for the PI3K pathway, and assess 
therapeutic potential in vivo before clinical translation. 
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