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Abstract: Cytarabine (Ara-C) is a commonly used chemotherapeutic drug for the treatment of leukemia, known for its
significant tolerability. The down regulation of miR-203 in leukemia cells suggests its potential involvement in the
pathogenesis of leukemia. In this study, we investigated the effects and possible mechanisms of miR-203 and Ara-C on
proliferation and apoptosis of human leukemia K562 cells which were cultured with Ara-C and/or with transfection of
miR-203 expression vectors. Our results showed that the combination of Ara-C and miR-203 synergistically inhibited the
proliferation of K562 cells and the sensitivity of leukemia cells to Ara-C was increased by 2.5-fold with trasfection of
miR-203. The proportion of apoptotic cells in the Ara-C and miR-203 combination group was higher than Ara-C or
control plasmid group. Caspase-3 and caspase-9 activities were increased in Ara-C and miR-203 combination group.
miR-203 down regulated the protein level of Ber/abl in K562 cells compared with plasmid control. In conclusion, Ara-C
in combination with miR-203 has a synergistic effect of proliferation inhibition and apoptosis induction in chronic
myelogenous leukemia K562 cells, which may be associated with miR-203 down regulating Bcr/abl, thereby inhibiting

cell proliferation and promoting cell apoptosis.
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INTRODUCTION

Chronic  myelogenous leukemia (CML) involves
malignant proliferation of bone marrow hematopoietic
stem cells, mainly affecting the myeloid series. CML is
characterized by a significant increase in peripheral blood
granulocytes with maturation disorders, leading to
symptoms such as infection, fever, bone pain,
splenomegaly, anemia, and bleeding due to transformation
(Cortes et al., 2021; Narli Ozdemir et al., 2023), which
poses threat to health and sometimes resulting in death.
The most important diagnostic criterion for CML is the
characteristic Philadelphia chromosome (Ph chromosome)
(Soverini et al., 2019; Breccia et al., 2021; Cortes et al.,
2021). Ph chromosome or Bcr/Abl gene positivity is often
seen in bone marrow aspirates (Hidalgo-Lopez et al.,
2018). The appearance of the Philadelphia chromosome is
a shorter chromosome 22 (Asnafi et al., 2019; Soverini et
al., 2019). Simultaneously, the ABL gene fuses with the
BCR gene, forming the Bcr/Abl fusion gene, which
subsequently expresses the Bcr/Abl fusion protein
(YYounes et al., 2023). This abnormally expressed protein
possesses aberrant tyrosine kinase activity, which can
disrupt the proliferation (Bavaro et al., 2019; Liu et al.,
2020; Wang et al., 2021), differentiation (Wang et al.,
2019; Pinto et al., 2021) and apoptosis (Scherr et al., 2019;
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Wang et al., 2019; Zhang et al., 2022) of hematopoietic
progenitor cells and is due to the development of CML.
Thus, inhibiting the Bcr/Abl gene is of significant
importance in halting the progression of leukemia.

MicroRNAs (miRNAs) can play an anti-leukemia role by
regulating the expression of the Bcr/Abl fusion gene
(Choi et al., 2016; Litwinska and Machalinski, 2017).
Furthermore, miR-203 is found to be deleted or down-
regulated in leukemia cells and patients (Fan et al., 2018;
Zheng et al., 2019), indicating its potential involvement in
leukemia development. Cytarabine (Ara-C) is a
commonly used chemotherapy drug for treating leukemia,
however, patients can develop tolerance to it (Shabashvili
et al, 2022; Ling et al., 2023), necessitating its
combination with other drugs. Clinical trials have shown
that low-dose Ara-C combined with interferon therapy
achieves complete hematologic and cytogenetic responses
in CML patients (Hochhaus et al., 2017; Kumar et al.,
2023). Low-dose Ara-C combined with imatinib treatment
leads to molecular responses in CML patients (Gomez-
Almaguer et al., 2016). Studies have revealed that the up
regulation of Bcr/Abl gene expression in imatinib-
resistant leukemia cells may be related to cellular
resistance (Lu et al., 2021; Tadesse et al., 2021).
Additionally, studies have indicated that silencing miR-
203 can cause upregulation of Bcr/Abl gene expression
(Bueno et al., 2008). Taking all of the above research into
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consideration, it suggests that miR-203 may be related to
leukemia cell resistance. To investigate whether targeted
modulation of miR-203 can enhance the efficacy of Ara-C
in treating leukemia, this study will transfect the
eukaryotic expression vector of miR-203 into CML cell
line K562 and evaluate the combined effect of both miR-
203 and Ara-C, as well as explore their possible
mechanisms of action. This study will shield light on the
probability of using miRNA to avoid the tolerance of
traditional chemotherapy drug for treating leukemia.

MATERIALS AND METHODS

Materials

The miR-203 eukaryotic expression vector (pmiR-203)
was purchased from Gene Pharma Co., Ltd.
Lipofectamine TM 2000 transfection reagent was
obtained from Invitrogen (USA). MTT was purchased
from Sigma Aldrich (USA). Annexin V/Pl Kit was
purchased from Kaiji Biotechnology Development Co.,
Ltd.,, Nanjing, China. Caspase-3 and Caspase-9
Spectrophotometric Assay Kits was purchased from Kaiji
Biotechnology Development Co., Ltd., Nanjing, China.
BCA Kit was purchased from BIOSS Biotechnology Co.,
Ltd., Beijing, China. Mouse anti-p-actin antibody was
purchased from BOSTER Biological Technology Co.,
Ltd., Wuhan, China, mouse anti-Bcr/abl antibody was
purchased from Abcam, USA. ECL Kit was purchased
from Beyotime Biotechnology Co., Ltd., Shanghai, China.

Cell culture

The K562 cell line of chronic myeloid leukemia was from
the Institute of Biological Sciences, Chinese Academy of
Sciences (Shanghai). K562 cells were cultured in
DMEM/F12 medium containing fetal bovine serum (10%)
in a humidified incubator at 37°C with 5% CO, and
subcultured every 3 days. Experiments were conducted
once the cells reached exponential growth phase.

Methods

MTT assay for cell viability analysis

The experiment comprised of blank, Ara-C, plasmid
control, pmiR-203, Ara-C combined plasmid control and
Ara-C combined pmiR-203 group. K562 cells were
seeded in 96-well plates with 6 replicates per group. The
transfection of pmiR-203 and control plasmid was
performed according to the protocol of Lipofectamine™
2000 and final concentration of pmiR-203 or control
vector transfected in each group was 0.05mg/L. Ara-C
concentrations used for cell treatment were 0.8, 1.2, 1.6,
2.0 and 2.4uM. Cell proliferation was determined using
the MTT method after 48 hours. The proliferation
inhibition rate was calculated as: Proliferation inhibition
(0/0) = [Acontrol group ~ Aexperimental group] / Acontrol group x 100 %.
The drug sensitization fold was calculated as 1Cso of
single-drug group / ICso of combination therapy group.
Effect of combination therapy was quantized using the Q-
value method as reported (Zhang et al., 2018), where Q =
(Ea+b) / (Ea+ Ep - Ea x Ep). In the formula, Ea represents

inhibition rate of Ara-C alone, E, represents inhibition
rate of pmiR-203 alone, Eas, represents inhibition rate of
Ara-C and pmiR-203. The Q value smaller than 0.85
represents an antagonistic effect, Q value between 0.85
and 1.15 represents an additive effect and Q value larger
than 0.85 represents a synergistic effect.

Detection of the apoptosis of cells by flow cytometry

The experimental groups were divided and transfection
methods are as mentioned above. Cells were seeded in the
24 well plates, with 3 replicates per group. The final
concentration of plasmid transfection for both the pmiR-
203 and empty vector groups was 0.05mg/L. Ara-C
concentration was 1.6uM. After 48 hours, cells were
collected by centrifugation and cell treatment and addition
of assay reagents were carried out according to the
protocol of the Annexin V/PI Kit for apoptosis detection.
Flow cytometry was used for analysis of apoptosis.

Caspase-3 and Caspase-9 activity assay

The experimental groups, cell seeding and transfection
procedures were the same as described above. After 48
hours, cells were collected by centrifugation, and cell
treatment and addition of assay reagents were carried out
following the instructions of Caspase-3 and Caspase-9
Spectrophotometric  Assay  Kits. Absorbance was
measured using an ELISA reader.

Western blotting

The experiment consisted of a blank control group, an
empty vector control group and a pmiR-203 group. The
transfection method and cell seeding were the same as
described above. After 48 hours, cells were collected by
centrifugation and protein extraction was performed.
Protein quantification was done using the BCA Kit, then
separated by discontinuous  polyacrylamide  gel
electrophoresis at 80V, followed by switching to 120V
after entering the separating gel, for 40 minutes. Semi-dry
transfer was employed to transfer proteins from the gel to
a PVDF membrane at 15V for 18 minutes. The membrane
was washed with TBST, then blocked with 5% bovine
serum albumin and washed with TBST. The membrane
was incubated with the primary antibody (mouse anti-f3-
actin antibody and mouse anti-Bcr/abl antibody) and
secondary antibody in turn. The ECL Kit was used for
signal detection.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS 25.0. Data
are presented as mean * standard deviation. One-way
ANOVA was used to analyze the differences between
groups. P<0.05 was considered statistically significant.

RESULTS

Inhibition of K562 cells by treatment with Ara-C in
combination with pmiR-203
The proliferation the chronic myelogenous leukemia
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K562 cell line was investigated by MTT cell viability
assay. Compared with control, the use of 0.8, 1.2, 1.6, 2.0,
and 2.4pM Ara-C or pmiR-203 (0.05mg/L) alone
inhibited proliferation of cells. The inhibition rates of cell
proliferation in the Ara-C combined with pmiR-203
groups were significantly increased compared to the Ara-
C combined with empty vector control group, with

statistically significant differences (n=6, P<0.01) (fig. 1A).

The 1Csy for Ara-C alone in inhibiting K562 cell
proliferation was 2.0uM, while the ICsy for the
combination of Ara-C and pmiR-203 in inhibiting cell
proliferation was 0.8uM. The drug sensitization fold was
2.5 and the combination of Ara-C and pmiR-203
displayed a synergistic effect (Q>1.15) (fig. 1B).

Effect of the combination of Ara-C with pmiR-203 on
apoptosis of K562 cells

Ara-C increased the apoptotic rate of cells compared with
control, (P<0.01). Furthermore, transfection of pmiR-203
in K562 cells for 48 hours resulted in a significant
increase in apoptosis rate compared with vector control (P
<0.01). Notably, the combination of Ara-C and pmiR-203
demonstrated a significantly higher apoptotic rate of
32.01+2.95% compared to the combination of Ara-C and
empty vector control group (13.32+3.24%) (P<0.01) (fig.
2).

Increase of Caspase-3 and Caspase-9 activity by Ara-C
in combination with PmiR-203

Compared to the control group (0.11+0.01and 0.11+0.01),
the activity values of Caspase-3 (0.43+0.06) and Caspase-
9 (0.48+0.05) in the Ara-C group were increased,
respectively (n=4, P<0.01). After transfection of pmiR-
203 for 48 hours, the activity of Caspase-3 and -9 were
increased compared to the empty vector control group,
with values of 0.48+0.04 and 0.54+0.03 (n=4, P<0.01). In
the Ara-C combined with pmiR-203 group, the activity of
Caspase-3 and -9 were higher compared to the Ara-C
combined with empty vector control group, with values of

0.88+0.07 and 0.94+0.04 (n=4, P<0.01) as shown in fig. 3.

Down-regulation of Bcr/abl protein by pmiR-203 in
K562 cells

The protein level of Bcr/abl protein was not altered by
transfection of the empty vector in K562 cells. Compared
with control, the protein level of Bcr/abl in the empty
vector control group and the pmiR-203 group were 0.98+
0.10 and 0.59+0.12, respectively. The level of Bcr/abl
protein of cells trasfected with pmiR-203 was decreased
compared to cells trasfected with plasmid vector (P<0.05)

(fig. 4).
DISCUSSION

miRNAs play important roles in tumors, with
approximately 50% of miRNA genes located in fragile
sites within the tumor-related genome region, where these
sites frequently undergo rearrangement in tumors (Menon
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et al.,, 2022). Some miRNAs are significantly down
regulated or not expressed in tumor cells, and they inhibit
the tumors by modulating the expression of cancer genes
and other genes related to cell proliferation and apoptosis
(Adlakha and Saini, 2016; Alizadeh et al., 2019; Darvish
et al.,, 2023), often acting as tumor suppressor genes.
miR-203 is one such miRNA that is absent or down
regulated in leukemia cells (Fan et al., 2018; Zheng et al.,
2019). When miRNAs are down regulated or lacking in
tumors, researchers can simulate the function of
endogenous MiRNAs by over expressing them in cells
based on the structural characteristics of endogenous
miRNAs, which potentially exerting anti-tumor effects.

Studies have found that miRNAs can enhance the
sensitivity of tumor cells to anti-cancer drugs by
regulating the oncogenes (Sun et al., 2017), tumor
suppressor genes (Gurbuz and Ozpolat, 2019), and
proliferation and apoptosis-related genes (Adlakha and
Saini, 2016; Alizadeh et al., 2019; Darvish et al., 2023).
The combination of mIRNA and conventional
chemotherapy drugs used in tumor treatment can have a
more positive anti-tumor effect (Zhang et al., 2020; Wu et
al., 2022). In present study, miR-203 over-expression was
achieved by transfecting a eukaryotic expression vector
carrying miR-203 into K562 cells, simulating the function
of endogenous miR-203. The combined use of
conventional chemotherapy drug Ara-C and miR-203
significantly inhibited the proliferation of K562 cells,
showing a synergistic anti-leukemia effect. The sensitivity
to Ara-C was increased 2.5 folds compared to single-use
of Ara-C in K562 cells, indicating that targeted regulation
of miR-203 expression in combination with Ara-C may
have a more effective anti-leukemia effect.

Caspase, a family of cysteine proteases, triggers a cascade
reaction that is the central process of cell apoptosis. There
are mainly two activation pathways, including the
mitochondria-dependent pathway and the death receptor-
mediated pathway (Van Opdenbosch and Lamkanfi, 2019).
Caspase-9, located upstream of the caspase cascade
reaction, is the initiator of apoptosis (Unnisa et al., 2023),
while Caspase-3, located downstream, is the effector of
apoptosis and can be activated by the upstream initiator
(Asadi et al., 2022). The mitochondria-dependent
pathway is the main pathway of programmed cell death in
mammalian cells. Caspase-9 is located at the top of the
caspase cascade reaction in the mitochondria-dependent
pathway, forming an apoptosome with cytochrome C and
Apaf-1, which undergoes self-cleavage and further
activates members such as Caspase-3 with the
participation of dATP, leading to apoptosis (Asadi et al.,
2022; Unnisa et al., 2023). Caspase-3 is considered a key
protease in the process of mammalian cell apoptosis.
Once Caspase-3 is activated, it triggers downstream
cascade reactions, making apoptosis inevitable (Asadi et
al., 2022).
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Therefore, it is very important in cell apoptosis. In present
study, the combined application of Ara-C and miR-203
increased apoptosis significantly, and the activity of
Caspases was also significantly enhanced, suggested that
up-regulation of miR-203 can promote Ara-C-induced
apoptosis in K562 cells and the cascade reaction activated
by Caspase-9 and Caspase-3 is involved in cell apoptosis,
indicating that the mitochondria-dependent pathway is
important in the process.

The main pathogenic mechanism of CML is the formation
of the fusion gene Bcr/abl, which encodes the P210
protein (Asnafi et al., 2019; Liu et al., 2020). The
abnormal elevation of tyrosine kinase activity caused by
this fusion gene activates several signaling pathways,
leading to uncontrolled proliferation and inhibition of
apoptosis, thus contributing to the development of CML
(Scherr et al., 2019; Wang et al., 2019; Zhang et al.,
2022). In present study, we proved the downstream gene
regulated by miR-203 and found that up-regulation of
miR-203 down-regulated the protein level of the Bcr/abl
in leukemia cells, suggesting a potential correlation
between Bcr/abl down regulation and the synergistic
effect of miR-203 combined with Ara-C in treating
leukemia K562 cells.

Clinical research has shown that low-dose Ara-C
combined with imatinib can achieve molecular responses
in CML patients. However, studies have also indicated
that when used in combination, imatinib inhibits the
transport of Ara-C into cells, suggesting that further
improvement is needed in the therapeutic effects of both
drugs. Similar to imatinib, miR-203 exerts its inhibitory
effect on tyrosine kinase activity by regulating the
expression of the Bcr/abl fusion gene. Consequently,
combining miR-203 with Ara-C may avoid the potential
interactions  between  drug  transport,  thereby
demonstrating a synergistic anti-leukemia effect and
holding significant importance for the study of novel and
effective anti- leukemia drugs.

CONCLUSION

This study demonstrates that the integration of targeted
miRNA technology with conventional chemotherapy
drugs can enhance the sensitivity of leukemia cells to
chemotherapy, thus exerting a synergistic effect against
leukemia cells. It provides new experimental evidence for
the combined application of gene therapy and
conventional chemotherapy in the treatment of leukemia.
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