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A B S T R A C T

We explored the effect of vincristine and prednisone on cellular and exosomal miR-181a expression in first time
diagnosed leukemia and relapsed leukemia. Vincristine and prednisone induced apoptosis/pro-apoptotic genes
in first time diagnosed leukemia, and suppressed the cellular and exosomal miR-181a expression. In contrast,
vincristine and prednisone could not induce apoptosis/pro-apoptotic genes in relapsed leukemia, and could not
change the expression of cellular or exosomal miR-181a. In conclusion, the non-suppressive nature of miR-181a
in relapsed leukemia might contribute to the chemo-resistance and this suggests a potential role of miR-181a-
inhibitor along with the chemotherapy in the treatment of relapsed leukemia.

1. Introduction

Vincristine and prednisone are standard chemotherapeutic agents
for the treatment of ALL (acute lymphoblastic leukemia) and other
types of cancers. Vincristine induces apoptosis by blocking microtubule
formation in the mitotic spindle [1] while prednisone is a catabolic
steroid that binds to cytoplasmic receptors and inhibits DNA synthesis
leading to apoptosis [2]. ALL is a cancer of the blood and bone marrow.
It is one of the most common hematological cancers which impact both
adults and children [3]. Epigenetic factors such as DNA methylation,
gene regulation, and chromatin remodeling [4] play a major role in ALL
development and progression, partially via changes in miRNA expres-
sion [5, 6]. There is evidence in B-precursor ALL, relapsed ALL differs
from first time diagnosed ALL. Heterogeneity of relapsed ALL clones are
distributed as; 8% same as diagnosis, 34% clonal evolution from diag-
nosis, 51% clonal evolution from a pre-leukemic clone, and 7% un-
related second leukemia [7]. There are several factors which contribute
to the emergence of new sets of clones in relapsed ALL including a loss
of heterozygosity (LOH), acquiring single nucleotide polymorphism
(SNP), gene mutational status, changes in DNA promoter methylation
and demethylation patterns, mRNA and miRNA expression profile [8-
10]. Similarly, there is an evidence describing first time diagnosed AML
(acute myeloid leukemia) is different from relapsed AML and these
processes induce, single nucleotide polymorphism (SNP) patterns,

mutational status, DNA methylation pattern of gene regulatory regions,
mRNA (coding), and miRNA (non-coding) gene expression patterns
[11]. This study aimed to explore how vincristine and prednisone
regulate miR-181a expression in the first time diagnosed leukemia and
relapsed leukemia. In short, miRNAs are endogenously expressed non-
coding regulatory RNAs that act as gene silencers at the post-tran-
scriptional level by inhibiting mRNA translation, inducing mRNA de-
gradation, and destabilizing mRNA transcript through binding to the 5′
or 3′ untranslated regions (UTR) fragments [12-14]. Differential
changes in miRNAs modulate biological processes such as cell differ-
entiation, proliferation, apoptosis, and cell survival [15]. There are
some reports which support that miR-181a specifically modulates cel-
lular events at multiple levels such as cell proliferation, growth, sur-
vival, and even chemo-sensitivity in cancer [16, 17]. There is no report
in the literature about the role of vincristine and prednisone on cellular
and exosomal miR-181a regulation in ALL. Recently, we published that
leukemia-derived exosomes induce leukemia cell proliferation via up-
regulating miR-181a expression, and silencing of exosomal miR-181a
reverses induced cell proliferation [18]. Briefly, exosomes are nano-
particles (30–150 nm) produced by cells. Exosomes originate from the
cytoplasm of the cell by inward budding of multi-vesicular bodies [19].
Exosomes are composed of proteins, lipids, cytoplasmic mRNA, and
most importantly non-coding micro-RNA [20, 21]. Exosomal cargo that
is transferred as such is functionally active; enabling the target cells to
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reprogram and redefine their immunological and biological responses
[22]. The whole idea of this study is to explore, novel anti-ALL mole-
cules required to defeat chemotherapy, chemotherapy resistance, and
reduce cytotoxicity and side effects. Either cocktails of miR mimics or
anti-miR (miR inhibitor) may be an alternative for cancer therapy ei-
ther along with chemotherapy regimen or alone.

2. Materials and methods

2.1. Cell lines and cell culture condition

First time diagnosed leukemia cell lines: JM1 (CRL-10,423™, ATCC),
SUP-B15 (CRL-1929 ™, ATCC), NALM-6 (CRL-3273™, ATCC). Relapsed
leukemia cell lines: REH (ACC-2, DSMZ), and NALM-16 (ACC-680,
DSMZ). JM1 and SUP-B15 cells were expanded and cultured in IMDM
(Iscove's Modified Dulbecco's Medium) supplemented with 0.05 mM β-
mercaptoethanol, 10% FBS, and 1 × Penicillin-Streptomycin. SUP-B15
cells were cultured in IMDM (Iscove's Modified Dulbecco's Medium),
supplemented with 1.5 g/L sodium bicarbonate, 0.05 mM β-mercap-
toethanol, 20% fetal bovine serum (not heat-inactivated), and
1 × Penicillin-Streptomycin. NALM-16, REH, NALM-6 cells were cul-
tured in RPMI-1640 supplemented with 10% FBS, and 1 × Penicillin-
Streptomycin. All were incubated in a humidified incubator at 37 °C
with 5% CO2.

2.2. Exosome depletion from the FBS

To avoid contamination by exogenous exosomes present in the fetal
bovine serum (FBS) that is added to the culture medium, FBS was
processed to make exosome-free FBS by ultracentrifugation [23]. Cell
culture was carried out in a specific culture medium using exosome
depleted FBS, where the purpose of the experiment was to isolate
exosomes after treatment.

2.3. Cell viability MTS assay

Cells (JM1 and SUP-B15, NALM-6, REH, and NALM-16) were seeded
in a 96-well culture plate (cell density: 105/100 µl) and treated with
different doses of vincristine (0.1 to 4.0 µM) and prednisone (0.1 to
12.0 µM). Cells were treated for 24 and 48 h. Cell apoptosis/viability
was measured by MTS assay (CellTiter 96® aqueous one solution,
Promega). Each experiment was carried out in quadruplets; data re-
presented here is the mean of each value (Mean± S.D.).

2.4. Treatment of vincristine and prednisone on cell lines

Cell lines (JM1, Sup-B15, and NALM-6) were plated (2 × 106 cells
/ml culture volume) in 24 well plates. Cells were treated with vincris-
tine (4.0 µM) and prednisone (4.0 µM) for 24 h. After 24 h of exposure,
cells were harvested and washed with cold PBS and centrifuged. Cell
pellets were utilized for RNA extraction.

2.5. RNA extraction and cDNA preparation

Total RNA was extracted from cell pellets of SUP-B15, JM1, and
NALM-6 by Trizol reagent (Invitrogen). The quality and quantity of
RNA were evaluated by the NanoDrop ND1000 spectrophotometer.
Between 1 to 5 µg of total RNA was used for cDNA synthesis, Oligo-dT
primers (Invitrogen) and M-MLV reverse transcriptase (cat #
28,025–013, Invitrogen) were used for cDNA synthesis.

2.6. Gene expression by q-PCR

Primer sequences, probe numbers, and gene accession numbers
from the universal probe library (UPL) of Roche Applied Science are
described (Table 1). Gene amplification was carried out by q-PCR with

cDNA as a template using the Eurogentec master mix. Fold change was
calculated by comparing treated vs. untreated groups. Data were ana-
lyzed with RQ manager version 1.2.1 (Applied Biosystems, Foster City,
CA). The data are expressed as fold change and GAPDH was used as a
reference gene for fold change calculation.

2.7. Primers for micro-RNA (miR) amplification

We purchased primers from Qiagen for miRNA amplification. Brief
details of miR-181a-5p (cat # MS00008827, product number 218,300,
Sanger accession MI0000289), which targets mature miRNA:
MIMAT0000256–5′AACAUUCAACGCUGUCGGUGAGU. We chose
housekeeping or endogenous miRNA, SNORD61 (cat# MS00033705,
product# 218,300) for fold change calculation in the qPCR analysis.

2.8. Cell culture set up for exosome production

Each cell line was cultured in exo-free FBS/exosome depleted FBS
cell culture medium when cells were expanded for the harvest of con-
ditioned medium (CM) exosomes. Cells were plated (20 × 106 cells/
plate/10 ml) in a 100 mm plate in an exo-free cell culture medium.
After 48 h, the CM of each cell line was harvested and filtered through a
0.22-micron filter (Millipore). Filtered CM was used for exosome iso-
lation by ultracentrifugation.

2.9. Exosome isolation and extraction of RNA from exosomes

Exosomes were isolated and purified by ultracentrifugation as de-
scribed [23]. The quality of purified exosomes were confirmed by
western blot (CD63 and calnexin expression) and size of the exosomes
were confirmed by nanoparticle tracking analysis as shown [24]. Pur-
ified exosomes were dissolved into the Trizol reagent for exosomal RNA
extraction. Purified exosomal RNA concentration and quality was de-
termined by the NanoDrop (ND1000 spectrophotometer).

2.10. Cellular and exosomal miR-181a-5p expression by q-PCR

For cellular miR-181a-5p expression, cellular RNA was converted
into cDNA as described. For exosomal miR-181a-5p expression, exo-
somal RNA converted into cDNA. Each condition of RNA was converted
into cDNA by the miScript II RT kit (cat # 218,161, Qiagen). The
miRNA expression was evaluated by qPCR using a miScript SYBR Green
PCR Kit (cat # 218,073, Qiagen). Fold expression was calculated using
Ct value and SNORD61 was used as endogenous control miR.

2.11. Statistical analysis

To compare the mean values between the two groups, the unpaired
t-test was used. Statistical significance was defined as p<0.05. All re-
sults are represented as mean± SD. Each experiment was performed
three times in triplicates.

3. Results

3.1. Vincristine and prednisone induced cell death

There is substantial evidence that vincristine and prednisone induce
apoptosis in a variety of cell types. To evaluate the cytotoxic effects of
vincristine and prednisone in our settings. JM1 and Sup-B15 cells were
treated with vincristine (dose-ranging 0.1 to 4.0 µM) and prednisone
(dose-ranging 0.1 to 12.0 µM) and incubated for 24 as well as 48 h.
Cytotoxicity was measured by adding MTS reagent. We found that
vincristine-induced cytotoxicity compared to vehicle control (Fig. 1A).
Prednisone also showed significant cell death compared to untreated
control (Fig. 1B). In both cell lines, cytotoxicity was similar at both time
points (24 h and 48 h). For further experiments, we subsequently used
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24 h of the incubation period for both vincristine and prednisone.

3.2. Apoptotic gene regulation by vincristine and prednisone

Since chemotherapeutic drugs such as vincristine and prednisone
have been shown to induce apoptosis. Next, we explored pro-apoptotic
genes such as BAD and BAX mRNA expression for further confirmation
of apoptosis induction. Vincristine treatment-induced apoptosis with
augmented expression of pro-apoptotic genes (BAD and BAX) mRNA in
JM1 cells (Fig. 2A) and Sup-B15 cells (Fig. 2B). Prednisone exposure
induced apoptosis by increasing expression of BAD and BAX mRNA in
JM1 cells (Fig. 2C) and Sup-B15 cells (Fig. 2D). Both cell lines showed
induced apoptosis upon treatment of vincristine and prednisone.

3.3. Vincristine suppresses cellular and exosomal miR-181a expression in
first time diagnosed leukemia cells

We optimized the dose-response of vincristine, JM1, and Sup-B15
cells were exposed with vincristine in doses from 0.1 to 4.0 µM for 24 h.
We found that vincristine suppressed the miR-181a expression most

significantly at 4.0 µM in both cell lines (Supplemental Fig. S1 A and
S1 B). Thus, we chose 4.0 µM vincristine dose and repeated in three
leukemia cell lines (JM1, Sup-B15, and NALM-6). We found that cel-
lular miR-181a expression was reduced by vincristine exposure com-
pared to control in all three leukemia cell lines (Fig. 3A). Since miR-
181a expression is down-regulated at the cellular level; we thought to
explore miR-181a expression at the exosomal level as well. Cultures
were set up for the purpose to isolate exosomes from the conditioned
medium after vincristine treatment including the control sample. RNA
was isolated from the exosomes (Exo-RNA). Exo-RNA was converted
into cDNA using RT kit and miR-181a expression was assessed by q-
PCR. We found that vincristine down-regulated miR-181a expression at
the exosomal level as well compared to the control sample (Fig. 3B).
Altogether, our data show that vincristine exposure suppresses miR-
181a expression at both cellular and exosomal level.

3.4. Prednisone down regulates cellular and exosomal miR-181a expression
in first time diagnosed leukemia cells

We also tested the effect of prednisone on miR-181a expression.

Table 1
List of human primers for q-PCR.

SN Gene name Gene ID Primers UPL #

1 BAD AF031523.1 For: 5′-CGAGTTTGTGGACTCCTTTAAGA-3′ 78
Rev: 5′-CACCAGGACTGGAAGACTCG-3′

2 BAX U19599.1 For: 5‘-CAAGACCAGGGTGGTTGG-3′ 55
Rev: 5‘-CACTCCCGCCACAAAGAT-3′

3 GAPDH NM_002046.3 For: 5′-AGCCACATCGCTCAGACAC-3′ 60
Rev: 5′-GCCCAATACGACCAAATCC-3′

Fig. 1. Vincristine and prednisone induce apoptosis in the first time diagnosed leukemia B cells. Cells (JM1 and SUP-B15) were seeded in a 96-well culture plate (cell
density: 105/100 µl) and treated with different doses. A. Vincristine (0.1 to 4.0 µM) and B. Prednisone (0.1 to 12.0 µM) and cells were harvested at 24 and 48 h of
post-treatment. Cell apoptosis was assessed by MTS assay. Each experiment was carried out in quadruplets; data represented here is the mean of each value
(Mean± S.D.).

S. Haque and S.R. Vaiselbuh Leukemia Research Reports 14 (2020) 100221

3



Initially, we optimized the dose-response of prednisone on JM1 and
Sup-B15 cell lines. Both cell lines were exposed to prednisone (0.1 to
12.0 µM) for 24 h. Our qPCR data showed that prednisone exposure
down-regulated miR-181a expression most significantly at 4.0 µM in
both cell lines (Supplemental Fig. S1 C and S1 D). For further ex-
periments, we chose 4.0 µM prednisone dose and repeated these ex-
periments in three leukemia cell lines (JM1, Sup-B15, and NALM-6). We
found that cellular miR-181a expression was reduced by prednisone
compared to control cells in all three leukemia cell lines (Fig. 4A). We
observed that miR-181a expression is down-regulated at the cellular
level. Next, we thought to unravel miR-181a expression at the exosomal
level as well. We found that prednisone down-regulated miR-181a ex-
pression in exosomes as well compared to controls (Fig. 4B). Altogether,
our data show that the prednisone downregulates miR-181a expression
at both cellular and exosomal level.

3.5. Vincristine and prednisone exposure did not change miR-181a
expression in relapsed leukemia cells

There is a tremendous difference in the molecular nature of the first
time diagnosed leukemia and relapsed leukemia. We chose to explore
the effect of vincristine on miR-181a expression in relapsed leukemia
cell lines (NALM-16 and REH). Our results showed that vincristine
could not downregulate miR-181a expression in relapsed leukemia cells
(Fig. 5A). We also checked miR-181a expression in exosomal RNA. We

did not see any significant difference in miR-181a expression between
the vincristine treated and the control group (Fig. 5B). Collectively,
data shows that vincristine exposure did not change miR-181a expres-
sion either at the cellular or exosomal level in relapsed leukemia cell
lines (NALM-16 and REH). This suggests that if an event is not taking
place at the cellular level, it won't appear at the exosomal level.
Similarly, we chose to see the effect of prednisone on miR-181a

expression in relapsed leukemia cell lines (NALM-16 and REH). Cell
lines were treated with prednisone (4.0 µM) for 24 h. We found that
prednisone could not downregulate miR-181a expression in relapsed
leukemia cells (Fig. 5C). We also checked the level of miR-181a ex-
pression in exosomal RNA. We did not see any significant difference in
miR-181a expression between prednisone treated and control group
(Fig. 5D). Collectively, our data show that prednisone treatment did not
change miR-181a expression either at the cellular or exosomal level in
relapsed leukemia. This also confirms that if an event is not happening
at a cellular level, it won't appear at the exosomal level either.

3.6. Vincristine and prednisone exposure neither induce apoptosis nor pro-
apoptotic genes in relapsed leukemia cells

Vincristine and prednisone did not change the expression of miR-
181a in relapsed leukemia. These findings intrigued us to explore the
role of vincristine and prednisone on relapsed leukemia B cell apop-
tosis. Both NALM-16 and REH cells were exposed to vincristine

Fig. 2. Vincristine and prednisone induce pro-apoptotic genes in the first time diagnosed leukemia B cells. JM1 (A) and Sup-B15 (B) cells were treated with
vincristine (4.0 µM) for 24 h. The expression of BAD mRNA and BAX mRNA was analyzed was by q-PCR. Prednisone (4.0 µM) treatment was given to JM1 (C) and
Sup-B15 (D) cells for 24 h. Expression of BAD mRNA and BAX mRNA was analyzed was by q-PCR and results were displayed in fold change. GAPDH gene was used as
an endogenous control. Results were expressed in the fold. Data were analyzed from the untreated (control) vs. treated group. P-value *p<0.05, **p<0.01,
***p<0.001.
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Fig. 3. Vincristine down-regulates cellular and
exosomal miR-181a expression in the first time
diagnosed leukemia B cells. JM1, Sup-B15, and
NALM-6 cells were treated with vincristine
(4.0 µM) for 24 h. A. Cellular miR-181a ex-
pression was quantified by qPCR, and results
were displayed in fold change. B. Exosomal
miR-181a expression was quantified by qPCR
and results were displayed in fold change.
SNORD61 was used as an endogenous control.
(P-value *p<0.05, **p<0.01, ***p<0.001).

Fig. 4. Prednisone down-regulates cellular
and exosomal miR-181a expression in the first
time diagnosed leukemia B cell lines. JM1,
Sup-B15, and NALM-6 cells were treated with
prednisone (4.0 µM) for 24 h. A. Cellular RNA
was extracted and cellular miR-181a expres-
sion was quantified by qPCR, and results were
displayed in fold change. B. Exosomal miR-
181a expression was assessed by q-PCR and
results were displayed in fold change.
SNORD61 was used as an endogenous control.
(P-value *p<0.05, **p<0.01, ***p<0.001).
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(Fig. 6A) and prednisone ((Fig. 6B) for 24 h and apoptosis measured by
MTS assay. We found that vincristine and prednisone could not induce
significant apoptosis in relapsed leukemia cells compared to control
groups. Further, we also looked for pro-apoptotic gene markers (BAD,
and BAX mRNA) by q-PCR. Both NALM-16 and REH cells were treated
with vincristine (Fig. 6C) and prednisone (Fig. 6D). We observed no
significant change in BAD and BAX mRNA expression in response to
vincristine or prednisone compared to control. Overall, these data
confirm that vincristine and prednisone are not able to induce cell
apoptosis in relapsed leukemia B cells. It appears that relapsed leu-
kemia B cells are chemo-resistant with vincristine and pre-
dnisone. Schematically overall results summarized (Fig. 7). This dia-
gram shows overall crux of the study.
We observed in our study that both vincristine and prednisone are

able to suppress miR-181a expression in the first time diagnosed leu-
kemia cell lines (JM1, Sup-B15, and NALM-6) while no suppression of
miR-181a was resulted in relapsed leukemia cell lines (NALM-16 and
REH). One of the reviewers suggested to evaluate the base line ex-
pression of miR-181a in the first time diagnosed cell lines and the re-
lapsed leukemia cell lines. We performed the experiments and found
that relapsed leukemia cell lines have significant higher expression of
miR-181a compared to the first time diagnosed cell lines (Supplemental
Fig. S2).

4. Discussion

Despite several advantages, chemotherapy drugs have several levels
of drawbacks and side effects, such as chemotherapy resistance and
high non-specific toxicity [25, 26]. Here the idea is to develop an al-
ternative or parallel therapy along with chemotherapy to reduce toxi-
city and side effects of chemotherapeutic drugs. One of the approaches

is to understand how chemotherapy impairs and regulates miRNA ex-
pression and utilize this information to develop alternative therapy to
cure cancers. This is well established and widely demonstrated that
vincristine induces apoptosis in leukemia cells [27, 28] and prednisone
induces apoptosis in leukemia [29, 30] and other types of cancers. In
this study, we have explored the role of vincristine and prednisone on
miR-181a expression in the first time diagnosed ALL and relapsed ALL.
First, we checked, the apoptotic effect of the effect of vincristine and
prednisone in JM1 and Sup-B15 cell lines. If these drugs induce apop-
tosis there must be the induction of pro-apoptotic genes. We found that
vincristine and prednisone showed upregulated BAD and BAX mRNA
(pro-apoptotic) expression and chemotherapeutic drugs (vincristine and
prednisone) exposure induces cell apoptosis by enhancing pro-apop-
totic genes, BID, BAX, caspase-3 induction, and downregulation of BCL-
2 expression in ALL cells [31, 32].
In our previous study, we demonstrated that leukemia-derived

exosomes induce leukemia cell proliferation via up-regulating miR-
181a expression and silencing of exosomal miR-181a reverses induced
cell proliferating [33]. That shows that miR-181a has a significant and
pivotal role in cell proliferation and apoptosis pathway. However, we
chose to expose first time diagnosed leukemia cells (JM1, Sup-B15, and
NALM-6) with vincristine and prednisone and analyze cellular and
exosomal miR-181a expression. We found that vincristine and pre-
dnisone suppress miR-181a expression at both cellular and exosomal
level with consistency. Since exosomes are the fingerprint of the parent
cells [20, 21], if miR-181a expression is downregulated at the cellular
level then exosomes derived from the parent cells will also show a si-
milar pattern of miR-181a downregulation. Overall, this study sig-
nificantly established that vincristine and prednisone exposure sup-
presses cellular and exosomal miR-181a expression resulting in induced
apoptosis in the first time diagnosed leukemia cells. Cell-derived

Fig. 5. Vincristine and prednisone exposure did not change miR-181a expression in relapsed leukemia cells. (A and B) Vincristine (4.0 µM) treatment was given to
NALM-16 and REH cells for 24 h. A. Cellular miR-181a expression was measured by q-PCR. B. Exosomal miR-181a expression was assessed by q-PCR. (C and D)
Prednisone (4.0 µM) exposure was given to NALM-16 and REH cells for 24 h. C. Cellular miR-181a expression was measured by q-PCR. D. Exosomal miR-181a
expression was assessed by q-PCR. Results were displayed in fold change. SNORD61 was used as an endogenous control. (P-value, not significant # p >0.05).
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Fig. 6. Vincristine and prednisone exposure neither induce apoptosis nor pro-apoptotic genes (BAD and BAX) in relapsed leukemia cells. Relapsed leukemia cell lines
(NALM-16 and REH) were seeded (105 cells/100 µl in 96 well plates) and exposed with vincristine and prednisone for 24 h and cell apoptosis was quantified by MTS
assay. A. Cells were exposed with vincristine (1.0 and 4.0 µM). B. Cells were exposed with prednisone (1.0 and 4.0 µM). Pro-apoptotic genes by qPCR. Relapsed
leukemia cells were plated (2 × 106 cells/1.0 ml) in 24 well culture plates and treated with vincristine and prednisone for 24 h. C. Cells were treated with vincristine
(4.0 µM). D. Cells were treated with prednisone (4.0 µM). (P-value, not significant # p >0.05).

Fig. 7. Schematically overview of the study. A. Cells were treated with vehicle control such as PBS or water. B. Exposure of vincristine and prednisone on first time
diagnosed leukemia cells (JM1, and SUP-B15) resulted in induced apoptosis by downregulating cellular and exosomal miR-181a expression. C. Contrary, exposure of
vincristine and prednisone on relapsed leukemia cells (NALM-16 and REH) resulted in no apoptosis induction and no change in cellular and exosomal miR-181a
expression.
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components such as exosomes and extracellular matrix are one of the
major players for the development of microenvironment in hematolo-
gical malignancies. Some reports show that there is a better platform for
cell culture coated with extracellular matrix-rich biomimetic substrate
that can provide podocytes cell culture such as proliferation, differ-
entiation and can be utilized for drug screening purpose [34], devel-
opment of 3D culture can be employed in mimicking in vivo tissue
system that can be exploited for the investigation of tumor biomarkers,
drug screening, and understanding tumor progression and metastasis
[35].
Relapsed leukemia is normally linked with high rates of treatment

failure because of the induction of chemotherapy resistance.
Augmented expression of miR-181a promotes chemo-resistance in
leukemia and breast cancers [36, 37] including other micro-RNAs. Here
we explored the effect of vincristine and prednisone on miR-181a ex-
pression in relapsed leukemia cells (NALM-16 and REH). We did not see
downregulation of miR-181a expression in relapsed leukemia, neither
at the cellular level nor at the exosomal level. This outcome is the op-
posite of the first time diagnosed leukemia cells, where vincristine and
prednisone were able to suppress miR-181a expression. Our data ex-
plain to some extent that vincristine and prednisone exposure could not
suppress miR-181a expression in relapsed leukemia cells and this non-
suppressive nature of miR-181a making relapsed leukemia cells re-
sistant to vincristine and prednisone. This suggests that miR-181a plays
a role as chemo-resistance in relapsed leukemia. Although chemo-re-
sistance induction by vincristine and prednisone is not a new avenue in
cancer therapy, this was widely studied in the past by many in-
vestigators. Briefly, exposure with prednisone and dexamethasone
showed relapsed childhood ALL cells are 5–30 fold more resistant than
first time diagnosed ALL in terms of cytotoxicity [30]. The resistant
nature of ALL cells can be converted into sensitized to prednisolone by
silencing MCL1, which is demonstrated in BCP-ALL and T-ALL leukemic
cells established as combination therapy [38]. Inhibition of glycolysis is
also an explored pathway that modulates prednisolone resistance, a
combination of 2-deoxyglucose (2-DG, a glycolysis inhibitor) with
prednisone treatment can reverse prednisone induced resistant ALL
cells into sensitive ALL cells a combination therapy for relapsed ALL
treatment [39]. Vincristine and prednisone exposure did not induce
cytotoxicity/apoptosis in relapsed ALL (NALM-16 and REH) in 24 h of
exposure and also did not induce any change in pro-apoptotic genes
such as BAD and BAX mRNA expression. Similarly, glucocorticoids
(dexamethasone and prednisone) exposures neither induce apoptosis
nor induce pro-apoptotic genes (BIM) pathway in REH cells while in-
duced apoptosis and pro-apoptotic pathways in 697 cells (BCP-ALL cell
line) [40]. Even in breast carcinoma, doxorubicin exposure induced
cellular resistance (MCF-7/R), X-radiation exposure to MCF-7/R cells
could not induce BAX, BAD protein expression [41].
Many factors contribute to the induction of cell resistance, not only

microRNA but certain mRNAs/proteins are also a major factor for the
augmentation of cell resistance in leukemia. It would be early to say
miR-181a inhibitor combined with chemotherapy as a choice of leu-
kemia treatment for relapsed leukemia. We speculate there is a need for
thorough and broad investigation required to understand the entire
spectrum of molecular change and induction of chemoresistance in-
fluenced by vincristine and prednisone. At the basal level, we found
that relapsed leukemia cell lines have significantly higher expression of
miR-181a compared to the first time diagnosed leukemia cell lines.
Since relapsed leukemia cell lines are robust expressers of miR-181a,
this could be one of the reasons why vincristine or prednisone could not
suppress miR-181a expression in relapsed leukemia cells.

5. Conclusions

The chemotherapeutic drugs vincristine and prednisone induce
apoptosis in general. Besides, vincristine and prednisone exposure
downregulates miR-181a expression at cellular and exosomal level and

induces apoptosis in first time diagnosed leukemia. Thus, it is tempting
to speculate miR-181a plays important role in the vincristine and pre-
dnisone induced apoptosis in relapsed leukemia. To further support
that, neither vincristine nor prednisone downregulates miR-181a ex-
pression nor apoptosis in the relapsed leukemia B cells. The Non-sup-
pressive nature of miR-181a might be opening a new avenue to explore
the chemo-resistant nature of relapsed leukemia B cells.
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