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Abstract. Abnormal accumulation of lymphoblasts
in the blood and bone marrow is the main character-
istic of acute lymphoblastic leukaemia (ALL). Gluco-
corticoids are effective drugs for ALL, while gluco-
corticoid resistance is an obstacle to ALL therapy.
MicroRNAs (miRNAs) are implicated in the drug
resistance and modulate the response of ALL to glu-
cocorticoids. The role of miR-503 in glucocorticoid
sensitivity of ALL was investigated in this study.
Firstly, T-leukaemic cells were isolated from patients
with ALL. The human ALL cell line (CCRF/CEM)
was incubated with dexamethasone to establish a glu-
cocorticoid-resistant ALL cell line (CCRF/CEM-R).
Data from MTT showed that IC_, (50% inhibitory
concentration) of dexamethasone in T-leukaemic
cells isolated from glucocorticoid-resistant ALL pa-
tients or CCRF/CEM-R was increased compared
with IC_ in T-leukaemic cells isolated from glucocor-
ticoid-sensitive ALL patients or CCRF/CEM. MiR-
503 was down-regulated in glucocorticoid-resistant
leukaemic cells and CCRF/CEM-R. Secondly, over-
expression of miR-503 sensitized CCRF/CEM-R to
dexamethasone. Moreover, over-expression of miR-
503 also promoted the sensitivity of ALL cells to dex-
amethasone. Thirdly, miR-503 bound to WNT3A
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mRNA and negatively regulated the expression of
WNT3A. Over-expression of miR-503 reduced pro-
tein expression of nuclear B-catenin, and over-ex-
pression of WNT3A attenuated the miR-503 over-
expression-induced decrease in nuclear P-catenin.
Lastly, the over-expression of miR-503-induced in-
creased sensitivity of ALL-resistant cells and CCRF/
CEM-R to dexamethasone was attenuated by over-
expression of WNT3A. In conclusion, miR-503 tar-
geted WNT3A mRNA to sensitize ALL cells to gluco-
corticoids through inactivation of the Wnt/p-catenin
pathway.

Introduction

Acute lymphoblastic leukaemia (ALL) is a highly ag-
gressive malignant haematological tumour with infec-
tion, fever, anaemia, and abnormal bleeding as the main
clinical manifestations (Jain et al., 2014). Abnormal ac-
cumulation of lymphoblasts in the blood and bone mar-
row is the main characteristic of ALL (Imai, 2017).
During the progression of ALL, multiple genetic altera-
tions suppress cell apoptosis and promote cell prolifera-
tion and drug resistance, leading to leukaemogenesis
(Iijima and Kiyokawa, 2016). ALL is one of the most
common types of childhood cancers (Tissing et al.,
2003), and glucocorticoids with the abilities of regulat-
ing cell proliferation and apoptosis are efficient drugs
for ALL (Tissing et al., 2003). However, some patients
are not sensitive enough or develop resistance to gluco-
corticoids in the clinical application, and glucocorticoid
resistance is the leading cause of death in patients with
ALL (Hunger and Mullighan, 2015). Therefore, it is of
great significance to explore the mechanisms involved
in glucocorticoid resistance in ALL, which would pro-
mote the efficacy of glucocorticoids and improve prog-
nosis in ALL.

MicroRNAs (miRNAs) have been shown to be in-
volved in various diseases, especially in tumour pro-
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gression, through regulation of target genes (Zhang et
al., 2020; Roy et al., 2021). MiRNAs have been regard-
ed as diagnostic and prognostic biomarkers, as well as
therapeutic targets for ALL (Drobna et al., 2018). More-
over, increasing evidence has also revealed that miRNAs
play an important role in the regulation of glucocorti-
coid resistance in leukaemia (Autry et al., 2020). For
example, miR-145 promoted the sensitivity of ALL
cells to glucocorticoids through decreasing the drug re-
sistance gene and increasing cell apoptosis (Long et al.,
2020). MiR-142 promoted glucocorticoid resistance of
ALL through inhibition of cell apoptosis and promoting
cell proliferation (Liang et al., 2017). MiR-503 has been
reported to be a tumour suppressor through inhibition of
angiogenesis (Zhou et al., 2013). The G1/S transition
(Xiao et al., 2013) and proliferation (Yang et al., 2017)
of hepatocellular carcinoma were suppressed by miR-
503, and miR-503 also repressed glycolysis of breast
cancer cells (Huang et al., 2021). Previous study has
shown that miR-503 promoted partial differentiation
and cell-cycle arrest of acute myeloid leukaemia cells
(Forrest et al., 2010). Moreover, Coblll was a binding
target of miR-503 in the regulation of chronic myeloid
leukaemia (Han et al., 2017). However, the role of miR-
503 in progression of ALL has not been reported.

In this study, miR-503 was hypothesized to regulate
the sensitivity of ALL cells to glucocorticoids. The ex-
pression level of miR-503 was decreased in the ALL
cells from glucocorticoid-resistant patients. The manip-
ulation of miR-503 expression and exploration of its in-
teraction with the canonical WNT signalling pathway
revealed a mechanism by which miR-503 can influence
the sensitivity of T-leukaemic cells to glucocorticoids.

Table 1. Clinical characteristics of patients with ALL.

Material and Methods
Isolation of T-leukaemic cells

A total of 46 patients with confirmed ALL were re-
cruited at the Affiliated Hospital of Guangdong Medical
University. The clinical characteristics of the patients
are shown in Table 1. Written informed consents were
acquired from all the patients with the approval of the
Institutional Review Ethics Committee of the Affiliated
Hospital of Guangdong Medical University, and in ac-
cordance with the World Medical Association Decla-
ration of Helsinki on ethical principles for medical re-
search involving human subjects. Peripheral blood
samples were obtained from these patients sensitive (N
=20) or resistant (N = 26) to glucocorticoids. Ficoll gra-
dient centrifugation was used to separate mononuclear
cells from the peripheral blood samples. T-leukaemic
cells were then purified from the mononuclear cells via
negative magnetic sorting with biotinylated anti-human
antibodies, including anti-CD235a, anti-CD123, anti-
CD56, anti-CD36, anti-CD19, anti-CD16, anti-CD14
(Pan T Cell Isolation Kit, Human, Miltenyi Biotec, Ber-
gisch Gladbach, Germany).

Cell culture, treatment and cell transfection

Human ALL cell lines (CEM-C7, MOLT4, Jurkat, and
CCRF/CEM) were purchased from ATCC (Manassas,
VA). Cells were cultured in RPMI 1640 medium con-
taining 10% foetal bovine serum and 1 mM sodium
pyruvate (Invitrogen, Carlsbad, CA). To establish glu-
cocorticoid-resistant CCRF/CEM (CCRF/CEM-R) cells,
CCRF/CEM cells were incubated with 0.1 pM dexametha-

Clinicopathological factor | Number of cases | miR-503 expression (high) miR-503 expression (low) P value
Number 46 19 27

Gender 0.765
Male 23 10 13

Female 23 9 14

Age 0.925
<10 36 15 21

>10 10 4 6

WBC 0.251
<50000 22 11 11

>50000 24 8 16

CNS status 0.271
1 21 6 15

2 15 8

3 10 5

Glucocorticoid resistance 0.014*
Yes 29 8 21

No 17 11 6

*P < 0.05, miR-503 expression (high)
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sone (Sigma-Aldrich, Shanghai, China) for 10 days. To
determine the effect of miR-503 on WNT signalling,
Jurkat cells were transfected with miR-503-5p mimic
(5’-UGGCUCUUAGUGAGCUGGUUG-3") miR-503-
5p inhibitor (5’-GAGCAUUUCGGUCUGGAA-3’) or
the negative controls (NC mimic, NC inhibitor) using
Lipofectamine 2000 (Invitrogen).

Cell viability

The isolated T-leukaemic cells from patients were
seeded in a 96-well plate containing 0.001, 0.005, 0.025,
0.125, 0.625, 3.125, 15.625, 78.125 uM dexamethasone
for 24 h. CCK8 solution (Dojindo, Tokyo, Japan) was
then added into each well for another incubation for 2 h.
Absorbance at 450 nm was measured by Thermo
Multiskan MK 3 (Thermo Fisher Scientific Inc, Waltham,
MA). CEM-C7, MOLT4, Jurkat, CCRF/CEM, and
CCRF/CEM-R cells were also seeded in a 96-well plate
containing 0.002, 0.006, 0.018, 0.054, 0.162, 0.486,
1.458, 4.374, 13.122, 39.366, 118.098, uM dexametha-
sone for 24 h. The cells were then subjected to CCKS8
analysis. CEM-C7, MOLT4, Jurkat, and CCRF/CEM-R
cells were transfected with miR-503 mimic, negative
control (NC) mimic or cotransfected with miR-503
mimic and pcDNA-WNT3A (Genepharma, Suzhou,
China) using Lipofectamine 2000 (Invitrogen). Two
days later, cells were treated with different concentra-
tions of dexamethasone and then subjected to CCKS8
analysis. IC values were calculated using the Graph Pad
Prism 5 software.

gRT-PCR

RNAs were isolated from T-leukaemic cells and ALL
cells using Trizol (Invitrogen) and then reverse-tran-
scribed into cDNAs. The cDNAs were contacted with
SYBR Green Master mix (Roche, Mannheim, Germany)
for qRT-PCR analysis of miR-503 and WNT34. GAPDH
and U6 were used as endogenous controls, and the rela-
tive expression of the target genes was calculated by the
224 method. The primer sequences:
miR-503: forward: 5’-CGCGGGATCGGGTCAGA-3’

reverse: 5’-GGGAACATGTTGATCTCAG-3’
WNT3A: forward: 5’-CTCCTCTCGGATACCTCTTAGTG-3’

reverse: 5’-ACCACAGTCCATGCCATCAC-3’
GAPDH: forward: 5’-CATGAGAAGTATGACAACAGCCT-3’

reverse: 5’-CCTTCCACGATACCAAAGT-3’
Ue: forward: 5’-CTCGCTTCGGCAGCACA-3’

reverse: 5’-AACGCTTCACGAATTTGCGT-3’
were used in this study.

Dual luciferase reporter assay

The sequence of wild-type 3’UTR WNT3A (Fig. 4A)
was subcloned into the pmirGLO luciferase reporter
vector (Promega, Madison, WI) and named as pmirGLO-
WNT3A-wt. The sequence of mutant 3’UTR WNT3A
that lost the binding ability with miR-503 (Fig. 4A) was
also subcloned into the pmirGLO luciferase reporter
vector and named as pmirGLO-WNT3A-mut. Jurkat
cells were co-transfected with pmirGLO-WNT3A-wt or

pmirGLO-WNT3A-mut and miR-503 mimic or NC mi-
mic. Two days later, the luciferase activities were deter-
mined by the Lucifer Reporter Assay System (Promega).

Western blot

A CelLytic NuCLEAR Extraction Kit (Sigma-
Aldrich) was used to isolate nuclear and cytoplasmic
cell lysates from ALL cells. Lysates were separated by
SDS-PAGE and transferred onto polyvinylidene difluo-
ride membranes. The membranes were blocked by 5%
bovine serum albumin and probed with primary anti-
bodies: anti-WNT3A and anti-B-actin (1 : 2000; Abcam,
Cambridge, MA), anti-B-tubulin and anti-histone H3
(1:3000; Abcam). The membranes were then incubated
with corresponding secondary antibodies (1 :4000;
Abcam), and the protein strips were visualized by a
Colorimetric Western Blotting Kit (Sigma-Aldrich).

Statistical analysis

All the data were expressed as mean + S.D. and ana-
lysed by Student’s #-test or one-way analysis of varian-
ce. A P value of < 0.05 was considered as statistically
significant.

Results

MiR-503 was down-regulated in glucocorticoid-
resistant ALL

To investigate the role of miR-503 in glucocorticoid-
resistant ALL, 46 patients with ALL (N = 20 for patients
with glucocorticoid-sensitive ALL and N = 26 for pa-
tients with glucocorticoid-resistant ALL) were recruited
(Table 1). The expression of miR-503 was significantly
associated with glucocorticoid resistance of the patients
(Fig. 1B). T-leukaemic cells were isolated from patients
with glucocorticoid-resistant or sensitive ALL. IC, of
dexamethasone in glucocorticoid-resistant leukaemic
cells was higher than in glucocorticoid-sensitive leukae-
mic cells (Fig. 1A), confirming the resistance of gluco-
corticoid-resistant leukaemic cells to dexamethasone.
The expression of miR-503 was down-regulated in glu-
cocorticoid-resistant leukaemic cells compared with
glucocorticoid-sensitive leukaemic cells (Fig. 1B), sug-
gesting that miR-503 might be involved in the glucocor-
ticoid resistance of ALL.

Over-expression of miR-503 promoted
glucocorticoid sensitivity in glucocorticoid-
resistant ALL

Human ALL cells, CCRF/CEM, were incubated with
dexamethasone to establish glucocorticoid-resistant ALL
cells (CCRF/CEM-R). IC, | of dexamethasone was sig-
nificantly increased in CCRF/CEM-R (9.97 uM) com-
pared to CCRF/CEM (0.12 pM) (Fig. 2A), confirming
the resistance of CCRF/CEM-R to dexamethasone.
MiR-503 was also down-regulated in CCRF/CEM-R
(Fig. 2A). CCRF/CEM-R was then transfected with the
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Fig. 1. miR-503 was down-regulated in glucocorticoid-resistant ALL cells

(A) IC,; of dexamethasone (DEX) in glucocorticoid-resistant leukaemic cells (R1-R6) was higher than in glucocorticoid-
sensitive (S1-S6) leukaemic cells. (B) Expression of miR-503 was down-regulated in glucocorticoid (GC)-resistant leu-
kaemic cells compared with GC-sensitive leukaemic cells. ** P <0.01.
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Fig. 2. Over-expression of miR-503 promoted glucocorticoid sensitivity in glucocorticoid-resistant ALL cells

(A) IC, was significantly increased in CCRF/CEM-R (9.97 uM) compared to CCRF/CEM (0.12 uM) cells. Expression
of miR-503 was down-regulated in CCRF/CEM-R compared to CCRF/CEM cells. (B) Transfection with miR-503 mimic
increased miR-503 expression in CCRF/CEM-R cells compared with the negative control (NC mimic). Over-expression
of miR-503 reduced IC,, (0.95 uM) compared to transfection with NC mimic (9.93 uM). ** vs. CCRF/CEM or NC
mimic, P <0.01.

miR-503 mimic (Fig. 2B). Transfection with the miR-  Over-expression of miR-503 promoted

503 mimic reduced IC,; (0.95 uM) compared to cells  glycocorticoid sensitivity in ALL

transfected with the NC mimic (9.93 uM) (Fig. 2B),

demonstrating that over-expression of miR-503 sensi- Human ALL cell lines (CEM-C7, MOLT4, Jurkat)
tized glucocorticoid-resistant ALL to dexamethasone. were also transfected with the miR-503 mimic (Fig. 3A).
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Over-expression of miR-503 also reduced IC, of dexa-
methasone in Jurkat (Fig. 3B), MOLT4 (Fig. 3C) and
CEM-CT7 cells (Fig. 3D) compared to cells transfected
with the NC mimic, indicating that over-expression of
miR-503 sensitized ALL to dexamethasone.

MiR-503 bound to WNT3A and mediated
activation of WNT/B-catenin

WNT3A mRNA was predicted to be a potential bind-
ing target of miR-503 (Fig. 4A). The luciferase activity
assay showed a suppressive effect of miR-503 over-ex-
pression on the activity of pmirGLO-WNT3A-wt (Fig.
4B), suggesting that miR-503 binds to 3’UTR of
WNT3A. Jurkat cells were then transfected with the
miR-503 mimic or inhibitor (Fig. 4C). Data from qRT-
PCR (Fig. 4D) and Western blot (Fig. 4E) indicated that
miR-503 negatively modulated expression of WNT3A
in Jurkat cells. Moreover, over-expression of miR-503
promoted cytoplasmic B-catenin expression while re-
ducing nuclear B-catenin expression in Jurkat cells (Fig.
4F and 4G). However, the cytoplasmic expression of
[-catenin was reduced and the nuclear B-catenin expres-
sion was enhanced by inhibition of miR-503 (Fig. 4F

and 4G). Over-expression of WNT3A attenuated the
miR-503 over-expression-induced increase in cytoplas-
mic B-catenin and decrease in nuclear B-catenin (Fig.
4H), revealing that miR-503 targeted WNT3A to sup-
press activation of the WNT/B-catenin pathway.

MiR-503/WNT3A mediated glucocorticoid
sensitivity in ALL

Human ALL cell lines (CEM-C7, MOLT4, Jurkat)
and CCRF/CEM-R were co-transfected with the miR-
503 mimic and pcDNA-WNT3A to investigate the role
of miR-503/WNT3A axis in glucocorticoid sensitivity
of ALL. Over-expression of WNT3A restored the re-
duced IC, of dexamethasone in Jurkat cells induced by
miR-503 over-expression (Fig. SA). The miR-503 over-
expression-induced decrease in IC, of dexamethasone
in MOLT4 (Fig. 5B) and CEM-C7 cells (Fig. 5C) was
also reversed by over-expression of WNT3A. Over-
expression of WNT3A attenuated the miR-503 over-ex-
pression-induced decrease in IC, of dexamethasone in
CCRF/CEM-R cells (Fig. 5D), indicating that miR-503
promoted glucocorticoid sensitivity in ALL and gluco-
corticoid-resistant ALL via targeting WNT3A.
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Fig. 3. Over-expression of miR-503 promoted glucocorticoid sensitivity in ALL

(A) Transfection with miR-503 mimic increased miR-503 expression in human ALL cell lines (CEM-C7, MOLT4, Jur-
kat). (B) Transfection with miR-503 mimic reduced IC,, of dexamethasone in Jurkat cells. (C)Transfection with miR-503
mimic reduced IC, of dexamethasone in MOLT4 cells. (D) Transfection with miR-503 mimic reduced IC, of dexa-
methasone in CEM-C7 cells. **, ##, && represent transfection with miR-503 mimic in Jurkat, MOLT4, and CEM-C7

cells vs. NC mimic, P < 0.01.
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Fig. 4. miR-503 binds to WNT3A mRNA and activates the WNT/B-catenin signalling pathway

(A) Potential binding site between WNT3A mRNA and miR-503. (B) Transfection with miR-503 mimic reduced the ac-
tivity of pmirGLO-WNT3A-wt compared with NC mimic, while both miR-503 mimic and NC mimic transfection had no
significant effect on the activity of pmirGLO-WNT3A-mut. (C) Transfection with miR-503 mimic or inhibitor increased
or decreased miR-503 expression in Jurkat cells compared with the negative controls (NC mimic or NC inhibitor). (D)
Transfection with miR-503 mimic or inhibitor decreased or increased WNT3A mRNA expression in Jurkat cells. (E)
Transfection with miR-503 mimic or inhibitor decreased or increased WNT3A protein expression in Jurkat cells. (F)
Transfection with miR-503 mimic decreased nuclear 3-catenin protein expression and increased cytoplasmic B-catenin
expression in Jurkat cells. Transfection with miR-503 inhibitor increased nuclear f-catenin protein expression and de-
creased cytoplasmic B-catenin expression in Jurkat cells. (G) Over-expression of WNT3A attenuated the miR-503 over-
expression-induced increase of cytoplasmic f-catenin and decrease of nuclear f-catenin. ** vs. NC mimic or NC mimic
+ NC, ## vs. NC inhibitor or miR-503 mimic + NC, P <0.01.

Discussion

Previous study has shown that glucocorticoid induced
alterations in miRNA expression in ALL, and miRNAs
regulated glucocorticoid sensitivity (Rainer et al., 2009).
Inhibition of miR-17~92 and miR-142-3p suppressed
the acquired dexamethasone resistance in ALL (Sakurai
etal., 2019). Since miR-503 was reported to be a tumour
suppressor, the effect of miR-503 on glucocorticoid re-
sistance of ALL was investigated in this study.

Firstly, miR-503 was found to be down-regulated in
the leukaemic cells isolated from patients with gluco-
corticoid-resistant ALL compared with glucocorticoid-
sensitive ALL. Moreover, miR-503 was also reduced in
CCRF/CEM cells with acquired dexamethasone resist-
ance. Furthermore, cell proliferation of human ALL
cells and CCRF/CEM-R was suppressed by miR-503
over-expression. These results showed that miR-503
promoted the sensitivity of ALL cells and glucocorti-

coid-resistant ALL cells to dexamethasone. However,
the effect of miR-503 on the cell apoptosis of ALL cells
and glucocorticoid-resistant ALL cells should be inves-
tigated to identify the suppressive effect of miR-503 on
the development of insensitive ALL.

In line with the previous study that miR-503 targeted
WNT3A to regulate proliferation and apoptosis of mouse
pre-osteoblast cells (Li, Q. et al., 2019), the results in
this study showed that miR-503 binds to 3’UTR of
WNT3A and negatively regulates WNT3A expression
in ALL cells. WNT/B-catenin signalling was inactivated
by miR-503 to suppress gastric cancer cell proliferation
and invasion (Li, W. et al., 2019). Over-expression of
miR-503 in this study reduced nuclear -catenin expres-
sion and promoted cytoplasmic B-catenin expression to
thus suppressed WNT/B-catenin signalling. Moreover,
over-expression of WNT3A attenuated the miR-503
over-expression-induced increase in cytoplasmic f3-cate-
nin and decrease in nuclear B-catenin, revealing a tight
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Fig. 5. miR-503/WNT3A mediated glucocorticoid sensitivity in ALL

(A) Over-expression of WNT3A attenuated the miR-503 over-expression-induced decrease of IC in Jurkat cells. (B)
Over-expression of WNT3A attenuated the miR-503 over-expression-induced decrease of IC_ in MOLT4 cells. (C) Over-
expression of WNT3A attenuated the miR-503 over-expression-induced decrease of IC_ in CEM-C7 cells. (D) Over-ex-
pression of WNT3A attenuated the miR-503 over-expression-induced decrease of IC,, in CCRF/CEM-R cells.

link between miR-503 and the WNT/B-catenin pathway
in ALL.

The Wnt/B-catenin pathway is essential for cell
differentiation and development, and activation of Wnt/
B-catenin is implicated in the progression and initia-
tion of haematological malignancies, including ALL
(Chiarini et al., 2020). Inhibition of Wnt/B-catenin is
considered to be a potential strategy for the treatment of
ALL (Evangelisti et al., 2020). Increasing evidence has
shown that inhibition of Wnt/B-catenin improved che-
mosensitivity and suppressed multidrug resistance in
ALL (Dandekar et al., 2014; Fu et al., 2019). The results
in this study showed that over-expression of WNT3A
attenuated the miR-503 over-expression-induced de-
crease in cell viability in ALL and glucocorticoid-resist-
ant ALL cells, revealing that miR-503 might contribute
to the glucocorticoid sensitivity in ALL through sup-
pression of the Wnt/B-catenin pathway.

In summary, miR-503 was down-regulated in gluco-
corticoid-resistant leukaemic T cells and ALL cell lines.
Over-expression of miR-503 promoted glucocorticoid
sensitivity in glucocorticoid-resistant ALL cells through
binding with WNT3A mRNA and inhibiting the Wnt/

B-catenin pathway. Therefore, miR-503 might be regarded
as a therapeutic target for glucocorticoid-resistant ALL.

Competing interests

The authors state that there are no conflicts of interest
to disclose.

Ethics approval

Ethical approval was obtained from the Institutional
Review Ethics Committee of the Affiliated Hospital of
Guangdong Medical University.

Statement of informed consent

Written informed consent was obtained from a legally
authorized representative(s) for anonymized patient in-
formation to be published in this article.

Contribution of authors

C.T.and L. L. designed the study, supervised the data
collection, M. Z. analysed the data, interpreted the data,
Z.Y.,R. C. and X. L. prepared the manuscript for publi-
cation and reviewed the draft of the manuscript. All au-
thors have read and approved the manuscript.



206

C. Tian et al.

Vol. 67

References

Autry, R. J., Paugh, S. W., Carter, R., Shi, L., Liu, J., Fergu-
son, D. C., Lau, C. E., Bonten, E. J., Yang, W., McCorkle,
J.R., Beard, J. A., Panetta, J. C., Diedrich, J. D., Crews, K.
R., Pei, D., Coke, C. J., Natarajan, S., Khatamian, A.,
Karol, S. E., Lopez-Lopez, E., Diouf, B., Smith, C., Gocho,
Y., Hagiwara, K., Roberts, K. G., Pounds, S., Kornblau, S.
M., Stock, W., Paietta, E. M., Litzow, M. R., Inaba, H.,
Mullighan, C. G., Jeha, S., Pui, C.-H., Cheng, C., Savic, D.,
Yu, J., Gawad, C., Relling, M. V., Yang, J. J., Evans, W. E.
(2020) Integrative genomic analyses reveal mechanisms of
glucocorticoid resistance in acute lymphoblastic leukemia.
Nat. Cancer 1, 329-344. doi:10.1038/s43018-020-0037-3.

Chiarini, F., Paganelli, F., Martelli, A. M., Evangelisti, C.
(2020) The role played by Wnt/B-catenin signaling path-
way in acute lymphoblastic leukemia. Int. J. Mol. Sci. 21,
1098. doi:10.3390/ijms21031098.

Dandekar, S., Romanos-Sirakis, E., Pais, F., Bhatla, T., Jones,
C., Bourgeois, W., Hunger, S., Raetz, E., Hermiston, M.,
Dasgupta, R., Morrison, D., Carroll, W. (2014) Wnt inhibi-
tion leads to improved chemosensitivity in pediatric acute
lymphoblastic leukemia. Br. J. Haematol. 167, 87-99. doi:
10.1111/bjh.13011.

Drobna, M., Szarzynska-Zawadzka, B., Daca-Roszak, P., Ko-
smalska, M., Jaksik, R., Witt, M., Dawidowska, M. (2018)
Identification of endogenous control miRNAs for RT-qPCR
in T-cell acute lymphoblastic leukemia. Int. J. Mol. Sci. 19,
2858. d0i:10.3390/ijms19102858.

Evangelisti, C., Chiarini, F., Cappellini, A., Paganelli, F., Fini,
M., Santi, S., Martelli, A. M., Neri, L. M., Evangelisti, C.
(2020) Targeting Wnt/B-catenin and PI3K/Akt/mTOR
pathways in T-cell acute lymphoblastic leukemia. J. Cell.
Physiol. 235, 5413-5428. doi:https://doi.org/10.1002/jcp.
29429.

Forrest, A. R. R., Kanamori-Katayama, M., Tomaru, Y., Lass-
mann, T., Ninomiya, N., Takahashi, Y., de Hoon, M. J. L.,
Kubosaki, A., Kaiho, A., Suzuki, M., Yasuda, J., Kawali, J.,
Hayashizaki, Y., Hume, D. A., Suzuki, H. (2010) Induction
of microRNAs, mir-155, mir-222, mir-424 and mir-503,
promotes monocytic differentiation through combinatorial
regulation. Leukemia 24, 460-466. doi:10.1038/1eu.2009.
246.

Fu, J., Si, L., Zhuang, Y., Zhang, A., Sun, N., Li, D., Hao, B.,
Ju, X. (2019) Wnt/B-catenin inhibition reverses multidrug
resistance in pediatric acute lymphoblastic leukemia. On-
col. Rep. 41, 1387-1394. doi:10.3892/01.2018.6902.

Han, S. H., Kim, S.-H., Hyoung-June, K., Yoonsung, L., Choi,
S.-Y., Gyeongsin, P., Do-Hyun, K., Aram, L., Jongmin, K.,
Je-Min, C., Yonghwan, K., Kyungjae, M., Hongtae, K.,
Kim, D. W. (2017) Mir-424 and mir-503 regulates coblll
expression during the CML progression. Blood 130
(Suppl. 1), 4177. doi:10.1182/blood.V130.Suppl_1.4177.
4177.

Huang, S., Fan, P., Zhang, C., Xie, J., Gu, X., Lei, S., Chen,
Z.,Huang, Z. (2021) Exosomal microRNA-503-3p derived
from macrophages represses glycolysis and promotes mi-
tochondrial oxidative phosphorylation in breast cancer
cells by elevating DACT?2. Cell Death Discov. 7, 119-119.
doi:10.1038/s41420-021-00492-2.

Hunger, S. P., Mullighan, C. G. (2015) Acute lymphoblastic
leukemia in children. New Engl. J. Med. 373, 1541-1552.
doi:10.1056/NEJMra1400972.

Iijima, K., Kiyokawa, N. (2016) Analysis of gene expression
and DNA methylation patterns in childhood acute lympho-
blastic leukemia. Rinsho ketsueki - Jap. J. Clin. Hemat. 57,
425-429. (in Japanese). doi:10.11406/rinketsu.57.425.

Imai, K. (2017) Acute lymphoblastic leukemia: pathophysio-
logy and current therapy. Rinsho ketsueki — Jap. J. Clin.
Hemat. 58, 460-470. (in Japanese). doi:10.11406/rinketsu.
58.460.

Jain, N., O’Brien, S., Thomas, D., Kantarjian, H. (2014) Ino-
tuzumab ozogamicin in the treatment of acute lymphoblas-
tic leukemia. Front. Biosci. (Elite Ed.) 6, 40-45. doi: 10.
2741/e688.

Li, Q. Li, C., Xi, S., Li, X., Ding, L., Li, M. (2019) The ef-
fects of photobiomodulation therapy on mouse pre-osteo-
blast cell line MC3T3-E1 proliferation and apoptosis via
miR-503/Wnt3a pathway. Lasers Med. Sci. 34, 607-614.
doi:10.1007/s10103-018-2636-0.

Li, W, Li, J., Mu, H., Guo, M., Deng, H. (2019) MiR-503 sup-
presses cell proliferation and invasion of gastric cancer by
targeting HMGA?2 and inactivating WNT signaling path-
way. Cancer Cell Int. 19, 164. doi:10.1186/512935-019-
0875-1.

Liang, Y.-N., Tang, Y.-L., Ke, Z.-Y., Chen, Y.-Q., Luo, X.-Q.,
Zhang, H., Huang, L.-B. (2017) MiR-124 contributes to
glucocorticoid resistance in acute lymphoblastic leukemia
by promoting proliferation, inhibiting apoptosis and target-
ing the glucocorticoid receptor. J. Steroid Biochem. Mol.
Biol. 172, 62-68. doi:https://doi.org/10.1016/j.jsbmb. 2017.
05.014.

Long, S., Ren, D., Zhong, F., Niu, Y., Qin, X., Mu, D., Liu, W.
(2020) Reversal of glucocorticoid resistance in acute
lymphoblastic leukemia cells by miR-145. PeerJ. 8, €9337.
doi:10.7717/peerj.9337.

Rainer, J., Ploner, C., Jesacher, S., Ploner, A., Eduardoff, M.,
Mansha, M., Wasim, M., Panzer-Griimayer, R., Trajanoski,
Z., Niederegger, H., Kofler, R. (2009) Glucocorticoid-reg-
ulated microRNAs and mirtrons in acute lymphoblastic
leukemia. Leukemia 23, 746-752. doi:10.1038/leu.2008. 370.

Roy S., Sunkara, R. R., Parmar, M. Y., Shaikh, S., Waghmare,
S. K. (2021) EMT imparts cancer stemness and plasticity:
new perspectives and therapeutic potential. Front. Biosci.
(Landmark Ed.) 26, 238-265. doi:10.2741/4893.

Sakurai, N., Komada, Y., Hanaki, R., Morimoto, M., Ito, T.,
Nakato, D., Hirayama, M. (2019) Role of microRNAs in
glucocorticoid-resistant B-cell precursor acute lympho-
blastic leukemia. Oncol. Rep. 42, 708-716. doi:10.3892/
0r.2019.7191.

Tissing, W. J. E., Meijerink, J. P. P., den Boer, M. L., Pieters,
R. (2003) Molecular determinants of glucocorticoid sensi-
tivity and resistance in acute lymphoblastic leukemia. Leu-
kemia 17, 17-25. doi:10.1038/sj.leu.2402733.

Xiao, F., Zhang, W., Chen, L., Chen, F., Xie, H., Xing, C., Yu,
X., Ding, S., Chen, K., Guo, H., Cheng, J., Zheng, S.,
Zhou, L. (2013) MicroRNA-503 inhibits the G1/S transi-
tion by downregulating cyclin D3 and E2F3 in hepatocel-
lular carcinoma. J. Transl. Med. 11, 195-195. doi:10.1186/
1479-5876-11-195.



Vol. 67 MiR-503 in Acute Lymphoblastic Leukaemia 207

Yang, X., Zang, J., Pan, X., Yin, J., Xiang, Q., Yu, J., Gan, R., miRNA profiling in the colon of a mouse model with
Lei, X. (2017) miR-503 inhibits proliferation making hu- B-lactoglobulin allergy. Allergol. Immunopathol. (Madr,)
man hepatocellular carcinoma cells susceptible to 5-fluoro- 48, 666-674. doi:10.1016/j.aller.2020.05.007.
uracil by targeting EIFAE. Oncol. Rep. 37, 563-570. doi:10.  Zhou, B., Ma, R., Wenxia, S., Li, S., Xu, Y., Tu, X., Wang, Q.
3892/01.2016.5220. (2013) microRNA-503 targets FGF2 and VEGFA and in-

Zhang, Q. M., Ni, W. W., Li, Y., Zhang, X., Hou, J. C., Meng, hibits tumor angiogenesis and growth. Cancer Lett. 333,

X. C, Li, A. L., Jiang, Z. M. (2020) Analysis of altered 159-169. doi:10.1016/j.canlet.2013.01.028.



