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ABSTRACT
Background: Acute lymphoblastic leukaemia (ALL) is often characterized by broad clinical and
biological heterogeneity, as well as recurrent genetic aberrations. Despite remarkable improve-
ments in the treatment outcome in paediatric ALL over the past several decades, it remains a
leading cause of morbidity and mortality among children. Cytokines have been extensively
studied in haematologic diseases; however, the mechanisms by which cytokines contribute to
ALL pathogenesis remain poorly understood.
Methods: IL-33 levels were measured by enzyme-linked immunosorbent assay (ELISA). IL1RL1
expression on ALL cell surface was accessed by flow cytometry. Expression of phosphorylated
p38 MAPK, p38, pAKT, AKT and GAPDH were quantified by western blot. Cell survival signals
were evaluated by apoptosis using flow cytometry.
Results: BM samples from ALL patients at diagnosis upregulated their cell surface expression of
IL1RL1, and a higher interleukin (IL)-33 level in the serum was observed as compared to the
healthy individuals. Moreover, exogenous IL-33 treatment significantly inhibited apoptosis by
activating p38 mitogen-activated protein kinase (MAPK) and AKT pathway, while the inhibitor
for p38 MAPK, SB203580, counteracted IL-33-induced anti-apoptosis via inactivation of p38
MAPK and AKT. Furthermore, IL-33 negatively regulates cyclin B1 protein level while increasing
the expression of CDK1, with SB203580 inhibiting the effect.
Conclusion: Our study reveals an important role for IL-33/IL1RL1 axis in supporting ALL which
may represent a novel treatment for paediatric patients.

KEY MESSAGES

� Both IL-33 and IL1RL1 levels are upregulated in primary ALL samples.
� IL-33 increased both p38 MAPK and AKT activation in ALL.
� IL-33 promotes survival and cell cycle progression of ALL cells via activating p38 MAPK.
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1. Introduction

Acute lymphoblastic leukaemia (ALL), the most com-

mon malignancy in children and adolescents, is often

characterized by a differentiation block and clonal pro-

liferation of T or B lymphoblasts through the accumu-

lation of immature lymphocytes [1,2]. ALL can occur in

both children and adults, with a peak incidence

between 1 and 4 years of age [3]. Although the devel-
opment of intensified chemotherapy has significantly
enhanced the prognosis of ALL patients, the outcome
of patients with relapsed or refractory ALL remains
poor. For this reason, understanding the biology of
the disease is crucial for the development of alterna-
tive approaches in order to achieve better thera-
peutic outcomes.

CONTACT Qing Gong 443292273@qq.com The Sixed Affliliated Hospital, GMU-GIBH Joint School of Life Sciences, Guangzhou Medical University,
Guangzhou 511436, China; Haibo Su 295666367@qq.com The Sixed Affliliated Hospital, GMU-GIBH Joint School of Life Sciences, Guangzhou
Medical University, Guangzhou 511436, China�These authors contributed equally to this work.

Supplemental data for this article can be accessed here.

� 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ANNALS OF MEDICINE
2021, VOL. 53, NO. 1, 1461–1469
https://doi.org/10.1080/07853890.2021.1970217

http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2021.1970217&domain=pdf&date_stamp=2021-08-25
https://doi.org/10.1080/07853890.2021.1970217
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/07853890.2021.1970217
http://www.tandfonline.com


Cytokines are small soluble proteins secreted by
specific cells of immune system and usually have a
distinct effect on the interactions between cells [4].
Cytokines are an important part in immune responses
induced by different infectious and non-infectious
stimuli. In consonance with observations in other dis-
ease patterns, inflammatory microenvironment might
prospectively promulgate leukaemia immune escape.
Recent studies have demonstrated that abnormal
expression of cytokines and/or activation of their
receptors contribute to the onset and progression in
several haematopoietic malignancies [5,6]. The
expression of commonly studied cytokines such as
vascular endothelial growth factor (VEGF), IL-6, and
IL-10, were found to correlate with the outcomes of
patients with chronic lymphocytic leukaemia (CLL),
thus indicating the benefit of using cytokines as bio-
markers for treatment efficacy monitoring [7].
According to a more recent study, the levels of
inflammatory cytokines TNF-a and IL-6 in patients
with ALL induces a T helper cell type 1 (Th1)- polar-
ized response and suggests the presence of a pro-
inflammatory profile in the cancer microenvironment
in ALL patients at diagnosis [8].

We have previously reported elevated IL-33 levels
in patients with acute myeloid leukaemia (AML) at
diagnosis along with upregulated expression of its
receptor, interleukin-1 receptor-like 1 (IL1RL1), as
compared to the healthy controls. Further evidence
indicates that IL-33 inhibits cell apoptosis by activat-
ing p38 mitogen-activated protein kinase (MAPK)
pathway in both human AML cell line and AML
patient samples, thereby supporting an important
role of IL1RL1/IL-33 axis in maintaining AML develop-
ment [9,10].

In the present study, we selectively analysed the
expression of IL-33 and IL1RL1 in the serum and bone
marrow (BM) samples of paediatric patients with ALL
at diagnosis. We found that in comparison to healthy
donors (HD), serum concentration of IL-33 is upregu-
lated in ALL patients. More importantly, the expression
of IL1RL1 is also higher in BM cells from ALL patient
samples than those from healthy controls. By treating
primary ALL samples with IL-33 in vitro, we found that
IL-33 inhibited apoptosis and increased cell survival by
activating the p38 MAPK and AKT. Meanwhile, the
addition of p38 MAPK signalling inhibitor was found
to abrogate the anti-apoptosis effect by IL-33 via inac-
tivating the p38 MAPK/AKT pathway. Our findings sug-
gest that IL-33/p38 MAPK/AKT pathway could
represent a target for overcoming environment-medi-
ated chemotherapy in ALL.

2. Materials and methods

2.1. Patients and patient sample collection

ALL patient samples (n¼ 15) were collected from diag-
nostic BM aspirations or serum after obtaining written
informed consent. BM mononuclear cells (BMNCs)
were isolated by Human Mononuclear Cells Separation
Medium 1.077 (Dongfang Huahui) and cryopreserved
until further use. BM and serum samples from healthy
donors (HD) (n¼ 5) were collected in this study after
obtaining informed consent. All experiments involving
human samples were performed in accordance with
the Declaration of Helsinki and approved from the
Guangzhou Women and Children’s Medical Centre
Ethics Committee. Information of ALL patients was
provided in Supplemental Table S1.

2.2. Cell cultures

Primary ALL MNCs were cultivated in RPMI1640 (ATCC)
supplemented with 20% foetal bovine serum (FBS),
penicillin (50 IU/mL), and streptomycin sulphate
(50 lg/mL), and 2mM L-Glutamine. IL-33 (Sino
Biological) was used at 100 ng/mL, and SB203580 used
at 20 lM. All cells were grown at 37 �C and 5% CO2.

2.3. Enzyme-linked immunosorbent assay (ELISA)

To analyse serum IL-33 and secreted IL-33 levels in
supernatants from cultured ALL patients or HD, human
IL-33 ELISA Kit (4 A Biotech) was used in accordance
with the manufacturer’s protocol. The samples and the
standard samples were incubated with horseradish
peroxidase (HRP)-conjugated antibodies. The substrate
TMB was then added, which turned blue under the
catalytic action of peroxidase. Absorbance was meas-
ured at 450 nm. The specific concentrations were cal-
culated by the software program CurveExpert
version 1.4.

2.4. Flow cytometry

After isolating MNCs from the BM of both ALL patients
and HD, cells were stained with anti-IL1RL1 antibody.
After that, around 1� 106 primary BM cells were incu-
bated with antibody specifically recognising IL1RL1(BD
Biosciences) for 1 h on ice and resuspended in phos-
phate-buffered saline (PBS) with 5% FBS. We used the
FITC-conjugated Annexin V (Procell) and 40,6-diami-
dino-2-phenylindole (DAPI) for the measurement of
apoptosis and cellular viability. Data were analysed
using CytoFlex S (Beckman Coulter) within 1 h. For cell
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cycle distribution, cells were fixed with ice-cold 70%
ethanol for at least 30min at 4 �C, before being
treated with RNAse for 30min at 37 �C. Subsequently,
cells were subjected to propidium iodide (PI) staining
and flow cytometry. At least 105 events were collected
for each measurement at medium flow (30 lL/min).
FACS data was analysed by CytExpert 2.3 software
(Beckman Coulter) and ModFit software (Verity
Software). All experiments were repeated 4 times
independently.

2.5. Western blot analysis

Cells were washed with ice-cold PBS and centrifuged
at 400�g for 5min at 4 �C. The resulting pellet was
lysed with RIPA buffer (KeyGEN) supplemented with
1x protease/phosphatase inhibitor (Solarbio). The hom-
ogenate was cleared by centrifugation at 4 �C for
10min at 16,000�g, and the supernatant containing
the protein fraction recovered. Samples were sub-
jected to electrophoresis in SDS-PAGE gels and trans-
ferred to PVDF membranes (Millipore). Membranes
were blocked with 1% non-fat milk and incubated
with primary antibodies overnight, followed by 1-hour
incubation with HRP-conjugated anti-rabbit or anti-
mouse secondary antibodies at room temperature and
washed 3 times. The following primary antibodies
were used: anti-p-p38 MAPK (Cat.#YP0338), anti-p38
(Cat.#YT3513) (Immunoway), anti-AKT (S473)
(Cat.#A5030), anti-AKT (Cat.# 10176-2-AP) (Cell
Signalling Technology), anti-CDK1 (Cat.# CY516-50),
anti-GAPDH (Cat.# 12231 P) (Abways), and anti-cyclin
B1(Santa Cruz Biotechnology). Antigen-specific binding
of antibodies was detected with the ECL (enhanced
chemiluminescence) Plus reagents (Beyotime). Protein
bands were quantified ImageJ software (Wright Cell
Imaging Facility) and then normalized to the GAPDH
loading control. For full scans of Western blots see
Supplemental Figures S1–S2.

2.6. Statistical analysis

Data are represented as mean values ± standard devi-
ation. Statistical analysis was performed using the
paired t test for two groups, and one-way ANOVA
with Turkey post hoc test for multiple groups.
Statistical significance is indicated by �p< .05,
��p< .01. All analyses were performed in Prism 8.0.1
(GraphPad software Inc.).

3. Results

3.1. Il1rl1 cell surface expression and serum IL-33
levels are upregulated in patients with ALL

Although much effort has been put into exploring a
cell-surface biomarker for leukaemia cells, no cell-sur-
face marker has been shown to functionally differenti-
ate leukaemia cells from normal cells. Since IL-33 is
known to mediate its biologic effects by binding to
IL1RL1, we first addressed the question as to whether
IL1RL1 expression is upregulated in primary ALL sam-
ples. Flow cytometric analysis revealed a substantial
IL1RL1 expression from ALL patients (n¼ 10) exam-
ined, while the vast majority of cells from heathy
donors (n¼ 5) displayed this receptor at undetectable
levels (Figure 1(A,B)). These data suggest that ALL cells
may overexpress IL1RL1 to achieve a higher survival
rate. To investigate and evaluate the potential clinical
significance of serum IL-33 for ALL, we performed
ELISA to measure the expression levels of serum in
ALL patients (n¼ 15) and healthy controls (n¼ 5).
According to our findings, the expression levels of
serum IL-33 were significantly higher in ALL patients
than the healthy control group (Figure 1(C)). Taken
together, these results indicate that IL1RL1/IL-33 axis
may represent a promising biomarker in ALL patients.

3.2. P38 MAPK pathway is activated in response
to IL-33 and promotes survival of primary
ALL samples

Previous studies have demonstrated that IL-33 stimula-
tion can lead to the activation p38 MAPK cascade in
different types of cells and modulate cellular activities,
including cytokine production and apoptosis [11–13].
To examine whether p38 MAPK is one of the down-
stream signalling pathways stimulated by IL-33, we
treated primary BM cells from ALL patients with IL-33,
or in combination with SB in culture for 72 h. Western
blot analysis showed that the level of p-p38 was mark-
edly increased in IL-33-treatment group, as compared
to the untreated cells. Meanwhile, the inhibition of
p38 MAPK with SB led to abrogated phosphorylation
of p38 (Figure 2(A,B)). To examine whether IL-33/
IL1RL1 axis regulates viability or apoptosis of ALL cells
via modulation of p38 MAPK activation, we stained
cells with DAPI and analysed for viability by flow
cytometry. We found that IL-33 significantly increased
the cellular viability levels in comparison to untreated
cells, while the addition of SB decreased the increased
viability mediated by IL-33 (Figure 2(C)). In addition,
we observed a significant decrease in annexin V
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expression in cells treated with IL-33 cells as compared
to untreated group, and that SB caused a reversal of
annexin V expression as compared to IL-33 alone, thus
indicating that IL-33 led to a decrease in apoptosis,
while inhibition of p38 MAPK pathway abrogated the
anti-apoptotic effect mediated by IL-33 (Figure 2(D,E)).
Importantly, cells treated with SB alone decreased via-
bility while increasing apoptosis, as compared to the
untreated samples. Therefore, our results suggest that
activation of p38 MAPK pathway is involved in cell
survival response mediated by IL-33 in primary ALL
patient samples.

3.3. IL-33 promotes progression through G2/M
phase via P38 MAPK

Cell cycle arrest is one of the major causes of apop-
tosis. To examine whether IL-33 influences cell cycle
progression via p38 MAPK pathway, we determined
the distribution of cells in each cell cycle stage from
the above treatment using flow cytometry. We found
that IL-33 treatment effectively reduced the proportion
of cells in the G2/M phase, while the combination of
SB with IL-33 arrested cells at G2/M phase as

compared with IL-33 treatment alone. It is also notable
that IL-33 caused a trend towards an increase in G0/
G1 phase, as compared to the untreated control,
although this difference is not statistically significant.
Moreover, the combination of IL-33 and SB decreased
the proportion of cells in G0/G1 phase as compared to
IL �33 treatment alone (Figure 3(A,B)). These results
indicate that IL-33 regulates cell cycle progression via
p38 MAPK pathway, while inhibiting the activation of
p38 MAPK causes cell cycle arrest, which further leads
to apoptosis in primary ALL patient samples.

3.4. IL-33 modulates cell cycle-related protein in
primary ALL sample via the p38 MAPK/AKT

Previous studies suggest that CDK1 and cyclin B1 are
major checkpoint proteins of transition from the G2-
phase to mitosis (G2/M), and a proper control of
CDK1/cyclin B1 activity is absolutely essential for
appropriate mitotic initiation and progression [14]. To
assess the reason as to why IL-33 modulates cell cycle
progression in primary ALL cells, the expression of
CDK1, and cyclin B1 in the treated ALL cells (as eluci-
dated above) was examined. IL-33 caused an increase
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in the level of CDK1 as compared to the untreated
control, while the combination of SB with IL-33
reduced the level of CDK1 protein as compared to IL-
33 alone. Interestingly, the expression of cyclin B1 was
found to decrease under the treatment of IL-33 as
compared to the untreated cells, while SB treatment
significantly recovered the expression level of cyclin

B1 caused by IL-33 (Figure 4(A–C)). Our results suggest
that IL-33 may regulate cell cycle progression via mod-
ulating the expression of G2/M phase-regulat-
ing proteins.

AKT and MAPK pathways are known to be involved
in various cellular responses, including cell prolifer-
ation, apoptosis, and metastasis [15,16]. To assess
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whether AKT pathway participates in IL-33-mediated
cell cycle progression, we examined the expression
levels of total AKT and phosphorylated AKT(Ser473)
after treating the BM cells from ALL patients with IL-
33, or in combination with SB203580 in culture for
72 h. We found that IL-33 significantly increased the
phosphorylation of AKT compared with untreated
cells, while the addition of SB abrogated the effect,
indicating that AKT pathway is involved cell cycle sta-
tus mediated by IL-33 via p38 MAPK (Figure 4(D)).

4. Discussion

ALL is the most common paediatric malignancy in
childhood, arising from genetic aberrations that impair
the normal differentiation of lymphoid cell lineage
[17]. Although treatment has improved drastically over
the past few decades, approximately 20–25% of paedi-
atric patients with ALL still experience disease relapse
[17,18]. Recent studies have shown that aberrant
expression of cytokines and their receptors in the
tumour microenvironment contributes to clonal
expansion of transformed lymphoid precursor cells,
thus promoting the progression of leukaemia
[5,19–21]. IL-33 has been shown to participate in dif-
ferent biological activities in both nonhematological
and hematological malignancies [22–25]. Using a
knock-in mouse model of inversion (16) AML, we pre-
viously demonstrated that the fusion gene, Cbfb-
MYH11, induces the expression of IL-33 receptor,
IL1RL1, on leukaemia cells.

In the current study, we first showed that the
IL1RL1 was constitutively expressed in BM cells from
paediatric ALL patients at diagnosis, whereas BM cells

from HD appeared to express IL1RL1 at very low or
undetectable levels. Moreover, in accordance with the
upregulated IL1RL1 on leukaemia cell surface, we
observed a remarkably increased serum IL-33 level in
primary ALL patient samples in comparison to HD.
Therefore, it can be inferred that IL-33/IL1RL1 axis
might potentially play an oncogenic role during the
development of ALL. It is worthwhile to pointing out
that serum IL-33 is a potentially useful tool as a signifi-
cant prognostic factor for ALL. Further studies with a
longer follow-up will be necessitated.

Cytokines are acknowledged to be common anti-
apoptotic targets mainly through mediating cell signal
transduction pathways [9,10,26]. A previous study
demonstrated that IL-33 inhibited the apoptosis of
AML cells by stimulating p38 MAPK pathway [9]. In
support of the heightened expression of IL33 and its
receptor in primary ALL samples, we found that the
exogenous addition of IL-33 increased cell viability
and decreased apoptotic level as compared with
untreated cells. Importantly, the addition of p38 MAPK
inhibitor, SB203580 (SB), inhibited the pro-survival
effect mediated by IL-33. These results suggest that IL-
33 enhances p38 MAPK pathway to support leukaemia
development in ALL. Although it is not feasible to
determine whether the anti-apoptotic role of IL-33/
p38 MAPK pathway is applicable to all subtypes of
ALL, our data provide fundamental data and the basis
for further investigations on the biological mecha-
nisms associated with IL-33/p38 MAPK signalling dur-
ing ALL maintenance.

Additionally, it is also known that cytokines are
important mediators for normal regulation of the cell
cycle [27,28]. To decipher the mechanism of IL-33/p38

Figure 4. IL-33 modulates protein expression related to cell cycle via p38 MAPK/AKT. (A) BM cells from ALL patients were cultured
with IL-33 (100 ng/mL), or combined with SB (20 uM) for 72 h. Cell lysates from each treatment group were prepared. CDK1, cyclin
B1, AKT, pAKT (Ser473) or GAPDH protein expression was probed by western blot analysis. (B) The bar graphs show the quantifi-
cation of pAKT, CDK1, and cyclin B1 protein in all groups. One-way ANOVA with Tukey post hoc test. n¼ 3; �p< .05; ��p< .01.
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MAPK in regulating leukaemia cell survival, we
assessed the cell cycle status in BM cells from children
with first recurrence of ALL by flow cytometry. After
treating the cells with IL-33 or in conjunction with SB
for 72 h in culture, we found that IL-33 significantly
decreased the cell proportion in G2/M phase, while SB
resulted in a profound G2/M arrest. Moreover, by per-
forming western blot, we found that the expression of
two cell cycle-associated proteins, CDK1 and cyclin B1,
was regulated by IL-33 via p38 MAPK with higher level
of CDK1 and lower level of cyclin B1, as compared
with the untreated cells. Importantly, we found that
the phosphorylation of AKT was upregulated by IL-33,
and that its expression was decreased with the treat-
ment of SB. These findings indicate that IL-33/p38
MAPK/AKT axis regulates cell cycle by monitoring
CDK1/cyclin B1 protein expression, thus implying an
important role of IL-33 in controlling cell cycle and
eventually causing a higher proliferation rate as well
as a lower apoptotic rate in primary ALL samples.
Furthermore, our observation was consistent to our
previous study, in which IL-33 induced an increase of
S-phase cells, thus promoting proliferation in both pri-
mary mouse leukaemia cells and patient AML samples
[9,29]. Our findings are similar to the recent work in
human osteosarcoma demonstrating that the induc-
tion of G2/M phase cell cycle arrest induces a decrease
in G0/G1 phase as well as an increase in cell apoptosis
[30]. Therefore, our findings open the door to the pos-
sibility of using pharmacological inhibitors of CDK1 in
treating ALL. In addition, identifying specific inhibitors
of IL-33/p38 MAPK/AKT pathway in conjunction with
other therapies, such as chemotherapy, targeted thera-
pies, and immunotherapy, may be further investigated

so as to broaden the horizon of the biology of IL-33
in ALL.

In summary, we demonstrate that IL-33/IL1RL1 axis
can lead to an abnormal activation of several down-
stream signalling pathways including p38 MAPK and
AKT, which are capable of modulating cell cycle, inhib-
iting apoptosis and increasing cell viability. Inhibiting
either p38 MAPK, AKT, or CDK1 can induce apoptosis
of leukemic blasts, thereby contributing to cell death.
Further studies will be required to delineate the
molecular mechanism by which p38/AKT regulates
downstream signalling and the expression of target
genes to support ALL survival (Figure 5).
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