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Abstract

Introduction: Paediatric AML patients with hyperleukocytosis have a poor prognosis
and higher early mortality. Therefore, more studies are needed to explore relevant
prognostic indicators and develop effective prevention strategies for this type of
childhood AML.

Methods: All original data were obtained from the TARGET database. First, we
explored meaningful differentially expressed genes (DEGs) between the hyperleuko-
cytosis group and the non-hyperleukocytosis group. Next, we screened and identified
valuable target genes using univariate Cox regression, Cytoscape software, and
Kaplan-Meier survival curves. Finally, the coexpressed genes, functional networks,
and immune-related activities associated with the target gene were deeply analysed
by the GeneMANIA, LinkedOmics, GEPIA2021, TISIDB, and GSCA databases.
Results: We selected 1229 DEGs between the hyperleukocytosis group and the non-
hyperleukocytosis group in paediatric AML patients. Among them, 495 DEGs were
significantly linked with the overall survival of paediatric AML patients. Further, we
discovered that CX3CR1 was a promising target gene. Meanwhile, we identified
CX3CR1 as an independent prognostic predictor. Besides, we showed that CX3CR1
had strong physical interactions with CX3CL1. Additionally, functional network anal-
ysis suggested that CX3CR1 and its coexpressed genes modulated immune response
pathways. Subsequent analysis found that immune cells with a high median value of
CX3CR1 were monocytes, resting NK cells and CD8 T cells. Finally, we observed that
CX3CR1 expression correlated with infiltrating levels of immune cells and immune
signatures.

Conclusion: Elevated CX3CR1 expression may be an adverse prognostic indicator in
paediatric AML patients undergoing hyperleukocytosis. Moreover, CX3CR1 may
serve as an immunotherapeutic target for AML with hyperleukocytosis in children.
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1 | INTRODUCTION

Acute myeloid leukaemia (AML) is a heterogeneous haematopoietic
stem cell malignancy characterized by clonal proliferation and blocked
differentiation of myeloid precursors. AML is highly differentiated in
morphology, immunophenotype, cytogenetics, epigenetic characteris-
tics, and response to treatment.? In children, the most common types
of acute leukaemia are acute lymphoblastic leukaemia (ALL) and AML,
accounting for 75%-80% and 15%-20% of paediatric acute leukaemia
cases, respectively.?

Compared with childhood ALL, the therapeutic effect of AML is
poor, and the progress of treatment is lagging. Compared with the
overall survival rate of more than 90% in paediatric ALL, the overall
survival rate of AML is only 70%, and 30% of patients will relapse. It is
still the main cause of death in paediatric leukaemia.®

Hyperleukocytosis is a specific syndrome of leukaemia patients,
mainly caused by the proliferation of leukaemia cells and defined by a
white blood cell (WBC) count of greater than 100 x 10°/L.# Previous
evidence revealed that higher WBC counts lead to a worse prognosis
in children and adults with AML.>® Hyperleukocytosis, prominently
manifested as leukostasis syndrome, is considered a medical emer-
gency and contributes to the development of leukostasis, dissemi-
nated intravascular coagulation (DIC), and tumour lysis syndrome
(TLS), increasing long-term relapse and early-stage mortality in leukae-
mia patients.” In clinical practice, the current main treatment options
for hyperleukocytosis include emergency leukocytosis, intensive che-
motherapy (IC), and hydroxyurea.®

To date, a study has reported that hyperleukocytosis indicated
unfavourable poor prognosis in paediatric AML.? Thus, it is of great
significance to identify novel prognostic factors for paediatric AML
patients with hyperleukocytosis. However, studies on the molecular
markers of prognosis in paediatric AML with hyperleukocytosis are
paucity.'® Using gene expression and clinical profile data from the
TARGET database in the present study, we explored the genes associ-
ated with childhood AML with hyperleukocytosis, screened out a
meaningful targeted gene, and further comprehensively analysed its

functional mechanism.

2 | MATERIALS AND METHODS

2.1 | Data sources and preprocessing

Clinical information and mRNA-seq data for AML patients were
obtained from The Therapeutically Applicable Research to Generate
Effective Treatments (TARGET) dataset (http://ocg.cancer.gov/). The
year of diagnosis ranged from 1996 to 2016, while the year of the last
follow-up ranged from 1997 to 2019. Criteria for exclusion were
unknown WBC at diagnosis, unknown peripheral blood (PB), and bone
marrow (BM) leukaemic blast percentages. A total of 1894 paediatric
AML patients younger than 18 years old were included in our study.
Of these, 1484 patients had a WBC count of<100 x 10%/L, whereas
410 patients had hyperleukocytosis (WBC count of 2100 x 10%/L).

Clinical characteristics at diagnosis were publicly available in the database,
including survival status, survival time, gender, race, age, treatment proto-
cols, PB and BM leukaemic blast percentages, central nervous system leu-
kaemia (CNSL), chloroma, French-American-British (FAB) subtypes, MLL
status, FLT3. ITD status, NPM status, CEBPA status, risk group, and SCT
in 1st CR. OS was the primary endpoint of the research.

2.2 | Identification and functional enrichment
analysis of differentially expressed genes (DEGs)

First, we combined clinical information with mRNA-seq data from AML
patients using Perl. Next, we obtained data, including 1109 patient sam-
ples (WBC count of<100 x 107/L) and 293 patient samples (WBC count
of 2100 x 107/L). The R package “edgeR” was utilized to screen for dif-
ferentially expressed mRNAs between WBC count of<100 x 10°/L and
WBC count of 2100 x 10°/L samples. Fold change (FC) 22 and adjusted
p < 0.05 were set as the threshold values in DEGs. The volcano map was
depicted by the “gplots” package on the R platform. The R packages
“clusterProfiler” and “enrichplot” were used for Kyoto Encyclopedia of

Genes and Genomes (KEGG) and Gene Ontology (GO) analysis.

2.3 | Protein-protein, interaction (PPIl) network,
hub genes, and module analysis

The Search Tool for the Retrieval of Interacting Genes (STRING) data-
base (http://string.embl.de/) is an online tool, which was used to
assess the associations between different proteins.!! Interactions
with a combined score >0.7 were considered statistically significant.
The PPI network of DEGs was visualized by Cytoscape software. The
cytoHubba plugin and Molecular Complex Detection (MCODE) plugin
of Cytoscape were performed to identify hub genes and screen the
modules with the default values. Then, we used the Kaplan-Meier
survival analysis to identify whether hub genes could be used as prog-
nostic biomarkers for paediatric AML patients with hyperleukocytosis.

24 |
on OS

Uni- and multivariable analyses of CX3CR1

To examine whether the impact of CX3CR1 expression on the survival
of paediatric AML with hyperleukocytosis was independent, we con-
structed univariate and multivariable Cox proportional hazard models
using the R package. The expression level of CX3CR1 was dichoto-

mized as high and low with the median as the cut-off value.
2.5 | The potential functions of CX3CR1 in AML
by various databases

GeneMANIA (http://genemania.org/) is a quick and convenient web-
site for the construction of gene interaction networks.*?> We found a
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relationship between the CX3CR1 gene and functionally similar gene
sets using GeneMANIA in this study.

LinkedOmics (http://www.linkedomics.org) is an open multi-
omics database consisting of LinkFinder, LinkCompare, and Linkin-
terpreter modules, which are used to analyse and compare data within
different types of cancers.*®

GEPIA2021 (http://gepia2021.cancer-pku.cn/) is a valuable plat-
form that analyzes datasets at the cellular level based on the GEPIA
database.' We visualized CX3CR1 expression levels in various
immune cells by CIBERSORT through GEPIA2021.

GSCA (http://bioinfo.life.hust.edu.cn/GSCA/) is a flexible web
server of genomic, pharmacogenomic, and immunogenomic for
tumour analysis.®®> In this study, the GSVA enrichment score and
immune cell infiltration presented the correlation between CXC3R1
and immunity in AML.

TISIDB (http://cis.hku.hk/TISIDB) is a powerful web portal, which
studies the interaction of tumours and the immune system by inte-
grating a variety of databases.!® We evaluated the associations
between CX3CR1 expression and immune-related signatures in

cancers.

2.6 | Statistical analysis

Statistical analysis of this study was performed using R software
v4.1.2. The clinical characteristics of the patients were represented by
SPSS 22.6. Continuous variable datasets were described by median
and range. In addition, we used the Wilcoxon-Mann-Whitney test to
compare the numerical data groups. We also used the Chi-square test
and Fisher's exact test to compare the categorical data groups. Uni-
variate and multivariate Cox proportional hazard models were con-
structed for OS, which evaluated the hazard ratio (HR) with
corresponding 95% confidence intervals (95% Cl). A two-tailed

p < 0.05 was considered statistically significant.

3 | RESULTS

3.1 | Bioinformatics analysis procedure

The flow chart of this study bioinformatics analysis was shown in
Figure S1. First, we acquired the original data from the TARGET database.
AML patients were divided into the hyperleukocytosis group and the
non-hyperleukocytosis group, according to the WBC expression level.
Second, we combined clinical data with gene expression and identified
DEGs between the above groups. In addition, we demonstrated func-
tional enrichment analysis of DEGs. Thirdly, we evaluated the prognostic
significance of DEGs and selected valuable DEGs to construct a PPI net-
work. Furthermore, we carried out hub gene and module analyses in
Cytoscape. Finally, we estimated survival analysis of the hub genes and
constructed univariate and multivariate Cox proportional hazard models
of a target gene. Moreover, we illustrated the related functions of the tar-

get gene through a series of online databases.

Laboratory Hematology

3.2 | Identification of DEGs

Expected as an adverse prognostic clinical parameter in paediatric
AML patients, it is crucial to identify crucial mRNAs and understand
the relevant processes and pathways affected by hyperleukocytosis.
We screened DEGs of mRNA-seq between 293 AML patients with
hyperleukocytosis and 1109 AML patients with non-hyperleukocyto-
sis. Altogether, 1229 DEGs were detected (Table S1), of which
208 were upregulated (Table S2) and 1021 were downregulated
(Table S3). The volcano plot of the DEGs was shown in Figure S2.

3.3 | Functional and pathway enrichment analyses

To better understand the function of DEGs, GO and KEGG analyses
were performed using R packages. As shown in Figure S3-4 and
Table S4-S5, for biological processes (BP), upregulated DEGs were
particularly enriched in the regulation of cytokine production,
response to external stimulus, immune effector process, and leukocyte
mediated immunity, and downregulated DEGs were mainly enriched in
axon development, synapse organization, cell junction assembly, and reg-
ulation of cell adhesion. For molecular function (MF), the upregulated
DEGs were enriched in carbohydrate binding, peptide binding, and iron
jon binding, and the downregulated DEGs were enriched in signalling
receptor activator activity, receptor-ligand activity, passive transmem-
brane transporter activity, and channel activity. In addition, cellular com-
ponent (CC) analysis showed that the upregulated DEGs were enriched
on the external side of the plasma membrane, and the downregulated
DEGs were enriched in the collagen-containing extracellular matrix, cell-
cell junction, and apical part of a cell.

KEGG pathway analysis was conducted for total DEGs. The results
showed that upregulated DEGs were enriched in pathways in amoebiasis,
arachidonic acid metabolism, legionellosis, and the haematopoietic cell lin-
eage (Figure S5, Table Sé). The most significantly enriched pathways of
the downregulated DEGs were ECM-receptor interactions, malaria, pro-
tein digestion and absorption, cytokine-cytokine receptor interaction,
rheumatoid arthritis, cell adhesion molecules, focal adhesion, proximal
tubule bicarbonate reclamation, axon guidance, nitrogen metabolism,
PI3K-Akt signalling pathway and viral protein interaction with cytokine
and cytokine receptor (Figure Sé, Table S7).

3.4 | Hub gene, PPl and module analysis

Initially, through univariate Cox regression, we discovered that 495 DEGs
were significantly linked with the OS of paediatric AML patients
(p < 0.05) (Table S8). To unearth the interactions of the prognostic genes,
PPIs with combined scores greater than 0.7 were selected for construct-
ing PPl networks via the STRING database. Then, a PPl network, which
included 22 upregulated genes and 83 downregulated genes, was visual-
ized in Cytoscape (Figure 1A). The entire PPl network was analysed using
MCODE, following which six modules were displayed according to the

connective degrees (Figure 1B). Moreover, the CytoHubba plugin was


http://www.linkedomics.org
http://gepia2021.cancer-pku.cn/
http://bioinfo.life.hust.edu.cn/GSCA/
http://cis.hku.hk/TISIDB

International Journal of
Laboratory Hematology

MEI ET AL.

csr2

o5

o2

FIGURE 1

RBROX3

MYH14

MYH6  UNC45B

LAMCS  \1gp4
PARVA CSF2
ITGA7 g
4 cmc
- chiB
Y 3 COIA
© oD5
<)
E
=
=}
%
GAD1 ®
SNAP25 CX3CR1
SLCI7A7 CXCL5 cxeLt
cee1
SLG3A1 EPBA1
GYPA

PPI network construction, module analysis and hub gene identification by Cytoscape. Red nodes: upregulated DEGs; green nodes:

downregulated DEGs. (A) PPI network of DEGs linked with the OS of paediatric AML patients (p < 0.05). (B) Six modules screened from the PPI
network using MCODE. (C) Ten identified hub genes from the PPI network using MCC and MNC of CytoHubba

used to determine the top 10 hub genes based on their MCC and MNC
scores. These 10 hub genes included CD8A, CD1C, CD1B, CSF2, CD1A,
CD5, CCL2, CXCL11, CX3CR1, and CXCL1. Among these 10 genes,
CD1C, CD1B, CD1A, and CX3CR1 were upregulated DEGs, while CD8A,
CSF2, CD5, CCL2, CXCL11, and CXCL1 were downregulated DEGs
(Figure 1C).

3.5 | Kaplan-Meier survival analysis of hub genes

The OS was analysed for 410 paediatric patients with hyperleuko-
cytosis using the Kaplan-Meier survival plot. As shown in Figure 2,

of upregulated DEGs, high levels of CX3CR1 (p = 0.031) and low
levels of CD1C (p = 0.003) and CD1B (p = 0.004) were correlated
with worse OS in patients; however, there was no significant cor-
relation between CD1A (p = 0.128) and paediatric patients with
hyperleukocytosis prognosis. Additionally, in the downregulated
DEGs of hub genes, the levels of CSF2 (p = 0.083), CCL2
(b = 0.868), CXCL1 (p = 0.970), and CXCL11 (p = 0.123) showed
no significant relations with prognosis; meanwhile, the high
expression of CD8A (p = 0.004) and CD5 (p = 0.002) had a favour-
able prognosis in the patients. Based on the above integrated ana-
lyses, we finally chose CX3CR1 as a potential target gene and
further explored the predictive value of the combination of
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FIGURE 2 Prognostic value of hub genes for paediatric AML patients with hyperleukocytosis. Kaplan-Meier survival analysis for
0OS. (A) CD1A; (B) CD1B; (C) CD1C; (D) CX3CR1; (E) CSF2; (F) CCL2; (G) CD5; (H) CD8A,; (I) CXCL1; (J) CXCL11

expression and clinical characteristics of paediatric AML patients
with hyperleukocytosis.

3.6 | Differences in characteristics between the
CX3CR1"&" and CX3CR1"Y groups

The baseline characteristics of all paediatric AML patients with hyperleu-
kocytosis were divided into two groups according to the median CX3CR1
expression levels, as listed in Table S9. PB blast percentage, CNSL, FAB
subtypes, treatment protocols, gene mutations (MLL, CEBPA), and risk
group distribution were significantly different between the two sub-
groups. We also noticed no association of CX3CR1 expression with age,
gender, race, BM leukaemic blast percentage, chloroma, or FLT3. ITD sta-
tus, NPM status and SCT in 1st CR.

3.7 | Independent prognostic analysis in paediatric
AML patients with hyperleukocytosis

To examine whether the impact of CX3CR1 expression on paediatric
AML patients with hyperleukocytosis survival was independent, we
executed univariate and multivariate Cox proportional hazard models
using multiple variables, including CX3CR1 expression, age, gender,
race, treatment protocols, BM leukaemic blast percentage, PB leukae-
mic blast percentage, CNSL, chloroma, FAB subtypes, and FLT3. ITD
status, MLL status, NPM status, CEBPA status, risk groups, and SCT in
1st CR (Tables S10 and S11).

In the univariate Cox analysis, high CX3CR1 expression, higher
PB leukaemic blast percentage, and MLL mutation were associated

with short OS (p = 0.00815, p = 0.0173, and p = 0.0122, respec-
tively). CEBPA mutation was favourable for OS (p = 0.0125). In addi-
tion, FAB subtypes and risk groups were associated with survival. The
results of multivariate Cox analysis revealed that CX3CR1 expression
was an independent risk factor for OS (p = 0.02613), and PB leukae-
mic blast percentage, FAB subtypes, and risk groups were indepen-
dent factors for prognosis prediction.

3.8 | Functional enrichment and coexpression
analyses of CX3CR1

To clarify the underlying mechanism of CX3CR1, we constructed a
network of CX3CR1 and related gene sets using GeneMANIA. The
network displayed the physical interactions (77.64%), co-expression
(8.01%), predicted (5.37%), co-localization (3.63%), genetic interac-
tions (2.87%), pathways (1.88%), and shared protein domains (0.60%).
The results showed that 20 genes, CX3CL1, CCR8, MAF, ENDOU,
GAS1, NPY5R, ZAP70, CSF1R, CYP2C9, CYP24A1, CEP112, EFHD1,
IL1B, NPY1R, COL8A1, CALCOCO2, RNASE3, COL14A1, HOPX, and
CCND2, were mainly related to the function of CX3CR1 (Figure 3A).
CX3CR1 has strong physical interactions with CX3CL1, which is cru-
cial in the migration of leukocytes and the pathogenesis of tumours.
Then, we explored the coexpressed genes of CX3CR1 in the AML
cohort by LinkedOmics. As shown in the volcano plot (Figure 3B),
genes (red dots) were significantly positively correlated with CX3CR1,
while genes (green dots) were significantly negatively correlated with
CX3CR1. Heatmaps displayed the top 50 significant gene sets posi-
tively and negatively linked with CX3CR1 (Figure 3C, D). Moreover,
all coexpressed genes were shown in Table S12. We also found that
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in AML

SLP adaptor and CSK interacting membrane protein (C170rf87),
fibrinogen like 2 (FGL2), and macrophage expressed 1 (MPEG1) were
the top three genes significantly and positively correlated with
CX3CR1. These results indicated that CX3CR1 has a widespread
effect on the immune response.

Subsequently, we carried out GSEA of GO terms and KEGG path-
ways between CX3CR1 and its coexpressed genes in LinkedOmics. GO
term analysis indicated that DEGs correlated with CX3CR1 were mainly
located in the secretory granule membrane, ficolin-1-rich granules, and
tertiary granules. These genes participate in neutrophil-mediated immu-
nity and immune response-regulating signalling pathways. Their functions
were principally enriched in cytokine receptor activity, antigen binding,
cytokine binding, and immunoglobulin binding (Figure S7A-C). KEGG
pathway analysis revealed that the above genes were connected with the
chemokine signalling pathway, the Toll-like receptor signalling pathway
and natural killer cell-mediated cytotoxicity (Figure S7D).

3.9 | Correlations between CX3CR1 expression
and immune-related genes and immune cell infiltrates

Based on the results of functional enrichment and coexpression ana-
lyses of CX3CR1, we found that CX3CR1 was closely related to
tumour immunity. Hence, we investigated CX3CR1 expression levels
in various immune cells through CIBERSORT in the GEPIA2021 data-
base. As shown in Figure 4A, the top three types of immune cells with
a high median value of CX3CR1 were monocytes (median value
5.2676), resting NK cells (median value 4.0955), and CD8 T cells
(median value 2.5078). Additionally, we summarized the correlations
between different types of immune cell infiltrations and the GSVA
enrichment score of CX3CR1 in AML from the GSCA database
(Figure 4B). CX3CR1 expression was significantly positively correlated
with the infiltration levels of macrophages, monocytes, dendritic cells

(DCs), cytotoxic T (Tc) cells, natural killer T (NKT) cells, neutrophils,
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exhausted T cells (Tex), and T helper 1 (Th1) cells. Conversely,
CX3CR1 expression negatively correlated with the infiltration levels
of central memory T (Tcm) cells, T helper 17 (Th17) cells, B cells, CD8
(+) naive (CDS8 naive) cells, CD8(+) T (CD8 T) cells, Tr1 cells, and CD4
(+) T (CD4T) cells.

To strengthen our understanding of the interrelationships
between CX3CR1 expression and immunity, we presented the cor-
relations of CX3CR1 with various immune-related signatures
across cancers from the TISIDB database. Spearman correlations
between CX3CR1 and chemokines, immune inhibitors, immune
stimulators, lymphocytes, MHC molecules, and chemokine recep-
tors were shown in heatmaps (Figure 5A-F). CX3CR1 was posi-
tively correlated with the majority of these immune markers in

some cancers.

4 | DISCUSSION

In children with AML, survival has improved with the development of
individualized precision therapy models. Hyperleukocytosis is a prog-
nostic risk factor for AML in children, and although there are tradi-
tional treatments to address the emergency syndrome, it is not
enough. With the development of gene sequencing technology and
the improvement of various tumour databases, studies have been
conducted to analyse the prevalence, clinical manifestations, and
prognosis in paediatric AML patients undergoing hyperleukocytosis.”
This demonstrated that hyperleukocytosis is an independent prognos-
tic factor in children with AML and predicts poor outcome. Nonethe-
less, no study has explored a prognostic risk model or biomarker for
AML in children based on hyperleukocytosis. In this research, we
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FIGURE 5 Spearman correlations between CX3CR1 and immune-related genes across cancers in TISIDB. (A) Spearman correlations between
CX3CR1 and chemokines. (B) Spearman correlations between CX3CR1 and immune inhibitors. (C) Spearman correlations between CX3CR1 and
immune stimulators. (D) Spearman correlations between CX3CR1 and lymphocytes. (E) Spearman correlations between CX3CR1 and MHC
molecules. (F) Spearman correlations between CX3CR1 and chemokine receptors
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identified and described CX3CR1 as an independent adverse predictor of
outcomes in paediatric AML patients who underwent hyperleukocytosis.

CX3CR1 is a proinflammatory leukocyte transmembrane receptor
specific to the chemokine CX3CL1 belonging to the G-protein-
coupled receptor (GPCR) superfamily, which mainly mediates leuko-
cyte migration and adhesion.!” Herein, we observed that CX3CR1
had strong physical interactions with CX3CL1 by GeneMANIA, which
was consistent with literature reports. Chemokines play an important
role in some diseases of the body, among which the CX3CL1-CX3CR1
axis is involved in the pathogenesis of many diseases, such as inflam-
matory diseases, fibrotic diseases, pain response, cancer development,
neurodegenerative diseases, mental and emotional disorders, focal
cerebral ischemia, pancreatic diseases, and so on.*®

Cumulative evidence has explored the relationship between CX3CR1
and solid tumours and characterized that the CX3CL1-CX3CR1 axis
drives a variety of tumour-promoting cell responses.'” For example, the
CX3CL1/CX3CR1 axis facilitates the initiation and progression of pancre-
atic ductal adenocarcinoma through the JAK/STAT cascade signalling
pathway.?° Another study found that the CX3CL1/CX3CR1 axis pro-
moted the migration of lung cancer cells by activating the Src/FAK signal-
ling pathway.?! Similarly, a study reported that the CX3CR1 signalling
pathway affected the malignant transformation of low-grade gliomas
(LGGs) and promoted vascular proliferation and tumour-associated micro-
glia/macrophages (TAMs) infiltration.?> Depending on the type of
tumours, the CX3CL1/CX3CR1 axis had favourable or unfavourable
effects on tumour patient prognosis. The high expression of CX3CL1, the
ligand of CX3CR1, was a marker of better prognosis in colorectal cancer.
It was mainly related to the infiltration of T lymphocytes and NK cells,
which stimulated a strong immune response, further decreased the meta-
static ability of tumour cells, and weakened the damage to target
organs.?® Conversely, high CX3CR1 expression was negatively correlated
with OS in pancreatic ductal carcinoma, glioma, and lung cancer patients,
and CX3CR1 was proven to be an independent poor prognostic
factor.24~2¢ Likewise, compared to nodular goitre, CX3CL1 and CX3CR1
were significantly increased in human papillary thyroid carcinoma and
could be used as tumour markers.”

CX3CR1 not only affects the prognosis of tumour patients but
also participates in the metastasis and invasion of various cancers. For
instance, CX3CR1 drove breast cancer circulating tumour cells to
other organs. Antagonizing CX3CR1 significantly hindered the spread
of breast cancer cells and enhanced the tumour suppressor effect of
docetaxel.?® Similarly, studies have pointed out that CX3CR1 is
involved in bone metastasis of prostate and lung cancer cells.2?%° In
human ovarian cancer, HIF-1a induced CX3CR1 expression and pro-
moted epithelial to mesenchymal transformation of ovarian cancer
cells.®* Given the above, these data suggested that CX3CR1 pro-
moted human cancer initiation and tumour progression. In our study,
the CX3CR1"&" subgroup had more patients with central nervous sys-
tem leukaemia. We hypothesized that CX3CR1 was involved in extra-
medullary migration infiltration of paediatric AML and induced the
occurrence of the central nervous system in children. At present, there
are few studies on CX3CR1 in haematological tumours, mainly focusing
on B-cell malignancies. It has been found that the CX3CL1/CX3CR1
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axis is expressed on B-chronic lymphocytic leukaemia cells and is
involved in the interaction between leukaemia cells and the tumour
microenvironment.®%3% In addition, high levels of CX3CR1 are
expressed in the bone marrow of MM patients and are involved in
MM-induced angiogenesis.>*

To further investigate the function of CX3CR1 in AML, we carried
out GSEA of GO terms and KEGG pathways between CX3CR1 and its
coexpressed genes in LinkedOmics. As a result, we found that
CX3CR1 was closely related to tumour immunity, especially in cyto-
kine receptor activity and the chemokine signalling pathway. Chemo-
kines mainly mediate immune cell chemotaxis and lymphoid tissue
development. The chemokine system regulates the number and type
of infiltrating lymphocytes, synergistically forms the tumour microen-
vironment, induces pro- and anti-immunity, and promotes or inhibits
tumour growth and proliferation, angiogenesis, and metastasis.>®
Notably, tumour immunotherapy targeting the chemokine system is
emerging as a new therapeutic strategy. For example, mogamulizu-
mab, an anti-CCR4 antibody, is clinically approved for the treatment
of relapsed and refractory adult T-cell leukaemia-lymphoma.®®

In addition to investigating the role of CX3CR1 in antitumor
immunity, we also examined CX3CR1 expression levels on the surface
of immune cells by the GEPIA2021 database. We found that mono-
cytes, resting NK cells and CD8 T cells expressed higher levels of
CX3CR1. This further confirmed that CX3CL1/CX3CR1 recruits NK
cells into the tumour microenvironment and plays a role in the antitu-
mor immune response.%” Correspondingly, CX3CL1 on the surface of liver
cancer target cells stimulated the chemotactic migration and aggregation
infiltration of CX3CR1+ NK cells through the STAT3 signalling pathway
and enhanced the antitumor effect of immune cells.*® In peripheral blood
samples from NSCLC patients, the CX3CR1 expression level of CD8-+
T cells was found to be an early dynamic biomarker of clinical response to
ICI treatment.® Additionally, we also found that CX3CR1 was connected
with the infiltration levels of immune cells and immune-related signatures
by the GSCA and TISIDB databases. CX3CR1 may become a new poten-
tial drug target for anticancer immunotherapy. Accordingly, an in-depth
understanding of the role and mechanism of CX3CR1 in childhood AML
is crucial for the development of cancer therapeutics and individualized
tumour therapy.

Our study had several limitations. The sample data used in the
research analysis came from public databases, and there was a lack of
prospective experimental design to detect the expression level of
CX3CR1 in fresh samples. Although we confirmed that CX3CR1 was
an effective independent prognostic factor and was closely related to
tumour development and immune function, further analysis and vali-
dation experiments are needed to reveal the involvement of the
CX3CR1 gene in the development and induction of mortality in paedi-
atric AML with hyperleukocytosis.

5 | CONCLUSIONS

In summary, we discovered and validated for the first time the predic-

tive value of CX3CR1 for prognosis in paediatric AML patients with
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hyperleukocytosis. We also explored the possibility of CX3CR1 as a
predictor of immune response using public databases, which may be a
surprising finding in immunotherapy for children. Overall, we are look-
ing forward to realizing personalized and precise treatment by opti-
mizing the treatment management of paediatric AML undergoing
hyperleukocytosis in the future.
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