Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY LETTERS 20: 1888-1896, 2020

HLX affects cell cycle and proliferation in AML
cells via the JAK/STAT signaling pathway

XIA-YIN ZHU', QUN-YI GUO!, MIN ZHU?, BAO-GUO CHEN?, LING-YAN WANG,
DAN-QIONG ZHANG!, L1 ZHANG', YAN-PING SHAO'! and WEN-DA LUO'

Departments of 1Hernatology and “Central Laboratory, Taizhou Hospital of Zhejiang,
Wenzhou Medical College, Taizhou, Zhejiang 317000, P.R. China

Received January 5, 2020; Accepted May 13,2020

DOI: 10.3892/01.2020.11718

Abstract. Acute myelogenous leukemia (AML) is a class of
malignant tumors derived from hematopoietic stem or progen-
itor cells. The H2.0-like homeobox gene (HLX) encodes
transcription factors that function in promoting normal hema-
topoietic cell proliferation and tumor immunity. The present
study analyzed the effect of downregulating the HLX on cell
cycle distribution and cell proliferation in AML. Moreover, the
current study detected changes in the expression of genes and
proteins in the Janus kinase (JAK)/STAT signaling pathway
to investigate the mechanism of the action of HLX in tumor
immunity in AML. HLX expression in AML cell lines was
silenced using small interfering siRNA, and MTS/PMS-assay
colorimetric assays were used to assess the effect of knock-
down of HLX on AML cell proliferation. Flow cytometry was
used to analyze changes in cell cycle distribution, while reverse
transcription-quantitative PCR and western blotting were used
to detect changes in the expression levels of key components
of the JAK/STAT signaling pathway, such as p21-activated
kinase 1 (PAK1), neuropilin 1 (NRP1), B-cell translocation
gene 1 (BTGI1) and STATS. It was found that HLX was differ-
entially expressed in AML cell lines of various subtypes, and
HLX expression was higher in the AML/M3 subtype NB4 cell
line compared with the control group. Knockdown of HLX
in NB4 cells significantly inhibited cell proliferation and
arrested cells in the G,/G, phase. Moreover, STATS protein
expression, as well as NRP1 and PAK1 expression levels were
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downregulated, while BTG1 expression was upregulated when
HLX was knocked out by siRNA. Collectively, the results
suggested that downregulation of HLX may cause G,/G, phase
arrest and inhibit the proliferation of AML cells by activating
the JAK/STAT signaling pathway.

Introduction

The H2.0-like homeobox gene (HLX) encodes transcription
factors that play roles in promoting normal hematopoietic cell
proliferation and tumor immunity, and the HLX protein plays
a key role in the development of cancer (1). HLX is expressed
at high levels in various tumor cells but at low levels in normal
cells; however, the complete deletion of HLX results in cell
death (2,3). A previous study reported that the expression of
HLX decreased during CD34* hematopoietic stem or progen-
itor cell differentiation, suggesting that HLX may play a role
in maintaining the differentiation potential of hematopoietic
stem or progenitor cells (4).

Acute myelogenous leukemia (AML) is a class of malig-
nant tumors derived from hematopoietic stem or progenitor
cells. The main treatment methods for AML include chemo-
therapy, radiotherapy, hematopoietic stem cell transplantation,
cell immunotherapy, targeted therapy and traditional Chinese
medicine treatment (5). Currently, it is difficult to improve
the complete remission rate and long-term survival rate with
existing treatment regimens (6). However, research and exami-
nation of immunotarget therapy have revealed that tumor
immunotherapy and molecular targeted therapy may be poten-
tial therapeutic breakthroughs. As previously demonstrated,
the aim of Feiji Recipe (Components of this prescription:
Astragalus 30 g, Atractylodes macrocephala 15 g, Poria
20 g, American ginseng 10 g, Trichosanthes 30 g, pinellia
12 g, Fritillaria Zhejiang 20 g, yam 15 g, job's tears 30 g,
Hedyotis Baihua 30 g, Chonglou 30 g, zhibaibu 15 g, bayzha
15 g, zaojiaoci 30 g, Chenpi 12 g, liquorice 6 g, each patient's
dosage and content of the recipe are not exactly the same) in
the treatment of lung cancer was to restore the function of
T-cells in the cancer microenvironment by interfering with the
indoleamine 2,3-dioxygenase pathway (7). In recent years, fms
related receptor tyrosine kinase 3 (FLT3), Nucleophosmin 1
(NPM1), DNA (cytosine-5)-methyltransferase 3A (DNMT3a)
and isocitrate dehydrogenase (NADP+) 2 (IDH2) have been


https://www.spandidos-publications.com/10.3892/ol.2020.11718
https://www.spandidos-publications.com/10.3892/ol.2020.11718
https://www.spandidos-publications.com/10.3892/ol.2020.11718

ZHU et al: HLX AFFECTS CELL CYCLE AND PROLIFERATION

the top four targeted molecules in AML (7). Drug develop-
ment with NPM1 is difficult, and thus is not considered a
candidate (8). Moreover, the mutation of DNMT3AR882H can
inhibit the function of the wild-type protein, and the develop-
ment of inhibitors worsens the disease (7). Thus, FLT3 and
IDH2 have become the main focus of drug development. IDH1
and IDH2 have similar molecular structures, and related drugs
are also in development (9). Furthermore, molecular targeted
therapy has resulted in positive outcomes in the treatment of
hematologic malignancies (10). Previous studies have identi-
fied HLX, which is highly expressed in AML cells, as a new
target for this malignancy and reported that high HLX expres-
sion is associated with poor prognosis in patients with AML,
but the specific mechanism of HLX gene function in AML
remains unknown (10,11).

Previous studies have shown the effect of inhibiting
HLX on suppressing the proliferation of leukemia cells
and have revealed the relationship between HLX with
p2l-activated kinase 1 (PAK1) and B-cell translocation gene 1
(BTG1) (10-14); however, to the best of our knowledge, these
studies have not examined the Janus kinase (JAK)/STAT
signaling pathway. Thus, the present study analyzed HLX
expression in every subtype of AML cells, and then focused on
the NB4 cell line (AML/M3 subtype) to elucidate the function
and possible mechanism of action of HLX in AML.

Materials and methods

Media and reagents. The human AML KGla, NB4 and THP-1
cell lines and the human acute lymphoblastic leukemia Jurkat
cell line were obtained from the Center Laboratory of Enze
Medical Group (Zhejiang, China). RPMI-1640 medium and
FBS were obtained from Cytiva. DEPC water, TRIzol®,
RNAlater Stabilization Solution and Blockit Alexa Fluor
Red Fluorescent Oligo were obtained from Thermo Fisher
Scientific, Inc. SYBR-Green was obtained from Roche
Diagnostics, and PCR reagents were obtained from Axygen
(Corning, Inc.). Lipofectamine® RNAIMAX Reagent (www.
lifetechnologies.com), STATS antibody (cat. no. QC215910),
small interfering siRNA-HLX1 and siRNA-HLX2 were
obtained from Thermo Fisher Scientific, Inc. The HLX1
antibody (cat. no. GTX87590) was obtained from GeneTex
International Corporation. Lipofectamine® 2000 was obtained
from Invitrogen (Thermo Fisher Scientific, Inc.), and the Cell
Cycle Staining kit was obtained from Hangzhou Multi Sciences
(Lianke) Biotech Co., Ltd. The FACSCalibur flow cytometer
and PCR machine were obtained from BD Biosciences.

Cell culture. The human leukemia cell lines were cultured in
RPMI 1640 medium with 10% FBS in an incubator at 37°C
with 5% CO, and 95% humidity.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was extracted using the Qiagen
RNeasy® Mini kit (Qiagen, Inc.) and a RevertAid RT Reverse
Transcription kit (Thermo Fisher Scientific, Inc.) was used to
reverse transcribe RNA into cDNA at 65°C for 5 min. qPCR
was performed using the SYBR Premix Ex Tag kit (Takara
Bio, Inc.) at 42°C for 60 min, 70°C for 5 min and 40°C for
10 min, for 40 cycles, and an ABI 7500 Sequencing Detection
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system (Applied Biosystems; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocols. GAPDH was used
as a quantitative control gene, and all reactions were performed
in triplicate.

The housekeeping gene GAPDH served as the reference
gene, and RT-qPCR was performed using an ABI 7500
Sequencing Detection system. The results were calculated
using the 22244 method (15), and the median ACq value of
GAPDH was used to calculate expression levels in the control
group. Primer sequences of genes HLX, PAK1, neuropilin 1
(NRP1) and BTGI for RT-qPCR were as follows (www.
generay.com): HLX: Forward, 5'-ATCTCACTTCCCTGC
TAACCG-3' and reverse, 5'-AGAAGCCTCGTTAATGGG
ATCT-3'; PAK1: Forward, 5-CAGCCCCTCCGATGAGAA
ATA-3" and reverse, 5'-CAAAACCGACATGAATTGTGT
GT-3'; BTGI: Forward, 5-AGCGGATTGGACTGAGCA
G-3' and reverse, 5'-GGTGCTGTTTTGAGTGCTACC-3";
NRP1: Forward, 5-~-ACGTGGAAGTCTTCGATGGAG-3' and
reverse, 5'-CACCATGTGTTTCGTAGTCAGA-3'; GAPDH:
Forward, 5'-CTGGGCTACACTGAGACC-3' and reverse,
5-AAGTGGTCGTTGAGGGCAATG-3'.

Western blotting. Proteins were extracted from cells in the
logarithmic growth phase using RIPA buffer supplied by
Enze Medical Group Laboratory. For blocking, 5% skimmed
milk was used at 4°C overnight. Protein was determined using
a BCA Protein Assay kit (Sangon Biotech Co. Ltd). In total,
50 kDA protein was loaded per lane onto a 5% gel. The proteins
were then transferred to polyvinylidene difluoride (PVDF)
membranes (0.45 ym). The PVDF membrane was incubated
with the following primary antibodies overnight at 4°C: HLX1
(cat. no. GTX87590, 1:1,000) and STATS (cat. no. QC215910,
1:2,000), obtained from GeneTex International Corporation.
Then, the membranes were incubated with HLX secondary
antibody [goat anti-rabbit IgG (H+L) secondary antibody,
cat. no. 31460, 1:1,000, Invitrogen; Thermo Fisher Scientific,
Inc.], STAT secondary antibody [goat anti-mouse IgG,
IgM (H + L) secondary antibody, cat. no. A-10677, 1:3,000,
Invitrogen; Thermo Fisher Scientific, Inc.] for 1 h at room
temperature. Band intensity was semi-quantitatively analyzed
using ImagelJ software version 1.8.0 (National Institutes of
Health).

Construction of HLX-knockdown cells. HLX-specific
sequences were designed according to the GenBank database
(Invitrogen; Thermo Fisher Scientific, Inc.), and siRNA-HLX1
and siRNA-HLX?2 were generated (Table I). AML cells were
transfected with siRNA-HLX1, -HLX?2 or non-targeting control
siRNA-highGC using Lipofectamine® RNAIMAX (www.
lifetechnologies.com). The following solutions were used:
i) Liquid A, 25 pl Opti-MEM Medium + 0.5 pl siRNA; and
ii) Liquid B, 25 ul Opti-MEM + 1.5 pl Lipofectamine. Then,
liquid B was added to liquid A for 5 min at room temperature
and mixed to obtain Liquid C. Cells were added at a density
of (1-4x10% to liquid C after 20 min at room temperature,
followed by incubation for 1-3 days at 37°C. The transfected cells
were observed and counted manually under the fluorescence
microscope at 200x magnification. The cells were divided
into the blank control group (no added reagent), the negative
control group (transfected with non-specific high-GC siRNA)
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Table I. Sequences of siRNA-HLX1 and siRNA-HLX?2.

Gene Cat. no. Type Sequence (5'—3")

SiRNA-HLX1 10620318-296424 E04 RNA CCCUUAAACUCGAACCCAAGAAAUU
10620319-296424 E05 RNA AAUUUCUUGGGUUCGAGUUUAAGGG

siRNA-HLX2 10620318-296424 E06 RNA GCUGAGAGAUCUCACUUCCCUGCUA
10620319-296611 A12 RNA UAGCAGGGAAGUGAGAUCUCUCAGC

Supplier: Thermo Fisher Scientific, Inc. siRNA, small interfering RNA; HLX, H2.0-like homeobox gene.
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Figure 1. HLX expression in AML cell lines. (A) Comparison of HLX gene expression in different cell lines. (B) Comparison of HLX protein expression in
different cell lines. (C) Gray value analysis of western blotting results. “P<0.01. NS, not significant; HLX, H2.0-like homeobox gene.

and experimental group (transfected with siRNA-HLX1 or  groups were analyzed: Negative control group (transfected
siRNA-HLX?2). In total, three wells were used for each group.  with non-specific high-GC siRNA) and experimental group
The transfection efficiency was determined at the time points  (SiRNA-HLX1 or siRNA-HLX?2). Proliferation was determined
of 12,24, 48 or 72 h after transfection, and the experiment was  using the MTS/PMS Cell Proliferation Assay kit (www.
repeated three times. liankebio.com) according to the manufacturer's instructions.

The absorbance was measured at 490 nm on a multi-well plate
MTS/PMS assay for cell proliferation. NB4 cells were seeded  reader at 12, 24, 48 and 72 h after transfection. The survival
into 96-well plates at a density of 1x10° cells/ml. The following  rate was calculated [Survival inhibition rate=(1-odvalue
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Figure 2. Changes in HLX expression after siRNA transfection of NB4 cells. (A) HLX gene expression was determined by reverse transcription-quantitative
PCR at 24 h after siRNA transfection. (B) HLX protein expression was detected by western blotting at 24 h after siRNA transfection. (C) Gray value analysis
of western blotting results. “P<0.01. NS, not significant; HLX, H2.0-like homeobox gene; siRNA, small interfering RNA; Neg, negative control.

of experimental group/odvalue of control group) x100%],
and each assay was performed in triplicate. The results are
presented as the mean + standard deviation (SD).

Cell cycle assay. NB4 cells were fixed with 70% ethanol
at 4°C after 24 h of exposure to siRNA-HLX?2. RNase was
used (Thermo Fisher Scientific, Inc.). Then, add the cell to
-20 anhydrous ethanol, stir it at high speed while adding,
discard the ethanol, add PBS at room temperature, place it for
15 min, added 1 ml Cell cycle staining kit (www.liankebio.com)
and shake it for 5-10 sec, and incubate it at room temperature
in dark for 30 min, and the cell cycle was analyzed by flow
cytometry (Flowjo®Flow data analysis software version 10.5.2,
BD Biosciences).

Changes in associated proteins and genes after HLX
gene knockdown. STATS protein expression in NB4 cells
was analyzed by western blotting after transfection with
siRNA-HLX?2, and the expression levels of related genes,
including PAKI1, NRPIl and BTGI, were assessed by
RT-qPCR.

Statistical analysis. The data were analyzed using SPSS
22.0 software (SPSS, Inc.). A Kolmogorov-Smirnov test was
used to analyze data normality. Data are presented as the
mean + SD of =3 independent experiments. A t-test was used
to compare the means of two groups. ANOVA (parametric)
and Kruskal-Wallis (non-parametric) were used to compare
the means of multiple groups, and variations of statistical
significance were further subjected to post hoc pairwise
analysis by applying the Tukey's test and the Dunn's test,
respectively. P<0.05 was considered to indicate a statistically
significant difference.

Results

HLX expression is highest in the NB4 AML cell line. RT-qPCR
was used to detect HLX gene expression in KGla, NB4,
THP-1 and Jurkat cells. It was found that the HLX gene was
differentially expressed in KGla (AML/MO subtype), NB4
(AML/M3 subtype), and THP-1 (AML/MS5 subtype) cells.
Furthermore, HLX expression was higher in NB4 and THP-1
cells compared with the control group, but was highest in the
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Figure 3. Comparison of the survival rates of NB4 cells at each time point after transfection of the high-GC siRNA, siRNA-HLX1 or siRNA-HLX2. “P<0.01.
HLX, H2.0-like homeobox gene; siRNA, small interfering RNA.
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Figure 4. Flow cytometry analysis of the cell cycle distribution of NB4 cells transfected with siRNA-HLX2 for 24 h. (A) Negative control group. (B) Cells
transfected with siRNA-HLX2 for 24 h. (C) Scatter plot of the negative control group. (D) Scatter plot of the cells transfected with siRNA-HLX2 for 24 h.
(E) Cell cycle distribution. "P<0.05, “P<0.01. HLX, H2.0-like homeobox gene; siRNA, small interfering RNA; Neg, negative control.

NB4 cell line (Fig. 1A). This result was also demonstrated by
western blotting (Fig. 1B and C).

HLX expression is lowest at 24 h in NB4 cells after siRNA
transfection. Cells in the blank control group (non-transfected),

negative control group (neg siRNA) and experimental group
(siRNA-HLX1 or siRNA-HLX?2) were transfected as indicated,
and HLX gene expression was detected using RT-qPCR after
12,24,48 and 72 h. HLX mRNA expression was lowest at 24 h.
Of the two gene-targeting sequences, sSiRNA-HLX2 was more
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Figure 5. Changes in STATS protein expression in NB4 cells after siRNA-HLX2 transfection. (A) Comparison of STATS protein expression in NB4 cells after
siRNA transfection. (B) Gray value analysis of western blotting results. "P<0.05, “P<0.01. NS, not significant; HLX, H2.0-like homeobox gene; siRNA, small

interfering RNA; Neg, negative control.

effective at silencing HLX expression than the siRNA-HLX1
group compared with the control group (Fig. 2A). HLX protein
expression in the aforementioned groups was detected by
western blotting after 24 h, and the results indicated that HLX
protein expression was decreased in the siRNA-HLX2 group
compared with the untreated control group (Fig. 2B and C).

Knockdown of HLX using siRNA-HLX?2 inhibits NB4 cell
survival to a higher level compared with siRNA-HLX1. The
absorbance at 490 nm was measured using the MTS/PMS
method before transfection and at 12, 24, 48 and 72 h after
transfection with siRNA-HLX1, siRNA-HLX?2 and high-GC
siRNA. The survival rate was calculated, and the results
suggested that siRNA-HLX?2 had a stronger inhibitory effect
on proliferation compared with siRNA-HLX1. The survival
rates of SiIRNA-HLX?2 at 12, 24, 48 and 72 h were 80.87+4.99,
70.08+4.87, 71.29+2.15 and 55.73+4.46%, respectively,
compared with the control (Fig. 3).

Knockdown of HLX using siRNA-HLX2 arrests NB4 cells in
the G,/G, phase. As HLX gene expression was lowest at 24 h
after siRNA-HLX?2 transfection, the cell cycle distribution of
NB4 cells transfected with siRNA-HLX?2 was analyzed at 24 h.
At this time point, the S phase population was reduced and
the cell cycle was blocked in the G,/G, phase. After transfec-
tion of NB4 cells with siRNA-HLX?2, cell survival decreased
with the reduction in the S phase population from 12.32+0.76
to 4.29+2.85%, G,/M phase population from 23.92+1.22 to
20.13+2.56%, and the number of cells in the G,/G, phase
increased from 63.57+1.87 to 72.24+2.64% (Fig. 4).

STATS protein expression is downregulated in NB4 cells
after siRNA-HLX2 transfection. After transfection of NB4
cells with siRNA-HLX?2, STATS protein expression was
detected by western blotting. In total, three groups were
analyzed untreated control group, negative control group and
siRNA-HLX?2 group), and the results indicated that STATS
protein expression decreased significantly in the siRNA-HLX2
group (Fig. 5). Compared with the untreated control and the

non-targeting control, the STATS expression levels in the
siRNA-HLX2 group decreased significantly.

Genes related to the JAK/STAT signaling pathway show
altered expression in NB4 cells after siRNA transfection
on the differences seen with time. The expression levels of
JAK/STAT signaling pathway related genes (PAK1, NRP1 and
BTG1) were detected by RT-qPCR after transfection of NB4
cells with siRNA-HLX1 or siRNA-HLX?2. It was demonstrated
that knockdown of the HLX gene decreased the expression
levels of PAK1 (Fig. 6A and B) and NRP1 (Fig. 6C and D), but
increased BTGI expression (Fig. 6E and F).

Discussion

HLX is located on chromosome 1q41-q42.1, and its 1467-bp
open reading frame encodes a protein composed of 488 amino
acids (16). Previous studies have reported that the HLX gene
participates in a variety of processes, including cell prolif-
eration, differentiation and maturation (17,18). Moreover,
in combination with T-box transcription factor 21 and other
transcription factors, HLX induces interferon-y production
and provides T helper Th-2 cells with typical Thl-cell func-
tions (19,20). At present, previous studies have reported that
the abnormal expression of HLX is closely related to the
development of autoimmune diseases, such as Graves' disease,
gastric cancer, colon cancer and other solid tumors (21), and
that HLX plays an important role in the occurrence and devel-
opment of leukemia (10). HLX is expressed in several types
of leukemia but at different levels; for example, the expres-
sion of HLX is high in myeloid leukemia but low in lymphoid
leukemia (11,17).

AML is a malignant tumor, and individuals <35 years
of age have the highest morbidity and mortality (22). The
pathological mechanism of AML includes the abnormal
clonal proliferation of leukemic cells, which affects normal
hematopoiesis and endangers some organs and systems (10).
Gene-targeting therapy has been revealed to improve the
cure rate of AML (22); thus, it is critical to identify new gene
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Figure 6. Changes in the related genes, PAK1, NRP1 and BTGI, after transfection of NB4 cells with siRNA-HLX1 or siRNA-HLX2. Data at 0 h were the
scramble siRNA and are used as the control group. Changes in PAK1 gene expression in NB4 cells after (A) siRNA-HLXI or (B) siRNA-HLX2 transfection.
Changes in NRP1 gene expression in NB4 cells after (C) siRNA-HLX1 or (D) siRNA-HLX2 transfection. Changes in BTG1 gene expression in NB4 cells after
(E) siRNA-HLXI1 or (F) siRNA-HLX2 transfection. "P<0.05, “P<0.01. NS, not significant; HLX, H2.0-like homeobox gene; siRNA, small interfering RNA;
Neg, negative control; PAK1, p21-activated kinase 1; BTGI, B-cell translocation gene 1; NRP1, neuropilin 1.

targets for AML. By analyzing HLX gene expression data
from 354 patients with AML in the USA, Kawahara et al (11)
found that the HLX gene was overexpressed in 87% of these
patients and was associated with poor prognosis. Thus, these
findings demonstrated that HLX may be a potential target in
AML,; however, to the best of our knowledge, few studies have
reported the specific mechanism of HLX in AML.

The aim of the present study was to investigate the
biological functions of HLX in AML cells. First, HLX expres-
sion was analyzed in AML cell lines of different subtypes
and HLX was found to be differentially expressed in KGla
(AML/MO subtype), NB4 (AML/M3 subtype) and THP-1
cells (AML/MS5 subtypes), with the highest expression in the
NB4 cell line. Then, after knocking down the HLX gene in
NB4 cells using siRNA technology, the survival was assessed
at 12,24, 48 and 72 h; cell proliferation was inhibited by HLX
knockdown. The cell cycle was analyzed by flow cytometry,
which identified an increased number of cells in G,/G, phase
and a decreased number in S phase, suggesting that the cell

cycle was arrested at G,/G, phase. Collectively, the present
results indicated that the downregulation of HLX could block
the cell cycle in Gy/G, phase, thus inhibiting the proliferation
of AML cells.

The current study further investigated the signaling pathway
affected by HLX that was involved in AML cell cycle regula-
tion and proliferation. It was demonstrated that the knockdown
of HLX resulted in a decreased expression of STATS5 at the
protein level and of PAK1 and NRPI at the mRNA level, while
BTGI gene expression was increased. NRP1 is a receptor
of VEGF 4 and can promote vascular proliferation via the
PI3K/Akt, JAK/STAT and Notch signaling pathways (23-25).
STATS is an important regulatory protein of the JAK/STAT
signaling pathway and is closely associated with hematological
malignancies (26). PAK1 is the downstream effector of HLX,
regulates the carcinogenic effects of STATS in hematological
disease (27,28), and is involved in the pathogenesis of AML
via the regulation of the MYC core network (12). Moreover,
BTGI is involved in a translocation with c-Myc and functions
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as a tumor suppressor gene in the BTG anti-proliferative
protein family, leading to growth arrest or apoptosis in tumor
cells (13,14).

The JAK/STAT signaling pathway plays an important role
in the development and progression of AML. Epidermal growth
factor receptor (EGFR), a co-receptor of NRP1, is a receptor
tyrosine kinase located upstream of this signaling pathway (24).
Within this pathway, STATS is an important regulatory
protein, and PAK1 and c-Myc are notable downstream target
genes; furthermore, BTG is involved in the translocation of
c-Myc (27). The findings of the present suggest that the HLX
gene can regulate the JAK/STAT signaling pathway in AML,
and after silencing HLX, genes associated with the JAK/STAT
signaling pathway show altered expression over time. NRP1
expression was decreased, STATS5 protein expression was down-
regulated and the JAK/STAT signaling pathway was blocked,
resulting in a reduction in PAK1 expression. Furthermore, under
physiological conditions, STAT is known to regulate the reticular
system via positive or negative feedback mechanisms involving
the STATS/c-Myc axis, and artificial mutagenesis of the
STAT-binding site on c-Myc inhibits the JAK/STAT signaling
pathway (29). Therefore, the increased expression of BTG1 may
also lead to the negative feedback regulation of the JAK/STAT
signaling pathway via the STATS/c-Myc network, thus leading to
the synergistic inhibition of STATS phosphorylation, repression
of cell proliferation and cell cycle arrest.

Although the results are promising, the current study has
several limitations. Since the HLX gene is closely related to
genes such as BTGI, Forkhead Box O4, FYN proto-oncogene,
Src family tyrosine kinase, growth arrest and DNA damage
inducible a, ras homolog family member B, Tumor Protein
P63, ZFP36 Ring Finger Protein Like 1, Histone Deacetylase 7
and PAK1 (11), HLX may function similar to other homeobox
proteins in AML to regulate several linked signaling pathways
by affecting relevant upstream and downstream genes (30).
The present study only examined the JAK/STAT pathway,
and not investigate pathways that could be regulated by HLX.
Additionally, the effects of HLX on cell differentiation and
apoptosis were not fully elucidated. Thus, future studies will
assess these processes in relation to HLX. The effects in the
NB4 cell line was selected and the aim of the current study
was to examine the relationship between the HLX gene and
JAK signaling pathway. However, if the expression of HLX
in cell lines is not high, the changes in related genes may not
be obvious when HLX is downregulated. Thus, only the most
representative cell line (NB4) was selected to be presented. In
a subsequent study, HLX expression will be evaluated in AML
primary cells, especially in the M3 subtype. To confirm the
JAK/STAT signaling as the underlying mechanism of HLX,
inhibitors of the JAK/STAT pathway will be used in future
studies after downregulating HLX in AML cell lines, and the
changes of JAK?2 protein in NB4 cells will be measured after
HLX knockdown. In addition, further studies will measure the
phosphorylated STATS protein; the protein levels of genes,
such as PAK1, NRP1 and BTG1, will also be evaluated.

In conclusion, the present results indicated that the HLX
gene may be an important therapeutic target in AML and
that it may play a critical role by regulating the JAK/STAT
signaling pathway to regulate cell proliferation and cell cycle
progression. Furthermore, the current study provides novel
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evidence of the pathogenic mechanism of HLX in AML and
thus may help improve the treatment of AML (22).
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