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Abstract. – OBJECTIVE: This study aimed to 
explore the candidate genes and their potential 
mechanism in childhood acute lymphoblastic 
leukemia (cALL).

MATERIALS AND METHODS: Differential-
ly expressed genes (DEGs) were screened from 
GSE67684 (treatment), GSE28460 (relapse), and 
GSE60926 (relapse). The expression of AEBP1 
at different stages of cALL was analyzed fol-
lowed by functional enrichment analysis of its 
co-expressed genes. Expression of AEBP1 was 
determined in different leukemia cell lines and 
knocked down in Jurkat cells. Cell behaviors 
as well as the expression of p53, Bax, and Bcl-
2 were also evaluated after silencing AEBP1 in 
Jurkat cells. 

RESULTS: Two clusters: Profile 1 (down-
ward) and Profile 26 (upward) were identified in 
GSE67684, and 53 Profile 1-specific DEGs were 
identified compared with DEGs in GSE28460 and 
GSE60926. AEBP1 was one of these genes and 
was significantly downregulated after treatment 
but upregulated in relapse samples. Functional 
enrichment analysis revealed that AEBP1 co-ex-
pressed genes were significantly enriched in GO 
terms including immune response, blood coagula-
tion etc. and in the hematopoietic cell lineage and 
PI3K/Akt signaling pathways. AEBP1 was signifi-
cantly increased in leukemia cell lines, especial-
ly in Jurkat cells, compared with the Pbmc cells. 
Silencing AEBP1 markedly reduced proliferation 
and induced cell cycle arrest in Jurkat cells, but al-
so promoted apoptosis of Jurkat cells. Silencing 
AEBP1 also inhibited the expression of p53 and 
Bcl-2 but promoted Bax in Jurkat cells.

CONCLUSIONS: AEBP1 was highly-expressed 
in the diagnosis and relapse cALL, and silencing 
AEBP1 significantly reduced proliferation but 
promoted apoptosis in Jurkat cells via a p53-de-
pendent pathway.
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Introduction

Childhood acute lymphoblastic leukemia 
(cALL) is the most common malignancy in chil-
dren and adolescents, and is one of the leading 
causes of mortality in childhood1,2. It is estimat-
ed that at least 54,000 new cases of cALL are 
diagnosed in Asia annually3. With the devel-
opment of medical technologies, although 80% 
of cALL cases can be cured by application of 
modern treatment, 20% undergo relapse despite 
receiveing appropriate treatments4,5. Therefore, it 
is important to further explore the pathogenesis 
of cALL to improve the understanding, diagno-
sis, and treatment of cALL. In recent decades, 
development of high-throughput sequencing has 
provided a new method to elucidate the mech-
anism of cALL. Exome sequencing revealed 
that CNOT3 and the ribosomal genes RPL5 and 
RPL10 were mutated in T-cell ALL, indicating 
that ribosome might be an underlying oncogenic 
factor6. A whole genome sequencing based on 15 
Philadelphia chromosome-positive (Ph-like) ALL 
cases revealed that the ABL1, JAK2, PDGFRB, 
and CELF2 were rearranged and that IL7R and 
FLT3 were abnormally activated in ALL, which 
will induce transformation and could be attenuat-
ed by tyrosine kinase inhibitors7. A genome-wide 
association study of 511 ALL cases and 6661 non-
ALL controls documented that inherited GAT3 
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variants are associated with the pathogenesis and 
relapse of Ph-like cALL, but the exact mechanism 
of GAT3 in cALL remains unclear8. In addition, 
exome sequencing has revealed that the activating 
mutation of STAT5B is a common abnormality in 
pediatric T-cell ALL and significantly associat-
ed with a higher rate of relapse9. However, how 
these mutations work in the pathogenesis of ALL, 
including cALL, is still not fully understood or 
confirmed by experiments. In the current study, 
three microarray datasets provided by the Gene 
Expression Ominous (GEO, https://www.ncbi.
nlm.nih.gov/geo/) were systematic secondarily 
mined to identify promising candidate genes as-
sociated with cALL, and the results indicated that 
adipocyte enhancer-binding protein 1 (AEBP1) 
was significantly correlated with the pathogenesis 
and relapse of cALL. In addition, functional en-
richment predication and molecular experiments 
were also performed to validate our findings. 
Based on these investigations, we hope to provide 
useful insights into understanding, diagnosis, and 
treatment of cALL.

Materials and Methods

Data Sourcing
Three cALL datasets GSE67684 (https://

www.ncbi.nlm.nih.gov/geo/query/acc.cgi?ac-
c=GSE67684), GSE28460, and GSE60926 were 
downloaded from the GEO database and used 
for the following investigations. Specifically, 
GSE67684 contains 495 children cALL samples, 
including 194 in the Day0 group (diagnosed), 193 
in the Day8 group (underwent treatment for 9 
days), 49 in the Day15 group (underwent treatment 
for 15 days), and 59 in the Day33 group (underwent 
treatment for 33 days). GSE28460 includes 49 
diagnosis and 49 relapse children cALL samples, 
and GSE60926 contains 22 diagnosis cALL sam-
ples and 20 relapse children cALL samples. These 
three datasets were sequenced on the platform of 
GPL570 [HG-U133_Plus_2] Affymetrix Human 
Genome U133 Plus 2.0 Array. Following this, ex-
pression console was used to obtain the expression 
information of probes in each dataset.

Identification of DEGs and Venn Analysis
According to the probe expression informa-

tion, DEGs of time series in GSE67684 were 
screened using the Fisher test with the thresholds 
of a random variance model (RVM) of adjust 
p-value ≤0.05 and a false discovery rate (FDR) 

≤0.05. Based on the isolated DEGs, the expres-
sion trends of these DEGs were analyzed using 
series test of cluster (STC) according to the treat-
ment time point: Day0→Day8→Day15→Day33. 
DEGs between the diagnosis and relapse samples 
in GSE28460 and GSE60926 were identified us-
ing the small variance of the RVM model with 
the thresholds of p ≤0.05 and fold changes (FC) 
>1.2. Following this, a Venn diagram was used to 
isolated time series specific DEGs.

Expression of AEBP1 in Different Stages 
of cALL

To further reveal the value of AEBP1, the expres-
sion of AEBP1 in each stage of cALL in the three 
datasets (GSE67684, GSE28460, and GSE60926) 
was calculated using ggplot2 package in R.

AFBP1 Co-Expressed Gene Expression 
and Functional Enrichment

According to the DEGs identified in GSE67684, 
AEBP1 co-expressed DEGs were analyzed us-
ing the Pearson co-efficient. Following this, the 
top 200 co-expressed DEGs were subjected to 
functional enrichment analysis based on the an-
notation in the Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
databases. Significant enrichment was considered 
when p<0.05 and FDR <0.05. Following this, the 
AEBP1-gene-pathway regulatory network for the 
top 200 co-expressed genes was established using 
Cytoscape 3.2.0.

Cell Culture
In this study, the lymphoma cell lines: Jurkat, 

Nalm-6, and Raji, and the normal cell line 293T 
were cultured for the following experimental 
investigations. Specifically, Jurkat, and Raji cells 
were maintained in Roswell Park Memorial In-
stitute-1640 (RPMI-1640) medium (Gibco, Carls-
bad, CA, USA) containing 10% fetal bovine 
serum (FBS, Gibco, Rockville, MD, USA) and 
1% penicillin-streptomycin (Sigma-Aldrich, St. 
Louis, MO, USA) and 293T cells were main-
tained in Dulbecco’s Modified Eagle Medium 
(DMEM) (Gibco, Rockville, MD, USA) con-
taining 10% fetal bovine serum (FBS) and 1% 
penicillin-streptomycin. In addition, peripheral 
blood mononuclear cells (PBMCs) were isolat-
ed from the serum of a healthy control using a 
Ficoll-Paque Plus (TBDscience, Tianjin, China) 
density gradient centrifugation and maintained in 
RPMI-1640 medium containing 10% fetal bovine 
serum (FBS) and 1% penicillin-streptomycin. All 
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cells were kept in a humidity incubator at 37°C 
with a 5% CO2 atmosphere.

Construction of shAEBP1 Lentivirus
According to the accession number of AEBP1 

in PubMed, the shRNA sequence of AEBP1 was 
designed, and a non-significant sequence was 
used as a negative control. Following this, the 
shAEBP1 plasmid was constructed by Shanghai 
Genechem CO., Ltd., (Shanghai, China). Sub-
sequently, shNC or shAEBP1, pHelper 1.0 and 
pHelper 2.0 were co-transfected into 293T cells 
using lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s pro-
tocol. After transfection for 48 h, supernatants of 
293T cells were harvested to infect 70% conflu-
ency of Jurkat cells. Following 72 h of infection, 
Jurkat cells were harvested for knocked down 
confirmation and the following investigation.

Flow Cytometry
Cell cycle and apoptosis were determined us-

ing flow cytometry. Briefly, cells were seeded 
in a 6-cm dish overnight to a confluency of 
80%. Then, cells were typsinzed, washed with 
pre-cooled D-Hanks (pH = 7.2~7.4), and fixed 
with 75% ethanol at 4°C for 1 h. Following this, 
cells were stained with propidium iodide (PI) 
solution (PI 50 μg/mL and RNase A 200 μg/mL, 
Sigma-Aldrich, St. Louis, MO, USA) at room 
temperature for 30 min in the dark and analyzed 
using a Guava®easyCyteTM8HT flow cytometer 
(Millipore, Billerica, MA, USA). Each experi-
ment was performed in triplicate and the average 
value was calculated as the final result.

Cell Counting Kit-8 (CCK-8) Assay
After silencing shAEBP1, control or shAEBP1 

cells were seeded in 96-well plates at a density of 
2.0 × 103 cells per well. Each sample was repeated 
five times. Then, cell proliferation was determined 
using CCK-8 (Sigma-Aldrich, St. Louis, MO, USA) 
for five days after seeding. Briefly, CCK-8 solution 
was added to each well and incubated at 37°C 
for 4 h according to the manufacturer’s protocol. 
Following this, the optical density (OD) value at 
450 nm was determined using a microplate reader 
(Tecan Infinite, Männedorf, Switzerland). 

Quantitative Real-Time Polymerase Chain 
Reaction (RT-qPCR)

Following treatment, total RNA in cells was 
isolated using TRIzol reagent (Shanghai Pufei, 
Shanghai, China) and reversed transcribed into 

complementary deoxyribose nucleic acid (cDNA) 
using Promega M-MLV (Promega, Madison, WI, 
USA) according to the manufacturer’s protocols. 
Next, the amplification of genes was performed 
using 6.0 μL of SYBR Master Mixture (TaKa-
Ra, Otsu, Shiga, Japan), 0.3 μL of 5 μM primer 
mix, 0.6 μL of template (cDNA), and 5.1 μL of 
RNase-free H2O with the following condition: 
95°C for 30 s and 40 cycles of 95°C for 5 s and 
60°C for 30 s in a Real-time PCR instrument 
(Roche, Basel, Switzerland). Primers for these 
genes were designed as follows: AEBP1: forward, 
5’-CAGCATCCATGACGATTTTGT-3’ and re-
verse, 5’-CATTCCAGGTGAGTGGGTAGAT-3’; 
and GAPDH (internal control): forward, 
5’-TGACTTCAACAGCGACACCCA-3’ and re-
verse, 5’-CACCCTGTTGCTGTAGCCAAA-3’. 
Relative gene expression was analyzed using the 
2-ΔΔCt method6.

Western Blotting
After treatment, cells were lysed with radio-

immunoprecipitation assay (RIPA) lysis buffer 
(Beyotime, Shanghai, China) containing a cock-
tail of proteases inhibitors (Beyotime, Shang-
hai, China). Then, cells were harvested and 
centrifuged at 4°C, 10,000 g. The supernatants 
were collected and quantified using the BCA 
method (BCA Protein Assay Kit, Beyotime, 
Shanghai, China). After boiling with an equal 
volume of loading buffer, protein solutions were 
subjected to sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) 
and transferred to a polyvinylidene difluoride 
(PVDF) membrane (Millipore, Billerica, MA, 
USA). After that, the membranes were blocked 
with a 5% skim milk solution at room tem-
perature for 1 h and incubated with primary 
mouse anti-AEBP1 (1:300, Santa Cruz, Santa 
Cruz, CA, USA), mouse anti-p53 (1:1000, Cell 
Signaling Technology, Danvers, MA, USA), 
mouse anti-Bcl-2 (1:500, Abcam, Cambridge, 
MA, USA), rabbit anti-Bax (1:1000, Abcam), 
or mouse anti-GAPDH (1:2000, Santa Cruz, 
Santa Cruz, CA, USA) at 4°C overnight. After 
washing with Tris buffered saline and Tween 
20 (TBST) for 8 min × 4 times, the membranes 
were incubated with mouse anti-rabbit or rabbit 
anti-mouse antibody (1:5000, Santa Cruz, San-
ta Cruz, CA, USA) at room temperature for 1.5 
h. After rinsing with TBST for 8 min × 4 times, 
the blots membranes were visualized using the 
enhanced chemiluminescence method (Pierce, 
Rockford, IL, USA).
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Statistical Analysis
Statistical analyses were performed using 

GraphPad Prism 6.0 (GraphPad Software, La Jol-
la, CA, USA). Continuous variables are presented 
with the mean ± standard deviation (SD) and 
comparisons between groups were estimated us-
ing Student’s t-test. For all comparisons, p<0.05 
was considered to be statistically significant.

Results

DEGs Identification and Clustering
According to the thresholds, a total of 1621 

DEGs were identified in the GSE67684 dataset 
between 0day and other treatment days. After 
clustering using STC, eight significant changed 
gene profiles were identified (Figure 1). Specifical-
ly, Profile 1 was the only downward gene profile 

and Profile 26 was the only upward gene profile 
among these significantly changed gene profiles 
(Figure 2A). Moreover, a total of 1529 DEGs were 
identified in GSE28460, including 570 upregulated 
genes and 959 downregulated genes. In addition, 
1012 DEGs were identified in GSE60929, includ-
ing 407 upregulated genes and 605 downregulated 
genes. A Venn diagram was performed for the 
DEGs in Profile 1, GSE28460, and GSE60929 
to screen cALL treatment associated genes. As a 
result, 53 DEGs were identified to be specifically 
included in Prolife1, including AEBP1, ALDH5A1, 
ATF3, AUTS2, BAALC, BCL7A, BICD1, CLE-
C14A, CRIM1, CTGF, etc. (Figure 2B).

Expression of AEBP1 in Different  
Stages of cALL

The aforementioned results indicated that 
AEBP1 might play critical roles in the treatment 

Figure 1. Expression trends of DEGs identified in GSE67684. A, Expression trends of DEG profiles followed by the diagno-
sis of Day0-Day8-Day15-Day33; B, Expression characteristics of DEGs with similar variation tendency. DEGs: differentially 
expressed genes.
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ulation (p=7.65×10-13), inflammatory response 
(p=6.65×10-12), and cell adhesion (p=1.50×10-11) 
(Table I). The KEGG pathway analysis demon-
strated that the co-expressed genes were sig-
nificantly enriched in 57 pathways, including 
hematopoietic cell lineage (p=1.22×10-13), cyto-
kine-cytokine receptor interaction (p=2.01×10-12), 
staphylococcus aureus infection (p=1.37×10-7), 
phagosome (p=1.94×10-7) and PI3K-Akt signaling 
pathway (p=9.74×10-6, Table II). Subsequently, 
the AEBP1-co-expressed gene-pathway regulato-
ry network was constructed (Figure 4).

Silencing AEBP1 Inhibited the 
Proliferation of Jurkat Cells

Compared with that in the normal cell line 
Pbmcs, the expression of AEBP1 was significant-
ly upregulated in Jurkat, Nalm-6, and Raji cells 
(p<0.05, Figure 5A). Then, AEBP1 was knocked 
down in Jurkat cells and confirmed by RT-qP-
CR and Western blotting (Figure 5B and 5C). 
Following this, the proliferation of Jurkat cells 
was assessed and found that silencing AEBP1 

of cALL. Therefore, the change in expression of 
AEBP1 in different stages was explored accord-
ing to the probe information included in the three 
datasets GSE67684, GSE28460, and GSE60929. 
The result indicated that expression of AEBP1 
was significantly downregulated after treatment 
in a time-dependent manner but there was no 
signifcant difference between the diagnosed and 
relapse groups (Figure 3). These findings sug-
gested that AEBP1 might play critical roles in the 
treatment of cALL and could serve a promising 
biomarker for the prognosis of cALL treatment.

Functional Enrichment Analysis for 
AEBP1 Co-Expressed Genes

The top 200 AEBP1 co-expressed genes were 
isolated from GSE67684 using the Pearson co-ef-
ficient. Then, functional enrichment analyses 
were conducted for these co-expressed genes. GO 
functional enrichment analysis revealed that these 
co-expressed genes were significantly enriched in 
the terms of immune response (p=2.73×10-18), 
blood coagulation (p=1.31×10-13), platelet degran-

Figure 2. DEGs identified in GSE67684, GSE28460, and GSE60926. A, Significantly downward and upward gene cluster in 
GSE67684; B, Venn analysis among profile 1 in GSE67684, GSE28460, and GSE60926. DEGs: differentially expressed genes.
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significantly attenuated the proliferation ability 
of Jurkat cells (Figure 5D).

Silencing AEBP1 Arrested the Cell Cycle 
of Jurkat Cells

After silencing AEBP1, the cell cycle of Jurkat 
cells was also analyzed using flow cytometry. The 
results indicated that percentage of Jurkat cells at 

the S-stage was significantly lower than that in the 
control group and the percentage of Jurkat cells at 
the G1-stage was markedly higher than that in the 
control group (p<0.01, Figure 6A and 6B). Howev-
er, no significant difference was identified between 
these two groups for the G2/M stage. These find-
ings indicated that silencing AEBP1 clearly caused 
cell cycle arrest of Jurkat cells.

Silencing AEBP1 Increased Cell Apoptosis 
in Jurkat Cells

Subsequently, apoptosis in Jurkat cells after 
knocking down AEBP1 was determined. Flow 
cytometry revealed that silencing AEBP1 sig-
nificantly increased the apoptosis in Jurkat cells 
compared with that in the control group (p<0.01, 
Figure 7A). However, the activity of caspase3/7 
was significantly higher in the shAEBP1 group 
compared with that in the control group (p<0.01, 
Figure 7B). In addition, the expression levels of 
p53, Bax, and Bcl-2 were also determined using 
Western blotting. The results showed that the 
expression levels of p53 and Bcl-2 were signifi-
cantly downregulated in the shAEBP1 group 

Figure 3. Expression of AEBP1 in different stages of 
childhood acute lymphoblastic leukemia.

Figure 4. Regulatory network of the AEBP1-co-expressed genes-pathway. The rectangle represents AEBP1, circle rep-
resents AEBP1 co-expressed gene, arrow represents gene enriched pathway, red represents the upregulated gene, green 
represents the downregulated gene, full line represents the positive relationship between AEBP1 and co-expressed gene, and 
dotted line represents the negative relationship between AEBP1 and co-expressed gene.
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compared with those in the control group, but the 
expression of Bax was markedly upregulated in 
the shAEBP1 group compared with that in the 
control group (Figure 7C). All these findings in-
dicated that knocking down AEBP1 significantly 
increased apoptosis in Jurkat cells with a p53-de-
pendent pathway.

Discussion

In the present study, three datasets were sec-
ondarily mined to identify cALL associated can-
didates genes. A total of 1621 DEGs were identi-
fied in the GSE67684 dataset with two significant 
gene clusters: profile 1 (downward) and profile 26 

Table I. The top 10 GO terms enriched by AEBP1 co-expressed genes.

GO-ID GO-name Count p-value Gene 

GO:0006955 Immune response 20 2.73E-18 VPREB1, CEBPB, IL18, CST7, C5AR1, THBS1, 
    RAG1, IL1R1, PF4, CFP ...
GO:0007596 Blood coagulation 18 1.31E-13 F5, ENTPD1, HPS4, PLEK, GP1BB, ITGA2B, 
    PRKAR2B, PF4, PLA2G4A, TREM1 ...
GO:0002576 Platelet degranulation 10 7.65E-13 PPBP, PLEK, PF4, ITGA2B, CLU, VEGFA, F5, 
    CD36, ITGB3, THBS1 ...
GO:0006954 Inflammatory response 14 6.65E-12 IL18RAP, AOAH, CEBPB, CXCR2, CLEC7A, 
    C5AR1, FPR2, THBS1, TNFAIP6, IL18 ...
GO:0007155 Cell adhesion 16 1.50E-11 CD72, TNFAIP6, CSF3R, ITGB3, ITGA2B, CD33, 
    VCAN, THBS1, ADA, COL5A1 ...
GO:0030168 Platelet activation 12 2.20E-11 THBS1, VEGFA, ITGA2B, PPBP, CLU, PLA2G4A, 
    PLEK, PF4, ITGB3, GP1BB ...
GO:0007166 Cell surface receptor  9 1.31E-08 SIRPB1, ANXA1, CLEC1B, GP1BB,
 signaling pathway    IGSF6, CXCR2, IL18RAP, IL1R1, CD36
GO:0044281 Small molecule  20 1.39E-07 ADA, UPP1, PRKAR2B, SLC23A1,
 metabolic process    MGST1, CD36, NAMPT, GPAT3, PAPSS2, KYNU ...
GO:0032760 Positive regulation of  5 2.82E-07 TLR4, CD36, PF4, NOD2, IL18
 tumor necrosis factor 
 production 
GO:0032496 Response to  7 4.76E-07 MGST1, CEBPB, NOD2, C5AR1, TLR4, SLC11A1, TCF3
 lipopolysaccharide

GO, Gene Ontology.

Table I. The top 10 KEGG pathway enriched by AEBP1 co-expressed genes.

Pathway-ID Pathway Name Count p-value Gene 

04640 Hematopoietic cell 11 1.22E-13 IL6R, ITGA2B, ITGB3, IL1R2, CSF2RA, CSF3R, 
 lineage   CD33, CD36, IL1R1, DNTT...
04060 Cytokine-cytokine 14 2.01E-12 PF4, IL18, CSF3R, IL1R1, IL6R, 
 receptor interaction   CXCR2, PPBP, VEGFA, IL1R2, FAS ...
05150 Staphylococcus aureus 6 1.37E-07 PTAFR, C5AR1, FPR1, FPR2, 
 infection   FCAR, FCGR2A
04145 Phagosome 8 1.94E-07 CD36, FCGR2A, ITGB3, FCAR, TUBB1, THBS1, 
    TLR4, CLEC7A
04151 PI3K-Akt signaling 9 9.74E-06 TCL1A, THBS1, TLR4, PDGFC, 
 pathway   CSF3R, ITGB3, IL6R, ITGA2B, VEGFA
04380 Osteoclast differentiation 6 1.89E-05 IL1R1, SIRPA, OSCAR, ITGB3, FCGR2A, SIRPB1
01100 Metabolic pathways 16 2.48E-05 NAMPT, RIMKLB, CES1, ADA, GPAT3, KYNU, 
    QRSL1, ALDH5A1, PYGL, ASAH1 ...
04015 Rap1 signaling pathway 7 2.86E-05 ITGB3, PARD3, ITGA2B, PDGFC, THBS1, 
    FPR1, VEGFA
05418 Fluid shear stress and 6 3.03E-05 ITGA2B, VEGFA, IL1R1, ITGB3, 
 atherosclerosis   MGST1, IL1R2
04512 ECM-receptor interaction 5 3.34E-05 THBS1, ITGB3, ITGA2B, GP1BB, CD36

KEGG, Kyoto Encyclopedia of Genes and Genomes.
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(upward). Combined with the DEGs identified in 
the relapsed datasets GSE28460 and GSE60929, 
53 common DEGs were identified in Profile1 and 
AEBP1 was one of the common DEGs upregu-
lated in cALL. Functional enrichment analysis of 
AEBP1 co-expressed genes revealed that these 
genes were significantly enriched in the GO 
terms such as immune response, blood coagu-
lation, and platelet degranulation and pathways 
such as hematopoietic cell lineage and PI3K/
Akt signaling pathway. In addition, silencing 
AEBP1 significantly decreased cell prolifera-
tion but increase apoptosis of Jurkat cells via a 
p53-dependent pathway. AEBP1 is a ubiquitously 

expressed protein usually highly expressed in 
adipose tissue, liver, spleen, lung, and brain10, 
but not blood. In the present study, AEBP1 was 
significantly downregulated in cALL after treat-
ment but markedly upregulated in the relapse 
cALL. Moreover, Hu et al11 have demonstrated 
that the upregulation of AEBP1 drives the resis-
tance of melanoma to BRAF (V600E) inhibition. 
These findings suggested that upregulation of 
AEBP1 might be a risk factor for the occurrence 
and relapse of cALL. Previous investigations12-14 
have demonstrated that AEBP1 plays critical 
roles in adipogenesis, macrophage cholesterol 
homeostasis, and inflammatory regulation. In 

Figure 5. Silencing AEBP1 inhibits the proliferation of Jurkat cells. A, Relative expression of AEBP1 in leukemia cell lines 
compared with Pbmc cells (normal control); B, Silencing AEBP1 confirmed by Western blotting; C, Silencing AEBP1 vali-
dated by quantitative Real-time PCR; D, Silencing AEBP1 attenuates the proliferation of Jurkat determined by CCK-8 assay. 
*p<0.05 and *p<0.001 compared with the control group.
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this study, functional enrichment analysis iden-
tified that AEBP1 co-expressed genes were not 
only significantly enriched in GO terms such as 
inflammatory response, immune response, and 
cytokine-cytokine receptor interaction pathways 
but also markedly enriched in hematopoietic 
cell lineage, blood coagulation, and platelet de-
granulation pathways. Considering these lines 

of evidence, we deduced that AEBP1 can co-op-
erate with its co-expressed genes to modulate 
the pathogenesis of cALL. To further clarify its 
biofunction, expression of AEBP1 was deter-
mined in lymphoma cell lines and the results 
indicated that the expression of AEBP1 was 
significantly upregulated compared with that in 
normal PBMCs cells, which was consistent with 

Figure 6. Silencing AEBP1 inhibits cell cycle of Jurkat cells. A, Cell cycle of Jurkat after silencing AEBP1 determined by 
flow cytometry; B, Quantification of Jurkat cell cycle after silencing AEBP1. **p<0.01 compared with the control group.
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the bioinformatics findings. Knocking down the 
expression of AEBP1 significantly inhibited the 
proliferation and cell cycle of Jurkat cells. Hol-
loway et al15 have documented that AEBP1 pro-
motes the hyperplasia of mammary epithelial 
cells via proinflammatory and Hedgehog signal-
ing. In addition, the overexpression of AEBP1 
was found to result in hyperlipidemia and the 
development of atherosclerotic lesions in the 
proximal aortas of mice, whereas the ablation of 
AEBP1 attenuates the atherosclerosis16, possibly 
because it promoted the proliferation and mi-
gration of vascular smooth muscle cells17. Taken 
together, AEBP1 might promote the pathogenesis 
of cALL via increasing the proliferation and cell 
cycle progression in lymphoma cells. However, 
the exact mechanism of this effect requires to 
be further clarified. Furthermore, apoptosis in 
Jurkat cells after silencing AEBP1 was also an-
alyzed and revealing that knockdown of AEBP1 
significantly increased apoptosis in Jurkat cells. 
Researches18,19 have reported that tumor suppres-
sor p53 is a key protein in suppressing the tumor 
progression and triggers apoptosis via activating 

the apoptotic effector protein Bax. Bainer et al20 
revealed that the p53-regulated apoptotic gene 
signature could be used to predict the outcome 
of cALL. Moreover, the germline variation TP53 
was also reported to affect the predisposition and 
prognosis of cALL21. Further investigations also 
found that silencing AEBP1 markedly increased 
the activity of caspase 3/7 and expression of 
Bax but decreased the expression of p53 and 
Bcl-2. Moreover, functional enrichment analysis 
revealed that ABEP1 associated co-expressed 
genes were significantly enriched in the PI3K/
Akt signaling pathway. Bastian et al22 previ-
ously reported that the synergistic activity of 
botezomib and HDACi regulated the P13K/Akt/
p53 and NF-κB signaling pathways to modu-
late the outcome of B-cell precursor cALL in a 
preclinical model. Suppipat et al23 observed that 
sulforaphane induce cell cycle arrest and apopto-
sis in ALL via modulating the p53/Akt signaling 
pathway. Taken together, these findings indicated 
that AEPB1 might promote proliferation and sup-
press apoptosis in Jurkat cells via the p53/PI3K/
Akt signaling pathway.

Figure 7. Silencing AEBP1 promotes apoptosis in Jurkat cells. A, Apoptosis of Jurkat cells after knocking down AEBP1 
determined by flow cytometry; B, Activity of caspase-3/-7 in Jurkat cells after knocking down AEBP1; C, Expression of p53, 
Bcl-2, and Bax in Jurkat cells after knocking down AEBP1. **p<0.01 compared with the control group.
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Conclusions

AEBP1 was significantly upregulated in the di-
agnosis and relapse stages of cALL, but markedly 
reduced after treatment. Moreover, AEBP1 was 
also significantly upregulated in lymphoma cell 
lines, especially in Jurkat cells, compared with 
that in PBMCs. Silencing AEBP1 significantly 
promoted apoptosis of Jurkat cells and mark-
edly attenuated proliferation and induced cell 
cycle arrest in Jurkat cells via the p53/PI3K/Akt 
signaling pathway. These findings indicate that 
AEBP1 might play a critical role in modulating 
the proliferation and apoptosis of lymphoma cells 
to regulate the progression of cALL, showing a 
promising candidate biomarker for the diagnosis 
and treatment of cALL. 
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