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ABSTRACT
Acute myeloid leukemia (AML) is a hematological malignancy that commonly occurs in children. The 
prognosis of pediatric AML is relatively poor, thus threatening the patient’s survival. The aberrant 
expression of the axon guidance factor, netrin-1, is observed in various types of malignancies, and it 
participates in the proliferation and apoptosis of tumor cells. Herein, we aimed to explore the role of 
netrin-1 in AML cells. Netrin-1 is highly expressed in AML patients. Proliferation and anti-apoptosis were 
observed in AML cells treated with netrin-1. The interaction between netrin-1 and Unc-5 netrin receptor 
B (UNC5B) was detected through coimmunoprecipitation, and UNC5B ribonucleic acid interference 
restrained the influence of netrin-1 on the AML cells. The phosphorylation of focal adhesion kinase- 
protein kinase B (FAK-Akt) was upregulated in AML cells treated with netrin-1. Both FAK and Akt inhibitors 
abrogated the effects of netrin-1 on the proliferation and apoptosis of AML cells. In conclusion, netrin-1 
could promote the growth and reduce the apoptosis of AML cells in a concentration-dependent manner, 
and that these effects were mediated by activating the FAK-Akt signaling pathway via the UNC5B.
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Introduction

Acute myeloid leukemia (AML) is a life-threatening malignant 
disease that commonly occurs in children.1 It is a disorder of 
hematopoietic stem cells caused by chromosomal abnormal-
ities or gene mutations that lead to the overproduction of 
neoplastic clonal myeloid stem cells.2 AML accounts for 
approximately 15–20% of pediatric leukemia cases.3 In recent 
decades, the overall survival (OS) rate of children with AML 
has remarkably increased due to the intensification of che-
motherapy, allogeneic hematopoietic stem cell transplantation, 
and improvement in supportive care.4 However, the outcomes 
of different biological subtypes of AML vary.5 Moreover, pri-
mary refractory or relapsed pediatric AML, which accounts for 
35–48% of pediatric AML cases in 5 years,6–8 results in sig-
nificant morbidity and mortality, and the long-term survival in 
patients with these features remains poor.9 Therefore, the 
exploration and development of novel treatments for children 
in high-risk groups with poor outcomes are urgently required.

Resistance to apoptosis is one of the features of tumor 
cells,10 which contributes to carcinogenesis, tumor progres-
sion, and treatment resistance.11 In AML cells, resistance to 
apoptosis is a significant feature that can induce relapse of the 
primary disease. B-cell lymphoma 2 (Bcl-2), an apoptosis sup-
pressor gene, is highly expressed in the bone marrow of AML 
patients.12 The overexpression of Bcl-2 induces resistance to 

chemotherapy drugs in AML cells,13 thus leading to poor 
prognosis, such as relapse in AML.14

Netrin-1, which serves as an axon guidance factor during 
nervous system development,15 can induce antiapoptotic 
effects when it binds to its receptors by inhibiting caspase 
cleavage.16 Deleted in Colorectal Carcinoma(DCC) and 
UNC5 homologs, which are also receptors of netrin-1, regulate 
the proliferation and apoptosis of tumor cells by activating 
various downstream pathways.17,18 Netrin-1 could be upregu-
lated in pancreatic ductal adenocarcinoma and confers resis-
tance to apoptosis in tumor and endothelial cells in vitro.19 

A previous study by our group suggested that netrin-1 could 
induce antiapoptotic effects in B-cell acute lymphoblastic leu-
kemia (B-ALL) cells, another type of hematopoietic 
malignancy.20 Netrin-1 induces antiapoptotic effects by bind-
ing to dependent receptors and their downstream signaling 
pathways, such as mitogen-activated protein kinase 
(MAPK)20–22 and phosphoinositide 3-kinase-protein kinase 
B (PI3K-Akt).23 However, the mechanism by which the signal 
transduction pathway mediates the netrin-1-dependent anti-
apoptotic effect on malignant cells is not thoroughly under-
stood. Whether netrin-1 can induce antiapoptotic effects in 
other hematopoietic malignancies, such as AML, and the sig-
nal transduction pathway through which netrin-1 could exert 
such action have seldom been investigated.
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In the present study, we aimed to investigate the role 
netrin-1 played in AML cells and its underlying mechan-
isms. First, the serum level of netrin-1 in clinical samples 
were measured to compare the expression level of netrin-1 
between patients and children in the control group. 
Recombinant netrin-1 was then used to treat AML cells 
to explore its effect on apoptosis. Coimmunoprecipitation 
(co-IP) and receptor gene ribonucleic acid interference 
(RNAi) were used to explore and verify the receptor bind-
ing to netrin-1 in AML cells. Finally, western blotting and 
signal transduction pathway inhibitor treatment were used 
to explore and verify the signal transduction pathway 
downstream of netrin-1.

Results

Serum netrin-1 level in AML and control patients

The serum netrin-1 expression level in patients with AML 
and nonhematological malignant diseases (immune throm-
bocytopenic purpura, IPT; iron-deficiency anemia, IDA, 
etc., control group) were detected using enzyme-linked 
immunosorbent assay (ELISA) (Figure 1). The clinical 
information of all patients was collected to analyze the 
relationship between serum netrin-1 expression level and 
clinical indications. The netrin-1 expression level in the 
AML group was significantly higher than that in the con-
trol group (P < .001). However, the serum netrin-1 expres-
sion levels were significantly lower in the high-risk (HR) 
than that in low- or intermediate-risk (LR + IR) AML 
patients at first diagnosis (P < .001; Table 1). These results 
suggest that the mechanism underlying the contribution of 
netrin-1 to the development of AML is complex.

Netrin-1 regulating the growth and apoptosis of AML cells 
at different concentrations

The AML cell lines, K562 and THP-1, were treated with 
recombinant human netrin-1 at concentrations of 0, 25, 50, 
and 100 ng/mL, respectively. Cell Counting kit-8 (CCK-8) 
assays were performed to determine the cell growth curves. 
The growth curves of K562 and THP-1 cells treated with 
different concentrations of netrin-1 significantly increased 
compared with those of cells in the 0 ng/mL group 
(Figure 2a). Flow cytometry was used to detect the apoptotic 
rate of AML cells treated with different concentrations of 
netrin-1, and the apoptotic rate of both cell types was signifi-
cantly decreased (Figure 2b) in the group with netrin-1 treat-
ment. The expression of proliferation-related genes, PCNA, 
CDK4, and cyclin E2, and apoptosis-related genes, bcl-2, 
cleaved caspase-3, and Bax, was detected using western blot-
ting after 24 h of treatment with different concentrations of 
netrin-1 (Figure 2c). Treatment with netrin-1 upregulated the 
expression of proliferative and antiapoptotic genes and down-
regulated the expression of proapoptotic genes. Overall, 
netrin-1 has the potential to promote proliferation and induce 
resistance to apoptosis in K562 and THP-1 cells.Figure 1. Serum Netrin-1 level in AML patients and control patients.

Table 1. Relevance between serum Netrin-1 level and clinical indications of AML 
patients.

Clinical Indications n Netrin-1(ng/ml) P

Sex 0.5655
Male 26 66.5(25.7–1420.0)
Female 14 141.5(19.9–1481.0)

Age 0.7427
＞10 years 11 120.6(40.7–1481.0)
≤10 years 29 71.1(19.9–1420.0)

FAB Classification 0.4487
M1 1 43.7
M2 16 80.8(19.9–718.6)
M3 13 52.5(21.1–1481.0)
M4 1 128.9
M5 5 45.3(33.2–143.9)
M7 4 298.1(71.1–1420.0)

WBC 0.9560
＞20 × 109/L 15 78.9(25.7–1481.0)
≤20 × 109/L 25 82.6(19.9–1420.0)

PLT 0.3225
＞20 × 109/L 19 82.6(33.2–718.6)
≤20 × 109/L 11 46.9(19.9–1481.0)

Hb 0.7539
＞90 g/L 10 135.9(19.9–627.0)
≤90 g/L 30 76.9(21.1–1481.0)

CNSL 
(21 cases)

0.0346*

Yes 3 192.9(178.2–605.8)
No 18 52.0(19.9–1481.0)

Abnormal chromosome 
（27 cases）

0.1140

Yes 25 52.5(21.1–1581.0)
No 2 199.2(178.2–220.2)

LDH 0.5115
＞500IU 13 126.9(25.7–1420.0)
≤500IU 27 62.0(19.9–1481.0)

Risk Classification 
(Except M3, 22 cases)

＜0.0001****

LR+IR 11 178.2(62.0–1420.0)
HR 11 45.3(26.4–82.6)

D28 MRD 
(20 cases)

0.1680

Positive 5 51.6(41.2–78.9)
Negative 15 120.6(37.5–627.0)

*P＜0.05, ****P＜0.0001.
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Netrin-1 regulating anti-apoptosis through the UNC5B in 
AML cells

To investigate the receptor interaction with netrin-1, real-time 
reverse transcription-polymerase chain reaction (RT-PCR) 
(Figure 3a) and western blotting (Figure 3b) were performed 
to detect the expression of netrin-1 receptors. Integrin β1 
(ITGB1) and Unc5 homolog B (UNC5B) were highly 
expressed in K562 and THP-1 cells. Changes in the netrin-1 
level did not affect the receptor expression (Figure 3b). Since 
the optimum concentrations of netrin-1 for apoptosis regula-
tion were 25 ng/mL and 50 ng/mL, 50 ng/mL of netrin-1 was 
chosen as the treatment concentration for subsequent experi-
ments. Co-IP assays were performed to detect the possible 
receptor of netrin-1; UNC5B, but not integrin β1, interacted 
with netrin-1 at a concentration of 50 ng/mL (Figure 3c). 
Furthermore, the UNC5B expression interference was induced 
by infecting the K562 and THP-1 cells with UNC5B-specific 
RNAi lentivirus, and the expression interference was con-
firmed using western blotting (Figure 3d). CCK-8 and flow 
cytometry assays were performed to detect the proliferation 
and apoptotic rates of UNC5B RNAi AML cells and GFP RNAi 
control AML cells treated with either 0 ng/mL or 50 ng/mL 
netrin-1 for 24 h. Knockdown of UNC5B abolished the pro-
motion of proliferation (Figure 3e) and the antiapoptotic effect 
(Figure 3f) of netrin-1. Western blotting showed that the 
differences in expression of apoptosis- and proliferation- 
related genes induced by netrin-1 treatment also disappeared 
in the UNC5B interfered cells (Figure 3g). In short, netrin-1 

may promote the proliferation and inhibit the apoptosis of 
AML cells by binding to the receptor UNC5B.

Netrin-1 regulating the anti-apoptosis by activating the 
Akt-NF-κB pathways in AML cells

Furthermore, we investigated the downstream signaling path-
ways through which netrin-1 regulates cell proliferation and 
apoptosis. Western blotting was performed to detect the phos-
phorylation level of the key signal transducers in the common 
pathways involved in the development of malignancy; the 
phosphorylation of FAK, PI3K, Akt, and Nuclear Factor- 
Kappa B (NF-κB) was significantly elevated in AML cells 
treated with 50 ng/mL netrin-1 for 6 h (Figure 4a). 
Interference with UNC5B expression in AML cells decreased 
the phosphorylation of FAK, PI3K, Akt, P50, and P65 
(Figure 4b). Furthermore, the AML cells were treated with 
FAK (PF-573228, 20 nM, 24 h), Akt (AKT-IN-1, 5.21 μM, 24  
h), and NF-κB inhibitors (JSH-23, 35.5 μM, 24 h)(Figure 4c). 
CCK-8 (Figure 4d) and flow cytometry assays (Figure 4e) were 
performed to detect the growth curve and apoptosis rate in 
normal and inhibitor-treated AML cells treated with either 0  
ng/mL or 50 ng/mL netrin-1. These results suggested that 
these inhibitors could abolish the effect of netrin-1 on cell 
growth and apoptosis. Western blotting for proliferation- 
and apoptosis-related genes was performed; the FAK, Akt, 
and NF-κB inhibitors prevented the regulation of proliferation 
and apoptosis-related genes of netrin-1 (Figure 4f). In 

Figure 2. Regulation of Netrin-1 on the growth and apoptosis of AML cells.
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summary, netrin-1 activated the FAK-Akt-NF-κB signaling 
pathway via the UNC5B to induce proliferation and apoptosis 
in AML cells, while the pathway inhibitors reduced these 
effects.

Discussion

Netrin-1 is a member of the laminin-like family of proteins. 
Netrin-1 is involved in the regulation of angiogenesis, inflam-
mation, tissue remodeling, and cancers.24 The function of 
netrin-1 in cancers has been extensively studied. The upregu-
lation of netrin-1 can be observed in many types of cancers, 
such as gastric cancer,25 ovarian cancer,26 and 
neuroblastoma,27 and it promotes their progression. By con-
trast, a reduction in netrin-1 level was observed in patients 
with prostate and brain cancers.28,29 Netrin-1 suppresses pan-
creatic cancer through the activation of the UNC5B receptor.30 

These results indicate that the role of netrin-1 in cancer is 
variable, which might be due to its binding to different recep-
tors or different origins of cancer cells. Our previous study 

found that netrin-1 interacts with UNC5B in B-ALL. However, 
the function of netrin-1 in AML and its effect on the progres-
sion of fatal diseases have not yet been studied. In this study, 
we used ELISA to detect the concentration of netrin-1 in the 
serum of AML patients and found that netrin-1 levels were 
increased. CCK-8, flow cytometry, and western blot analyses 
demonstrated that when 50 ng/mL netrin-1 was administered, 
the AML cells grew the fastest and died the least. Proliferative 
genes (CDK4, PCNA, and cyclin E2) and apoptosis-promoting 
genes (cleaved caspase-3 and Bax) were highest in the 50 ng/ 
mL group, while the antiapoptotic gene (Bcl-2) was the lowest. 
In summary, netrin-1 promoted cell proliferation and apopto-
sis at specific concentrations. This function has rarely been 
reported in malignant solid tumors. Therefore, attention 
should be paid to patients whose serum netrin-1 expression 
is at this specific level. These patients may develop the disease 
faster and have worse prognosis.

The functions of netrin-1 are mostly mediated by receptors, 
including DCC, Unc5 homologs, integrins, and Neo1.31–33 The 
diversity of binding receptors makes netrin-1 a multifunctional 

Figure 3. The receptor through which Netrin-1 regulate the AML apoptosis.
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molecule that plays different roles in specific cells depending on 
the receptors it bind with.20,21,34,35 In this study, we performed 
RT-PCR and western blotting and found that UNC5B was 
expressed in AML cells, whereas DCC was absent. Co-IP analy-
sis showed that the UNC5B receptor bound with netrin-1 to 
induce antiapoptotic effects in AML cells. Further verification of 
the function of UNC5B as netrin-1 receptor was achieved 
because the RNAi of UNC5B expression in AML cells abrogated 
the antiapoptotic effect of netrin-1. CCK-8, flow cytometry, and 
western blot results showed that both proliferation and anti- 
apoptosis abilities were almost the same in UNC5B AML cells in 
the 0 ng/mL and 50 ng/mL netrin-1 groups. These results sug-
gest that the UNC5B receptor is necessary for netrin-1 function 
in AML cells, which is consistent with the results of our previous 
study on B-ALL.20 Detection of the netrin-1 receptor is helpful 
for exploring the downstream pathway. Moreover, the necessity 
of UNC5B for netrin-1 may make it a potential target for future 
treatments.

Netrin-1 regulates cancer cell proliferation through the 
multiple signal transduction pathways. Yin et al.36 showed 
that netrin-1 participated in the proliferation and invasion 
of gastric cancer via the Neo1 through the Jak/Stat, PI3K/ 
Akt, and Erk/MAPK pathways. Other studies indicated that 
netrin-1 could interact with receptors, DCC, or Unc5 family 
members and activate the PI3K-Akt pathway, which further 
activates NF-κB and leads to the transcriptional activation of 
antiapoptotic genes.37–39 FAK is a key transducer down-
stream of netrin-1 that promotes cell survival and anti- 
apoptosis by activating the kinase-dependent pathways, 
including the PI3K/Akt cascade.40 In the present study, the 
FAK-Akt-NF-κB signaling pathway was activated after treat-
ment with netrin-1 detected by western blot assay and 
induced proliferation and anti-apoptosis effects in AML 
cells. In RNAi UNC5B cells, western blot results showed 

that netrin-1 did not activate the FAK-Akt pathway. The 
application of pathway inhibitors (FAK, Akt, and NF-κB) 
decreased the proliferation and anti-apoptosis effect of 
netrin-1 in AML cells, which were detected through CCK- 
8, flow cytometry, and western blotting. These results sug-
gest that the UNC5B/FAK-Akt pathway is essential for the 
function of netrin-1 in AML cells. These findings are similar 
to those observed in other cancer cells, despite their different 
tissue origins. Targeting molecules involved in this pathway 
may delay disease progression and drug resistance.

In our study, we used a concentration ladder of 0, 25, 50, 
and 100 ng/mL of netrin-1 to treat AML cells. Compared 
with the 0 ng/mL group, all other groups showed 
a significant increase in proliferation and a decrease in 
apoptosis. However, netrin-1 was the most effective when 
used at concentrations of 25 ng/mL and 50 ng/mL, and the 
effect decreased in the 100 ng/mL group, thus suggesting 
that a bell-shaped, concentration-dependent manner was 
the potential paradigm of its function in AML cells. To 
date, only a few studies have investigated the bell-shaped 
concentration-dependent effect of netrin-1. Some studies 
have shown that other molecules participate in disease 
development in a bell-shaped concentration-dependent 
manner.41,42 However, the specific concentration- 
dependent mechanism underlying the role of netrin-1 in 
AML cells remains unknown and requires further 
investigation.

Taken together, our results indicated that netrin-1 plays an 
important role in the occurrence and development of AML. In 
addition, we identified the key mechanism for netrin-1 in the 
regulation of AML cell proliferation and apoptosis via the 
UNC5B through the FAK-Akt-NF-κB pathway. This may pro-
vide a new approach for treating AML by targeting the netrin- 
1/UNC5B/FAK-Akt signaling axis.

Figure 4. The downstream signal transduction pathway of Netrin-1.
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Materials and methods

Participants of this study

Peripheral blood serum was obtained from 40 patients newly 
diagnosed with AML who were admitted to the Department 
of Hematology and Oncology, Children’s Hospital of 
Chongqing Medical University between November, 2019 
and October, 2020. All patients were diagnosed according 
to the 2016 revision of the World Health Organization 
classification of myeloid neoplasms and acute leukemia5. 
The treatment plan and risk stratification were based on 
the recommendations of an international expert panel.43 

Simultaneously, the peripheral blood sera of 30 patients 
with nonhematological malignant diseases (ITP, IDA, etc.) 
(nonmalignant control group) were collected. This study was 
approved by the Ethics Committee of the Children’s 
Hospital of Chongqing Medical University (no. 2019–253), 
and informed consent was obtained from the parents or 
guardians of the children.

Antibodies and reagents

Recombinant netrin-1 (#6419-N1-025) was purchased from 
R&D Systems Inc. (Minneapolis, MN, USA). The FAK inhibi-
tor, PF-573228 (HY-10461); Akt inhibitor, AKT-IN-1 (HY- 
18296); and NF-κB inhibitor, JSH-23 (HY-13982); were pur-
chased from MCE China (Shanghai, China). The antinetrin-1 
antibody with a His-tag (#250114) was purchased from Zen 
Bioscience (Chengdu, China). The antiUNC5B (#13851), 
antiintegrinβ1 (#9699), antiPCNA (#2586)), antiCDK4 
(#12790), anticyclin E2 (#4132), antiBax (#5023), anticleaved 
caspase-3 (#9661), antiBcl-2 (#15071), antiβ-actin (#4970), 
antiFAK (#3285), antiphospho-FAK (#3283), antiAkt 
(#9272), antiphospho-Akt (#9271), antiPI3K (#4292), antipho-
spho-PI3K (#13857), antiP50 (#3035), antiphospho-P50 
(#4806), antiP65 (#3034), and antiphospho-P65 (#3039) anti-
bodies used in western blotting assay were purchased from Cell 
Signaling Technology Inc. (Danvers, USA). All antibodies 
were diluted to the optimum concentration, according to the 
manufacturer’s instructions (1:1,000 dilution). Goat antirabbit 
immunoglobulin G (IgG) (horseradish peroxidase [HRP]) sec-
ondary peroxidase (#511203,1:5,000 dilution) and goat anti-
mouse IgG (HRP) secondary antibody (#511103, 1:5,000 
dilution) were purchased from Zen Biosciences (Chengdu, 
China).

Elisa

Two milliliters of peripheral blood was collected from each 
patient using a vacuum tube without an anticoagulant. The 
blood samples were kept at room temperature for 2 h and then 
centrifuged at 1,000×g for 20 min at 4°C. The serum super-
natant was separated and subjected to ELISA.

The human netrin-1 ELISA kit (E-EL-H2338c) was pur-
chased from Elabscience (Wuhan, China), and ELISA was 
performed according to the manufacturer’s protocol at about 
26–28°C. The netrin-1 levels were measured after establishing 
a standard curve for netrin-1 concentration. Each sample was 
analyzed five times per experiment.

Cell culture

The K562 and THP-1 cells were purchased from American 
Type Culture Collection (Manassas, VA, USA) and identified 
using short tandem repeat profiling. The mycoplasma tests for 
these two cell lines yielded negative results. Both cell types 
were cultured in the Roswell Park Memorial Institute (RPMI) 
1640 medium supplemented with 10% fetal bovine serum 
(FBS; Gibco, Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) containing 100 U/mL penicillin and 100 U/mL strepto-
mycin. The cells were incubated in a humidified atmosphere 
with 5% CO2 at 37°C, and the medium was changed every 
other day until the cells reached confluency. The cells were 
cryopreserved in liquid nitrogen in RPMI 1640 medium con-
taining 10% dimethyl sulfoxide and 20% FBS.

Cell counting Kit-8 cell growth detection

The number of cells seeded in the 96-well plate was counted 
using the CountStar software. Growth curves were obtained 
using CCK-8 (HY-K0301, MCE China, Shanghai, China) daily 
for 3 days (0 h, 24 h, 48 h, and 72 h). The number of cells was 
determined by measuring the absorbance at 450 nm using 
a microplate reader (Synergy 4, BioTek, Vermont, USA). 
Each group was measured five times per experiment, and 
each experiment was repeated three times in parallel.

Flow cytometry analysis of cell apoptosis

The percentage of apoptotic cells was measured using an 
Annexin V-APC/7-AAD double-staining cell apoptosis detec-
tion kit (KGA1026; KeyGen Biotech Inc., Nanjing, China). The 
cells were stained following the manufacturer’s protocol using 
the supplied kit, and the stained cells were counted using flow 
cytometry. Each group was analyzed in parallel three times. 
The apoptotic rate was defined as the percentage of early and 
late apoptotic cells among all cells in the sample (Q2 and Q3, 
respectively).

Western blotting and co-IP

Equal amounts of protein (30 μg/lane) were separated using 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(PG110, PG112, and PG113; Epizyme Inc., Shanghai, China) 
and then transferred to polyvinylidene difluoride membranes 
(Millipore, Darmstadt, Germany). After blocking with 5% 
defatted milk powder, the membranes were incubated with 
primary antibodies. After washing and incubation with the 
appropriate HRP-conjugated secondary antibody, the immune 
complexes were visualized using ultrasensitive ECL Western 
HRP Substrate (#17047, Zen Biosciences Inc.) and detected 
using a chemiluminescence reagent (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA). All experiments were repeated thrice 
in parallel to confirm the accuracy of the results. β-actin was 
used as an internal control.

The cells were lysed with immunoprecipitation buffer 
(#88804; Pierce, Thermo Fisher Scientific, Inc.) in the presence 
of a proteinase inhibitor cocktail. The lysate was clarified by 
centrifugation at 13,000 × g for 10 min, and the protein 
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concentration was measured using a bicinchoninic acid (BCA) 
protein assay (#P0010, Beyotime, Beijing, China). The protein 
(500 μg) was incubated with the indicated antibodies or mouse 
IgG overnight at 4°C. After being captured with beads for 1 h 
at room temperature, the immune complex was eluted with 
elution or neutralization buffer and boiled in one-quarter 
volume of 5× protein loading buffer (LT101, Epizyme Inc.) 
prior to detection by western blotting.

RNAi to the UNC5B

The constructed RNAi retroviral UNC5B virus 
(NM_001244889.1) was purchased from Hanbio 
Biotechnology (Shanghai, China). The UNC5B interference 
sequences are listed in Supplementary Table S1. An RNAi 
sequence targeting green fluorescent protein (GFP) mRNA 
was used to construct an empty control vector. Transfection 
of 293T cells, viral titer selection, and infection were per-
formed according to the manufacturer’s instructions. Two-to 
-three days after infection, a medium with 1 μg/mL puromy-
cin (MA0318, Meilunbio, Dalian, China) was used for selec-
tion of stably infected strain. These cells were continually 
cultured with medium containing 0.5 μg/mL puromycin for 
further experiment. Interference with UNC5B expression was 
confirmed through western blotting.

RT-PCR and total protein extraction

Total RNA was extracted using the TRIzol reagent (Invitrogen, 
Thermo Fisher Inc.), according to the manufacturer’s protocol 
and reverse-transcribed into complementary deoxyribonucleic 
acid using the RT Master Mix Kit for quantitative PCR (HY- 
K0510, MCE China). The SYBR Green RT-PCR Kit (HY- 
K0523, MCE, China) was used for amplification reactions 
using a Bio-Rad real-time PCR detection system according to 
the manufacturer’s protocol. Fluorescence curves were ana-
lyzed using Bio-Rad Software. β-actin was used as a control. 
The primers used for quantitative RT-PCR are listed in 
Supplementary Table S2.

Total protein was extracted using the Total Protein 
Extraction Kit (BB3101; Bestbio, Nanjing, China), according 
to the manufacturer’s instructions. The protein concentration 
was determined through BCA protein assay; the product was 
added to a one-quarter volume of 5×loading buffer before 
boiling at 100°C for 10 min and then stored at − 20°C for 
further experiments.

Statistical analysis

All statistical analyses were performed using the Statistical 
Package for the Social Sciences version 26.0 (IBM Corp., 
Armonk, NY, USA). Data were expressed as mean±standard 
deviation for data with a Gaussian distribution and median 
(minimum-maximum) for data with non-Gaussian distribu-
tion. The serum netrin-1 levels between the two groups were 
analyzed using the Mann – Whitney U test, and the differences 
among multiple groups were analyzed using the Kruskal – 
Wallis test. The differences between groups of experimental 
data followed a Gaussian distribution and were analyzed using 

one- or two-way analysis of variance, followed by the 
Bonferroni post hoc test, which compared the differences 
between groups of experimental data. P < .05. *P < .05, **P  
< .01, ***P < .001, and ****P < .0001 were considered 
significant.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research was supported by the National Natural Science Foundation 
of China (81700158) and Chongqing Science and Technology 
Commission Project (6000022)

Notes on contributors

Kainan Zhang received her bachelor degree from Chongqing Medical 
University in 2020, and will get master degree from Chongqing Medical 
University in June,2023. Her research focuses on hematology and 
oncology.

Xizhou An received Doctor degree from Peking Union Medical College in 
2013. Now, he is an assistant researcher in the department of hematology 
and oncology in Children’s hospital of Chongqing Medical University. 
His research focuses on malignant hematological diseases.

Yao Zhu received her Master degree from Chongqing Medical University 
in 2022. Now she is studying for her Doctor degree in Peking Union 
Medical College. Her research focuses on hematology and oncology.

Lan Huang received her bachelor degree from Guangxi Medical 
University in 2020, and will get master degree from Chongqing Medical 
University in June,2023. Her research focuses on malignant hematological 
diseases.

Xinyuan Yao received her Master degree from Chongqing Medical 
University in 2014. Now she is an attending doctor in Children’s hospital 
of Chongqing Medical University and studying for her Doctor degree. 
Her research focuses on hematological diseases.

Xing Zeng received her Master degree from Chongqing Medical 
University in 2018. Now she is an attending doctor in Children’s hospital 
of Chongqing Medical University. Her research focuses on hematological 
diseases.

Shaoyan Liang received her Master degree from Chongqing Medical 
University in 2017. Now she is an assistant researcher in Children’s 
hospital of Chongqing Medical University. Her research focuses on 
hematological diseases.

Jie Yu received her Doctor degree from Chongqing Medical University in 
2002. Now she is a chief physician in Children’s hospital of Chongqing 
Medical University. Her research focuses on hematological diseases.

ORCID

Kainan Zhang http://orcid.org/0000-0002-7352-6025
Jie Yu http://orcid.org/0000-0002-1103-2679

Data availability statement

The authors confirm that the data supporting the findings of this study are 
available within the article and its supplementary materials.

CANCER BIOLOGY & THERAPY 7



Health and safety statement

All mandatory laboratory health and safety procedures have been com-
plied during the course of the experiment.

References

1. Conneely SE, Stevens AM. 2021. Acute myeloid leukemia in chil-
dren: emerging paradigms in genetics and new approaches to 
therapy. Curr Oncol Rep. 23(2):16. doi:10.1007/s11912-020- 
01009-3.

2. Pelcovits A, Niroula R. Acute myeloid leukemia: a review. R I Med 
J. 2020;103:38–40. 2013.

3. Seth R, Singh A. 2015. Leukemias in children. Indian J Pediatr. 82 
(9):817–824. doi:10.1007/s12098-015-1695-5.

4. Kim H. 2020. Treatments for children and adolescents with AML. 
Blood Res. 55(S1):S5–13. doi:10.5045/br.2020.S002.

5. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le 
Beau MM, Bloomfield CD, Cazzola M, Vardiman JW. 2016. The 
2016 revision to the world health organization classification of 
myeloid neoplasms and acute leukemia. Blood. 127 
(20):2391–2405. doi:10.1182/blood-2016-03-643544.

6. Boztug H, Mühlegger N, Glogova E, Mann G, Urban C, Meister B, 
Schmitt K, Jones N, Attarbaschi A, Haas O, et al. Development of 
treatment and clinical results in childhood AML in Austria (1993– 
2013). Memo. 2014;7(1):63–74. doi:10.1007/s12254-014-0135-y.

7. Kiem Hao T, Van Ha C, Huu Son N, Nhu Hiep P. 2020. Long-term 
outcome of childhood acute myeloid leukemia: a 10-year retro-
spective cohort study. Pediatr Rep. 12(1):8486. doi:10.4081/pr. 
2020.8486.

8. Van Weelderen RE, Klein K, Natawidjaja MD, De Vries R, 
Kaspers GJ. 2021. Outcome of pediatric acute myeloid leukemia 
(AML) in low- and middle-income countries: a systematic review 
of the literature. Expert Rev Anticancer Ther. 21(7):765–780. 
doi:10.1080/14737140.2021.1895756.

9. Davila J, Slotkin E, Renaud T. 2014. Relapsed and refractory 
pediatric acute myeloid leukemia: current and emerging 
treatments. Paediatr Drugs. 16(2):151–168. doi:10.1007/s40272- 
013-0048-y.

10. Hanahan D, Weinberg RA. 2000. The hallmarks of cancer. Cell. 
100(1):57–70. doi:10.1016/S0092-8674(00)81683-9.

11. Fulda S. Evasion of apoptosis as a cellular stress response in cancer. 
Int J Cell Biol. 2010;2010:370835. doi:10.1155/2010/370835.

12. Campos L, Rouault JP, Sabido O, Oriol P, Roubi N, Vasselon C, 
Archimbaud E, Magaud JP, Guyotat D. 1993. High expression of 
bcl-2 protein in acute myeloid leukemia cells is associated with 
poor response to chemotherapy. Blood. 81(11):3091–3096. doi:10. 
1182/blood.V81.11.3091.3091.

13. Konopleva M, Zhao S, Hu W, Jiang S, Snell V, Weidner D, 
Jackson CE, Zhang X, Champlin R, Estey E, et al. The 
anti-apoptotic genes Bcl-X L and Bcl-2 are over-expressed and 
contribute to chemoresistance of non-proliferating leukaemic 
CD34 + cells. Br J Haematol. 2002;118(2):521–534. doi:10.1046/j. 
1365-2141.2002.03637.x.

14. Wuchter C, Karawajew L, Ruppert V, Schrappe M, Harbott J, 
Ratei R, Dörken B, Ludwig WD. 2000. Constitutive expression 
levels of CD95 and Bcl-2 as well as CD95 function and sponta-
neous apoptosis in vitro do not predict the response to induction 
chemotherapy and relapse rate in childhood acute lymphoblastic 
leukaemia. Br J Haematol. 110(1):154–160. doi:10.1046/j.1365- 
2141.2000.02147.x.

15. Huyghe A, Furlan G, Ozmadenci D, Galonska C, Charlton J, 
Gaume X, Combémorel N, Riemenschneider C, Allègre N, 
Zhang J, et al. Netrin-1 promotes naive pluripotency through 
Neo1 and Unc5b co-regulation of Wnt and MAPK signalling. Nat 
Cell Biol. 2020;22(4):389–400. doi:10.1038/s41556-020-0483-2.

16. Kefeli U, Ucuncu Kefeli A, Cabuk D, Isik U, Sonkaya A, 
Acikgoz O, Ozden E, Uygun K. 2017. Netrin-1 in cancer: potential 
biomarker and therapeutic target? Tumour Biol J Int Soc 

Oncodevelopmental Biol Med. 39(4):1010428317698388. doi:10. 
1177/1010428317698388.

17. Liu J, Yao F, Wu R, Morgan M, Thorburn A, Finley RL, Chen YQ. 
2002. Mediation of the DCC apoptotic signal by DIP13α. J Biol 
Chem. 277(29):26281–26285. doi:10.1074/jbc.M204679200.

18. Llambi F, Causeret F, Bloch-Gallego E, Mehlen P. 2001. Netrin-1 
acts as a survival factor via its receptors UNC5H and DCC. Embo 
J. 20(11):2715–2722. doi:10.1093/emboj/20.11.2715.

19. Dumartin L, Quemener C, Laklai H, Herbert J, Bicknell R, 
Bousquet C, Pyronnet S, Castronovo V, Schilling MK, Bikfalvi A, 
et al. Netrin-1 mediates early events in pancreatic adenocarcinoma 
progression, acting on tumor and endothelial cells. 
Gastroenterology. 2010;138 1595–606, 1606.e1-8(4). 10.1053/j.gas 
tro.2009.12.061

20. Huang L, An X, Zhu Y, Zhang K, Xiao L, Yao X, Zeng X, Liang S, 
Yu J. 2022. Netrin-1 induces the anti-apoptotic and pro-survival 
effects of B-ALL cells through the Unc5b-MAPK axis. Cell 
Commun Signal CCS. 20(1):122. doi:10.1186/s12964-022-00935-y.

21. Hong K, Hinck L, Nishiyama M, Poo MM, Tessier-Lavigne M, 
Stein E. 1999. A ligand-gated association between cytoplasmic 
domains of UNC5 and DCC family receptors converts 
netrin-induced growth cone attraction to repulsion. Cell. 97 
(7):927–941. doi:10.1016/S0092-8674(00)80804-1.

22. Forcet C, Ye X, Granger L, Corset V, Shin H, Bredesen DE, 
Mehlen P. 2001. The dependence receptor DCC (deleted in color-
ectal cancer) defines an alternative mechanism for caspase 
activation. Proc Natl Acad Sci U S A. 98(6):3416–3421. doi:10. 
1073/pnas.051378298.

23. Hemmings BA. 1997. Akt signaling: linking membrane events to 
life and death decisions. Science. 275(5300):628–630. doi:10.1126/ 
science.275.5300.628.

24. Xia X, Hu Z, Wang S, Yin K. Netrin-1: an emerging player in 
inflammatory diseases. Cytokine Growth Factor Rev. 
2022;64:46–56. doi:10.1016/j.cytogfr.2022.01.003.

25. Chen J, Wang S, Xu S, Han B. Netrin-1 protein expression in gastric 
cancer and its correlation with clinicopathologic features and 
prognosis. Sichuan Da Xue Xue Bao Yi Xue Ban. 2011;42(6):802–806.

26. Papanastasiou AD, Pampalakis G, Katsaros D, Sotiropoulou G. 2011. 
Netrin-1 overexpression is predictive of ovarian malignancies. 
Oncotarget. 2(5):363–367. doi:10.18632/oncotarget.258.

27. Li L, Hu Y, Ylivinkka I, Li H, Chen P, Keski-Oja J, Hyytiäinen M, 
Zhang L. 2013. NETRIN-4 protects glioblastoma cells from temo-
zolomide induced senescence. Plos One. 8(11):e80363. doi:10. 
1371/journal.pone.0080363.

28. Meyerhardt JA, Caca K, Eckstrand BC, Hu G, Lengauer C, 
Banavali S, Look AT, Fearon ER. 1999. Netrin-1: interaction with 
deleted in colorectal cancer (DCC) and alterations in brain tumors 
and neuroblastomas. Cell Growth Differ Mol Biol J Am Assoc 
Cancer Res. 10:35–42.

29. Latil A, Chêne L, Cochant-Priollet B, Mangin P, Fournier G, 
Berthon P, Cussenot O. 2003. Quantification of expression of 
netrins, slits and their receptors in human prostate tumors. 
Int J Cancer. 103(3):306–315. doi:10.1002/ijc.10821.

30. X-Z A, Zhao Z-G, Luo Y-X, Zhang R, Tang X-Q, Hao D-L, Zhao X, 
Lv X, Liu D-P. 2016. Netrin-1 suppresses the MEK/ERK pathway 
and ITGB4 in pancreatic cancer. Oncotarget. 7(17):24719–24733. 
doi:10.18632/oncotarget.8348.

31. Bell CH, Healey E, van Erp S, Bishop B, Tang C, Gilbert RJC, 
Aricescu AR, Pasterkamp RJ, Siebold C. 2013. Structure of the 
repulsive guidance molecule (Rgm)–neogenin signaling hub. 
Science. 341(6141):77–80. doi:10.1126/science.1232322.

32. Rajagopalan S, Deitinghoff L, Davis D, Conrad S, Skutella T, 
Chedotal A, Mueller BK, Strittmatter SM. 2004. Neogenin med-
iates the action of repulsive guidance molecule. Nat Cell Biol. 6 
(8):756–762. doi:10.1038/ncb1156.

33. Xu K, Wu Z, Renier N, Antipenko A, Tzvetkova-Robev D, Xu Y, 
Minchenko M, Nardi-Dei V, Rajashankar KR, Himanen J, et al. 
Neural migration. Structures of netrin-1 bound to two receptors 
provide insight into its axon guidance mechanism. Science. 
2014;344(6189):1275–1279. doi:10.1126/science.1255149.

8 K. ZHANG ET AL.

https://doi.org/10.1007/s11912-020-01009-3
https://doi.org/10.1007/s11912-020-01009-3
https://doi.org/10.1007/s12098-015-1695-5
https://doi.org/10.5045/br.2020.S002
https://doi.org/10.1182/blood-2016-03-643544
https://doi.org/10.1007/s12254-014-0135-y
https://doi.org/10.4081/pr.2020.8486
https://doi.org/10.4081/pr.2020.8486
https://doi.org/10.1080/14737140.2021.1895756
https://doi.org/10.1007/s40272-013-0048-y
https://doi.org/10.1007/s40272-013-0048-y
https://doi.org/10.1016/S0092-8674(00)81683-9
https://doi.org/10.1155/2010/370835
https://doi.org/10.1182/blood.V81.11.3091.3091
https://doi.org/10.1182/blood.V81.11.3091.3091
https://doi.org/10.1046/j.1365-2141.2002.03637.x
https://doi.org/10.1046/j.1365-2141.2002.03637.x
https://doi.org/10.1046/j.1365-2141.2000.02147.x
https://doi.org/10.1046/j.1365-2141.2000.02147.x
https://doi.org/10.1038/s41556-020-0483-2
https://doi.org/10.1177/1010428317698388
https://doi.org/10.1177/1010428317698388
https://doi.org/10.1074/jbc.M204679200
https://doi.org/10.1093/emboj/20.11.2715
https://doi.org/10.1053/j.gastro.2009.12.061
https://doi.org/10.1053/j.gastro.2009.12.061
https://doi.org/10.1186/s12964-022-00935-y
https://doi.org/10.1016/S0092-8674(00)80804-1
https://doi.org/10.1073/pnas.051378298
https://doi.org/10.1073/pnas.051378298
https://doi.org/10.1126/science.275.5300.628
https://doi.org/10.1126/science.275.5300.628
https://doi.org/10.1016/j.cytogfr.2022.01.003
https://doi.org/10.18632/oncotarget.258
https://doi.org/10.1371/journal.pone.0080363
https://doi.org/10.1371/journal.pone.0080363
https://doi.org/10.1002/ijc.10821
https://doi.org/10.18632/oncotarget.8348
https://doi.org/10.1126/science.1232322
https://doi.org/10.1038/ncb1156
https://doi.org/10.1126/science.1255149


34. Lu X, Le Noble F, Yuan L, Jiang Q, De Lafarge B, Sugiyama D, 
Bréant C, Claes F, De Smet F, Thomas J-L, et al. The netrin 
receptor UNC5B mediates guidance events controlling morpho-
genesis of the vascular system. Nature. 2004;432(7014):179–186. 
doi:10.1038/nature03080.

35. Ko SY, Dass CR, Nurgali K. 2012. Netrin-1 in the developing 
enteric nervous system and colorectal cancer. Trends Mol Med. 
18(9):544–554. doi:10.1016/j.molmed.2012.07.001.

36. Yin K, Wang L, Zhang X, He Z, Xia Y, Xu J, Wei S, Li B, Li Z, 
Sun G, et al. Netrin-1 promotes gastric cancer cell proliferation 
and invasion via the receptor neogenin through PI3K/AKT signal-
ing pathway. Oncotarget. 2017;8(31):51177–51189. doi:10.18632/ 
oncotarget.17750.

37. Sabbatini P, McCormick F. 1999. Phosphoinositide 3-OH kinase 
(PI3K) and PKB/Akt delay the onset of p53-mediated, transcrip-
tionally dependent apoptosis. J Biol Chem. 274(34):24263–24269. 
doi:10.1074/jbc.274.34.24263.

38. Yamaguchi A, Tamatani M, Matsuzaki H, Namikawa K, 
Kiyama H, Vitek MP, Mitsuda N, Tohyama M. 2001. Akt activa-
tion protects hippocampal neurons from apoptosis by inhibiting 

transcriptional activity of p53. J Biol Chem. 276(7):5256–5264. 
doi:10.1074/jbc.M008552200.

39. Vivanco I, Sawyers CL. 2002. The phosphatidylinositol 3-Kinase– 
AKT pathway in human cancer. Nat Rev Cancer. 2(7):489–501. 
doi:10.1038/nrc839.

40. Sulzmaier FJ, Jean C, Schlaepfer DD. 2014. FAK in cancer: 
mechanistic findings and clinical applications. Nat Rev Cancer. 
14(9):598–610. doi:10.1038/nrc3792.

41. Guo Z, Mo Z. 2020. Keap1-Nrf2 signaling pathway in angiogenesis 
and vascular diseases. J Tissue Eng Regen Med. 14(6):869–883. 
doi:10.1002/term.3053.

42. Herfindal L, Selheim F. 2006. Microcystin produces disparate 
effects on liver cells in a dose dependent manner. Mini Rev Med 
Chem. 6(3):279–285. doi:10.2174/138955706776073475.

43. Creutzig U, van den Heuvel-Eibrink MM, Gibson B, 
Dworzak MN, Adachi S, de Bont E, Harbott J, Hasle H, 
Johnston D, Kinoshita A, et al. Diagnosis and management of 
acute myeloid leukemia in children and adolescents: recommen-
dations from an international expert panel. Blood. 2012;120 
(16):3187–3205. doi:10.1182/blood-2012-03-362608.

CANCER BIOLOGY & THERAPY 9

https://doi.org/10.1038/nature03080
https://doi.org/10.1016/j.molmed.2012.07.001
https://doi.org/10.18632/oncotarget.17750
https://doi.org/10.18632/oncotarget.17750
https://doi.org/10.1074/jbc.274.34.24263
https://doi.org/10.1074/jbc.M008552200
https://doi.org/10.1038/nrc839
https://doi.org/10.1038/nrc3792
https://doi.org/10.1002/term.3053
https://doi.org/10.2174/138955706776073475
https://doi.org/10.1182/blood-2012-03-362608

	Abstract
	Introduction
	Results
	Serum netrin-1 level in AML and control patients
	Netrin-1 regulating the growth and apoptosis of AML cells at different concentrations
	Netrin-1 regulating anti-apoptosis through the UNC5B in AML cells
	Netrin-1 regulating the anti-apoptosis by activating the Akt-NF-κB pathways in AML cells

	Discussion
	Materials and methods
	Participants of this study
	Antibodies and reagents
	Elisa
	Cell culture
	Cell counting Kit-8 cell growth detection
	Flow cytometry analysis of cell apoptosis
	Western blotting and co-IP
	RNAi to the UNC5B
	RT-PCR and total protein extraction
	Statistical analysis

	Disclosure statement
	Funding
	Notes on contributors
	ORCID
	Data availability statement
	Health and safety statement
	References

