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Human umbilical cord-mesenchymal stem cells-derived exosomes carrying 
microRNA-15a-5p possess therapeutic effects on Wilms tumor via regulating 
septin 2
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ABSTRACT
The exact mechanism of miR-15a-5p shuttled by human umbilical cord-mesenchymal stem cell- 
derived exosomes (hUC-MSCs-Exo) in Wilms tumor (WT) was estimated. WT tissues were collected 
clinically. miR-15a-5p and septin 2 (SEPT2) expression levels were examined in tissues . hUC-MSCs- 
Exo were transfected with miR-15a-5p-related oligonucleotides and co-cultured with WT cells 
(G-401). In addition, SEPT2 loss-of-function was performed in G-401 cells. The biological functions 
of G-401 cells after treatments were evaluated. Moreover, tumor formation tests further assessed 
the role of exosomal miR-15a-5p in WT. The miR-15a-5p level was lower and the SEPT2 level was 
higher in WT. hUC-MSCs-Exo impaired the biological functions of G-401 cells. hUC-MSCs-Exo 
carried upregulated miR-15a-5p into G-401 cells, thereby lessening the tumorigenic properties 
of G-401 cells. Inhibition of SEPT2 suppressed the biological function of WT cells and upregulated 
SEPT2 reversed hUC-MSCs-Exo-mediated inhibition of G-401 cell growth. The tumorigenicity of 
G-401 cells in mice was impaired by hUC-MSCs-Exo overexpressing miR-15a-5p. The data prove 
that miR-15a-5p shuttled by hUC-MSCs-Exo negatively regulates SEPT2 expression, and disrupts 
WT cell growth in vivo and in vitro.
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Introduction

Wilms tumor (WT) is an embryonic tumor derived 
from metanephros, and the most prevalent kidney 
tumor in childhood [1]. WT tends to grow into the 
vena cava and even invades the atrium, which 
increases the difficulty of surgery and elicits surgical 
complications [2]. WT is staged according to tumor 
overflow or rupture, lymph node, tumor expansion, 
peritoneal or blood-borne spread [3]. WT metasta-
sis is often observed at abdominal lymph nodes, 
asymptomatic solid lung lesions and liver nodules 
[4]. Currently, treatment is mainly to reduce the 
risk of treatment-related sequelae in the medium 
and long term of low-risk WT and to determine 
and improve the outcome of WT patients [5]. Also, 
discovery of novel biomarkers suggests great signif-
icance in treating WT.

Mesenchymal stem cells (MSCs) have a low 
immunogenicity and the ability to migrate to 
tumors [6]. Exosomes (Exo) produced by MSCs 
act as paracrine mediators by transferring signal 
molecules to regulate tumor growth and metastasis 
[7]. Human umbilical cord (hUC)-MSCs-Exo 
serve as the promising paradigm to manage dis-
eases including cancers [8]. The interplay between 
hUC-MSCs-Exo and microRNAs (miRNAs) is 
proved in the regulation of cancers. For example, 
huc-MSCs-Exo could transport upregulated miR- 
148b-3p to breast cancer (BCa) cells and then 
delay cancer development [9]. Indicated by 
another research, miR-375-loaded huc-MSCs-Exo 
could postpone the malignant progression of eso-
phageal squamous cell carcinoma [10]. It is 
recorded that elevated miR-15a expression in WT 
cells could strain cellular aggressiveness [11]. 
Widely discussed, miR-15a-5p serves repressively 
for the development of endometrial cancer [12], 
lung cancer [13] and neuroblastoma [14]. 
However, whether miR-15a-5p could cooperate 
with huc-MSCs-Exo to regulate the biological pro-
gression of WT cells remains elusive. Through the 
prediction of the bioinformatics software, we have 
known that septin 2 (SEPT2) could be targeted by 
miR-15a-5p, thus we picked SEPT2 as the down-
stream effector to explore exosomal miR-15a-5p- 
mediated mechanism in WT. SEPT2 has often 
been regarded as the oncogenic factor in BCa 

[15] and hepatocellular carcinoma (HCC) [16]. 
Functionally, targeted regulation of SEPT2 could 
be an applicable approach to control cancers, as 
proved in glioblastoma [17]. On the basis of pre-
vious research, we hypothesized that miR-15a-5p 
shuttled by huc-MSCs-Exo could frustrate the bio-
logical activities of WT cells through regulating 
SEPT2 and hoped to translate the molecular 
mechanism related to miR-15a-5p in WT.

Methods and materials

Ethics statement

Before the study, the informed consent of patients 
was obtained. All animal experiments were con-
ducted following ‘Guidelines for the Care and Use 
of Laboratory Animals’ (National Academy of 
Sciences Press, revised in 2010) and the ethics 
guidelines of The First Affiliated Hospital of 
Fujian Medical University.

Tissues samples

A total of 87 pairs of WT tissues and normal tissues 
were collected from the First Affiliated Hospital of 
Fujian Medical University. No radiotherapy or che-
motherapy was administered before surgery.

Cell culture

Fresh hUCs from parturients (25–27 years old) after 
cesarean delivery in the First Affiliated Hospital of 
Fujian Medical University were collected. WT cell 
line G-401 was kept in McCoy’s 5A medium (Sigma- 
Aldrich, CA, USA) containing 10% fetal bovine serum 
(FBS), while HK-2 cells in 10% FBS-Dulbecco’s mod-
ified Eagle’s medium (DMEM) containing 1% peni-
cillin/streptomycin (Gibco, NY, USA)[18].

Isolation and identification of hUC-MSCs

Isolation of hUC-MSCs: the hUC was rinsed with 
75% ethanol, as well as with DMEM (Thermo 
Fisher Scientific, MA, USA) containing 1% gluta-
mine, 10% FBS (Thermo Fisher Scientific) and 
100 μg/mL streptomycin and penicillin. 
Subsequently, the hUC was cut into small pieces 
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(3–5mm) and incubated. Then, hUC-MSCs at 80– 
90% confluence were isolated and passaged using 
trypsin. After that the cells were observed under an 
optical microscope (Olympus, Tokyo, Japan) [19].

Identification of immunophenotype: hUC- 
MSCs at 80% confluence were centrifuged and 
suspended in 1% bovine serum albumin (BSA). 
Then, the cell suspension  was reacted with PE or 
fluorescein isothiocyanate (FITC)-labeled mono-
clonal antibodies CD34, CD44, CD73 and CD90 
(BD Company, NJ, USA). Finally, hUC-MSCs 
were suspended in 1 × phosphate-buffered saline 
(PBS) for detection of flow cytometry [20].

Adipogenic induction: hUC-MSCs of passage 3 
were treated with 0.25% trypsin and placed in a48- 
well plate for 14 d. Next, hUC-MSCs were fixed 
with 4% neutral formaldehyde and stained with oil 
red Odye . Finally, supplemented with PBS , hUC- 
MSCs were observed under an inverted micro-
scope [20].

Osteogenic induction: hUC-MSCs were treated 
in the same way of adipogenic induction, and 
stained with Alizarin Red [21].

hUC-MSCs transfection

When transfecting hUC-MSCs, miR-15a-5p mimic, 
mimic NC, miR-15a-5p inhibitor and inhibitor NC 
(GenePharma, Shanghai, China) were adopted. 
Transfection of hUC-MSCs (60% confluence) was 
performed via Lipofectamine 3000 (Invitrogen) [22].

Isolation of hUC-MSCs-Exo

hUC-MSCs-Exo were purified by differential cen-
trifugation. Then, the supernatant was filtered 
through a 0.22-μm filter and centrifuged at 
100,000 g twice (70 min each). hUC-MSCs-Exo 
were suspended in sterile PBS (200 µL) [23].

Identification of hUC-MSCs-Exo

Nanoparticle Tracking Analysis (NTA): A NanoSight 
LM10 instrument (Malvern Instruments, Malvern, 
UK) equipped with an sCMOS camera was applied 
to determine the size of hUC-MSCs-Exo. Data were 
analyzed by NTA software version 3.1.54 [24].

Transmission electron microscope (TEM): hUC- 
MSCs-Exo were fixed with 1 % glutaraldehyde in PBS 

(pH 7.4)   . The specific steps were conducted as 
previously described [25].

Uptake of hUC-MSCs-Exo by cells

hUC-MSCs-Exo were marked by 10−6 M PKH26 
(Sigma-Aldrich). Quenched with PBS containing 
10% BSA, PKH26-labeled hUC-MSCs-Exo were 
ultra-centrifuged at 100,000 g and co-cultured with 
G-401 cells. After 12 h, G-401 cells were fixed with 
4% paraformaldehyde (pH = 7.4), treated with 
immunofluorescence staining and viewed by 
a fluorescence microscope (LSM880, Zeiss, 
Germany) [26,27].

Cell culture

G-401 cells were seeded into six-well plates at 2 × 105 

cells per well and transfected with overexpression 
negative control (oe-NC), oe-SEPT2, sh-NC, sh- 
SEPT2 (GeneChem, Shanghai, China) using 
Lipofectamine 3000 (Invitrogen). For exosome treat-
ment, 2 × 105 G-401 cells were incubated with 2 µg 
hUC-MSCs-Exo (or hUC-MSCs-Exo transfected 
with miR-15a-5p mimic, miR-15a-5p inhibitor and 
corresponding NCs). The cells were collected and 
treated for 48 h for subsequent experiments  [28].

Reverse transcription quantitative polymerase 
chain reaction (RT-qPCR)

Cellular RNA extracted by Trizol (Invitrogen, CA, 
USA) method, and reverse-transcribed into comple-
mentary DNA. The steps were performed as pre-
viously mentioned [29]. Supplementary Table 1 
shows the primers used in PCR.

Western blot assay

The protein extracted by radio-immunoprecipitation 
assay lysis buffer (containing protease inhibitor) was 
quantified by bicinchoninic acid kit (Takara), sepa-
rated by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis, and transferred to a polyvinylidene 
fluoride membrane (Bio-Rad, CA, USA). The blot was 
blocked in BSA and immunostained with primary 
antibodies HSP70 (1:1000), CD9 (1:1000), SEPT2 
(1:1000Abcam, MA, USA), CD81(1:500; Santa Cruz 
Biotechnology, CA, USA), glyceraldehyde- 
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3-phosphate dehydrogenase (GAPDH, 1:1000; CST, 
MA, USA) and a secondary antibody . Signals were 
detected by chemiluminescence [16,30].

Flow cytometry

G-401 cells were resuspended in 500 µL binding buf-
fer, incubated with 5 µL Annexin V-FITC and propi-
dium iodide and analyzed on a flow cytometer (BD 
Biosciences, NJ, USA). The Annexin V-FITC 
Apoptosis Detection Kit (KeyGEN, Nanjing, China) 
was adopted in the assay [31].

Colony formation assay

G-401 cells were centrifuged and resuspended. The 
cell suspension was diluted to 1 × 103 cell/mL was 
placed in a 6-well plate and incubated for 2–3 w to 
form visible colonies. The cell colonies were fixed 
with methanol, stained with crystal violet solution 
and counted to calculate the colony rate = (number 
of colonies/number of seeded cells) × 100% .

Cell counting kit (CCK)-8 assay

After 24, 48, 72 and 96 h of seeding in the 96-well 
plate, cells (2 × 103 cells/well) were supplemented 
with CCK-8 reagent (10 μL). Optical density of 
each well was measured at 450 nm using a micro-
plate reader (Bio-Rad). CCK-8 kit (Beyotime, 
Shanghai, China) was utilized in the assay [22].

Transwell assay

Invasion assay: Serum-free medium was mingled 
with Matrigel to reach 1 mg/mL, and 50 μL of the 
diluted medium was placed in the upper chamber. 
A complete medium with 15% FBS was put into 
the lower chamber. After cells (5 × 104 cells/well) 
incubating in the upper chamber for 24 h, cells 
were fixed with 95% absolute ethanol, processed 
by 0.1% crystal violet and viewed under an optical 
microscope.

Migration assay: The lower chamber contained 
15% FBS-McCoy’s 5A medium, and cell migration 
was detected in the same way as invasion assay 
(Matrigel was not used) [32].

Tumor xenografts in nude mice

Specific pathogen-free BALB/c nude mice (6 weeks 
old and 18–22 g) (5 mice/group) were subcuta-
neously injected with WT cells (1 × 106 cells). 
A week later, hUC-MSCs-Exo after transfection 
were also injected into the mice. The size of the 
tumors was measured every 7 d. The 
volume = (length × width2)/2. All the mice were 
euthanized 5 w after injection, and the tumors 
were harvested and weighed [33,34].

Dual luciferase reporter gene assay

The target relationship between miR-15a-5p and 
SEPT2 was predicted through the bioinformatics soft-
ware http://starbase.sysu.edu.cn/. The SEPT2 3�UTR 
containing miR-15a-5p binding sites was composed 
to construct the wild-type plasmid (SEPT2-WT), 
from which a mutant plasmid (SEPT2-MUT) was 
mutated. G-401 cells were co-transfected with the 
sequenced SEPT2-WT or SEPT2-MUT plasmids 
with NC or miR-15a-5p mimic. During transfection, 
Lipofectamine 3000 reagent was applied. After 
a transfection of 48 h, luciferase activity was verified 
by a luciferase detection kit [21].

Statistical analysis

After analysis at Graphad Prism 6.0 (Graphpad 
Software, USA)�SPSS 21.0 (SPSS,©Inc., Chicago, 
IL, USA), data were expressed as mean ± standard 
deviation. The comparisons of data were evaluated 
by t-test or analysis of variance, followed by 
Tukey’s post-test. Pearson correlation analysis 
was performed to determine the correlation 
between two variables. Survival analysis was deter-
mined using the Kaplan-Meiersurvival curve and 
log-rank test. Statistical significance was found at 
P < 0.05.

Results

Topic: To explore the therapeutic effect of miR- 
15a-5p in hUC-MSCs-Exo on WT by targeting 
SEPT2 expression.

Goals and hypothesis: To verify that miR-15a- 
5p in hUC-MSCs-Exo play a role in the treatment 
of WT by targeting SEPT2 expression, provide 
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a theoretical basis for the treatment of WT by 
hUC-MSCs-Exo and explore the molecular 
mechanism of the treatment.

What was done: WT cells and hUC-MSCs- 
Exo were obtained. HUC-MSCs-Exo were co- 
cultured with G-401 cells, and the effects of 
Exo, miR-15a-5p or SEPT2 on the proliferation, 
apoptosis, migration and invasion ability of 
G-401 cells and tumor growth in vivo were 
detected; HUC-MSCs-Exo could inhibit G-401 
cell proliferation, migration and invasion, 
in vivo tumor growth, and induce cell apopto-
sis. HUC-MSCs-Exo overexpressing miR-15a-5p 
can further inhibit the biological function of 
G-401 cells. It was determined that miR-15a- 
5p targeted and negatively regulated the expres-
sion of SEPT2. Downregulation of SEPT2 sup-
pressed the biological function of G-401 cells.

miR-15a-5p is downregulated in WT

miR-15a-5p is a tumor suppressor that is down-
regulated in osteosarcoma [35]. To clarify its 
expression in WT, we utilized RT-qPCR to 
test miR-15a-5p in WT tissues and normal tis-
sues and finally discovered that its level was 
reduced in WT tissues (Figure 1a). Also, the 
same trend of miR-15a-5p expression was 
found in the WT cell line (G-401) versus nor-
mal renal tubular epithelial cell line (HK-2) 
(Figure 1b). The finding indicated that miR- 
15a-5p was lowly expressed in WT.

hUC-MSCs-Exo carry miR-15a-5p into G-401 cells

MSCs-Exo have been reported to protect against 
acute tubular injury [36] and could promote prox-
imal tubular epithelial cell proliferation [37]. 
Therefore, the possible mechanism of hUC-MSCs- 
Exo involved in the biological functions of WT 
was explored.

Under a light microscope, elongated or spindle- 
shaped hUC-MSCs grew in groups and were closely 
arranged in a radial or parallel fashion, having strong 
osteogenic and adipogenic abilities (Figure 1c). Flow 
cytometry detecting the surface antigens of hUC- 
MSCs demonstrated that in hUC-MSCs of passage 
3, CD44, CD73 and CD90 were positively expressed, 

while CD34 was negatively expressed (Figure 1d). 
Thus, MSCs were successfully isolated.

hUC-MSCs-Exo collected by differential cen-
trifugation were verified TEM, Western blot 
and NTA. TEM showed that Exo were round 
and cup-shaped vesicles with a diameter of 
about 100 nm (Figure 1e). In addition, NTA 
traced that the average diameter of Exo was 
about 100 nm (Figure 1f). Western blot pre-
sented higher HSP70, CD81 and CD9 and 
lower GRP94 expression levels in hUC-MSCs- 
Exo (Figure 1g). It was proved that hUC-MSCs- 
Exo were successfully isolated.

PKH26-labeled exosomes were incubated with G- 
401 cells, and the uptake of exosomes was observed 
after co-culture for 12 h.T Through fluorescence 
microscopy, red fluorescence was detected in G-401 
cells (Figure 1h) RT-qPCR found that miR-15a-5p 
was upregulated or downregulated in hUC-MSCs- 
Exo that had been transfected with miR-15a-5p 
mimic or inhibitor (Figure 1i).

hUC-MSCs-Exo impair the biological functions of 
G-401 cells

The above results indicated that hUC-MSCs- 
Exo delivered miR-15a-5p to G-401 cells and 
miR-15a-5p was downregulated in WT. To 
study the effects of hUC-MSCs-Exo on the bio-
logical functions of WT cells, hUC-MSCs-Exo 
were co-cultured with G-401 cells. Then, RT- 
qPCR revealed that hUC-MSCs-Exo could ele-
vate miR-15a-5p expression in G-401 cells 
(Figure 2a). Next, the findings obtained from 
CCK-8 and colony formation assays, Transwell 
assay and flow cytometry implied that hUC- 
MSCs-Exo inhibited the proliferation, migra-
tion and invasion and induced apoptosis of 
G-401 cells (Figure 2b-f). It was believed that 
hUC-MSCs-Exo destructed the biological func-
tions of WT cells.

hUC-MSCs-Exo carrying miR-15a-5p lessen the 
tumorigenic properties of G-401 cells

To testify the effect of miR-15a-5p delivered by 
hUC-MSCs-Exo, we co-cultured G-401 cells with 
hUC-MSCs-Exo transfected with miR-15a-5p 
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mimic or inhibitor. Subsequently, RT-qPCR 
measured that miR-15a-5p expression was raised 
or decreased in G-401 cells (Figure 3a). Next, 
cellular experiments exhibited that as to G-401 
cells co-cultured with hUC-MSCs-Exo overex-
pressing miR-15a-5p, cell biological functions 
were impaired. hUC-MSCs-Exo inhibiting miR- 
15a-5p had the opposite effects on G-401 cell 
fate (Figure 3b-f). In summary, the delivery of 
miR-15a-5p by hUC-MSCs-Exo inhibited the 
growth of G-401 cells.

miR-15a-5p targets SEPT2

Downregulation of SEPT2 activates the peroxisome 
proliferator-activated receptor γ to limit cell growth 
in liver cancer [17]. We tested SEPT2 at clinical and 
cellular levels by RT-qPCR and Western blot, and 
found that it was upregulated in WT tissues and cells 
(Figure 4a, b).

The predicted data of TargetScan 7.2 sug-
gested the target relationship between miR- 
15a-5p and SEPT2 (Figure 4c). Also, the dual 

Figure 1. miR-15a-5p is downregulated in WT. A. RT-qPCR tested miR-15a-5p expression in WT tissues and normal tissues; B. RT- 
qPCR tested miR-15a-5p expression in normal renal tubular epithelial HK-2 cell line and human WT G-401 cells; C. Microscopic 
observation of hUC-MSCs, and staining of adipocytes and osteoblasts; D. Flow cytometry tested hUC-MSCs surface markers; E. TEM 
observation of hUC-MSCs-Exo; F. NTA detection of hUC-MSCs-Exo; G. Western blot tested HSP70, CD81, CD9 and GRP94 in hUC-MSCs- 
Exo; H. Internalization of PKH26-labeled exosomes (red) in G-401 cells; I. RT-qPCR tested miR-15a-5p expression in hUC-MSCs-Exo. 
Measurement data were shown by the mean ± standard deviation.
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luciferase reporter gene experiment verified that 
miR-15a-5p mimic transfection inhibited the 
luciferase activity of SEPT2-WT (Figure 4d).

Western blot indicated that hUC-MSCs-Exo 
could reduce SEPT2 levels in G-401 cells. 
Moreover, hUC-MSCs-Exo overexpressing miR- 
15a-5p or suppressing miR-15a-5p could lower or 
augment SEPT2 levels in G-401 cells (Figure 4e). 
Pearson correlation analysis further surveyed that 
miR-15a-5p was negatively correlated with SEPT2 
in WT tissues (Figure 4f).

Inhibition of SEPT2 represses the biological 
function of WT cells

To study the effect of SEPT2 on WT cells, SEPT2 
loss-of-function was performed by transfecting sh- 
SEPT2 into G-401 cells (Figure 5a), leading to the 
reduction of proliferation (Figure 5b, c), migration 
and invasion (Figure 5d, e) and induction of apop-
tosis (Figure 5f). The above results indicated that 
inhibition of SEPT2 reduces the biological func-
tion of WT cells.

Upregulated SEPT2 reverses hUC-MSCs-Exo- 
mediated inhibition on G-401 cell growth

To further unravel the regulation of SEPT2 in 
hUC-MSCs-Exo on the biological functions of 
WT cells, we co-cultured G-401 cells with hUC- 
MSCs-Exo transfected with oe-SEPT2. The 
findings suggested that upregulated SEPT2 
reverses hUC-MSCs-Exo mediated inhibition 
on G-401 cell growth (Figure 6a-f).

hUC-MSCs-Exo carrying miR-15a-5p weakens 
tumorigenicity of G-401 cells in vivo

Finally, tumor formation in vivo was carried 
out to decipher the mechanism of miR-15a-5p 
delivered by hUC-MSCs-Exo in WT. After 5 w 
for tumor growth, the tumor volume was 
increased in mice. It was found that the tumor 
volume and weight were reduced and apoptosis 
was increased in mice treated with hUC-MSCs- 
Exo. Furthermore, injection of hUC-MSCs-Exo 
overexpressing miR-15a-5p into mice further 
caused tumor growth suppression(Figure 7a, b).

Figure 2. MSC-Exo impair the biological functions of G-401 cells. A. RT-qPCR tested miR-15a-5p in G-401 cells after co-culture 
with hUC-MSCs-EV; B. CCK-8 tested G-401 cell proliferation; C. Colony formation assay tested G-401 cell colony formation 
ability; D. Transwell assay tested G-401 cell migration; E. Transwell assay tested G-401 cell invasion; F. Flow cytometry tested 
G-401 cell apoptosis. Measurement data were shown by the mean ± standard deviation, * P < 0.05 vs the PBS group.
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Discussion

WT stands for a neoplastic disease in children, second 
only to neuroblastoma in extracranial solid tumors 

[38]. Treatment with hUC-MSCs-Exo and miRNAs 
in combination has emerged to control cancer devel-
opment. Thus, the reciprocal between hUC-MSCs- 
Exo and miR-15a-5p attracted our attention, and the 

Figure 3. MSC-Exo carrying miR-15a-5p lessen the tumorigenic properties of G-401 cells. A. RT-qPCR tested miR-15a-5p in G-401 cells 
after co-culture with hUC-MSCs-Exo; B. CCK-8 tested G-401 cell proliferation; C. Colony formation assay tested G-401 cell colony 
formation ability; D. Transwell assay tested G-401 cell migration; E. Transwell assay tested G-401 cell invasion; F. Flow cytometry 
tested G-401 cell apoptosis. Measurement data were shown by the mean ± standard deviation, * P < 0.05 vs the Exo-NC mimic 
group; # P < 0.05 vs the Exo-NC inhibitor group.
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underlying mechanism in WT was interpreted in part 
from exosomal miR-15a-5p/SEPT2 axis. The major 
outcome of the research outlined that miR-15a-5p 
encapsulated by hUC-MSCs-Exo curbed the malig-
nant progression of WT, which was assisted by tar-
geted suppression of SEPT2.

First, we examined miR-15a-5p expression in 
WT, finding a decreased trend of it in both WT 
tissues and cells. Showing the consistency with our 

study finding, prior studies have confirmed the 
reduction of miR-15a-5p expression in cancers, 
including lung cancer [13] and prostate cancer 
[31]. Next, we determined that hUC-MSCs-Exo 
themselves had the substantial abilities to hamper 
WT cell proliferation, invasion, migration and 
excite apoptosis, and we further clarified that 
when hUC-MSCs-Exo carrying elevated miR-15a- 
5p were introduced into WT cells, the repressive 

Figure 4. miR-15a-5p targets SEPT2. A-B. RT-qPCR and Western blot tested SEPT2 expression in tissues and cells; C. Targeting site 
between miR-15a-5p and SEPT2; D. Dual luciferase reporter gene assay tested the targeting of miR-15a-5p and SEPT2; E. Western 
blot tested SEPT2 expression in G-401 cells after co-culture with hUC-MSCs-Exo; F. Pearson analyzed the correlation between miR- 
15a-5p and SEPT2. Measurement data were shown by the mean ± standard deviation, # P < 0.05 vs the PBS group; * P < 0.05 vs the 
Exo-NC mimic group; $ P < 0.05 vs the Exo-NC inhibitor group.
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Figure 5. Inhibition of SEPT2 represses the biological function of WT cells. A. Western blot tested SEPT2 expression in G-401 cells 
transfected with sh-SEPT2; B. CCK-8 tested G-401 cell proliferation; C. Colony formation assay tested G-401 cell colony formation 
ability; D. Transwell assay tested G-401 cell migration; E. Transwell assay tested G-401 cell invasion; F. Flow cytometry tested G-401 
cell apoptosis. Measurement data were shown by the mean ± standard deviation, * P < 0.05 vs the sh-NC group.

Figure 6. Upregulated SEPT2 reverses hUC-MSCs-Exo-mediated inhibition on G-401 cell growth. A. Western blot tested SEPT2 
expression after co-culture of G-401 cells with hUC-MSCs-Exo; B. CCK-8 tested G-401 cell proliferation; C. Colony formation assay 
tested G-401 cell colony formation ability; D. Transwell assay tested G-401 cell migration; E. Transwell assay tested G-401 cell 
invasion; F. Flow cytometry tested G-401 cell apoptosis. Measurement data were shown by the mean ± standard deviation, * 
P < 0.05 vs the Exo+oe-NC group.
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effects of hUC-MSCs-Exo on WT were aggrandized. 
In compliance with the experimental outcomes, 
a later paper has described that hUC-MSCs-Exo 
exert harshly as to the aggressive behaviors of BCa 
cells in vitro and tumor formation in vivo through 
transmitting miR-148b-3p [9]. In a similar manner, 
hUC-MSCs-Exo are applicable to encumber the 
tumorigenic capacities of esophageal squamous cell 
carcinoma cells via delivering elevated miR-375 
[10]. Moreover, as implied by the current report, 
the introduction of hUC-MSCs-Exo overexpressing 
miR-145-5p to pancreatic ductal adenocarcinoma 
cells imposes the burden for cancer cells to prolif-
erate and invade [39]. In addition to that, hUC- 
MSCs-Exo could raise miR-451a expression in 
HCC cells, thus to retard cell cycle transition, as 
well as other malignant phenotypes [40]. Suggested 
in an update article, hUC-MSCs-Exo establish 
a bridge for the communication of miR-139-5p 
and bladder cancer cells, and then benefit to ame-
liorate the tumorigenic characteristics of cancer cells 
[19]. All the listed studies have validated the con-
tributory effects of hUC-MSCs-Exo carrying 
miRNAs in the retarded development of cancers, 
which further support our experimental discoveries 
to some extent.

As to the functional impacts of miR-15a-5p, 
research studies on cancers have figured out that 
miR-15a-5p may work as a tumor inhibitor. In 
Vitamin D3-treated liver cancer cells, the elevation 
of miR-15a-5p silences E2F transcription factor 3, so 
that the proliferation of cancer cells is impaired [41]. 
In HCC, if artificially raising miR-15a-5p expression 
in cancer cells, cellular proliferation would be sup-
pressed and cell cycle arrest would be induced [42]. 

Mechanistically, in response to the knockdown of 
small nucleolar RNA host gene 12 in BCa cells, miR- 
15a-5p expression is enhanced which then functions 
to lower Sal-like 4 expression and to retard cell 
biological activities [43]. Similar to this, lncRNA- 
mediated upregulation of miR-15a-5p in papillary 
thyroid cancer is also capable of impairing tumor-
igenesis and progression [44], and the same mechan-
ism concerning the elevation of miR-15a has been 
proved in WT [11]. These papers regarding miR- 
15a-5p have further confirmed the theory that miR- 
15a-5p suppresses carcinogenesis in various cancer 
types, including WT.

Also, in this paper, it was revealed that SEPT2 
could be targeted by miR-15a-5p and upregu-
lated SEPT2 reversed hUC-MSCs-Exo-mediated 
inhibition on G-401 cell growth, indicating the 
pro-tumor actions of SEPT2 in WT. As a matter 
of fact, in BCa migration and invasion processes, 
SEPT2 is required whilst depleting SEPT2 criti-
cally diminishes the aggressive functions of BCa 
cells [45]. The raised expression of SEPT2 has 
been detected in biliary tract cancer, and SEPT2 
downregulated by miR-140-5p lessens cell pro-
liferation [46]. In the case of colorectal cancer, 
the restoration of miR-744-5p directly reduces 
SEPT2 expression, after which cell proliferation 
would be disturbed, while apoptosis be acceler-
ated [47]. Although non-coding RNAs could 
interact with SEPT2, many reports have 
explained other pathways involved in the inter-
action with SEPT2. SEPT2 affects GMB progres-
sion by controlling MEK/ERK activation and 
p53/p21 expression [17]. SEPT2 binds to the 
p85 subunit of PI3K, which subsequently 

Figure 7. MSC-EV carrying miR-15a-5p weakens tumorigenicity of G-401 cells in vivo. A. Tumor volume change in nude mice; 
B. Tumors and tumor weight. Measurement data were shown by the mean ± standard deviation, * P < 0.05 vs the PBS group; # 
P < 0.05 vs the Exo group.
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recruits PI3K to the cell membrane and activates 
the PI3K/Akt signaling pathway [48]. Anyway, 
repression of SEPT2 in cancer cells contributes 
to a delay in cancer development, including WT 
as proved in the present work.

Conclusion

The data collected from the experiments prove that 
miR-15a-5p-loaded hUC-MSCs-Exo could repress 
WT progression through decreasing SEPT2. This 
research may create a niche in treating WT from 
the novel axis of exosomal miR-15a-5p/SEPT2. Due 
to the limitations of the current experimental condi-
tions, the related signaling pathways were not dis-
cussed. In the future, if the experimental conditions 
allow, the pathway research will be carried out.
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