Medicine

IObservationaI Study

Bone Marrow Stromal Cells inhibited the growth
and metastasis of human U87 cells through
delivering exosomal miR-506
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Abstract

Glioma is one of the malignancy brain tumors, which deeply threaten the health of patients. Although the traditional therapiesz
glioma have improved, the outcome is still far from satisfactory. Bone Marrow Stromal Cells (BMSC)-based therapy provided novel
insight in the treatment for glioma. However, the detailed molecular mechanism is still not clear. The aim of present study is to
discover the novel factor in BMSC-based therapy for glioma. The cell proliferation and apoptosis were identified by using CCK-8
and flow cytometry. The invasion of glioma cells was examined by using Transwell assay and wound-healing assay respectively.
gRT-PCR was used to examine the expression of miR-506. Western blot was used to examine the protein levels of CD63,
TSG101, NUR77 and CXCR4. Our data suggested that BMSC-derived exosome inhibited the proliferation and contributed to
apoptosis of human U87 cells after culturing with miR-506 mimic. Overexpression of miR-506 in BMSC-derived exosome inhibited
the invasion of human glioma U87 cells, while these effects were deeply suppressed in the presence GW4869. Our present study
demonstrated that BMSC inhibited the growth and metastasis of human glioma U87 cells through delivering exosomal miR-506,
and provided the evidences to develop the BMSC-based therapy for glioma.

Abbreviations: BMSC = bone marrow stromal cells, CCK-8 = cell counting kit 8, gRT-PCR = quantitative reverse transcriptase

polymerase chain reaction, WB = Western blot.
Keywords: BMSC, exosome, Glioma, miR-506

1. Introduction

Gliomas belong to the intrinsic malignant brain tumors with
diverse pathological and histological properties, which are
caused by neuroglial progenitor cells.l In recently decades, the
number of patients with glioma grows with a rapid speed.?!
Worse still, the prognosis of gliomas remains poor and far from
our expectation.’! Despite the outcome of tradition therapies
for glioma, including surgery, chemotherapy, and radiotherapy,
have achieved promising improvements in the prognosis of gli-
oma patients, the 5-year relative survival of glioma is <5%.4
Therefore, the novel treatment towards glioma is highly desired.

Exosomes are a group of cell-derived vesicle with the diame-
ter of 30 to 200nm, which represent a new means of intercellular
communication by delivering various bioactive molecules, includ-
ing proteins, lipids and nucleic acids, and participate in tumor ini-
tiation and progression.l’! Growing evidences have demonstrated
the progression of glioma is closely associated with exosome.!®”
Glioma cells can communicate with their surroundings to create a
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tumor-permissive microenvironment.® Moreover, exosome-based
nanoimmunotherapy is identified as a promising strategy for gli-
oma.”! However, the molecule mechanism is still not clear.

Bone Marrow Stromal Cells (BMSCs) are a population of non-
hematopoietic skeletal progenitor cells, which have been confirmed
to play a key role for the hematopoietic microenvironment.! It
has been reported that BMSCs have the ability to migrate into
these tumors and even track infiltrating tumor cells, making them
to be promising cellular vehicles for delivering therapeutic agents
to glioma cells."'? Moreover, BMSCs-derived exosomes har-
boring miR-506 sensitized LUAD cells to DDP/HT both in vitro
and in vivo.'s! Meanwhile, miR-506 has associated with the pro-
gression of colorectal cancer and functioned as a potential bio-
marker for breast Cancer."*!S! Recent evidence has suggested that
exosome-transmitted miR-506 inhibits the malignancy of colorec-
tal cancer cells!"® and miR-506 is also involved in the castration-
resistant regulation of prostate cancer cells.l'” However, the detailed
function of miR-506 in human glioma cancer is still not clear.
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In the current study, we examined the expression of miR-506
in BMSC-derived exosome and explore its function in human
glioma cancer cells. Our findings not only gain a deep insight
into the biological function of miR-506 but also provided pre-
liminary evidences to indicate the value of miR-506 as a poten-
tial target in the therapy for human glioma.

2. Methods

2.1. Cell culture

Human BMSC and U87 were obtained from the American Type
Culture Collection (ATCC, Manassas, USA).

2.2. Exosomes uptake by human U87 cells

Human BMSC-derived exosomes (50 pg/mL) were cultured with
PKH67 at room temperature for 5 minutes. Then, the labeled
exosomes were suspended and incubated with human U87 cells
at 37°C for 12 hours. DAPI were used to stain the nuclei for 10
minutes. Then, observed by using IX53 fluorescence microscope
(Olympus, Tokyo, Japan).

2.3. Cell counting kit (CCK)-8 assay and

Briefly, cells (3 x 103 cells/well) in 96-well plates were incubated
with CCK-8 solution (10 pL/ cell) for 1 hour. The cell viability
was examined by evaluating the value of OD450 nm. Three rep-
lications are performed for each reaction.

2.4. Cell apoptosis detection

Flow cytometry was used to determine the cell apoptosis as
previously reported.'! Cells in a 6-well plate (3 x 10° per well)
were incubated with § pL Annexin-V-FITC for 15 minutes
and 5 pL propidium iodide for 15 minutes, all from Beyotime
Biotechnology (Shanghai, China), and finally, examined by a
CytoFLEX flow cytometer (Beckman Coulter, USA). Three rep-
lications are performed for each reaction.

2.5. Quantitative reverse transcriptase polymerase chain
reaction (QRT-PCR)

In the present study, qRT-PCR was performed using SYBR
green PCR master mix (Applied Biosystems, Foster, CA,
USA) on an ABI 9700 real-time PCR system (Applied
Biosystems). The primers used for PCR were as follows:
miR-506-F: 5“-AGCCAGCGTATTCAGGAAGGT-37;
miR-506-R:  5’-GTCGTATCCAGTGCAGGGTCC-3’; Ue6-F:
5’>-CTCGCTTCGGCAGC ACA-3’; U6-R: 5-AACGCTTCA
CGAATTTGCGT-3".

2.6. Western blot analysis

After SDS-PAGE gel separation, proteins were transferred
onto nitrocellulose membranes, which were then incubated
with primary antibodies against Calnexin(ab227310; Abcam),
CD63(ab271286; Abcam), TSG101(ab125011; Abcam),
NUR77(ab283264, abcam), CXCR4 (ab124824, abcam),
AKT1(# 75692, cell signaling), p-AKT1 (# 9018, cell signal-
ing), and GAPDH (66009-1-Ig; Proteintech) followed by HRP-
conjugated secondary antibodies (ZB-2305; ZSGB-BIO).

2.7. Wound-healing assay

The human U87 cells (4 x 10°) were seeded in 6-well plates
and cultured until they reached a density of 90%. A 200-pL
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micropipette tip was then used make a wound in the cells and
the medium was replaced with serum-free medium. Electron
microscopy was used to observe the shape of wound at 0 and
24 hours.

2.8. Transwell assay

Cell invasion were assayed in a 24-well plate with polycarbonate
sterile chambers (8-um filters; BD Biosciences, Franklin Lakes,
NJ, USA) with or without Matrigel coating. The human U87 cells
(2 x 10*) were cultured with 100 pL of serum-free DMEM in the
upper chamber and 600 pL of DMEM + 10% serum in the lower
chamber. After 24 hours, the lower chamber was washed twice
with PBS and crystal violet dye was added to the lower chamber
incubated for 20 minutes. The lower chamber was washed with
PBS 3 times, following which a cotton bud was used to remove
cells and medium from the upper chambers. The invaded cells in
the lower chambers were observed under an electron microscope.

2.9. Statistical analysis

All statistical analyses on quantitative data (mean = SD) were
done on GraphPad Prism 8.4.2 (GraphPad Software, San Diego,
CA, USA). Overall survival (OS) was determined by Kaplan—
Meier survival analysis and log-rank test. Comparison between
different groups was performed with ANOVA test or Student ¢
test, with P value < .05 as threshold of significance.

3. Results

3.1. BMSC-derived exosome inhibited the proliferation and
contributed to apoptosis of human U87 cells after culturing
with miR-506 mimic

The exosome of BMSC was isolated and purified as described
previously."”! As shown in Supplemental Digital Content, our
data suggested that the exosomes are negative for Calnexin and
positive for CD63 and TSG101 (Figure S1A, http:/links.Ilww.
com/MD/L28). Next, we chose human U87 cells as the recipient
cells of the BMSC-derived exosomes. We labeled the exosomes
with PKH67 (green) and added these exosomes into human U87
cells. Using confocal microscopy, we found that the human U87
cells absorbed the BMSC-derived exosomes (Figure S1B, http://
links.lww.com/MD/128).

Then, the BMSC and corresponding derived exosome
(BMSC-exo) were cultured with GW4869 (a well-known inhib-
itor of exosome biogenesis/release). As shown in Figure 1A, the
level of miR-506 showed no significant difference in BMSC
with or without the treatment of GW4869. However, GW4869
deeply suppressed the expression of miR-506 in BMSC-derived
exosome. To explore the function of miR-506, the miR-506
mimic was used to induce miR-506 overexpressed in BMSC and
BMSC-exo (Fig. 1B). As illustrated in Figure 1C, the exosome
derived from BMSC that pretreatment by miR-506 mimic (Exo-
mimic) deeply suppressed the proliferation of human U87 cells
compared with that in corresponding miNC treated exosome
(Exo-miNC). Meanwhile, the apoptosis of human U87 cells was
significantly upregulated after co-culturing with BMSC-derived
exosome and Exo-mimic presented a stronger effect than that
of Exo-miNC (Fig. 1D). Western blot showed that Exo-mimic
also inhibited the protein contents of miR-506 potential targets
in human U87 cells, including Nur77, CXCR4, and phosphory-
lated AKT(p-AKT) (Fig. 1E).

3.2. Exo-mimic inhibited the invasion of human U87 cells.

Next, we explore the function of Exo-mimic in the inva-
sion of human U87 cells. As shown in Figure 2A and 2B,
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Annexin V

Figure 1. The miR-506 mimic BMSC derived exosome inhibited the proliferation and contributed to apoptosis of human U87 cells. (A) The relative level of miR-
506 in BMSC and corresponding exosome. ***P < .001 vs Control. (B) miR-506 mimic was used to induce miR-506 overexpression in BMSC and correspond-
ing exosome. “**P < .001 vs miNC. (C) The proliferation of human U87 cells after co-culturing with Exo-miNC or Exo-mimic. **P < .001 vs control,!!l P < .001 vs
Exo-miNC. (D) The apoptosis of human U87 cells after co-culturing with Exo-miNC or Exo-mimic. ***P < .001 vs control,!ll P <.001 vs Exo-miNC. (E) Western
blot was used to determine the protein levels of Nur77, CXCR4, AKT and p-AKT, **P < .001 vs. control,!ll P <.001 vs. Exo-miNC.
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Figure 2. Exo-mimic inhibited the migratory ability of human U87 cells. (A, B) Transwell assay was used to examine the invasion of human U87 cells after
co-culturing with Exo-miNC and Exo-mimic. ***P < .001 vs control,!!l P < .001 vs Exo-miNC. (C, D) Wound healing assay indicated that Exo-mimic suppressed
the migratory ability of human U87 cells. ***P < .001 vs control,!!l P <.001 vs Exo-miNC.

the invasion cells of human U87 were significantly decreased  that the migratory ability of human U87 cells was deeply
after co-culturing with Exo-miNC or Exo-mimic. Moreover,  suppressed after co-culturing with Exo-mimic at 12 or 24h
results that obtained from wound healing assay indicated  (Figs. 2C and 2D).
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3.3. The BMSC promoted the apoptosis and inhibited
the proliferation of human U87 cells through delivering
exosomal miR-506

To further explore the role of BMSC-derived exosome, the
BMSC, miR-506 mimic and GW4869 were used to culture
human U87 cells. As shown in Figures 3A and 3B, the apop-
tosis of human U87 cells was increased after co-culturing with
BMSC and further enhanced in the absence of miR-506 mimic,
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while this function was deeply abolished by an inhibitor of exo-
some biogenesis/release GW4869. The similar results were also
obtained from in proliferation analyzing (Fig. 3C). Moreover,
the protein contents of Nur77 and CXCR4 were deeply down-
regulated by miR-506 mimic in BMSC co-culturing human U87
cells, while this effect was disrupted by GW4869. The phos-
phorylation of AKT was also suppressed by miR-506 mimic,
while remarkably recovered by GW4869 in BMSC co-culturing
human U87 cells (Fig. 3D).
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Figure 3. BMSC inhibited the growth of human U87 cells through delivering exosomal miR-506. (A, B) Flow cytometry was used to examine the apoptosis of
cells as indicated above. *P < .05 vs control, ***P < .001 vs control, !IP < .01vs miNC, ### P < .001 vs GW4869. (C) CCK-8 assay was used to examine the
proliferation in cells as indicated above. * P < .05 vs control, ** P < .001 vs control, I!P < .01vs miNC, ### P <.001 vs GW4869. (D) Western blot was used
to determine the protein contents of Nur 77, CXCR4, AKT and p-AKT in different cells. *** P < .001 vs control, !IP < .01 vs miNGC, ### P < .001 vs GW4869.
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Figure 4. The BMSC disrupted the migratory ability of human U87 cells U87 cells through delivering exosomal miR-508. (A, B) Transwell assay was used to
examine the invasion of human U87 cells that co-culturing with or without mimic or GW4869. *P < .05 vs control, **P <.001 vs control, IIP <.01vs miNC,
###P < .001 vs GW4869. (C, D) Wound healing assay was used to examine the migratory ability.
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3.4. The BMSC disrupted the migratory ability of human
U87 cells U87 cells through delivering exosomal miR-506

As presented in Figures 4A and 4B, our data suggested that the
miR-506 mimic significantly inhibited the invasion of human
U87 cells that co-culturing with BMSC, while this effect was
deeply abolished by GW4869. Then, results that from wound
healing indicated that the migratory ability of human U87 cells
was remarkably downregulated after co-culturing with BMSC in
the presence of miR-506 mimic (Fig. 4C and 4D). Meaningfully,
this effect also disrupted by GW4869. Together, present data
suggested that BMSC inhibited the growth and metastasis of
human U87 cells through delivering exosomal miR-506.

4. Discussion

In this study, our data suggested that BMSC-derived exosome
contributed to inhibited the growth and invasion of human U87
cells. Here, the expression of miR-506 was induced upregulated
in BMSC-derived exosome by using its corresponding mimic
(Exo-mimic). Importantly, the Exo-mimic presented a stronger
effect than that of corresponding Exo-miNC exosome, while
this function was deeply disrupted in the presence of GW4869.
Together, all these results demonstrated that overexpressed the
expression of miR-506 in BMSC-derived exosome is a promis-
ing way in the therapy for human glioma cancer.

BMSCs have recognized as an important component of the
glioma microenvironment, and the malignant transformation
of BMSCs is closely related to glioma progression.?’! BMSC-
derived exosomal has reduced cisplatin resistance of non-
small cell lung cancer via delivering miR-193a.1>!l Moreover,
BMSC-derived exosomal miR-512-5p contributed to inhibit
the progression of glioma.??! In the current study, our results
demonstrated that BMSC-derived exosomal miR-506 has the
function to suppress the growth and invasion of glioma. Hence,
our present findings demonstrated that the BMSC-based ther-
apy for glioma via delivering microRNA.

Exosomes are a group of extracellular vehicles (EVs) with
diameters ranging from 40 to 100 nm, which have the ability to
deliver signaling molecules, including RNA, DNA, and proteins
to surrounding cells.2324

Previous report has identified that early invasion is identified
as a major cause for poor therapeutic outcome of patient with
glioma.®! Here, our data illustrated that miR-506 presented as
an anti-invasion factor in glioma, which can translocate from
BMSC to glioma via exosome.

Moreover, our data indicated that the Exo-mimic inhibited the
expression of several potential targets, including Nur77, CXCR4
and AKT. These results highlighted that Nur77, CXCR4 and AKT
involved in the regulation of glioma metastasis. Further study will
be meaningful to discover the detailed molecular mechanism. In
the current time, the data from in vivo experiment and clinic part
are still undergoing, which limited the significance of our find-
ings. Hence, future researches are needed to provide these data to
enhance our conclusion.
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