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ARTICLE INFO ABSTRACT

Keywords: Aims: The clinical efficiency of dendritic cell (DC) therapy needs to be improved. Exosomes, as membrane nano-
Dendritic cells vesicles, carry bio-macromolecules and play essential roles in intercellular crosstalk. Here, it is proposed that
miRNA-155 tumor cell-derived exosomes could function as vehicles to deliver exogenous miRNA-155 into DCs, for si-
Exosome multaneous miRNA delivery and antigen priming of DCs. Following optimization of the miRNA-155 delivery, the
Electroporation

effect of exogenous miRNA-155 overexpression on DCs is evaluated.

Main methods: For this purpose, exogenous miRNA-155 was electroporated with various voltages (0.100, 0.200,
and 0.300kV) into tumor cell-derived exosomes with various concentrations, and then DCs were treated with
miRNA-155 loaded exosomes. To assess the effect of miRNA-155 loaded exosomes on DCs, the expression levels
of IL12p70, IFN-vy, and IL10 in culture supernatants were measured by ELISA. Then, the expression profiles of DC
surface markers, including CD11C, MHCII (I/A-I/E), CD86, CD40, and CD83 were investigated by flow cyto-
metry.

Key findings: Concerning the results, exogenous miRNA-155 can be successfully inserted into tumor cell derived
exosomes. Loading conditions for tumor cell-derived exosomes were enhanced for utilization as vehicles to
deliver miRNA-155 into DCs. Analysis of the surface molecule revealed that miRNA-155 can increase the ex-
pression levels of MHCII (I/A-I/E), CD86, CD40, and CD83. ELISA analysis indicates that miRNA-155 can sig-
nificantly increase, the levels of IL12p70, IFN-y, and IL10.

Significance: Finally, it can be stated that miRNA-155 could be a candidate for dendritic cell maturation. This
method can be applied in the modification of target cells in in vitro studies.

1. Introduction

Dendritic cells (DCs) are specialized antigen-presenting cells, which
present antigens to natural killer (NK) cells, B-cells and T-cells.
Therefore, DCs is considered as an outstanding candidate cells for im-
munotherapy of cancers [1]. However, the clinical efficiency of DC
vaccination therapy needs to be improved, especially, with regards to

the types of antigens which are used to prime DCs and the utilization of
macromolecules such as microRNAs (miRNAs) for better activation and
maturation of DCs [2-5].

Exosomes are nano-sized homogenous membrane vesicles
(30-120nm) derived from the exocytosis of intraluminal vesicles
(within multi-vesicular bodies), then attached to the plasma membrane
to be released into the extracellular space. Many cell types produce
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exosomes through this mechanism [6-8]. Since the exosome innately
transport RNA molecules among cells and body fluids, it has been hy-
pothesized that this feature might be suitable for gene delivery. Thus,
exosomes have been previously used to transfer miRNA and other oli-
gonucleotides to the target cells [9,10]. In comparison with other gene
transport methods including lipid nanoparticles, viruses and polymeric
nanoparticles, several advantages have been demonstrated for exo-
somes gene delivery system. Exosomes are not subject to attack by
complement, opsonins, coagulation factors and antibodies in the body
fluids [8,11-13]. There are different strategies which are used for
loading antigen to dendritic cells including exosomes, viral vector-de-
livered whole antigen, tumor lysate, whole antigen—protein and using
DNA or RNA [15,22,26,27]. Tumor cell-derived exosomes have a broad
antigen repertoire for priming DCs in which they can expand both
CD8* and CD4™* T cells against cancer cells. Apart from the mentioned
advantages of gene delivery, tumor cell-derived exosome contains
several DC's maturation factors including HSP and GM-CSF, that can
mature DC effectively [3,22,26-28].

miRNAs are a group of small noncoding RNAs, 20-25 nucleotide-
long, and has key regulatory roles in different cell processes including
cell survival, proliferation, apoptosis, tumor growth and metastasis
[17]. In recent years, research to improve RNA-based therapy has been
meaningfully increased [9,14,21,26,27]. It is noteworthy that, the main
problem is an immune stimulation against the synthetic delivery ve-
hicle and synthetic miRNAs, particularly if needed to repeat the dosing
several times to treat disease [18]. Natural carriers can overcome these
obstacles during miRNA delivery to cells. Exosomes as a natural RNA
carrier might provide an available source of effective delivery plans [9].

So far, many miRNA studies on DCs have focused on the miRNA-
155. miRNA-155 could modulate the IL-1 signaling pathway in stimu-
lated human DCs [19]. miR-155 could enhance IL-12p70 and NF-kB
production in DCs [20]. But the role of miR-155 in antigen presentation
by DCs and DC maturation remains controversial [19,21,22].

To the best of the authors' knowledge, there is no experiment on
delivering the miRNA-155 by tumor cells derived exosome into den-
dritic cells.

Here, delivery of miRNA-155 to DCs with exosomes, for simulta-
neous miRNA-155 delivery and antigen priming of DCs was optimized.
Following treatment with miRNA-155 mimic loaded cancer derived
exosomes, DCs were evaluated functionally and phenotypically.

2. Materials and methods
2.1. Cell culture and exosome isolation

CT26 cell line was obtained from Pasteur Institute (Tehran, Iran).
Then, cells were cultured in Roswell Park Memorial Institute 1640
(RPMI 1640) (Gibco, NY, USA) complemented with 100 U/ml penicillin
(Gibco®, NY, USA), 10% fetal bovine serum (Gibco®, NY, USA) and
100 mg/ml streptomycin (Gibco, NY, USA) then incubated at 37 °C in
5% CO,. CT26 cells were adapted to the serum-free medium during a
two-week period. Adapted cells line were grown to 70% confluences,
and then incubated for 72 h in serum-free media. CT26 condition media
were collected for exosome isolation according to the manufacturer's
guidelines of exosome isolation kit (Exospin, Cell Guidance Systems
LLC, MO, USA).

2.2. Dynamic light scattering of exosomes

Isolated exosomes size was identified by dynamic light scattering
(DLS) Zetasizer Nano ZS (Malvern Instruments, UK). Before measuring
the size of exosome by Zetasizer, protein concentration of the exosome
content solution was diluted to 1 pg/ml. The distribution of exosome
size was analyzed at 23 °C according to the manufacturer's instructions
[23]. Experiments were carried out in triplicate.
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2.3. Scanning electron microscopy (SEM) of exosomes

Shape and size of the isolated and electroporated exosomes were
identified by scanning electron microscopy (SEM) (KYKY-EM 3200); the
exosomes solution, 1 pg per ml, was left to dry on a glass slide for 24 h,
then analyzed by SEM after covering the surface with a thin layer of
gold. Experiments were carried out in triplicate.

The protein content of purified exosomes was evaluated with
Bicinchoninic Acid (BCA) Protein Assay Kit (Sigma-Aldrich, Missouri,
USA).

2.4. Atomic force microscopy of exosomes

The structure of exosomes was estimated by atomic force micro-
scopy. In this method, exosomes were re-diluted with de-ionized water
then left to dry on mica sheets. After fixing with 0.5% glutaraldehyde,
they were washed with de-ionized water and left at room temperature
(RT) to dry. The samples were scanned with a semi-contact strategy by
scanning microscope (Solver Bio series, NT-MDT, Russia).

2.5. Optimization of the loading exosomes with miRNA-155

For exosomes loading with miRNA-155 mimic (Exiqon, Vedbaek,
Denmark) to gain successful outcome, the miRNA loading condition for
CT26 cell line derived exosomes was elaborated.

Exosome was re-suspended in 1:1 ratio with hypoosmolar
Electroporation buffer (Eppendorf, Hum burg, Germany). Final con-
centration of miRNA-155 (100 pmol) was added to two distinctive
concentrations of exosome (0.5 and 1 pg/ml). The mixtures were then
moved into cold electroporation cuvettes (0.2 cm) and electroporated at
different voltages (0.100-0.300 kV). An Eppendorf AG 22331 electro-
poration instrument (Eppendorf, Hum burg, Germany) was utilized for
electroporation.

To eliminate free-floating miRNA-155 mimic outside the exosomes,
the exosomes were treated with one unit of RNase H and re-isolated
using Exospin™ kit. The relative amount of encapsulated miRNA-155
with SNORD housekeeping miRNA was determined by Stem-Loop Real-
Time polymerase chain reaction (PCR) assays. To check that, the exo-
somes structure was not changed after electroporation; the shape and
size of electroporated exosomes were identified by scanning electron
microscopy.

2.6. Bone marrow-derived DCs (BMDCs) induction

Female BALB/c mice, 6-8 weeks of age, were purchased from The
Pasture Institute, Tehran, Iran. The animals were stored at 22 + 1°C
and relative humidity of 60 = 5% under a 12 h light/dark cycle. Water
and food were provided ad libitum. Animal experiments were carried
out after approval from the Institutional Animal Ethics Committee.

BMDCs were prepared according to the method of Lutz et al. [24].
Bone marrow cells were obtained from female BALB/c mice and cul-
tured in six-well Petri dishes in RPMI1640 with 10% FBS, supplemented
with recombinant mouse GM-CSF (25 ng/ml) (PeproTech, NJ, USA) and
IL-4 (25ng/ml) (PeproTech, NJ, USA). After 7 days, 0.1 ug/ml LPS
(Sigma-Aldrich, Missouri, USA) was added to induce DCs maturation.
Shape and size of DCs were evaluated with phase contrast microscopy.
To evaluate the Surface marker of DCs by flow cytometry, cells were
stained with CD11c-APC (Bio Legend, CA, USA), MHCII (I-A/I-E)-PE
(Bio Legend, CA, USA), CD86-FITC (Bio Legend, CA, USA), CD40-FITC
(Bio Legend, CA, USA), CD83-PE (Bio Legend, CA, USA) and Fc blocking
reagents (Bio Legend, San Diego, CA, USA). To prime DCs with exo-
somes, DCs were treated overnight with 100 pg/ml exosomes [25].

2.7. Exosome uptake by DC

To evaluate transfer of exosome into DCs, exosome was labeled with
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PKH67 dye (Sigma-Aldrich, Missouri, USA) based on the manufacturer's
protocol, and then DCs were treated with labeled exosomes. PKH-po-
sitive cells were detected after 24h by fluorescence microscopy. In
addition to determining the nucleus, DCs nucleus was labeled with a
4’,6-diamidino-2-phenylindole (DAPI) dye (Sigma-Aldrich, Missouri,
USA) [26].

2.8. Tracking FAM-labeled miRNA in DCs

To evaluate the delivering of miRNA into DCs, FAM-labeled miRNA-
155 was purchased (Exiqon, Vedbaek, Denmark). FAM-labeled miRNA
was electroporated into exosomes, and then DCs were treated with
FAM-labeled miRNA loaded exosomes. After 24 h, FAM-labeled miRNA
was tracked into DCs by fluorescence microscopy.

2.9. Evaluation of miRNA-155 in DCs with real-time PCR

After treatment of the DCs with electroporated exosomes for 24 h,
cells were washed twice with ice-cold phosphate-buffered saline (PBS)
and miRNA was isolated with the miRNA isolation kit (miRNeasy Mini
Kit, Qiagen, MD, USA) then cDNA was produced with the cDNA
synthesis kit (Thermo Fisher Scientific, CA, USA). Quantitative real-
time PCR using SYBR Green (Takara Bio, Japan) was performed in a
0.2ml tube and run in a Corbett Rotor Gene 6000 (Celtic Molecular
Diagnostics, Cape Town, South Africa) at 95°C for 30s, followed by
40 cycles of 95 °C for 5s and 60 °C for 30 s. Each experiment was done
in duplicate. According to the AACt method, the level of miRNA ex-
pression was measured utilizing the threshold cycle (Ct) [27]. SNORD
was used as a housekeeping miRNA control, to normalize the relative
expression of miRNAs.

2.10. Evaluation of DCs surface marker

To assess the effect of miRNA-155 loaded exosome on DCs, im-
mature DCs were treated with tumor cell-derived exosome (exo) loaded
with miRNA-155 mimic (mir) for 48 h. Flow cytometry evaluation of
DCs surface marker, including CD11C, CD40, CD83, CD86 and MHCII
(I/A-1/E) was done in the following groups: immature DCs (iDC), im-
mature DCs treated with 100 pg/ml tumor cell-derived exosome (iDC/
exo), immature DCs treated with 100 pg/ml tumor cell-derived exo-
some loaded with miRNA-155 mimic (iDC/exo/mir) and mature DCs
(mDC) which treated for 48 h with 0.1 pg/ml LPS. Cells were labeled
with the antibodies for 30 min at 4 °C; then, washed with washing
buffer twice and detected by flow cytometry (BD, CA, USA). The data
were analyzed by the FlowJo software Version 7.2.2.

2.11. Cytokine evaluation

Levels of mouse IL12p70, IFN-y, and IL10 in DCs culture super-
natants were measured using an enzyme-linked immunosorbent assay
(ELISA) kit based on the manufacturer's instructions (Bio Legend, CA,
USA).

2.12. Lymphocyte proliferation test

In order to monitor the ability of DCs in different groups to activate
lymphocytes, the lymphocyte proliferation test was used. For lympho-
cyte proliferation test, lymphocytes from the spleen of female C57BL/6
mice were labeled with carboxyfluorescein diacetate succinimidyl ester
(CFSE) (Thermo Fisher Scientific, CA, USA). For CFSE labeling, lym-
phocytes were re-suspended to 20 x 10°/ml in 20°C RPMI 1640
medium enriched with 10% FBS. A final concentration of 5uM of dye
was added to 1 ml aliquots of lymphocytes, then, mixed rapidly to en-
sure homogeneous labeling of cells. Cells were incubated at RT for
10 min, then washed 3 times with RPMI 1640 supplemented with 5%
FBS. Labeling process has been described previously in details [28]. For
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lymphocyte proliferation test, DCs from different groups including iDC,
iDC/exo, iDC/exo/mir and mDCs, treated with Mitomycin-C (Kyova,
Tokyo, Japan), then co-cultured with CFSE-labeled responder lympho-
cytes in 1:10 ratio. The mixed cultures were incubated for 48 h in a 96-
well plate at 37 °C and 5% CO,. After cell staining with CD3-percp (Bio
Legend, CA, USA) and gaiting the T lymphocyte, the proliferation of T
lymphocyte was evaluated with CFSE dilution by flow cytometry.

2.13. Software and statistical analysis

All the data were expressed as the mean =+ standard deviation (SD).
After a logarithmic transformation to normalize the data, based on the
data distribution, one-way analyses of variance (ANOVA) test was
performed to make comparisons between groups. Two groups were
compared by Student's t-test (Graph Pad Prism 4.0, CA, USA). p va-
lues < 0.05 were considered significant.

3. Results
3.1. CT26 cell-derived exosomes characterization

The average size of exosomes was 47 nm, as measured by dynamic
light scattering (DLS), which was in the range of exosome size (Fig. 1A).

The spherical shape and size of isolated and electroporated exo-
somes (< 100nm) were identified by scanning electron microscopy
(Fig. 1B-C). The CT26 cell lines exosome was examined by atomic force
microscopy and the size range (< 100 nm) and circular shape in 2-di-
mensional structure were confirmed (Fig. 1D).

3.2. Optimization of miRNA-155 mimic loading on CT26 cell-derived
exosomes

To optimize the miRNA loading procedure, tumor cell-derived
exosomes were electroporated with miRNA-155 mimics (100 pmol) at
three different voltages (0.100, 0.200, and 0.300kV). After electro-
poration, 1 mM EDTA was added to the electroporation cuvette to
prevent interaction of aluminum ions with miRNA and buffer compo-
nent [29]. Quantification of packed miRNA-155 into the exosomes was
performed by quantitative Real-Time PCR assay. Among the three dif-
ferent applied voltages and two different exosomes concentration,
0.200 kV with 1 pg/ml of exosome was shown to be more significantly
effective as compared to the others (p < 0.05) (Fig. 2).

3.3. Morphology and phenotypic characterization of DC

Phase contrast microscopy was used to characterize the morphology
of DCs. In the differentiation process of DC, gradually, the cytoplasmic
veils appeared on the surface of DCs. It showed that on day 7, DCs were
larger cells and some cells displayed dendrites formation (Fig. 3). In
addition, DCs surface markers were detected by flow cytometry. Ana-
lysis of the surface molecule reveals that iDC has low expression of
MHC class II, CD86, CD83 and CD40 (Fig. 4). The mDC displayed a
higher expression of the MHC class II, CD80 and CD40 when compared
with the immature DC (Fig. 4).

3.4. Exosomes uptake by DC

To visualize the cellular uptake of exosomes, they were labeled with
a green fluorescent lipid dye (PKH67). DCs were treated with PKH-la-
beled exosomes, and became fluorescent after 24 h (Fig. 5A, B, and C).
Cells fluorescent intensity was associated with a higher level of PKH-
labeled exosomes uptake (Fig. 5D, E, and F). These data indicate that
exosomes were internalized by DCs. For more details, DC nucleus was
labeled with DAPI dye (Fig. 5G).
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Fig. 1. Characterization of CT26 cell line exosomes. (A) The average size of exosomes was measured by DLS. (B&C) The spherical shape and size of isolated (B) and
electroporated (C) exosomes were identified by scanning electron microscopy. Exosome was examined by atomic force microscopy and the size range and circular

shape in 2-dimensional structure were confirmed (D).

3.5. Tracking of FAM-labeled miRNA in DCs
For visualization, miRNA delivery into DCs FAM-labeled miRNA-
155 was tracked in DCs by fluorescence microscopy (Fig. 6). The

findings indicated that FAM-labeled miRNA-155 was internalized by
exosome into DCs.

3.6. Increased miRNA-155 expression levels in DCs

Following the treatment of DCs with exosomes, the expression level

155

of miRNA-155 was determined by quantitative real time PCR assay.
After 24 h of treatment, RNA was extracted and reverse transcribed to
cDNA by specific miRNA-155 stem loop RT-PCR. As shown in Fig. 7, the
miRNA-155 expression level significantly increased in exosome-treated
cells relative to the controls (p < 0.001), indicating an efficient uptake
of exosomes by DCs.

3.7. Morphology of DCs in different groups

Phase contrast microscopy was used to characterize the morphology
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Fig. 2. The mean *+ SD value of relative amount of encapsulated miRNA-155
in exosomes. Exosomes in two distinctive concentrations (0.5 and 1 pg/ml)
were electroporated with miRNA-155 mimics (100 pmol) at three different
voltages (0.100, 0.200, and 0.300kV). After electroporation, the exosomes
were re-isolated using Exospin™. Quantification of packed miRNA-155 into the
exosomes was performed by quantitative Real-Time PCR assay. Among the
three different applied voltages and two different exosomes concentration,
0.200 kV with 1 pg/ml of exosome was shown to be more significantly effective
as compared to the others. The experiments were repeated four times in du-
plicate manner (*p < 0.05, ** p < 0.01, *** p < 0.001).

of DCs. Microscopic finding indicates that the cytoplasmic veils ap-
peared on the surface of DCs in the iDC group and some cells displayed
dendrite formation. Decrease in veils and increase fine surface dendritic
processes were detected in the iDC/exo group. Fine surface dendritic
processes with macropinosomes and vacuolated cytoplasm indicate
maturation Process in the iDC/exo/mir group. In Addition, in the mDC
group macropinosomes and many vacuoles in cytoplasm indicate ma-
turation Process. Analysis of the morphology reveals that miRNA-155
can induce mature DCs as well as LPS (Fig. 3).

3.8. Analysis of DC surface marker in different groups

Analysis of DC surface markers including CD11C, CD83, CD40,
CD86, and MHCII (I/A-I/E) in the iDC, iDC/exo, iDC/exo/mir, and mDC
groups was conducted. Finding yielded by flow cytometric analysis of
MHCII (I/A-1/E) levels in the iDC/exo/mir group indicates that the of
MHCII (I/A-I/E) level increased significantly (p < 0.001) as compared
to the iDC and iDC/exo groups, while the difference between the MHCII
(I/A-I/E) level in the iDC/exo/mir group and the mDC group was not
statistically significant. Flow cytometric analysis of the CD86 molecule
levels in the iDC/exo/mir group revealed that it increased significantly

BM cell (Day 1) iDC(Day 7)
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(p < 0.001) when compared with the iDC and iDC/exo groups, while
its increase relative to the mDC group was not statistically significant.
Similarly, according to the flow cytometry analysis findings pertaining
to the CD40 and CD83 molecule levels in the iDC/exo/mir group, the
level of these surface molecules increased significantly (p < 0.001)
when compared with the iDC and iDC/exo groups, but not relative to
the mDC group. Finally, the flow cytometry analysis of iDC/exo and iDC
group reveals that the exosome can significantly increase the CD40 and
CD86 levels. Analysis of the surface molecule reveals that miRNA-155
can induce mature DCs as well as LPS. The flow cytometry data pre-
sented above indicate that, in the studied groups, DCs loaded with the
miRNA-155 mimic exhibit uniformity in terms of size and density when
compared with the other groups (Fig. 4).

3.9. Analysis of cytokine assays

Cell culture supernatants from different groups (iDC, iDC/exo, iDC/
exo/mir, and mDC) were collected after 72 h and the levels of mouse
IL12p70, IFN-y, and IL10 were analyzed. The analysis of IL12p70 level
in the iDC/exo/mir group indicates that it increased significantly
(p < 0.001) when compared with the iDC and iDC/exo groups. The
ELISA analysis of IL12p70 level in the mDC group similarly reveals that
it increased significantly (p < 0.001) as compared to the other groups.
IFN-y level in the iDC/exo group increased significantly (p < 0.001)
relative to the iDC group. Similarly, The ELISA analysis of IFN-y level in
the iDC/exo/mir group also reveals that it increased significantly
(p < 0.001) when compared with the iDC and iDC/exo groups.
Moreover, IFN-y level in the mDC group increased significantly
(p < 0.001) as compared with the other groups, whereas IL10 level in
the iDC/exo group increased significantly (p < 0.001) relative to the
iDC group. Finding yielded by ELISA analysis of IL10 level in the iDC/
exo/mir group indicates that it increased significantly (p < 0.001)
when compared with the iDC and iDC/exo groups, and the IL10 level in
the mDC group increased significantly (p < 0.001) when compared
with the other groups. In sum, based on the findings reported above,
according to the ELISA analysis of iDC/exo and iDC groups, the exo-
some can significantly increase the IFN-y and IL10 levels, while re-
vealing that, in the iDC/exo/mir and iDC/exo groups, miRNA-155 can
significantly increase the IL12p70, IFN-y, and IL10 levels, as shown in
Fig. 8.

3.10. Analysis of the T lymphocyte proliferation test results
Lymphocyte proliferation test was applied to monitor the ability of

DCs to activate T lymphocytes. For the lymphocyte proliferation test,
DCs from different groups including iDC, iDC/exo, iDC/exo/mir, and

¥ ,f-

iDC/exo/mir (Day 9) mDC (Day 9)

3

Fig. 3. Morphology of DCs in different groups. Phase contrast microscopy was used to characterize the morphology of DCs in different groups including: Bone
marrow cells (BM cell), immature DCs (iDC), immature DCs treated with 100 pg/ml tumor cell-derived exosomes (iDC/exo0), immature DCs treated with 100 pg/ml
tumor cell-derived exosomes were loaded with miRNA-155 mimic (iDC/exo/mir) and mature DCs (mDC) which were treated 48 h with 0.1 ug/ml LPS.

156



A. Asadirad et al. Life Sciences 219 (2019) 152-162

°
o
R
]
c
=]
Q
2
o
o g
- o
=
o [}
o e
Q6
90.0%
=
x
9
[
Q
Q7 a2 an
0320%] 400 ]233% 0410%
T ey Ty T T
10] 10 m° N)I I02 103 10
Q2 ‘nl Q5 Q6
90.8% s.36% 91.1%
10° 4
2 o
107 =
10‘
Q3 Q7
0110%] 4o° 0.320%
") ™y T
10 10 10 10
MHCII CcDs8é CD40 CcDs3
B- iDC
== |IDC/Exo
== IDC/Exo/mir
- MDC
20 —_— s=
100 D — 100 —_— 00 ey
80 80 80
g~ " -
2w “ w
20 20 20

A R A R A R N
CD11c+MHCII+ CD11c+CD86+ CD11c+CD40+ CD11c+CD83+

Fig. 4. Dot plot diagrams (A) and the mean =+ SD triplicate value (B) of DCs surface marker of DCs in different groups. Analysis of surface markers (CD11C, MHCII
(I/A-1/E), CD86, CD40 and, CD83) in different groups including: immature DCs (iDC), immature DCs treated with 100 pg/ml tumor cell-derived exosomes (iDC/exo0),
immature DCs treated with 100 pg/ml tumor cell-derived exosomes were loaded with miRNA-155 mimic (iDC/exo/mir) and mature DCs (mDC), which were treated
48 h with 0.1 ug/ml LPS, was done by flow cytometry (*** p < 0.001).

157



A. Asadirad et al. Life Sciences 219 (2019) 152-162

phase contrast fluorescent overlay

IS IV e

0.5 pgiml Eibsome

1 pélrﬁl E‘Xosomé

Fig. 5. PKH labeling of exosome and uptake exosomes by DCs. Exosomes were labeled with a green fluorescent lipid dye (PKH67). DCs were treated with PKH-labeled
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Fig. 6. Tracking FAM-labeled miRNA into DCs. FAM-labeled miRNA-155 was tracked in DCs by fluorescence microscopy. FAM-labeled miRNA was electroporated
into exosomes, and then DCs were treated with FAM-labeled miRNA loaded exosomes. After 24 h, FAM-labeled miRNA was tracked into DCs by fluorescence
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After treatment of the DCs with electroporated exosomes for 24 h, cells were
washed twice with ice-cold phosphate-buffered saline (PBS) and miRNA was
isolated with the miRNA isolation kit, then cDNA was produced with the cDNA
synthesis kit. Quantitative real-time PCR using SYBR Green was performed in a
0.2ml tube. Analysis of data showed that electroporated exosomes could sig-
nificantly increase the relative expression of miRNA-155 into DCs compared
with the control group. The experiments were repeated four times in duplicate
manner (*** p < 0.001).

mDCs were co-cultured with CFSE-labeled responder lymphocytes in a
1:10 ratio. Finding yielded by flow cytometry analysis of proliferation
data revealed that the ability to proliferate T lymphocytes in the iDC/
exo/mir group increased significantly (p < 0.001) relative to the iDC
and iDC/exo groups. Moreover, the results showed that the ability to
proliferate T lymphocytes in the iDC/exo group increased significantly
(p < 0.001) as compared to the iDC group. Flow cytometry analysis of
proliferation data revealed that the ability to proliferate T lymphocytes
in iDC/exo/mir group decreased significantly (p < 0.05) as compared
to the mDC group. However, no significant differences in the ability to
proliferate T lymphocytes between the positive control and mDC groups
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were noted. Thus, according to the proliferation data analysis, in
comparison with the mDCs, DCs loaded with the miRNA-155 mimic are
less able to proliferate T lymphocytes (Fig. 9).

4. Discussion

The purpose of this study was to optimize delivering of the miRNA-
155 mimic by tumor cells derived exosome into DCs in vitro and eval-
uate the effect of overexpression of miRNA-155 mimic on DCs.

miRNA-155 could enhance IL-12p70 and NF-kB production in DCs.
Considering the noticeable miRNA-155 role's in the signaling pathways
of DCs, miRNA-155 mimic was chosen in this study as the exogenous
bio-macromolecules [24,29,38].

In previous studies, it was indicated that exosomes can naturally
transfer a diversity of bio-molecules such as proteins, genomic DNA,
mitochondrial DNA, mRNA and miRNA, [29-33].

However, exosome-mediated transfer efficacy has not been de-
termined systemically, which can be different from the exosome source
and the recipient cell type [34]. Exosome based macromolecule de-
livery has several benefits as compared to other delivery methods. First,
exosome has non-toxicity when compared with other transfection re-
agent. Second, because exosome has a natural membrane, it can easily
be pass through the plasma membrane and cause efficient RNA trans-
port. Third, exosome can be separated from cell culture or the body
fluids of each recipient, then used for loading the biological drug
[17-20,22,23,26,28]. Also, tumor exosomes have a broad antigen re-
pertoire for priming dendritic cells, they have HSP, GM-CSF and IL6 for
better loading of antigens and the maturation of DCs [3,22,26-28].
Thus, simultaneous miRNA delivery and antigen priming of dendritic
cells with tumor exosome is very affordable and useful.

In this study, the electroporation conditions were optimized in
terms of electroporation voltage and exosome concentration for miRNA
loading into exosomes. Using the optimum condition led to the highest
amount of miRNA-155 transportation into the exosomes. To ensure this
amount of miRNA is certainly the fraction of miRNA that is en-
capsulated inside the exosomes, suspension of exosomes after loading
was treated with RNase H to distract free miRNA-155 [36]. Also, EDTA
we added to the electroporation buffer to avoid precipitation of miRNA-
155 during the electroporation procedure [29].

The results proved that exogenous miRNA-155 could be successfully
inserted into tumor cells derived exosomes. According to the results of
this study, 0.200 kV with 1 pg/ml of exosome is the best ratio to obtain
the most effective miRNA transfected rate (p < 0.001). Results on
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Fig. 8. The mean *+ SD triplicate value of cytokines level by ELISA. Levels of mouse IL12p70, IFN-y, and IL10 in cell culture supernatants after 72 h from different
groups including: immature DCs (iDC), immature DCs treated with 100 pg/ml tumor cell-derived exosomes (iDC/ex0), immature DCs treated with 100 ug/ml tumor
cell-derived exosomes loaded with miRNA-155 mimic (iDC/exo/mir) and mature DCs (mDC) were measured using an enzyme-linked immunosorbent assay (ELISA)

kit (*** p < 0.001).
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Fig. 9. Histogram (A) and, the mean *+ SD triplicate value (B) of the T lymphocyte proliferation test. DCs from different groups including: immature DCs (iDC),
immature DCs treated with 100 ug/ml tumor cell-derived exosomes (iDC/exo), immature DCs treated with 100 ug/ml tumor cell-derived exosomes loaded with
miRNA-155 mimic (iDC/exo/mir) and mature DCs (mDC), treated with Mitomycin-C, then co-cultured with CFSE-labeled responder lymphocytes in 1:10 ratio. After
cells staining with CD3-percp and gaiting the T lymphocyte, the proliferation of T lymphocyte was evaluated with CFSE dilution by flow cytometry. Control negative:
CFSE-labeled responder lymphocytes without any treatment. Control positive: CFSE-labeled responder lymphocytes treated with 2% PHA (Gibco®, NY, USA). Lymph:
Lymphocyte (*p < 0.05, *** p < 0.001).
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electroporation voltage and exosome concentration support those of
other studies which are similar in delivering method, but different in
the type of miRNA, exosome and cell line [32,33,35,37].

This study demonstrated that tumor cell-derived exosomes could
function as vehicles to deliver exogenous miRNA-155 into DCs. The
efficacy of exosome in miRNA delivery was confirmed by treatment of
DCs with miRNA-155 loaded exosomes. The level of miRNA-155 in-
creased > 100-fold in the DCs after treatment with miRNA-155 loaded
exosome.

A potent maturation stimulus for DCs is LPS with 0.1 pg/ml con-
centration [16,29,38]. LPS induced maturation was assessed by ex-
amining MHCII (I/A-I/E), CD40, CD83, and CD86 expression. So, the
maturation effect of miRNA-155 was compared with LPS. It is reported
that the level of MHCII (I/A-I/E), CD86, CD40, and CD83 in DCs
treatment with miRNA-155 loaded exosomes increased significantly
(p < 0.001) in comparison with DCs treatment with exosomes alone.
These results provide more evidence for Dueck's study, which showed
that miRNA155-dependent miRNA hierarchy could mature DCs [29]
and Sauthier's study, which showed that miRNA-155 is critical for
dendritic cell maturation [38]. Our results revealed that the levels of
MHCII (I/A-I/E), CD86, CD40, and CD83 in DCs treated with miRNA-
155 mimic loaded exosomes were not significant (p > 0.05) as com-
pared to mature DCs treated with LPS. CD83 is the major surface
marker for identifying mature DCs [39]. In this study, it is reported that
the miRNA-155 mimic can increase the level of CD83 in DCs sig-
nificantly (p < 0.001). The results shown that the miRNA-155 mimic
can induce DCs maturation as well as LPS which has been also observed
in previous studies [20,38].

Mature DCs could increase allogeneic lymphocyte stimulation and
produce IL12, that could be a T lymphocyte stimulating factor and has
effect on the differentiation of T helper O cells into T helper 1 cells
[39,41]. To evaluate the effect of miRNA-155 on cytokine production
by DCs, the level of mouse IL12p70, IFN-y, and IL10 was evaluated
using ELISA. The result showed that miRNA-155 mimic could increase
the expression of IL-12p70 and IFN-y by DCs. This result indicates that
DCs treated with miRNA-155, could fortify the proliferation of T lym-
phocyte and start T helper 1 reactions. These results are compatible
with previous studies [3,24,43]. The result showed that the level of
IL10 increased in treated groups.

Next, the ability of DCs in different groups to activate and pro-
liferate lymphocytes was examined. Our result reveals that the ability of
proliferation T lymphocyte in DCs treated with miRNA-155 loaded
exosomes increased significantly (p < 0.001) when compared with
DCs treated with exosomes. Analysis of proliferation data indicates that
DCs treated with miRNA-155 mimic loaded exosomes can proliferate T
lymphocyte significantly when compared with immature DCs. This re-
sult showed that the miRNA-155 mimic can induce immunogenic DCs,
which can activate and proliferate lymphocyte. The results support
those of Rodriguez et al. [21]. The result showed that miRNA-155
mimic could increase the expression of IL-12p70 and IFN-y by DCs.
These DCs are more capable of activating and proliferating lymphocyte
and have effects on the differentiation of naive T cells into T helper 1
cells [40].

These results offer compelling proof that, the miRNA-155 was suc-
cessfully loaded into tumor exosome, and then, loaded exosome can
transfer miRNA-155 into DCs in vitro.

5. Conclusion

In conclusion, the present study optimized the loading status for
tumor exosomes, and employed them as transporter to transport
miRNA-155 into DCs. It is shown that the DCs with overexpression of
miRNA-155 mimic in term of phenotype and function is similar to
mDCs. In addition, the miRNA-155 mimic can induce immunogenic
DCs, which can activate and proliferate lymphocyte as well as LPS.
Finally, it can be stated that miRNA-155 could be a candidate for

Life Sciences 219 (2019) 152-162

dendritic cell maturation.
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