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ABSTRACT

Background: Allergic Rhinitis (AR) is the most common immunological disease that has
been associated with inflammatory responses and is characterized by sneezing. Previous
studies found that AR's allergen exposure significantly induces plasma cells and reduces
regulatory T (Treg) cells, a population that contributes to control AR. Therefore, upregulat-
ing Treg expression can regulate plasma cells leading to inhibit sneezing in AR. Mesen-
chymal stem cells (MSCs) are multipotent stem cells that have the immunoregulatory and
antiinflammation ability by secreting various cytokines including IL-10 and TGF-8 which
potent as a promising therapeutic modality for allergic airway diseases, including AR. Ob-
jective: To investigate the role of MSCs in generating CD4+, CD25+, and Foxp3+ Regulatory
T cells associated with suppressing plasma cell in AR model. Methods: In this study, fifteen
male Wistar rats (6 to 8 weeks old) were randomly divided into three groups (control group,
sham group, and MSCs treatment group). OVA nasal challenge was conducted daily from
day 15to 21, and MSCs (1x10°) were administrated intraperitoneally to OVA-sensitized rats
on day 21. Sneezing was observed from day 22 to 28. The rats were sacrificed on day 22
and day 28. The expression of CD4+ CD25+ Foxp3+ in Treg and plasma cells was analyzed
by flow cytometry assay. Results: This study showed that the percentage of plasma cell
and sneezing times significantly decreased in MSCs treatment. This finding was aligned
with the significant increase of CD4+CD25+Foxp3+ Treg level. Conclusion: MSCs admin-
istration suppress plasma cells population and sneezing times by up regulating Treg to
control AR.

Keywords: Allergic Rhinitis, Mesenchymal Stem Cells, Plasma Cell, T regulator, Sneezing.

1. BACKGROUND

Allergic rhinitis (AR) is a non-infectious chronic inflammatory disease of
the nasal mucosa characterized by nasal obstruction, paroxysmal sneezing
and rhinorrhea (1, 2). AR is a global health problem in both children and
adults, affecting nearly 30% population of the world, with symptoms regular-
ly increasing, its severity varies constantly, which makes it difficult to gauge
(3). In the first line therapy of AR, corticosteroids, 2-adrenergic receptor
agonist, and antihistamines temporarily inhibit immune cells and inflamma-
tory mediators (4). However, long-term therapy causes several negative side
effects including drug resistance and intolerance. Therefore, a novel thera-
peutic strategy of AR is urgently needed. Recently, mesenchymal stem cells
(MSCs) have been receiving increased attention for their immunomodulato-
ry and anti-inflammatory properties in controlling allergic diseases (5), indi-
cating MSCs as a promising approach to control AR.

MSCs are ubiquitous fibroblast like-multipotent cells which possess im-
munomodulatory capability, as well as capable to differentiate into specif-
ic somatic cell lineages, such as osteocytes, adipocytes, chondrocytes and
neural cells (6). These cells could be characterized by high level of surface
antigens, such as CD90, CD105, CD73, CD29 and low level of CD31, CD34,
CD45, CD14, CD19 and HLA-DR (7, 8). The immunomodulatory properties
of MSCs are supported by various specific mechanisms, such as the activa-
tion and generation of Treg cells followed by the release of several anti-in-
flammatory cytokines, including TGF- and IL-10 (9, 10). Recent studies
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revealed growing evidence regarding immunodeficiency
of Treg cells as the main factor of the Th2 cells superi-
ority in AR, characterized by the overactivation plasma
cells (11). The Th2-released cytokines can maintain the
inflammatory milieu to further irritate the nasal mucosa
leading to a series of allergy symptoms (12). In contrast,
several anti-inflammatory cytokines released by MSCs,
including TGF-B and IL-10 can promote the develop-
ment of Treg cells (9, 13). Thus, restoring Treg gener-
ation by MSCs could potentially regulate the excessive
immune activation in AR.

AR is caused by release of interleukin (IL)-4, IL-5, and
IL-3 by CD4+ Th2 effector cell in response to harmless
environmental antigens (14, 15). The T cells-released
cytokine that promoted immunoglobulin E (IgE) pro-
duction by plasma cells which could activate mast cells
leading to a degranulation response and the secretion
of allergic mediators, followed by acute or chronic in-
flammation of the nasal mucosa during AR (16). Re-
cently, regulatory T cells (Treg) were identified as being
essential for immune tolerance (17). In addition, Treg
cells play important role as immunotherapy targets in
AR sensitization phase by suppressing the inflammato-
ry response and controlling acquired immunity by sup-
pressing the response of effector T cells, B cells, eosino-
phils and mast cells (18, 19). A previous study reported
that MSCs could potentially induce Treg cell phenotype
through suppressing proinflammatory T cell subset dif-
ferentiation. The suppressive mechanism of MSCs may
occur through the release of IL-10 and TGF-p that reg-
ulated Treg cell associated with Th1l and Th2 cells im-
mune response (20-22). On the other hand, plasma cell
is one of the important targets for immunomodulation
in immunotherapy (23). Several studies reported that
after immunotherapy administration significantly in-
crease level of memory B cells (24). Another study also
reported that changes in plasma-cell subpopulations af-
ter immunotherapy treatment, mainly in circulating in-
flammatory plasma-cells that affect the response to the
allergen in AR (25). All of this mechanism suggested that
MSCs have anti-inflammatory and immunomodulatory
properties to control allergic diseases, including in AR.
Therefore, exploring the role of MSCs in regulating Treg
cell associated with suppressing plasma cell is crucial to
the future management of AR. However, the mechanism
of MSCs in AR especially regulate Treg and plasma cell
still unclear.

2. OBJECTIVE

The aim of this study was to analyzed the role of MSCs
in regulating Treg and plasma cells in AR mouse model.

3. MATERIAL AND METHODS

MSCs culture and isolation

Rat MSCs were isolated from a 19-days pregnant fe-
male rat. Briefly, donor rats were anesthetized, and the
abdomens were dissected out. Under sterile conditions,
the umbilical cord (UC) was collected and washed in
phosphate-buffered saline (PBS). The UC artery and
vein were removed, then the UC was cut into lengths of
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2-5 mm using a sterile scalpel. The sections were then
distributed evenly in T25 flasks using Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Sigma-Aldrich, St. Louis,
MO) supplemented with 10% PBS, 100 IU/ml penicil-
lin/streptomycin (GIBCO, Invitrogen), then incubated
at 37 °C with 5% CO,. The medium was renewed every
3 days, and the cells were passaged after reaching 80%
confluence. UC-MSCs at passages 4-6 were employed
for the following experiments (9, 26).

MSCs In-vitro osteogenic and adipogenic differen-
tiation assay

The MSCs were grown in a 24 well plate (1.5 x 10*
cells/well) with a standard medium containing DMEM
(Sigma-Aldrich, Louis St, MO), enriched with 10% FBS
(Gibco™ Invitrogen, NY, USA) and 1% penicillin (100 U/
mL)/streptomycin (100 pg/mL) (Gibco™ Invitrogen, NY,
USA) at 37 °C, 5% CO,and > 95% humidity. After 80%
confluent, the osteogenic and adipogenic protocol was
initiated. For osteogenic differentiation, the standard
medium was aspirated and replaced with an osteogenic
differentiation medium containing Human MesenCult™
Osteogenic Differentiation Basal Medium (Stem Cell
Technologies, Singapore), augmented with 20% Human
MesenCult™ Osteogenic Differentiation 5X Supplement
(Stem Cell Technologies, Singapore) and 1% L-Gluta-
mine (Gibco™ Invitrogen, NY, USA). The differentiation
medium was renewed every 3 days. After bone matrix
formation occurred, the osteogenic differentiation was
visualized by staining with 1 ml of 2% alizarin red solu-
tion. For adipogenic differentiation, the growth medium
was switched to Human MesenCult™ Adipogenic Differ-
entiation Basal Medium (Stem Cell Technologies, Sin-
gapore). The medium was changed every other day and
at day 35 the cultures were stained with Oil Red O and
observed under microscope.

Characterization of MSCs

MSCs were analyzed for specific surface markers ex-
pression by flow cytometry. Briefly, the cultured cells
were incubated in the dark with primary antibodies
mouse anti-human CD29, mouse anti-human CD90,
and mouse anti-human Lin negative (CD45/CD31) fol-
lowed by secondary conjugated antibody. MSCs were
stained with a specific antibody for 30 minutes at 4 °C,
examined with a BD Accuri C6 Plus flow cytometer (BD
Biosciences, San Jose, CA, USA) and analyzed with BD
Accuri C6 Plus software (BD Biosciences, San Jose, CA,
USA) (26).

Animals

Fifteen male Wistar rat, which were 6 to 8 weeks old
were purchased from local breeders (Semarang, Indone-
sia). They were raised in a controlled environment, with
a regular 12-hour light-dark cycle and unrestricted ac-
cess to OVA-free food and water. All the mice that were
used in this study were handled according to a protocol,
which was approved by Ethical Committee Universitas
Sumatera Utara (142/KEP/USU/2020).

Sensitization and challenge with OVA and MSCs
administration

For the detailed experimental protocol, we followed
the methods of (27) with slight modification. For the in-
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duction of allergic asthma, the rat were first sensitized
with an intraperitoneal (i.p.) injection of 1 mg of OVA
(Sigma-Aldrich, St. Louis, MO, USA) and 2.25 mg alu-
minum hydroxide gel (alum adjuvant; Thermo Fisher
Scientific, Waltham, MA, USA) in 100 pl of sterile sa-
line on days 0, 5 and 10. After systemic sensitization,
the mice were locally challenged by intranasal (i.n.) in-
stillation of 50pg/10puL of OVA into their nostrils from
days 15 to 21. Furthermore, after sensitization, on day
21 MSCs (1x10° cells) were administrated via intra peri-
toneal injection. The rats were terminated on day 1 and
day 7 after MSCs administration (Figure 1).

MSCs administration (i.p)

1x106 Cells
Sensitazion Nasal challenge @ Termination
| | | | | |
1 5 10 15 21 22 28
Day 1 Day 7

Figure 1. Implementation process of animal experimentation

T-reg cell population analysis using flow cytometry

After treatment, all of PBMCs were immunolabelled
using antibodies agains surface protein CD4, CD25 and
intracellular protein FoxP3 according to the manufac-
turer’s instructions. Briefly, the cells were incubated
with FITC- and PE-conjugated anti-human CD4 and
CD25 respectively, for 30 min at room temperature in
the dark. Then, the cells were washed with 1 ml staining
buffer (BD Biosciences, San Jose, CA, USA) and fixed
with fixation buffer (BD Biosciences, San Jose, CA, USA)
for 10 min at room temperature. The cells were perme-
abilized using permeabilization buffer (BD Biosciences,
San Jose, CA, USA) for 30 min at room. The PBMCs
were rinsed again and stained with PE-conjugated an-

A Spindle-like cells

Osteogenic

ti-human FoxP3 intracellular antibody (BD Biosciences,
San Jose, CA, USA) for 30 min at room temperature in
the dark. All data were collected on BD Accuri C6 Plus
flow cytometer (BD Biosciences, San Jose, CA, USA)
and analyzed using BD Accuri C6 Plus software (BD
Biosciences, San Jose, CA, USA) (17).

Plasma cell analysis using flow cytometry

Blood was isolated using PBMC technique and count-
ed as much as 1x105 cells / mL in PBS, then incubated
using antibody Fluorescein isothiocyanate (FITC)—and
Phycoerythrin (PE)-anti-human mouse CD45 5,
CD20 5pl, CD38 5ul and CD138 5pl for 30 minutes on a
dark condition. After incubation, cells were washed with
1000 pl PBS and centrifuged 800g for 5 minutes. Cells
were resuspended in 300 ul PBS and analyses using flow
cytometry (BD) Acurri C6 plus.

Sneezing analysis

Observation of clinical symptoms was carried out by
2 observers on the same subject for 10 minutes. Each
mouse was put into a transparent cage, then labeled on
each cage to determine the mouse code. Furthermore,
the rats were observed sneezing behavior for 10 minutes
of observation time (28).

Statistical analysis

Data were presented as the mean + SD. The statistical
significance of differences between the groups was ex-
amined on SPSS 23.0 (IBM Corp., Armonk, NY, USA)
using ANOVA with post-hoc Fisher’s LSD analysis. p <
0.05 were considered significant.

4. RESULTS

Characteristics of MSCs based on cell morpholo-
gy, differentiation capacity and immunophenotypic
profile

Adipogenic

D301

Histogram

99.8%

Histogram

Histogram

Histogram

CD45
1.6%

'_

cD31
6.6%

CD90.1 CD29

CD45 CD31

Figure 2. Characterization and validation of MSCs. (A) Morphological MSCs. The cells appeared as
homogeneous spindle-shaped. Calcium deposition under osteogenic differentiation assay following
Alizarin Red staining. accumulation of neutral lipid vacuoles that stained with Oil Red O (B) Graphs
displayed the phenotype of MSCs: CD90 (99.8%), CD29 (94.2%), CD45 (1.6%), and CD31 (6.6.0%).
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MSCs administration reduce
CD45+CD20-CD38 CD138 Plasma
cell in AR rat model

To evaluate the effects of administra-

tion of UC-MSC toward Plasma cells

expansion on AR rat model, we were de-

termined using flow cytometry from PB-
MCs isolation. We found that both day 1

A A B o
% 8
‘” Lymphorytes a
5 4, 57.{ < U
s/ 244
TSC
C !Il',y" 3
9 ;
a e b
a
% 9]
o1-LH
LT%1

and day seven significantly decrease the

ratio of CD38+CD138+ Plasma in the

= S} [\
S —_— o0
1 L 1

T-reg (% CD4+CD25+FOXP3+)
~

Day 1

Figure 3. MSCs induce Treg cell in AR (A) Flow cytometry gating strategy used to identify

Treg cells, which were defined as CD4 CD25 FoxP3 and flow

in PMBC with AR and heathy control (sham). (B) These experiments were repeated three

times (*p < .005).

MSCs were analyzed based on their plastic
adherent capability under standard culture.
After passage four, MSCs showed adhere cells
with typical monolayers of spindle-shaped fi-
broblast-like cells (Figure 1A). To confirm the
in vitro differentiation potential of MSCs, we
used osteogenic and adipogenic differentia-
tion media to evaluate that these MSCs can
differentiate into osteogenic and adipogenic
cells. We found a red color at osteogenic dif-
ferentiation assay as calcium deposition indi-
cating the MSCs differentiate to osteogenic
(Figure 1A) and adipogenic differentiation
was indicated by accumulation of neutral
lipid vacuoles that stained with Oil Red O
(Figure 2A). Immunophenotyping UC-MSCs
using Flow cytometric analysis indicated that
MSCs have positive for CD29 and CD 29,
negative for CD45 and 31 (Figure 2B).

MSCs administration enhance CD4+C-
D25+Fxop3+ Treg cell in AR rat model

To evaluate the effects of administration of
MSCs toward Treg expansion on AR rat mod-
el, we were determined using flow cytometry
from PBMCs isolation. We found that both
day 1 and day 7 significantly increased the
ratio of CD4+CD25+Foxp3+ Tregs in the
CD4+ subpopulation (p < .005) (Figure 3).
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BOxES CD45+CD20- subpopulation (p < .005)

(Figure 4).

MSC reduce sneezing in AR rat
model

To investigate the role of UC-MSCs in
AR, we generate an AR rat model using
administered OVA with aluminum hy-
droxide. We evaluated the intensity of
sneezing after the last nasal challenge
for 10 minutes (Figure 5). The results
showed that the rats in the control group
sneezed (10.7 + 1.13) more frequently
than treatment group (4.7 £ 1.13) in day
one. there was a significant difference (p
Day 7 < 0.05). In the seven days showed that
the rats in the control group sneezed (9.2
+ 1.13) more frequently than treatment
group (2.1 + 1.13). there was a significant

B Sham
@ Control

B Treatment

cytometry analysis of Treg cells

difference (p < 0.05).
A Sham Kontrol Perlakuan
B v g cot
9]
@ R mphocstes g
< Tingostes 3}
D R s 0244
= (T v ol B |
CN138
Kontrol Perlakvan
g T e B ol
a
[ ; T
= % Eis- £
(=) —
a
<
P PRl 2
2 0 IO 1 f B i
. AT >
€D45 FITC CD138
B 20 - a .

5 15 @ Sham

i)

@)

(_'-f @ Control
&10

()

O O Treatment

Plasma cells (% CD45+CD20-

W

Day 1 Day 7

Figure 4. MSCs decrease plasma cell in AR (A) Flow cytometry gating strategy used
to identify plasma cells, which were defined as CD45+ CD20- CD38+ CD138+ and
flow cytometry analysis of plasma cells in PMBC with AR and heathy control (sham).
(B) These experiments were repeated three times (*p < .005).
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15 1 *
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Figure 5. Intraperitoneal administration of MSCs reduced
sneezing in treatment groups. * indicate significant differences
among the experimental groups at p < 0.05.

5. DISCUSSION

Allergic rhinitis is a common inflammatory disease
worldwide characterized by a well-defined pheno-
type, such as frequent sneezing, breathing difficulty,
and increased airway resistance (29-31). Furthermore,
a previous study reported that AR is correlated with
the increased of B cells and plasma cells (32). Current
therapies towards AR are limited to chemical drugs that
alleviate allergic symptoms but fail to regulate the aller-
gic reaction and occasionally have several side effects
including drug resistance and intolerance (33, 34). Thus,
finding alternative therapies to regulate allergic reac-
tions without resulting side effects is needed. A previ-
ous study reported that mesenchymal stem cells (MSCs)
possess immunomodulatory and anti-inflammatory
capacities by regulating inflammatory cells including
Treg and Plasma B Cell (35, 36). Furthermore, MSCs are
considered good options for clinical therapies due to low
immune rejection and are legally regulated (37). Howev-
er, the role of MSC to control AR was unclear.

In this study, MSCs had significantly suppressed
sneezing frequencies in the rhinitis rat model. The lower
frequency of sneezing might be attributed to the reduced
B cell plasma population. B cell plasma was crucial in
allergy mechanisms, including AR (38). IgE-produced
B cell plasma activates the production of histamine by
activating cell mast (16, 38). This study revealed that
MSCs administration suppressed B cell plasma popula-
tion leading to the reduced histamine via inhibition of
cell mast activation (36, 39). This finding suggests that
MSCs may suppress histamine production which result-
ed in reduced sneezing frequencies.

Our study also reported the increased Treg cell popu-
lation post MSCs administration. Treg was reported to
have immunomodulation properties that are crucial in
controlling allergies (40). Previous study revealed that
the depletion of Tregs during the early phase of AR de-
velopment resulted in a remarkable exacerbation of in-
flammation that was marked by frequent sneezing (13,
41). Treg as an inflammatory cell mainly releases reg-
ulatory cytokines including TGF-f, IL-10, and IL-35
(17). Previous studies report that both TGF-f and IL-10
played a critical role in immunosuppression through in-
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hibiting B-cell proliferation (42, 43). Our findings sug-
gest that the MSCs administration reduced B cell plas-
ma population by up regulating Treg. However, in this
study, the pathway regarding Treg reduced B cell plasma
was not investigated and became this study limitation.

6. CONCLUSION

Our findings suggest that MSCs alleviate plasma
cell-involved immune and inflammation response and
augment production of Treg cells. Thus, MSCs become
a therapeutic target for AR. Further, MSCs might be an
attractive therapeutic target to treat Treg mediated al-
lergic diseases.
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