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ABSTRACT

Aim Allergic rhinitis (AR) is an IgE-mediated inflammation of the
nose. Regulatory T cells (Tregs), plasma cells and inflammatory
cytokines have shown to play a critical role in allergic airway in-
flammation. The aim of the study was to investigate the role of
mesenchymal stem cells (MSCs) in generating Treg cells and pla-
sma cells associated with regulating interlukin-10 (IL-10) in AR
model.

Methods Fifteen male Wistar rats (6 to 8 weeks old) were ran-
domly divided into three groups (control group, sham group, and
MSCs treatment group). Ovalbumin (OVA) nasal challenge was
conducted daily from day 15 to 21, and MSCs (1x10°) were admi-
nistrated intraperitoneally to OVA-sensitized rats on day 21. Snee-
zing was observed from day 24 to 27. The rats were sacrificed on
day 24 and day 27. The expression of Treg and plasma cells was
analysed by flow cytometry assay. The level of IL-10 was analysed
under ELISA assay.

Results This study showed that the percentage of sneezing and
rubbing times significantly decreased in MSCs treatment associa-
ted with the regulation of IL-10 level and plasma cell. This finding
was aligned with the significant increase of Treg level.

Conclusion MSCs administration regulates IL-10 and plasma
cell-mediated immune and inflammatory responses while increa-
sing Treg cell production. MSCs may be a promising therapeutic
target for treating Treg-mediated allergic diseases.
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INTRODUCTION

Allergic rhinitis (AR) is a an IgE-mediated chro-
nic inflammation of the nose characterized by
sneezing, rubbing, and rhinorrhoea (1,2). Aller-
gic rhinitis is a common health problem both in
children and adults (3). Nearly 30% of the world
population suffers from this disease (4). Cytokine
interleukin-10 (IL-10) plays a central role in the
pathogenesis of AR (5). IL-10, which is mainly
produced by regulatory T cells (Treg) leading to
suppressed allergic inflammation through inhi-
bition of many proinflammatory cytokines, and
prolongs a lifespan of B cells (6,7). In addition,
Treg produced transforming growth factor (TGF-
13) suppresses the production of IgE on allergic (8).
Recently, regulatory T cells (Treg) were identi-
fied as being essential for immune tolerance (9).
In addition, Treg cells play an important role as
immunotherapy targets in AR sensitization phase
by suppressing the inflammatory response and
controlling acquired immunity by suppressing the
response of effector T cells, B cells, eosinophils
and mast cells (10,11). Recently, the first line the-
rapy of AR temporarily inhibit immune cells and
inflammatory mediators (12). Therefore, a novel
therapeutic strategy of AR is urgently needed.

Mesenchymal stem cells (MSCs) are multiline-
age stem cells that can be isolated from umbili-
cal cord that has promising therapeutic strategy
to many inflammatory diseases including AR
(9,13-16). The immunomodulatory properties of
MSCs are supported by various specific mecha-
nisms, such as MSCs leading to a shift from Th2
to Thl responses in AR and being able to regulate
the functions of regulatory Tregs as well (17,18).
Indeed, the MSCs can target several sub-sets of
lymphocytes, including CD4+ Th cells, CD8+
cyto-toxic T-lymphocytes (CTLs), natural killer
(NK) cells, NKT cells, and B cells (19). In addi-
tion, several anti-inflammatory cytokines relea-
sed by MSCs, including TGF-p and IL-10 can
promote the development of Treg cells (16,20).
Controlling inflammation to prevent prolonged
inflammation in AR cases has shown to increase
the effectiveness of the treatment (21,22). Thus,
restoring Treg generation by MSCs could poten-
tially regulate the excessive immune activation in
AR (23,24). All these mechanisms suggested that
MSCs have anti-inflammatory and immunomo-
dulatory properties to control allergic diseases,

including in AR. Therefore, exploring the role of
MSCs in regulating cytokine anti-inflammation
IL-10, Treg cell, plasma cell, and symptom nasal
dan rubbing is crucial to the future management
of AR. However, the mechanism of MSCs in AR
is still unclear.

The aim of this study was to analyse the role of
MSCs in regulating IL-10, Treg cell, plasma cell,
and symptom nasal dan rubbing.

MATERIALS AND METHODS

Materials and methods

This study was conducted in Stem Cell and Can-
cer Research Indonesia in the period between Fe-
bruary and July 2022. Fifteen male Wistar rat 6
to 8 weeks old were purchased from local bree-
ders (Semarang, Indonesia). They were raised
in a controlled environment, with a regular 12-
hour light-dark cycle and unrestricted access 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 Com-
mittee Universitas Sumatera Utara (142/KEP/
USU/2020).

MSCs culture and isolation. Rat MSCs were
isolated from a 19-day pregnant female rat. Brie-
fly, donor rats were anesthetized, and the abdo-
mens were dissected out. Under sterile conditi-
ons, 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 2-5 mm using a sterile
scalpel. The sections were then distributed evenly
in T25 flasks using Dulbecco’s modified Eagle’s
medium (DMEM) (Sigma-Aldrich, St. Louis,
MO, USA) supplemented with 10% PBS, 100
IU/mL penicillin/streptomycin (GIBCO, Invitro-
gen, USA) then incubated at 37 °C with 5% CO,,.
The medium was renewed every 3 days, and the
cells were passaged after reaching 80% confluen-
ce. UC-MSCs at passages 4—6 were employed for
the following experiments (16,25).

Sensitization and challenge with OVA and
MSCs administration. For the detailed expe-
rimental protocol, we followed the methods of
(26) with slight modification. For the induction
of allergic asthma, the rats were first sensitized
with an intraperitoneal (i. p.) injection of 1 mg of
OVA (Sigma-Aldrich, St. Louis, MO, USA) and
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2.25 mg aluminum hydroxide gel (alum adju-
vant; Thermo Fisher Scientific, Waltham, MA,
USA) in 100 pl of sterile saline on days 0, 5 and
10. After systemic sensitization, the mice were
locally challenged by intranasal (i.n.) instillati-
on of 50ug/10uL of OVA into their nostrils from
days 15 to 21. Furthermore, after sensitization,
on day 21 MSCs (1x10° cells) were administra-
ted via intraperitoneal injection. The rats were
terminated on day 3 and day 6 after the MSCs
administration.

IL-10 level analysis using ELISA. The plasma
IL-10 levels were measured by ELISA (Bioenzy,
SG) according to the manufacturer’s protocols.
The minimal detectable concentration was 1 pg/
mL. All samples were detected in triplicate.

T-reg cell population analysis using flow cyto-
metry. After the treatment, all peripheral blood
mononuclear cell (PBMCs) were immunolabelled
using antibodies against surface protein CD4,
CD25 and intracellular protein FoxP3 according
to the manufacturer's instructions. Briefly, the
cells were incubated with FITC- and PE-conju-
gated 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 permeabilized using permeabilization
buffer (BD Biosciences, San Jose, CA, USA) for
30 min at room. The PBMCs were rinsed again
and stained with phycoerythrin (PE)-conjugated
anti-human FoxP3 intracellular antibody (BD
Biosciences, San Jose, CA, USA) for 30 min at
room temperature in the dark. All the data were
collected on BD Accuri C6 Plus flow cytome-
ter (BD Biosciences, San Jose, CA, USA) and
analysed using BD Accuri C6 Plus software (BD
Biosciences, San Jose, CA, USA) (9).

Plasma cell analysis using flow cytometry.
Blood was isolated using PBMC technique and
counted as much as 1x105 cells/mL in phospha-
te buffer saline (PBS), then incubated using an-
tibody fluorescein isothiocyanate (FITC) - and
Phycoerythrin (PE) - anti-human mouse CD45
Sul, CD20 5ul, CD38 5ul and CD138 5ul for
30 minutes on a dark condition. After incuba-
tion, cells were washed with 1000 pl PBS and
centrifuged 800g for 5 minutes. Cells were resus-

pended in 300 ul PBS and analysed using flow
cytometry (BD) Acurri C6 plus.

Sneezing analysis. Observation of clinical symp-
toms was carried out by 2 observers on the same
subject for 10 minutes. Each mouse was put into
a transparent cage, then labelled on each cage to
determine the mouse code. Furthermore, snee-
zing behaviour was observed in the rats for 10
minutes of observation time (27).

Rubbing analysis. Observation of clinical symp-
toms was carried out by 2 observers on the same
subject for 10 minutes. Each mouse was put into
a transparent cage, then labelled on each cage to
determine the mouse code. Furthermore, nasal
rubbing behaviour was observed in the rats for
10 minutes of observation time

Statistical analysis

Data were presented as the mean+SD. The stati-
stical significance of differences between the gro-
ups was examined using ANOVA with post-hoc
Fisher's LSD analysis. The p<0.05 was conside-
red significant.

RESULTS

IL-10 cytokine levels in the treatment group were
detected as high in the day 3 compared to control
group (Figure 1). As a result this condition was
still in the inflammatory phase, however on day 6
IL-10 level began to decrease because not being
in the inflammatory phase.
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Figure 1. IL-10 levels induced by mesenchymal stem cells
(MSCs) on day 3 in allergic rhinitis (AR) models. These experi-
ments were repeated three times.

*p <0.005

To evaluate the effects of administration of MSCs
toward Treg expansion on AR rat model, it was
determined using flow cytometry from PBMCs
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isolation. It was found that on day 3 the Tregs
levels were still lower than sham groups, howe-
ver in day 6 significantly increased the ratio of
CD4+CD25+Foxp3+ Tregs in the CD4+ subpo-
pulation (p<0.005) (Figure 2).
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Figure 2. MSCs induce Treg cell in allergic rhinitis (AR) on day
6. Treg cells in peripheral blood mononuclear cell (PMBC) with
AR and heathy control (sham). The experiments were repeated
three times.

*p<0.005

For the evaluation of the effects of administrati-
on of UC-MSC toward plasma cells expansion
on AR rat model, flow cytometry from PBMCs
isolation was used. It was found that on day 3
the plasma cells tended to be the same, not si-
gnificantly different. On day 6, a significant
decrease the ratio of CD38+CDI138+ plasma
in the CD45+CD20- subpopulation was found
(p<0.005) (Figure 3).
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Figure 3. MSCs increase plasma cell in peripheral blood mono-
nuclear cell (PMBC) with allergic rhinitis (AR) and heathy con-
trol (sham). The experiments were repeated three times.
*p<0.005

To investigate the role of UC-MSCs in AR, we
generated an AR rat model using administered
OVA with aluminum hydroxide in order to evalu-
ate the intensity of sneezing and rubbing after
the last nasal challenge for 10 minutes (Figure
4A). The results showed that the rats in the con-

trol group sneezed (9.31+0.13) more frequently
than the treatment group (3.14+0.72) on day 3
(p<0.05). On day 6 the rats in the control group
sneezed (7.56+1.67) more frequently than the
treatment group (4.98+1.13) (p<0.05). Along
with the rubbing, administering MSCs on days 3
and 6 was able to significantly reduce the number
of nose rubs, 2.16+0.02 and 4.98+1.56 n/10 min-
utes, compared to the control group, 9.42+0.30
and 7.81+ 0.16 n/10 minutes, respectively (Fig-
ure 4B). All experiments in these data were re-
peated three times.
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Figure 4. Intraperitoneal administration of mesenchymal stem
cells (MSCs) reduced (A) sneezing and (B) rubbing in the
treatment group.

*p<00.05

DISCUSSION

The capacity of MSCs that alter phenotype and
function of immune cells largely attributes to the
production of soluble factors (28,29). MSCs pro-
duce and release various soluble factors that are
accountable for the immunosuppression function,
including IL-10. In this study, IL-10 were used to
determine Treg function (25, 30-32). Tregs res-
ponsible for enabling immune homoeostasis with
immune regulatory mechanisms suppress cytoki-
nes having a role in Thl- and Th2-mediated res-
ponses and allergic immune responses (6,33). The
IL-10 levels on day 6 were detected as lower than
the control group. This finding is in line with a
previous study which reported that serum IL-10
levels of AR models had been detected as lower
than those of controls (34). Interestingly, our stu-
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dy found the synergy of the level of IL-10 with
Treg level, especially on day 6. In addition, the re-
gulatory B cell-derived IL-10 has been described
to promote [gG4 expression by B cells of allergic
patients, and hints to a possible AR mechanism in-
volving IL-10 apart from IgG4 upregulation (35).
The previous study also reported that plasma cells
mediate suppression of Th1 and Th17 differentia-
tion by IL-10 secretion as shown in autoimmu-
ne disorders, including AR (36,37). Our findings
suggest that the MSCs administration increased
plasma cell population by upregulating Treg. It is
obvious that Treg cell and cytokines have an im-
portant role in AR immunopathogenesis.

In this study, MSCs had significantly suppressed
sneezing and rubbing frequencies in the rhinitis
rat model. The lower frequency of sneezing and
rubbing might be attributed to the increased Treg
population (38,39). Treg was crucial in allergy
mechanisms, including AR (40). Treg was repor-
ted to have immunomodulation properties that are
crucial in controlling allergies (41). The previous
study revealed that the depletion of Tregs during
the early phase of AR development resulted in
a remarkable exacerbation of inflammation that
was marked by frequent sneezing and rubbing
(20,42). This finding suggests that MSCs may
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