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Abstract
Objective: The function of Th17 cells in the neuroinflammatory process in multiple sclerosis (MS) has been previously
clarified. It has been suggested that Quercetin can influence MS due to a variety of anti-inflammatory effects. The present
study aimed to examine in vitro immunomodulatory aspects of Quercetin Penta Acetate as a modified compound on
Th17 cells of MS patients and also to compare its effects with Quercetin.

Materials and Methods: In this experimental study, peripheral blood mononuclear cell (PBMCs) were isolated and
stained with CFSE then, half-maximal inhibitory concentration (IC, ) values were determined using different doses
and times for Quercetin Penta Acetate, and Methyl Prednisolone Acetate. Th17 cell proliferation was analyzed by flow
cytometry and the expression levels of IL-17 and RORc genes were assessed by real-time polymerase chain reaction
(PCR) method.

Results: The results showed that /L-17A gene expression was inhibited by Quercetin Penta Acetate (P=0.0081), but
Quercetin Penta Acetate did not have a significant inhibitory effect on Th17 cells proliferation (P= 0.59) and RORc gene
expression (P=0.1), compared to Quercetin.

Conclusion: Taken together, our results showed some immunomodulatory aspects of Quercetin Penta Acetate on
Th17 cells are more effective than Quercetin and it could be considered in the treatment of MS.
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Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease
of the central nervous system (CNS) characterized by
neuroinflammation which is followed by demyelination
and neurodegeneration. There are over 2.5 million
people worldwide who have MS. While all the factors
involved in MS have not been completely revealed,
gene-environment interaction creates an imbalance in
the normal function of the immune system and this is
where the inflammation processes initiate. Two key cells
of adaptive immunity T helper (Thl), and Th17 are
involved in MS (1). The differentiation of Th17 cells
depends on the gene expression of retinoic acid-related
orphan receptor (RORc).

The Th17 cells have mainly cytokine profile including
IL-17,1L-23,1L-22, and IL-21 with IL-17A being the most

prominent one. In the IL-17 family, [L-17A and IL-17F are
better known for their functional and biological importance
(2). IL-17 secretion is induced by TGF-B1, IL-1p, IL-6,
and IL-23 in Th17 (3) and the function of Th17 cells in the
neuroinflammatory process of the immunopathogenesis
experimental autoimmune encephalomyelitis (EAE)
model has been clarified (1). The levels of IL-17 in human
sera are undetectable but data have reported increases
in IL-17mRNA in peripheral blood mononuclear cells
(PMBC) obtained from MS patients (4). IL-17-blocking
antibodies have been shown to attenuate experimental
autoimmune diseases (2), suggesting that the IL-17A plays
a crucial role in the development of CNS inflammation in
MS patients Also, the Th17 cells contribute to breaking
of Th1/Th2 axis in an EAE model that is important in the
immune pathogenesis of MS (5). The Th17 cells are able
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to pass blood brain barrier (BBB) more easily compared
to the Thl due to the surface CCR6. Mice lacking CCR6,
developed Th17 responses but were highly resistant to
the induction of experimental autoimmune (6). In MS,
the Th17 cells play their role by proliferation, producing
IL-17 and cooperation with other cells.

There is no definitive treatment for MS. Although
interferon beta and corticosteroids are commonly used to
control the clinical symptoms.

For many years, folk medicines have been important
because of their natural basis. Quercetin (3, 3', 4/, 5,
7-penta hydroxyl flavone) is a flavonoid found in a wide
variety of fruits and vegetables, including nuts, grapes,
apples, berries, onions, kale, and black tea (7).

Studies have established Quercetin with anti-oxidant (8),
anti-inflammatory (9) and anti-infectious (10) properties.

In rats, the administration of Quercetin improves
recovery after acute traumatic spinal cord injury in a
dose-dependent manner (11) . Quercetin can also reduce
apoptotic neuronal cell death induced by microglial
stimulation. Combination of Quercetin and the interferon
beta (IFN-B) on PBMCs of MS patients have supported
positive results on proliferation and gene expression level
(12). These findings show that Quercetin can be considered
in the treatment of MS because of its immunomodulatory
potentials.

Both lipophilic and hydrophilic of Quercetin can be
improved by adding groups like acetylation (carbonlg)
(13, 14). So, changes in the chemical composition of a
substance may have some positive or negative effects on
its properties.

The effects of Quercetin on Th17 cells have not
yet been fully studied. Due to the lipid profile of the
BBB region, lipophilicity of the drug is considered as
a privilege and can be important along with other anti-
inflammatory properties (15). Quercetin Penta Acetate
was used as a more lipophilic compound with the same
natural base.

The aim of the present study was to examine the primary
aspects of immunomodulation of Quercetin Penta Acetate
as a modified compound on the expression of major
differentiating genes, of the Th17 cells of MS patients
and the results were compared with Quercetin and Methyl
Prednisolone Acetate.

Materials and Methods
Materials

Quercetin (5 mg, Sigma, Germany), Quercetin Penta
Acetate (5 mg, Isfahan Pharmaceutical Sciences Research
Center, Faculty of Pharmacy, Isfahan University of Medical
Sciences, Iran) (the product is still investigational), and
Methyl Prednisolone Acetate (5 mg, Kaspean Tamin
Pharmaceutical company, Iran) powders, were dissolved
in dimethyl sulfoxide (DMSO, Sigma, Germany) with
a primary concentration of 10000 um and then other
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dilutions were prepared by culture medium RPMI1640
of this base.

Subjects

In this experimental study, healthy volunteers (n=3)
and newly diagnosed MS patients (n=>5) participated. All
patients were diagnosed based on McDonald criteria and
referred by the clinic of MS center Isfahan, Iran (sex and
age-matched). MS patients did not have any history of
other autoimmune diseases, allergies and, also none of
them were treated with anti-inflammatory medications,
including steroids therapy or IFN-f at the time of
sampling.

They participated in the study at the beginning of
remission symptoms that usually was not more than a
week. Informed consent form was approved by the Ethical
Committees of Isfahan University Medical of Science,
Isfahan, Iran (IR.MULREC.1396.3.857) and signed by
all the participants before enrolling in this study.

All the mandatory laboratory and safety procedures
were followed at any experimental work.

Isolation and CFSE
mononuclear cell

stain peripheral blood

Heparinized venues blood (10 ml) was collected and
then PBMCs were isolated by Ficoll gradient density
(Biosera, France). PBMCs were removed from the
plasma/Ficoll and their viability was checked by trypan
blue dye exclusion test.

Briefly, the PBMCs were suspended in phosphate
buffered saline (PBS) at the concentration of 10-100x10°
cells/ml. Then the cells were stained with 5 um CFSE
(5-(and-6-)-carboxy fluorescein diacetate succinimidyl
ester prob) (Biolegend, San Diego, CA, USA),
according to the kit’s instructions.

IC,, calculation and time response

The CFSE-labeled PBMCs obtained from the previous
step were plated in the 24 well plates at a density of
1x10° cells/well, containing RPMI 1640 medium [heat-
inactivated fetal bovine serum (FBS)] 10% and penicillin/
streptomycin 1%). The cells were stimulated by 0.1 pg/
ml of each soluble anti -CD3 and anti- CD28 monoclonal
antibodies (Mabtech, Sweden) and were kept at 37°C
in the humidified atmosphere of 95% air and 5% CO.,.
After 24 hours incubation, soluble IL-2 was added with
concentration of 100 U/ml (Pepro Tech, UK) and the
cells were treated by 1, 10, 100 um concentrations of
Quercetin Penta Acetate for 24, 48, 72 hours and 0.05,
0.5, 5 pm concentrations of Methyl Prednisolone Acetate
for 48 hours. The final concentration of DMSO in all
experiments did not exceed 1% which is acceptable and

was used as a negative control.
To evaluation of the half-maximal inhibitory
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concentration (IC, ) value, CFSE labeled PBMCs were
stained with an antibody against theCD4" (Percp cy5.5,
Biolegend, San Diego, CA, USA) and were analyzed
using CFSE histogram by a flow cytometry FACS calibur
(Becton Dickenson, Bioscience, San Jose, CA, USA).
Dose and time with 50% inhibition of proliferation
were selected as IC, | value (the doses of 100 pm and
2.5 um were considered for Quercetin Penta Acetate
and Methyl Prednisolone Acetate respectively) and the
data were analyzed by the Prism 8.0 and Excel 2015
software (16, 17).

Determination of cytotoxicity effects

To assess cytotoxicity, the PBMCs were cultured with
100 pm Quercetin Penta Acetate, 2 and-5 pm Methyl
Prednisolone Acetate and 100 um Quercetin for 48 hours
using the Annexin FITC/PI double staining apoptosis
detection kit (BD Biosciences, Waltham, MA). The cells were
stained with FITC Annexin V and PI (5 ul) and incubated for
10 minutes at the room temperature in a dark place.

Flow cytometry

The effect of Quercetin, Quercetin Penta Acetate,
and Methyl Prednisolone Acetate on the proliferation
of CD4" IL-17" cells were evaluated in MS patients
by CFSE histogram. The CFSE-labeled cells were
cultured in 24-well plates and treated with Quercetin
(100 pM/ml), Quercetin Penta Acetate (100 pM/
ml), Methyl Prednisolone Acetate (2.5 pM/ml),
and DMSO for 48 hours. We added the cells 2 pl/
ml PMA (Phorbol Myristate Acetate)/ionomycin in
the presence of brefeldin A (activation cocktail with
BFA, Biolegend) for 6 hours, then washed and stained
using an intracellular protocol. In brief, the cells were
suspended by fixation buffer (Biolegend, San Diego,
CA, USA) and washed by permeabilization buffer
(Biolegend San Diego, CA, USA) and antibody IL-17
(PE, Biolegend, San Diego, CA, USA).

Real- time polymerase chain reaction

First, total RNA was isolated from the cultured
PBMCs using an extraction kit (Yekta tajhiz azma
Co. Iran) according to the manufacture instructions.
The purity of isolated RNA was determined using a
spectrophotometer. The first strand cDNA (Yekta
tajhiz azma Co. Iran) was synthesized using the total
RNA in the Eppendorf thermal cycler. The expression
of RORc and IL-17 mRNAs in were detected in the
control and treated groups by quantitative real-time
polymerase chain reaction (PCR) using the SYBR
Green PCR master mix (BioFact Co. South Korea).
The following primers were used by Primer3 site:

RORc-

F: 5'-AGAGATAGAGCACCTGGT-3'
R: 5'-CCACATGGACTTCCTCTG-3’
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IL-174-

F: 5'-GAATCTCCACCGCAATGA-3’
R: 5-GACACCAGTATCTTCTCCAG-3".

Finally, the specificity of the primers was evaluated using
the Blast NCBI site. The gene levels were normalized to
f-act as an internal housekeeping control and the relative
expression levels were assessed using the method.

Statistic

Data were analyzed using the SPSS software (V. 22,
IBM, Chicago, IL.) and GraphPad Prism 8.0.2 (GraphPad
software, San Diego, CA). Data were expressed as mean +
standard error of the mean (SEM). Kolmogorov-Smirnov
test was used to detect the normal distribution of data.
One-way ANOVA and independent sample t tests were
employed for the comparison of significant difference
among experimental groups with a normal distribution,
while Mann—Whitney and Kruskal-Wallis tests were
used to contrast the groups with non-normal distributions.
P<0.05 were considered statistically significant.

Results
Evaluation of lC50 value

Tomeasure IC, , cultured PBMC:s of healthy participants
were treated for 24, 48 and 72 hours with different doses
of Quercetin Penta Acetate and Methyl Prednisolone
Acetate. Quercetin Penta Acetate inhibited proliferation
in a dose and time-dependent manner. The IC,, value
on cell proliferation was where Quercetin Penta Acetate
could inhibit the CD4* cells proliferation approximately
50% (percentage of proliferation inhibition by CFSE
and flow cytometry). As shown Figure 1A, 1 and 10 pm
of Quercetin Penta Acetate did not show an effective
influence on the cell proliferation after 24, 48, 72 hours
of incubation, while 100 pm concentration of Quercetin
Penta Acetate had 50% inhibitory effects, IC, for Methyl
Prednisolone Acetate was 2.5 pm concentration after 48
hours culture (Fig.1B).

The Effect of compounds on cell death in peripheral
blood mononuclear cell multiple sclerosis patients

We analyzed PBMCs apoptosis by flow cytometry
after Annexin V/PI staining. The data are plotted in
two-dimensional dot plots in which PI is represented
versus Annexin V-FITC. Different population of cells
were considered as Viable cells (PI/FITC -/-), apoptotic
cells (PI/FITC -/+), late apoptotic cells (PI/FITC +/+)
and at least necrotic cells (PI/FITC +/-). As shown in
Figure 2, while the percentage of necrotic cells and the
double positive cells (late apoptosis/necrosis) increased
following Quercetin Penta Acetate and Quercetin
treatment compared to the control, no obvious difference
was observed between Quercetin and Quercetin Penta
Acetate.
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Fig.1: IC,, calculation. A. Different doses of Quercetin Penta Acetate for 24, 48, 72 hours and Methyl Prednisolone Acetate for 48 hours. B. The IC, value CFSE
histogram Quercetin Penta Acetate. CFSE histogram Methyl Prednisolone Acetate (0.05, 0.5, 5) for 48 hours in order to determine the dose capable of inhibiting
the CD4 cells proliferation by half using flow cytometry. Data were analyzed by flow cytometry histogram of CSFE. Dose/time dependent curve were analyzed by
the Prism software for IC_ value and the overly curves were drawn with Flow Jo 7.6.1 software. The data are presented as mean + SD. Data were analyzed using
GraphPad Prism 8.0. One-way ANOVA and independent sample t tests were employed for comparison of significant difference among groups.
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Fig.2: The cytotoxicity effect of Q, QPA and MPA. Cultured PBMCs were treated with Q (100 um), QPA (100 um) and MPA (2.5 um). Data indicated double
positive cells (late apoptosis/necrosis) increased in QPA and Q compared to controls. MPA; Methyl Prednisolone Acetate, Q; Quercetin, QPA; Quercetin
Penta Acetate, PBMCS; Human peripheral blood mononuclear cells, and DMSO; Dimethyl sulfoxide.
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The effect of Quercetin Penta Acetate on Th17 cells
proliferation in multiple sclerosis patients

In order to test whether Quercetin Penta Acetate can
inhibit proliferation of Th17 cells, isolated PBMCs of
MS patients were treated at IC, | dose of each compound
for 48 hours. We gated CD4", IL-17" cells (Fig.3A, B),
the proliferation reduction in the treated Th17 cells with
Quercetin Penta Acetate was not remarkable. There was
no significant difference among the experimental groups
in the proliferation of Th17 cells as shown in (Fig.3C),
compared to the control group (P=0.59). The impact of
the treatments on the Th17 cells proliferation by CFSE
assay (Fig.3D).
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Effect of Quercetin Penta Acetate on IL-174 and RORc
gene expression in multiple sclerosis patients

The comparison of Quercetin Penta Acetate with
Quercetin showed that Quercetin did not have a dramatic
effect on /L-174 mRNA level in MS patients. Despite
of RORc detection, none of these agents had an effect
on the gene expression of RORc in MS patients (P=0.1,
Fig.4A). The qPCR results showed (Fig.4B) that /L-174
was reduced significantly by Quercetin Penta Acetate
(P=0.0008) and Methyl Prednisolone Acetate (P=0.0081)
at the mRNA level compared to treated cells with DMSO
(control group).
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Fig.3: The effects of different treatments on proliferative response Th17 cells in MS patients. CFSE stained PBMCs of MS patients were cultured with 100 um QPA
and Q, 2.5 um MPA for 48 hours, then the cells were labeled by CD4* and IL-17 antibody using intracellular staining protocol. Data were pooled from five MS patients
and expressed as mean SEM. A. The lymphocyte population were gated using forward and side scatter. B. The population CD4*(FL3+ Per.cp. cy5.5) IL-17+ (FL2+ PE)
were gated to detect proliferation in Th17 cells. C. Comparison between QPA, Q and MPA on Th17 proliferation with DMSO. There was no significant difference
between groups with DMSO as control group (P=0.59). D. Different compound on Th17 cells proliferation. One-way ANOVA and independent sample t tests were
employed for comparison of significant difference among groups with normal distribution. MS; Multiple sclerosis, PBMCs; Human peripheral blood mononuclear
cells, DMSO; Dimethyl sulfoxide, Q; Quercetin, QPA; Quercetin Penta Acetate, and MPA; Methyl Prednisolone Acetate.
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by QPA (P=0.0008) and MPA (P=0.0081) at the mRNA level compared to treated
cells with DMSO (control group), but effect Q was not significant. One-way
ANOVA and independent sample t tests were employed for the comparison
of significant difference among groups with normal distribution, while Mann—
Whitney and Kruskal-Wallis tests were used to compare the groups with
non-normal distribution. P<0.05 were considered statistically significant. ***;
P=0.001, **; P=0.001, MS; Multiple sclerosis, RT-q PCR; Quantitative reverse
transcription polymerase chain reaction, PBMCs; Human peripheral blood
mononuclear cells, DMSO; Dimethyl sulfoxide, Q; Quercetin, QPA; Quercetin
Penta Acetate, and MPA; Methyl Prednisolone Acetate.

Discussion

Jadidi-Niaragh et al. (1) have thoroughly described the
function of Th17 cells in MS and explained how both Th17
cells and IL-17 have become an interesting therapeutic
target in many autoimmune diseases.

Today, a variety of immunomodulatory medicines are
used to control MS, which their availability to the CNS
can be an important factor in their effectiveness. Many
in vitro research have suggested that Quercetin possesses
anti-inflammation and immunological functions. Some
conjugated metabolites have different behavioral and

Ahmadi et al.

functional properties (18) , so it is possible these forms
of Quercetin might be more efficient and favorable
immunomodulatory effects (19). The number of published
articles for the effects of Quercetin on Th17 cells and its
cytokines are low, thus our article can be considered for
this reason.

The second phase of inflammation which leads to the
production of pro-inflammatory cytokines occurs when
activated cells pass through the BBB and proliferate
(20). Quercetin could influence on T cells proliferation
and activation by blocking the signaling pathway
of IL-12 (21). A Dose-response study revealed that
proliferating PBMCs were resistant to some Quercetin
metabolites (22). Sternberg et al. (12) presented the first
evidence of the beneficial immunomodulatory effect(s)
of Quercetin on isolated PBMCs from MS patients, and
reported that proliferation PBMCs of in MS patients
could be restrained by Quercetin. In the present study,
we examined the effect of Quercetin Penta Acetate and
Quercetin on the proliferation of the Th17 cells for the
first time in MS patients and we showed that proliferation
was reduced by proximately 5% in the T cells, however,
this decrease was not significant in Th17s. This suggests
that the results of the recent study may be because of the
effect of Quercetin on other T cell subclasses, not Th17.
In line with the previous study, we found that Quercetin
and Quercetin Penta Acetate may induce an apoptotic
effect that overlaps with the necrotic effect, they did not
differ from each other in terms of cytotoxic effect on
cells. Although the loss of significant proliferation was
consistent with previous studies, the slight reduction of
proliferation in PBMCs may depend on cell death and
activation of apoptotic proteins (23).

Our goal in this study was not only to investigate the
effect of Quercetin on Th17 cells of MS patients but also
to investigate whether it can be improved by Quercetin
Penta Acetate (24). The lipophilic properties of Quercetin
and its improvement by adding carboxyl groups have
already been proven, butwhether Quercetin Penta Acetate
was more potent than Quercetin in properties such as
inhibition of proliferation and gene expression were yet
to be explored. Many efforts have already been made
to improve drug delivery such as using Nano-carriers,
Nano-capsule, or adding lipophilic structures such as
acetate (25, 26).

While administration of high-dose intravenous Methyl
Prednisolone in MS patients, remarkably reduces the
count of Th17 cells after treatment (27), the present study
indicated that Methyl Prednisolone Acetate did not have a
significant effect on Th17 cells proliferation in IC, dose.

In glial cells, Quercetin can inhibit LPS-induced mRNA
levels of TNF (28). Besides the inhibition of the IL-12-
STAT4 signaling pathway, Quercetin also suppressed
IL-2 and IFNy in T lymphocytes and attenuated the EAE
model (21). Since, the inhibitory role of Quercetin on a
wide range of pro-inflammatory cytokines such as IL-
6, IL-1PB, and TNF has been proven by targeting many
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intracellular signaling (kinase and phosphatase) and
membrane proteins, it has been suggested that Quercetin
has the potential to downregulate the inflammatory
process in MS patients. Albegova et al. have reported that
Quercetin dihydrate is able to decline the level of IL-17
protein to an undetectable extent (29).

Our study showed that Quercetin Penta Acetate could
decline the IL-17A gene expression dramatically, but this
reduction was more than Quercetin. Suppressor effects
of Methyl Prednisolone on IL-17 have been investigated
in previous studies and our results were consistent with
those studies (30).

RORc, as a specific transcription factor of IL-17A, has
an essential role in the development of Th17 cells and the
inhibition of RORCc gene expression has been reported
in the PBMCs MS patients treated with a high-dose of
intravenous Methylprednisolone (31), but our study did
not show the same results. It may be due to the result of
data scattering or the sample size.

It is known that besides RORc many transcription
factors such as STAT3, IRF4, KLF4, and also AHR
receptors and microRNA are involved in the regulation
of the IL-17A level, however, the signaling pathways
which lead to activation of these transcriptional profiles
are poorly understood. Therefore they can be the aim
of future studies but it’s known that some of these
agents can regulate Th17 development via binding to
the IL-17A promoter directly without changing ROR
expression (2). Hence Quercetin Penta Acetate may
decrease IL-17A expression independent of the RORc
pathway. In Thl cells, Quercetin could decrease IL-2
independent of T-bet (32).

Previously, a similar study was conducted on the
metabolite Apigenin and the results showed that its Acetate
metabolite were more effective in curb proliferation and
gene expression than the basic compound (17).

Despite the anti-inflammatory role of Quercetin in Th
cells, its regulatory mechanisms remained unknown.
We examined the effect of Quercetin Penta Acetate on
phenotype Th17 cells proliferation and IL-17, RORc
gene expression and also compared it with its base
compound Quercetin and common treatment MS,
Methyl Prednisolone Acetate. Our results indicated that
in the reduction of proliferation there was no difference
but Quercetin Penta Acetate acted more efficiently on
inhibition of /L-17 gene expression.

Conclusion

It was shown that some immunomodulatory aspects
of Quercetin Penta Acetate on Th17 cells of MS patients
are more effective than Quercetin, this compound has the
potential to have a chance to participate in clinical trials
or as a supplementary along with other MS medications.
Since the future challenge in this field is to attain a
beneficial bioactive form of Quercetin, further research
is needed to understand its other immunological aspects.
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