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ABSTRACT

Osteoarthritis (OA) is known to be the most prevalent form of joint disease. We conducted
this clinical trial to investigate the effects of Krocina™, a natural product containing crocin, on
the gene expression of unique transcription factors of various T cell subsets in patients with OA.

We collected 40 peripheral blood samples of OA patients receiving Krocina™ and equal
number of those who took a placebo (IRCT2015021910507N2, NCT03375814). RNA extraction
was performed from the cultured peripheral blood mononuclear cells of the OA patients who
received Krocina™ and placebo and SYBR Green Real-time PCR technique was applied to
assess the relative gene expression of T-ber, GATA3, ROR-pf, and FOXP3 as the unique
transcription factors of various T cell subsets.

The relative gene expression of T-bet and ROR-yr insignificantly decreased in the Krocina™
receiving group as compared to the placebo group. In addition, the relative gene expressions of
GATA-3 and FOXP3 after the treatment with Krocina™ showed a significant and insignificant
increase, respectively. Moreover, an insignificant decrease was observed in the gene expression of
GATA-3 and FOXP3 in the placebo group. A significant and insignificant decrease in the gene
expression of T-ber and ROR- p# was detected in the OA patients who received a placebo. GATA-3
is known as a unique transcription factor for the differentiation of T-cells to the Th2 subset.

The significant increase in the gene expression of GATA-3 in the patients with OA treated
with crocin may suggest the beneficial effect of crocin on shifting towards the Th2 subset and
enhancing an anti-inflammatory condition.
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response along with degeneration of articular
cartilage.!

Overweight, gender, age, inappropriate physical
condition, race, joint surgery, and malignancy are
considered major OA risk factors.? Based on the joint
radiographic images, histological and laboratory tests
are exploited for the diagnosis of OA.2

Thl and Th2 cells cytokine secretion imbalance is
believed to be the most frequent factor in the
pathogenesis of OA.3* The crocin effects on the
differentiation and percentage of Thl cells may be
indirect. For instance, in 2011, Bani et al showed that
oral administration of alcoholic extract of Crocus
sativus to mice drives a shift from Thl toward Th2
response.® and consequently decreases levels of
inflammatory cytokines, including tumor necrosis
factor-o  (TNF-a), interleukin-6 (IL-6), [IL-18,
interferon-y (IFN-y), and IL-1B.® Moreover, crocin is
capable of suppressing the phosphorylated nuclear
factor of kappa light polypeptide gene enhancer in
B-cells inhibitor-a, p-IxB kinaseo/f, and transcription
factor-p65 expression in arthritis mice.” Park et al, in
2015, showed that crocin can decrease signal
transducer and activator of transcription-1 (STAT-1)
expression in a transformed aneuploid immortal
keratinocyte cell line.®

T-bet and GATA binding protein-3 transcription
factors have a vital role in the differentiation of CD4+
T cells into Thl and Th2 effector cells.® T-bet is
encoded by a conserved family of genes named T-box.
It is a unique transcription factor for Thl cell, which
controls the expression of the Thl cytokines, such as
IFN-y.2° The cooperation between several factors, such
as STAT-1, is required for the differentiation of naive
CD4+/CD3+ T cells to Thi cells.®

GATAZ3 is also encoded by a gene with the same
name. Naive CD4+ T cells are differentiated to Th2
cells via the expression of the GATA3 gene.*! It plays a
crucial role in the production of some cytokines such as
IL-5 from the Th2 subset.

Th17 is another T-cell subset involved in
inflammatory status. Several cytokines, such as IL-1p,
IL-6, transforming growth factor-f (TGF-p), and IL-23,
participate in the differentiation and survival of Th17
cells.** Moreover, other transcription factors like
Retinoic acid-related orphan receptor-yt (ROR-yt),
Interferon regulatory factor-4 (IRF-4), basic leucine
zipper transcription factor (BATF), and signal
transducer and activator of transcription-3 (STAT-3)
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have a major influence on the differentiation of CD4+
naive T cells to Th17 cells.?+16

Forkhead box P3 (FOXP3) is a pivotal regulatory
transcription factor for the differentiation and
development of CD4+naive T cells to regulatory T
lymphocytes. Any defects or loss of function due to
mutations in the FOXP3 gene, cause exacerbation of
inflammatory disorders.'” In the present clinical trial,
we evaluated the effects of krocina™ on the gene
expression of T-bet, GATA-3, ROR-yz, and FOXP3 in
patients with OA.

MATERIALS AND METHODS

Patient Selection

This case-control study was performed on RNA
samples that were extracted from peripheral blood
mononuclear cells (PBMCs) of patients with OA and
banked in minus 80 degrees centigrade for further
requirements. Further details regarding patients’
selection have been shown in our recently published
article. '

In Dbrief, 40 patients suffering from OA were
enrolled in our study and randomly divided into two
groups, receiving Krocina™ and placebo. The clinical
trial continued for four months. RNA was extracted
from the cultured PBMCs of OA patients. Our clinical
trial started in July 2016 and continued to June
2018 following the approval of the Ethics Committee
of Mashhad University of Medical Sciences,
Mashhad, Iran, with a reference number of
IR.mums.fm.REC.13940279. For all the patients,
sodium diclofenac was prescribed at a dosage of 50 mg
daily as a painkiller.

Blood Sampling and Cell Culture

The blood samples were transferred into tubes
containing EDTA. Peripheral blood mononuclear cells
(PBMCs) were separated with Ficoll and centrifugation
and then cultured in complete tissue medium (CTM)
with 5 pg/mL Phytohemagglutinin and kept at 37°C in
a humid incubator with 5% CO2.

Molecular Assessment Using the Real-time PCR
Technique

RNA extraction from PBMCs was performed
based on RNA  Extraction kit instruction
(www. Yektatajhiz.comCat.Number:YT9065).
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Subsequently, RNA was employed to synthesize
cDNA,; utilizing a specific cDNA synthesis kit
(Cat.Number: YT4500).

Initially, the primers were designed in house
employing Beacon Designer software and blasted on
the NCBI website (Primer-BLAST) to check the
specificity. The sequence of the primers was presented
in Table 1.

RT-PCR for relative genes expression rates of T-
bet, GATA-3, RoR-yz, and GAPDH (as Internal Control)
was performed according to manufacture protocol
(Takara.Co and Afragen Biotech. Co). Briefly, 5 uL of
SYBR Green Master Mix (Takara.Co), 0.4 uL (10
pmol/uL) of forwarding primer, 0.4 pL (10 pmol/uL)
of reverse primer (Afragen Biotech. Co), 4 L cDNA
and 0.2 pL Sterilized water was added to a tube.

Table 1. Primer sequences designed for SYBR Green real-time PCR.

Gene name Accession number Sequence
T-bet-F 5-ATTGCCGTGACTGCCTACCAGA-3'
T-bet-R NM_013351.1 5-GGAATTGACAGTTGGGTCCAGG-3'
GATA3-F 5-ACCACAACCACACTCTGGAGGA-3'
GATA3-R NM_001002295.1 5/ 1cGGTTTCTGGTCTGGATGCCT-3"
ROR-yr-F 5-CCCTGACAGAGATAGAGCACC-3'
NM_005060.4 , .
ROR-y#-R 5-TTCCCACATCTCCCACATGG-3
FOXP3-F 5-GGCACAATGTCTCCTCCAGAGA-3'
FOXP3-R NM_014009.3 5-CAGATGAAGCCTTGGTCAGTGC-3'
GAPDH-F M 001289746 1 5-CACTAGGCGCTCACTGTTCTC-3'
GAPDH-R - ' 5-CCAATACGACCAAATCCGTTGAC-3'

F: forward primer; R: reverse primer; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

RT-PCR cycle was as follows: Hold 10 minutes at
95°C, followed by 40 cycles of denaturation at 95°C
for 10 s, 30 seconds at 60 C for primers annealing and
extention step 20 second in 72°C.

RT-PCR for relative gene expression rate of
FOXP3 was performed according to manufacture
protocol (Takara.Co and Afragen Biotech. Co). 5 pL of
SYBR Green Master Mix (Takara.Co), 0.25 pL (10
pmol/uL) of forwarding primer, 0.25 (10 pmol/pL) of
reverse primer (Afragen Biotech. Co), 2 uL cDNA and
2.5 pL Sterilized water were added to a tube.

RT-PCR cycle was: Hold 2 minute at 95°C, 15
seconds at 95°C for denaturation, 15 seconds at 60°C
for primers annealing, and extension step 20 seconds at
72°C.

Expression levels of mRNAs were calculated
employing the 2-44¢T formula.

Data Analysis

IBM SPSS Statistics 21 was employed for the data
analysis. The mean differences and 95% confidence
intervals were compared before and after the
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intervention. The parametric data were further analyzed
using Paired Sample t-test while the nonparametric data
were assessed via the Wilcoxon test. p-value less than
0.05 was considered to be statistically significant.

RESULTS

Demographic Data for Patients with Knee OA

It is noteworthy that five patients were excluded
during the trial based on our inclusion and exclusion
criteria [18]. Thirty-five patients with OA in both
genders (women 66.7% and men 33.3%) aged 40-75
years were divided into the intervention group with 18
subjects (mean+SEM 58.7+1.51) and the placebo
receiving group with 17 subjects (meantSEM
57.64+1.72). They completed a four-month follow-up
period. The patients in both groups had non-significant
differences regarding age and gender.

The disease duration meantSEM was 4.23+0.54
(Four years and 23 days) in the intervention and
4.26+0.57 (Four years and 26 days) in the placebo
groups. The participants were randomized into two
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groups, the intervention comprising 18 patients (11
women and 7 men), and the placebo with 17 patients
(15 women and 2 men).

The Effect of Krocina™ and Placebo on the Gene
Expression of T-bet Transcription Factor

Relative gene expression of T-bet in the
intervention group showed an insignificant decrease
(p>0.05). A significant decrease was observed in the
gene expression of T-bet after the intervention (p<0.05)
in the placebo group (Figure 1A).

The Effect of Krocina™ and Placebo on the Gene
Expression of GATA-3 Transcription Factor

Following the intervention, the relative gene
expression of GATA-3 in the intervention group
showed a significant increase (p<0.05). Nevertheless,
in the placebo group, an insignificant decrease of gene
expression of GATA-3 was observed after the
intervention (Figure 1B).
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The Effect of Krocina™ and Placebo on the Gene
Expression of ROR-y# Transcription Factor

Relative gene expression of ROR-yz showed an
insignificant decrease in the intervention and placebo
groups after four months Figure 1C.

Hence, selecting a control group of patients with
OA who do not take any conventional and
interventional therapies might be a good choice for
future studies to have a more reliable interpretation in
this regard.

The Effect of Krocina™ and Placebo on the Gene
Expression of FOXP3 Transcription Factor

An insignificant increase was observed in
relative gene expression of FOXP3 in the intervention
group after four months (p>0.05). However, in the
placebo group, an insignificant decrease of gene
expression of FOXP3 was detected following the
intervention Figure 1D.
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Figure 1. Relative gene expression of T-bet (1A), GATA3 (1B), ROR-y¢ (1C), and FOXP3 (1D) before and four months after

the intervention.

DISCUSSION
OA is identified as an illness characterized by

progressive destructive changes in joints and limitation
in performing daily work.!
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In the present study, we evaluated the effects of
Krocina™ on the gene expression of various T-cell
subsets transcription factors in patients with OA.

Our results revealed an insignificant decrease in the
gene expression of T-bet in the intervention group at
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the end of the four-month intervention whereas the
same comparison in the placebo group showed a
significant decrease.

The differentiation of the naive ThO to Thl
lymphocytes requires a set of intracellular and
extracellular factors to collaborate. For example,
several transcription factors, such as the STAT-1,
STAT-4, and T-bet, lead to the differentiation of naive
CD3+CD4+ ThO cells to IFN-y secreting CD3+CD4+
T cells in antigen-dependent mechanisms.® It has been
shown that the increase in the level of IL-12 in the
microenvironment containing dendritic cell (DC) and
macrophage (MQ) can activate the signal transduction
pathway related to the STAT-4 transcription factor
which is required for converting the naive ThO cells to
IFN-y secreting CD3+ CD4+ Thl cells. Additionally,
IFN-y leads to an increase in the expression of the T-
bet in Thl cells by STAT-1 pathway that mediates the
proliferation of Th1 cells.?°

Previous studies have evaluated the effects of
saffron on the ratio of specific cytokines secreted from
Th1/Th2 lymphocytes. However, we could not find any
studies to evaluate the effect of saffron or its active
ingredients on the gene expression of T-bet.

The majority of studies have focused on the effects
of saffron and its active ingredients on pro-
inflammatory cytokines and transcription factors like
IFN- vy and NF-kB, respectively.?

The significant decrease in the gene expression of
T-bet after four months in the placebo group might be
attributed to the consumption of nonsteroidal anti-
inflammatory drugs, such as sodium diclofenac by OA
patients or placebo effects. In 2005, Wampold et al,
reported the positive effects of placebo in medical
treatment and psychotherapy. They reported that
placebo consumption in patients with chronic diseases
decreased the pain and anxiety affecting biochemical-
neural pathways.?

Our findings herein shed light on a significant
increase in the gene expression of GATA-3 following
four months in the intervention group as compared with
time point zero.

GATA-3 is a unique transcription factor for the
differentiation of ThO lymphocytes to Th2 cells.
GATA-3 can bind to the promoter of the Th2
cytokines, including IL-4, IL-5, and IL-13, which
eventually prevents the proliferation and differentiation
towards the Th1 subset.!*

Recently, it has been reported that T-bet can regulate
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the function of GATA-3 and naive CD3+ CD4+T cells
need competition between GATA-3 and T-bet for the
differentiation towards Thl and Th2 cells. It seems that
the increase in the IL-4 level could help GATA-3 to
win in this competition.'®2® Moreover, the activation of
the IL-4-STAT-6 pathway in Th2 cells can promote
transcription of the GATA-3 gene.?’ On the other hand,
studies have depicted a competition between GATA-3
and FOXP3 transcription factors. Naive T cells could
be differentiated into the particular Th2 or induced
Treg cell subsets by specific transcription factors.
Additionally, the presence of IL-4 in the tissue
microenvironment can enhance the gene expression of
GATA-3 in competition with FOXP3. Researchers have
reported that GATA-3 can be conjugated to the
promoter of FOXP3 and inhibit its gene expression.'*
According to these data, the anti-inflammatory effect of
crocin on improving OA clinical symptoms which were
demonstrated in our study might in part correlate to its
influence on the increase in GATA-3 gene expression
which is beneficial for the suppression of
inflammation.

ROR-yt is defined as a unique transcription factor
for the differentiation of 1L-17 secreting Th17 cells.?*

Based on our findings, the gene expression of
ROR-y¢ after four months in the intervention and
placebo groups insignificantly decreased.

For the differentiation of CD4+ CD25- naive T
cells to IL-17 secreting Th17 cells, the concomitant
presence of TGF-B and IL-6 in the microenvironment is
necessary.? It has been reported that IL-6 can suppress
the differentiation of CD4+CD25- naive T cells to Treg
cells by linkage to FOXP3 gene promoter. Researches
in cell line have shown that the second promoter of
FOXP3 could be conjugated to the promoter of ROR-yt
and inhibit the conjugation of ROR-yt to IL-17A
expressing gene.?> Moreover, Mathur et al, in 2007,
reported that other transcription factors, STAT3 and
STAT4 for instance, had a crucial role in the
differentiation and development of Thl7 cells. They
stated that naive CD4+ Th cells in cell culture medium
containing TGF-B1 and IL-6 could actively express
ROR-yt transcription factor via STAT3 pathway.?®

Previous studies have also illustrated that the
differentiation of naive CD4+ T cells to Thl, Th2, Th3,
and Th17 cells and even Treg cells was dependent on
Nuclear Factor of Activated T cells transcription factor
and its subsets, including NFATcl «NFATc2 <and
NFATCc3.2781 Activated NFAT has been observed to
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conjugate to AP1 transcription factor and increases
IL-2 expression synergistically. On the other hand, if it
is conjugated to FOXP3 factor, IL-2 expression would
be inhibited.3>3> It was reported that the NFAT factor
can regulate STAT4 and RUNXI, thereby activating
lymphocytes via the IL-12 pathway. The concomitant
collaboration of NFAT and RUNX1 is required for
FOXP3 expression.®®37 In return, activated FOXP3 can
inhibit ROR-yt expression and the differentiation of
CD4+naive T cells to Th17 cells by the inhibition of
NFAT/AP1 factors.®® Zhang et al, in 2011, showed that
there were no significant differences in the percentage
of peripheral Th17 cells and serum level of IL-17 in
OA patients compared with healthy people.®
Additionally, certain studies have implied a synergistic
effect between ROR-yt and STAT3 in the proliferation,
differentiation, and  development of  Thl7
lymphocytes.? Since crocin was capable of inhibiting
phosphorylation and activation of STAT3, it would
inhibit ROR-yt expression in Th17 cells by the IL-6-
STAT3 pathway.®® Due to the influence of crocin on
FOXP3, in a competition between ROR-yt and FOXP3,
it would be augmented in order to develop iTreg cells.
In addition, high expression of FOXP3 could prevent
ROR-yt expression due to negative feedback.?®
Accordingly, a decreasing trend in the expression of
ROR-yt in our study, even an insignificant one,
following the treatment of OA patients with Krocina™
might be due to the anti-inflammatory effect of crocin.
However, the same decreasing trend of ROR-yt in the
placebo group might be related to the consumption of
NSAIDs or the placebo effects.

Our findings indicated an insignificant increase and
decrease in the expression level of FOXP3 after four
months in the intervention and placebo groups,
respectively. CD25+FOXP3+ Treg cells play a vital
role in the regulation of immune responses.*® Foxp3 is
a unique transcription factor of Treg cells.**? In an
animal model of OA, a decrease in the number of
peripheral blood Treg cells was reported, which was
associated with the severity of the disease and clinical
symptoms.*® Several studies have shown that the gene
expression of FOXP3 is influenced by a combination
of several factors, including GATAS3,'* tumor necrosis
factor-alpha-induced protein 8-like 2,4 STAT3,%
miR-155,% and NFAT/RUNX1.3637

In 2009, Raghvan et al, reported the presence of a
few FOXP3 Treg cells in synovial OA patients. They
also showed that the consumption of NSAIDs increased
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the expression of the FOXP3 gene and the number of
synovial FOXP3+ Treg cells; accordingly, it could
ameliorate the condition of OA patients.*’

Several studies have also reported that the high
expression of FOXP3 happens due to the inhibiting
effect of crocin on the NF-«xB expression and
consequently, the suppression of TNF-o and IFN-y
production.®4® Moreover, other studies implied that the
consumption of NSAIDs in OA patients is correlated
with the high expression of FOXP3.43

Based on these data, we could suggest that the
treatment of OA patients with Krocina ™ influenced
the decreasing trend of FOXP3 gene expression at the
end of the intervention even if the effect was not
significant.

In conclusion, our study revealed that relative gene
expression of GATA-3 in patients with OA who were
administered with Krocina™ 15 mg/daily, significantly
increased compared to that in the placebo group, which
might be attributed to the anti-inflammatory effects of
crocin via the up-regulation of GATA-3 as the unique
transcription factor for the differentiation and
development of Th2 cell subsets. Moreover, the
significant decrease in the relative gene expression of
T-bet in the placebo group was probably because of the
effect of sodium diclofenac as a NSAID or placebo
effect which needs further investigation including a
control group of patients with OA. The increasing trend
of FOXP3 gene expression, even if it was not
significant in the patients with OA who received
Krocina™, might have been significantly provided that
the dose of a drug or the follow-up period of the study
increased in the future works. In sum, concerning the
patients with OA who received Krocina™, the highest
effects of crocin on the unique transcription factors of
T-cell subsets belonged to the gene expression of
GATA-3 since the significant increase in this
transcription factor might lead to the inhibition of
inflammation and amelioration of OA.
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