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Abstract

The hallmark of multiple sclerosis (MS) pathogenesis is the breakdown of peripheral tolerance in the immune system. How-
ever, its molecular mechanism is not completely understood. Since long non-coding RNAs (IncRNAs) has played important
roles in regulation of immunological pathways, here, we evaluated the expression of a novel IncRNA, TOBI-AS1, and its
putative associated coding genes in the mechanism of maintaining immune tolerance in peripheral blood of MS patients to
assess their possible roles in MS pathogenesis. In this study, 39 MS patients and 32 healthy matched controls were recruited.
Real-time PCR standard curve method was used to quantify transcript levels of TOBI-AS1, TOBI, SKP2, and TSG. In addi-
tion, the potential sex hormone receptor binding sites on target genes promoter were analyzed using JASPR software. This
work demonstrates a negative correlation between TOBI-AS1 expression and EDSS of patients. Also, a robust dysregula-
tion of co-expression of TOBI-AS1 IncRNA and the coding genes in MS patients compared to controls was observed. Such

dysregulation in this pathway may be related to MS pathogenesis and response to interferon treatment.
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Introduction

Multiple sclerosis (MS) is caused by interactions between
genetic background and environmental factors (Farsani
et al. 2015). Most MS patients are diagnosed with relaps-
ing-remitting MS (RRMS) who have period of acute
relapse followed by a time of remission. The majority of
RRMS patients, eventually convert to secondary progres-
sive MS (SPMS) stage in which neurological symptoms
worsen steadily (Ewing et al. 2019). MS is more common
in women with a female-to-male ratio of 3:1. According to
previous studies, sex hormones impact on immune function
in MS development (Ysrraelit and Correale 2019). Despite
many studies, the etiology of MS remains undetermined
(Vila et al. 2016). It has been suggested that breakdown
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of self-tolerance leads to the development of self-reactive
lymphocytes in MS (Dendrou et al. 2015). Self-tolerance is
maintained by controlling T and B cells activation, expan-
sion, and survival in the blood (Sakaguchi et al. 2012). Iden-
tification of genetic markers can facilitate diagnosis, predic-
tion, and prognosis of disease and monitoring clinical course
and treatment responses (Gharesouran et al. 2019).

Former studies have revealed that changes in transcrip-
tome and gene expression lead to immune system dys-
regulation in MS (Gharesouran et al. 2019). Also, several
lines of evidence indicated that transcription factors are the
main molecules regulating the quiescence of naive T cells
(Tzachanis et al. 2004). Transducer of ERBB2,1 (TOB]I) is
a transcriptional repressor and is related to TGF-B family
signaling that maintains T cell quiescence through sup-
pressing expression of /L-2 (Tzachanis et al. 2001). IL-2
is important for expansion and survival of responder T
cells (Naghavi Gargari et al. 2015; Sakaguchi et al. 2012).
Moreover, in vitro studies indicated that TOB]I is involved
in regulation of twisted gastrulation (TSG) expression, an
inhibitor of CD4 + T cell activation which upregulates after
T cell receptor activation and probably controls aberrant T
cell activation by enhancing TGF-B signaling (Tzachanis
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and Boussiotis 2009). TOBI is located on 17q21, a candi-
date genomic region for MS susceptibility (Haines et al.
2003). Previous studies showed the potential involvement
of TOBI in the initiation of clinical isolation syndrome (CIS)
(Corvol et al. 2008) and progression of MS in secondary
progressive MS patients (Zastepa et al. 2014). In addition,
Schulze-Topphoff reported that by inducing experimental
autoimmune encephalomyelitis (EAE), TobI—/— mice have
early onset and more aggressive type of disease in compari-
son with wild-type (Schulze-Topphoff et al. 2013) and Tob1
expression decreased in mRNA and protein level in EAE
model (Corvol et al. 2008). Although such studies repre-
sented a probable critical role of TOB1 in MS pathogenesis,
unfortunately there is little information about its associated
molecules with maintaining immune quiescence (Baranzini
2014).

Recently, it has been discovered that long non-coding
RNAs (IncRNAs) can regulate the transcription of some
coding genes, especially adjacent genes, and play important
roles in immune cell responses. The aberrant expression
of IncRNAs may lead to pathogenesis of diseases (Atian-
and and Fitzgerald 2014). According to RNA sequencing
analysis, IncRNAs’ expression is altered in diverse neu-
rological disorders including neurodegenerative diseases
and neurologic autoimmune disorders (Gharesouran et al.
2019). Recent studies have shown evidence of IncRNAs role
in the pathogenesis of MS as well as patients’ response to
treatment; however, their expressions have not been thor-
oughly investigated in MS (Dastmalchi et al. 2018). TOBI-
Anti Sense 1 (TOBI-AS1) is a novel IncRNA, located on
the antisense strand of TOBI. Recently, RNA sequenc-
ing data showed that both TOBI-ASI and TOBI expres-
sion increase during differentiation of primary to effector
T helper 1 (Spurlock III et al. 2015), and it is one of the
Thl-spesific IncRNAs (Collier 2014). Moreover, the same
as TOBI (Maik-Rachline et al. 2019), this IncRNA has a
role in cancer and functions as a novel tumor suppressor by
sponging mir-27b in cervical cancer (Yao et al. 2018), ges-
tational choriocarcinoma (de Mello et al. 2017), and breast
cancer whose expression is positively correlated with ESR1
expression (Oskooei and Ghafouri-Fard 2019). Previous
studies have revealed increased expression of mir-27b in
MS patients and its role in MS pathogenesis (Dolati et al.
2018). Besides, this IncRNA is located on an expression
quantitative trait locus (eQTL) after glucocorticoid receptor
activation in major depressive disorder (Arloth 2014). Alto-
gether, we could hypothesize that TOBI-AS1 may play a role
in neurologic autoimmune disease pathogenesis including
MS by impacting on expression of its neighbor gene, TOBI,
or interacting with some proteins and RNAs in tolerogenic
pathways (Mowel et al. 2018). On the other hand, in vitro
studies have shown that TOB1 level is regulated by S-phase
kinase-associated protein 2 (SKP2) which accelerates TOB1

ubiquitination and degradation (Hiramatsu et al. 2006).
Since ubiquitin—proteasome system profile in MS patients is
different from healthy controls (HCs) (Minagar et al. 2012),
studying SKP2 expression in MS patients may uncover some
vague and undiscovered aspects of MS pathogenesis.

In the present study, the expression of TOBI-ASI, TOBI,
SKP2, and TSG genes as the putative key players in main-
tenance immune quiescence was analyzed in RRMS and
SPMS patients versus HCs. Furthermore, since interferon-
beta (INF-B), as an anti-inflammatory cytokine, regulates
T cell activity and is used as a first-line therapy for MS
(Dehghanian et al. 2018), the correlation among the expres-
sion of these genes and the probable impact of the INF-B
treatment on the expression of target genes in patients’
peripheral blood mononuclear cells (PBMCs) were explored
thoroughly.

Materials and Methods
Subjects

Thirty-nine MS patients were enrolled from the com-
prehensive MS clinic of Sina Hospital at Tehran Univer-
sity of Medical Sciences (Tehran, Iran). All patients were
diagnosed according to McDonald criteria (McDonald
et al. 2001). Included patients were diagnosed as RRMS
or SPMS who did not take any immunomodulatory agents
and glucocorticoids for at least the last 3 months in the time
of sampling. In addition, RRMS patients who were under
INF-B treatment were enrolled in this study. The exclu-
sion criteria for patients were as follows: Hospitalization,
pregnancy or breastfeeding, smoking (as cigarette smoking
affects immune responsiveness) (Qiu et al. 2017), and having
any other inflammatory or neurological disorders at the time
of sampling. Moreover, 32 two age- and gender-matched
volunteers were included in control group with no current
chronic or acute infection and lack of personal or family neu-
rological or autoimmune disorders. Furthermore, pregnant,
lactating, and smoking individuals were excluded from the
control group. The Declaration of Helsinki was regarded for
researching on human participation. The study was approved
by the ethics committee of Tarbiat Modares University and
informed consent had been obtained from all participants
prior to blood sampling.

RNA Extraction and cDNA Synthesis

PBMCs were isolated from fresh blood by Ficoll-Paque™
Lymphodex (InnoTrain, Sweden) density gradient centrifu-
gation. Subsequently, total RNA was extracted using RiboEx
solution (GenALL, Korea), following manufacturer’s
instruction. The isolated RNAs were treated with DNase I
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(Fermentas, Lithuania) for 20 min at 37 °C. RNA concentra-
tion and integrity were examined by spectrophotometry and
on 1% agarose electrophoresis gel, respectively. The reverse
transcription was performed using 3 pg of total RNA, 200
units of M-MulV reverse transcriptase (Thermo scientific,
USA), Oligo(dT)18, and random hexamer primers (MWG,
Germany) in a total volume of 20 ul of reaction mixture,
according to the manufacturer’s instruction.

Real-Time PCR

Specific primers were designed by AlleleID software and
were analyzed in NCBI-primer blast to confirm their gene
specificity (Table 1). The expression of target genes was
evaluated using real-time PCR standard curve method by
StepOne (Applied Biosystems, USA) with HOT FIRE-
Pol Eva Green (Solis BioDyne, Estonia). Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was applied, as the
internal control, to normalize the relative expression of the
target genes. PCR was performed through the following
instructions: an initial denaturation at 95 °C for 10 min, fol-
lowed by 40 cycles of denaturation at 95 °C for 10 s, anneal-
ing at 60 °C for 20 s, and extension at 72 °C for 30 s. All
reactions were tested at least twice and specificity of PCR
products was verified by polyacrylamide gel electrophore-
sis and melt curve analysis. The expression of target genes
mRNA was analyzed using 272" and relative fold change of
each gene was calculated by 272A€T (Livak and Schmittgen
2001).

In Silico Analysis of Sex Hormones Binding Sites

To investigate the existence of potentially sex hormone
receptor binding sites on the sequences of TOBI, TOBI-
AS1, SKP2, and TSG genes, we used Jasper (http://jaspa
r.genereg.net/) (Sandelin et al. 2004) online software with
a profile score thresholds of 80%, 90%, and 95%.

Statistical Analysis

Statistical analyses were performed using GraphPad
Prism 6.01 (GraphPad Software, Inc., San Diego, CA,
USA) and the statistical package for the social sciences
(SPSS, version 21). All categories of data were evaluated
for normality distribution by Shapiro—Wilk test. Student’s
t test and Mann—Whitney U test were used for paramet-
ric and non-parametric continuous variable, respectively.
The expression levels of selected genes based on disease
durations (RRMS and SPMS) were compared by one-way
ANOVA, Tukey’s multiple comparison test. Correlations
analyses were performed based on normality distribution
by Pearson’s or Spearman’s correlation coefficient. Con-
trols and patients were matched for the purpose of gender
by 4 test. Eventually, the specificity and sensitivity of the
expression of target genes as a biomarker were examined
by the Receiver Operating Characteristic (ROC) curve. A
p value <0.05 was considered significant.

Table 1 The primer sequences
and PCR product size of target
genes

Gene name (ID)

Primer sequence

Ampli-
con size

(bp)

TOBI (10140)

TOBI-AS1 (400604)

SKP2 (6502)

TSG (57045)

GAPDH (2597)

Forward:

5" TGGATGTGAGTTGGATAAGGAGATC-3'
Reverse:
5'-GGTAGAGCCGAACTTGGTGG-3'

Forward:
5'-GCTTTTGGCTTTGTGGACGC-3’
Reverse:
5'-CCCTTCTCCTACGCATTGAGC-3'

Forward:
5'-CTTAGCGGCTACAGAAAGAATCTC-3'
Reverse:
5'-ACTGAGTGATAGGTGTTGGAGG-3’

Forward:
5'-GGTAGGGAAACATTAGGGTCTCC-3'
Reverse:
5'-AACACACACACAAACATCACTCC-3'
Forward:
5'-CCATGAGAAGTATGACAAC-3'

Reverse:
5'-GAGTCCTTCCACGATACC-3’

211 bp

129 bp

162 bp

228 bp

115 bp
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Results
Clinical Characteristics of Patients

The mean age of disease onset was 30.1 +9 years and the
mean of disease duration was 6.8 + 6 years. Seventeen of
RRMS patients and all of the SPMS patients were not treated
by any immunomodulatory agents or glucocorticoids for at
least 3 months in the time of sampling. Moreover, fourteen
RRMS patients were being treated with CinnoVex (Cinna-
Gen, Iran), an INF-B-based drug at doses of 30 pg once a
week, in the research time. The clinical and demography
characteristics of all MS patients and HCs are displayed in
Table 2.

Upregulation of TOB1, TSG, and SKP2 Genes
in PBMCs of MS Patients

The evaluation of target genes expression according to
t-test revealed a significant increase of TOBI (p =0.0267,
1.6-fold), SKP2 (p =0.0054, twofold), and 7SG (p=0.0108,
2.4-fold) in patients versus control individuals, although
there was no significant difference in TOBI-AS1 expression
in participants (p =0.6725) (Fig. 1).

Different Expression of TSG and SKP2 Among
Subgroups of MS
One-way ANOVA test revealed a significant difference

of TSG expression just in controls versus RRMS patients
(p=0.0155, Fig. 2a). Moreover, SKP2 expression levels

Table 2 Demographic characteristic of patients and controls

Variables MS patients Controls
Total number 39 32
Female 24 18
Male 15 14
Age (year, mean + SD)
Age of onset 30.1+9 -
Age at time of analysis 363+11 349+11
Disease duration 6.8+6 -
Disease course
RR MS (14 cases treated) 32 -
SP MS (all cases untreated) 7 -
EDSS
0to<3 24 -
3to<6 6 -
>6 7 -
Mean 2.83 -

demonstrated differences between our RRMS patients and
healthy controls (p =0.0218, Fig. 2b).

The Putative Effect of INF-B on the TOB1 Gene
Expression

The assessments of the INF-B impact on the target genes
expression showed clear differences in some groups. There
were obvious differences between TOBI expression in
treated patients and untreated patients (p =0.0324, Fig. 3a)
and male treated patients versus male controls (p =0.0033,
Fig. 3b) according to Mann—Whitney U test.

Upregulation of SKP2, TSG, and TOB1 Genes in Male
MS Patients

Using Mann—Whitney U test, we noticed a remarkable
increase of SKP2 (p=0.0247, Fig. 4a) and TSG (p=0.0275,
Fig. 4b) expression in male versus female in the controls,
but interestingly, there was no significant difference in the
expression of TOBI (p=0.0708, Fig. 4c) and TOBI-AS1
(p=0.4816, Fig. 4d) in male controls versus female con-
trols. In the following, statistical analysis revealed increased
expression of SKP2 (p=0.0019, Fig. 4e), TSG (p=0.0079,
Fig. 4f), and TOB1 (p=0.0147, Fig. 4g), in male patients in
comparison with male controls but not in TOBI-AS1 expres-
sion (p=0.6597, Fig. 4h). However, there was no significant
difference in their expression between female patients and
female controls (data not shown).

In Silico Analysis of Putative Sex Hormone Receptors
Binding Sites on the Genes

The potential promoter regions of TOBI, TOBI-ASI,
SKP2, and TSG were obtained from the Eukaryotic Pro-
moter Database (EPD) (epd.vital-it.ch). Two sequences of
GGA/TACANNNTGTTCT and GGTCAnnnTGACC were
selected as androgen and estrogen receptor binding sites’
consensus sequences based on the Jasper algorithm (Driscoll
et al. 1998; Roche et al. 1992), respectively. The numbers of
potential binding sites for estrogen and androgen receptors in
the promoters of selected genes are shown in Table 3. How-
ever, the number of androgen receptor hormone binding sites
was lower than estrogen receptor binding site on examined
genes; they were observed in each of the four target genes.

Co-expression Analysis

The correlations between the expression profiles of the
selected genes together and with demographic features were
analyzed. Spearman’s analysis revealed a significant corre-
lation between TOBI1-AS1 expression profile with TOBI in
patients (p < 0.0001, r=0.61), but not in the controls (Fig. 5a).
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Moreover, TOBI-ASI expression correlated with SKP2 and not shown). Also, TOBI-AS1 expression had reverse correla-
TSG expression in both patients and controls (Fig. 5b, ¢,  tion with expanded disability status scale (EDSS) (p=0.0348,
respectively). Besides, we found a significant correlation  r=-0.348) (Fig. 6).

between TOB1 expression and TSG expression just in con-

trols (p=0.0297, r=0.3847), but not in patients (Fig. 5d). In

addition, we found a significant correlation just between 7SG

expression in patients with the age of onset (p=0.006, r=0.42)

and the age at the time of analysis (p =0.004, r=0.44) (Data
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Fig.4 The comparison of the expression of target genes in strati-
fication for gender. The expression level of SKP2 (a) and TSG (b)
were different between male controls and female controls. In addi-
tion, there was significant difference between male controls and male

Table 3 The number of ESR2 and AR binding site on the promoter
region of TOBI, TOB1-AS1, SKP2, and TSG

Gene Chromosomal ~ ESR2 binding site AR binding
location number site number

TOBI1 17q21.33 12 1

TOBI-AS1 17q21.33 14 4

SKP2 5pl13.2 1 5

TSG 18p11.22 18 2

The promoter region of TOBI, TOBI-AS1, SKP2, and TSG genes
were screened for the potential number of estrogen (ESR2) and
androgen receptor (AR) hormones binding sites. The relative profile
score 80-90% of thresholds was chosen for analysis

patients for the expression of SKP2 (e), TSG (f), and TOB1 (g). How-
ever, there were no differences in TOB1 expression between male and
female controls (¢) and in the case of TOB1-ASI expression (d and h)

SKP2 and TSG as a Probable Biomarker to Clinical
Diagnosis of MS

Finally, we analyzed the sensitivity and specificity of
SKP2 and TSG as a probable biomarker to clinical diag-
nosis of MS by performing the ROC curve analysis and
calculating the area under the curve (AUC) values. SKP2
and TSG had AUC value of 0.69 (95% CI 0.57 to 0.80,
p=0.006) and 0.67 (95% CI 0.55 to 0.78, p=0.013),
respectively. A value above 0.5 for AUC is considered
to have reasonable discriminating ability to diagnose
patients with or without the disease (Mandrekar 2010).
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Fig.5 Correlation analysis between genes expression in controls and
patients. The expression level of TOBI-ASI correlated with TOBI
expression level in patients, but there was not any significant correla-
tion between these genes in controls (a). In addition, there was signif-
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Fig.6 A significant negative correlation between TOB1-ASI expres-
sion and EDSS of MS patients was observed

The optimal cut-off values for SKP2 and TSG expression
to discriminate HCs and MS patients were 9.08 (sensi-
tivity: 61% and specificity: 75%) and 8.32 (sensitivity:
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icant correlation in both patients and controls between TOBI-ASI and
both SKP2 expression (b) and 7SG expression (c). Moreover, there
was a remarkable correlation between TOBI and 7SG expression just
in controls (d)

51.2% and specificity: 84.4%), respectively (data not
shown).

Discussion

Several lines of evidence have proven that MS complications
can be connected with defect in self-tolerance homeostasis
(Gonsette 2012). However, the question, as how immune
cells abnormally activate against myelin sheath, remains
unanswered yet. In this work, we highlighted the interac-
tion of an IncRNA, TOBI-AS1, and some putative associated
coding genes with immune-tolerance regulatory role, TOB1,
SKP2, and TSG, in MS pathogenesis.

Obtained results demonstrated the upregulation of TOB1
in PBMCs of MS patients in comparison with HCs. Such
result in this study did not show a likely role for TOBI in
the pathogenesis of MS, as Basdeo et al. did not find signifi-
cant difference in TOB1 expression in CD4 + T cells of CIS,
RRMS, and controls (Basdeo et al. 2016). In addition, our
results did not show any correlation between EDSS score of
patients and TOBI expression. However, the previous stud-
ies revealed that TOBI expression decreased during disease
progression (Corvol et al. 2008) and Zastepa et al. study
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showed that probably TOB1 expression decreases from CIS
to SPMS (Zastepa et al. 2014). Therefore, further experi-
ment is needed to determine the exact roles of this gene in
MS disease.

Previous observations revealed that 7SG expression is
sharply upregulated after T cell activation and leads to inhi-
bition of cytokine production of activated T cells (Tzacha-
nis and Boussiotis 2009). In addition, modulating of TSG
signaling has been proposed to control autoimmune disease
(Tzachanis et al. 2007). However, its role in autoimmune
pathogenesis including MS disease has not been discovered
yet. In the current study, upregulation of 7SG in MS patients
might be a reaction of immune system against aberrant acti-
vation of immune cells. However, the expression of TOBI
had positive correlation with 7SG just in controls. Appar-
ently, TOBI regulated TSG expression in a positive way, but
in MS condition this regulatory system does not work com-
pletely efficiently. This result is in contrast with an in vitro
study revealing TOBI negatively regulates 7SG expression
(Tzachanis et al. 2007). This discrepancy can be because
of environment-dependent regulation of gene expression
(Martins et al. 2017) which needs to be clarified in further
studies. Moreover, there were direct correlations between
TSG expression in patients and age at the time of analysis as
well as age of disease onset. Perhaps as the age increases, the
TSG expression increases; thus it can confirm the hypothesis
that severity of MS, when disease starts in higher ages, is
more than that of the patients with early age at disease onsets
(Cierny et al. 2017). So apparently, upregulation of 7SG
expression in order to prevent aberrant-activated immune
responses occurs imperfectly in MS patients.

In the case of SKP2, however, an ex vivo investiga-
tion on type 1 diabetogenic T cells revealed that changes
in expression level of SKP2 can provide a way to improve
cell-based immunotherapy in autoimmune responses (Wang
et al. 2012). Significantly, upregulation of SKP2 in our study
provided evidence to considerate SKP2 as a trigger for auto-
immune disorders including MS disease. Also, this outcome
can confirm the important role of the ubiquitin—proteasome
system in MS pathogenesis (Chen et al. 2019; Minagar et al.
2012).

TOBI-ASI IncRNA can inhibit cell proliferation (Yao
et al. 2018). In this study, TOBI-AS1 expression did not
reveal a significant difference between patients and HCs.
Hence, it can be considered that expression level of this
IncRNA does not change in MS patients. However, accord-
ing to our co-expression analysis, the exact answer can only
be provided by assessment of its expression level in a large
cohort of patients. As a matter of fact, high inter-individual
expression variability of IncRNAs may lead to reduced rep-
resentation of variably expressed IncRNAs in limited num-
ber sample size (Kornienko et al. 2016). In line with this fact
that IncRNAs regulates the expression of neighbor genes

and plays an important role in immune cell function (Atian-
and and Fitzgerald 2014), we found a significant correlation
between TOB1-AS1 and TOBI expressions in patients but
not in controls. Since differential correlation analysis can
identify specific molecular signatures that underlie diverse
biological processes, for example, in disease pathogenesis
or prognosis (Singh et al. 2018), this observed correlation
implies the presence of a probable regulatory mechanism
between TOBI-AS1 and TOBI expressions in MS patients.
In this sense, this correlation may be involved in MS patho-
genesis. Interestingly, a powerful correlation was found
between TOBI1-AS1 and both SKP2 and TSG expression.
It seems that these correlations are indirect. According to
co-expression analysis, when TOBI expression increases,
probably in association with TOBI-AS1, the SKP2 expres-
sion increases to balance TOBI1 level, and TOB] regulates
TSG expression as already mentioned. In addition, TOBI-
AS1 expression correlated negatively with EDSS of patients,
which shows the possible role of TOBI-AS1 in MS devel-
opment. Accordingly, these results warrant further explo-
ration in a well-designed functional study to demonstrate
the underlying network of TOB1-AS! function and related
molecules in MS pathogenesis.

Further analysis showed different expression of SKP2
and TSG in subtypes of MS and HCs. Since MS subtypes
show different expression profiles in PBMCs (Ratzer et al.
2013), our data suggest a probable role of SKP2 and TSG
expression in these different profiles. Different expression
of TSG and SKP2 just in RRMS can support the proposal
that neurodegenerative process in progressive MS is inde-
pendent from the inflammatory responses which predomi-
nate in RRMS (Correale et al. 2016). In categories based on
therapy, INF-B seemingly influences TOBI expression in
positive way through increasing its expression in the INF-
B-treated patients. It can be deduced that one of the mecha-
nisms of INF-B for enhancing immune system homeostasis
(de Andrés et al. 2007; Korporal et al. 2008), might be a
modification of TOBI expression.

According to significant differences in immune function
between males and females and sex-specific expression pat-
tern of MS (Ullah et al. 2019), we evaluated the possible
differences of expression of target genes between males and
females in both control and patient groups. SKP2 and TSG
expression rose in female controls versus male controls and
in male patients versus male HCs. In the follow-up evalu-
ations, according to the evidence of sex hormone effects
on immune tolerance and MS pathogenesis (Ysrraelit and
Correale 2019), our in silico analysis suggested the existence
of some putative estrogen and testosterone receptor bind-
ing sites on the promoter of examined genes. Therefore, we
hypothesize that one of the beneficial effects of testosterone
and estrogen treatment to reduce the percentage of circulat-
ing CD4 + cells (Greer and McCombe 2011) may be resulted
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from SKP2 and TSG expression regulation. Furthermore, the
upregulation of SKP2 in males can be a reason for severity
of MS in males (Whitacre et al. 1999). Of course, these pre-
dictions of estrogen and testosterone receptor binding sites
need to be confirmed through more precise bioinformatics
analysis and molecular experiments. Finally, the area under
the ROC curve suggested that expression of SKP2 and TSG
in the PBMCs may have a moderate predictive power in
order to diagnose MS alongside with other biomarkers such
as IL-2, TNF-a, IL-1B, and IL-4 (Preedy and Patel 2015).

Conclusion

In conclusion, our findings propose a link between a novel
IncRNA and some coding genes, TOB1, TSG, and SKP?2 that
play significant roles in the maintaining immune tolerance.
Besides, TOBI-ASI expression may decrease during MS
progression. This study demonstrates robust dysregulation
of these genes in MS patients compared to controls. Such
dysregulation in maintaining immune tolerance may act as
putative agents to MS pathogenesis and response to inter-
feron treatment. As our results depicted, INF-B can possibly
modify TOBI expression in treated patients. However, our
study has a limitation regarding small sample size. The logic
of this research might then be applied to set up further stud-
ies with the purpose of finding the functional mechanism of
TOBI-ASI and its related gene network in the pathogenesis
of MS and response to therapy.
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