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Article history: Th17 cells are a lineage of CD4™ T helper cells in immune system which differentiate from naive CD4™ T cells and
Received 13 November 2014 have demonstrated to play a critical role in the pathogenesis of different autoimmune disorders. miRNAs are a
Received in revised form 18 June 2015 novel group of non-coding RNAs which participate in post-transcriptional regulation of gene expression mostly

Accepted 21 August 2015

Available online 22 August 2015 by pairing with 3’UTR of their mRNA targets and inhibition of its translation. It has been demonstrated that

miRNAs function in various cellular processes such as differentiation, proliferation, and apoptosis. By now, several
signaling pathways and their downstream positive and negative regulators involve in Th17 differentiation have

ﬁi{ﬂﬁihne disease been discovered. Several studies have reported the aberrant miRNA expression profile in patients with autoim-
CD4™ T cells mune disease called autoimmune-deregulated miRNAs. Here, using integrative miRwalk database which assem-
Differentiation bles the data gathered from ten different bioinformatics databases designed to predict miRNA-target interaction,
miRNA we analyzed possible targeting effect of “autoimmune-deregulated miRNAs” on prominent positive and negative
Th17 cells regulators of Th17 differentiation. Our resulting mRNA-miRNA network simply nominated several miRNAs with

strong possibility which probably may have inducing (miR-27b, miR-27a, miR-30c, miR-1, and miR-141) or in-
hibitory (miR-20b, miR-93, miR-20a, miR-152, miR-21, and miR-106a) role in Th17 differentiation by targeting
negative or positive regulators of Th17 differentiation, respectively.
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1. Introduction

Autoimmune disorders refer to a group of diseases arising due to ab-
errant immune responses against self-antigens. Like immune responses
against foreign antigens, autoimmune responses recruit the same major
components of immune system including innate (i.e. macrophage,
neutrophils, monocytes) and adaptive immune cells (such as B cells
and CD4%/CD8" T cells). These responses against self-antigens
could involve either the whole body or a specific organ resulting in
systemic or organ-specific autoimmunity, respectively (Cotsapas
and Hafler, 2013; Vyse and Todd, 1996).

T helper 17 (Th17) lineage is a well-known CD4" T cell lineage
which is characterized by secreting inflammatory cytokines such as
IL-17A, IL-17F, IL-22, and IL-21 and also expressing lineage-specific
transcription factor, RORC. On the other hand, induced-regulatory T
(iTreg) lineage is an anti-inflammatory CD4* T cell lineage which differ-
entiates from the same naive CD4™ T cells. This lineage participates in
regulation of immune responses through suppressing differentiation
and function of other effector CD4™ T cells such as Th17 cells. In addi-
tion, iTreg cells play a central role in induction of self-antigen tolerance.
ITreg cells are characterized by the expression of master transcription
factor, FOXP3 and secretion of anti-inflammatory cytokines including
IL-10 and TGF-p (Chen et al., 2003; Davidson et al., 2007; Burchill
et al,, 2008; Yao et al., 2007).

Recently, increasing number of studies have revealed a pathogen-
ic role of Th17 lineage in development or progression of different
organ-specific autoimmune diseases including, multiple sclerosis

ILB, IL21, IL23

(MS), rheumatoid artists (RA), psoriasis, systemic lupus erythematosus
(SLE), inflammatory bowel disease (IBD), allergy and asthma (Waite
and Skokos, 2011). Accordingly, numerous studies have been carried
out to shed light on the precise molecular mechanisms and signaling
pathways involved in induction of pathogenic Th17 differentiation
and to find the best therapeutic targets for the suppression of its differ-
entiation. Furthermore, it is beneficial to find therapeutic targets that
induce iTreg differentiation, while suppressing pathogenic Th17 differ-
entiation, since it has been observed that iTreg cells population
decreases during pathogenesis of above-mentioned autoimmune dis-
eases (Afzali et al., 2007). Nevertheless, the first step to get to this
goal is to attain a precise and comprehensive knowledge of signaling
pathways and molecular mechanisms to determine the fate of differen-
tiation to Th17 and/or iTreg lineages.

MicroRNAs are a class of endogenous small (18-22 nucleotide) non-
coding RNA which play a crucial role in regulation of various cellular
processes such as cell cycle, mitosis, apoptosis, differentiation and so
forth (Bartel, 2004). Hence, up/down-regulation of miRNA expression
could result in numerous abnormalities and dysfunction of cellular ac-
tivities (Bartel, 2004; Garzon et al., 2010). Until now, several studies
have reported miRNAs up/down-regulation during pathogenesis of dif-
ferent autoimmune diseases. Interestingly, a number of these miRNAs
have been accounted for differentiation and pathogenesis of Th17
cells. Although, in recent years many studies have been carried out to
decipher the molecular mechanism of Th17 differentiation, little is
known about the precise role of miRNAs in differentiation of Th17
cells. Few studies have investigated the possible role of miRNAs in
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Fig. 1. Non-metabolic signaling pathways of naive CD4 + T cells differentiation to Th17 lineage namely, TCR signaling pathway, retinoic acid receptor signaling pathway, cytokine signaling

pathway, and AHR receptor signaling pathway.
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Fig. 2. Metabolic pathway of Th17 differentiation. This pathway is associated with glucose metabolism in the cells and it involves Hif1-oc and AKT/PI3K/mTORC1 pathway.

differentiation and pathogenesis of Th17 cells so far. These studies have
shown that miR-326 (Du et al., 2009), miR-301a (Mycko et al., 2012)
and miR-20b (Zhu et al., 2014) play an inductive role in differentiation
and pathogenesis of Th17 cells. Since, each miRNA is capable of regulat-
ing numerous mRNA targets (Selbach et al., 2008), a vast analysis of
miRNA-mRNA interactions should be performed experimentally to val-
idate such targets. These analyses are both troublesome and laborious. It
seems that an integrative computational mRNA-miRNA interaction
analysis is capable to predict most putative target genes and nominate
most reliable miRNAs involved in Th17 differentiation. To date, several
databases for prediction of mRNA-miRNA interactions have been al-
ready established based on different algorithms (Lewis et al., 2003;
Maziere and Enright, 2007). Not surprisingly, the output of such data-
bases are remarkably dissimilar (Xiao et al., 2009; Dweep et al,, 2011).
One reliable solution to this problem is to combine all of expression pro-
files of miRNAs with an integrative computational analysis. Recently,
several integrative prediction databases have been established (Xiao
et al., 2009; Dweep et al., 2011). MiRwalk is one of these databases
that has its own prediction algorithm besides of accessing to the out-
comes of other prediction algorithms as well (Dweep et al., 2011).

We performed an in-silico study to make an integrative computa-
tional mRNA-miRNA interaction analyses on the literature-derived
autoimmune-deregulated miRNAs and mRNAs of Th17 differentiation
regulators. Our goal was to find and nominate novel miRNAs with
positive or negative regulatory role in Th17 differentiation.

2. Methods
2.1. Literature mining

In order to perform data mining, a manually shaped approach was
used in which several key words related to microRNA expression, auto-
immune diseases and T helper 17 were combined with a validated
methodological filter, as previously described (Vosa et al., 2013). Sys-
tematic literature mining was carried out for English papers which
were published until August 2014 including PubMed, Web of science,
Science direct and MEDLINE databases. We also incorporated the

reference lists of relevant articles and reviews into our searching strate-
gy. However, unpublished results, on-going studies and conference
abstracts were not included in our systematic review.

Table 1
List of well-known positive and negative regulators of Th17 differentiation.

Positive regulators of Th17
differentiation

Negative regulators of Th17
differentiation

IL17A [FN-y
IL17F L4
123 IL12
IL23R IL12R
IL6R STAT5a
IL6 STAT5b
IL21 FOXP3
1L22 ETS1
IL21R PPARY
CCR6 PIAS3
IL1R GFI1
CD161 TCF1
RORC NR2F6
STAT3 T-bet
IRF4 GATA3
Batf STAT1
AHR STAT4
Runx1 STAT6
IKK-o BCL6
NFKBIZ SMAD3
RelB SMAD4
c-maf SMAD2
ROR-a RUNX3
Hifla SOCS3
RBX1 RXR
Cull RAR
SKP1 TSC1
SMAD6 TSC2
SMAD7 FOXO1
Smurf1 FOXO03
Rheb

mTOR

Raptor

MLST8
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2.2. Eligibility criteria

Regarding miRNA profile studies in autoimmune diseases, following
criteria were considered: a] Studies with emphasis on expression profile
of miRNAs in organ specific autoimmune diseases at which pathogenic
role of Th17 lineage had been observed (including MS, IBD, SLE, Psoria-
sis, Diabetes and RA). b] Studies on body derived specimen (whole
blood, PBMCs, lymphocyte, brain plaque and so forth) in which Th17
cells were detected. No restriction was considered regarding the journal
type or patients nationality. Furthermore, data were extracted according
to operator's experience upon complete evaluation of full-text contents.

2.3. miRNA-mRNA interaction analyses

All miRNA-mRNA prediction analyses were conducted by miRwalk da-
tabase which is an integrative mRNA-miRNA prediction database (http://
www.umm.uni-heidelberg.de/apps/zmf/mirwalk/) (Dweep et al., 2011).
In addition, in order to search for validated interactions by previous
studies, we recruited miRtarbase (http://mirtarbase.mbc.nctu.edu.tw/)
database which provides experimentally validated mRNA-miRNA inter-
actions from all previously performed studies (Hsu et al., 2011). The
final results were visualized in Cytoscape version 3.

3. Results
3.1. Positive and negative regulators of Th17 differentiation

Hitherto, several studies have been conducted to investigate and es-
tablish signaling pathways involved in Th17 differentiation. Therefore,

the most of positive and negative regulators of differentiation to Th17
cells have been characterized so far. Signaling pathways of Th17 differ-
entiation are divided into two main metabolic and non-metabolic path-
ways. Non-metabolic pathways include: 1) T-cell receptor (TCR)
signaling pathway 2) Retinoic acid receptor (RAR) signaling pathway
3) cytokine signaling pathways and 4) Aryl hydrocarbon receptor
signaling pathway (Fig. 1). Metabolic pathways comprise hypoxia-
inducible factor1-o (Hif1-a) and AKT/PI3K/mTORC1 pathways (Zhu
and Qian, 2012; Bi and Yang, 2012; Sundrud and Koralov, 2011; Hirota
et al.,, 2012; Maddur et al.,, 2012; Gerriets and Rathmell, 2012; Peters
et al,, 2011). Combination of all or most of these signaling routes con-
tributes to the induction of Th17 differentiation (Fig. 2). Our literature
mining, led us to a list of 64 genes which were involved in positive or
negative regulation of Th17 differentiation (Table 1). Noticeably, nega-
tive regulators of Th17 differentiation could be considered as positive
inducers of other T helper lineages, especially iTreg lineage.

3.2. Aberrant miRNA expression in autoimmune diseases

Through a comprehensive literature mining of studies related to
miRNA expression profiling in different autoimmune diseases, a list of
miRNAs which had been reported to be deregulated in autoimmune dis-
eases was prepared (Table 2). Although, in the most cases a consistent
expression was observed for miRNAs in various studies, a number of
miRNAs demonstrated different expression profile which was due to
different methodology for miRNA expression analysis (i.e. real time
PCR, microarray), heterogeneity of the samples (i.e. whole blood,
PBMCs, tissue lesions) and patient's treatment with immune modulato-
ry drugs. However, in order to narrow down the results as far as

Table 2
List of deregulated microRNAs in various autoimmune diseases.
Disease  Methods of miRNA Aberrantly expressed microRNAs Reference
expression profiling Up-regulation Down-regulation

MS MicroArray, qRT-PCR miR-485-3p, miR-376a-3p, miR-27b-3p, miR-184-3p, miR-181c-5p, Let-7 g-5p, (Honardoost et al., 2014; Junker et al.,
miR-1-3p, miR-18b-5p, miR-493-5p, miR-7-1-3p, miR-106a-5p, miR-20a-5p,*[Let-7i-5p, 2009; Otaegui et al., 2009; Keller et al.,
miR-599-3p, miR-95-3p, miR-193-3p, miR-93-5p, miR-150-5p, miR-34a-5p, miR-27a-3p, 2009; Cox et al., 2010; Lorenzi et al.,
miR-148a-3p,miR-497-5p, miR-193a-3p, miR-15a-5p, miR-20b-5p, miR-340-5p, 2012; Haghikia et al., 2012; Fenoglio
miR-200b-3p, miR-486-5p, miR-155-5p, miR-126-3p, miR-17-5p] et al., 2011; De Santis et al., 2010;
miR-326-3p,miR-142-3p, miR-146a-5p, Guerau-de-Arellano et al.,, 2010, 2011)
miR-146b-5p, miR-21-5p, miR-199a-3p,
miR-142-5p, miR-200c-3p, miR-130a-3p,
miR-223-3p, miR-22-3p, miR-320-3p,
miR-214-3p, miR-148a-3p, miR-152-3p,
miR-30a-5p, miR-365-3p, miR-9-5p,
miR-95-3p, miR-186-5p, miR-29b-3p,
miR-29c¢-3p,miR-210-3p, miR-19a-3p,
miR-324-3p, miR-29a-3p, miR-133b-3p,
miR-26a-5p, miR-16-2-3p

SLE MicroArray, qRT-PCR miR-126-3p, miR-21-5p, miR-148a-3p, miR-17-5p, miR-142-5p, (Zhao et al., 2010, 2011; Ding et al.,
miR-7-5p miR-184-3p, miR-95-3p, miR-186-5p, miR-31-5p,  2012; Tang et al., 2009; Pan et al., 2010)

miR-141-3p, miR-197-3p, miR-10a-5p,
*[mir-142-3p]
IBD qRT-PCR miR-150-5p, miR-26a-5p, **[miR-126-3p, miR-34a-5p, miR-155-5p, miR-146a-5p, miR-21-5p, (Fasseu et al., 2010; Wu et al,, 2010,

miR-199a-3p, miR-15a-5p, miR-200c-3p, miR-130a-3p, miR-223-3p, miR-22-3p, miR-320-3p,
miR-214-3p, miR-181c-5p, miR-152-3p, miR-30a-5p, miR-20b-5p, miR-9-5p, let-7 g-5p,
miR-106a-5p, miR-29b-3p, miR-29c-3p, miR-19a-3p, miR-324-3p, miR-29a-3p, miR-133b-3p,

2011; Iborra et al.,, 2012; Paraskevi
et al,, 2012; Olaru et al,, 2011; Coskun
et al, 2013)

miR-31-5p, miR-125b-5p, miR-30c-5p, miR-215-5p, miR-7-5p, miR-130b-3p, miR-196a-5p]

Psoriasis MicroArray, qRT-PCR, miR-17-5p, miR-142-3p, miR-146a-5p,
immunohistochemistry miR-146b-5p, miR-21-5p, miR-106a-5p,

miR-326-3p, miR-22-3p, miR-365-3p, miR-133b-3p,
miR-125b-5p, miR-197-3p, miR-30c-5p, miR-10a-5p,

(Sonkoly et al., 2007; Holst et al., 2010;
Guet al.,, 2011)

miR-20a-5p, miR-31-5p, miR-200a-3p, = miR-215-5p
miR-141-3p
RA MicroArray, qRT-PCR miR-155-5p, miR-146a-5p, Let-7a-5p (Fulci et al., 2010; Stanczyk et al., 2008;

miR-146b-5p, miR-223-3p,
miR-150-5p, miR-26a-5p

miR-326-3p, miR-27a-3p, miR-27b-3p,
miR-148a-3p, miR-152-3p, miR-30a-5p,
miR-210-3p, miR-29a-3p, miR-26a-5p,
miR-200a-3p

Diabetes Solexa sequencing,
qRT-PCR

miR-21-5p, miR-93-5p

Pauley et al., 2008; Xu et al.,, 2014)

(Zampetaki et al., 2010; Guay and
Regazzi, 2013)

*microRNAs showed contradicted expression pattern in different studies. In some studies they showed over expression, while in the other studies showed decrease in their expression.
**miRNAs which their deregulation were reported without additional explanation for up or down-regulation.
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possible, those miRNAs which were reported in at least two studies
were selected. Finally, 64 deregulated miRNAs were selected and subse-
quently used in our in-silico mRNA-miRNA interaction analysis.

3.3. Prediction of mRNA-miRNA interaction of autoimmune-deregulated
miRNAs and Th17 differentiation regulators

Considering Th17 lineage as a common pathogenic CD4™ T cell line-
age in various autoimmune diseases, we proposed a nominated miRNA
could participate in Th17 differentiation with the following criteria:
a) deregulated expression during pathogenesis of autoimmune diseases
and b) targeting of the positive or negative regulators of Th17 lineage.
Accordingly, deregulated miRNAs of autoimmune diseases were consi-
dered to have a positive or negative role in Th17 differentiation. To
examine such possibility, integrative in-silico mRNA-miRNA prediction
analysis was performed on autoimmune-deregulated miRNAs and well-
known regulators of Th17 lineage. To accomplish this analysis, two
comprehensive lists of Th17 regulators and autoimmune-deregulated
miRNAs were provided (Tables 1 and 2). miRWalk database was
utilized for in-silico miRNA-mRNA prediction analyses (Dweep

et al,, 2011). miRWalk database represents miRNA-mRNA prediction
results of 10 different databases with a score of 1 or 0 for each database
which predicted the interaction or not, respectively. Thus, an overall
prediction score of 10 demonstrates a strong predicted interaction by
all databases (Dweep et al,, 2011).

We analyzed 4096 interactions (64 miRNA x 64 regulators) of which
1839 interactions were not predicted by any database (prediction score
(PS) = 0); however, 613 interactions were predicted by one database
(PS = 1), 564 interactions by two databases (PS = 2), 225 interactions
by three databases (PS = 3), 267 interactions by four databases (PS =
4), 387 interactions by five databases (PS = 5), 143 interactions by six
databases (PS = 6), 34 interactions by seven databases (PS = 7), 19
interactions by eight databases (PS = 8) and finally 5 interactions
acquired prediction score of 9 (PS = 9) (Supplementary Fig. 1). At
the first step, to select the strongest candidates, interactions with
PS < 5 were ignored. The rest of interactions were subjected into the
Cytoscape_v3.0.1 software to visualize miRNA-mRNA network of
autoimmune-deregulated miRNA and positive/negative regulators of
Th17 differentiation (Fig. 3). In the next step, to narrow down the stron-
gest candidates, interactions with PS < 6 were removed from the

Fig. 3. miRNA-mRNA network considering all interactions with PS of 5 and higher. Autoimmune-deregulated miRNAs are arranged in a circle shape. Positive and negative regulators of
Th17 differentiation are placed on the right and left inside the circle, respectively. Inhibitory interactions (i.e. interaction between miRNAs and positive regulator of Th17) are represented
with green edges, whereas red edges stand for inducing interactions (that is interactions between miRNAs and negative regulators of Th17). Gradient color of green or red edges show

strength of each interaction based on its PS.



Table 3

Inducing or suppressing candidate miRNAs based on their interaction with regulators of Th17 differentiation.

Category Rank Th17 inducing

Target genes

Expression deregulation in

Th17 suppressing

Target genes

Expression deregulation in

miRNAs X . autoimmune disease miRNAs X . autoimmune disease
Negative regulators Positive regulators Negative regulators Positive regulators
(PS) (PS) (PS) (PS)
Strong 1 miR-27b FOXO01(8), NR2F6(7), IRF4(6), RunX1(6) - MS (peripheral blood) = down miR-20b IL12RB2(6), FOX01(6)  Hif1a(8), SMAD7(8), - MS (inactive plaque) = up
GATA3(7), TSC1(7), - Diabetes (serum) = up STAT3(7), SMAD6(7), - MS(whole blood) = down
Stat5a(6), RXRA(6), RUNX1(6), IKK-a(6), - IBD (biopsies) = deregulated
PPARG(6) RORC(6)
2 miR-27a NR2F6(7), GATA3(7), IRF4(6), RunX1(6) - MS (active plaque) = up miR-93 SMAD2(7),IL12RB (6)  STAT3(8), SMAD7(8), - MS (whole blood) = down
TSC1(7), FOX01(7), - MS (peripheral blood) = down Hif1a(7), SMAD6(7), - MS (Treg) = up
Stat5a(6), RXRA(6) - Diabetes (serum) = up RORC(6), RUNX1(6) - Diabetes (PBMCs) = down
3 miR-30c Socs3(8), RARB (8), IRF4(6) - Psoriasis (skin lesions) = down miR-20a RARB(7), IL12RB2(6), Hif1a(9), SMAD7(8), - MS (treg cells) = down
FOX03(7), BCL6(6), - IBD (biopsies) = deregulated BCL6(6), STAT3(7), SMAD6(7), - Psoriasis (skin lesions) = up
RARC(6), TSC1(6), RUNX1(6)
4 miR-1 RARB(8), ETS1(7), - MS (CD4™ T cell) = up miR-152 ETS1(6) IKK-a(7), SKP1(8), - MS (inactive plaques) = up
PIAS3(6) MLST8(6), - Diabetes (serum) = up
- IBD (biopsies) = deregulated
5 miR-141 Stat4(7), RARB(7), Rheb (6) - Psoriasis (skin lesions) = up miR-21 IL12A(6) STAT3(7), SMAD7(8), - MS (active plaque) = up
Stat5a(6), Stat5b(6), - Lupus (PBMCs) = down - MS (PBMCs) = up
Thet(6), GATA3(6), - Psoriasis (skin lesions) = up
TSC1(6) - Lupus (CD4 T cell) = up
- Lupus (PBMCs) = up
- Diabetes (PBMCs) = down
- IBD (biopsies) = deregulated
6 miR-106a IL12RB(6), TSC1(6) SMAD7(8), STAT3(7), - MS (whole blood) = down
Hif1a(6) - Psoriasis (skin lesions) = up
- IBS (biopsies) = deregulated
Moderate 1 miR-223 FOXO03(7), Stat1(6), - MS (active plaque) = up miR-376 NFKBIZ(7), IKK-a(6) - MS (CD4 T cell) = up
FOX01(6) - MS (whole blood) = up
— MS (Treg cell) = up
- Psoriasis (skin lesion) = down
- IBD (biopsies) = deregulated
2 miR-142-3p FOX01(7), TSC1(6) - MS (active plaque) = up miR-497 TSC1(7) SMAD7(7), IKK-a(6) - MS (CD4+ Tcell) = up
- MS (whole blood) = up - MS (Inactive plaque) = up
- Psoriasis (skin lesion) = up)
- Lupus (PBMC) = down
3 miR-29a/b/c RARB(8), IFNg(6), AHR(6) miR-29a: miR-214 TCF1(6), Stat6(6) RBX1(8), IL1R(6), - MS(active plaque) = up

IL12B(6)

- MS (Treg cell) = up

- Diabetes (serum) = up

- IBD (biopsies) = deregulated)
miR-29b:

- MS (CD4™ T cell) = up

- Diabetes (serum) = up

mTOR(6), MLSTS(6),

- MS (inactive plaque) = up
- IBD (biopsies) = deregulated

8S1
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1

10

11
12

Let-7i
miR-19a

miR-15a

miR-9

miR-155

miR-150

miR-10a
miR-200a

miR-181c¢

miR-200c

miR-199a
miR-196a

miR-26a

miR-200b
miR-324-3p

TSC1(7)

Socs3(8), Stat5b(6),
Runx3(6),

RARB(7), SMAD3(6),
TSC1(6),

PIAS3(6), Stat4(6),
BCL6(6), RXRA(6),
TSC1(6), FOXO1(6),

ETS1(6), RXRA(6),
FOX03(6)

Stat5b(6), GATA3(6),

Stat4(6)

GATA3(6), BCL6(6),
TSC1(6)

Tbet(6), GATA3(6),
RARB(6)

ETS1(6), PIAS3(6),
BCL6(6)

ETS1(6), SMAD2(6),

PIAS3(6), RARB(6)
RARB(6), TSC1(6)

SMAD4 (6)

ETS1(6)
TSC1(6)

RORC(6)

IL1R(6), Hif1a(6)

SMAD?7(9), IL1R (6)

Rheb(6)

SMAD7(9)

NEKBIZ (6)

Hif1a(6)
SMADG(7)

RORC (6)

NFKBIZ(6)
SMAD7(7)

- IBD (biopsies) = deregulated

miR-29c:
- MS (Treg cell) = up

- IBD (biopsies) = deregulated
- MS (whole blood) = down

- MS (Treg) = up
- MS (Treg cell) = up

- IBD (biopsies) = deregulated
- MS (active plaque) = up
- MS (whole blood) = down

- MS (Treg cell) = up

- IBD (biopsies) = deregulated
- MS (inactive plaque) = up
- IBD (biopsies) = deregulated

- MS (active plaque) = up

- RA (PBMCs) = up

- RA (synovium tissue) = up
- RA (IL17 producing T cell) = up
- IBD (biopsies) = deregulated

- RA (PBMCs) = up

- RA (synovium tissue) = up
- RA (IL17 producing T cell) = up

- IBD (biopsies) = up

- Psoriasis (skin lesions) = down
- Lupus (PBMCs) = down

- Psoriasis (skin lesions) = up

- Diabetes (serum) = up

- MS (active plaque) = down

- MS (CSF) = deregulated

- IBD (biopsies) = deregulated

- MS (active plaque) = up

- MS (inactive plaque) = up

- IBD (biopsies) = deregulated
- MS (active plaque) = up

- IBD (biopsies) = deregulated
- Lupus (PBMCs) = down

- IBD (biopsies) = deregulated

- RA (PBMCs) = up

- RA (synovium tissue) = up

- RA (IL17 producing T cell) = up
- Diabetes (serum = up)

- IBD (biopsies = deregulated)

- MS (CD4 T cell) = up

- MS (Treg) = up

- IBD (biopsies) = deregulated

miR-130b

miR-17

miR-142-5p

miR-7

miR-197
miR-340

miR-31

RUNX3(6), TSC1(6)

SMAD2(6)

IL12RB2(6),

SKP1(8), IKK-a(6)

Stat3(6), hif1a(6),
SMAD7(6),

IL17f(6), IL-22(6),

AHR (6),

SKP1(6), mTOR(6)

IL1R(6), IKK-a(6)

1L-22(6), RORC(6),

ILIR(6)

- Lupus (PBMCs) = down
- IBD (biopsies) = deregulated

- MS (CD4 T cell) = up

- MS (peripheral blood) = down
- Psoriasis (skin lesion) = up

- Lupus (PBMCs) = down

- MS (active plaque) = up

- Lupus (PBMCs) = down

- Lupus (PBMCs) = up
- IBD (biopsies) = deregulated

- Psoriasis (skin lesion) = down
- Lupus (PBMCs) = down

- MS (active plaque) = down

- MS (memory CD4 T cell) = up
- Psoriasis (skin lesion) = up

- Lupus (PBMCs) = down

- Lupus (CD4 T cell) = down

- IBD (biopsies) = deregulated
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network (Supplementary Fig. 2). Finally, selected miRNAs were catego-
rized into three groups of strong, moderate and weak candidates ac-
cording to the following criteria with priority order of: a) the number
of strong interactions with target genes. b) the number of inconsistent
interactions with the predicted role of miRNAs and c) the PS of each in-
teraction. However, the deregulated expression direction of miRNAs in
autoimmune disease was not included for this ranking due to the het-
erogeneity of the included studies. This approach led us to identify
high potential miRNAs involved in differentiation of Th17 cells. Final
list of these candidates and their putative targets and deregulated
expression direction of these miRNAs in autoimmune diseases is repre-
sented (Table 3).

4. Discussion

In the current study, mRNAs-miRNAs interaction analysis on
autoimmune-deregulated miRNAs and well-known regulators of Th17
differentiation was implemented to explore novel targets of miRNAs
which might play a vital role in Th17 differentiation. Therefore a
network of mRNAs-miRNAs was diagrammed. Based on this network,
several miRNAs were nominated with strong possibility to induce
(miR-27b, miR-27a, miR-30c, miR-1, and miR-141) or inhibit (miR-
20b, miR-93, miR-20a, miR-152, miR-21, and miR-106a) Th17 differen-
tiation through interaction with the negative or positive regulators of
this pathway, respectively. In this approach, several miRNAs were
predicted to be involved which were positioned as moderate or weak
effectors (Table 3).

Among our strongly nominated miRNAs, miR-20b, was ranked at
first location in our list. The suppressing role of miR-20b in Th17 differ-
entiation has been recently validated experimentally by Zhu and
colleagues (Zhu et al., 2014). They have represented that miR-20b
is able to ameliorate pathogenesis of experimental autoimmune en-
cephalomyelitis by targeting RoRyt and STAT3 genes (Zhu et al., 2014).
Interestingly, these validated targets were also predicted by our
mRNA-miRNA network with PS of 6 and 7, respectively. Furthermore,
our network predicts other possible aspects of suppressing function of
miR-20b in Th17 differentiation which might be through targeting of
Hifla (PS = 8), SMAD7 (PS = 7), SMADG (PS = 7) or TGF-{ signaling
pathways. In addition, recently we reported up-regulation of miR-26a
in RR-MS patients during relapsing phase in comparison with remitting
phase and healthy subjects (Honardoost et al., 2014). We also investi-
gated the possible role of miR-141 and miR-200a in differentiation of
Th17 cells and showed their inducing role in differentiation of Th17
cells (Naghavian et al., 2015), which is consistent with predicted inducing
role for these miRNAs in our current mRNA-miRNA network. Consistent-
ly, according to the results of miRtar database, several interactions which
were predicted in our network with PS > 7 had been previously validated
in other cells and tissues other than Th17 cells (data not shown). Interest-
ingly, deregulated expression levels of some nominated inducing
(miR-1, miR-29a/b/c, miR-19a, miR-150, miR-155, miR-200a, miR-1993,
miR-26a) or suppressing miRNAs (miR-197, miR-130b, miR-20a/b,
miR93) were completely compatible with their predicted role in Th17
differentiation. All of these observations confirm the fidelity and accuracy
of our mRNA-miRNA network in nominating and discovery of miRNAs
which might participate in Th17 differentiation. However, several
discrepancies in our mRNA-miRNA network were evident which
are needed to be addressed more.

Firstly, two other previously validated miRNAs in Th17 differentia-
tion (i.e. miR-326 and miR-301a) were not present in our nominated
miRNA list. miR-301a was excluded from our list as its up/down-
regulation was reported in a singular study. Meanwhile, miR-326 was
also disqualified as respective PS was not highly scored despite its
potential to suppress several negative regulators of Th17 (SMAD3,
SMAD4, RUNX3, RARC, RXRA. STAT5b, NR2F6). Inductive role of
miR-326 in Th17 differentiation was already reported by of Du et al.

(Du et al., 2009). Hence, we concluded despite of the beneficial aspect
of our mRNA-miRNA network to provide neumerous possible results,
it only predicts the most important miRNAs involved in Th17 differen-
tiation program and does not necessarily introduce all miRNAs partici-
pating in differentiation of this lineage.

Secondly, some of nominated miRNAs showed unreliable interac-
tions in their predicted role in Th17 differentiation. For instance, miR-
20b, which suppresses several positive regulators of Th17 differentiation,
was also predicted to have a suppressing role on negative regulators of
Th17 differentiation. Such kinds of discrepancies could be explained by
several studies aiming to discover precise molecular mechanisms of
Th17 differentiation. Recently, Peters et al. have categorized Th17 lineage
in two pathogenic and non-pathogenic types. Pathogenic Th17 cells are
generated in the absence of TGF-{3 signaling pathway and mostly present
in autoimmune conditions while, non-pathogenic Th17 cells are pro-
duced by induction of TGF-{ signaling pathway (Peters et al., 2011).
Considering of this evidence, we concluded that TGF-3 signaling path-
way is not necessarily an inducing pathway for Th17 differentiation as
lack of this signaling pathway was apparent in differentiation of patho-
genic Th17 lineage. This fact is arisen by opposite interactions which are
relevant to TGF- signaling pathway in our mRNA-miRNA network
similar to what we reported for miR-26a in our previous study
(Honardoost et al., 2014).

Another explanation for such kinds of discrepancies is provided by a
recent study of Yosef and colleagues (Yosef et al., 2013). They combined
a high-resolution transcriptional time course profiling as a novel
method for reconstructing transcriptional network of Th17 differen-
tiation in order to introduce a dynamic regulatory network control-
ling differentiation of this lineage. They defined three distinct
transcriptional phases with discrete gene expression profile during
in vitro differentiation of naive CD4 T cells into Th17 lineage, specifically
at early or induction phase (up to 4 h), intermediate phase where
acquiring of phenotype and amplification occurs (4-20 h), and finally
late or stabilization phase which is associated with IL-23 signaling.
Furthermore, they represented that some known negative regulators
of Th17 (such as SOCS3, STAT2, STAT1) are needed to be expressed in
the first stage while some positive regulators (including IRF4, SOCS1,
Batf) are expressed in later phases (Yosef et al., 2013). According to
these results, we concluded that Th17 differentiation is a multi-stage
process and a specific set of positive or even negative regulators are
required to be expressed in each stage in order to achieve functional
Th17 lineage.

Thus, one miRNA could not be considered as an absolute inducer or
suppressor of Th17 differentiation. In fact, to fulfill transcriptional re-
quirement in each stage, a collection of several miRNAs are needed to
exert a regulatory role in Th17 differentiation process. This phenome-
non clarifies why for a number of miRNAs, both positive and negative
roles are supposed in differentiation of Th17 cells.

Thirdly, beside of those nominated miRNAs which showed
compatible expression direction with their predicted role in Th17
differentiation, few cases miRNAs with incompatible and illogical
expression direction were noticed. Such discordant note could be
due to the heterogeneity of previous miRNA profiling studies
which were performed with different samples or methodology
and possible consumption of immune-modulatory responses in
patients.

Notably, our categorization of nominated miRNAs (strong, median,
and weak groups) was only based on bioinformatics criteria. Thus it is
not surprising that further experimental studies reveal a miRNA from
the weak category to exert a crucial role similar to strong miRNAs in
Th17 differentiation.

5. Conclusion

We utilized miRWalk database for integrative computational
mRNA-miRNA interaction prediction aiming to assess interaction of
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autoimmune deregulated miRNAs with well-known regulators of Th17
differentiation. By analyzing of 64 miRNAs and 4096 interactions, a
network of mRNAs-miRNAs interactions was diagrammed which
predicted 11 miRNAs with strong possibility to induce or suppress
Th17 differentiation. These results are preliminary steps to unravel the
novel mRNAs-miRNAs interactions. Obviously, additional in vitro and
in vivo experiments are required to validate these predictions in Th17
differentiation as are currently on going by our colleagues.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.gene.2015.08.043.

Acknowledgments

None of the authors has any conflicts of interest to disclose and all
authors support submission to this journal. We thank all of our col-
leagues for their helpful comments and suggestions.

References

Afzali, B, Lombardi, G., Lechler, R., Lord, G., 2007. The role of T helper 17 (Th17) and reg-
ulatory T cells (Treg) in human organ transplantation and autoimmune disease. Clin.
Exp. Immunol. 148 (1), 32-46.

Bartel, D.P., 2004. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 116
(2),281-297.

Bi, Y., Yang, R, 2012. Direct and indirect regulatory mechanisms in TH17 cell differentia-
tion and functions. Scand. J. Immunol. 75 (6), 543-552.

Burchill, M.A,, Yang, ]., Vang, K.B., Moon, ]J., Chu, H.H., Lio, C.-W.]., et al., 2008. Linked T cell
receptor and cytokine signaling govern the development of the regulatory T cell
repertoire. Immunity 28 (1), 112-121.

Chen, W, Jin, W., Hardegen, N., Lei, K.-j., Li, L., Marinos, N., et al., 2003. Conversion of
peripheral CD4+ CD25 — naive T cells to CD4+ CD25+ regulatory T cells by TGF-
{3 induction of transcription factor Foxp3. J. Exp. Med. 198 (12), 1875-1886.

Coskun, M., Bjerrum, J.T., Seidelin, ].B., Troelsen, J.T., Olsen, J., Nielsen, O.H., 2013. miR-20b,
miR-98, miR-125b-1% and let-7e* as new potential diagnostic biomarkers in ulcera-
tive colitis. World ]. Gastroenterol. 19 (27), 4289.

Cotsapas, C., Hafler, D.A., 2013. Immune-mediated disease genetics: the shared basis of
pathogenesis. Trends Immunol. 34 (1), 22-26.

Cox, M.B., Cairns, M.J., Gandhi, K.S., Carroll, A.P., Moscovis, S., Stewart, G.J., et al., 2010.
MicroRNAs miR-17 and miR-20a inhibit T cell activation genes and are under-
expressed in MS whole blood. PLoS One 5 (8), e12132.

Davidson, T.S., DiPaolo, RJ., Andersson, ]., Shevach, E.M., 2007. Cutting edge: IL-2 is essen-
tial for TGF-R-mediated induction of Foxp3 + T regulatory cells. ]. Immunol. 178 (7),
4022-4026.

De Santis, G., Ferracin, M., Biondani, A., Caniatti, L., Rosaria Tola, M., Castellazzi, M., et al.,
2010. Altered miRNA expression in T regulatory cells in course of multiple sclerosis.
J. Neuroimmunol. 226 (1), 165-171.

Ding, S, Liang, Y., Zhao, M., Liang, G., Long, H., Zhao, S., et al., 2012. Decreased microRNA-
142-3p/5p expression causes CD4+ T cell activation and B cell hyperstimulation in
systemic lupus erythematosus. Arthritis Rheum. 64 (9), 2953-2963.

Dy, C, Liy, C, Kang, ], Zhao, G., Ye, Z., Huang, S,, et al., 2009. MicroRNA miR-326 regulates
TH-17 differentiation and is associated with the pathogenesis of multiple sclerosis.
Nat. Immunol. 10 (12), 1252-1259.

Dweep, H,, Sticht, C,, Pandey, P., Gretz, N., 2011. miRWalk-database: prediction of possible
miRNA binding sites by “walking” the genes of three genomes. ]. Biomed. Inform. 44
(5), 839-847.

Fasseu, M., Tréton, X., Guichard, C., Pedruzzi, E., Cazals-Hatem, D., Richard, C, et al., 2010.
Identification of restricted subsets of mature microRNA abnormally expressed in in-
active colonic mucosa of patients with inflammatory bowel disease. PLoS One 5
(10), e13160.

Fenoglio, C., Cantoni, C., De Riz, M., Ridolfi, E., Cortini, F., Serpente, M., et al., 2011. Expres-
sion and genetic analysis of miRNAs involved in CD4 + cell activation in patients with
multiple sclerosis. Neurosci. Lett. 504 (1), 9-12.

Fulci, V., Scappucci, G., Sebastiani, G.D., Giannitti, C., Franceschini, D., Meloni, F,, et al.,
2010. miR-223 is overexpressed in T-lymphocytes of patients affected by rheumatoid
arthritis. Hum. Immunol. 71 (2), 206-211.

Garzon, R., Marcucci, G., Croce, C.M., 2010. Targeting microRNAs in cancer: rationale,
strategies and challenges. Nat. Rev. Drug Discov. 9 (10), 775-789.

Gerriets, V.A,, Rathmell, J.C,, 2012. Metabolic pathways in T cell fate and function. Trends
Immunol. 33 (4), 168-173.

Gu, X,, Nylander, E., Coates, P.J., Nylander, K., 2011. Effect of narrow-band ultraviolet B
phototherapy on p63 and microRNA (miR-21 and miR-125b) expression in psoriatic
epidermis. Acta Derm. Venereol. 91 (4), 392-397.

Guay, C., Regazzi, R., 2013. Circulating microRNAs as novel biomarkers for diabetes
mellitus. Nat. Rev. Endocrinol. 9 (9), 513-521.

Guerau-de-Arellano, M., Lovett-Racke, A.E., Racke, M.K,, 2010. miRNAs in multiple sclerosis:
regulating the regulators. J. Neuroimmunol. 229 (1-2), 3.

Guerau-de-Arellano, M., Smith, KM, Godlewski, J., Liu, Y., Winger, R., Lawler, S.E., et al,,
2011. Micro-RNA dysregulation in multiple sclerosis favours pro-inflammatory
T-cell-mediated autoimmunity. Brain 134 (Pt 12), 3578-3589.

Haghikia, A., Haghikia, A., Hellwig, K., Baraniskin, A., Holzmann, A., Décard, B.F,, et al.,
2012. Regulated microRNAs in the CSF of patients with multiple sclerosis: a
case-control study. Neurology 79 (22), 2166-2170.

Hirota, K., Ahlfors, H., Duarte, J.H., Stockinger, B., 2012. Regulation and function of innate
and adaptive interleukin-17-producing cells. EMBO Rep. 13 (2), 113-120.

Holst, L.M., Kaczkowski, B., Gniadecki, R., 2010. Reproducible pattern of microRNA in
normal human skin. Exp. Dermatol. 19 (8), e201-e205.

Honardoost, M.A,, Kiani-Esfahani, A., Ghaedi, K., Etemadifar, M., Salehi, M., 2014. miR-326
and miR-26a, two potential markers for diagnosis of relapse and remission phases in
patient with relapsing-remitting multiple sclerosis. Gene 544 (2), 128-133.

Hsu, S.-D., Lin, F.-M., Wu, W.-Y,, Liang, C,, Huang, W.-C,, Chan, W.-L,, et al., 2011.
miRTarBase: a database curates experimentally validated microRNA-target interac-
tions. Nucleic Acids Res. 39 (Database issue), D163-D169.

Iborra, M., Bernuzzi, F., Invernizzi, P., Danese, S., 2012. MicroRNAs in autoimmunity and
inflammatory bowel disease: crucial regulators in immune response. Autoimmun.
Rev. 11 (5), 305-314.

Junker, A., Krumbholz, M., Eisele, S., Mohan, H., Augstein, F., Bittner, R., et al., 2009.
MicroRNA profiling of multiple sclerosis lesions identifies modulators of the regulato-
ry protein CD47. Brain 132 (12), 3342-3352.

Keller, A., Leidinger, P., Lange, ]., Borries, A., Schroers, H., Scheffler, M., et al., 2009. Multiple
sclerosis: microRNA expression profiles accurately differentiate patients with relaps-
ing-remitting disease from healthy controls. PLoS One 4 (10), e7440.

Lewis, B.P., I-h, Shih, Jones-Rhoades, M.W., Bartel, D.P., Burge, C.B., 2003. Prediction of
mammalian microRNA targets. Cell 115 (7), 787-798.

Lorenzi, ].C.C.,, Brum, D.G., Zanette, D.L., de Paula Alves Souza, A., Barbuzano, F.G., dos
Santos, A.C,, et al.,, 2012. miR-15a and 16-1 are downregulated in CD4 + T cells of
multiple sclerosis relapsing patients. Int. J. Neurosci. 122 (8), 466-471.

Maddur, M.S., Miossec, P., Kaveri, S.V., Bayry, ]., 2012. Th17 cells: biology, pathogenesis of
autoimmune and inflammatory diseases, and therapeutic strategies. Am. J. Pathol.
181 (1), 8-18.

Maziere, P., Enright, AJ., 2007. Prediction of microRNA targets. Drug Discov. Today 12
(11), 452-458.

Mycko, M.P., Cichalewska, M., Machlanska, A., Cwiklinska, H., Mariasiewicz, M., Selmaj,
KW., 2012. MicroRNA-301a regulation of a T-helper 17 immune response controls
autoimmune demyelination. Proc. Natl. Acad. Sci. 109 (20), E1248-E1257.

Naghavian, R., Ghaedi, K., Kiani-Esfahani, A., Ganjalikhani-Hakemi, M., Etemadifar, M.,
Nasr-Esfahani, M.H., 2015. miR-141 and miR-200a, revelation of new possible players
in modulation of Th17/Treg differentiation and pathogenesis of multiple sclerosis.
PLoS One 10 (5), e0124555.

Olaruy, A\V., Selaru, F.M., Mori, Y., Vazquez, C., David, S., Paun, B., et al., 2011. Dynamic
changes in the expression of microRNA-31 during inflammatory bowel disease-asso-
ciated neoplastic transformation. Inflamm. Bowel Dis. 17 (1), 221-231.

Otaegui, D., Baranzini, S.E., Armafianzas, R., Calvo, B., Mufioz-Culla, M., Khankhanian, P., et
al., 2009. Differential micro RNA expression in PBMC from multiple sclerosis patients.
PLoS One 4 (7), e6309.

Pan, W., Zhuy, S., Yuan, M., Cui, H., Wang, L., Luo, X., et al., 2010. MicroRNA-21 and
microRNA-148a contribute to DNA hypomethylation in lupus CD4 + T cells by direct-
ly and indirectly targeting DNA methyltransferase 1. ]J. Immunol. 184 (12),
6773-6781.

Paraskevi, A., Theodoropoulos, G., Papaconstantinou, I., Mantzaris, G., Nikiteas, N., Gazouli,
M., 2012. Circulating microRNA in inflammatory bowel disease. J. Crohn's Colitis 6
(9), 900-904.

Pauley, K.M., Satoh, M., Chan, A.L, Bubb, M.R,, Reeves, W.H., Chan, E.K., 2008. Upregulated
miR-146a expression in peripheral blood mononuclear cells from rheumatoid arthritis
patients. Arthritis Res. Ther. 10 (4), R101.

Peters, A, Lee, Y., Kuchroo, V.K., 2011. The many faces of Th17 cells. Curr. Opin. Immunol.
23 (6), 702-706.

Selbach, M., Schwanhdusser, B., Thierfelder, N., Fang, Z., Khanin, R., Rajewsky, N., 2008.
Widespread changes in protein synthesis induced by microRNAs. Nature 455
(7209), 58-63.

Sonkoly, E., Wei, T., Janson, P.C,, Sddf, A., Lundeberg, L., Tengvall-Linder, M., et al., 2007.
MicroRNAs: novel regulators involved in the pathogenesis of psoriasis? PLoS One 2
(7), e610.

Stanczyk, ., Pedrioli, D.M.L, Brentano, F., Sanchez-Pernaute, O., Kolling, C., Gay, RE., et al,,
2008. Altered expression of microRNA in synovial fibroblasts and synovial tissue in
rheumatoid arthritis. Arthritis Rheum. 58 (4), 1001-1009.

Sundrud, M.S., Koralov, S., 2011. Negative Regulation of TH17 Differentiation. TH17 Cells
in Health and Disease. Springer, pp. 129-155.

Tang, Y., Luo, X., Cui, H,, Ni, X,, Yuan, M., Guo, Y., et al,, 2009. MicroRNA-146a contributes
to abnormal activation of the type I interferon pathway in human lupus by targeting
the key signaling proteins. Arthritis Rheum. 60 (4), 1065-1075.

Vosa, U., Vooder, T., Kolde, R., Vilo, J., Metspalu, A., Annilo, T., 2013. Meta-analysis of
microRNA expression in lung cancer. Int. J. Cancer 132 (12), 2884-2893.

Vyse, TJ., Todd, J.A., 1996. Genetic analysis of autoimmune disease. Cell 85 (3), 311-318.

Waite, ].C., Skokos, D., 2011. Th17 response and inflammatory autoimmune diseases. Int.
J. Inflamm. 2012.

Wu, F,, Zhang, S., Dassopoulos, T., Harris, M.L,, Bayless, T.M., Meltzer, SJ., et al., 2010. Iden-
tification of microRNAs associated with ileal and colonic Crohn's disease. Inflamm.
Bowel Dis. 16 (10), 1729-1738.

Wau, F., Guo, N.J,, Tian, H., Marohn, M., Gearhart, S., Bayless, T.M., et al., 2011. Peripheral
blood microRNAs distinguish active ulcerative colitis and Crohn's disease. Inflamm.
Bowel Dis. 17 (1), 241-250.

Xiao, F., Zuo, Z,, Cai, G., Kang, S., Gao, X, Li, T, 2009. miRecords: an integrated resource for
microRNA-target interactions. Nucleic Acids Res. 37 (Suppl. 1), D105-D110.

Xu, T,, Huang, C,, Chen, Z., Li, ], 2014. MicroRNA-323-3p: a new biomarker and potential
therapeutic target for rheumatoid arthritis. Rheumatol. Int. 34 (5), 721-722.


http://dx.doi.org/10.1016/j.gene.2015.08.043
http://dx.doi.org/10.1016/j.gene.2015.08.043
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0005
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0005
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0005
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0010
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0010
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0015
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0015
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0020
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0020
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0020
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0025
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0025
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0025
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0025
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0025
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0025
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0025
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0030
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0030
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0030
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0035
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0035
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0040
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0040
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0045
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0045
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0045
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0045
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0050
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0050
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0055
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0055
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0055
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0055
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0060
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0060
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0060
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0065
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0065
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0065
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0070
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0070
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0070
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0075
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0075
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0075
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0075
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0080
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0080
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0085
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0085
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0090
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0090
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0095
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0095
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0095
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0100
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0100
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0105
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0105
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0110
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0110
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0115
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0115
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0120
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0120
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0125
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0125
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0130
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0130
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0130
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0135
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0135
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0140
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0140
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0140
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0145
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0145
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0150
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0150
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0150
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0155
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0155
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0160
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0160
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0160
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0165
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0165
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0165
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0170
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0170
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0175
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0175
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0180
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0180
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0180
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0185
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0185
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0185
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0190
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0190
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0195
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0195
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0195
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0195
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0195
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0200
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0200
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0205
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0205
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0205
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0210
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0210
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0215
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0215
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0220
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0220
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0225
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0225
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0230
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0230
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0235
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0235
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0235
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0240
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0240
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0245
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0250
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0250
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0255
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0255
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0255
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0260
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0260
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0260
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0265
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0265
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0270
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0270

162 M.A. Honardoost et al. / Gene 572 (2015) 153-162

Yao, Z., Kanno, Y., Kerenyi, M., Stephens, G., Durant, L., Watford, W.T., et al., 2007. Nonre-
dundant roles for Stat5a/b in directly regulating Foxp3. Blood 109 (10), 4368-4375.

Yosef, N., Shalek, AK., Gaublomme, ].T., Jin, H., Lee, Y., Awasthi, A., et al., 2013. Dynamic
regulatory network controlling TH17 cell differentiation. Nature 496 (7446),
461-468.

Zampetaki, A., Kiechl, S., Drozdov, 1., Willeit, P., Mayr, U., Prokopi, M,, et al.,, 2010. Plasma
microRNA profiling reveals loss of endothelial miR-126 and other microRNAs in type
2 diabetes. Circ. Res. 107 (6), 810-817.

Zhao, X, Tang, Y., Qu, B., Cui, H,, Wang, S., Wang, L., et al., 2010. MicroRNA-125a contrib-
utes to elevated inflammatory chemokine RANTES levels via targeting KLF13 in
systemic lupus erythematosus. Arthritis Rheum. 62 (11), 3425-3435.

Zhao, S., Wang, Y., Liang, Y., Zhao, M., Long, H., Ding, S., et al,, 2011. MicroRNA-126 regu-
lates DNA methylation in CD4 + T cells and contributes to systemic lupus erythema-
tosus by targeting DNA methyltransferase 1. Arthritis Rheum. 63 (5), 1376-1386.

Zhu, S., Qian, Y., 2012. IL-17/IL-17 receptor system in autoimmune disease: mechanisms
and therapeutic potential. Clin. Sci. 122 (11), 487-511.

Zhu, E,, Wang, X,, Zheng, B., Wang, Q., Hao, J., Chen, S., et al,, 2014. miR-20b suppresses
Th17 differentiation and the pathogenesis of experimental autoimmune encephalo-
myelitis by targeting RORyt and STAT3. J. Immunol. 192 (12), 5599-5609.


http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0275
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0275
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0280
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0280
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0280
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0285
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0285
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0285
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0290
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0290
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0290
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0295
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0295
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0295
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0295
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0300
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0300
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0305
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0305
http://refhub.elsevier.com/S0378-1119(15)01013-6/rf0305

	Integrative computational mRNA–miRNA interaction analyses of the autoimmune-�deregulated miRNAs and well-�known Th17 differ...
	1. Introduction
	2. Methods
	2.1. Literature mining
	2.2. Eligibility criteria
	2.3. miRNA–mRNA interaction analyses

	3. Results
	3.1. Positive and negative regulators of Th17 differentiation
	3.2. Aberrant miRNA expression in autoimmune diseases
	3.3. Prediction of mRNA-miRNA interaction of autoimmune-deregulated miRNAs and Th17 differentiation regulators

	4. Discussion
	5. Conclusion
	Acknowledgments
	References


