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mMiRNAs regulate development and function of regulatory T-cells in
recent onset islet autoimmunity in pre-Type 1 diabetes
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Circulating miRNAs in Type 1 diabetes (T1D)

T1D is an autoimmune disorder resulting from selective
destruction of pancreatic p-cells by the immune system.
Abnormal immune responses triggered by environmental
factors result in pancreatic B-cell loss and insulin deficiency
in genetically susceptible individuals (1). Non-coding RNAs
including microRNAs (miRNAs) have been shown be
important participants in T1D pathogenesis. miRNAs are
short (~22 nucleotides) non-coding RNAs that regulate gene
expression in a posttranscriptional manner (2). In general,
the miRNAs exert their functions via binding with the 3'
untranslated regions (UTRs) of their target genes, resulting
in translational inhibition or direct degradation of the
targeted mRNA leading to diminished protein expression
(2,3). Alterations in miRNA expression have been associated
with several human autoimmune and inflammatory diseases
including T1D (4,5).

A growing number of studies have shown that circulating
miRNAs play important roles in T1D immunopathogenesis
by modulating immune cell differentiation, development,
activation and function (6,7). Several studies have generated
circulating miRNA profiles from serum, plasma and blood
cells in newly diagnosed T'1D patients and investigated their
role as potential diagnostic biomarkers to predict disease
progression (8-10). Sebastiani e 4. and Nielsen ez a/l. were
one of the first to compare whole blood and serum miRINA
profiles from newly diagnosed T1D patients and healthy
controls and found differentially expressed miRINAs in T1D
patients that regulate the function of immune cells and/
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or pancreatic B-cells (8,9). A highly upregulated miRNA
miR - 25 predicted residual B - cell function (C - peptide)
and glycaemic control (HbAlc) 3 months after disease
onset (9). Expression levels of miR - 21a and miR - 93
were downregulated in peripheral blood mononuclear
cells (PBMC) of T1D patients compared with healthy
controls (10). Both miRNAs participate in NF-xB
signalling pathway and negatively regulate key apoptotic
and inflammatory genes. Recently, a systematic review and
meta-analysis of studies comparing miRNA expression
profiles from T1D patients and non-diabetic controls in
T1D related tissues reported 11 circulating miRNAs as
the most promising potential biomarkers of T1D (11).
These eleven miRNAs (miR-21-5p, miR-24-3p, miR-100-
5p, miR-146a-5p, miR-148a-3p, miR-150-5p, miR-181a-
5p, miR-210-5p, miR-342-3p, miR-375 and miR-1275)
were involved in pathways related to immune system, cell
proliferation, insulin biosynthesis and secretion and might
play significant roles in autoimmune responses in T1D.

miRNAs and islet-autoimmunity

The onset of islet autoimmunity in children (pre-T1D)
is indicated by development of multiple autoantibodies
reacting with autoantigens like insulin, glutamic acid
decarboxylase (GAD), islet antigen 2 (IA-2) and islet zinc
transporter. Increasing evidence shows that circulating
miRNAs associate with ongoing islet autoimmunity in
T1D patients (12-15). Expression of miR-146a, one of
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the most downregulated miRNA in PBMCs from newly
diagnosed T1D patients associated with high serum GAD
autoantibody titers (12). miR-326, a highly expressed
miRNA in peripheral blood lymphocytes was further
upregulated in T'1D patients positive for islet autoantibodies
against GAD and IA-2 (13). In a large cohort of high-risk
autoantibody-positive relatives of T1D patients matched
with autoantibody-negative, family matched siblings, serum
levels of certain miRNAs reflected islet autoimmunity and
its progression (14). Specifically, miR-21-3p, miR-29a-
3p and miR-424-5p showed most robust associations with
increased risk of disease progression in high-risk relatives
with multiple autoantibodies (14). Very few studies have
focused on associations between ongoing islet autoimmunity
and miRNA levels during the pre-diabetic period. A recent
report by Akerman ez al. found no significant differences
between serum miRNA profiles from high-risk individuals
(positive for multiple islet autoantibodies) compared to non-
progressors (15). However, the miRNA expression from
high risk group significantly correlated with glycemic status
and ongoing islet autoimmunity (15).

miRNA mediated T-cell dysfunction in recent
onset islet autoimmunity

A number of miRNAs play crucial roles in regulation of
T cell development and function (16). Several factors
including changes in miRNA expression, pro-inflammatory
cytokines, and reduced Forkhead box protein 3 (FOXP3)
activity contributes to impaired regulatory T cell
function and accelerated islet autoimmunity during pre-
T1D. Dysregulated miRNAs in CD4" T cell subsets
including natural regulatory CD4" FOXP3" T cells
(Tregs) from high-risk individuals have been suggested
as markers of increased risk and T cell dysfunction in
TI1D (7,17-19). Zhang et al. observed distinct miRNA
expression patterns between specific regulatory T cell
subsets in high risk first-degree relatives of T'1D patients
positive for multiple autoantibodies (pre-T1D) compared
to healthy controls (18). Influence of T cell activation on
miRNA profiles was investigated by in vitro activation
of naive Treg cells followed by small RNA-sequencing
of CD4" T cell subsets. Multiple miRNAs were found
differentially expressed in naive CD4" T cells and activated
Treg cells of pre-T1D individuals compared to healthy
controls. In contrast, no significant differences in miRNA
expression were observed in naive Treg cells between the
two groups (18). These findings indicate that miRNA
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profiles of activated Treg cells are predictors of impaired
Treg function in pre-T1D.

Recently, Serr er al. observed reduced Treg induction
in CD4" T cells from recent onset islet autoimmunity
(<5 years autoantibody positive) children compared to
autoantibody negative and long term autoimmunity
(>10 year autoantibody positive) children without clinical
T1D (19). Increased frequencies of FOXP3™" CD4"
T cells pointed towards increased T cell activation and
more vigorous proliferation of naive CD4" T cells upon
stimulation suggested higher sensitivity to antigenic
stimulation during islet autoimmunity onset. The reduced
Treg induction in recent onset autoimmunity was attributed
to increased miR-181a and nuclear factor of activated T
cells 5 (NFAT'S) expression in CD4" T cells. NFATS is a
transcription factor that plays an important role in T cell
activation along with other NFAT members (20). The
authors proposed that miR-181a mediated suppression of
PTEN promoted PI3k signaling which in turn activated
NFAT'S leading to impaired Treg induction and onset of
islet autoimmunity in high risk individuals (19). Moreover,
increased miR-181a levels promoted CD28 expression
which further triggered PI3k signaling leading to NFAT'S
activation, thereby providing additional explanation for the
observed induction of NFAT'S by miR-181a (Figure I).

Further investigations in non-obese diabetic (NOD)
mice with recent onset of insulin autoantibodies (IAAs)
compared to JAA'NOD mice also showed impaired Treg
induction, followed by enhanced miR-181a and Nfar5
expression in both naive CD4" T cells and ex vivo activated
CD4" T cells (19). Application of miRNA-181a antagomir
in JAA'NOD mice enhanced ex vivo PTEN expression
while significantly reduced CD28 and NFAT'S expression
in CD4" T cells. Blocking miR-181a significantly increased
Treg induction and reduced murine islet autoimmunity as
measured by the lowered IAA levels. In contrast, miR-181a
mimic significantly lowered Treg induction and enhanced
Nfat5 abundance upon stimulation of naive CD4+ T cells in
both human and murine models. The application of NFAT'S
inhibitor to IAA'NOD mice increased PTEN and FOXO1
expression which further led to improved Treg induction.
Based on these results, the authors next measured the Treg
induction potential and abundance of Pren and Foxol in
CD4" T cells from NFATS5 knockout (NFAT 5ko) mice. An
increased Treg induction followed by upregulation of Pren
and Foxol was observed in activated CD4" T cells from
NFAT 5ko mice. Whereas, modulating miR-181a activity
had no effects on Treg induction in NFAT5ko T cells. In
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Figure 1 miRNAs contribute to impaired Treg function in recent onset islet autoimmunity in pre-T1D. Impaired Treg function in recent

onset islet autoimmunity could be attributed to changes in expression of several miRINAs such as miR-181a, miR-26a and miR-568 that
affect PI3k/Akt/mTOR signaling and NFATS expression. T1D, type 1 diabetes; CD28, T-cell-specific surface glycoprotein CD28; PTEN,
phosphatase and tensin homolog; FOXO1, forkhead box O1; FOXP3, forkhead box P3; NFATS, nuclear factor of activated T-cells 5;
TGF-B, transforming growth factor beta; IL-10, interleukin 10; PI3k, phosphoinositide 3-kinase; Akt, AKT serine/threonine kinase;
mTOR, mammalian target of rapamycin; Treg, regulatory T cell; Tth, T follicular helper cell; Thl, T helper 1; Th2, T helper 2; Th17, T

helper 17.

previous studies, miR-181a has been shown to be involved
in T-cell differentiation and tuning the threshold for T-cell
receptor (T'CR) signaling by downregulating the expression
of multiple phosphatases in the T'CR signaling pathway (21).

Signals from TCR, PI3K-Akt-mTOR network,
IL-2 and TGF-B regulate Treg cell associated FOXP3
expression (22). FOXP3 plays a significant role in
conversion of naive CD4" T cells to Treg cells. FOXP3
gene harbors multiple NFAT binding sites and several
lines of evidence have shown that expression of FOXP3
in TGF-B-induced Treg is highly dependent on NFAT
expression (20,22). Further, PI3K-Akt-mTOR signaling
inactivates FOXO1/3 which in turn inhibits TGF-p-
induced FOXP3 expression leading to Treg deficiency
and accelerated autoimmunity (23). In addition to miR-
181a, changes in expression levels of miR-26a and miR-568
have been shown to affect CD4*T cell activation and Treg
function by interfering with PI3k signaling, NFATS and
FOXP3 expression in recent-onset autoimmunity (Figure I).
Increased expression of miR-26a and decreased expression
of its target EZH2 was observed in in vivo activated
Treg cells contributing to impaired Treg function in
pre-T1D (18). Inhibition of EZH2 during activation of
Treg cells decreased the expression of immune repressive
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receptor TIGIT and FOXP3 and also decreased Treg
proliferation (18). Li er #/. demonstrated that miR-
568 inhibited Treg activation, differentiation and their
suppressive function by targeting NFATS (24). Expression
of miRINA-568 decreased while NFATS increased in CD4"
T cells during T cell activation. Further, transfection
of miR-568 mimics inhibited NFATS expression and
proliferation of Treg cells (24).

Several miRNAs including miR-17~92 cluster, miR-146a
and miR-155 have been identified as important regulators
of another subset of CD4" T cells known as T follicular
helper (TFH) cells (25,26). TFH cells play crucial roles
in B-cell activation and autoantibody production. In a
previous study by Serr e 4/. increased frequencies of TFH
precursors indicative of increased immune activation were
observed in nondiabetic children with recent onset islet
autoimmunity (<5 years autoantibody positive) compared to
persistent (>5 to <10 years autoantibody positive), long-term
(>10 years without overt T'1D) and no autoimmunity (26).
miR-92a was significantly up-regulated in children with
recent onset autoimmunity and critically involved in
induction of TFH precursors. It is important to note
that miR-92a-mediated TFH precursor induction is
also regulated by PI3K-Akt-mTOR signaling involving
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downregulation of PTEN and FOXOL1 levels. It is plausible
that manipulating PTEN-PI3K signaling or miR-92a levels
by antagomir application may reduce THF induction and
thereby reduce islet autoimmunity. However, the direct
role of TFH cells in promoting the onset of human islet
autoimmunity still remains unclear.

The ultimate challenge in preventing T1D has been to
get better insights in the early stages of disease progression
and identify the initial triggers of islet autoimmunity.
The study by Serr et al. (19) and other studies, e.g., those
discussed above, have proved that miRNAs play a huge
role in impairment of Treg function during recent onset
autoimmunity. As determined by Serr et 4/., targeted
inhibition of miR-181a and/or NFATS5 may open up
novel approaches for reducing islet autoimmunity (19).
The authors also reported up-regulation of several other
miRNAs such as miR-92a, miR-146b, miR-101, miR-26a
and miR-150 in activated T cells from children with islet
autoantibodies compared to no autoantibodies. The effects
of these highly upregulated miRNAs on Treg induction
remains to be investigated. Additional mechanistic studies
involving fine tuning of miRNA expression specifically
inhibition of miR-181a, miR-26a and up-regulation of miR-
568 in murine and humanized models are highly warranted.
Overall, these studies might provide potential cues towards
development of translational strategies for improving or
restoring immune tolerance of regulatory T cells towards B
cells thereby limiting islet autoimmunity.
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