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Type 1 diabetes (T1D) is classically diag-
nosed during childhood and adolescence 
but can occur at any age. T1D is a chronic 
autoimmune disease in which CD4+ and 
CD8+ T cells are thought to mediate 
destruction of the insulin-producing β 
cells in the pancreatic islets [1]. Loss of 
β-cell function results in overt hypergly-
cemia rendering patients absolutely reli-
ant on exogenous insulin therapy for the 
remainder of their lives to manage their 
hyperglycemia [2]. Currently, insulin 
therapy is the only therapeutic option 
to treat T1D and although it is effec-
tive it does not reproduce the intricate, 
fine level of regulation of plasma glucose 
levels provided by insulin production by 
pancreatic β cells [2]. Thus, individuals 
with T1D on insulin therapy still develop 
diabetic complications due to the lack of 
normal physiological control of glucose 
levels. Over the past few decades, there 
has been significant progress in treat-
ment regimens for several diseases where 
the immune system plays an important 
role; however, similar treatment regimens 
designed specifically for T1D are slow to 

follow. Given the autoimmune compo-
nent of this disease, it is clear that novel 
therapeutic approaches aimed at modulat-
ing the immune response is warranted for 
the treatment of T1D.

immune-mediated pathogenesis of 
disease
Pathogenesis of T1D is initially char-
acterized by mononuclear cell infiltra-
tion into the pancreatic islets followed 
by T-cell-mediated destruction of the 
insulin-producing β cells [1]. Autoreactive 
IFN-γ-producing Th1 cells are believed 
to mediate disease caused, in part, by the 
failure of Foxp3+CD4+ Tregs to control 
the onset and severity of autoimmunity, 
also referred to as a loss of tolerance [1,3]. 
However, studies have demonstrated that 
loss of IFN-γ or its receptor failed to pre-
vent the spontaneous development of dia-
betes in nonobese diabetic (NOD) mice, 
a commonly used mouse model mimick-
ing human T1D [3]. Moreover, a separate 
study demonstrated that induction of 
IFN-γ-restored normoglycemia in NOD 
mice [3]. Collectively, these studies have 
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“...given the less than robust 
outcomes of past clinical trials 

assessing immune 
modulators, including anti 
CD3, we should begin to 

consider evaluating effects of 
drugs in combinations.”

“The discovery of Th17 cells 
spurred a flurry of research aimed 

at understanding their 
developmental program and to 

provide insight into the 
pathogenesis of autoimmunity.”
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called into question the absolute dependence of 
T1D progression on Th1 cells alone.

Th17 cells & disease
Recent advances in immunology have identi-
fied another population of CD4+ T cells, Th17 
cells, that have been demonstrated be patho-
genic mediators of several autoimmune diseases 
once attributed to Th1 cells, including mul-
tiple sclerosis, rheumatoid arthritis and pso-
riasis [3]. Th17 cells can be differentiated from 
naïve CD4+ T cells in the presence of TGFβ, 
IL-6, IL-1β and IL-21 and produce several 
proinflammatory cytokines, including IL-17A, 
IL-17F, IL-21 and IL-22 [3]. The transcrip-
tion factors STAT3, and the nuclear receptors 
(NR) RORγt and RORα, are required for full 
Th17 cell development and function [1,3,4]. 
Th17 cells have pleiotropic effects on various 
cell types, including epithelial and endothelial 
cells, and under ‘normal’ immune homeostatic 
conditions, provide protection from several bac-
terial and fungal pathogens. However, Th17 
cells garnered significant interest due to their 
pathogenic responses in vivo.

The discovery of Th17 cells spurred a flurry 
of research aimed at understanding their devel-
opmental program and to provide insight into 
the pathogenesis of autoimmunity. However, 
as research progressed, an increasingly com-
plex picture of Th17 cell development and 
function emerged. TGFβ was proven to be 
required for the development of Th17 and 
inducible T-regulatory cells based on its ability 
to upregulate the expression Foxp3, RORα and 
RORγt, suggesting antagonism between and 
plasticity within Th17 and T-regulatory cell 
populations [3–5]. To complicate matters even 
further, Th17 cells have been demonstrated to 
convert into IFN-γ-producing Th1-like cells 
both in vitro and in vivo, with the cells that co-
express IL-17A and IFN-γ considered the most 
pathogenic [6]. Thus, the inherent plasticity of 
Th17 cells has confounded efforts to describe 
and identify clear-cut roles for this cell type in 
several autoimmune diseases, including T1D.

Th17 cells & Type 1 diabetes
The exact role of Th17 cells in T1D remains 
somewhat controversial. Studies using IL-25 
or antibodies to IL-17A support a pathogenic 
role for Th17 cells in T1D since their admin-
istration to NOD mice reduced or inhibited 
disease [7]. Other studies have demonstrated 

that Th17 cells are located in areas surround-
ing the pancreatic islets and transfer of in vitro 
differentiated Th17 cells into NOD. SCID-
recipient mice induced diabetes [8,9]. However, 
analysis of transferred cells revealed that the 
Th17 cells had converted into IFN-γ+IL-17+ 
cells in vivo, suggesting that this conversion 
event was indispensable for diabetes develop-
ment [6]. Finally, we recently demonstrated 
that administration of SR1001, a dual RORα/γ 
inverse agonist, to NOD mice inhibited Th17 
cells, Th17-mediated cytokine expression and 
the development of hyperglycemia in NOD 
mice [10].

Conversely, several lines of evidence sug-
gest that Th17 cells may be protective against 
T1D development. One group demonstrated 
that immunization of NOD mice with myco-
bacterial preparations prevented the onset 
of T1D [11]. Immunization induced IL-17-
producing T cells which, when transferred 
into recipient mice, did not induce diabe-
tes [11]. The authors concluded that the rise 
in IL-17 after immunization, and thus Th17 
cells, exerted a protective effect on T1D devel-
opment [11]. Using RNA interference, another 
group demonstrated that silencing of IL-17A 
in vivo did not protect NOD mice from devel-
oping T1D [12]. Finally, several groups have 
described cases in which the presence of spe-
cific gut microflora induces Th17 cells in vivo 
and as a result, NOD mice are protected from 
the development of T1D [3].

Interestingly, clinical data supports a patho-
genic role for Th17 cells in T1D. Patients with 
T1D present with elevated plasma levels of IL-17, 
increased circulating IL-17-producing cells and 
islet antigen-specific Th17 cells [13,14]. Pancreatic 
lymph nodes from patients with T1D have an 
increase in Th17 cells and analysis of islets from 
recently deceased T1D patients expressed the 
transcription factor RORγt and IL-17A [13]. 
In combination with IL-1β and IFN-γ, IL-17 
mediates increased β-cell apoptosis in human 
pancreatic islet cells in vitro [14]. Thus, clinical 
data suggest that IL-17 producing cells may be 
pathogenic in the early stages of disease develop-
ment and therapeutic strategies targeting Th17 
cells may be a viable option for the treatment 
of T1D.

Therapeutic strategies
While treatment methods for T1D have 
improved over time, insulin replacement 

“Interestingly, clinical data 
supports a pathogenic role 

for Th17 cells in T1D.”
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therapy is still the main treatment option for 
T1D. However, insulin therapy does not affect 
the autoimmune process nor has it removed 
the burden of disease on society. This sug-
gests that therapies designed to inhibit the 
autoimmune destruction may be a valuable 
strategy. The use of monoclonal antibodies 
against CD3, which restores immune self-
tolerance through targeting of effector T cells 
while amplifying Treg cells in patients with 
recent onset diabetes has yielded promising 
results [15]. However, not all subjects respond 
and the duration of repose is variable. Similar 
results have been obtained with other immu-
notherapies that were tested individually [16]. 
Collectively, these studies suggest that immu-
notherapies hold promise for the treatment of 
T1D, but perhaps combination therapies may 
have the greatest efficacy.

Because of the growing evidence support-
ing the role for Th17 cells in T1D and their 
dichotomous role with Treg cells, targeting this 
cell type for the treatment of T1D is a logical 
choice. Approaches that have yielded promising 
results in mouse models of T1D include use of 
IL-25 or neutralizing antibodies to IL-17A [7,9]. 
An alternative approach would be to specifi-
cally target the factors that drive Th17-cell 
development and function, including RORα 
and RORγt, in order to target the cell type as 
a whole, rather than individual cytokines. The 
RORs are members of the NR superfamily of 
ligand-regulated transcription factors. Small 
lipophilic molecules can robustly modulate the 
transcriptional activity of NRs making them 
attractive therapeutic targets. In fact, approxi-
mately 10–15% of drugs currently approved 
by the US FDA target NRs, emphasizing their 
therapeutic value [17]. Based on these criteria, 
we designed and characterized a RORα/γ dual 
inverse agonist, SR1001, that inhibited Th17 
cell development and function in vitro and 
had efficacy in vivo in several mouse models 
of autoimmunity, including T1D [10,18]. We 
demonstrated that efficacy of SR1001 was a 
consequence of globally inhibiting Th17-cell 
development and effector function, including 
expression of all Th17-mediated cytokines [10]. 
However, SR1001’s efficacy may have also been 
attributed to several other factors, including 
the decreased IFN-γ expression in T cells or 
the increased Treg populations we observed in 
vivo [10]. These data suggest that modulating 
ROR activity may affect Th17-cell plasticity. 

The efficacy of SR1001 may also have been 
a consequence of changes in metabolic pro-
cesses in vivo. Both RORα and RORγ have 
been extensively studied outside of the immune 
system due to their key roles in the regula-
tion of hepatic glucose and lipid metabolism, 
processes often dysregulated in T1D [19]. 
Collectively, the data suggest that modulation 
of ROR activity and Th17-cell function may 
prove to be a valid t he rapeutic strategy for the 
treatment of T1D. 

conclusions & future perspective
T1D is characterized as an autoimmune dis-
ease whereby CD4+ T cells are thought to 
mediate disease pathology. While the effec-
tor function of Th1 cells is well established in 
T1D pathogenesis, emerging evidence suggests 
that Th17 cells also play an important role. 
Their exact role and how they relate to Th1 
cells is still unclear and more work needs to 
be done to elucidate the mechanism(s) induc-
ing disease. Regardless, targeting Th17 cells 
appears to be a viable therapeutic strategy for 
the treatment of T1D. Considering the num-
ber of beneficial effects observed with the 
use of ROR modulators in a mouse model of 
T1D, further studies should be performed to 
evaluate their therapeutic potential, includ-
ing whether SR1001 may be efficacious for 
the treatment of recent onset diabetes. Since 
SR1001 modulates the activity of RORα and 
RORγ, future studies identifying the individ-
ual roles for each ROR in the development 
of T1D are necessary in order to make more 
focused therapeutics. Finally, given the less 
than robust outcomes of past clinical trials 
assessing immune modulators, including anti 
CD3, we should begin to consider evaluat-
ing effects of drugs in combinations. Doing 
so may yield the greatest results and we may 
finally generate efficacious immunotherapies 
for the treatment of T1D.
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