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Abstract

Type 1 diabetes mellitus (T1D) reflects a heterogenous autoimmune disorder which involves millions of subject’s worldwide.
The basic characteristics of T1D are damage of the insulin generating {3 cells which takes place in view of abnormal activation of
various immune effector cells. At present T1D treatment is done by lifelong delivery of novel kinds of insulin which have been
synthesized recently. The aim of T1D care ,that has been guided by the Diabetes Control and Complications Trial (DCCT) are to
get good glycaemic control, to avoid hyperglycaemia (as it is correlated with long-term microvascular as well as macrovascular
complications) along with preventing recurrent hypoglycaemic episodes (as they adversely influence cognitive function). But
even following repeated optimization of insulin therapy regimens, the hormonal substituted treatment only works to treat the
symptoms without influencing the etiopathogenesis. New approaches which could influence the underlying modes responsible
for B cells destruction have been evaluated in detail. These methods on the basis of immunotherapies have got incorporated
within a panel of existing therapies for T1D, to block T cell responses against {3 cells antigens which are quite common at the
time of initiation as well as development of T1D. But a total preservation of 3 cells mass along with insulin independency is
not getting achieved despite massive exploration. Due to that right now no existing targeted immunotherapies are capable
of replacing the standard insulin delivery. Currently a lot of interest has been concentrated on preventive methods in high
risk subjects, on the basis of the posit that a therapeutic intervention once applied the early stage of disease, might aid in
sustaining the endogenous f3 cell function by preserving the residual 8 cells reserve by the autoimmune attack. In this review
we try to evaluate the present status of immunotherapies in T1D by emphasizing on the most significant studies in this field
and detailing on novel methods that might get utilized to treat T1D in the future.
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Microbiota; ECD: Extra Cellular Domain; TCR: T cell Receptor;
ATG: Anti Thymocyte Globulin; G-CSF: Granulocyte-
Colony Stimulating Factor; MSC: Mesenchymal Stem Cells;
HSC: Haematopoietic Stem Cells; CEA: Carcinoembryonic
Antigen; SFB: Segmented Filamentous Bacteria; STAT: Signal
Transducers and Activators of Transcription; SNP: Single
Nucleotide Polymorphisms; BMI: Body Mass Index.

Introduction

Type 1 diabetes mellitus (T1D) is a condition that
develops via the selective removal of pancreatic insulin
generating beta cells broughtaboutby an autoimmune defect.
Subsequently, the basic properties of this disease develops at
its advanced stage namely hypoglycaemia. This type of DM
represents roughly 5-10% of all diabetic patients. Prevalence
of this pathology points that >500,000 children suffer from
T1D globally, that are located mostly in North America as
well as Europe [1]. But the epidemiology points that the
incidence of T1D has escalated rapidly in recent yrs [2]. In
2017, the International Diabetes Federation (IDF) declared
132, 600, newly diagnosed T1D cases all over the world.
Earlier we had reviewed on the details of etiopathogenesis of
T1D. Here we further explore how to get better ways utilizing
immunotherapy that will obviate the need for insulin therapy
[3-5].

Methods

We did a search using the PubMed search engine using
the MeSH terms Type 1 diabetes (T1D); immunotherapies;
antigen dependent; antigen independent; cell therapies;
stem cell therapies; role of microbiota; innovative therapies
like CAR-T cells or targeting JAK-IFN-pathways from 1980 till
date in Apr. 2020.

Results

We found a total of 2463 articles out of which we selected
135 articles for this review. No meta-analysis was done.

Genetics of TID

One of the main properties of T1D is the beta cell
tolerance getting lost that is a process in which variety of
factors participate [6], including genetic correlation with
human leukocyte antigen (HLA) and various beta cell specific
genes. T1D is thought to be an inflammatory disease where
pancreatic islet infiltration with a lot of immune cell types
(CD4+ and CD8+T cells), macrophages, dendritic cells (DC'’s)
as well as B cells play a major role [7]. This propagation of
islet infiltration facilitates removal of beta cell which finally
causes diabetes initiation. Although few advantages are
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there, the transplantation of pancreas or pancreatic islets
(Edmonton protocol) [8] have given minimal efficacy in
view of inadequate quantity of donors with the reactivation
of the autoimmunity status inspite of immunosuppression
protocols. Further pancreatic transplants have been shown
to be just partly successful [9].

ImmunologicalModesin T1D Aetiopathogenesis

Propagation of type 1 diabetes (T1D) is broken in 3 key
stages [10] i) At 1st stage that might go through along period
of time, persons form f cell autoimmunity, checked by serum
autoantibodies detection. The commonest autoantibodies in
T1D patients are the ones against glutamic acid decarboxylase
(GAD) (GAD 65), the tyrosine phosphatases, [A-2 and [1A-2,
zinc transporter8 (ZnT8) and insulin [11]. These epitopes
might lead to stimulation of CD4+ and CD8+T cells that are
the major ones bringing about the  cell damage.

Diabetes autoantibodies have a critical part in detection
of preclinical stages of T1D. The Trial Net TNO1 has evaluated
the significance of autoantibodies markers for identifying
diabetes mellitus (DM) [12]. 5% of the people examined
in this study were observed to have blood autoantibody.
This study also found that 95% of patients who extend to
symptomatic T1D had positive autoantibodies by the age
of 5yrs [13]. Finding the autoantibodies in the TEDDY (The
Environmental Determination of Diabetes of the Young)
study demonstrated a peak within 2 and 9yrs of age [14].
People showing a minimum of 2 separate autoantibodies had
a marked chance of forming T1D [12,15].

Further, separate HLA haplotypes were found to be
protective or predisposed to DM formation [16]. At the time
CD4+ and CD8+T cells started to destroy {3 cells, the insulin
amounts start to reduce, that starts the “second stage”
of the T1D. At this juncture the basic approach for T1D
therapy would aim to repress 3 cells autoimmunity as well
as protecting the rest of the § cells mass persisting. Various
studies have shown that at the time of diagnosis that overlap
with the 2" stage still remaining B cells present (Clinical
Trial NCT 01030861) [17]. Delivering immunosuppressive
drugs in children with new onset of T1D can postpone or
reverse the propagation of, but immunosuppression could
also end in organ toxicity. The DM propagation restarts after
the therapy is withdrawn [18].

The “third stage” of T1D takes place inlong time patients.
At this particular stage, basic aim is to make sure that the
functioning of whatever B cells, are there, and persists.
The studies have revealed that after the onset of disease
marked decrease in C-Peptide levels, a short peptide which
connects insulin’s chains in the pro insulin molecule and can
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be utilized as a surrogate of how much insulin gets formed
(Clinical Trial NCT 01030861) [17]. Ensuring the sustenance
of a large B cells number might aid in the regulation of
hyperglycemia along with decrease the comorbidities of the
disease. In human cadaveric T1D pancreata, CD4+ and CD8+
T cells, macrophages, as well as B cells have been illustrated
[12,19]. But the absence of insulitis in certain cadaveric
T1D pancreata samples emphasizes the heterogeneity of
the disease [20] that might be one of the explanation, why
immunotherapies have not been fully efficacious in T1D
cases.

Various immunotherapies have been advocated for all
3 stages of T1D cases. One strategy uses the modulation of
the immune response by utilizing antibodies which target
particular immune mediators. Other strategy takes the aid of
(3 cell antigen specific therapies. Intriguingly, a therapy on the
basis of oral insulin delivery shows a delay in the DM onset
in non-obese diabetic (NOD) mice [21], an animal model that
has been used heavily for evaluating the propagation as well
as pathogenesis of T1D.

Animal models of T1D

2 separate animal models have usually been utilized in
T1Dresearch. The NOD mouse as well asbio breeding (BB) rat.
Both of these models display the major DM symptoms, namely
glycosuria, polyuria, weight loss, as well as lymphocytic
infiltration of islet of Langerhans [22]. But in view of the
involvement of T cell compartment in the etiopathogenesis
of T1D, the NOD mouse model has been considered better
and has an edge over BB and hence utilized for the study of
the diabetogenic T cell formation [23]. NOD mouse displays
similar properties to human DM. NOD mice were initially
developed in the Cataract Shionogi (CTS) strain [22] Cell
invasion in the pancreas of NOD) mice can be seen as fast as
3wks of age This has the recruiting of various innate immune
cells into the islets of Langerhans having macrophages as
well as neutrophils, before the lymphocytic infiltration [24].
Despite low autoreactive cells present to start with, numbers
escalate slowly, in view of some DM particular autoantigens
getrecognized as well as get stimulated, starting the removal
of insulin manufacturing B cells. Even though concentration
of T1D research has been on T cell stimulated 8 cells damage,
studies have been done revealing that B cells also play a key
role in the DM initiation [25].

Lot of essential data has been received through the
NOD mouse model as far as part of the immune cells in
DM formation is there. Moreover NOD mice have given a
special opportunity for evaluation of immunotherapies (like
CTLA4-Ig, as well as anti-CD40 antibodies, as well as IL-4
or IL-10 therapy)-reviewed in detail BY Shoda, et al. [26].
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Problem lies that most immune therapies showing benefit
in NOD mouse model did not show similar results in human
disease. In view of this, trying to humanize NOD mice [27],
might aid the research work that would ultimately translate
into useful immunotherapy clinical trials. Further some
external factors might also have their part in T1D formation.
In monozygotic twins work done demonstrated absence of
concordance pointing to the role of environmental factors
in T1D propagation. A lot of these factors modify the DM
susceptibility of NOD mice that are alterations in gut
microbiota (GM) [28]. Innate immune components cross
reacting with the GM is a burning topic in T1D research.

Besides the above mentioned mouse model, another one
of use is the DO 11.10XRIP mOVA (DORmO) mouse model,
where RIP mOVA animals (mice which express membrane
bound OVA in thymus and pancreas) are crossed with DO
11 animals that express an OVA -particular MHC-II TCR.
Surprisingly these double transgenic animals develop a huge
number of islet specific functional Treg cells, but develop
T1D spontaneously by wk 20.Thus, the DORmO model is
specifically good to evaluate the part of Treg cells in T1D
initiation/propagation [29].

Current Status of T1D immunotherapy

Current Status of T1D immunotherapy might be divided as
e Antigen-independent.
e Antigen dependent.

Antigen-independent or non-antigen specific therapies are

e Drugs which cause immunosuppression.

e Antibody -based treatments which aid in the deletion of
polyclonal B or T cells [30].

e C(Cytokines based therapies [31], and the escalation
of tolerogenic DC [32], as well as polyclonal Treg cell
numbers [29].

Antigen- specific therapies are the ones that

e  Utilize f cell-derived auto antigen dependent vaccines

e Adoptive transfer methods as well as

e Specific amelioration of autoreactive T cells clone
by attacking Antigen-presentation modes [33]. The
combination of various methods on the basis of
immunotherapy treatments are thought to be the most
efficacious approach in view of the complicated nature
of T1D [34].

Antigen-Independent Approaches

Antibody-Based Treatments: Different costimulatory
pathways regulate the stimulation of T cells that might be
positive or negative. Like signaling via CTLA4 causes an
anergic situation in naive - T cells, and hence abatacept, a
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fusion protein made up of the Fc part of the human Ig G1 that
is fused to the extra cellular domain (ECD) of the CTLA4 is
utilized for therapy of rheumatoid arthritis [35]. Abatacept,
in a recent trial clinically showed its property against T1D
by postponing C-peptide depletion in T1D patients [36].
The clinical trial Trial Net is evaluating the advantages of
Abatacept in postponing of early T1D onset ((Clinical Trial
NCT01773707; www, clinicaltrials.gov).

Anti CD3 monoclonal antibodies which attack CD3/
T cell receptor (TCR) complex, blocking the union of CD3
with TCR and stimulating the development of an anergic
state of the T cells have also been analyzed in T1D patients.
Teplizumab as well as otelixizumab that are 2 of the major
clinically recommended Anti CD3 antibodies have shown
some efficiency in T1D patients [37]. Postponement of
C-Peptide reduction in T1D treated patients was stimulated
by Teplizumab. In the study AbATE, 2 wks Teplizumab
therapy caused C-Peptide to get preserved [17] Clinical Trial
NCT 01030861; www, clinicaltrials.gov).]. Main results of
this Clinical Trial were anticipated in end of 2019.

Of the specific amelioration of T effector cells, deletion
of memory T cells would also be essential for getting long-
standing outcomes. Inhibition of CD2 signaling would give this
objective. The anti- CD2 fusion protein Alefacept effectively
blocks T cells getting activated stimulating apoptosis of both
memory as well as effector T lymphocytes. Although, just a
mimimal trend regarding preservation of C-Peptide levels
was attained on checking this posit in the clinical trial TIDAL,
comprising of patients at last stage of T1D [18]. Finally anti
thymocyte globulin (ATG) has been detailed for having the
capacity to eliminate stimulated T cells. Used in low doses
ATG along with granulocyte-colony stimulating factor
(G-CSF) demonstrated it is safe and could lead to protection
of B cell mass [38]. Last clinical trials illustrated that G-CSF
alone did not give any extra advantages [39].

Proinflammatory Cytokines based Therapies: It
has been known for long that, inflammation as well as
Proinflammatory cytokines participate in T1D formation
[40]. Expression/inhibition of these molecules might
stimulate essential alterations in pancreatic {3 cells [41].
This particular approach was utilized clinically to treat other
autoimmune diseases [40]. Interleukin (IL)-1a as well as IL-
1B are essential immune modulators that monocytes express
on {3 cells [42]. Delivering anti- IL-1a in rheumatoid arthritis
is well tolerated in patients [43]. Further IL-la causes
propagation of T1D via stimulation of T helper cells, as well
as escalating the quantity of circulatory memory T cells [44].
Another clinical trial performed in T1D patients pointed that
IL-1 inhibition might stimulate preservation of pancreatic 3
cells [45].
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TNF-a is the other cytokine acting as an intermediate
molecule in autoimmune disease. Due to that TNF-a block
has been evaluated for therapy of autoimmunity. Those T1D
patients who received Etanacerpt (recombinant TNF-a-
receptor -Ig G fusion protein) did improve the preservation
of pancreatic (3 cells mass (as checked by C-peptide amounts)
as well as reduced glycate Hb amounts [46]. The property
of nicotinamide alone or with Vit E for conserving the
functionality of residual  cells mass has been evaluated
too. Both therapies helped in conserving the basal C-peptide
secretion [47]. The IL-12/23 cytokine pathway, involved in
inflammatory cytokines stimulation as well as pathogenic
T cells stimulation was also evaluated as a therapy for T1D.
Ustekinimab (IL-12/23 blocking molecule) use has been
examined in T1D patients (USTID Clinical Trial (Clinical Trial
NCT 02117765; www.clinicaltrials.gov). In a subset of cases
of T1D, overexpression of IL-6 was found [48]. Secondary
to this anti- IL-6 treatment that is also evaluated in therapy
of arthritis as well as systemic juvenile idiopathic arthritis
[49] was started. Right now the Clinical Trial EXTEND
(Clinical Trial NCT02293837; www.clinicaltrials.gov) is
evaluating if IL-6 signaling blocking (toclizumab, an IL-6
-receptor antibody) can stimulate a protection of (B cells
function in T1D patients (6-17yrs age) is being conducted.
Considering total data, cytokine inhibition is a viable method
that is supplementary for attaining a durable therapy that is
efficacious for treating T1D.

Treg Mediated Approaches: In the pathophysiology of
T1D Treg involvement has been identified [50]. The part
of expanded autologous polyclonal Treg in therapy of T1D
patients was evaluated by Bluestone, et al. [50]. Autologous
polyclonal Treg infusions were detected to be safe in this
Clinical Trial, but could not change the course of the disease.
Separate Clinical Trials have also been examined regarding
the actions of low doses of IL-2 on Treg action [51]. Despite
escalation of total amounts of Treg by IL-2, it didn’t influence
a good glycaemic control. Interestingly, recent literature
demonstrated that blocking extracellular deposits of the
polysaccharides hyaluronan (HA) (Commonly seen in T1D
patients [52]) decreased DM in 2 separate mouse models by
significantly increasing the percentage of Treg in pancreatic
islets as well as avoiding anymore 8 cells damage [29].

Elimination of Autoreactive T cells: Autoreactive T cells
Elimination in T1D patients by targeted removal is a strategy
having lot of potential, since its objective is to finish effector
T cells that causes the pancreatic 8 cells damage. Therapy of
NOD mice utilizing anti-CD3 antibodies was demonstrated
to stimulate energy in T cells [53]. Further increased large
amounts of Treg cells were seen in patients given anti-CD3.
Decreased insulin needs following therapy with anti-CD3
antibodies was seen in a clinical trial. These data point that
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anti-CD3 antibodies therapy can be thought of as a potential
therapy for treating T1D [53].

B cell Targeting Therapies: As B Cells were believed to be
involved in B cells damage via autoantibodies synthesis, B Cell
Targeting has also been evaluated in T1D. Deletion of B Cells
in NOD mice avoided the collection of autoantibodies, hence
preventing the DM initiation [54]. T1D patients receiving
anti- CD -20 antibodies displayed > C-peptide amounts as
well as lower insulin reliance as compared to placebo group.
But this method does not appear to totally avoid C-peptide
reduction [55,56].

Antigen-dependent Approaches: Rather than Antigen-
independent Approaches, autoantigen-attacking therapies
of T1D might modify, particularly T1D-associated
autoimmunity, whereas maintaining the normal immune
homeostasis. The basic aim of antigen-attacking therapies is
for stimulating tolerance of autoreactive T effector cells as
well as expansion of autoantigen -specific Treg cells [33].

Beta Cell autoantigen Vaccine: Once particular antigens
get exposed to naive Tcells can stimulate tolerance to that
antigen. As per the present literature of T1D, one can posit
that antigens formed from {3 cells which were applied in a
non-inflammatory situation, might modify autoreactive T
cells, causing B cells conservation [57]. On the basis of this
innovative vaccination approaches have been for attaining
Tcell-tolerance against particular autoantigens The properly
understood Tcell epitopes against insulin as well as glutamic
acid decarboxylase (GAD) have been deeply evaluated [58],
showing that C19-A2 proinsulin peptide might manipulate
autoreactive CD4 + T cells in patients with particular class II
allele [59]. Delivery of this peptide in newly diagnosed T1D
pts lead to showing > C-peptide amounts without symptoms
of systemic or local hypersensibility [60]. Further another
T1D autoantigen, GAD65, was targeted in NOD mice for
decreasing the amount of GAD65-specific T effector cells
[61]. Normoglycaemia was obtained in 70% of NOD mice, as
well as in 80% of them this Normoglycaemia continued in
long time post antigen delivery.

Inspite of the beneficial data seen with vaccination
approaches in NOD mice, the differences in autoantigen,
between human as well as mice as well as heterogeneity
of T1D in humans makes this approach not very useful for
clinical situations [62].

Specific Tcell Approaches: The imbalance of Treg to T
effector cells is an essential factor that decides the onset of
T1D [63]. CD8+T cells stimulation gets modulated by the
presentation of specific epitopes from professional APC s
since DC’s seem to be the main APC s for the CD8+T cells
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[64]. This process is based on CD4+ T cells crosstalk which
stimulates the particular subsets of CD8+T cells that in
turn causes islet cell damage [65]. This method of attaining
self-tolerant T effector cells can be via utilization of whole
antigen or particular peptides. But success in tolerization
of T effector cells is based on various factors particularly
the finding of the autoantigen which drives the process. For
avoiding the B cells damage, the most important T effector
clones need to be eliminated.

Specific B cell Approaches: This is based on the
amelioration of nonspecific B cells, although not proved to be
very efficacious. But, still inhibiting particular autoreactive B
cells by depleting insulin reacting B cells is a promising other
method [66]. In the NOD mice insulin specific B cells evade
the immune control, responding to insulin by enhancing the
expression of costimulatory molecules at the time of cross
priming of effector T cells.

B Cell Treatments

Edmonton Protocol-Replacement Therapies

The importance of islet transplantation has been
demonstrated by Edmonton Protocol by addressing
insulin control in T1D patients [7]. As per this protocol,
pancreatic islets received via cadaveric donors get infused in
immunosuppressed T1D patients. Although trials carried out
prior to 1990 utilizing single islets infusion had part success,
decreasing insulin requirements as well as >C peptide
amounts, but no further work was done for escalating the net
islets mass of the transplant in any of the trials [67]. These
islet transplantation protocols developed worked out to be a
beneficial treatment of T1D in view of the Edmonton Protocol
getting introduced in 2000. Currently this remains the only
method that can attain glycaemic control without delivering
any exogenous insulin [68]. Advantages of only pancreatic
islets possesses various benefits over transplantation of
a full pancreas, as this needs only a very minute surgical
method having low morbidity as well as mortality, with a
significantly <cost. The biggest edge of islet transplantation
protocols above the conventional insulin treatment is that
transplanted islets have >efficiency in sustaining normal
blood glucose amounts without synthesizing extra insulin
which could result in hypoglycaemic episodes.

Modificationsofthe EdmontonProtocolonthebasisofnew
immunosuppression regimen have avoided the utilization of
corticosteroids thatallows the use of a particular combination
therapy on the basis of antiinterleukin-2-receptor antibodies
in addition to immunosuppressant drugs siromilus as well
as tacrolimus. Biggest benefit of this combination therapy is
low B Cells toxicity. Islet transplantation has demonstrated
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certain success as far as insulin independence both in the
short as well as long term [69,70], with the variability of
results got with Edmonton Protocol is related to both the
organ donor as well as the recipient. Despite the advantages
of islet transplantation protocol are accepted, the concerns
are standardization of this strategy are the >amounts of
islets which need to be transplanted as well as the side
effects secondary to immunosuppressive regimen. The 1st
difficulty might be overcome by utilizing stem cells which
under proper differentiation protocol, can differentiate into
glucose sensitive insulin synthesizing cells.

B Cell Regeneration Approaches

Gastrin and Glucagon like peptide -1(GLP1) possess a
synergistic action stimulating the regeneration as well as
differentiation of § Cells [70,71]. Adding both these molecules
in the NOD mouse model, lead to an escalation of 8 Cell mass
[72]. Further, the combination therapy utilizing dipeptyl-
peptidase 4(DPPIV) inhibitors (for enhancing GLP1 amounts)
as well as proton pump inhibitors (PPIs-for escalating Gastrin
amounts), resulted in escalated C peptide amounts as well as
insulin liberation, restoring the normoglycemia in NOD mice
[70]. In humans REPAIR-TID study evaluated the action of
1yr of similar therapy utilizing a combination of sitagliptin
(DPPIV inhibitors) with lansoprazole (PPIs) in T1D patients
[73]. But no variation in C peptide amounts were visualized
in the treated visa Vis placebo groups [73]. The authors
presumed that the enhancement of Gastrin amounts as well
as GLP1 were low, causing noneffective therapy. More clinical
trials will be needed.

Stem Cell Therapy Methods

Tolerogenic DC’s: Despite different cell types being
evaluated as probable targets for T1D therapy, dendritic cells
proved to be of interest. But clinical trials where T1D patients
got autologous DC’s demonstrated minimal outcomes. In
these clinical trials, DC’s got infused through abdominal
intradermal injections after 2 wks repeatedly [74]. Despite
the therapy getting well tolerated, no significant variations
in glycaemia were seen. Earlier studies showed that DC’s,
alone or through various effector cells like Tregs as well as
Bregs might have an essential part in the activation status
of autoreactive CD8+cytotoxic T cells (CTL) along with effect
the balance among T helper cells (Th1 as well as Th2) as well
as effector cell populations [75]. Tolerogenic DC’s (t DC’s)
populations have been utilized in clinical trials for therapy of
autoimmune diseases including TID [74,76]. The outcome of
those studies pointed that t DC’s persist at the delivery site
facilitating the production of a lymphoid stroma tissue that
in turn helps in enhancing FoxP3+Tregs [77].
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The synergistic inter-relationship of t DC’s as well as
Tregs, would help in stabilization of FoxP3+expression
and would increase the amounts of IL-10, TGFf, as well
as retinoic acid by t DC’s [78]. The Tolerogenic state of the
t DC’s would be enhanced through cell-cell interactions
or via paracrine mechanisms. This combination strategy
might alter the paradigm of how autoimmune diseases are
getting treated, addressing the disproportion of the immune
effectors developed during the disease onset.

Haematopoietic Stem Cells (HSC): Despite immune
dysfunctions associated with T1D are complex, Voltarelli,
et al. [79] reported a novel work in which newly diagnosed
T1D patients were included in a phasel/2 clinical trial got
immunosuppression therapy in addition to infusion of
autologous HSC’s. Promising outcomes were documented,
practically all pts did not need insulin injections for 6 mths
since their C peptide amounts remained stable as well as
the ant-GAD amts got reduced [79]. Maximum patients in
2 recent prospective non-randomized trials displayed ne
need for insulin injections following HSC transplantation
[80]. The outcome of these studies displayed that even after
4yrs post transplantation, the C peptide amounts remained
significantly > than pre-transplant ones [80]. The outcomes
of a study that utilized autologous non myeloblastive HSC
transplantation got published [81]. 59% of the patients
who got included in this clinical trial did not need insulin
injections whereas 32% remained insulin free for a minimum
of 4yrs [81]. Maximum pts enrolled in the autologous HSC's
transplantation clinical trials showed minimal side effects. In
only 1 clinical trial a patient was reported to die secondary
to pseudomonas aeruginosa sepsis [80]. Despite the side
effects associated with immunosuppression protocol reduce
this alternative therapy, the delivery of autologous HSC’s is
an exciting method to find a cure for T1D.

Mesenchymal Stem Cells (MSC): Mesenchymal Stem Cells
(MSC) represent stromal cells which carry out essential
roles in tissue repair as well as regeneration [82]. Specific
antigen biomarkers get expressed by MSC’s like MHC1,
CD90, CD105 as well as a CD73 that helps in identifying
them via flow cytometry methods. In regenerative medicine
MSC’s have turned out to show a lot of advantages in view of
their capacity to produce various cell types like adipocytes,
chondrocytes, as well as osteoblasts helping in replacing
injured tissues [83]. Additionally MSC’s can get recruited
from other damaged tissues, like ischemic heart or pancreas
[83]. Due to this, MSC represent a new method which will aid
in integrating stem cell transplants in regenerative medicine
protocols [84]. MSC’s have been tried for therapy of T1D
patients and displayed good results in maintaining blood C
peptide amounts [85]. But no variations were seen regarding
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insulin needs as compared to non-treated group during the
study.

Biological characteristics of MSC'’s as far as their role in
regulating abnormal immune responses were shown in NOD
mouse model [86]. In a clinical trials that got sponsorship
from Uppsala University Hospital, where T1D patients
got transplanted with autologous MSC’s treated patients
showed a better mintainance of C peptide amounts [86].
Umbilical cord blood MSC’s (UC-MSC’s) were also evaluated
in combination with autologous mononuclear cells derived
from bone marrow (ABM-MNC) in a different clinical trial. In
fusion of ABM-MNC caused a 30% decrease in insulin needs
[87]. Alot of trials are evaluating the use of MSC'’s vis various
sources to treat T1D that includes the utilization of allogenic
MSC’s derived from adipose tissue (NCT 02940418 as well as
NCT 02138331). Use of immune regulatory MSC'’s till date is
proving to hold a lot of promise in the T1D Stem Cells field.
Combining MSC’s with other immunotherapies would give
innovative ways for treating T1D patients.

Innovative Methods

CAR-T Cell Method

Introduction: Recently an immunotherapy where Tcells that
express chimeric antigen receptors (CARs) that are specific
against CD19 turned out to be a big breakthrough for cancer
therapy of CD19+B-cell leukemia [88]. CARs represent
complicated molecules made up of different components,
commonest ones are

e An antigen-specific recognition domain, mostly a single
chain variable region (scFv) from a monoclonal anti
body.

e Ahinge area, on the basis of Fc part of a human IgG (IgG1
or IgG4), or initiating from the hinge domains of CD8a
or CD28.

e Atransmembrane domain as well as

e Anintracellular tyrosine-based signaling domain [89].

This signaling domain represents the engine of the
receptor. The commonest part is the intracellular part of
CD3 that is the major signaling chain of CD3- Tcell receptor
(TCR) complex. The maximum benefit of CAR-T Cell being
that the receptor’s crosstalk with its antigen is independent
of the MHC yet it still stimulates the same TCR’s as well as
costimulatory intracellular signaling cascades essential for
Tcell activation as well as expansion.

CAR-T Cells as well as T1D: On the basis of studies carried
on utilizing CARs in cancer as well as >interest of Treg as a
potential tool for T1D therapy. One can posit that connecting
Tregs with B-cell specific CARs would improve Treg's
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migration into the pancreas as well as pancreatic lymph
nodes, hence preventing autoimmune damage of islet cells.
Lot of recent studies point that a big possibility of use of
CAR-Treg treatment in multiple autoimmune or allograft
rejection model systems [90-94]. An intriguing method
regarding utilization of CAR-Treg in the EAE-, mouse model
was suggested by Fransson et al. [93]. CD4+T Cells got
engineered for expressing both i.e. a CAR specific against
myelin oligodendrocyte glycoprotein (MOG35-55) as well
as a murine Foxp3 gene for stimulating Treg differentiation,
distanced by a 2 A peptide sequence in their study. Intranasal
delivery of CAR-Treglead to a successful administration to the
CNS, an effective repression of the ongoing inflammation as
well as complete recovery through disease symptoms. Other
studies posit the use of CAR-Tregs in transplant rejection by
developing HLA-A2-specific CAR-Treg, which were obtained
via the host [91,92]. These HLA-A2- CAR- Treg had great
expression of Foxp3, LAP, GARP as well as CTLA4 retained
besides sustaining their suppressive function in vitro
without a significant cytolytic activity. Despite necessity of
corroborating the stability of Treg phenotype, purity, as well
as long term survival following the transfer, this approach
holds great promise for therapy as well as prevention of
transplant rejection by stimulating graft particular tolerance.

These CAR- Tregs were also examined in Haemophilia
A, in whose case genetic mutations in F8 gene end in
either decreased amounts or changed functionality of the
blood clotting protein, factor VIII (FVIII). In cases of severe
Haemophilia (no circulating FVIII can be found), high chances
for generating bad immune reactions to the externally
delivered FVIII protein. Markedly delivering FVIII-specific
human CAR-Tregs repressed antibody synthesis in vitro as
well as in vivo in a mouse Haemophilia A model. Butas FVIIlis
asoluble protein, the mode of repression is not exactly known
[91,95]. Besides that the study via Hansen’s group gave extra
evidence of the concept that CAR- Tregs are a prospective
therapy method for multiple autoimmune conditions [94].
Theydeveloped CARagainstcarcinoembryonicantigen (CEA),
a glycoprotein that is present on lung adenoepithelia, and
then adoptively transferred Tregs expressing the constructin
an experimentally stimulated allergic asthma mouse model.
The CAR- Tregs collected in the lungs and lymph nodes that
are near, decreasing airway hyper-reactivity, inflammation,
mucus synthesis as well as eosinophilia.

Problems: Inspite of the lot of potential of CAR- Tregs
therapies, there is no clear approach as to how to use this
exciting technology for T1D therapy. The main problem is
the absence of B-cell specific antibodies that can be gathered
to develop islet protective CAR- Tregs. 1 approach for
overcoming this challenge is utilizing human islet specific
TCR gene transfer to polyclonal human Tregs. In a recent
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study where polyclonal human Tregs were transduced with
TCR chains obtained via 2 human islet specific CD4+ clones
demonstrated an improved antigen-specific repression
of these cells as well as enhanced potency as compared to
polyclonal Tregs [96], But these islet specific Tregs were
<responsive to their cognate antigen as compared to Tcells
expressing virus-specific TCR’s point that more optimization/
or finding better TCR’ clones is still required.

Anew study showed thatinsulin-specific CAR-Tregs were
functional, suppressive as well as surviving in vivo despite
their being unable to prevent spontaneous DM in NOD mice
[97]. This does not come as an astonishing fact knowing
the fact that insulin is a soluble antigen which is present
throughout the body, with its levels fluctuating. Further
such a method won’t be very effective in T1D patients where
endogenous insulin amounts are very little, with daily insulin
injections would disturb the normal insulin gradient which
might drive the insulin-specific CAR-Tregs into the pancreas.

Hence the discovery as well as study of new [-cell
specific molecules which could give proper targeting of CAR-
Tregs is required. Although there are specific molecules
that are promising like DPP6 [98], FXYD2ya [99], as well
as NYTPDase 3 [100], all of these would need extra studies
to confirm their specificity along with finding proper
monoclonal antibodies which would recognize human 3-cells
in vivo prior to generating a CAR construct for T1D therapy.

Summary: Inspite of advances in the field of CAR- Tregs
therapies with their >potential of use in autoimmune
disorders, still there is absence of an effective system along
with f-cell specific markers which lets the formation of
efficient autoantigen specific Tregs which might be used for
cell based therapies in T1D.

Modulation of Microbiota

Itis well known that both small and large intestine house
>a trillion microorganisms that belong to over 100 species.
Changes in intestinal bacteria has a role in development of
obesity and glucose tolerance along with NAFLD has been
proven [reviewed in 101-107]. In case of TID more important
publications in both mice models as well as humans benefit of
Akkermansia Muciniphila administration insulin sensitivity
as well as glucose homeostasis, healthier lipid profile with a
proinflammatory tone besides other changes [108]. Giongo,
et al. [109] used samples from 8 Finnish children of which 4
cases later developed T1D with rest 4 being controls showed
that the case children’s samples had an unsatisfactory
formation of GM diversity, that did not become as complex as
that of controls as well as had > heterogeneity among cases.
They emphasized on the significance of a compromised
phylogenetic diversity in a risk of forming autoimmune DM
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and lay down the basis of potential screening criteria. This
was corroborated by a Chinese study [110]. Long cohort
studies, and RCT like FINDIA (Finnish Dietary Intervention
Trial for the Prevention of type 1 diabetes), BABYDIET
(in German infants), TRIGR (Trial to Reduce IDDM in the
Genetically at Risk) and TEDDY of other lots gave important
knowledge as to the natural history of T1D along with how
GM participate [reviewed in 111]. More information about
enriched intestinal segmented filamentous bacteria (SFB)
was provided by Krigel, et al. [112] regarding formation as
well as propagation of DM in NOD mice. Though a protective
role of SFB’s could not be assumed, their conclusions were
that SFB’s in certain ways ameliorated the propagation
of T1D as well as facilitate a boost in certain T helper cell
sub-populations. Earlier SFB’s were thought to be latent but
present proof gives clues that they; possess part in mucosal
immunity as well as immune response.

Summary: From these observations it is clear that GM
should not be ruled out regarding management of T1D.
With the information present, mainly the protective human
studies. Point to a major part of GM in the risk as well as
formation of autoimmune disorders. Trying to find specific
targets in the GM would aid to increase the efficacy of these
innovative methods and give diabetic patients alternative
medical therapy.

Inhibition of JAK Pathway

Introduction: Mammalian Janus Kinase (JAK) family
consists of 3 JAK’s (JAK 1,2,3) as well as tyrosine kinase2
(TYK2) that binds separate receptor chains [113]. On
binding of ligand to its cognate receptor, related JAK’s get
activated and phosphorylated, that makes docking sites for
the SH2 domain of the cytoplasmic transcription factors
known as signal transducers and activators of transcription
(STATs). There are 7 STATs in human STAT family, namely
STAT1, STAT2, STAT3, STAT4, STAT5A STATS5B, STAT6. After
phosphorylation STATs get translocated to the nucleus,
dimerize, and the bind to particular DNA sequences for
regulation of gene transcription [114]. The JAK-STAT pathway
plays a key role in the downstream signaling of inflammatory
cytokines like IFNs, ILs as well as growth factors [115].

TID as well as JAK: A type 1 IFN signature antedates the
finding of autoantibodies in children genetically at risk for
TID [116] as well as IFN-a gets expressed in human islets
from TID patients [117]. MHC class 1 overexpression is
induced by IFN-a [118] as well as IFN-y"[119] in human islets
from TID patients and IFN-a further induces (3-cell ER stress
as well as chemokine synthesis [120]. Receptor engagement
by IFN-a triggers JAK-TYK2 heterodimer signaling (Figure 1).
TYK2 has been correlated with various autoimmune diseases
that include rheumatoid arthritis as well as TID [121]. Six
TYK2 single nucleotide polymorphisms (SNP) (rs34536443,
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rs2304256, rs280523, rs280519, rs12720270,rs12720356)
have been evaluated in association with autoimmunity.
Importantly the SNP rs2304256 causes a missense mutation
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in TYK2, and has been observed to be correlated with
protection against TID [121].

Figure 1: Courtesy ref no-101-JAK1-TYK2 heterodimer signaling pathway:.

Downstream IFN-a/ IFN-y signaling is STAT1 dependent
(Figure 2) as well as STAT1 gets overexpressed in islets
from TID patients with strong correlation with HLA class 1
expressionin 3-cells [118]. IFN-y also hasarole in expression
of the CXCL10 that appears to be activated in islets from both
TID patients [122] as well as NOD mice [122]. CXCL10 aids in
pathogenicT cellinfiltrationinto the pancreaticisletsresulting
in B-cells apoptosis as well as its neutralization avoids DM in
NOD mice [123]. Absence of IFN-y" delays the propagation
of autoimmune diabetes in NOD mice [124]. Current proof
further corroborates this IFN- stimulated JAK-STAT pathway
activation markedly adds to TID pathogenesis. Patients
having STAT 3 gain of function germline mutations, being
predisposed to TID having a median age of onset of 8weeks.
Moreover, about 15% of patients treated with immune check
point inhibitors develop endocrine autoimmunity [125], that
includes pancreatic B-cells targeting [126], that results in
TID [127]. Corroborating these findings, inhibition of PD1-
PDL1 signaling escalates DM in NOD mice [128].

Earlier therapy with of in vitro human islets with
ruxolitinib (JAK1/2) markedly decreased IFN-a mediated
inflammatory as well as ER stress markers [129]. Further
therapy of NOD mice with a JAK1/ JAK2 inhibitor (AZD480)
blocked MHC class lupregulation on f-cells and reversed
autoimmune insulitis by decreasing immune cell infiltration
into islets in newly diagnosed animals [130]. Lastly, pancreas
specific genetic knockout studies showed an important role
of STAT 3 in islets architecture, although it is dispensable
regarding the mature islets function [131]. On the other
hand, STAT 5 is only significant for age dependent glucose
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tolerance [132]. From these studies it is evident that -cells
function is hardly affected by JAK-STAT pathway inhibition.

Figure 2: Courtesy ref no-101-Progression of T1D and
combined-strategies for T1D treatment.

Summary: Together this shows IFN- stimulated TID
pathogenesis can get potentially downregulated by inhibiting
the downstream JAK-STAT pathway.

Conclusion

Despite the pathogenesis of T1D has not got clarified,
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our insight of the natural history has enhanced over years.
Especially we can recognize the subjects atrisk for developing
disease prior to diagnosis, trying to manipulate the preclinical
stage with different methods both for primary as well as
secondary prevention, with the objective of preserving
[B-cells mass. Already experimental models have shown that
the mucosal immune tolerance, brought about by delivery
of autoantigens, can avoid the onset of autoimmune disease.
Different immunotherapies used for therapy or prevention of
TID have been unmasked in the last decade ,but completed
studies so far have not been successful in preservation of
B-cells mass from the autoimmune attack .In total various
immunotherapies have the objective of targeting pathogenic
immunological modes caused by pathogenic autoreactive
T cells. By blocking stimulation, inducing exhaustion
of the expanded CD8+T cells or blocking the action of
proinflammatory cytokines like TNFaq,IL -1B. Therapies
might also induce Treg cell formation, increase their function
and escalate the T reg/Teff ratio. Particular therapies (like
Rituximab) can further affect antigen presentation as well as
autoantibody synthesis by inducing B lymphocyte depletion
or by influence on other immunotypes (particularly omega
-3 fatty acids), as well as macrophages, DC’s as well as NK
cells [47,133,134]. A pilot study (POSEIDON) is going to
evaluate the safety and efficacy of a regimen that combines
omega -3 fatty acids and Vitamin D in subjects at TID onset
(NCT 03406897). Vitamin D is known to have effects on the
development of Tregs cells [133]. While omega -3 fatty acids
influence various immunotypes that include macrophages,
neutrophils, eosinophils, basophils, DC’s, NKs, mast cells as
well as B as well as T lymphocytes [134] and moreover they
are known to escalate Treg cells differentiation [134]. As
per the long term management of the disease, phenomena
like “obesity paradox” with an inverse correlation between
body mass index (BMI) as well as escalated risk of mortality
for cardiovascular failure in TID, have been disputed in few
epidemiological studies conducted over the last 10yrs [135].
No primary as well as secondary prevention could at current
stage of analysis prevent the formation of clinical diseases in
at risk subjects. Greater clinical as well as molecular studies
are required to get more insight regarding the inflammatory
process that takes place in the islets of Langerhans at various
stages of TID formation, for improvement of therapeutic
methods that have been targeted for avoiding and reversing
[-cells mass damage. The best practical strategy is to halt the
further evolving of B-cells dysfunction by intervention very
close to disease initiation.

Moreindividual aswell as combinationimmunotherapies
might potentially be experimented upon in future to abrogate
glycemic control as well as preserve 3-cells function, hence
aiding in >efficient strategy for this disease. Further studies
need to depend on improvement in designs in the preclinical
as well as clinical settings. Greater refined methods in
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future need to particularly manipulate islet-specific modes
that underlie tolerance, prevent toxic side effects or earlier
broad immunosuppressive drugs. Targeted therapies need
to be based on >insight of the crosstalk between genetic
background, environmental factors, disease triggers as well
as immunological mechanisms.
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