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Abstract

Following the discovery of insulin lives of type 1 diabetes mellitus (T1DM) patients changed dramatically so that what was liter-
ally a death warning became a disease that could be controlled although still remaining a chronic disease, with insulin not curing 
the disease process, rather only its consequences i.e. blood sugars. Noticeably insulin does not achieve normoglycaemia. Despite 
maximum sophisticated, practically ‘near closed loops’ ways, glucose homeostasis does not get back to normal. Both short as well as 
long term complications are incurred by T1DM patients, with hypoglycaemic as well as hyperglycaemic events as well as long term 
effects of enhanced glycosylation of proteins resulting in eye, renal, central nervous system (CNS) as well as other complications. 
These sequelae are correlated with marked morbidity as well as mortality despite following aggressive insulin treatment. Practically 
a century after insulin discovery, we still battle with the hurdle of addressing disease process by itself, just to make the life of these 
patients better. Lot of work have been done to be able to totally arrest the autoimmune mechanism damaging the insulin synthesizing 
cells within the pancreas, or minimum at least reduce the speed of the process for blunting as well as delaying short as well as long 
term complications. Basic idea is to discuss a method that might aid in quantitative result measurements by particular therapies, 
short or clinical cure might be contrasted and exact advantage of their help in DM treatment might get assessed by the T1DM meta-
bolic recovery index (DMMRI). 
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Introduction
Before insulin [1] was discovered, survival of type 1 diabetes mellitus (T1DM) patients was just few years maximum with only avail-

able therapy method was forcible starvation. With the advent of insulin as replacement treatment patients lives changed as did their 
prognosis. Still till date with utilization of methods that are much more sophisticated [2] still hurdles of abnormal blood sugars [3], with 
their short as well as long term complications exist [4-6]. Still no permanent treatment is there either for patients/clinicians. 

Earlier we had reviewed the etiopathogenesis as well as the management of T1DM in details besides role of carbohydrate therapy 
along with use of SGLT2 inhibitors in T1DM and recently on immunotherapies that are getting tried to get an insulin independent status 
[7-10]. 

In this minireview we analyze how one can optimize the recent advances to develop almost complete cure in T1DM. 

Methods
We did a pubmed search regarding optimization of recently used trials for advances in T1DM therapy and update over what we had 

reviewed earlier. 

Results and Discussion 
We found a total of 67 articles. No meta-analysis was done. 
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Etiopathogenesis of T1DM (Genetic and environmental factors)

T1DM forms via elimination of the immune system against the β-cell antigen along with provocation of proinflammatory responses. 
Following presentation of beta-cell antigens to the immune system via antigen presenting cells (APC), chronic immunological responses 
start secondary to improper control of immunological reactions that result in the β-cell destruction. β-cell death through virus directed/
physiological modes stimulates liberation of antigens as well as onset of immune responses against other β-cells. Mostly dendritic cells 
(DC’s) take up these Antigens, presenting them to T-cells. Possibility of any autoimmune process can be there only if autoreactive T-cells 
have escaped thymic negative selection. Autoreactive T-cells, that get activated via DC’s stimulate Autoreactive T as well as B-cells. Ulti-
mately effector mechanisms of the β-cell destruction need the collective action of DC’s, macrophages, T as well as B cells and natural killer 
(NK) cells [11]. Of the environmental factors decrease in gut microbiota (GM), obesity, early fruit introduction or cow milk in childhood, 
gluten, toxins, absence of vitamins as well as viruses [12-14]. Moreover, pancreas take part in etiopathogenesis of T1D. Immune cell con-
frontation with GM occurs early in childhood, that activates immunocontrolling modes that control autoimmune reactions-a phenomenon 
called “hygiene-hypothesis”. Toll like receptor 4 (TLR4), stimulating lipopolysaccharides (LPS), as well as other bacterial products which 
have contact with immune system are documented as suppressors of immunity [15]. Thus, decrease in GM loss of control of immune 
system followed by immune cell actions against cells of self-ultimately T1D [16]. Correlation of early fruit introduction relates to increase 
in autoimmunity to β-cells. Possibly abnormal immune response to solid food antigens in immature gut immune system in children 
that possess HLA susceptibility to DM. Moreover, overload hypothesis points that environmental food exposures might over stimulate 
β-cell increased autoimmune mediated damage. Similarly, increased amounts of bovine milk products increased risk of autoimmunity 
in children that possess HLA susceptibility. This might be due to insulin autoantibody, in view of cross reactivity between bovine as well 
as human insulin [12]. Gluten foods (cereals) in children < 3 yrs =>significant increase in islet autoantibody synthesis. DM patients with 
HLA-DR allele have increased T-cell reactivity to gluten derived polypeptides. This is secondary to interferon ƴ (IFNƴ) as well as IL-17 
liberation. Intestinal inflammation as well as T cell activation induced by gluten β-cell autoimmunity [17]. Vit D can modify T as well as 
B-cells function. VDR agonists Treg cell induction. By stimulation of tolerance [18] as well as stop differentiation as well as maturation 
of DC’s, downregulate expression of costimulatory molecules like CD40, CD80 and CD 86 and decrease IL-10 production, Viruses might 
T1D by 2 modes i) a direct cytolytic action on β-cells or ii)Indirect triggering of a DM-related autoimmune process against β-cells that 
β-cells destruction. This is due to structural similarity of some viral structures as well as β-cells antigen. Persistent virus infection may 
β-cell autoimmunity. Enterovirus, rotavirus, cytomegalovirus (CMV), mumps, rubella virus, retrovirus etc [19]. 60 Genes identified by 
gene wide association system (GWAS). Genetic factors-HLA and non-HLA. Genetic factors of genomic locus of HLA-50% of genetic risk 
of T1D-Most correlations with HLA-class II genes, that get expressed in APC’s like DC, macrophages and thymus epithelium. In thymus 
epithelium they cause presentation of self-antigen that self-tolerance. Inefficient HLA-class alleles-in interacting and presenting insulin 
in thymic epithelium are relatively related to T1D [20]. This may insulin negative T cells to escape negative selection. Absence of insulin 
expression in thymus -might hamper negative selection. Polymorphisms of in protein tyrosine phosphatase non-receptor22 (PTPN22) 
gene-encodes lymphocyte specific tyrosine phosphatase (LYK)-might alter immune self-tolerance. LYP-negative controller of T-cell recep-
tor (TCR) signalling-hyperactive LYP-encoded via PTPN22-risk variant-can inhibit TCR signalling in negative selection. Polymorphisms of 
cytotoxic lymphocyte associated protein 4 gene (CTLA4)-related to T1D. CTLA4-has immunoregulatory role in effector T cells by suppres-
sion of T cells response [21]. CTLA4-key for regressive function of Treg in mice- CTLA4 dampens immune response via both effector and 
Treg. BTB and CNC homology 1 gene (BACH2) expresses transcription factor that controls Treg action. T1D risk related variant of BACH2 
abnormal Treg can stimulate autoimmunity-secondary to improper control on inflammatory responses [22]. Various IL and ILR genes like 
IL10, IL12 and IL2RA (codes-αsubunit of IL2R)-are genetic risk factors for T1D. Polymorphisms of interferon induced with the helicase C 
domain 1 gene (IF1H1) might explain interaction bet genetic and environmental factors of T1D. IF1H1-evokes immune response against 
RNA viruses. IF1H1 variants-decreased expression-protective against T1D [23]. Immune β-cell destruction mediated by extrinsic apop-
totic pathway involves FAS mediated T cell interaction and proinflammatory cytokines like IL-1β and IFNƴ [18]. BACH2-also inhibits BIM 
activation and JNK1 phosphorylation via β-cell response to proapoptotic signals. It cross-talks with PTPN22-an inhibitor of proapoptotic 
protein JNK1 [24]. This pathway targeted by other T1D genes like CTSH and GLIS3 [25]. TNFAIP3 another T1D gene gives negative feed-
back loop for proapoptotic action of NFκB [26]. 

Modulation of microbiota 

It is well known that both small and large intestine house a trillion microorganisms that belong to over 100 species. Changes in intes-
tinal bacteria has a role in development of obesity and glucose tolerance along with NAFLD has been proven [27-33]. 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 [34]. Giongo., et al. used samples 
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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 
[34]. They emphasized on the significance of a compromised phylogenetic diversity in a risk of forming autoimmune DM and lay down the 
basis of potential screening criteria. This was corroborated by a Chinese study [35]. 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 Ge-
netically at Risk)and TEDDY of other lots gave important knowledge as to the natural history of T1D along with how GM participate [36]. 
More information about enriched intestinal segmented filamentous bacteria (SFB) was provided by Krigel., et al. [37] 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. 

Problems with immunotherapy

The key pitfall of the immune cells targeted therapies is the absence of finding the T1DM particular immune cells taking part in and 
causing the autoimmunity. What we understand today is that TIDM particular CD4+T cells [12] that are not controlled by the regulatory T 
cells [38], get stimulated with antigen presenting cells (APC) [39], CD8+T cells [40] and possibly other parts from the immune system col-
lect with the music system that take part in the autoimmune damage of the pancreatic beta cell. Till one knows the exact T1DM particular 
T cells as well as other immune cells taking part in the widening orchestra of autoimmunity when the disease propagates, it is just not 
feasible to form any particular immune repressive therapies. Blanket immune suppression have been utilized by certain trials like ATG 
(Anti-thymocyte globulin) [41], whereas other ones utilized ones with specificity that are T-cell or APC (B-cell) particular -therapies like 
anti- CD3 [42], CTLA4-Ig like abatacept [43] or antiCD20 with Rituximab B [44]. 

Regulatory T cells (Tregs) have been demonstrated to be defective in the autoimmune disease setting. Hence, attempts to repair or 
replace Tregs in T1D might reverse autoimmunity as well as protect the remnant insulin producing beta cell. On this basis of this prem-
ise, a robust method has been formed regarding isolation as well as expansion of Tregs from patients having T1D. These expanded Tregs 
retained their T-cell receptor diversity and displayed increased functional action. Bluestone., et al. reported a phase 1 trial for assessment 
of safety of Tregs adoptive immunotherapy in T1D. 14 adult subjects with T1D, in 4 dosing cohorts, received ex vivo -expanded autologous 
CD4+CD127lo/-CD25+polyclonal Tregs (0.05 x 108 to 26 x 108 cells). A subset of the adoptively transferred Tregs was long lived, with upto 
25% of the peak level remaining in the circulation at 1 year following transfer. Immune studies illustrated transient escalation in Tregs in 
recipients and retained a broad Tregs FOXP3+CD4+CD25hiCD127lo phenotype long term. No infusion reactions or cell therapy -associ-
ated high grade side effects were observed. C-peptide levels persisted out to 2+ year after transfer in various individuals. These results 
supported the formation of a phase 2 trial for evaluating the efficiency of Treg therapy [45]. T cells have been identified as key players in 
the pathogenesis of type 1 diabetes. However, the exact role of T-cell subpopulations in this pathway is presently unknown. The purpose 
of this study was to assess the expression pattern of two lineage-specifying transcription factors GATA-3 and T-bet, which are important 
in T helper type 1 (Th1) and Th2 cell development, respectively. Gene expression analysis of peripheral blood mononuclear cells (PBMCs) 
was performed using reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Plasma levels of IFN-γ and IL-4 were also 
determined by ELISA. T-bet and IFN-γ gene expression was significantly lower in patients group compared with healthy controls (p < 
0.05). The expression of GATA-3 was relatively similar in patients and controls; however, IL-4 mRNAs were significantly increased in the 
PBMCs from patients as compared with normal controls (p < 0.05). In addition, a marked increase in plasma IL-4 levels were observed 
in patient group compared with controls (p < 0.001). To the contrary, IFN-γ protein levels were decreased in patients in comparison with 
controls (p < 0.001). These data suggest additional implications of the role of Th1/Th2 imbalance for the immunopathogenesis of type 1 
diabetes [46]. 

There are many aspects regarding getting cure i) immunological ii) clinical iii) metabolic, all needing proper analyses. Immunological 
cure means to arrest the markedly auto aggressive immune response by either immune cells taking part in the pathological process are 
totally removed, incapacitated or repressed totally. Clinical cure means total lack of symptoms of DM, without need of therapy, insulin or 
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other means. This doesn’t imply that the pancreatic beta cells are totally functional. Metabolic cure means a stage when the total initial β 
cell mass and its function are totally replenished. This covers both immunological as well as clinical cure (Figure 1). 

Figure 1: Courtesy reference number [48]: The road to clinical type 1 diabetes (T1DM) and stages of recovery from the disease. 

In 1984 Eisenberth elaborated the various phases of the autoimmune procedure [47] in T1DM. With this newer understanding of the 
natural disease propagation was yielded. This now recently got further supplemented by Orban., et al. [48] by a method of the recovery 
phase from the autoimmune damage. With novel potentially cures available and being concentrated on in research need of the hour is to 
get a method that quantifies as well as anticipates the stages of recovery from T1DM. Hence their innovative conceptual strategy for bet-
ter staging as well as characterizing both therapies as well as other interventional methods which could change T1DM autoimmunity in 
a helpful method. Need for an objective as well as quantitative evaluation of the progress, or its absence, in clinical interventional trials. 
Further also there is requirement of comparison of interventions to see the ones giving the maximum benefit and potentially club them 
together for obtaining a synergism. 

To develop the T1DM metabolic recovery index (DMMRI) Orban., et al. utilized the outcome of 3 published clinical trials [55,56,64] 
which documented stimulated C peptide area under the curve, HbA1c as well as insulin dosages. Utilization of 3 recent trials was done 
in view of them being most recent as well as comprehensive, having quiet similar clinical protocol designs as well as had all these factors 
evaluated. Their concept was dependent on the belief that C peptide is associated with lower HbA1c as well as insulin dosages. Combina-
tion of these3 factors into one formula gives the best way in testing total outcomes. 

The formula that was posited by Orban., et al. for T1DM metabolic recovery index (DMMRI) is displayed in Equation (1)

D HbA1c (P ⎕ T) + (5 _ (1 ⎕ D Insulin dose (T ⎕ P)/1 ⎕ D Stimulated C-peptide AUC (T ⎕ P)) (1)

P-placebo, T-treated. 

Value of 5 is indicating no effect for the intervention; Value > 5 indicates proportional improvement; Value < 5 indicates proportional 
worsening of the metabolic status due to intervention. 

For checking immunological cure all immune cells taking part in β cell injury require to be isolated and assays formed to evaluate their 
no’s activity, actions as well as crosstalk. Currently these represent high headed aims or theoretical thought process not converted to prac-
tice. Since T1DM particular pathological immune cells have not been isolated, a proper immunological cure remains not in site. Surrogate 
markers like enhanced number as well as function of regulatory T-cell cytokine profile alterations although very useful, remains unable to 
find correctly the immunological cure. 
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Clinical cure is much simpler to define i. e no symptoms, normal blood sugars (normal HbA1c) with no therapy of any kinds, which 
includes insulin. This does not imply that β cell health got fully recovered. β cell function might vary among 50% and 100% since it is in 
the so-called prediabetes state. It might also get known as ‘post diabetes state’. 

Metabolic cure can also be simply stated. Normal insulin amounts point to normal endogenous insulin synthesis. A normal amount of 
1st phase insulin response to glucose is nearest that we can estimate β cell function that is replenished. 

In the past 5 decades increased as well as concerted actions have been taken to tackle T1DM autoimmunity with 2 typical strategies, 
immune cell targeted therapies, or antigen concentrated treatments. All these methods do not allow getting clinical cure or metabolic 
cure. 

The key pitfall of the immune cells targeted therapies is the absence of finding the T1DM particular immune cells taking part in and 
causing the autoimmunity. What we understand today is that TIDM particular CD4+T cells [49] that are not controlled by the regulatory T 
cells [50], get stimulated with antigen presenting cells (APC) [51], CD8+T cells [52] and possibly other parts from the immune system col-
lect with the music system that take part in the autoimmune damage of the pancreatic beta cell. Till one knows the exact T1DM particular 
T cells as well as other immune cells taking part in the widening orchestra of autoimmunity when the disease propagates, it is just not 
feasible to form any particular immune repressive therapies. Blanket immune suppression have been utilized by certain trials like ATG 
(Anti-thymocyte globulin) [53], whereas other ones utilized ones with specificity that are T-cell or APC (B-cell) particular -therapies like 
anti- CD3 [54], CTLA4-Ig like abatacept [55] or antiCD20 with Rituximab B [56]. Of these anti- CD3 as well as CTLA4-Ig could change but 
not halt the course of the specific autoimmunity with certain essential advantages as well as understanding. 

Antigen concentrated treatments have not proved to be more beneficial. The biggest hurdle is 2 times, i) isolating the correct antigen 
(s) and ii) detected the proper delivering system. Some of the explanations support a main part of insulin or associated antigen (s) in 
originating autoimmunity are convincing. Of these one being that the damage is limited and particular to the insulin developing beta 
cell within the pancreatic islet. This gets further compounded by the fact that an epitope is present along with antigen Spreading once 
the disease progresses [57]. It has to be thought that till one intercepts this before it occurs at the initial phase of the disease, aid might 
be got by utilizing combined key antigens in an individualistic way. In avoiding oral insulin has been tried in this setting [58], with post 
hoc evaluation showing some preventive actions in a subgroup [58]. In a recent Bayesian meta-analysis GAD vaccine in alum in Type 1 
diabetes demonstrated modest benefits [59]. Insulin B chain utilization in an incomplete Freunds adjuvant (IFA) in a phase 1 clinical trial 
demonstrated a good immune effect by escalating insulin B chain specific regulatory T-cells [60]. To get an administration system that is 
powerful and targeted that much to move the immune system back towards immune tolerance is the basic part of an antigen dependent 
strategy. The answer might lie in IFA or equivalent strong adjuvants. By reduction in the amounts as well as function of the auto-aggressive 
immune cells might deactivate them and hence help in getting the balance as well as tolerance back is crucial. The objective is to mimic 
the thymic education of immune cells within the peripheral circulation. 

Clinical cure of Type 1 diabetes was neither attained by immune cells targeted, nor by antigen concentrated therapies. Although some 
changed the pathology they couldn’t halt the autoimmunity. But still they have ended up giving certain good clinical results, Now the big-
gest challenge is how to capitalize on these partial yet very emphatic results as well as comparison of success in trials that have different 
methods that will help in giving direction to future trials. 

The basic crucial metabolic factor of the disease is damage to the insulin synthesis. Measuring self-insulin synthesis should be assumed 
would help in the centre of success finding. But alone this is not enough and needs additional clinical as well as laboratory tests to be 
combined. Right now the best of the lot for checking self-insulin synthesis is serum C peptide. The rest of clinically essential laboratory 
tests are the metabolic effects of self-laboratory tests, i.e. blood sugar level (HbA1c), levels of externally administered insulin, how fre-
quent hypoglycaemic as well as hyperglycaemic events ([diabetic ketoacidosis (DKA)]). These parameters are self-connected and it might 
be said that they have gone in “linkage disequilibrium”. The link among C peptide, (HbA1c as well as insulin dosage is possibly tighter as 
compared to connection of this group with rest of parameters (like hypoglycaemic episodes as well as hyperglycaemic events (DKA). Get-
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ting more insight regarding fragile association among surrogate markers of DM control will help in contrasting newer therapy methods 
and thus formatting newer treatments. 

Regarding the preDM setting lot of work has been put in to check the metabolic deterioration towards T1DM. Measuring alterations 
in stimulated C peptide over time singly [61,62] or together with HbA1c [63] gave assurance in enhancing anticipation of the initiation 
of T1DM beyond the usual autoantibody evaluations. Till date nobody has tried to check the dynamic of the metabolic decline or getting 
better comprehensively in T1DM patients. 

Maximum clinical trials in T1DM patients utilize stimulated C peptide as the primary outcome result along with insulin as well as 
HbA1c as secondary ones to know the efficacy, but not in combination. It is quiet possible that a trial in which C peptide conservation also 
yields more effective HbA1c and would result in influence on patients short as well as long term health. Once these 2 changes take place 
along with insulin utilization, it might point benefit from the therapy utilized. It would be better to combine these factors into a formula. 

The potential utilization of the proposed index by Orban., et al. [48] would be to give the quantification of the amount of desirable 
treatments, just little prior to clinical cure. Thus, sustainance or enhancement of the positive index (DMMRI > 5) could point to total im-
mune cure, while improved but then deterioration over time would point effective but temporary change of the autoimmune mechanism. 
The index might also point to negative influence of accelerating autoimmunity and hence worsened metabolic status (DMMRI < 5). Other 
probable utilization of the index is to aid in selection of the best, most promising combination treatments. Further besides the chances of 
addition as well as/or synergism of various therapies, this index might aid in choosing best therapies, the ones possessing the maximum 
indices.

 Still lot of lacunae are there in this index. It can only get used in placebo controlled interventional clinical trial settings. This has been 
applicable to the 3 trials where it has been tried. Still the indices obtained appear to corroborate the usefulness of this method. The 2 trials 
that proved to be of success, namely abatacept as well as Rituximab B gave indices 5. The abatacept index is as compared to that for Ritux-
imab B supposedly pointing to more advantages for the patients. The GAD vaccine trial was found to be not efficacious as corroborated by 
DMMRI < 5. In future, more checking will be required to check the applicability of the index with its usefulness. 

Lot of work has been done to be able to cure this dreaded disease are going on with newer trials under way having planning, getting in-
sight of the relative advantages of these novel methods are required markedly to help in formatting strategies as well as designs for more 
drugs as well as combination therapies to be formed for future. Thus, this innovative index which helps in contrasting of similar studies 
will aid both current as well as future attempts to abrogate which and ultimately cure T1DM patients the final objective. 

Conclusion
Thus, utilizing the innovate approach regarding characterization as well as stage recovery from autoimmune damage in T1DM by 

Orban., et al. helps in aiding in the stages of deterioration that had been given by erstwhile Eisenbarth. This staging aids in classification 
of the effectiveness of any action taken with the objective of halting the decline which might act as a quantitative metabolic measure of 
results through which treatments might get contrasted and actual help given by DM therapy found. Further role of CD28 is critical for 
regulatory T cell survival and the maintenance of immune homeostasis. Esensten., et al. [65] outlined the roles that CD28 and its family 
members play in human disease and reviewed the clinical efficacy of drugs that block CD28 ligands. Despite the centrality of CD28 and 
its family members and ligands to immune function, many aspects of CD28 biology remain unclear. Translation of a basic understanding 
of CD28 function into immunomodulatory therapeutics has been uneven with both successes and failures (See figure 2). Such real-world 
results may stem from multiple factors including complex receptor-ligand interactions among CD28 family members, differences between 
the mouse and human CD28 families, and cell-type specific roles of CD28 family members. Moreover phase 2 trials of Polygonal T-cells will 
further help in understanding role of these besides trials on omega acids and Vitamin D [66,67].
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Figure 2: Courtesy reference number [65]: Major CD28 pathways in human T cells. CD4+CD45RA+ human T cells were stimulated 
with anti-CD3 antibodies or anti-CD3 and anti-CD28 antibodies for 24 hours before harvest and transcriptome analysis. Differentially 

regulated genes were mapped to specific pathways (nodes), which are connected to each other based on common function (edges) 
using the Reactome pathway database (Croft., et al. 2014; Milacic., et al. 2012). Top-level nodes are categorized by a collection of 

pathways specific to its category (e. g. Immune System includes CD28 and TCR stimulation and cytokine signaling pathways, among 
others). The major pathway categories are indicated by pop-out text boxes in the network above. The density of connected nodes 

indicates the relative enrichment of a given class of pathways in T cells after CD28 stimulation.
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