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Abstract: Diabetes is a chronic condition that disrupts glucose metabolism in the body. As there is no clinical cure available, the 
condition is managed through medications, insulin therapy, dietary changes, exercise, and other lifestyle adjustments. However, 
traditional treatments are often limited by their lifelong dependence and reduced effectiveness over time, hindering the patient’s 
full recovery. This limitation has led to a shift in focus, prompting research into alternative strategies. Since Type 1 diabetes 
(T1D) is an autoimmune disorder, approaches that target the immune system to either stimulate or suppress its activity have 
shown promise in reducing beta cell destruction and improving insulin response to high blood sugar. Additionally, the use of 
nanoparticles to deliver immunomodulators, insulin, or vaccines to immune cells is being explored as a potential therapeutic 
option. This method of nanoparticle-based targeting offers significant promise for improving T1D care. This review summarizes 
the current understanding of T1D's causes, clinical challenges, and the emerging role of nanoparticle-based therapies. We also 
evaluate the feasibility of bringing these approaches into clinical practice.  
Furthermore, stem cell therapy shows potential to restore β-cell function and reduce reliance on insulin therapy, though its 
clinical application is still in early stages. Significant progress has been made in preclinical studies, but more research is needed 
to ensure the safety and effectiveness of stem cell treatments and to prevent immune rejection. This review also examines 
ongoing research into cellular therapies, including stem cell treatments, gene therapy, immunotherapy, artificial pancreas 
systems, and cell encapsulation, as well as their potential for clinical use in treating T1D. 
Immunotherapy-based strategies have recently been integrated into the existing treatments for Type 1 diabetes (T1D) to block T-
cell responses against beta cell antigens, which are commonly involved in the onset and progression of T1D. However, achieving 
complete preservation of beta cell mass and insulin independence remains an unresolved challenge. As a result, no 
immunotherapy for T1D has yet been developed to replace the need for standard insulin therapy. Currently, several innovative 
therapeutic approaches are being explored to protect beta cells and achieve normal blood sugar levels. This review examines the 
current progress in immunotherapy for T1D, highlights key studies in the field, and discusses potential future strategies for 
treating the condition.[ 1,2,28,29] 
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I. INTRODUCTION 
Diabetes mellitus is an endocrine disorder primarily characterized by elevated blood glucose levels (hyperglycemia). This condition 
leads to a lack of glucose in tissues and organs, which can cause damage, and if left untreated, may result in tissue destruction, 
necrosis, and even death. The disease is divided into two main types: Type 1 diabetes mellitus (T1DM) and Type 2 diabetes mellitus 
(T2DM). T1DM is mainly autoimmune in nature and typically develops in individuals under 20-30 years of age, often referred to as 
juvenile-onset diabetes. On the other hand, T2DM is a chronic metabolic condition primarily caused by genetic factors and insulin 
resistance, which means the body's tissues do not effectively respond to insulin, leading to poor glucose absorption. Several 
mechanisms, including glucotoxicity, lipotoxicity, oxidative stress, endoplasmic reticulum stress, and amyloid deposits, are thought 
to contribute to the development of T2DM. T2DM has also been subdivided into three distinct subtypes.  
Diabetes, particularly T1D and T2D, is a major global health concern, marked by abnormally high blood glucose levels due to 
inadequate insulin production in T1D and insulin resistance in T2D. According to the 2019 International Diabetes Federation (IDF) 
Atlas, 1.52 million of the 8.75 million individuals with T1D worldwide are under the age of 20, highlighting the lack of sufficient 
research data for adult populations. Pediatric T1D is on the rise and can lead to diabetic ketoacidosis, which can be fatal without 
early diagnosis and treatment. T1D occurs when the immune system attacks and destroys insulin-producing beta cells in the 
pancreas, impairing insulin production and leading to symptoms like excessive thirst, frequent urination, unexplained weight loss, 
fatigue, blurred vision, and increased hunger. Due to the complete lack of endogenous insulin, individuals with T1D require daily 
insulin injections, making it known as insulin-dependent diabetes. 
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The diagnosis of T1D involves measuring blood glucose levels through tests such as fasting blood glucose, oral glucose tolerance, 
and random blood glucose tests. Managing T1D involves insulin therapy to regulate blood sugar, either via injections or insulin 
pumps, with careful monitoring to prevent episodes of hypoglycemia or hyperglycemia. In addition to insulin, lifestyle changes, 
such as maintaining a healthy diet and exercising regularly, can help manage blood glucose levels. If left uncontrolled, T1D can lead 
to severe complications like cardiovascular disease, neuropathy, retinopathy, and kidney disease, significantly affecting quality of 
life. Regular monitoring and management of blood glucose are essential to avoid these complications. [3,4,5,30,31] 

 

II. IMMUNE ETIOLOGY OF T1DM 
Type 1 diabetes mellitus (T1DM) is believed to be caused by an autoimmune response (Figure 1A), although the exact mechanisms 
by which the immune system targets the pancreas remain unclear. It is generally understood that the body becomes self-reactive to 
various pancreatic autoantigens, leading to insulitis (Figure 1B), an inflammation in the Islets of Langerhans. These islets contain α-
cells (producing glucagon), β-cells (producing insulin), γ-cells (producing pancreatic polypeptide), δ-cells (producing somatostatin), 
and ε-cells (producing ghrelin). The coordinated function of these cells, primarily through the secretion of peptide hormones, 
maintains normal islet structure and function (1–3). 
The specific causes of β-cell loss in T1DM can vary, but evidence suggests that acute infections (8, 9) or sterile trauma (10) can 
trigger it, with genetic predisposition playing a role . Two main reasons are proposed for these mechanisms. First, infections or 
trauma can lead to heightened immune activation, increasing the number of primed lymphocytes that may cross-react with self-
antigens. Second, elevated levels of cytokines, adhesion molecules, and co-stimulatory molecules on antigen-presenting cells 
(APCs) and parenchymal cells can sustain the activation of these cross-reactive lymphocytes. 
Currently, T1DM is managed through regular monitoring of blood glucose levels and injections of long-acting insulin (e.g., Lantus, 
Levemir) and short-acting insulins for meals (e.g., Humalog, Novolog). In contrast, T2DM hyperglycemia is treated with insulin and 
oral medications that either enhance insulin sensitivity (e.g., metformin) or promote the excretion of excess glucose (e.g., 
canagliflozin) . However, both treatments rely on small molecule drugs that lack selectivity for target cells , making them temporary 
solutions that patients must continue indefinitely once the disease develops. 
Type 1 diabetes (T1D) is a chronic autoimmune condition characterized by the destruction of insulin-producing beta cells in the 
pancreatic islets. This immune-mediated destruction leads to a lack of insulin production, requiring individuals to depend on 
external insulin sources for survival. Both genetic and environmental factors play a role in the development of T1D. Genetic 
predispositions are often linked to polymorphisms in genes associated with the human leukocyte antigen (HLA), insulin gene 
promoter, and cytotoxic T lymphocyte antigen-4. These genetic factors account for 55–65% of T1D cases. In most cases, the disease 
is marked by the presence of various pancreatic autoantibodies, including those targeting insulin (IAA), islet cell cytoplasmic 
antigens (ICA), insulinoma-associated 2 or protein tyrosine phosphatase antibodies (IA-2), zinc transporter 8 (ZnT8), and glutamic 
acid decarboxylase (GAD65). The quantity and presence of these autoantibodies are directly linked to the likelihood of developing 
T1D. These autoantibodies stimulate CD4+ and CD8+ T cells to enter the pancreatic islets, triggering inflammation (insulitis). As 
these immune cells infiltrate the islets, they multiply and attack the beta cells, halting insulin production and disrupting blood sugar 
regulation. The resulting lack of insulin prevents the suppression of lipolysis, leading to uncontrolled fat breakdown and the 
accumulation of ketone bodies in the blood. The buildup of ketones like acetoacetate and β-hydroxybutyrate causes ketoacidosis, 
which, if left unchecked, can lead to loss of consciousness, brain swelling, confusion, coma, or even death.[5,6,7] 

 
A. Potential Therapy Approaches for Type 1 Diabetes (T1D) 
Currently, insulin replacement is the only standard treatment for T1D as there is no cure. However, researchers are actively 
investigating new therapeutic strategies that could potentially prevent or reverse the autoimmune process and restore β-cell function. 
Some of the latest advancements in T1D therapies include: 
 
B. Immunotherapy 
Immunotherapy involves using drugs or other treatments to regulate the immune system and prevent the destruction of insulin-
producing β-cells in the pancreas. These treatments may include immune modulators or biologics that selectively target specific 
immune cells or pathways. The aim of immunotherapy is to manipulate the immune system to prevent or reverse β-cell destruction. 
A pioneering study by Herald and colleagues tested the use of an anti-CD-3 antibody to target and deactivate T-cells that attack β-
cells, finding that it helped preserve β-cell function in newly diagnosed T1D patients.  
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In a randomized clinical trial, newly diagnosed T1D patients were treated with autologous T-cells genetically modified to express a 
proinsulin peptide, which preserved β-cell function and reduced the deterioration of insulin secretion over two years. Additionally, 
low-dose interleukin-2 (IL-2) therapy has been shown to increase the number of regulatory T-cells (Tregs), which suppress the 
autoimmune response, thus improving β-cell function in patients with new-onset T1D. 

 
Fig .No 1 –Immunotherapy 

 
Moreover, transplantation of engineered islet cells that can evade immune attack is being explored as a potential treatment. 
Modifying the surface of islet/β-cells with anticoagulant enzymes such as urokinase (UK) and thrombomodulin (TM), or by 
biotinylating the islet membrane to conjugate streptavidin-Fas-ligand (SA-FasL) proteins, has shown promise in protecting 
transplanted cells from immune attack in T1D patients. Other immunomodulatory proteins, such as A20 and PD-L1/CTLA4, have 
been used to protect islets from post-transplantation immune attack. These studies suggest that local immunomodulation plays a 
critical role in enhancing immunotherapy outcomes for T1D.[32,33,34,8,9] 

 
C. Cell-Based Therapy 
Cell-based therapies for T1D involve the transplantation of pancreatic islet cells or β-cells. Islet transplantation, which involves 
transferring islet cells from a healthy donor's pancreas into a T1D patient, has been shown to improve glucose control and reduce the 
risk of severe hypoglycemia. However, challenges such as the need for large numbers of donor cells and a limited supply of donors 
remain. To address these challenges, researchers are also exploring combinational cell therapies, including gene therapy and cell 
encapsulation, as promising diabetes treatments. 
 
D. Gene Therapy 
Gene therapy involves inserting genes into cells to correct genetic abnormalities or enhance their function. In T1D, gene therapy 
aims to promote β-cell growth and survival or to suppress genes that contribute to β-cell destruction. For example, introducing the 
pancreatic transcription factor Pdx-1 gene into pancreatic cells of diabetic mice has restored glucose homeostasis and insulin 
production. Another approach uses glucokinase, a key enzyme in glucose metabolism. A preclinical study demonstrated that gene 
therapy with glucokinase improved glucose regulation and prevented diabetes in mice. Since inflammation plays a significant role in 
T1D, gene therapy using anti-inflammatory cytokines like interleukin-10 (IL-10) has shown promise in preventing the onset of 
diabetes. Additionally, gene therapy with regulatory T-cells (Tregs) has been shown to suppress the autoimmune response and 
prevent β-cell destruction, thus improving glucose control in diabetic mice. Gene therapy using insulin-producing cells, derived 
from human embryonic stem cells, has also shown potential in preventing diabetes and improving glucose regulation mm +in 
preclinical studies. These advanced therapeutic strategies hold promise for improving T1D treatment and may ultimately provide 
new ways to manage or even cure the disease. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue IV Apr 2025- Available at www.ijraset.com 
     

 
4455 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 
Fig.no 2.Gene Therapy 

 
E. Stem Cell Therapy 
Stem cell therapy is a rapidly advancing area of research in the context of T1D, aiming to regenerate β-cells in the pancreas using 
stem cells that can differentiate into various cell types. Researchers are exploring different types of stem cells, including induced 
pluripotent stem cells (iPSCs), adult stem cells, and embryonic stem cells, to achieve this goal. While early-stage clinical trials have 
shown promising results, further research is needed to fully evaluate the safety and efficacy of stem cell therapy . 
 
F. Types of Stem Cells 
Stem cells are undifferentiated cells with the unique ability to develop into specialized cell types and self-renew  Several types of 
stem cells exist, including embryonic stem cells (ESCs), induced pluripotent stem cells (iPSCs), and adult stem cells. Stem cells 
hold great promise in regenerative medicine and as a therapeutic tool for various diseases. ESCs are derived from the inner cell mass 
of early embryos (blastocysts) and can differentiate into any body cell, making them useful for studying diseases. However, their use 
is controversial due to ethical concerns surrounding embryo use  On the other hand, iPSCs are adult cells reprogrammed to a 
pluripotent state, similar to ESCs, typically through the introduction of specific genes using viral vectors or other techniques. iPSCs 
are valuable for disease modeling and drug discovery because of their ability to differentiate into any cell type  Adult stem cells, 
found in specific tissues, can differentiate into cell types of the tissue in which they reside. For instance, hematopoietic stem cells in 
bone marrow can become different types of blood cells and are used in therapies like bone marrow transplants for leukemia and 
other blood diseases . Totipotent stem cells can differentiate into all cell types, including both embryonic and extra-embryonic 
tissues. In humans, totipotent stem cells are present only in the zygote (fertilized egg) and the earliest stages of development . In 
contrast, unipotent stem cells can differentiate into just one cell type but can self-renew. [10,11,12,13,14,35] 

 

G. β Cell-Based Therapy 
Type 1 Diabetes (T1D) is associated with the loss of tolerance by autoreactive β cells, which are involved in the autoimmune attack 
on pancreatic beta-cells. B lymphocytes, along with T lymphocytes, are key components of the adaptive immune system and 
contribute to both cellular and humoral defense against infections and tumors. However, to prevent autoimmunity, β cells must be 
either suppressed, restored, or eliminated. There is a correlation between the presence of CD20+ β cells and the decline in pancreatic 
beta-cell function. Despite insulin therapy being the standard treatment for T1D, it is not a cure, and there is a need for effective 
immunotherapies. In studies using non-obese mouse models, β cells were shown to halt disease progression at the preinsulitis stage, 
suggesting that β cell-targeted immunotherapy could be a promising treatment for T1D.   
Monoclonal antibodies are being used to target β cells by identifying specific surface antigens involved in their maturation, 
differentiation, and survival. These antibodies work by inducing cell death through mechanisms like complement-dependent 
cytotoxicity, antibody-dependent cellular cytotoxicity, and apoptosis. Rituximab (RTX) is one such antibody used in β cell therapy, 
but it has shown limited efficacy due to side effects from β cell depletion, the rapid return of autoreactive β cells after treatment, and 
the depletion of regulatory cells as a side effect. Additionally, pancreas-localized β cells may resist RTX-mediated deletion due to 
reduced expression of the CD20+ surface marker. Manipulating RTX dosage and treatment duration has proven difficult, limiting 
the treatment's effectiveness. 
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Another approach is combination therapy, where antigens and antibodies are used together to enhance the therapeutic effect. For 
example, combining oral insulin with anti-CD20 antibodies has shown limited success in reversing T1D, but it has been moderately 
effective in preventing the disease. Overall, combination therapy has shown some potential for preventing T1D, but it has limited 
effectiveness in reversing the disease. 

 
Fig. No. 3 Cell Based Therapy                                                        

 
H. Replacement Therapies: Edmonton Protcol 
The Edmonton Protocol has demonstrated the effectiveness of islet transplantation in managing insulin regulation in Type 1 
Diabetes (T1D) patients. In this protocol, pancreatic islets from deceased donors are infused into T1D patients who are 
immunosuppressed. Earlier trials, conducted before 1990 with single islet infusions, showed partial success, resulting in reduced 
insulin requirements and increased C-peptide levels. However, these trials did not take additional steps to enhance the islet mass. 
The Edmonton Protocol, introduced in 2000, transformed islet transplantation into a promising therapy for T1D, as it remains the 
only method capable of achieving glycemic control without the need for insulin. Compared to whole pancreas transplants, islet 
transplantation offers several advantages, such as a less invasive surgical procedure, lower morbidity and mortality rates, and 
significantly lower costs. A key benefit of islet transplantation over traditional insulin therapy is that transplanted islets regulate 
blood glucose more efficiently without causing excess insulin production, which can lead to hypoglycemic episodes. 
Modifications to the Edmonton Protocol, particularly in the immunosuppressive regimen, have eliminated the need for 
corticosteroids and enabled the use of a combination therapy involving anti-interleukin-2 receptor antibodies, sirolimus, and 
tacrolimus. This combination reduces beta cell toxicity, enhancing the therapy’s effectiveness. Islet transplantation has shown some 
success in achieving insulin independence in both the short and long term. However, variability in results is influenced by factors 
related to both the donor and the recipient. Despite its benefits, there are challenges in standardizing the protocol, including the need 
for a large number of islets for transplantation and the potential adverse effects of immunosuppressive treatments. One solution 
could be the use of stem cells, which, with the appropriate differentiation protocols, can be made to produce glucose-sensitive 
insulin-producing cells.[15,16,17,18,19,20,37] 

 
I. Beta-Cell Regeneration Strategies 
Gastrin and GLP-1 work together to promote the regeneration and differentiation of beta cells. In the NOD mouse model, combining 
both molecules led to an increase in beta-cell mass. Additionally, combination therapy using DPP-4 inhibitors (to raise GLP-1 
levels) and proton pump inhibitors (PPIs; to boost gastrin levels) resulted in higher C-peptide levels, enhanced insulin secretion, and 
restored normal blood glucose levels in NOD mice. In humans, the REPAIR-T1D study tested a similar one-year treatment using 
sitagliptin (a DPP-4 inhibitor) and lansoprazole (a PPI) in T1D patients. However, no significant differences in C-peptide levels 
were found between the treatment and placebo groups. The researchers suggested that the low increases in gastrin and GLP-1 levels 
were responsible for the ineffective treatment. Further clinical trials are needed to assess the potential of gastrin and GLP-1 
combination therapy.[21,22,23] 
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III. IMMUNE INVOLVEMENT IN DISEASE ONSET AND PROGRESSION 
T and B lymphocytes recognize antigens in different ways: B cells bind antigens directly, while T cells only recognize antigens that 
are presented on MHCI (for CD8 T cells) or MHCII (for CD4 T cells) molecules on the surface of antigen-presenting cells (APCs). 
Dendritic cells (DCs) are the most effective APCs and can activate naïve T cells, while macrophages and B cells are less potent but 
help sustain the activation and differentiation of already activated T cells. In certain stressful conditions, non-hematopoietic cells can 
also express MHCII and influence lymphocyte differentiation. The clusters of receptors that sense antigens on lymphocytes are 
called B cell receptors (BCRs) and T cell receptors (TCRs), with their signaling referred to as immune signal 1. This signal is 
essential for lymphocyte activation. However, for full activation and differentiation, signal 1 needs to be combined with co-
stimulatory signal 2 (e.g., CD28, TNFRs, TLRs) and growth and differentiation signal 3 (e.g., IL-2 for T cells and IL-4 for B cells). 
Polarization, or signal 4, is shaped by various cytokines and other factors. T and B cells also need additional signals from membrane 
proteins and soluble factors to avoid autoimmune attacks. CD28 is the primary co-stimulatory protein in T cells, and after T cell 
division, IL-2 helps sustain clonal expansion. CTLA-4, which binds to CD80 and CD86 with higher affinity than CD28, 
downregulates T cell activation, but it may also function via regulatory T cells (Tregs) without interfering with the initial activation. 
Other receptors, such as those in the TNFR superfamily (e.g., CD134, CD137, and CD357), can modulate T cell responses, 
especially in peripheral tissues. The polarization signal determines the subtype of immune cells, such as Th1, Th2, Th17, and Tregs 
for CD4 T cells, and TC1, TC2, and Tregs for CD8 T cells. These subtypes play a role in immunity and inflammation, with Th2 
skewing macrophages toward a less destructive M2 phenotype, while Th17 contributes to more aggressive inflammation. IL-21, 
produced mainly by activated CD4 T cells and natural killer cells, plays a key role in both T and B cell function. IL-21 promotes B 
cell activation, differentiation, and even cell death during immune responses. Excessive IL-21 production can contribute to 
autoimmune diseases and exacerbate inflammation. 
IL-21 can inhibit TGFβ, which is necessary for the expression of Foxp3 in T cells, causing a shift in differentiation from Tregs to 
Th17 cells. Blocking IL-21 reduces immune cell infiltration into islets, and CD8 T cell-mediated rejection of islet grafts has been 
shown to depend on IL-21. Mice lacking the IL-21 receptor (Il21r−/−) in a non-obese diabetic (NOD) model are protected from type 
1 diabetes (T1DM) and do not develop insulitis.[24,25,] 

 

IV. NOVEL STRATEGIES 
In recent years, chimeric antigen receptor (CAR) T-cell therapy, which involves engineering T-cells to express CARs targeting 
CD19, has emerged as a significant breakthrough in the treatment of CD19+ B-cell leukemia. CARs are complex molecules made 
up of several 
components, including: (1) an antigen-specific recognition domain, often a single-chain variable region (scFv) from a monoclonal 
antibody; (2) a hinge region, derived from the Fc portion of human immunoglobulin (IgG1 or IgG4) or from CD8a or CD28 hinge 
domains; (3) a transmembrane domain; and (4) an intracellular signaling domain based on tyrosine residues. The signaling domain 
is the critical component, typically derived from CD3ζ, which is the key signaling chain of the T-cell receptor (TCR) complex. The 
main advantage of CAR-T cells is that their antigen recognition is independent of the major histocompatibility complex (MHC), but 
still activates TCR and co-stimulatory signaling pathways essential for T-cell activation and expansion. 
 

V. CAR-T CELLS AND T1D 
Inspired by CAR-based cancer therapies and the growing interest in Tregs as potential treatment for Type 1 diabetes (T1D), it is 
reasonable to hypothesize that equipping Tregs with β-cell-specific CARs could enhance their migration to the pancreas and 
pancreatic lymph nodes, offering protection to islet cells from autoimmune destruction. Several recent studies indicate that CAR-
Treg therapy holds considerable promise in treating autoimmune diseases and preventing allograft rejection. For example, Fransson 
and colleagues explored CAR-Treg therapy in an experimental autoimmune encephalomyelitis (EAE) mouse model. In their study, 
CD4+ T-cells were engineered to express a CAR targeting myelin oligodendrocyte glycoprotein (MOG35-55) and a murine Foxp3 
gene to drive Treg differentiation. Administering these CAR-Tregs intranasally successfully delivered them to the central nervous 
system (CNS), suppressed inflammation efficiently, and led to complete recovery from disease symptoms. Other research suggests 
CAR-Tregs could help prevent transplant rejection by generating HLA-A2-specific CAR-Tregs isolated from the host, which 
retained high Foxp3 expression and maintained their suppressive function without significant cytolytic activity. While further 
studies are needed to confirm the stability, purity, and long-term survival of these Tregs after transfer, this strategy is promising for 
promoting graft-specific tolerance and preventing transplant rejection. CAR-Tregs have also been tested in Hemophilia A, where 
mutations in the F8 gene affect Factor VIII (FVIII) production.  
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In patients with severe hemophilia, immune reactions to exogenous FVIII are common. Notably, FVIII-specific human CAR-Tregs 
were able to suppress antibody production in both in vitro and in vivo mouse models of Hemophilia A. However, since FVIII is a 
soluble protein, the exact mechanism of suppression remains unclear. 

 
Fig No.4- CAR-T 

 
A. Challenges 
Despite the significant potential of CAR-Tregs therapies, there is no clear strategy yet for using this promising technology to treat 
Type 1 Diabetes (T1D). One of the major challenges is the absence of β cell-specific antibodies that could be utilized to create islet-
protective CAR-Tregs. A potential solution is to employ human islet-specific TCR gene transfer into polyclonal human Tregs. A 
recent study showed that polyclonal Tregs transduced with TCR chains from two human islet-specific CD4+ clones exhibited 
improved antigen-specific suppression and enhanced potency compared to polyclonal Tregs. However, these islet-specific Tregs 
were less responsive to their cognate antigen than T-cells with virus-specific TCRs, indicating that further optimization and better 
TCR clones are still necessary.  
Another study found that insulin-specific CAR-Tregs were functional, suppressive, and capable of surviving in vivo, although they 
were unable to prevent spontaneous diabetes in NOD mice. This result was expected, as insulin is a soluble antigen that fluctuates in 
concentration throughout the body. Additionally, this approach may not be efficient for T1D patients, as their low endogenous 
insulin levels, coupled with daily insulin injections, could interfere with the normal insulin concentration gradient that would 
otherwise guide the insulin-specific CAR-Tregs into the pancreas.  
Thus, identifying and studying new β cell-specific molecules for proper CAR-Treg targeting is crucial. Promising molecules, such 
as DPP6, FXYD2γa, and NTPDase3, have been identified, but further research is required to confirm their specificity and to isolate 
appropriate monoclonal antibodies for recognizing human β cells in vivo before developing a CAR construct for T1D treatment. [26] 

 
VI. CONCLUSION 

The global diabetes epidemic has become a critical health issue, and the absence of effective and comprehensive treatments 
contributes significantly to the rising prevalence of the condition. Recent advancements in biomedical research have led to the 
development of various diabetes management and therapeutic strategies (as shown in Fig. 6), including immunotherapy, artificial 
pancreas, and cell-based therapies, which show great potential in treating diabetes through unique and powerful mechanisms. 
Immunotherapy works by modulating the immune system to prevent the destruction of β-cells, thus preserving insulin production. 
Although early clinical trials have yielded promising results, there remain unresolved questions regarding the best timing, dosage, 
and duration of immunotherapy, as well as concerns about long-term side effects. The artificial pancreas, which can automatically 
adjust insulin delivery based on real-time glucose readings, holds promise. However, improvements in glucose sensor accuracy and 
the optimization of control algorithms are necessary to enhance the effectiveness of the artificial pancreas for diabetes treatment. 
A variety of therapeutic strategies are being explored for Type 1 Diabetes Mellitus (T1DM), ranging from immunomodulation and 
transplantation to combinations of these approaches, and even the potential to induce regulatory immune cells and differentiated 
islet cells in vivo. Biologics, such as antibodies and cytokines, have been used in clinical settings to induce immune tolerance, 
showing better results than traditional small molecule drugs like steroids. Cellular therapy is a more recent method aimed at 
providing targeted immune suppression and promoting stem cell-mediated regeneration. Among these, Tregs (regulatory T cells) 
have gained attention as a potential treatment for T1DM due to their ability to suppress autoimmune responses without causing 
widespread immunosuppression.  
However, a major challenge remains in effectively and consistently inducing or expanding Tregs. 
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The main challenges in T1DM treatment lie in improving the patient's quality of life and ensuring that the treatments are sustainable 
over time. While islet transplants and immunosuppressants can be used, the side effects of non-selective small molecule drugs must 
be considered. If islet encapsulation is chosen as a treatment option, issues such as insulin/nutrient exchange, protection from 
immune damage, hypoxia, and fibrosis of the capsules need to be addressed. A significant issue with islet encapsulation is that the 
microencapsulation methods often result in large capsule sizes, which can impair insulin diffusion. This can reduce insulin secretion, 
increase islet necrosis, and raise the risk of hypoxia. Therefore, preparing suitable implantation sites for the islet capsules, 
considering the large volume of encapsulated islets or β-cells, is critical. Other important factors include enhancing capsule and 
device stability, minimizing the volume and size of the engraftment, and reducing immune responses. Despite advances in new 
technologies, several obstacles remain. These include the fragility of transplant devices and the potential need for "refills" of islets. 
Additionally, approaches such as immunotherapy using Tregs are becoming more prominent as potential treatments for T1DM. 
While each treatment option faces challenges, the most important consideration, beyond the effectiveness of any treatment, is the 
overall well-being and quality of life of the patient.[25,26,27,28,29] 
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