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ABSTRACT

Introduction: Type 1 diabetes is a chronic autoimmune disease characterized by destruction
of pancreatic B cells and resultant absolute insulin deficiency. Despite advances in insulin
delivery systems and glucose monitoring, patients remain at risk for severe acute and chronic
complications, posing a significant therapeutic challenge. Consequently, new approaches are
being intensively developed, including cell-, gene-, and immunology-based therapies. One
direction is pancreatic islet transplantation and the use of stem cells as a source of f§ cells.

Aim of the Study:. The purpose of this study is to investigate new therapies used in type
diabetes that may reduce the need for exogenous insulin.

Materials and Methods: An analysis of papers available in PubMed was performed.

The following keywords were used : diabeletes mellutis type 1, immunotherapy, anti-CD3
monoclonal antibody, pancreatic islet cel transplatation, stem cell transplantation.

Basic results: Despite advances in understanding the mechanisms of autoimmune destruction
of pancreatic B cells, there is no fully optimal therapy for patients with type 1 diabetes. In recent
years, many modern treatment methods have been studied, including the use of anti-CD3
antibodies. In November 2022, teplizumab (an anti-CD3 antibody) was approved as a drug that,

by slowing the autoimmune destruction of pancreatic B cells, prolongs endogenous insulin
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production and delays the need for intensive insulin therapy. Another intensively investigated
approach is pancreatic islet transplantation. The latest research results show that pancreatic islet
transplantation improves glycemic control, prevents severe episodes of hypoglycemia, and
makes some patients insulin-independent. In addition, results from 2024 on the first-ever
transplantation of pancreatic islets derived from chemically induced pluripotent stem cells
(CiPSCs) suggest that this treatment may be a personalized therapeutic strategy for patients
with type 1 diabetes. However, further studies with a larger number of patients and longer
follow-up periods are needed to assess the long-term safety and efficacy of this method.

Conclusion: None of the existing therapies for type 1 diabetes is entirely optimal. Rapid
scientific advances and emerging stem cell transplantation technologies offer patients hope for
improved quality of life through better glycemic control, prevention of severe hypoglycemic

episodes, and insulin independence.

Keywords: diabeletes mellutis type 1, immunotherapy, anti-CD3 monoclonal antibody,
pancreatic islet cel transplatation, stem cell transplantation.

Introduction

Type 1 diabetes is a chronic autoimmune disease in which the immune system attacks and
destroys the pancreatic islet B cells responsible for insulin production. For many decades,
insulin therapy has remained the mainstay of treatment, effectively compensating for the
hormone deficiency, but without affecting the underlying pathogenesis of the disease. Despite
advances in insulin delivery and glucose monitoring systems, patients remain at risk of serious
acute and chronic complications, including hypoglycemia and diabetic ketoacidosis. In addition,
for some patients, especially adolescents, type 1 diabetes is associated with chronic stress
related to constant glucose monitoring. In extreme cases, the disease can lead to depression and
eating disorders, such as diabulimia, which is the deliberate omission of insulin doses. In recent
years, new therapeutic approaches have emerged, such as cell, gene, and immunological
therapies. These therapies have the potential not only to provide the patient with insulin, but

also to modify the course of the disease by influencing the autoimmune process and restoring



B cell function. One therapeutic approach is the islet transplatation, which is limited by the risk
of transplant rejection. At the same time, intensive research is being conducted on the use of
stem cells, including induced pluripotent stem cells (iPSCs), which can be differentiated nto
cells capable of producing insulin. Another important direction is immunomodulatory therapies,
such as monoclonal antibodies, which aim to modulate the immune response and slow down
the destruction of B cells. This article summarizes the current state of knowledge on these
therapeutic strategies, with particular emphasis on their clinical potential and the challenges
associated with their implementation.

Type 1 diabetes

In 2024, 9.2 million people were living with type 1 diabetes, 1.8 million of whom were under
the age of 20. [1] Type 1 diabetes accounts for about 10% of all diabetes cases, and the incidence
of this disease is increasing worldwide. In the United States, the prevalance is approximaely 1
in 300 children, and in Europe it is one of the most common chronic diseases in childhood.
Based on data from 2021, scientists predict that by 2040, the number of cases will increase to
13.5-17.4 million, with the largest increase in low-income countries [2].

Pathogenesis of type 1 diabetes

Type 1 diabetes is a chronic autoimmune disease characterized by a pathogenic process that
develops in several stages and usually begins long before the first clinical symptoms appear. It
is likely that exposure to environmental factors that trigger an autoimmune response—such as
viral infections (e.g., mumps virus, enteroviruses, rubella virus, influenza virus, EBV, CMV,
HAYV, poliovirus), dietary factors, alterations in the gut microbiota, toxins, or chemicals—in
genetically predisposed individuals initiates the destruction of pancreatic islets mediated by
mononuclear cells.

The main genetic risk factors for developing type 1 diabetes are HLA class Il histocompatibility
alleles, particularly the DR3-DQ2 and DR4-DQ8 haplotypes. In addition, HLA class | alleles
such as HLA-A24 and HLA-B39, as well as other genes including INS, CTLA4, PTPN22, and
IL2RA, influence the risk of developing the disease [3]. An example of a protective haplotype
against type 1 diabetes is HLA-DRB115:01-DQA101:02-DQB1*06:02 [4].

The best-known autoantigens against which antibodies are produced are the insulin B chain
peptide (11-23), glutamic acid decarboxylase (GADG65), protein tyrosine phosphatase-like
protein 1A-2, and zinc transporter 8 (ZnT8). Autoantigens are presented by HLA class | and 11



molecules on antigen-presenting cells, leading to the activation of autoreactive CD4+ T
lymphocytes. These lymphocytes stimulate B lymphocytes to produce autoantibodies and
simultaneously enhance the cytotoxic activity of CD8+ T lymphocytes. CD8+ lymphocytes
attack [3 cells through cytokines: TNF-a, IFN-y, the Fas/FasL pathway, and perforin/granzyme-
mediated mechanisms. The released cytokines activate macrophages and other elements of
innate immunity, which intensifies inflammation and contributes to further destruction of 8 cells
[3,4,5].

Treatment methods for type 1 diabetes

Immunotherapy — historical overview

The first attempts at immunotherapy in patients with type 1 diabetes were conduucted as early
as 1986. Patients who had been treated with insulin for less than 2 months were given
cyclosporine, an immunosuppressive drug that is a calcineurin inhibitor. The study involved
122 patients, randomly divided into two groups: one receiving cyclosporine at a dose of 7.5
mg/kg per day and the other receiving a placebo. After 9 months, the results suggested that
cyclosporine could promote remission of type 1 diabetes. A side effect was a moderate increase
in serum creatine levels [6]. Further studies showed that the high doses required which to
achieve remission were associated with in an increased number of infections, nephrotoxicity,
and a rapid return of the disease after discontinuation of treatment. In subsequent years, the
effect of treatment with cyclosporine in combination with methotrexate, azathioprine, and
prednisolone on the treatment of type 1 diabetes was also studied. Unfortunately, in the long
term, all of these drugs were associated with adverse effects, which is why they are not

commonly used in patients with type 1 diabetes [7].

Rituximab in the treatment of type 1 diabetes

Rituximab in the treatment of type 1 diabetes

T lymphocytes play a major role in the pathogenesis of type 1 diabetes, while B lymphocytes
contribute through their role as antigen-presenting cells. Rituximab, an anti-CD20 antibody,
selectively depletes B lymphocytes, which led to studies evaluating its efficacy in patients with
type 1 diabetes.

A randomized study including 87 participants compared rituximab with placebo. The primary
endpoint used to assess efficacy was C-peptide level. Results showed that in newly diagnosed

patients, rituximab slowed the decline in C-peptide by approximately 8 months compared with



placebo. However, after 30 months, no significant differences in C-peptide levels, insulin
requirements, or HbAlc values were observed between the two groups. Thus, rituximab
demonstrates partial efficacy by delaying disease progression but does not alter disease
pathophysiology [8].

Another study confirmed that rituximab slows B-cell loss, but its long-term effect on the course
of the disease remains uncertain [9].

In summary, rituximab is not a therapy that reverses the pathogenesis of type 1 diabetes or
enables patients to discontinue insulin treatment.

Anti-CD3 monoclonal antibody in newly diagnosed type 1 diabetes

The effect of monoclonal antibody anti- CD3 on insulin production loss in patients with type 1
diabetes began to be studied in the 2000s. In one of the first studies, 24 patients within 6 weeks
of being diagnosed with type 1 diabetes were randomly assigned to receive a 14-day course of
monoclonal antibody treatment or no treatment. Improved insulin production was observed in
9 of 12 patients in the treatment group compared to 2 of 12 patients in the control group, and
the effect of treatment lasted for at least 12 months. The most common side effects were fever,
rash, and anemia [10].

This study marked the beginning of an intensive era of research into the use of anti-CD3

monoclonal antibodies in the treatment of type 1 diabetes.

Otelixizumab

Otelixizumab is a humanized monoclonal antibody directed against the CD3 molecule on the
surface of T lymphocytes. Its mechanism of action involves reducing the activity of
lymphocytes that destroy pancreatic  cells. In addition, the drug promotes immune tolerance,
which may help prevent further B-cell destruction. Studies have shown that otelixizumab can
reduce insulin requirements in patients with newly diagnosed type 1 diabetes, with effects
lasting for at least 18 months [11]. However, the use of higher doses, which are more effective
in preserving pancreatic B-cell function, is limited by numerous side effects. Most patients
experienced Epstein-Barr virus reactivation, cytomegalovirus infection, and cytokine release
syndrome.

A multicenter, randomized, placebo-controlled trial was subsequently conducted to assess
whether a lower dose of otelixizumab could preserve C-peptide secretion in patients with newly

diagnosed type 1 diabetes. The study involved 281 patients who were randomly assigned to



receive either 3.1 mg otelixizumab or placebo. No significant differences were observed
between the groups in metabolic parameters, including HbA1c levels, glycemic variability, and
insulin requirements. More adverse events occurred in the otelixizumab group, although no
EBV reactivation was detected. The lower dose of the drug was better tolerated but did not
confer additional preservation of C-peptide [12]. Another study was conducted to evaluate the
relationship between otelixizumab dose, safety, tolerance, and B-cell function preservation in
patients with newly diagnosed type 1 diabetes. This 24-month study analyzed 28 patients, who
were divided into four groups according to the cumulative dose received (9 mg, 18 mg, 27 mg,
or placebo). Adverse events were observed in all treated patients, with both frequency and
severity increasing in a dose-dependent manner. EBV reactivation also showed a dose-
dependent pattern. After administration of 9 mg otelixizumab, C-peptide levels remained above
baseline for 19 months, suggesting partial preservation of pancreatic B-cell function. Higher
doses of the drug increased the risk of adverse effects and EBV reactivation without conferring

additional benefits in terms of B-cell preservation [13].

Teplizumab

Teplizumab is an anti-CD3 monoclonal antibody with a mechanism of action similar to that of
otelixizumab. The mechanism by which anti-CD3 antibodies modulate the pathogenesis of type
1 diabetes is only partially understood. The predominant effect of this therapy is believed to be
the enhancement of regulatory T-cell (Treg) activity and the promotion of immune tolerance.
Clinical trials have demonstrated that teplizumab delays progression to insulin dependence and
preserves (-cell function [14,15].

In November 2022, teplizumab was approved by the U.S. Food and Drug Administration (FDA)
to delay progression to stage 3 type 1 diabetes in adults and children aged 8 years and older
with stage 2 type 1 diabetes. It is the first drug to be officially approved to delay the onset of
overt type 1 diabetes. By slowing autoimmune destruction of pancreatic  cells, the drug
prolongs endogenous insulin secretion and postpones the need for exogenous insulin therapy
[16].

In 2021, a meta-analysis of eight studies evaluating the efficacy and safety of teplizumab was
published. The analysis included 866 patients with type 1 diabetes and compared exogenous
insulin requirements, B-cell function, HbAlc levels, and adverse events between patients

treated with teplizumab and those receiving placebo. The teplizumab group demonstrated lower



insulin requirements and improved B-cell function at multiple time points (6, 12, 18, and 24
months). Glycemic control, as assessed by HbAlc, did not differ significantly between groups.
The study showed that teplizumab slows B-cell destruction and prolongs endogenous insulin
production without improving overall glycemic control. The most common adverse event
associated with teplizumab treatment was lymphopenia [17].

In a 2020 study, researchers evaluated the association between the duration of partial clinical
remission in type 1 diabetes and the coexistence of other autoimmune diseases. The results
indicated that patients who experienced remission lasting more than 297 days were more likely
to develop additional autoimmune diseases associated with diabetes compared with those who
had a shorter remission period [18]. These findings are noteworthy because the study included
a large cohort of participants consistent with the target age group for teplizumab use. Further
research is warranted to determine whether teplizumab therapy is associated with an increased
risk of developing other Thl-dependent autoimmune diseases. Conducting such studies is

crucial to ensure patient safety and to prevent unexpected adverse effects [19].

Pancreatic islet cel transplatation- historical overview

Pancreatic islet transplantation has long been investigated as a therapeutic strategy aimed at
restoring endogenous insulin production in patients with type 1 diabetes, in whom
autoimmune destruction of pancreatic 3 cells has occurred.

In 1990, the first study was published describing a patient who was able to discontinue insulin
therapy following transplantation of pancreatic islets into the portal vein [20].

A landmark study published in 2000 involved seven patients with type 1 diabetes characterized
by recurrent severe hypoglycemia and unstable metabolic control. Following transplantation of
an average islet mass of 11,547 + 1,604 islet equivalents per kilogram of body weight, all
patients achieved sustained insulin independence and maintained normal glycated hemoglobin
(HbAZXc) levels. To minimize toxicity and prevent insulin resistance, glucocorticosteroids were
excluded from the immunosuppressive regimen [21].

This study demonstrated that achieving insulin independence and maintaining glycemic
stability in patients with type 1 diabetes requires transplantation of a sufficiently large islet cell

mass.



Allotransplantation of pancreatic islets — indications in type 1 diabetes

Allogeneic pancreatic islet transplantation is primarily performed in patients aged 1865 years
with unstable type 1 diabetes who experience poor metabolic control despite intensive insulin
therapy.

The main indications for pancreatic islet transplantation include marked glycemic variability,
recurrent severe hypoglycemic episodes with impaired awareness, and hyperglycemia in
patients with a functioning kidney graft. Episodes of hypoglycemia in individuals with long-
standing type 1 diabetes are often related to a loss of the a-cell response to hypoglycemia. In
such patients, pancreatic islet transplantation can restore more physiological glycemic
regulation and reduce the risk of severe hypoglycemia [22].

Another group of candidates for allogeneic islet transplantation comprises patients with
multiple recurrent episodes of diabetic ketoacidosis or rapidly progressive diabetic
complications [21]. Psychological disorders that significantly impair adherence to insulin
therapy also represent a potential indication for transplantation. In relatively rare but severe
cases of allergy or resistance to subcutaneous insulin, which pose significant therapeutic
challenges, pancreatic islet transplantation should likewise be considered [23,24].

Pancreatic islet transplantation: recent clinical outcomes

In 2019, a clinical study was conducted with the primary objective of evaluating the outcomes
of allogeneic pancreatic islet transplantation in patients with type 1 diabetes who had impaired
hypoglycemia awareness or had previously undergone kidney transplantation. The study
included 28 participants who received either islet transplantation alone or islet-after-kidney
transplantation. After 5 years, 39% of patients achieved insulin independence, and after 10 years,
28% maintained insulin independence with HbAlc levels below 6.5%. Partial or full graft
function was preserved in the majority of patients—82% at 5 years and 78% at 10 years.
Maintenance of graft function was associated with improved metabolic control and an almost
complete elimination of severe hypoglycemic episodes. The outcomes regarding insulin
independence, graft survival, and metabolic control were comparable between both patient

groups, with no statistically significant differences observed. In summary, pancreatic islet



transplantation provides long-term metabolic benefits, including improved glycemic control
and a marked reduction in severe hypoglycemia, lasting 10 years in approximately three-
quarters of patients with type 1 diabetes [25].

Observation period Insulin independence Transplant function
5 years 39% patients 82% patients
10 years 28% patients 78% patients

Another study aimed to identify factors associated with favorable five-year outcomes following
allogeneic pancreatic islet transplantation in patients with type 1 diabetes and recurrent episodes
of severe hypoglycemia. The study included 398 patients without renal failure. Four key
prognostic factors were identified, which, when present simultaneously, were associated with
significantly improved clinical outcomes. These factors were: recipient age >35 years,
transplantation of >325,000 islet equivalents (IEQs), induction immunosuppression including
T-cell depletion or TNF-a blockade, and maintenance immunosuppressive therapy combining
mMTOR and calcineurin inhibitors.

Meeting all four criteria was predictive of excellent outcomes five years post-transplant,
characterized by the absence of severe hypoglycemic episodes, optimal glycemic control, and
a substantial proportion of insulin-independent patients [26].

Results after 5 years:

Parameter Patients meeting all 4 criteria
No severe episodes of hypoglycemia 95%
HbA1C < 53mmol/mol (7%) 76%

HbAc < 53mmol/mol 97%) 7,0 % + no SHEs 73%

Insulin independance 53%

A large study involving 1,210 patients who underwent allogeneic pancreatic islet
transplantation analyzed the association between primary graft function (PGF) and 5-year
clinical outcomes, including glycemic control, insulin independence, and graft loss. The results
demonstrated that higher primary graft function was strongly correlated with more favorable
long-term outcomes, confirming that PGF may serve as a valuable prognostic indicator for

patients following islet transplantation [27].



Stem cell transplantation

Stem cell transplantation in patients with type 1 diabetes aims to restore pancreatic f cells
capable of producing insulin, as well as to support regeneration and protect cells from further
destruction. Various types of stem cells are used in research: mesenchymal stem cells, induced
pluripotent stem cells, and hematopoietic stem cells. Mesenchymal stem cells, which have a
high safety profile, are very often used in clinical trials [28].

In 2022, a study evaluated the safety and efficacy of autologous mesenchymal stem cell (MSC)
transplantation in patients with newly diagnosed type 1 diabetes. The trial enrolled 21 patients
and assessed hypoglycemia frequency, HbAlc levels, immune markers, and quality of life.
Compared with placebo, the MSC group experienced significantly fewer hypoglycemic
episodes at both level 1 (~70-55 mg/dL) and level 2 (<55-40 mg/dL), as well as a lower overall
number of hypoglycemic events. Quality-of-life scores and HbAlc values also improved
significantly in the MSC group. Additionally, increases in anti-inflammatory cytokines, such
as IL-4 and IL-10, were observed. However, further studies are needed to confirm the long-
term effects of this therapy [29].

Induced pluripotent stem cells (iPSCs) and embryonic stem cells (ESCs) are pluripotent,
meaning they can differentiate into any cell type in the body, including insulin-producing
cells. The number of clinical trials involving transplantation of these cells remains limited
because of serious adverse effects, including the risk of neoplasia. In addition, the use of ESCs
is ethically contentious due to issues related to their procurement. A key advantage of iPSCs is
the potential for autologous derivation, which may reduce the need for immunosuppression in
the future. However, in type 1 diabetes, the risk of an autoimmune attack on newly generated 3
cells persists; therefore, additional protective strategies may be required.

In 2024, the results of the first-ever transplant of pancreatic islets derived from chemically
induced pluripotent stem cells (ciPSCs) in a patient with type 1 diabetes were reported. A
gradual reduction in exogenous insulin requirements was observed within two weeks of the
procedure, and by day 75 the patient achieved complete insulin independence, which persisted
throughout the one-year follow-up. After insulin independence was achieved, fasting glucose
values remained below the diagnostic thresholds for diabetes, and time in range (TIR) increased
from 43.18% pre-transplant to 96.21% four months post-procedure. These findings suggest that

autologous ciPSC-based therapy may represent a viable, personalized treatment strategy for
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type 1 diabetes. Nevertheless, the authors emphasize the need for additional studies with larger
cohorts and longer follow-up to establish long-term safety and efficacy of this metod [30].
Conclusions

The global prevalence of type 1 diabetes continues to rise, and insulin therapy—while
remaining the cornerstone of management—is inevitably associated with a reduced quality of
life. Over the past several decades, extensive research efforts have focused on developing
therapeutic approaches that target the underlying pathophysiology of the disease and aim to
restore endogenous insulin production. The first attempts at immunotherapy in patients with
type 1 diabetes were undertaken as early as 1986. After nearly four decades of investigation, in
2022, the first drug—teplizumab, a monoclonal anti-CD3 antibody capable of delaying the
onset of overt type 1 diabetes—was approved by the U.S. Food and Drug Administration.
Allogeneic pancreatic islet transplantation has been performed for several decades, and recent
studies demonstrate that this approach can achieve insulin independence, reduce the frequency
of severe hypoglycemic episodes, and improve overall glycemic control. Of particular interest
are the advances in islet transplantation derived from chemically induced pluripotent stem cells,
as the first such procedure has yielded promising results. However, further large-scale studies
are required to confirm the long-term efficacy and safety of this emerging therapy. Although
no current treatment for type 1 diabetes is curative, the rapid progress in cellular, immunologic,
and stem cell-based therapies offers renewed hope for achieving durable remission and

improving the quality of life for patients living with this condition.
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