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ABSTRACT 

Type I diabetes is a chronic autoimmune disease characterized by a complete lack of insulin secretion due to damage to 
pancreatic beta cells. Despite the development of new methods of glycemic monitoring and intensive insulin therapy, 
traditional treatment does not lead to a complete cure, and therefore does not completely rule out the occurrence of 
complications such as hyper- or hypoglycemia. An unconventional therapeutic method is pancreatic islet transplantation, 
which makes it possible to restore the physiological secretion of insulin by the pancreas. This article presents the history of 
the development of islet transplantation and reviews the latest discoveries regarding the technique of islet isolation and 
transplantation, current transplant sites, and the difficulties associated with donor shortages and immunosuppression. Also 
discussed are ways to improve the survival and function of transplanted islets, which include the use of mesenchymal stem 
cells, encapsulation techniques and Treg lymphocytes. Special attention is given to research on insulin-producing cells 
derived from human pluripotent stem cells, and the results of clinical trials demonstrating the benefits of this method in 
reducing the risk of hypoglycemia and increasing metabolic control are summarized. Failures associated with achieving 
incomplete independence from exogenous insulin are also discussed. Pancreatic islet transplantation remains a promising, 
albeit still experimental, treatment for type I diabetes, requiring further research and refinement.  
Materials and Methods: This article presents a comprehensive review of literature derived from the PubMed database, 
encompassing studies published between 2018 and 2025. 
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1. Introduction 

Diabetes mellitus is one of the most common diseases in the world. According to data published by the 

WHO, 440 million people worldwide will suffer from the disease in 2022, and the number of deaths due to it 

annually is 1.6 million. In Poland, more than 3 million people suffer from diabetes, of which about 750,000 

are unaware of their disease [5]. The disorder is associated with abnormal glucose metabolism, resulting in 

chronic elevated blood glucose levels. There are several types of diabetes, but the most common are type I 

diabetes and type II diabetes. 

Type I diabetes is a disease classified as an autoimmune disorder.[1] In Poland, about 200,000 people 

suffer from this type of diabetes. These patients account for about 10% of all cases. The peak incidence is 

between the ages of 10 and 14.[3] The disease is associated with a complete lack of insulin secretion by the 

pancreas, the cause of which is the malfunction of pancreatic beta cells, which are destroyed by autoimmune 

processes. These processes are influenced by genetic predisposition and environmental factors. Genetic 

predisposition is associated with the HLA gene complex located on the shorter arm of chromosome 6p21 

(IDDM1). The major role of allelic variation in the HLA-DRB1, HLA-DQA1 and HLA-DQB1 class II loci 

has been established [1], as well as a second component of IDDM1 on the HLA class I region[2],.In addition 

to this, analyses of the human genome have shown that Treg lymphocytes also influence the occurrence of the 

disease, however, the mechanism of loss of control of these lymphocytes has not yet been understood. [1]. 

Among the environmental factors predisposing to type I diabetes are childhood infections, pre-diabetic status 

during pregnancy, a positive family history of the disease in the family and vitamin D3 deficiency.[3] The 

disease develops rapidly, and its first symptoms include increased thirst, polyuria, weight loss or irritability 

and general weakness. 
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2. Traditional treatment methods 

Conventional treatment of type I diabetes is based on blood glucose control and continuous insulin 

intake by subcutaneous injection, as well as nutrition training. Psychosocial care is also often useful, especially 

at the beginning of diagnosis. Insulin requirements in patients are individually variable and should be tailored 

to the patient. Among the variables affecting this are the physiological secretion of insulin or the insulin 

sensitivity of the individual patient. Functional insulin therapy, otherwise known as intensive therapy, is based 

on the administration of at least three subcutaneous injections of insulin per day. It usually involves the 

administration of two types of insulin, i.e. long-acting insulin, known as basal insulin, which is designed to 

supplement basal insulin requirements, and rapid-acting insulin, which covers insulin requirements that occur 

as a result of eating. Due to the way insulin is obtained, there are types of insulin available: human insulin, 

animal insulin and insulin analogs. [6]. Because of the reduced risk of hypoglycemia, it is recommended that 

patients with type I diabetes be treated with analogs. [5] For self-administration of insulin, patients use penes 

or a personal insulin pump. Unfortunately, good diabetes control does not preclude the occurrence of acute 

diabetes complications, which include hypo- and hyperglycemia. Moreover, conventional diabetes therapy 

does not cure the disease and must be used for the rest of life. More and more researchers are paying attention 

to the alternative treatment for diabetes which is pancreatic islet transplantation. Observations of the results of 

reports on this subject show that it provides significant benefits in the treatment of diabetes[7]. 
 

3. Pancreatic islet transplantation as a new treatment for type I diabetes 

Pancreatic islet transplantation (IT) is a procedure in which pancreatic islets are isolated and purified 

from a donor pancreas and infused subcutaneously into the patient's liver via a portal vein. This pancreas does 

not have to be xenogeneic. It forms an endogenous, glucose-dependent insulin secretion system in the donor's 

body, which restores physiological insulin secretion patterns. In this way, the patient is able to achieve accurate 

glucose control in real time [7,8]. It has been shown that this procedure can be more effective in delaying 

diabetes-related complications and leads to better metabolic control. [8]. 

 

4. Transplant history 

Pancreatic islet transplantation, as a treatment for diabetes, emerged in the 19th century. Its precursor 

was the pancreatic discovery by Oskar Minkowski. He performed a total pancreatectomy in dogs and noted 

the development of glucosuria immediately after the operation. Subsequently, Emmanuel Hedon, continuing 

his research, demonstrated that the pancreas functions after transplantation if an adequate vascular supply is 

transplanted along with it. The first attempt at pancreas transplantation in humans was made in 1893 by 

Watson-Williams transplanting pancreas fragments from a sheep to a 13-year-old patient; however, the 

experiment failed and the patient died after a few days. The early 1900s saw improvements in the 

understanding of pancreatic islets and their role in insulin secretion, but it wasn't until 1960 that a breakthrough 

was made, when Horaguchi and Merrell introduced the technique of perfusing the pancreas with collagenase 

to separate islets from the collagen matrix. In 1980, meanwhile, the first transplant of human pancreatic islet 

cells was performed in 10 patients after pancreatectomy for chronic pancreatitis. Nine patients survived the 

procedure and subsequently maintained normoglycemia for a period of 38 months. Unfortunately, these 

patients required high doses of steroids for immunosuppression, and this was associated with many side effects. 

In 2000, another breakthrough occurred when Dr. James Shapiro and his team developed the Edmonton 

Protocol for pancreatic islet cell transplantation and introduced an immunosuppression regimen without 

glucocorticosteroids. [9] 

 

5. Sources of pancreatic islets 

Pancreatic islet transplantation usually uses a pancreas taken from a deceased donor. 

The procedure involves the isolation of pancreatic islet cells capable of producing insulin from a donor 

i.e. autologous source or from autonomous sources, which include complete pancreatic resection resulting 

from pancreatitis or due to trauma. Islets are extracted from the pancreas using contamination chemical 

methods, including digestion with collagenase and natural protease, and mechanical methods. The next step is 

to purify the islets using various centrifugations, the purpose of which is to separate the islets from the alveolar 

and ductal tissue of the pancreas. The islets thus prepared are transplanted into the liver using percutaneous 

transhepatic islet transplantation at portal vein sites. Currently, the liver is the preferred site for transplantation 

due to the low invasiveness of the procedure, as well as the low rate of thrombosis and bleeding and easy 

accessibility. [8] 
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6. New methods of acquiring islets 

Unfortunately, a huge challenge and a major problem in worldwide pancreatic islet transplants is the 

shortage of donors.[10] As a result, researchers have begun to look for other solutions to obtain these structures. 

Intensive research is underway to create insulin-producing cells (IPCs) or islet organoids in vitro using human 

pluripotent stem cells (hPSCs). The sources for obtaining IPC cells or organoids are mainly human embryonic 

stem cells and human induced pluripotent stem cells, adult stem cells and differentiated cells from mature 

tissues that can be transdifferentiated into IPCs. The goal of all efforts is to create IPC cells under conditions 

that mimic the natural development of the pancreas. The resulting cells must have individual biological 

markers of standard pancreatic β-cells that identify the state of terminal differentiation, such as MAFA (basic 

leucine lock transcription factor expressed in mature β-cells and absent in pancreatic progenitors and other cell 

types), NEUROD1 (downstream factor NGN3 expressed in most pancreatic endocrine cells, including β-cells) 

and PDX1/NKX 6. 1 (limited coexpression in β cells), as well as key functional features of adult β cells, 

including glucose-stimulated insulin secretion (GSIS) and C-peptide secretion [ 10-12]. Researchers confirm 

that human embryonic stem cells and human induced pluripotent stem cells have a predisposition to 

differentiate into insulin-producing cells, but due to the poor differentiation efficiency of the protocols and the 

polyhormonal characteristics of these beta-like cells, scientists remain cautious about deriving pancreatic islets 

from stem cells. [7] 
 

7. Challenges of immunosuppression 

Another challenging issue in pancreatic islet transplantation is immune rejection of the recipient organ. 

It is likely to be the progenitor of the progressive decline in islet function over the years after transplantation 

and the inability of some patients to completely wean off exogenous insulin. Immunosuppression includes 

such reactions as immediate blood mediated inflammatory response (IBMIR), recurrent autoimmune reactions, 

allogeneic rejection and many others. Therefore, the highest quality islets from multiple donors or multiple 

sources are used during the procedure, with the goal of counteracting significant cell loss after transplantation. 

To minimize the risk of rejection, not only immunosuppressive drugs are used, but there is also ongoing 

research into the combined transplantation of mesenchymal stem cells (MSC)/regulatory T cells and islet cells, 

as well as the use of islet encapsulation techniques. [7] MSC stem cells are cells easily obtained from, for 

example, human or rodent peripheral blood or umbilical cord blood or placental tissue. They are supposed to 

improve insulin resistance in peripheral tissues through immunomodulation and anti-inflammatory effects, as 

well as help regenerate and protect pancreatic ꞵ cells. Studies show that transplantation of mesenchymal stem 

cells together with pancreatic islets protected them from apoptosis resulting from hypoxia and inflammatory 

cytokines, leading to increased islet graft survival in vivo and enhanced early regeneration. Regulatory T 

lymphocytes, on the other hand, play a key role in maintaining immune homeostasis, sustaining self-tolerance 

and limiting over-activation of the immune system. At present, treatment with Treg lymphocytes in pancreatic 

islet transplantation is recommended in two situations: to increase islet survival in the initial phase of 

transplantation and to trigger peripheral tolerance to offset immunosuppression. Another method to prevent 

this problem is lagging with biomaterials that create a protective barrier for the islets. Its goal is to allow 

oxygen and nutrients to penetrate islet cells while allowing insulin to diffuse into the bloodstream. This method 

can be divided into: micro-encapsulation and macro-encapsulation, depending on the processes involved. 

Micro-encapsulation technology facilitates the exchange of nutrients due to the thin layer of biomaterials. 

According to studies, particularly promising in this method is the use of alginate, which not only reduces the 

risk of graft rejection, but also increases the survival rate of encapsulated islet cells. The macroencapsulation 

technique, on the other hand, eliminates direct contact between host cells and donor cells and their agitation. 

The advantages of this method over microencapsulation are the ability to negate post-transplant safety issues 

and the ability to control graft efficacy. The disadvantage of this method, however, is the limited exchange of 

oxygen and other nutrients prior to the formation of blood vessels around the device. [7] 

 

8. Islet transplant sites 
As of today, the preferred site for islet transplantation is the portal vein of the liver. However, researchers 

are increasingly questioning this choice as the best site for transplantation due to possible complications such 
as post-operative bleeding or blood-induced acute reaction. [7,8]. Therefore, work is underway to find an 
alternative, better site. The site must have three basic characteristics. These are: the presence of innervation 
and vascularization, accessibility to surgery and the absence of serious surgical complications, and 
immunomodulatory factors affecting the inflammatory response and elimination of the graft.[8] A potentially 
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suitable site is the cellular network, which is a highly vascularized tissue that secretes growth factors such as 
VEGF, SDF-1 or CXCR4, leading to increased vascularization and islet survival. Moreover, it allows 
monitoring of the graft to prevent overlooking possible adverse effects and has immunomodulatory 
capabilities.[7] It also has the advantage of accommodating a large volume of islets and biomaterials. [8] 
Another potential site for transplantation is the subcutaneous space. It is an area where biomaterials or 
macroscopically surrounded islets can be easily accessed. According to the study, thanks to the use of 
ESC/iPSC-derived islet-like cells and the encirclement method, this space can be easily observed and removed, 
which is a great advantage. However, the disadvantage of the subcutaneous cavity is the lack of blood vessels, 
making it impossible for the skin to obtain oxygen and nutrients at the early stage of transplantation. What's 
more, transplantation at this site is hindered by the immune response. Therefore, it is necessary to create 
biomaterials that enable angiogenesis and immune modulation before using this site.[7,13] Another place 
where researchers are considering the possibility of pancreatic islet transplantation is in the anterior chamber 
of the ACE eye. It has been used in many types of transplants for 150 years. With its rich vascular network 
and associated good access to oxygen and nutrients, it enables rapid tissue revascularization. In addition, the 
procedure at this site its relatively simple to perform and image islets after the procedure. [14] In addition to 
the aforementioned sites, research is underway into transplanting pancreatic islets into skeletal muscle, 
intrapleural and other sites. [7] 

 
9. Eligibility criteria for transplantation 
Pancreatic islet transplantation as a treatment for diabetes is funded by the government in Europe, 

Canada, China and some parts of Asia. However, through the problem of a shortage of donors, relative to the 
number of patients with type I diabetes, special criteria have been used to qualify patients for transplantation. 
These include unawareness of hypoglycemia, glycemic instability, severe episodes of hypoglycemia and/or 
ketoacidosis despite intensive medical treatment. [15] This type of diabetes is called, “brittle”.The next 
criterion introduced by many centers is the complete loss of patients' c-peptide production [15], age between 
18 and 65, and diagnosis made more than 5 years ago. Moreover, researchers have shown that earlier kidney 
transplantation can increase the effectiveness of the transplant. It is possible that this is due to the use of 
immunosuppressive treatment after kidney transplantation, which reduces the risk of rejection of islets as well. 
In contrast, criteria for excluding patients from transplantation include heart disease, uncontrolled hypertension, 
macroalbuminuria, glomerular filtration rate< 80ml/min/1.73m2 and potential contraindications to 
immunotherapy. Currently, there are no studies on the pediatric population. [16,17] In addition, a multicenter 
study in the Immune Tolerance Network counted the following as exclusion criteria for transplantation: HbA1c 
greater than 12%, BMI greater than 26 kg/m2, insulin requirement >0.7 UI/ kg/day. The Clinical Islet 
Transplantation consortium study considered as exclusion criteria: BMI>30 kg/m2, HbA1c> 10%, and insulin 
requirement >1.0 UI/kg/day.[18] 

 
10. Transplantation procedure 
In allogeneic transplantation, AB0 system compatibility is assessed, as well as human leukocyte antigen. 

[16] In the first stage of pancreas procurement, the pancreas is taken from the donor and then preserved for 24 
hours in a University of Wisconsin solution. Then, the pancreas goes to an islet isolation center. The process 
involves cleaning the pancreas of surrounding tissue, and dissecting it to expose the islets of Langerhans. The 
next step is to cannulate the pancreas and perfuse it with collagenenzay enzyme solution for 10 minutes to 
expand it-this helps separate the islets from the separating lining. The pancreas prepared in this way is cut and 
placed in a special Ricordi chamber. This device was designed to improve the process of islet isolation. Finally, 
the islets are processed using the COBE 2991 cell processor, which separates the cells from residual exocrine 
tissue, after which the purified islets are prepared for transplantation. [16] During transplantation, the islets are 
localized in a special bag, after which they are poured into the portal vein, giving them the opportunity to 
implant. Using a percutaneous, transhepatic approach, the portal vein is catheterized. Such a method, 
associated with transplantation of pancreatic islets into the liver, can be associated with a number of 
complications. Among the most common side effects are: periodic increases in liver test results. A slightly 
more serious complication, occurring with the highest frequency, is peritoneal or transhepatic hematoma 
caused by bleeding from the transhepatic duct. Another complication that can occur after transplantation is 
portal vein thrombosis. It is the greatest concern of medical professionals, however, this complication is 
relatively rare. A variation on the percutaneous approach is access to the portal vein via laparotomy with 
catheterization of the mesenteric venous supply. This approach is recommended for patients with a high risk 
of complications, such as excessive bleeding or thrombophilic disorders.[19] 
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11. Post-transplant results 

After transplantation, islets require an extended recovery time. During this time, the patient may still require 

administration of exogenous insulin. It is likely that transplanted islets will require several months or even years to 

unite with the recipient's body and establish a vascular supply. This period is particularly prone to the occurrence of 

attacks from the recipient's immune system, which can reduce the function and survival of the islets. Therefore, 

during this time, patients must take a combination of immunosuppressive drugs with anti-rejection, maintenance 

and induction effects. It is important to note that many drugs with these effects also have diabetogenic effects, 

meaning that they may increase pre-existing metabolic abnormalities in recipients. [16] Braulio Marfil-Garza et al. 

reported on the results of a long-term study following pancreatic islet transplantation in patients with type I diabetes. 

The study included 255 transplant patients who were followed for 20 years at the University of Alberta Hospital in 

Edmonton, Canada. According to this report, post-transplant survival decreases as the years go by, starting at 94% 

in the first year and then stabilizing at 50% at about 15 years post-transplant. The average graft survival time was 

5.9 years. A hemoglobin A1c of less than 7% in the first year after transplantation was achieved in 73.7% of patients, 

and 20 years after transplantation such results were achieved by 55.5% of those treated. Moreover, a significant 

reduction in the risk and severity of hypoglycemia was observed throughout the study. Unfortunately, insulin 

independence one year after transplantation was achieved in 61% of patients, and just four years later it had dropped 

to 32%. [20] 
According to the report, islet transplantation avoids episodes of severe hypoglycemia and significantly 

reduces insulin requirements. However, these results show that the procedure fails from the perspective of 

improving glycemic control and graft survival. The goal of transplantation to make patients completely 

independent of exogenous insulin has also not been achieved and requires further research.[20] 

 

Conclusions: 

Type I diabetes is a serious disease requiring lifelong glycemic control and insulin treatment. Pancreatic 

islet transplantation is a modern and increasingly well-developed treatment option that allows complete or 

partial withdrawal of exogenous insulin and reduces the risk of hypoglycemia. Although study results are 

promising, the long-term efficacy of transplantation remains limited and does not lead to complete insulin 

independence, due to the gradual loss of islet function over time. The main challenges associated with this 

treatment method include donor shortage, immunosuppression risks, lack of an ideal transplant site and risk of 

rejection. This method is not available to everyone and requires strict patient qualification and supervision. 

This technology has the potential for development and the prospect of becoming an effective treatment for 

type I diabetes in the future. 

 

Disclosure 

Authors do not report any disclosures. 

Author's contributions 

Conceptualization: Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr 

Stachura, Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła  

Methodology: Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr Stachura, 

Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła 

Software - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr Stachura, 

Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła 

Check - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr Stachura, 

Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła 

Formal analysis - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr 

Stachura, Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła  

Investigation - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr Stachura, 

Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła 

Resources - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr Stachura, 

Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła 

Data curation - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr Stachura, 

Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła 

Writing - rough preparation - E Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta 

Wilk, Piotr Stachura, Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, 

Katarzyna Pszczoła 



4(48) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 7 

 

Writing - review and editing - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, 

Piotr Stachura, Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna 

Pszczoła 

Visualization - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr Stachura, 

Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła 

Supervision - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr Stachura, 

Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła 

Project administration - Aleksandra Kasprzyk, Klaudia Wilk, Edyta Witkowska, Bernadetta Wilk, Piotr 

Stachura, Marcin Ciechański, Szymon Cholewiński, Piotr Rejman, Katarzyna Jurkiewicz, Katarzyna Pszczoła  

 

All authors have read and agreed with the published version of the manuscript. 

 

Funding Statement: This research received no external funding. 

Conflict of Interest Statement: The authors declare no conflict of interest. 

 

REFERENCES 

 
1. Pilśniak A, Otto-Buczkowska E. Type 1 diabetes - What's new in prevention and therapeutic strategies? Pediatr 

Endocrinol Diabetes Metab. 2023;29(3):196-201. doi: 10.5114/pedm.2023.132028. PMID: 38031834; PMCID: 
PMC10679919. 

2. KAWABATA, Y., IKEGAMI, H., FUJISAWA, T., NOSO, S., ASANO, K., HIROMINE, Y. i OGIHARA, T. (2006), 
A Second Component of HLA-Linked Susceptibility to Type 1 Diabetes Maps to Class I Region. Annals of the New 
York Academy of Sciences, 1079: 278-284. https://doi.org/10.1196/annals.1375.042 

3. K. Piątek ,, Cukrzyca-wyzwanie zdrowotne XXI wieku’’, INFOS nr 3(316) ,22 lutego 2024 
4. Haak T, Gölz S, Fritsche A, Füchtenbusch M, Siegmund T, Schnellbächer E, Klein HH, Uebel T, Droßel D. Therapy 

of Type 1 Diabetes. Exp Clin Endocrinol Diabetes. 2019 Dec;127(S 01):S27-S38. doi: 10.1055/a-0984-5696. Epub 
2019 Dec 20. PMID: 31860925. 

5. Tripathi BK, Srivastava AK. Diabetes mellitus: complications and therapeutics. Med Sci Monit. 2006 
Jul;12(7):RA130-47. Epub 2006 Jun 28. PMID: 16810145. 

6. Forum Medycyny Rodzinnej 2019; 13 (2): 45–94, u „Wytyczne Kolegium Lekarzy Rodzinnych w Polsce i Polskiego 
Towarzystwa Diabetologicznego 2019” 

7. Wang Q, Huang YX, Liu L, Zhao XH, Sun Y, Mao X, Li SW. Pancreatic islet transplantation: current advances and 
challenges. Front Immunol. 2024 Jun 3;15:1391504. doi: 10.3389/fimmu.2024.1391504. PMID: 38887292; PMCID: 
PMC11180903. 

8. Cayabyab F, Nih LR, Yoshihara E. Advances in Pancreatic Islet Transplantation Sites for the Treatment of Diabetes. 
Front Endocrinol (Lausanne). 2021 Sep 13;12:732431. doi: 10.3389/fendo.2021.732431. PMID: 34589059; PMCID: 
PMC8473744. 

9. Yu M, Agarwal D, Korutla L, May CL, Wang W, Griffith NN, Hering BJ, Kaestner KH, Velazquez OC, Markmann 

JF, Vallabhajosyula P, Liu C, Naji A. Islet transplantation in the subcutaneous space achieves long-term euglycaemia 
in preclinical models of type 1 diabetes. Nat Metab. 2020 Oct;2(10):1013-1020. doi: 10.1038/s42255-020-0269-7. 
Epub 2020 Sep 7. PMID: 32895576; PMCID: PMC7572844. 

10. Ilegems E, Berggren PO. The Eye as a Transplantation Site to Monitor Pancreatic Islet Cell Plasticity. Front 
Endocrinol (Lausanne). 2021 Apr 23;12:652853. doi: 10.3389/fendo.2021.652853. PMID: 33967961; PMCID: 
PMC8104082. 

11.  Path G i in. Komórki macierzyste w leczeniu cukrzycy – skupienie się na komórkach macierzystych 
mezenchymalnych. Metabolizm. 2019;90:1–15. doi: 10.1016/j.metabol.2018.10.005. 

12. Tao T i in. Inżynieria ludzkich organoidów wysepek z iPSC przy użyciu platformy organ-on-chip. Lab Chip. 
2019;19(6):948–958. doi: 10.1039/c8lc01298a. 

13. Czarnecka Z, Dadheech N, Razavy H, Pawlick R, Shapiro AMJ. The Current Status of Allogenic Islet Cell 
Transplantation. Cells. 2023 Oct 10;12(20):2423. doi: 10.3390/cells12202423. PMID: 37887267; PMCID: 
PMC10605704. 

14. Chen S, Du K, Zou C. Current progress in stem cell therapy for type 1 diabetes mellitus. Stem Cell Res Ther. 2020 
Jul 8;11(1):275. doi: 10.1186/s13287-020-01793-6. PMID: 32641151; PMCID: PMC7346484. 

15. de Klerk E, Hebrok M. Stem Cell-Based Clinical Trials for Diabetes Mellitus. Front Endocrinol (Lausanne). 2021 
Feb 26;12:631463. doi: 10.3389/fendo.2021.631463. PMID: 33716982; PMCID: PMC7953062. 

16. Kabakchieva P, Assyov Y, Gerasoudis S, Vasilev G, Peshevska-Sekulovska M, Sekulovski M, Lazova S, Miteva 
DG, Gulinac M, Tomov L, Velikova T. Islet transplantation-immunological challenges and current perspectives. 
World J Transplant. 2023 Jun 18;13(4):107-121. doi: 10.5500/wjt.v13.i4.107. PMID: 37388389; PMCID: 
PMC10303418. 



4(48) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 8 

 

17. McCall M, Shapiro AM. Islet cell transplantation. Semin Pediatr Surg. 2014 Apr;23(2):83-90. doi: 

10.1053/j.sempedsurg.2014.03.006. Epub 2014 May 2. PMID: 24931353. 

18. Othonos N, Choudhary P. Who Should Be Considered for Islet Transplantation Alone? Curr Diab Rep. 2017 

Apr;17(4):23. doi: 10.1007/s11892-017-0847-6. Erratum in: Curr Diab Rep. 2017 Apr;17(4):29. doi: 

10.1007/s11892-017-0862-7. PMID: 28293906; PMCID: PMC5350263. 

19. Thierry Berney a b c d,Charles H. Wassmer a b,Fanny Lebreton jest,Kevin Bellofatto a,Laura Mar Fonseca 

jest,Juliette Bignard i,Królowa Hanna a,Andrea Peloso b,Ekaterina Berishvili a c e 

doi.org/10.1016/j.lpm.2022.104139 
20. Kuo CH, Li HY. Pancreatic islet transplantation in type 1 diabetes: Current state and future perspectives. J Diabetes 

Investig. 2023 Feb;14(2):183-185. doi: 10.1111/jdi.13942. Epub 2022 Nov 9. PMID: 36349993; PMCID: 

PMC9889686. 
21. Klak M, Gomółka M, Kowalska P, Cichoń J, Ambrożkiewicz F, Serwańska-Świętek M, Berman A, Wszoła M. Type 

1 diabetes: genes associated with disease development. Cent Eur J Immunol. 2020;45(4):439-453. doi: 

10.5114/ceji.2020.103386. Epub 2021 Feb 7. PMID: 33658892; PMCID: PMC7882399. 

22. Rickels MR, Robertson RP. Pancreatic Islet Transplantation in Humans: Recent Progress and Future Directions. 

Endocr Rev. 2019 Apr 1;40(2):631-668. doi: 10.1210/er.2018-00154. PMID: 30541144; PMCID: PMC6424003. 

23. Päth G, Perakakis N, Mantzoros CS, Seufert J. Stem cells in the treatment of diabetes mellitus - Focus on 

mesenchymal stem cells. Metabolism. 2019 Jan;90:1-15. doi: 10.1016/j.metabol.2018.10.005. Epub 2018 Oct 18. 

PMID: 30342065. 

24. Dadheech N, James Shapiro AM. Human Induced Pluripotent Stem Cells in the Curative Treatment of Diabetes and 

Potential Impediments Ahead. Adv Exp Med Biol. 2019;1144:25-35. doi: 10.1007/5584_2018_305. PMID: 

30569414. 

25. Lablanche S, Vantyghem MC, Kessler L, Wojtusciszyn A, Borot S, Thivolet C, Girerd S, Bosco D, Bosson JL, Colin 

C, Tetaz R, Logerot S, Kerr-Conte J, Renard E, Penfornis A, Morelon E, Buron F, Skaare K, Grguric G, Camillo-

Brault C, Egelhofer H, Benomar K, Badet L, Berney T, Pattou F, Benhamou PY; TRIMECO trial investigators. Islet 
transplantation versus insulin therapy in patients with type 1 diabetes with severe hypoglycaemia or poorly 

controlled glycaemia after kidney transplantation (TRIMECO): a multicentre, randomised controlled trial. Lancet 

Diabetes Endocrinol. 2018 Jul;6(7):527-537. doi: 10.1016/S2213-8587(18)30078-0. Epub 2018 May 15. PMID: 

29776895. 

26. Vantyghem MC, de Koning EJP, Pattou F, Rickels MR. Advances in β-cell replacement therapy for the treatment 

of type 1 diabetes. Lancet. 2019 Oct 5;394(10205):1274-1285. doi: 10.1016/S0140-6736(19)31334-0. Epub 2019 

Sep 15. PMID: 31533905; PMCID: PMC6951435. 

27. Rech Tondin A, Lanzoni G. Islet Cell Replacement and Regeneration for Type 1 Diabetes: Current Developments 

and Future Prospects. BioDrugs. 2025 Mar;39(2):261-280. doi: 10.1007/s40259-025-00703-7. Epub 2025 Feb 7. 

PMID: 39918671; PMCID: PMC11906537. 

28. Marfil-Garza BA, Shapiro AMJ, Kin T. Clinical islet transplantation: Current progress and new frontiers. J 

Hepatobiliary Pancreat Sci. 2021 Mar;28(3):243-254. doi: 10.1002/jhbp.891. Epub 2021 Feb 11. PMID: 33417749. 

29. Gruessner RWG. The current state of clinical islet transplantation. Lancet Diabetes Endocrinol. 2022 Jul;10(7):476-

478. doi: 10.1016/S2213-8587(22)00138-3. Epub 2022 May 16. PMID: 35588758. 

30. Kochar IS, Jain R. Pancreas transplant in type 1 diabetes mellitus: the emerging role of islet cell transplant. Ann 

Pediatr Endocrinol Metab. 2021 Jun;26(2):86-91. doi: 10.6065/apem.2142012.006. Epub 2021 Jun 30. PMID: 

34218630; PMCID: PMC8255858. 

31. Odhaib SA, Mohammed AG, Iraqi H. Whole Pancreas and Islet Cells Transplantation for Patients with Type 1 

Diabetes Mellitus: A Mini-Review and Middle East-North Africa Experience. Curr Diabetes Rev. 2022 Aug 29. doi: 

10.2174/1573399819666220829091241. Epub ahead of print. PMID: 36043740. 

32. Lee J, Yoon KH. β cell replacement therapy for the cure of diabetes. J Diabetes Investig. 2022 Nov;13(11):1798-

1802. doi: 10.1111/jdi.13884. Epub 2022 Jul 29. PMID: 35818819; PMCID: PMC9623521. 

33. Freige C, McCormack S, Ford C. Islet Cell Transplantation for Patients with Unstable or Uncontrollable Diabetes 

Mellitus: A Review of Clinical Effectiveness, Cost-Effectiveness and Guidelines [Internet]. Ottawa (ON): Canadian 

Agency for Drugs and Technologies in Health; 2020 Apr 29. PMID: 33119241. 


