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Резюме: В настоящее время единственным возможным способом 

излечения пациентов с сахарным диабетом является пересадка 

поджелудочной железы или ее клеток, что является очень эффективным 

способом в достижении и поддержании длительного физиологического 

контроля уровня глюкозы в крови, но вследствии различных рисков 

(отторжение), связанных с выполнением хирургического вмешательства, 

данный метод используется редко. Нами разработано в эксперименте 

эффективный метод хирургического метода лечения сахарного диабета 

путем свободной имплантации культур островковые клетки 

поджелудочной железы и внедрено в клиническую практику. Нами впервые 

доказано, что проведение ксенотрансплантаций больным с сахарным 

диабетом 1 типа в 50% случаев снижает потребность в инсулине в 

первый год после операции. 

Ключевые слова: сахарный диабет, ксенотрансплантация, клетки 

поджелудочной железы.  
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Summary: Currently, the only possible way to cure patients with diabetes 

is transplantation of the pancreas or its cells, which is a very effective way to 

achieve and maintain long-term physiological control of blood glucose, but due 

to various risks (rejection) associated with surgical interventions, this method is 

rarely used. We experimentally developed an effective method for the surgical 

treatment of diabetes mellitus by free implantation of pancreatic cell cultures 

and introduced into clinical practice. We have proved for the first time that 

xenografts for patients with type 1 diabetes mellitus in 50% of cases reduce the 

need for insulin in the first year after surgery. 

Keywords: diabetes mellitus, xenotransplantation, pancreatic cells. 

 

Relevance: According to the World Health Organization, in 2016, 422 

million people worldwide suffered from diabetes mellitus (DM). By 2030, 

diabetes is projected to be the seventh leading cause of death worldwide. This 

number includes patients with type 1 and type 2 diabetes (type 1, type 2), the 

proportion of which is 10% and 90% of the total number of patients with type 1 

diabetes (DM1T) [1]. DM can lead to serious health problems, including 

ketoacidosis, renal failure, cardiovascular disease, neuropathy, angiopathy, and 

retinopathy [2].  

Currently developed methods for treating late complications of DM1T are 

not pathogenetic and are symptomatic, eliminating the manifestations of 

complications, but do not affect the course of pathological processes in systems 

and organs. In this regard, it is of interest to develop a fundamentally new 

method for the treatment of DM1T and its complications - transplantation of 

cultures of pancreatic islet cells.  

Currently, the only possible way to cure patients with diabetes is 

transplantation of the pancreas or its cells, which is a very effective way to 

achieve and maintain long-term physiological control of blood glucose levels, 

but as a result of various risks (rejection) associated with performing surgery, 

this method is rarely used. 
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The closest in essence to the method we are developing is the allogeneic 

transplantation of isolated islands obtained from the pancreas of animals [3]. 

This method is most widely used throughout the world. For one transplant, 4 to 

6 pancreas are required. The limited sources for the isolation of islets makes this 

method of therapy inaccessible, despite its undoubted effectiveness for 

achieving compensation for carbohydrate metabolism and treatment of 

complications of DM1T. So from 1990 to the present, more than 400 

transplantations have been performed in the world (4). The unlimited number of 

xenogeneic sources for obtaining cultures of islet cells of the pancreas opens up 

prospects for the wider use of transplantation technologies in the treatment of 

DM1T and its complications, which makes the method we are developing 

extremely relevant and unique in nature [5]. 

The aim of this study is to develop and implement a method of xenogenic 

transplantation of islet pancreatic cell cultures of newborn lambs in patients with 

DM1T, to determine its effectiveness and significance in the complex treatment 

of the underlying disease and its complications, its safety and implementation in 

clinical practice. 

During the study, we set ourselves the following tasks: 

1. To develop a method and prepare a protocol for xenogenic 

transplantation of islet pancreatic cell cultures of newborn lambs in patients with 

DM1T in order to improve the quality of compensation for the underlying 

disease, prevent the development and pathogenetic therapy of late 

complications. 

2. To determine the effect of xenogeneic transplantation of islet cell 

cultures on the degree of compensation of the underlying disease according to 

the dynamics of clinical manifestations, daily average glycaemia, glycated 

hemoglobin in patients with type 1 diabetes mellitus. 

3. To evaluate the effect of xenotransplantation on insulin demand in 

comparison with the comparison group that received conventional therapy. 
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4. To evaluate the effectiveness of the prevention and treatment of 

complications of DM1T in patients with xenogeneic transplantation of 

pancreatic islet cell cultures by changing the severity of complications 

(nephropathy, retinopathy, growth retardation with Mauriac syndrome). 

Materials and methods 

The Institute of Human Immunology and human genomics of the 

Academy of Science of the Republic of Uzbekistan, together with the Scientific 

Center for Hepatopancreatobiliary Surgery of the Ministry of Health of the 

Republic of Uzbekistan, an effective method has been developed in the 

experiment for the surgical treatment of diabetes by free implantation of 

pancreatic cultures. According to a retrospective analysis, we studied all 

xenograft data that was performed at the Scientific Center for 

Hepatopancreatobiliary Surgery. It was found that Xenotransplantation was 

performed in 186 patients with diabetes aged 13 to 59. Of these, 106 were 

transplanted with pancreas from newborn lambs, 80 from piglets. 

Transplantation of allogeneic islet cells of the pancreas was performed in the 

following options: under the anterior sheet of the vagina of the rectus abdominis 

muscle; under the capsule of the spleen; under the aponeurosis of the rectus 

abdominis muscle; round ligament of the liver; subcutaneously. 

Results 

Based on this experience, we were able to evaluate its effectiveness in 

compensating for DM1T, changes in insulin requirements, the effect of 

transplantations on the appearance and progression of complications, and the 

long-term results of xenografts were studied (5-year follow-up). 

We have proved for the first time those xenografts for patients with 

DM1T in 50% of cases reduces the need for insulin in the first year after 

surgery. A study of the dynamics of daily average glycaemia and glycated 

hemoglobin proves that the quality of compensation for carbohydrate 

metabolism is higher in patients after xenografts compared to the control group. 
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We have proved that xenogeneic transplantation significantly reduces the 

severity of manifestations of such vascular complications as diabetic 

retinopathy, nephropathy in the first year after xenogeneic transplantation and 

with 5-year follow-up. After xenotransplantation in patients by the 1st year of 

observation, a decrease in the frequency of diabetic retinopathy from 25% to 

11% was recorded (in the comparison group, an increase in this indicator from 

23 to 25%). Differences between groups are statistically significant (p <0.001). 

After xenotransplantation, by the year 1, the loss of albumin in urine is 

significantly reduced from an average of 207.4 to 78.7 mg / day after surgery, 

while in the comparison group this indicator increases from 120.67 to 173.1 mg 

/ day. Differences between groups are statistically significant (p = 0.04). As a 

result of this, there is a decrease in the frequency of diabetic retinopathy in the 

group after xenogeneic transplantation from 43% to 22% by 1 year after surgery. 

To the comparison group - an increase from 47 to 50% at the same time. 

Differences between groups are statistically significant (P <0.001). 

We first studied the effect of xenografts on the course of autoimmune 

insulin. It has been proven that an increase in the production of autoantibodies is 

of short-term (not more than 3 weeks after xenotransplantation) character. We 

have proven the safety of this type of therapy. The frequency of allergic 

reactions does not exceed 2%, moderate sub febrile condition in the first day 

after surgery cannot be attributed to serious complications. With a 5-year 

follow-up, patients were not infected with zoonosomy. 

Based on our experience, we first developed indications, contraindications 

for xenografts for patients with type 1 diabetes mellitus, and gave practical 

recommendations for their implementation. 

The developed method for the treatment of DM1T and its complications 

using xenotransplantation in patients has significant advantages over traditional 

methods of treatment. It can significantly improve the quality of compensation 

for the underlying disease, increase the quality of life of patients, reduce the 

need for insulin, reduce the severity and slow down the progression of specific 
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complications, and allow a new level of treatment of complications such as 

diabetic retinopathy, nephropathy, angiopathy. The principal difference of the 

proposed method of therapy is the restoration of the natural mechanism of 

production of insulin and other polypeptides, in particular the C-peptide, islet 

cells of the graft, which makes this method unique. This is no longer substitution 

therapy, professed by classical diabetology, but pathogenetic therapy, both of 

the underlying disease and its complications. This study determined the place of 

this method in the complex treatment of DM1T, indications, contraindications, a 

method of application were developed, long-term results were studied, its safety 

was proved. 

Xenotransplantation is an alternative to the method of allogeneic 

transplantation of isolated islands, which has become widespread abroad. The 

limited sources for obtaining islands significantly limits its use. The search for 

alternative sources for obtaining material for transplantation is extremely 

relevant. The method we developed practically solves this problem. 

Conclusion 

1. The developed method of xenograft of islet cell cultures in patients with 

severe DM1T is an important component of the complex treatment of the 

underlying disease and its complications. 

2. Xenogeneic transplantation of islet cell cultures in patients with type 1 

diabetes mellitus contributes to better compensation of the underlying disease 

than traditional methods, as evidenced by the dynamics of daily average 

glycaemia, glycated hemoglobin in the postoperative period. So after 3 months. 

after xenotransplantation, the average daily glycaemia level decreases from 

10.78 ± 0.55 mmol / L to 8.6 ± 0.4 mmol / L against 9.15 ± 0.72 mmol / L in the 

comparison group (initially 10.65 ± 0 79 mmol / L). 1 year after 

xenotransplantation, these differences became more significant: in the 

observation group, the average daily glycaemia was 8.5 ± 0.39 mmol / L versus 

10.14 ± 0.6 mmol / L in the control. The differences are statistically significant 

(p <0.001). After 3, 6, 12 months. after xenotransplantation, good compensation 
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quality (HBA1c <8%) was achieved, respectively, 10, 12 and 13% of children 

from the observation group, satisfactory (7.1 <HBA1c <9%)) - 20% and 10%, 

respectively. In the comparison group, initially, no patient had glycated 

hemoglobin of less than 9% after 3 and 6 months. after an initial examination, 

improvements in this indicator of compensation for carbohydrate metabolism 

were not recorded. After 1 year, only 1 child had glycated hemoglobin below 

9%. The significance of differences is statistically significant (p = 0.0001). 

3. Xenotransplantation of islet cell cultures has a positive effect on insulin 

demand. So, in recipients, the need for insulin decreased compared to the initial 

one by 3 months. After transplantation. By the 1st year of observation, 43% had 

a lower need for insulin. In the comparison group, these trends are not traced. 

Differences between groups are statistically significant (p = 0.04). 

4. Xenogeneic transplantation of islet cell cultures improves the course of 

diabetic retinopathy, nephropathy, angiopathy, neuropathy in recipients to a 

greater extent than traditional methods of treating these complications. After 

xenotransplantation, patients showed a decrease in the frequency of diabetic 

retinopathy from 25% to 11% by 1 year of observation (in the comparison 

group, an increase in this indicator from 23 to 25%). Differences between 

groups are statistically significant (p <0.001). After xenotransplantation, the loss 

of albumin in urine is significantly reduced from an average of 207.4 to 78.7 mg 

/ day by 1 year of observation after surgery, while in the comparison group this 

indicator increases from 120.67 to 173.1 mg / day. Differences between groups 

are statistically significant (p = 0.04). Because of this, there is a decrease in the 

frequency of diabetic retinopathy in the group after xenogeneic transplantation 

from 43% to 22% by 1 year after surgery. In the comparison group - an increase 

from 47 to 50% at the same time. Differences between groups are statistically 

significant (p <0.001). After using this type of therapy, the proportion of patients 

with growth below 5 percentile (true nanism) decreased from 18 to 14% during 

the year of observation. With a 5-year follow-up, no patients were found below 

the 5th percentile among children in the main observation group. In the 
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comparison group, the proportion of stunted children increased from 20 to 22% 

in the first year of observation. At five-year follow-up, the proportion of patients 

below the 5th percentile decreased to 10%. Differences between groups are 

statistically significant (p = 0.004). 

5. After xenogeneic transplantation of islet cell cultures, there is a short-

term increase in the level of autoantibodies to surface antigens of pancreatic islet 

cells (3 weeks after surgery), followed by a spontaneous decrease in antibody 

titer below the initial level. 

6. Long-term results (5-year follow-up) of xenotransplants show their 

effectiveness in slowing the progression of diabetic nephropathy, retinopathy, 

Mauriac syndrome, do not affect the quality of compensation for carbohydrate 

metabolism, the need for insulin, and the progression of diabetic retinopathy. 

The proportion of children with diabetic retinopathy in the group of patients 

after xenotransplantation was 10% versus 25% in the control (p = 0.009), 

nephropathy - 15 versus 35% (p = 0.002), short stature 0 versus 10% (p = 

0.004). 

7. The insignificant frequency (2%) of allergic reactions such as urticaria 

and the absence of long-term side effects of xenotransplantation in the form of 

zoonoses confirms the safety of this method of therapy. 

8. Xenografts are indicated to improve the compensation of type 1 

diabetes mellitus, the prevention and treatment of vascular complications, such 

as nephropathy, retinopathy, stunting in patients with Mauriac’s syndrome. 

Intramuscular transplantation for the treatment of complications of type 1 

diabetes should be recognized as the simplest and most effective. To reduce the 

need for insulin and significantly improve the quality of compensation for 

carbohydrate metabolism, transplantation of xenogeneic material into spleen 

pulp or liver parenchyma should be used; transplant doses require an increase of 

at least 5 million p-cells. 

Thus, summing up the clinical results of islet cell transplantation along 

with achievements, we noted that the problem carries many more questions that 
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are waiting to be resolved. There are also difficulties in isolating islet cells, an 

insufficient number of cadaveric pancreas and good immunological protective 

equipment. In this regard, the great interest of sources for obtaining healthy 

insulin-producing cells. 
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