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Introduction: Type 2 diabetes (T2D) is the most common type of diabetes, affecting 6.28% of the population worldwide. Over the 
decades, multiple therapies and drugs have been developed to control T2D, but they are far from a long-term solution. Stem cells are 
promising as novel regenerative treatments, especially mesenchymal stem cells (MSCs), which are highly versatile in their regen-
erative and paracrine capabilities and characteristics. This makes them the most commonly used adult stem cells and ideal candidates 
to treat diabetes.
Objective: To assess the safety and efficacy of mesenchymal stem cells (MSCs) in treating Type 2 diabetes (T2D) in humans.
Methods: Mesenchymal stem cell-based treatments were studied in 262 patients. A total of 6 out of 58 trials fit our inclusion criteria 
in the last five years.
Results: The treatment of patients with MSCs reduced the dosage of anti-diabetic drugs analyzed over a follow-up period of 12 
months. The effective therapy dosage ranged from 1×106 cells/kg to 3.7×106 cells/kg. After treatment, HbAc1 levels were reduced by 
an average of 32%, and the fasting blood glucose levels were reduced to an average of 45%. The C-peptide levels were decreased by 
an average of 38% in 2 trials and increased by 36% in 4 trials. No severe adverse events were noted in all trials.
Conclusion: This analysis concludes that MSC treatment of type 2 diabetes is safe and effective. A larger sample size is required, and 
the trials should also study the effect of differentiated MSCs as insulin-producing cells.
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Introduction
Type 2 diabetes mellitus (T2DM) is a heterogeneous disease characterized by the dysregulation of lipids, carbohydrates, 
and proteins and associated with impaired insulin secretion, insulin resistance, or both.1 In comparison to Type 1 
diabetes, also known as insulin-dependent diabetes, T2DM has a higher prevalence worldwide, accounting for approxi-
mately 537 million people in 2021, a number projected to rise to 643 and 783 million people by 2030 and 2045, 
respectively.2 T2DM majorly occurs in people over 50 years of age but has become increasingly frequent in adults and 
children below 20.3 T2DM, if not controlled, can lead to long-term complications such as ischemic heart attack, stroke, 
chronic kidney disease, and diabetic retinopathy.4 (Conventional therapies for T2DM can include lifestyle and diet 
changes to control the weight and caloric inputs, as well as oral glucose-lowering drugs such as liraglutide (Victoza), 
semaglutide (Ozempic), and dulaglutide (Trulicity),5 and ultimately daily insulin injections.6 For late-stage T2DM, 
transplantation of the pancreas remains the mainstay option, but it is costly and characterized by a high risk of 
recurrence.7 There are multiple limitations to the conventional treatment methods for T2DM. The chemotherapeutic 
treatments are associated with several side effects, including hepatotoxicity, hypoglycemia, gastrointestinal disturbances, 
respiratory tract infection, and others. Moreover, these treatments do not reduce the decline of pancreatic β-cell function 
but instead mitigate the symptoms of the disease (Figure 1).8 Insulin injections, given when the glucose level is not 
controlled by lifestyle intervention or chemotherapeutic agents, are invasive and associated with poor compliance and 
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can lead to adverse events such as lipohypertrophy, infections, skin allergy at the site of injection, and development of 
antibodies against the exogenous insulin.9 Alternative therapies are essential for the management of T2DM. Novel stem 
cell-based therapies were promising for their treatment.10 These cells can renew, regenerate, and secrete crucial factors to 
maintain other cell types. These stem cells are being assessed in clinical trials to treat various diseases, such as 
Parkinson’s disease,11 multiple sclerosis,12 multiple myeloma,13 etc. There are three main types of stem cells used for 
T2DM treatment, mesenchymal stem cells (MSCs), hematopoietic stem cells, and induced pluripotent stem cells.14 MSCs 
are the most utilized in T2DM clinical trials because they can be isolated from various autologous or allogenic tissues, 
including bone marrow, adipose tissue, and blood.15 MSCs can differentiate in multiple cell types and have low 
immunogenicity. They express low levels of MHC class I, no MHC class II, and do not trigger a proliferative T-cells 
response.16 To overcome the drawbacks faced by the currently available treatment strategies for type 2 diabetes, stem cell 
infusion therapies are being developed with the help of mesenchymal stem cells, induced pluripotent stem cells, and 
hematopoietic stem cells. This paper studies the current clinical trials which utilize mesenchymal stem cells and assesses 
the safety and efficacy of these treatments for late-stage T2DM.

Methods
Search Sources and Strategy
The data were obtained from PubMed and clinicaltrials.gov based on search query terms such as “Type 2 diabetes”, 
“Stem cell therapies”, “Diabetes”, “Mesenchymal stem cell therapies”, “BM-MSC”, “Diabetes type 2”, “T2DM” DM 
“BM-HSC”, “UC-MSC”, and limited to completed clinical trials between 2011 and 2021. The search strategy was based 
on Preserved Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The language was 

Figure 1 Flow diagram - T2DM: T2DM is attributed to multiple risk factors, as mentioned above. These factors can cause beta-cell dysfunction over a period of time. Low 
capacity or dysfunction of the beta cells reduces insulin secretion by the pancreas, which in turn causes hyperglycemia. These risk factors can also lead to increased fatty acid 
production by the liver, which causes high amounts of glucose secretion to form in the liver. Increased glucose secretion reduces the function of insulin and leads to insulin 
resistance. Hyperglycaemia leads to low amounts of glucose absorbed by the muscles and causes an immune response. This damages the liver further and increases insulin 
resistance.
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limited to English. Interventional as well as observational studies were included. The meta-analysis did not have clinical 
trials with insufficient information about the evaluation method, patients suffering from other chronic co-morbidities, and 
studies with small sample sizes (<10 patients).

Data Extraction
Data extraction was done as per Cochrane guidelines for systematic review. The selection and search were based on the 
type of trial (interventional or observational), participants (age, sample size, duration of T2DM), treatment of T2DM, and 
the measure of efficacy such as HbAc1, C-peptide, and FPG (fasting plasma glucose) levels.

Results
The MSCs were characterized by positive and negative markers, including CD90, CD105, CD73, and CD146, and 
deficient for CD34, CD45, and HLA.

Search Result
A total of 70 trials were collected; only 58 remained after checking for duplication of the records. Out of the 58 clinical 
trials, only six studies (T1, T2, T3, T4, T5, T6) (Table 1) were included. The remaining ones needed more comprehensive 
results, had insufficient information about the treatment evaluation methodology, aimed to report the treatment of the 
long-term comorbidities associated with T2DM instead of the disease, were non-randomized, and participants had other 
morbidities. The studies included in the meta-analysis were all using injections of autologous MSCs irrespective of their 
source.

Effect of Therapies on Patient Outcomes
Based on the studied trials, treatment of T2DM using MSCs shows results irrespective of the duration of T2DM and the 
MSC tissue of origin (Figure 2). The parameters of the studies were similar and led to a reduction in insulin resistance 
and insulin dependence. Moreover, a significant decrease in HbAc1 and FBG levels suggested improved liver function. 
The trials also displayed a decrease in C-peptide levels in 2 trials (T1 and T4) out of 6 trials to normal levels, suggesting 
an improvement in beta islet cells responsible for insulin resistance in the body. The other four trials (T2, T3, T4, and T5) 
showed increased C-peptide levels.

Effect of Therapy on Insulin Resistance
Treatment with MSCs reduces insulin dependence for up to 12 months following the injection. The FBG (fasting blood 
glucose) was reduced to the normal range of 3.9 to 5.5 g/mmol in all trials. The homeostatic model assessment (HOMA) 
for insulin resistance (HOMA-IR), β-cell function HOMA-β, and insulin sensitivity HOMA- S measured the insulin 
levels in the participants before and after the study; no significant reduction in insulin resistance was noted in one of the 
six studies. The five remaining studies did not report insulin resistance measurements. In all studies, insulin resistance 
was indicated by the amount of insulin required after the treatment (Figure 3).

Effect of Therapy on C-Peptide Levels
The fasting C-peptide, obtained after 8–12 hours of patient fasting, is an effective indicator of insulin produced in 
the body. In three trials, T2, T3, and T5 (Figure 4), the C-peptide levels measured by HOMA-β were higher than 2 
ng/mmol. Reduction in the C-peptide level signifies efficient islet cell function as c-peptide levels tend to increase 
in Type 2 diabetes. This indicates the overproduction of insulin.23 The results in study T4 were found to display 
C-peptide levels as a potent indicator of the effectiveness of the treatment. Study T1 showed a reduction in 
c-peptide levels as well, but not to a significant amount. Most studies noted that C-peptide progressively increased 
with the peak value achieved at six months and a slight decrease later at 12 months. In one study, T6, the C-peptide 
levels were reduced to normal in the range of 0.5 to 2 ng/mmol and plateaued at the 12-month follow-up mark.
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Table 1 Clinical Trials: MSC-Based Therapies for T2DM

Identification 
Code

Clinical 
Trial 
Reference

Cell Type 
Used

Dosage Enrolled 
Participants 
(Age Range)

Intervention Type Result Conclusion Clinical 
Trial 
Phase

Country 
of Origin

T1 [17] BM-MSC 1×106 cells/kg 
IV/DPA

30 (18–50) Single group assignment 
(Interventional) Parallel 
Assignment (RCT)

Adverse events (AE) of hyper-/hypo- glycemia 
were noted with IV vs. DPA P>0.05 
Reduction in HbA1c, FBG, and C-peptide levels 
after six months,

BM-MSC therapy was safe with no AE 
50% reduction - insulin dose use 
50% reduction -in oral drug use

2 Vietnam

T2 [18] BM-MSC 3.76x106 Cells/kg 
IV/DPA

31 (30–65) Reduction in glycaemic index and HbAc1. 
Reduction n C-peptide levels. Low insulin 
resistance

Insulin free for more than four years. 2 China

T3 [19] WJ-MSC/UC- 
MSC

1×106 Cells/kg; 
DPA

61 (18–60) Parallel assignment 
(interventional)

Improved beta-cell function and insulin sensitivity. 
Reduction in glycaemic index and insulin 
requirement. No diabetic complications

Improved beta cells, low insulin 
requirement, no diabetic complications

2 China

T4 [20] UC-MSC 1×106 Cells /kg 
IV

100 (35–65) Factorial Assignment Decreased FPG, 2hPG, and HbA1c levels. 
ΔCP30/ΔG30 and AUCCP180 were significantly 
increased, and HOMA-IR was decreased 
considerably

LIRA treatment in combination with  
UC-MSCs improves glucose metabolism and 
the β cell function in type 2 diabetic patients

2 China

T5 [21] UC-MSC/PD- 
MSC

1.35×106 cells/kg 
IV/DPA

10 (18–85) Single group assessment Simple, safe, and effective therapeutic approach 
for T2D patients with islet cell dysfunction.

Further large-scale, randomized and well- 
controlled clinical studies will be required to 
substantiate these observations

Early 1 China

T6 [22] BM-MSC 1x106 cells/kg 
IV/DPA

10 (30–60) RCT Parallel 
assessment

Safe and effective treatment with mild adverse 
effects such as nausea and vomiting in 2 patients

Significant decrease in HbAc1 levels and 
FBG levels. A slight elevation in C peptide 
levels after a six-month follow-up.

1 India

Abbreviations: BM–MSC, Bone marrow-derived Mesenchymal Stem Cells; RCT, Randomized Controlled Trials; DPA, Dorsal Pancreatic Artery; IV, Intravenous; HbA1c, Hemoglobin A1C; FBG, Fasting Blood Glucose; WJ-MSC, 
Wharton’s Jelly derived Mesenchymal Stem Cells; UC-MSC, Umbilical Cord derived Mesenchymal Stem Cells; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; PD- MSC, Placenta derived Mesenchymal Stem Cells; LIRA, 
Liraglutide.
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Effect of Therapy on HbA1c Levels
HbAc1 level is a common and effective indicator of the mean glucose level over a long period (2 to 3 months). It 
provides a much better understanding of long-term glycaemic control than blood and urinary glucose measures. HbAc1 is 
directly linked to the proportion of glucose bound to the hemoglobin molecules, which occurs continually over the entire 
life span of the erythrocyte.24 Diabetic patients with very high blood glucose concentrations have 2 to 3 times more 
HbA1c than normal individuals. The levels of HbAc1 act as effective indicators of the success or failure of the treatment. 
Upon treatment, all trials observed a significant decrease in the levels of HbAc1 during the three-month follow-up period 

Figure 2 Prisma Diagram for study analysis. The diagram depicts the inclusion and exclusion criteria for the studies added to the article.
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and a further decline during the 12-month follow-up period. In one study, T1 (Figure 5), the HbAc1 level did not change 
due to the increased nephropathy in diabetic patients.25

Adverse Events
All studies observed no severe adverse events other than two studies, T1 and T6 (Table 1), which observed nausea and 
vomiting in some patients. In one study, T1 noted hypoglycemia. All studies deemed this form of treatment effective and safe.

Discussion
These studies were designed to assess the safety and efficacy of MSCs for the treatment of T2DM. The results from six clinical 
trials included 262 T2DM patients and demonstrated that MSCs are safe to use and do not display any severe adverse effects; 
only nausea and vomiting were reported in two clinical trials. The study used mesenchymal stem cells (MSCs) because they can 
easily differentiate into any cell type. They also express low immunogenicity because of low MHC 1 and 2 and do not cause the 

Figure 3 Insulin requirement before and after MSC treatment. The trials showcased different follow-up times. T1, T3, and T6 showed a decline in insulin requirement for 
a follow-up period of 3 and 6 months but a steady increase in need at the 12-month follow-up. T5 showed a 45% decrease in insulin requirement when followed up at the 
6-month mark, but this study was not followed up further. T4 displayed a 22% lower insulin requirement during the 12-month follow-up period. Insulin requirement for T2 
was 30% lower at the ten-month follow-up period, after which the study was not followed up.

Figure 4 C-peptide Levels after transplantation of MSCs. T1 and T4 noticed a reduction in c-peptide levels by 12% and 64%, respectively. T2, T3, and T5 noted an increase 
in the C-peptide levels by 62%, 40%, and 34%, respectively. An increase in T6 was noted after treatment by 10%.
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activation of lymphocytes.26 MSCs were safer than conventional therapies used for late-stage T2DM treatment. The efficiency of 
MSC therapy was measured based on HbAc1, C-peptide, and FBG levels. Most studies adopted a follow-up period of 12 months 
after one MSC dosage. The MSC treatment proved to be a long-term solution for most cases. The C-peptide levels remained 
normal for 12 months following injection. The FBG and HbAc1 levels varied in the different studies but improved in 70% of the 
patients.

The route of MSC infusion, intravenously or via the dorsal pancreatic artery, did not make a significant difference in the 
efficacy of the treatment 3-, 6-, and 12-month follow-up. All studies used autologous MSCs amplified after 3–4 passages. The 
high number of transplanted cells allows a reduction in the infusion frequency compared to conventional treatment requiring the 
daily injection of insulin or organ transplantation in more advanced cases. As the cells transplanted were autologous, the number 
of adverse events remained low compared to allogenic transplants, with the most severe adverse event being hypoglycemia in 
one study. Recruitment of patients remained low as many needed to fit the inclusion criteria set up by the clinical trials. 
Conventional treatment of late-stage T2DM generally leads to pancreas transplantation which could cost the patient approxi-
mately 110,000 USD. In contrast, MSC transplantation costs 99,000 USD, requiring only a single dose.27 Further trials are 
required with a more significant number of participants and more follow-up points. Moreover, selecting participants based on the 
duration of the disease before treatment with MSCs would give more information on the effect of MSC in long-term T2DM.

Conclusion
In conclusion, the studies note that treatment with MSCs is competent and cost-effective. The impact of this treatment 
mode should be studied with patients in the earlier stage of type 2 diabetes to understand if the treatment would provide 
long-term results. Moreover, the need for a uniform sample population and inclusion and exclusion criteria reduce the 
significance of each study. A larger, more uniform sample size and a continuous follow-up period are required. These 
studies should measure insulin resistance, insulin dependence, C-peptide values, and HbAc1 values.
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All data is available upon request.
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