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Abstract 

Stem cells can be differentiated into many types of mature cells. Among degenerative 
diseases, type 1 diabetes mellitus (T1DM) is considered to be a good target disease for 
stem cell therapeutic application. Indeed, several studies have suggested that stem 
cells can be differentiated, both in vitro and in vivo, into beta cells which regenerate the 
pancreas. However, recent studies have shown that stem cell therapy can also provide 
benefits for type 2 diabetes mellitus (T2DM), which is not related to beta cell 
degeneration in the pancreas. This commentary will discuss the opportunity to use 
mesenchymal stem cells (MSCs) to treat T2DM, citing various stem cell therapies from 
recent published studies. Indeed, a current report “Expanded autologous adipose 
derived stem cell transplantation for type 2 diabetes mellitus, Biomedical Research and 
Therapy, 3(12): 1034-1044” evaluated and confirmed the positive effects of stem cell 
transplantation for blood glucose regulation in T2DM.  
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T1DM versus T2DM  

Diabetes mellitus (DM) is a metabolic disease that causes the accumulation of 
high glucose levels in the blood. Patients with DM usually exhibit particular 
symptoms, including frequent urination, increased thirst and increased hunger 
(in the early phase of the disease), and complications such as diabetic 
ketoacidosis, non-ketotic hyperosmolar coma, heart disease, stroke, chronic 
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kidney failure, foot ulcers and damage to the eyes (in the late phase). The high 
blood glucose level in DM patients relates to reduction of insulin; beta cells in 
the pancreas cannot produce enough insulin for usage or cells in the body 
cannot properly respond to insulin.  

Based on differences in mechanisms, DM can be classified into 2 main types: 
Type 1 DM (T1DM) and Type 2 DM (T2DM). T1DM results when beta cells cannot 
produce enough insulin for cells of the body. This condition is considered akin to 
an autoimmune disease since beta cells are destroyed by the immune system. 
T1DM is common in children and, therefore, is also known as juvenile diabetes. 
T2DM is different from T1DM in that the beta cells of T2DM patients are able to 
produce enough insulin; however, the cells of the body cannot use this form of 
insulin and are said to be “insulin resistant”. Since T2DM is not related to insulin; 
it is regarded as a non-insulin dependent diabetes mellitus.  

T1DM, as a degenerative disease, has rapidly attracted stem cell scientists to 
develop new stem cell based approaches in attempts to treat it. Indeed, T1DM 
has been viewed by two different perspectives, including as a degenerative 
disease which lacks beta cells and as an autoimmune disease in which the 
immune system attacks the beta cells. For this first strategy, both stem cells and 
insulin-producing cells differentiated from stem cells were used to treat T1DM in 
both preclinical trials and clinical trials (Xv et al., 2016). 

T2DM treatment by stem cell transplantation 

Recently, the Pham group reported some cases of T2DM treatment using 
autologous adipose derived stem cells (ADSCs) (Le et al., 2016). In their study, 
adipose tissue was collected from patients. ADSCs were extracted and 
expanded from adipose tissue. The cells were confirmed to be normal stem cells 
with normal karyotype, and negative for endotoxin and mycoplasma. The T2DM 
patients received a transplant of ADSCs at a dose of 1-2.106 cells/kg. The results 
showed that after 3 months, blood glucose levels of patients were significantly 
reduced and there were no adverse effects. From literature searches, only 3 
other clinical studies were found which used stem cells to treat T2DM. 

There have been two clinical trials using autologous bone marrow mononuclear 
stem cells (BM-MNSCs). The first clinical trial was performed in 6 patients who 
were infused with BM-MNSCs in the celiac and superior mesenteric arteries, 
without any myeloablative or immunosuppressive pretreatment (Wehbe et al., 
2016). The results showed that 5/6 patients (83%) showed an increase of fasting 
glucose levels and a decrease of glycosylated hemoglobin (HbA1C), significantly 
reducing their medication requirements. Of note, 3/6 patients (50%) showed 
improvement in diabetic complications and did not show any significant adverse 
effects (Wehbe et al., 2016).  
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The second clinical study also used BM-MNSCs to treat T2DM patients. Here, 
patients were confirmed as T2DM, for greater than 5 years, with oral antidiabetic 
drugs along with insulin levels (≥0.4 IU/Kg/day) and HbA1c ≤7.5% (≤58.0 mmol/
mol) (Bhansali et al., 2017). The results also showed that after 1 year of follow-
up, the primary endpoint showed a reduction in insulin requirement by ≥50% 
from baseline, while maintaining HbA1c <7.0% (<53.0 mmol/mol). Specifically, 6 
of 10 (60%) treated patients achieved the primary endpoint and a significant 
reduction in insulin requirement at month 12 (Bhansali et al., 2017). In this study, 
Bhansali et al. (2017) also used bone marrow derived mesenchymal stem cells 
(BM-MSCs) to treat these T2DM patients. The authors in that publication showed 
that treatment efficacy of transplanted BM-MSCs is equivalent to transplanted 
BM-MNCs (Bhansali et al., 2017). 

In another study, Liu et al. (2016) reported using MSCs derived from amniotic 
membrane to treat T2DM patients, with 3 years of follow-up (Liu et al., 2016). 
This study was carried out in 4 patients. These patients were transplanted with 
allogeneic neonatal amniotic membrane derived MSCs at 2x107 cells. The results 
showed that there was an improvement of glycemic control. Indeed, 100% of the 
patients did not require insulin but did need metformin (250-500 mg/day) to 
control blood glucose levels. However, by this therapy, there was no effect on C-
peptide. Therefore, the authors suggested that there was an increase of insulin 
sensitivity (Liu et al., 2016).  

How can stem cells treat T2DM? 

The specific mechanism of MSCs in T2DM treatment remains unclear. However, 
positive benefits from clinical treatment with MSC have suggested and led to 
investigations of mechanisms in T2DM patients. Some clinical trials have 
examined autologous versus allogeneic MSCs, and MSCs versus MNCs. 
Transplantation with each of them led to improvements in T2DM patients. 
Indeed, in allogenic transplantation of stem cells, grafted cells could not survive 
in the host for a long time. Therefore, some effects of stem cell transplantation 
cannot be from the homing or from differentiation of stem cells into insulin 
producing cells. Moreover, in the T2DM patients, the human body does not lack 
insulin. The study of Liu et al. (2016) showed that there was no change in C-
peptide concentrations, although there were improvements in blood glucose 
levels of T2DM patients. Thus, it is likely that stem cell transplantation cannot 
improve insulin production in T2DM patients.  

However, stem cell transplantation may improve the insulin sensitivity of cells in 
certain tissues. To date, the reason for insulin resistance in T2DM patients has 
not been elucidated. Some recent studies have suggested that immune 
reactions, similar to those observed in autoimmune diseases, can cause insulin 
resistance to be observed in T2DM patients. Indeed, Antuna-Puente et al. (2008) 
and Sell et al. (2012) showed that chronic inflammation of adipose tissues 
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significantly contributed to insulin resistance (Antuna-Puente et al., 2008; Sell et 
al., 2012). In some studies, it was also shown that insulin resistance in T2DM 
originated from inflammation. The inflammation could be related to 
abnormalities of lymphocytes, eosinophils, mast cells and dendritic cells  
(DeFuria et al., 2013; Liu et al., 2009; Musilli et al., 2011; Talukdar et al., 2012; 
Wu et al., 2011). If T2DM is an immune-related disease, MSC transplantation 
seems to be a suitable platform for T2DM therapy. Indeed, MSCs exert their 
immune modulation thorough suppressing T cells, B cells, natural killer (NK) cells 
and dendritic cells (DCs) (Le et al., 2016; Pham et al., 2016; Sangiorgi and 
Panepucci, 2016).  

Conclusion 

Although the study of MSC transplantation for T2DM is still young, there is great 
potential for its use, particularly for treating T2DM. Current breakthroughs in the 
understanding of mechanisms and biological characteristics of MSCs have 
suggested that MSC transplantation can be effective for T2DM. MSCs can 
persist in vivo without homing or and can differentiate into beta cells to produce 
insulin in the patients; however, grafted/transplanted cells can improve insulin 
resistance. Although the mechanism by which MSCs can improve insulin 
resistance remains unclear, its role in immune modulation to reduce local 
inflammation and insulin resistance are evident. Based on the benefits of MSCs, 
transplantation of MSCs may be a highly promising therapy for T2DM treatment. 

 

Abbreviations  

BM-MNCs: Bone marrow mononuclear cells  

DCs: Dendritic cells  

MSC: Mesenchymal stem cell 

NK: Natural Killer cell  

T1DM: Type 1 diabetes mellitus 

T2DM: Type 2 diabetes mellitus  
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