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Abstract 

Introduction: Type 2 diabetes mellitus (T2D) is the most common form of diabetes
mellitus, accounting for 90% of diabetes mellitus in patients. At the present time, 
although T2D can be treated by various drugs and therapies using insulin replacement, 
reports have shown that complications including microvascular, macrovascular 
complications and therapy resistance can occur in patients on long term treatment. Stem 
cell therapy is regarded as a promising therapy for diabetes mellitus, including T2D. The 
aim of this study was to evaluate the safety and therapeutic effect of expanded 
autologous adipose derived stem cell (ADSC) transplantation for T2D treatment; the 
pilot study included 3 patients who were followed for 3 months. Methods: The ADSCs
were isolated from stromal vascular fractions, harvested from the belly of the patient,and 
expanded for 21 days per previously published studies. Before transplantation, ADSCs 
were evaluated for endotoxin, mycoplasma contamination, and karyotype.All patients 
were transfused with ADSCs at 1-2x106 cells/kg of body weight.Patients were evaluated 
for criteria related to transplantation safety and therapeutic effects; these included fever, 
blood glucose level before transplantation of ADSCs, and blood glucose level after 
transplantation (at 1, 2 and 3 months). Results: The results showed that all samples of
ADSCs exhibited the MSC phenotype with stable karyotype (2n=46), there was no 
contamination of mycoplasma, and endotoxin levels were low (<0.25 EU/mL). No 
adverse effects were detected after 3 months of transplantation. Decreases of blood 
glucose levels were recorded in all patients. Conclusion: The findings from this initial
study show that expanded autologous ADSCs may be a promising treatment for T2D.  
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Introduction  
Diabetes mellitus (DM) affects approximately 300 million people worldwide 
(Scully, 2012). DM and its complications cause substantial morbidity and 
mortality in DM patients. Islet transplantation have been used to treat DM with 
some promising results (Hirshberg, 2007). Although these therapies can provide 
some benefit to patients there are limitations, namely the lack of pancreatic islets 
for transplantation (Hirshberg, 2007; McCall and Shapiro, 2012). In fact, two or 
three donors of pancreatic islets are required for a transplantation procedure for 
a single patient. 

Recently, stem cell therapy has emerged as a highly promising new modality of 
treatment for advanced diabetes. For type 1 diabetes mellitus (T1D), both 
hematopoietic stem cell (HSC) transplantation and mesenchymal stem cell (MSC) 
transplantation have been evaluated (Cantu-Rodriguez et al., 2016; Cheng et al., 
2016; El-Badawy and El-Badri, 2016; Snarski et al., 2016; Xiang et al., 2016; Xv 
et al., 2016). These studies have shown that HSC and MSC transplantations 
improve blood glucose levels from moderate to high. The meta-analysis study 
carried out by El-Badawy and El-Badri (2016) showed that the best therapeutic 
outcome could be achieved with CD34+ HSC transplantation, while the poorest 
outcome was observed with umbilical cord blood transplantation (El-Badawy and 
El-Badri, 2016).  

Stem cell therapy has also been used to treat type 2 diabetes mellitus (T2D). 
Tong et al. (2013) infused umbilical cord blood by microcatheter into the dorsal 
pancreatic artery in 3 T2D patients with different diabetic histories (Tong et al., 
2013). After the transplantation, Tong et al. showed that C-peptide levels 
increased in all of the patients; in fact reduced insulin dose corresponded with 
improved C-peptide levels (Tong et al., 2013). In 2014, 22 patients with T2D 
were treated with Wharton’s jelly derived MSC (WJ-MSC) transplantation through 
intravenous injection and intra-pancreatic endovascular injection (Liu et al., 
2014). Liu et al. showed that WJ-MSC transplantation significantly decreased the 
levels of glucose, improved C-peptide levels, and improved beta cell function, 
all without any adverse effects (Liu et al., 2014). In 2016, Hu et al. (2016) 
reported the long-term efficacy and safety of infusion of WJ-MSC on T2D in a 
study of61 patients with T2DM. After the 36-month follow-up period, infusion of 
WJ-MSC not only improved function of islet β-cells but reduced diabetic 
complications (Hu et al., 2016).  
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Based on these results, we investigated the use of autologous expanded 
adipose derived stem cells (ADSCs) for transplantation to treat T2D patients. 
This study aimed to evaluate the preliminary outcome of autologous expanded 
ADSC transplantation, such as changes in blood glucose levels, at 1-3 months 
after transplantation. 

Methods 

Adipose tissue aspiration 

Adipose tissues from patients were collected according to a previously 
published study (Nguyen et al., 2016). Briefly, patients were given local 
anesthesia with 2-3 mL of marcaine (5 g/L); the lower abdomen area was also 
anesthetized. Patients were then given a tumescent solution (500 mL normal 
saline, 0.5 mL of 1:1000 epinephrine). A Triport Harvester cannula (Becton 
Dickinson, Franklin Lakes, NJ) and 60-cc BD Luer-Lock™ syringe (Becton 
Dickinson) were used for harvesting adipose tissues (100–500 cc) from patients. 

Isolation of stromal vascular fractions (SVFs) 

The SVFs were isolated from collected adipose tissues. Approximately 100 mL of 
lipoaspirate was collected from each patient into two 50 ml sterile syringes. The 
syringes were stored in a sterile box at 2–8°C and immediately transferred to the 
laboratory. The SVFs were isolated using a Cell Extraction Kit (RegenmedLab, Ho 
Chi Minh, Vietnam) according to the manufacturer’s instructions. Briefly, adipose 
tissues were digested using SuperDigest Solution (containing collagenase) 
included in the kit. The tissues were incubated in the solution at 37°C for 15 min 
with agitation at 5-min intervals. The suspension was centrifuged at 800×g for 10 
min, and the SVFs were obtained as pellets. The pellet was washed twice with 
PBS to remove any residual enzyme, and re-suspended in PBS for determination 
of cell quantity and viability using an automatic cell counter (NucleoCounter; 
Chemometec, Lillerød, Denmark). 

Activated platelet-rich plasma (PRP) preparation 

Besides adipose tissue, activated PRP (aPRP) was prepared for each patient. PRP 
was isolated from peripheral blood using a kit (5PRP Kit, Regenmedlab, Ho Chi 
Minh, Vietnam) according to the manufacturer’s guidelines. Briefly, 20 mL of 
peripheral blood was collected into vacuum tubes and centrifuged at 800×g for 
10 min. The plasma fraction was collected and centrifuged at 1000×g for 5 min 
to obtain a platelet pellet. Most of the plasma was then removed, leaving 6 mL 
of plasma for re-suspension of the platelets. The inactivated PRP was then 
activated using activating tubes containing 100 µL of 20% CaCl2.  

Adipose derived stem cell culture 
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SVFs were cultured for expansion according to published procedures (Van Pham 
et al., 2014). SVF samples were cultured in MSCCult medium (RegenMedLab,  
Ho Chi Minh, Vietnam) which contained DMEM/F12 supplemented with 
antibiotic and antimycotic solutions, 10 ng/mL epidermal growth factor (EGF), 
and 10 ng/mL basic fibroblast growth factor (bFGF) with 3% aPRP. The cells were 
plated at 5×104 cells/mL in T-75 flasks (Corning) and incubated at 37°C with 5% 
CO2. After 3 days of incubation, 6 mL of fresh medium was added to each flask. 
After 7 days, the medium was replaced with 12 mL of fresh medium. The culture 
medium was subsequently replaced every 3 days until the cells reached 70–80% 
confluence, at which point they were sub-cultured. The samples were cultured 
for 21 days with 3 sub-cultures.  

Preparation of product for injection  

The product for injection was composed of a mixture of the collected ADSCs 
and activated PRP. Activated PRP was used to dilute ADSCs to achieve a suitable 
dose for injection with 107 SVF cells/mL. 

ADSC transplantation and monitoring 

Patients were transfused with 106 ADSCs/kg in 250 mL of saline through the arm 
vein. Patients were monitored for blood glucose levels for every 2 weeks. 
Moreover, for longer evaluation, patients were monitored for C-peptide and 
HAb1c up to 12 months after transplantation.  

Case representation

Case report: Case 1 

Patient 1 (NTKO, female, year 1981) was diagnosed as T2D for 2 years. Patient 1 
had adipose tissue at belly collected to isolate and culture ADSCs. After 21 days, 
the cells were confirmed to be MSCs since they were negative for CD14 and 
CD45, and positive forCD44 and CD90. The cells were evaluated and shown to 
have no mycoplasma contamination and low endotoxin (<0.25 EU/mL), as well 
as stable karyotype (2n=46). These cells were then harvested and re-suspended 
into 250 mL of physiology saline. The patient was transfused with her ADSCs in 
saline through the arm vein at a dose of 1x106 cells/kg for 30-45 min. Blood 
glucose was measured before transplantation and after transplantation (every 2 
weeks until the report time). The results showed that the blood glucose level of 
Patient 1 gradually decreased after transplantation with her ADSCs, from 11.88 
mM/L before transplantation to 9.85 mM/L, 10.89 mM/L, 9.49 mM/L and 
7.84mM/L after 2, 4, 6, and 8 weeks of transplantation, respectively. There were 
no adverse effects recorded for Patient 1, especially hypoglycemia. 

Case report: Case 2 
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Patient 2 (LTL, female, year 1959) was diagnosed with T2D for 2 years. Similar to 
patient 1, adipose tissue was also collected from the belly of the patient to 
isolate and culture ADSCs. The collected ADSCs also exhibited typical MSC 
phenotype, e.g. positive for CD44 and CD90, and negative for CD14 and CD45. 
The cells were negative for mycoplasma and showed low endotoxin level (<0.25 
EU/mL). The cells were transfused to patient 2 at 1x106 cells/kg in 250 mL of 
saline for 30-45 min. No adverse effects was recorded in this patient during a 2-
month follow up post transplantation. No attack of hypoglycemia was noted by 
patient and clinicians. Moreover, the blood glucose level gradually decreased 
from 8.04 mMl/L before transplantation to 7.05 mM/L and 7.07 mM/L after 2 
weeks and 4 weeks of transplantation, respectively.  

Case report: Case 3 

Patient (DTL, female, year 1961) was confirmed as T2D for 2 years. The patient’s 
ADSCs were isolated and expanded for treatment. ADSCs were confirmed as 
MSCs from positive markers (CD44 and CD90) and they were also negative for 
CD14 and CD45. They also maintained the normal karyotype with 2n=46. These 
cells also were not contaminated with mycoplasma and had low endotoxin 
(<0.25 EU/mL). The cells were transplanted into the patient at a dose of 106 
cells/kg in 250 mL of saline for 30 min. Patient 3 was monitored for 12 months. 
To report time, there was no side effects recorded for this patient. The 
transplantation caused a decrease of blood glucose level from 9.35 mM/L 
(before transplantation) to 7.32 mM/L (4 weeks post transplantation).  

Discussion 

T2D is complex disease with various mechanisms which likely induce insulin 
resistance in patients. In this study, we show that autologous expanded ADSC 
transplantation can reduce insulin resistance in the T2D patients. The mechanism 
by which ADSCs could reduce insulin resistance has been investigated in this 
study. However, based on the literature of several previous studies noting the 
effects of ADSCs and T2D pathophysiology, we recognized that there were likely 
connections between the two. The first clue showing the connection of ADSCs 
and T2D mechanism is chronic inflammation. There has been increasing 
evidence showing that T2D is linked to chronic inflammation which causes insulin 
resistance. Antuna-Puente et al. (2008) and Sell et al. (2012) showed that chronic 
inflammation of adipose tissue significantly contributed to insulin resistance via 
adipokines (Antuna-Puente et al., 2008; Sell et al., 2012).  

The accumulation of macrophages in some tissues (e.g. vasculature, adipose 
tissue, muscle and liver) can cause the chronic metabolic stress-induced 
inflammation (Bhargava and Lee, 2012). Moreover, macrophages play an 
important role in controlling the Th1/Th2 immune responses through the co-
stimulating molecules CD80/CD86 and released cytokines (Bhargava and Lee, 
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2012). These macrophages could produce inflammatory cytokines, such as IL-6 
and TNFα, and induce insulin resistance in major metabolic tissues (Bhargava 
and Lee, 2012; Devaraj et al., 2010; Rajwani et al., 2012). 

These observations were confirmed in other previously published studies (Kamei 
et al., 2006; Kanda et al., 2006; Patsouris et al., 2008). These studies showed 
that if depletion of CD11c+ macrophages or inhibition of macrophage 
recruitment via MCP-1 knockout in obese mice could significantly reduce 
inflammation and increase insulin sensitivity (Kamei et al., 2006; Kanda et al., 
2006; Patsouris et al., 2008). Increasing evidence in animals and humans about 
inflammation-induced insulin resistance in T2D were provided, and included 
abnormalities of lymphocytes (DeFuria et al., 2013; Winer et al., 2011), 
neutrophils (Talukdar et al., 2012), eosinophils (Wu et al., 2011), mast cells (Liu et 
al., 2009) and dendritic cells (Musilli et al., 2011). Therefore, the biggest 
challenge for treatment of T2D was modifying these immune cells to repair the 
insulin resistance. 

ADSCs can participate in the correction of immune cells via their immune 
modulation capacity. In fact, while ADSCs can inhibit the proliferation of B cells, 
they can induce regulatory B cells (Franquesa et al., 2015) and induce functional 
de-novo regulatory T cells with methylated FOXP3 gene DNA (Engela et al., 
2013). ADSCs can also successfully inhibit the allergic airway inflammation via 
immuno-modulation from a Th2 to a Th1-biased response in the mouse model 
(Cho and Roh, 2010). Moreover, ADSCs can inhibit some chronic inflammatory 
diseases of the CNS (Constantin et al., 2009).  

ADSCs modulate the immune system  via changes in anti-inflammatory cytokine 
expression and T-cell functions in hindlimb ischemia (Kuo et al., 2011). By this 
mechanism, ADSC transplantation could protect the nephrotoxic injury resulting 
in reduced kidney damage and functional improvement, inhibiting organ fibrosis 
and providing long-term immune regulation (Burgos-Silva et al., 2015; Kim et al., 
2012). By this mechanism, ADSCs have not only been successful at treating 
diseases in animal models but also in humans. Recently, Stepien et al. (2016) 
used ADSCs to treat Multiple Sclerosis in human; they showed that intrathecal 
treatment of ADSCs was a suitable therapy for cases with aggressive disease 
progression (Stepien et al., 2016). 

Hence, ADSC transplantation can modulate or correct the immune system, 
especially the chronic inflammation inside the T2D patients. Although, this 
report only introduces some results after 3 months follow up of 3 patients, the 
similar results after transplantation of ADSCs in all 3 patients shows that ADSC 
transplantation significantly reduces the insulin resistance.  

In the previous clinical trials, using Wharton’s jelly derived MSCs, Liu et al. (2014) 
showed that MSC transplantation significantly decreased the levels of glucose 
and glycated hemoglobin, while improving C-peptide levels and beta cell 
function (Liu et al., 2014). In another study, Jiang et al. (2011) used placenta 
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derived MSCs to treat 10 T2D patients. The results showed that transplantation 
of MSC represents a simple, safe and effective therapeutic approach for T2D 
patients with islet cell dysfunction (Jiang et al., 2011).  

Although this investigation was a short study, with only evaluation of blood 
glucose levels, these initial results show that autologous expanded ADSC 
transplantation may be a promising therapy for T2D. This study has been 
modified and is now monitoring out to 12 months post transplantation; blood 
glucose levels as well as C-peptide and hemoglobin A1c (HbA1c) concentrations 
are being evaluated. 

Conclusion 
Our study shows some initial results of autologous expanded adipose derived 
stem cell transplantation for T2D. We show that this is a safe and effective 
therapy for T2D. In all 3 patient cases in our study, transplantation of autologous 
ADSCs gradually decreased blood glucose levels up to 2 months, without any 
adverse effects or complications. Moreover, ADSCs could successfully be 
isolated and could proliferate during expansion. They showed normal MSC 
phenotype, exhibited stable karyotype, had no mycoplasma contamination and 
had low endotoxin. These preliminary findings show that autologous expanded 
ADSC transplantation is a promising therapy for T2D treatment. This study is in 
continuation to monitor up to 12 months post transplantation- to record changes 
in the levels of blood glucose, C-peptide and HbA1C.  
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