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Abstract
AIM: To evaluate the safety and efficacy of human 
embryonic stem cells (hESCs) for the management of 
type 2 diabetes mellitus (T2DM).

METHODS: Patients with a previous history of diabetes 
and its associated complications were enrolled and 
injected with hESC lines as per the defined protocol. The 
patients were assessed using Nutech functional score 
(NFS), a numeric scoring scale to evaluate the patients 
for 11 diagnostic parameters. Patients were evaluated 
at baseline and at the end of treatment period 1 (T1). 
All the parameters were graded on the NFS scale from 1 
to 5. Highest possible grade (HPG) of 5 was considered 
as the grade of best improvement.

RESULTS: Overall, 94.8% of the patients showed 
improvement by at least one grade of NFS at the end of 
T1. For all the 11 parameters evaluated, 54% of patients 
achieved HPG after treatment. The four essential 
parameters (improvement in glycated hemoglobin 
(HbA1c) and insulin level, and fall in number of other 
oral hypoglycemic drugs with and without insulin) are 
presented in detail. For HbA1c, 72.6% of patients at 
the end of T1 met the World Health Organization cut 
off value, i.e. , 6.5% of HbA1c. For insulin level, 65.9% 
of patients at the end of T1 were able to achieve HPG. 
After treatment, the improvement was seen in 16.3% 
of patients who required no more than two medications 
along with insulin. Similarly, 21.5% of patients were 
improved as their dosage regimen for using oral drugs 
was reduced to 1-2 from 5.
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CONCLUSION: hESC therapy is beneficial in patients 
with diabetes and helps in reducing their dependence 
on insulin and other medicines.
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Core tip: We began research on human embryonic stem 
cell (hESC) therapy in 1999. Today, we have used it in > 
1400 patients, and have got patent for our technology 
in 65 countries including the United States. This study 
focused on the safety and efficacy of hESCs in patients 
who were chronically affected with type 2 diabetes 
mellitus (T2DM). Patients with a previous history of 
diabetes and its associated complications were enrolled 
and injected with hESC lines as per the defined protocol. 
The patients were assessed using Nutech functional 
score (NFS) (another invention of Nutech Mediworld), 
a numeric scoring scale to evaluate the patients for 11 
diagnostic parameters. All the parameters were graded on 
the NFS scale from 1 to 5. Highest possible grade (HPG) 
of 5 was considered as the grade of best improvement. 
Patients were evaluated at baseline and at the end of 
treatment period 1 (T1). Overall, 94.8% of the patients 
showed improvement by at least one grade of NFS at 
the end of T1. For all the 11 parameters evaluated, 54% 
of patients achieved HPG after treatment. Important 
parameters like glycated hemoglobin, insulin and use of 
oral hypoglycemic drugs with and without use of insulin 
were measured and their results have been presented 
in detail. It has been concluded from the study that 
hESC therapy is beneficial in patients with diabetes and 
helps in reducing their dependence on insulin and other 
conventional medicines. Their remarkable properties of 
reducing risk of immune mediated rejections and absence 
of hypoglycemic episodes while treating T2DM patients 
favor their use in management of T2DM. 
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INTRODUCTION
Diabetes mellitus (DM) is an endocrine disorder caused 
by absolute (type 1) or relative (type 2) insulin deficiency 
leading to hyperglycemia[1]. Individuals with type 2 
diabetes mellitus (T2DM), which is also known as non-
insulin dependent diabetes mellitus (NIDDM), present 
with a combination of varying degrees of insulin resistance 
and relative insulin deficiency. Insulin resistance caused 
by impaired β cell functioning is usually associated with 
abnormal insulin secretion or action. Thus, even after 

insulin administration, the cells can no longer use it to 
keep blood sugar levels in control and insulin deficiency 
occurs due to loss of insulin producing cells (IPCs)[2].

The pathogenesis of insulin resistance is complex. 
Various cellular and molecular mechanisms have been 
established to explain the cause of insulin resistance. 
Hyperglycemia itself can impair pancreatic β cell function 
and lead to insulin resistance, causing a worsening meta
bolic state. Besides β cell impairment, immune cells like 
lymphocytes and myeloid cells (monocyte/macrophages) 
also play important roles in the pathogenesis of DM. 
Myeloid cells secrete cytokines and regulate the adipose 
tissue remodeling which accompanies hyper-nutrition, 
thus are critical players in metabolic homeostasis. Any 
type of alterations such as pro-inflammatory changes in 
lymphocyte function causes insulin resistance in T2DM 
patients[3-5].

At present, there is no cure for diabetes and β cell 
failure is progressive; once there is an onset of disease, 
the impairment can never be fully restored. Patients 
with T2DM need to control their hyperglycemic condition 
through various means, including diet and exercise, oral 
anti-hyperglycemic (blood glucose-lowering) drugs, and/
or daily insulin shots. Most people who live with T2DM 
for a period of time eventually require insulin to survive. 
However, administering insulin alone via conventional 
techniques does not prevent the long-term complications 
of the disease, as the optimal insulin dosage is difficult to 
adjust and also simply re-growing the missing IPCs which 
could secrete or produce insulin is not enough to solve 
the problem[4,5]. Studies for pancreatic transplantation 
and islet cell replacement at the global level are ongoing; 
however, they were found to be often associated with 
complications of donor availability, graft survival, transplant 
rejection and other complications with long-term use of 
immunosuppressants[6-8].

Clinical management of T2DM is complex and is 
planned as per the severity of the condition. As per the 
United Kingdom Prospective Diabetes Study (UKPDS) 
and Action to Control Cardiovascular Risk in Diabetes 
(ACCORD), the management for diabetes is decided 
with an objective for intensive glycemic control where it 
is tried to maintain blood glucose concentrations close 
to the normal range using either insulin alone or in 
combination with few oral hypoglycemic drugs followed by 
conventional diet plans. The dosage regimen is designed 
in such a manner, so as to overcome the associated risks 
and complications of the disease. These all have shown 
successful results in achieving normal glucose levels but 
have the most common limitation of influencing long-
term glycemic control like increased body weight, higher 
risk of hypoglycemic episodes and insulin resistance[9-11].

While diabetes can be managed, at present it cannot 
be cured. Recent advances in stem cell therapy, where 
it is possible to replace the IPCs of the pancreas that 
are destroyed by a patient’s own immune system, have 
given a new hope for the management of DM[12]. Various 
studies in animal models using stem cells for managing 
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diabetes have been conducted and ongoing[5,13-16]. Hayek 
et al[17] have reported that grafts of human fetal islet like 
cell clusters when transplanted to immune deficient and 
streptozocin induced diabetic mice, successfully matured 
into glucose-responsive IPCs (β cells).

Human embryonic stem cells (hESCs) are useful as 
they can produce an unlimited number of pancreatic islet 
cells. The cells are easy to be transplanted and when 
they were directly tissue-cultured to the endoderm, 
they differentiated into pancreatic progenitor cells which 
further lead to the formation of mature pancreatic endo
crine cells in vivo[15,18]. We have earlier reported the 
safe and effective use of hESCs in diabetes in one of 
our published case studies of patients with diabetes. A 
reduction in secondary complications associated with 
high blood sugar such as affection of the heart, kidneys, 
vision and polyneuropathy, was observed without any 
adverse events (AEs) or teratoma formation[19].

Potential of hESCs prepared at our facility has been 
reported in patients with various terminal/incurable 
conditions[20] and disorders like chronic obstructive pulm
onary disease (COPD)[21], cerebral palsy[22], cortico-visual 
impairment[23] and Friedrich ataxia[19].

Besides appropriate treatment, it is also very important 
to correctly diagnose the condition. Diagnostic methods 
available for diabetes do not provide the complete 
evaluation of patients with diabetes[24]. Commonly used 
diagnostic methods are less reliable and have been 
found to possess higher sensitivity but low specificity[25]. 
Currently, there is no scoring system for assessing patients 
with DM. In the present study, we evaluated the safety 
and efficacy of hESC therapy in patients with T2DM using 
an 11-point numeric, Nutech functional scoring scale (NFS). 
It is composed of 11 diagnostic tests or parameters that 
are further categorized into five grades. These five ordinal 
grades (1, 2, 3, 4, and 5) run in the direction 1 → 5, i.e., 
BAD → GOOD which represent bad, not so bad, medium, 
not so good and good, respectively, with reference to the 
World Health Organization (WHO) cut off point[26].

MATERIALS AND METHODS
Cell culture and differentiation
hESCs were prepared from a single, spare, expendable, 
pre-implantation stage fertilized ovum taken during 
natural in vitro fertilization (IVF) process with due consent 
of the donor. The cells thus obtained are very small 
(50 nm-2.5 µm), procured 24 h after fertilization. The 
cells were cultured and maintained as per our patented 
technology (United States Granted Patent No. US 8592, 
208, 52) in a good manufacturing practice (GMP), good 
laboratory practice (GLP), and good tissue practice (GTP) 
compliant laboratory. The cell lines obtained are free of 
animal product and are chromosomally stable. They 
harbor all the properties of hESCs and blastocysts and 
express pluripotent stem cells markers like octamer-
binding transcription factor 4, sex determining region 
Y-box 2, Nanog, stage-specific embryonic antigen-4, 
trophoectoderm marker, keratin 18, b-human chorionic 

gonadotropin (negative), immune-regulatory marker, 
human leukocyte antigen G (negative), gene activating 
marker 5-methylcytosin, and other markers like telomerase 
and α fetoprotein. The detailed procedure of cell culture 
and differentiation was elaborated previously[21]. The 
safety and efficacy of these cells have been established in 
patients with incurable conditions[27].

Study population 
Patients diagnosed with T2DM who were on conventional 
therapies of insulin and other commonly used medications 
were included in the study. We also included those patients 
who visited our facility and were diagnosed with the 
disease at the institute by regular diagnostic procedures. A 
verbal, written and video consent form was obtained from 
all the patients included in the study. The doctors and the 
rehabilitation team performed a detailed examination of 
the patients before, during and after each treatment cycle.

Study design
The study protocol was approved by an Institutional 
Independent Ethics Committee (IEC) for stem cell 
research and therapy of our institute. The treatment 
regimen followed a defined protocol. An initial dose of 
0.25 mL (≤ 4 million cells) of hESCs was administered via 
an intramuscular (i.m.) route twice daily so as to induce 
immune tolerance against hESCs, subsequently another 
dose of 1 mL hESCs (≤ 16 million cells) was administered 
twice weekly via an intravenous (i.v) route to inoculate the 
required area and 5 mL of hESCs were also administered 
intravenously thereafter every 7 d. This gap was kept in 
order to allow the injected hESCs to develop into mature 
cells and regenerate the affected part.

All the patients enrolled were evaluated at baseline 
and at the end of treatment period 1 (T1) for 11 different 
diagnostic parameters by NFS. The findings were recorded 
for those who scored as highest possible grade (HPG), i.e., 
grade 5 of NFS scale and who showed change in condition 
by at least one grade of NFS at the end of T1. The results 
from essential parameters, i.e., glycated hemoglobin 
(HbA1c) level, insulin level, number of oral hypoglycemics 
used without insulin, number of oral hypoglycemics used 
with insulin were reported for each grade of NFS scale.

RESULTS
Patients
Overall 95 patients including 36 (37.9%) women and 
59 (62.1%) men were enrolled. The mean age of the 
patients was 57.1 years. 

Table 1 shows the number and percentage of patients 
evaluated for all the 11 parameters who scored less than 
the HPG at baseline and reached HPG at the end of T1. 
Table 2 represents patients who showed improvement by 
at least one grade of NFS at baseline to the end of T1.

Changes in HbA1c levels from baseline to the end of T1
Figure 1 shows the data of patients being evaluated for 
HbA1c level at the time of admission, and at the end of 
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T1. Of the 95 patients included, 67 (70.5%) had HbA1c 
levels ≤ 6.5% (normal level as per WHO criteria) at the 
end of T1.

Percentage of patients who scored HPG and showed 
improvement by at least one grade of NFS at the end of 
T1
Before starting the treatment, 93 patients had a score 
that was less than HPG or had HbA1c levels < 6.0%. 
After the hESC therapy, 44 (47.3%) patients scored HPG. 
Overall, 96.8% of patients showed an improvement by 
at least one grade of NFS at the end of T1.

Changes in insulin level from baseline to the end of T1
Figure 2 shows the data of patients being studied for 
insulin level at the time of admission, and at the end 
of T1. As per WHO, the cut-off range for fasting insulin 
level is ≥ 20 μU/mL or 0-20 IU. Considering grade 5 of 
NFS as HPG, of 95 patients enrolled, 60 (65.9%) at the 

end of T1 were able to achieve HPG.

Percentage of patients who showed improvement by at 
least one grade of NFS at the end of T1
Before starting the treatment, 91 (95.7%) patients 
were qualifying the positive test of fasting insulin for 
diabetes. After getting treatment, the improvement was 
seen among 96.7% of patients who scored differently 
by at least one grade of NFS scale at the end of T1.

Change in number of drugs used from baseline to the 
end of T1
Of the 95 patients, more than 50% were prescribed to 
take at least 5 or more than 5 oral hypoglycemics at 
the time of admission. After hESC therapy, the patients 
showed remarkable improvement, i.e., the dosage 
regimen was reduced to 1-2 medicines (grade 4). There 

Table 1  Number and percentage of patients who scored 
less than the highest possible grade at baseline and reached 
highest possible grade at the end of T1 (n  = 95)

Parameter <HPG (n) at baseline HPG n  (%) at T1

FBS 95 61 (64.2)
HbA1c 93 44 (47.3)
Insulin level 91 60 (65.9)
Insulin with medication 92 24 (26.1)
Medication level 93 25 (26.9)
Post-prandial blood insulin 
60 min

95 58 (61.1)

Post-prandial blood sugar 95 58 (61.1)
Pre-dinner 95 55 (57.9)
Secondary complication 84 27 (32.1)
Serum insulin 94 74 (78.7)
Serum peptide 90 65 (72.2)

HbA1c: Glycated hemoglobin; FBS: Fasting blood sugar; < HPG: Less than 
the highest possible grade.

Table 2  Number and percentage of patients who showed 
improvement by at least one grade of Nutech functional score 
at baseline to the end of T1 (n = 95)

HbA1c: Glycated hemoglobin; FBS: Fasting blood sugar.

Parameter Patients (n) affected 
at baseline

Improved n  (%)

FBS 95 93 (97.9)
HbA1c 93 90 (96.8)
Insulin level 91 88 (96.7)
Insulin with medication 92 88 (95.7)
Medication level 93 82 (88.2)
Post-prandial blood insulin 60 
min

95 92 (96.8)

Post-prandial blood sugar 95 92 (96.8)
Pre-dinner 95 93 (97.9)
Secondary complication 84 79 (94.0)
Serum insulin 94 80 (85.1)
Serum peptide 90 87 (96.7)
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were 20 (21.5%) patients at this grade at the end of 
T1.

Percentage of patients who achieved HPG and showed 
improvement by at least one grade of NFS at the end of 
T1
HPG grade (grade 5) where no intake of medicine 
is required was achieved in 24 (26.1%) patients at 
the end of T1. Overall, 88.2% of patients showed an 
improvement by at least one grade of NFS scale at the 
end of T1 (Figure 3).

Change in number of drugs used along with insulin from 
baseline to the end of T1
Before the treatment, 92 (97%) patients were taking 
both insulin and oral therapy to manage their glycemic 
levels. Depending on the severity of their condition, 
their dosing regimen was varying with the number of 
medications being combined with insulin therapy. After 
hESC therapy, 15 (16.3%) patients were at grade 4 
where they required only 2 medications along with 
insulin (Figure 4).

Percentage of patients who achieved HPG and showed 
improvement by at least one grade of NFS at the end of 
T1
Overall, HPG was achieved in 25 (26.9%) patients and 
88 (95.7%) patients showed an improvement by at 
least one grade of NFS scale at the end of T1.

DISCUSSION
T2DM is a complex disorder characterized by hyper
glycemia, insulin resistance, and variable degrees of 
insulin deficiency. To manage T2DM, there are four 
major factors to be considered which can monitor drug’s 
glycemic and non-glycemic effects: Insulin resistance, 

decreased insulin secretion, increased hepatic glucose 
production, and reduced glucagon-like peptide-1 
levels[3]. The majority of treatments available focus 
on intensive glucose control by giving intensive insulin 
therapy. Intensive glucose control should be done 
in a stepwise procedure considering the severity of 
disease and the risk factors experienced with earlier 
treatment[28]. American Diabetes Association (ADA) 
stated that “it is reasonable to recommend tight glucose 
control in diabetic patients” after the publication of 
Diabetes Control and Complications Trial (DCCT) results. 
However, ADA also pointed out that intensive insulin 
therapy may result in weight gain and unfavorable 
changes in cardiovascular risk factors among obese and 
insulin-resistant patients[29]. The UKPDS (1998) study 
also concluded that all intensive treatments (either 
sulphonylureas or insulin) increase the cardiovascular 
risks in diabetes. It also shows that prolonged use of 
insulin treatment for T2DM might increase the risk of 
weight gain and hypoglycaemia and may lead to any 
cerebrovascular event like stroke due to low glycemic 
level[10,11]. It has been observed that insulin injection 
does not precisely mimic the dynamic regulation of β 
cells on glucose homeostasis, which increase the risks 
of renal failure or blindness. It also causes diabetic foot 
syndrome, the severity of which may force the patient 
to undergo limb amputation[1].

The ADA and the European Association for the 
Study of Diabetes (EASD) have recommended various 
research based guidelines for the first line and second 
line management of T2DM which includes use of 
other drugs like sulphonylureas, thiazolidines, DPP-Ⅳ 
inhibitors either alone or in combination of 2-3 drugs 
or along with insulin therapy depending on the severity 
of disease. However, all have other associated risks like 
cardiovascular events, resistance or hypoglycemia with 
their long term use[28].
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Figure 4  Number of patients assessed for number of medications used 
with insulin: Before and after the human embryonic stem cell treatment. 
NFS grades - Grade 1: Insulin with > 4 medicines; Grade 2: Insulin with 4 
medicines; Grade 3: Insulin with 3 medicines; Grade 4: Insulin with 2 medicines; 
Grade 5 (HPG): No medications required. NFS: Nutech functional score; HPG: 
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used without insulin: Before and after the human embryonic stem cell 
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Stem cell therapy is an emerging area of research 
for diabetes. Sources for stem cell therapies in DM 
are multiple, including embryonic stem cells (ESCs), 
cord blood stem cells, induced pluripotent stem cells 
(iPSCs), and mesenchymal stem cells which have shown 
their benefits in the long term treatment of diabetes. 
hESCs are pleuripotent and derived from human fer
tilized eggs, therefore they have a much lower risk of 
tumorigenesis than iPSCs[16,30,31]. Li et al[32] have also 
reported that hESCs have unique immune-privileged 
characteristics and therefore there are lesser chances of 
immune-mediated rejection in their transplantation. A 
similar study conducted by Drukker et al[33] also favors 
that hESCs and their differentiated derivatives are less 
susceptible to immune rejection than adult cells.

Hypoglycemia is also one of the major drawbacks 
accompanied with management of T2DM. Few more 
recent studies favor that most of the treatment 
approaches for diabetes focus on intensive glycemic 
control, which might increase the risk of hypoglycemia[34]. 
hESC therapy overcomes the limitation of hypoglycemic 
episodes which is usually associated with other con
ventional regimens to manage T2DM[35,36].

Preclinical studies conducted by Soria et al[37] have 
shown that ES-derived insulin-containing cells are able 
to normalize blood glucose in streptozotocin-induced 
diabetic mice. The studies reported that glycemic 
control was found to be not only normal but stabilized 
as well[37].

Stem cells are able to differentiate into islet-like 
cells and have immunomodulatory abilities; they cause 
paracrine secretion that involves production of growth 
factors and cytokines. These secreted factors promote 
differentiation of progenitor cells into endogenous 
progenitor cells (EPCs) and mobilization and homing of 
EPCs, resulting in angiogenesis and tissue regeneration 
in diabetic wounds[1,4,38]. Khorsandi et al[4] in their 
studies using advanced genetic techniques showed 
that cultured adipose-derived mesenchymal stem cells 
can be differentiated into IPCs. The induced IPCs were 
morphologically similar to pancreatic islet like cells 
and were able to produce as well as secrete insulin 
in response to different concentrations of glucose 
stimulation in a regulated manner[4].

Stem cells have the capability to migrate to the 
damaged cells and repair/regenerate the impaired cells, 
which also helps in reducing the autoimmune process 
by producing a new functional immune system and 
hence shows faster recovery[39,40]. Various clinical trials 
registered on ct.gov using stem cells for T2DM also 
have the same hypothesis that stem cell transplantation 
in human pancreas results in increased angiogenesis, 
secretion of various cytokines and up-regulation of pan
creatic transcription factors and vascular endothelial 
growth factor, which creates a microenvironment to support 
β cell/resident stem cell activation and survival[41,42].

hESCs used in our study might have shown their 
therapeutic effect by following the same mechanism. 
These cells might “home in” to the damaged cells and 

repair/regenerate the cells and might reduce the auto
immune process. They are pleuripotent in nature and 
their competency to that with other drug therapies is well 
proven by the findings obtained; the patients enrolled in 
the study had chronic diabetic condition and were all kept 
on the similar pattern of diet and exercises although they 
had different intake of medicines and insulin therapy as 
per the severity of disease before starting hESC treatment. 
After the therapy, most of the patients benefitted as 
they showed a reduction in medicines and insulin intake 
to manage hyperglycemia. We did not observe any 
incidence of hypoglycemia in our patients during hESC 
treatment. The patients also showed a reduction in HbA1c 
levels. None of the patients experienced severe AEs or 
SAEs during the study as a result of hESC therapy. The 
embryonic stem cell transplantation also reduces the risk 
of other secondary complications of eyes, heart, kidney 
and nerves associated with diabetes[1,2,40,43].

Besides management of diabetes with new therapies, 
an important area of concern is the precise diagnosis 
of severity of disease using reliable biochemical para
meters so that an appropriate therapeutic strategy can 
be applied. Factors such as extreme variability in patient 
populations (i.e., pregnancy, elderly and non-Hispanic 
Blacks, Mexican white people), lifestyle changes and 
insulin resistance affect the diagnosis and management 
of DM[44-46]. These factors create hindrance for most  
of the commonly used diagnostic parameters like 
fasting blood sugar, oral glucose tolerance test, HbA1c, 
serological examination and post-prandial blood sugar 
in producing the accurate results[46], which raises 
the question on their reliability. No single test can be 
considered as a perfect method to diagnose diabetes 
precisely. Many studies in the past few decades have 
been conducted where combination of diagnostic tests 
was carried out, but most of the studies could not 
completely explore the severity of disease accurately. 
False positive and negative results were also reported 
during the study[25,47]. To overcome these limitations 
of variability, we developed a novel numeric scoring 
system, NFS which comprises a battery of tests. It has 
11 different diagnostic parameters of diabetes on a 
single scale. The cutoff values of these parameters are 
as per the WHO criteria. 

After hESC therapy, the majority of the patients 
with diabetes showed an improvement for all the 
11 parameters evaluated in NFS. Overall, 94.8% of 
patients showed improvement by at least one grade of 
NFS scale at the end of T1. Important parameters like 
HbA1c and insulin level showed improvement and use 
of medicines alone and use of medicines with insulin at 
different levels of treatment phases were reduced after 
the therapy, suggesting that the hESC therapy helped 
the patients in being independent of intensive insulin 
therapy and other conventional drugs.

hESCs might have a good therapeutic potential in 
the treatment of patients with diabetes. However, well 
designed studies are needed to prove the long term 
efficacy and safety of hESCs in the treatment of patients 
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with diabetes.
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Background
Type 2 diabetes mellitus (T2DM) is the most common lifestyle disorder 
nowadays. At present, there is no cure for diabetes. Human embryonic stem 
cells (hESCs) therapy is a new approach to treat it. hESCs can produce 
unlimited number of pancreatic islet cells and are easy to be transplanted. 
When they were directly tissue-cultured to the endoderm, they differentiated 
into pancreatic progenitor cells which further lead to the formation of mature 
pancreatic endocrine cells in vivo. They have less chances of immune mediated 
rejection. 

Research frontiers
This study focuses on treating the patients who were chronically affected by 
T2DM with latest stem cell therapy. hESC cell lines produced in their lab are 
safe, effective and are easily transplantable. The in vitro fertilization technique 
used to prepare hESC is unique. The improvement in diabetic patients is 
measured by a novel scale, Nutech functional score, which is able to measure 
11 parameters simultaneously. Hence the diagnosis is more reliable. 

Innovations and breakthroughs
Undoubtedly hESCs have better potential than other treatments. Being 
pleuripotent and derived from human fertilized eggs, they have a much lower 
risk of tumorigenesis than induced pluripotent stem cells. They are easily 
transplantable.

Applications
The patients were treated with hESC therapy have shown remarkable 
improvement. This innovative treatment approach has overcome the life 
long insulin dependence of patients and have also reduced the intake of oral 
hypoglycemic and other conventional drugs.

Peer-review
This research article is excellently written. This work has been performed as an 
advance step for the previous case studies by Dr. Shroff G (J Diabetes Mellitus 
2015; 5: 313-318). The current report will make a great contribution to the 
promotion of the hESC-based regenerative medicine in the field of diabetes.
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