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Abstract
Background: The use of autologous peripheral stem cell (PB-SCs) in Diabetes Mellitus type 1 (type 1 DM)
was described in 2007 with promising conclusion. However a similar treatment with a positive outcome on type 2
diabetes mellitus patients (type 2 DM) has not been yet reported. The goal of this study was to determine the effect of
autologous PB-SCs transplantation in treatment of DM2 patient.
Methods: Current study involved 14 patients with type 2 DM (aged 48 to 84 years) during a period of 180 days
in our facility. Clinical variables (duration of DM, oral hypoglycemic drugs, time free from oral drugs) and laboratory
variables (HbA1c, blood pressure, weight, cholesterol), mononuclear cells infused were assessed. Purified PB SCs
were infused into major systemic vein (upper limbs or lower limbs) and subcutaneously in the abdomen. Follow-up is
performed weekly after infusion during a period of 6 months.
Results: Mean HbA1c values showed a significant reduction during follow-up in all patients after autologous
PB-SCs. After the treatment with stem cells the HbA1c level dropped by at least one unit relative to the HbA1c level
in the medication phase, with stem cells patients have mean value of HbA1c lower than 6.5% (Mean value at time
of diagnose 8.9%, at time of medication 7.9% and at time of post stem cell therapy 6.2%). Also, it was confirmed
that the stem cell treatment is more efficient for the patients with higher HbA1c level in the medication phase and the
level originally diagnosed. In 180 days after the combined therapy, HbA1c, cholesterol, and liver profile stay stable
compare to the baseline among those patients who did not continue the LGI diet. All patients were insulin and/or oral
hypoglycemic drugs completely free.
Conclusions: Therapy based on autologous PB-SCs can improve glucose control and reduce the dose of insulin
and/or oral hypoglycemic drugs in type 2 DM patients, but it only improves pancreatic β-cell function transiently if the
patients would not adjust their diet and life style. Further randomized controlled clinical trials involving more patients
will be required to confirm these findings and the mechanism needs to be learned deeper.

Keywords: HPB-SCs; LGI diet; Type 2DM; HbA1c; MSCs; NSCs;
ESCs; HSCs

Introduction
Diabetes is a disorder that strictly belongs to the Metabolic
Syndrome (MS) a cluster of metabolic conditions that includes a variety
of diseases such as hypercholesterolemia, liver enzyme disorders,
atherosclerosis, hypertension, cardio-vascular disease (CVD) that
altogether rise the risk of morbidity and life impairment among world
population. Diabetes is one of the most silent and threatens disease of
the modern time and it is constantly increasing in both industrialized
and developing countries [1]. Better economic condition, a more
sedentary life style, a higher consumption of polished rice which
contains high glycemic index values, a diet richer in starchy processed
food and western style-hyper energy food have contributed to a rapid
evolvement of DM2 among Vietnamese population, especially in more
industrialized cities such as Ho Chi Minh City and Ha Noi [1]. Data
from a recent revise in Vietnam confirmed that Diabetes type 2 (DM2)
increased 211% in a little more than a decade from 2002 to 2013 [1].
Today, with more than 3.3 million diabetics Vietnam is among the
top ten countries in the world in terms of diabetes prevalence [1].
During the 90’s few studies showed that Vietnamese diabetic patients
had low or normal body mass index (BMI) and, though nowadays,
this index together with obesity and abnormal fat distribution have
greatly increased still remain within the normal parameters dictated
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by WHO [1]. Indeed, scientists have confirmed that the abnormal fat
distribution and, not the BMI, have to be considered the main cause
of insulin resistance (IR) among Vietnamese diabetic population [1].
Present time cell therapy is basically focused on the use of adult MSCs,
stem cells of stromal origin characterized by their multipotency with
the ability to self-renew [2,3], differentiate to various cell phenotypes
such as osteoblasts, chondrocytes, adipocytes, fibroblasts, tenocytes
[4,5], or hepatocytes, neural cells and epithelial cells [6]. Bone marrow
MSCs have been the most widely studied, however MSCs can be
also isolated, with similar but not identical features, from different
tissues including cord blood, umbilical cord, placenta, adipose tissue,
trabecular bone, dental pulp and peripheral blood [7-12]. Overall,
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the ambition of cell-based therapies is to approach with a blend of
resources that are aimed basically to restore, repair, or improve the
function of damaged cells, tissue, organ, or system, by using intact,
amplified, or modified autologous or allogeneic cells [13]. Eventually,
hPB present few practical advantages over embryonic, umbilical cord
blood, bone marrow or adipose tissue [13,14]. We assume that the use
of combined stem cells may give few advantages in respect of a single
type of cell such as MSCs, ESCs, iPS; by this way we tend to reflect
the original microenvironment where these cells growth, develop and
interact with each other in a very specific manner. For instance, one
of the main limitation of autologous MSCs is in the number of totally
characterized cell availability which may represent a major obstacle to
their use in stem cell therapy; to reach the optimal number for the in
vivo procedure MSCs requires an extensive manipulation in vitro that
eventually may compromise the quality, the effectiveness and safety
of the cells [15]. The major concerns related to the use of ESCs and
iPS remain the high grade of tumorigenic activity as it is common the
formation of benign/malignant cystic teratoma from the numerous
remaining undifferentiated cells and the ethical concerns of possible
destruction of embryos in the process of collecting the ESCs [16].
With regard to the source bone marrow (BM) and adipose
tissue (AT) present limitations related to the invasive procedural
extraction that may result in to serious complication for the patient.
One should also consider that the isolation of AT stem cells it’s a
multipart, complicated process which requires the use of several
numbers of enzymes. The extensive manipulation and the length of
the procedure may contribute to a low quality of the obtained stem
cells amid increases the possibility of contamination [13,16]. In this
study we have presented the use of a cluster of stem cells obtained from
autologous peripheral blood sample to treat a group of 14 patients with
DM II. Our previously edited data have confirmed the presence of four
types of stem cells that can be isolated and cultured from peripheral
blood sample in a different amount and gradation such as, MSCs,
NSCs, HSCs, NSCs and progenitor NK cells CD16-56 [15]. There
are differences among data on PB-SCs that could be explained by the
dissimilar inference related to patient and their diverse physiological
condition. Peripheral blood SCs can self-renew to a certain extent and
can differentiate, they can display a variety of significant functions
including repair of damaged area and support appropriate cell and
tissue renewal to replace the injured tissues. Most intriguingly, these
stem cells work in a very interactive mode, supporting each other in
all activities they are involved with. Results merged into the field of
immunology and endocrinology, with new findings emphasized the
role played on both immunologic factors (such as IL-2, IL-6 IFN-γ,
or TNF-α) and hormones (testosterone, progesterone, estrogen,
DHEA, IGF1, TSH, T3-4, leptin, FSH, LH, ACTH and cortisol) in the
regulation of the hematopoietic compartment [15].

Stem cells therapy in DM II attempts and results
Stem cell clinical validity in diabetes care is based on regeneration,
rebalance, repair and replacement of damaged islet and vascular
endothelial cells [15-17]. This paper will consider the effects of diabetes
on resident endogenous stem cells and the potential utility of PB-SCs to
treat diabetes in clinical application. Diabetes degeneration mechanism
is based on its damage of resident stem cells within the osteoblastic niche
within the BM, a process that takes place in two distinctive inter-related
moments known as “diabetic stem cell mobilopathy” and “diabetes
induces bone marrow micro-angiopathy” which refer to impaired
control of stem cell mobilization into the systemic circulation [17-19].
Reduced availability of circulating stem cells and downregulation of
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endothelial progenitor cells (EPCs) caused by hyperglycemia oxidativestress are among the several important mechanisms accountable for
the occurrence of endothelial dysfunction and vascular degeneration
in diabetes [20-23]. One of the first regenerative approaches in the cure
of DM II, was the idea to replenish deficient pancreatic β-cells [16].
However, scarcity of donations for pancreas or islet allograft
transplantation together with compatibility issues has forced the
exploration for alternative cell replacement therapy by using different
types of stem cells such as MSCs, ESCs, adult and iPS [16]. Experiments
conducted on diabetic animal models have suggested that hyperglycemia
could be a crucial step for bone marrow-derived MSCs differentiation
into IPCs capable of regularizing with chronic hyperglycemia and
cardiomyopathy [24-26]. Hence, it has been argued that a possible effect
of MSCs in diabetes has to be related to their ability to generate insulinproducing cells (IPCs) which are capable to express numerous genes
in charge of the growth and expansion of pancreatic β-cells, including
high expression of pancreatic and duodenal homeobox 1, insulin, and
glucagon [24,27-29]. Intriguingly, animal models showed to be able
to release insulin in a specific glucose-dependent manner that led to
amelioration of diabetic conditions [24,28,29]. We also suspect that the
insulin resistance and irregular picks of sugar typical of DM-II is due
to a multi-layer defection which also includes an insulin defection on
pancreatic β-cells. However, we assume that long term benefits from
stem cell treatment are to be correlated to a combined activity of whole
stem cells present in the blood stream (HSCs, ESCs, NSCs and MSCs)
at different level rather to a single specific group of stem cells, such as
MSCs or HSCs.

Low glycemic index diet may help to stabilize and prolong the
regenerative effect of stem cells during and after the procedure
A nutritional approach with a balanced proportion of lipids,
proteins and carbohydrates is being investigated with both different
macronutrient and micronutrient composition to support the
conventional treatment in patients with DN II. Low glycemic index
diet (LGI) in the management of diabetes is still under debate, with
divergent information around the world [30]. As asserted by the
American Diabetes Association the use of low-GI foods may reduce
postprandial hyperglycemia however evidence of long-term benefit
are not sufficiently strong to recommend the use as a primary strategy.
Less cautiously, the European Association for the Study of Diabetes
suggests a switch to a low-GI foods almost without reserves [30-32].
Food with low GI (≤70) are suggested as prevention to obesity, DM II,
and cardio vascular disease (CVD) [33]. And intriguingly, data from
a meta-analysis of randomized controlled trials to determine whether
low-GI diets compared with conventional or high-GI diets, showed an
improvement of overall glycemic control in individuals with diabetes,
with a decrease of HbA1c or fructosamine levels [30]. Associations
have also been reported between GI and both unfavorable lipid profiles
and raised inflammatory status. The GI of a specific food will vary
depending on the rate of digestion, the GI increases as digestion of a
food is faster that correlates to a value>70 [33]. The GI is affected by a
number of factors such as the type of carbohydrate (glucose, maltose,
saccharose, and fructose); the fat and protein content (a lower GI is
associated with a slowing of gastric emptying); acidity affects gastric
emptying and hence the GI of a specific food, the addition of citric acid
or other fruits will therefore lower the GI [33].

Material and Methods
Fourteen patients with oral anti-diabetic drug and insulin ≥
0.4 IU per kg per day with HbA1c 7.5-11 HbA1c% were assigned to
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an intervention group (n = 13) and followed for 6 months. Patients
received autologous PB-SCs both sub-cutaneous and through the
antecubital vein. The primary end point was a gradual reduction
of both oral and insulin requirement by ≥100% from baseline while
maintaining HbA1c<7%. Ten out of thirteen, (99%) patients achieved
the primary end point during the first quarter after the treatment,
whereas one of the patients failed due to high glycemic index diet
over the study period (p=0.002). The drug requirement decreased
by 66.7% in the intervention group from 42.0 (31.0‐64.0) IU per day
to 14.0 (0.0‐30.0) IU per day (p=0.011). The reduction in insulin or
orally medication requirement was significantly more during the time
patient received stem cells compared during the time they received
medication (p=0.001) and 6 months (p=0.004). Ten out of 13 (91%)
patients could maintain HbA1c<7% for the following 6 months. Of
note, glucagon-stimulated C-peptide was not considered a significant
marker criteria as it was evaluated just after diabetic drug treatment.
Therefore decreased drug requirement positively correlated with blood
pressure, cholesterol and triglycerides rather than C-peptide (r=0.8,
p=0.001). In conclusion, autologous PB-SCs results in a significant
decrease in both insulin and oral drug dose requirements along with
an improvement in blood pressure, cholesterol, triglycerides levels and
average weight in T2DM. However, we are well aware that a greater
number of patients with a longer duration of follow-up are required to
validate these remarks and results.

injected to patient. PB-SCs have undergone a series of test to evaluate
the feasibility and safety of the therapy. The patients’ cell samples were
tested for Bacteriology, Fungal and Virology contamination prior
infusion.

Results
General parameters
Fourteen type DM2 patients were enrolled in the study between
January 2014 and January 2016. The mean age was 62 years (48 to
84 years). Nine patients (69%) were male and 4 patients (31%) were
female. Pretreatment and follow-up characteristics of patients are
showed in table. Mean body weight before autologous PB-SCs was
68 Kg (range from 58 to 87 Kg.) at the time of initial diagnosis. Mean
HbA1c before PB-SCs was 7.8 (range from 6% to 10.2%). The mean
number of infused mononuclear cells was 3.76×108/ml. The follow-up
was performed in six months from the end of the treatment (Figure 1).

Administration of PB-SCs for clinical use

All subjects underwent clinical assessment regarding glycemic
control, micro and macrovascular complications. Evaluation at the time
of enrollment included blood pressure (BP), body weight, complete
CBC, hormone profile including Testosterone, Estradiol, Progesterone,
Cortisol, ACTH, Leptin, Insulin, TSH, T4-3 and Vitamin D, lipid profile,
TNFalpha, IFNbeta, IL2-4, electrocardiography, echocardiography.
The scheme of medications (including oral hypoglycemic drugs,
insulin, blood-lipid lowering drugs) was also recorded. HbA1c was
measured by Immunoturbidimetry method. Patients were asked to
monitor a four-point glucose profile (fasting, 2 hr post-breakfast, postlunch, post-dinner) using the Optium glucometer (Abbott, Mumbai,
India) at least once per week with a target of fasting plasma glucose
between 70 and 130 mg/dl and postprandial glucose ≤ 180 mg/dl four
times per day. All the patients were advised LGI diet and a constant
physical activity in the form of low and soft exercises for 30 min per day.
The importance of both LGI diet and physical activity was reinforced
at each visit, and a schedule with all the data was recorded at each visit.

There are different potential routes for delivery of PB-SCs, the
procedure can be performed either by systemic, parenteral, subcutaneous or direct application or injection into the targeted tissue
site for regeneration and repair and is reliant on the type of disease
or injury. In general the all types of stem cells express cytokine and
chemokine receptors on their cell surface and through this way
chemotactic gradients secreted by the inflamed tissue allow them
to migrate to the site of the damaged tissue [34]. However, it still
unclear the quantity of PB SCs that are able to migrate to the targeted
tissues following systemic administration. It has been shown that
intravenous administration of AT SCs for instance form aggregates in
the lungs, liver, heart and brain. Therefore, an increase in the number
of injected cells could be the main cause of pulmonary emboli, heart
artery occlusion and infarctions or disruption of normal blood flow
[34]. As an alternative option we decided for both systemic (forearm
cubital vein) and abdomen sub-cutaneous delivery with the intention
to imitate exogenous administration of insulin and re-educate
systemically the cells that should correctly respond to insulin stimuli
and sugar uptake. The clinical administration was divided in a total of
10 sessions during a period of 10 days (1 time=1 day). Suspension and
adherent mononucleated cells were cultured in free serum medium for
a period of 7.3 days then cells were collected and injected to patient as
above mentioned. Prior to the stem cell treatment, around 7 to 10 days,
each patient was suggested to start the diet.

Treatment procedure: Peripheral blood stem cells isolation

Low glycemic index diet recommendation

Mononucleated cells were isolated from consented patient’s
peripheral blood according to the guidelines of Helsinki Declaration.
Mononucleated cells were isolated by density gradient centrifugation
using Ficoll-Paque™ PLUS (GE Healthcare, Uppsala, Sweden). A total
of 10 blood samples (35 ml each) were carefully layered 1:2 on FicollPaque and centrifuged at 300 g for 20 min at 20°C. The mononucleated
cell layer, 2×107, at the plasma-Ficoll interface, were aspired and was
washed three times with phosphate buffered saline and cultured in
25T flasks with free serum medium containing 2% (v/v) penicillinstreptomycin at 37°C in a humidified atmosphere containing 5% CO2
for a period of 7.3 days. Suspension and adherent mononucleated
cells were cultured in free serum medium (FSM-Life,TechnologyCTSTM-StemProR, Canada). For both suspension and adherent
mononucleated cells, the trypan blue exclusion assay was used to
observe the proliferation of the cells. Cells were cultured for 7.3 day
average, subsequently suspension and adherent cells were collected and

A detailed protocol was designed earlier. The main goal was whether
low-GI diets, compared with conventional or high-GI diets, improved

Baseline evaluation
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Figure 1: Primary hPB-SCs 100x 12 days culture (pic.1 Giemsa stain; pic.
2 no stain).
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overall glycemic control in individuals with diabetes receiving PBSCs treatment, as assessed by reduced HbA1c or glucose levels in post
prandial condition (data not shown). The high-GI diet was defined
based on those food containing starches, high refined and processed
carbohydrates from low-GI sources, such as pasta, cakes or desserts,
white bread, white rice, dairy products, canned food, nuts, potatoes and
carbonated drinks as beer and spirits. Low-GI regimen was essentially
standard diabetic diet and contained, whole wheat meals bread,
vegetables, fresh foods, fish, poultry, red meat and whole brown rice.
Changes in both HbA1c and fasting blood glucose level were used as
the outcome measures because both reflect overall glycemic control.

HbA1c were reduced to mean level of 6.2 (range from 5.2 to 7.1) at the
end of the follow-up. Patients were followed up from 4-12 months and
did not use any hypoglycemic therapy for 12 months after BMT.
The dynamics of HbA1c level for the thirteen patients is shown in
Table 1. The table presents also the HbA1c absolute and percentage
drop in each phase of treatment. Abbreviation “InD” stands for
“Initially diagnosed”, “Med” stands for “After conventional medication
including insulin injections,” and “SC” for “After treatment with stem
cells”. The SC phase always followed the Med phase.
The patients’ HbA1c, weight, cholesterol, triglyceride, and blood
pressure changes before and after PB-SC are shown in Table 2. Patients’
weight and age in Tables 1 and 2 are shown at a time of the first
appointment for the treatment with stem cells.The percentage drop of
HbA1c in different phases of the treatment is shown in Table 3 and
illustrated in Figure 2. As it is evident from Table 3 and Figure 2 the

Oral hypoglycemic drugs and insulin requirements
Four patients used oral insulin injection plus oral drugs to reduce
HbA1c to mean level of 7.7% (range from 8.3% to 6%) before PB-SCs.
Thirteen patients quit oral and injection hypoglycemic drugs and
Patient

HbA1c Level

HbA1c Dropped by

HbA1c Percentage Drop

#

Gender

Age

InD

Med

SC

InD-Med

Med-SC

InD- SC

InD-Med

Med-SC

1

Female

64

9.3

6.0

5.9

3.3

0.1

3.4

35%

2%

InD- SC
37%

2

Female

65

9.0

8.3

7.1

0.7

1.2

1.9

8%

14%

21%

3

Male

73

8.0

7.5

6.5

0.5

1.0

1.5

6%

13%

19%

4

Female

54

9.8

9.6

5.2

0.2

4.4

4.6

2%

46%

47%

5

Male

66

11.0

10.2

5.4

0.8

4.8

5.6

7%

47%

51%

6

Female

84

7.4

6.0

5.9

1.4

0.1

1.5

19%

2%

20%
37%

7

Male

50

10.0

8.3

6.3

1.7

2.0

3.7

17%

24%

8

Male

62

7.2

6.7

6.7

0.5

0.0

0.5

7%

0%

7%

9

Male

48

8.9

8.4

6.1

0.5

2.3

2.8

6%

27%

31%

10

Male

56

8.8

8.1

6.0

0.7

2.1

2.8

8%

26%

32%

11

Male

60

10.0

8.9

7.1

1.1

1.8

2.9

11%

20%

29%

12

Male

62

6.7

6.3

6.2

0.4

0.1

0.5

6%

2%

7%

13

Male

68

8.5

7.1

6.4

1.4

0.7

2.1

16%

10%

25%

14

Male
Mean:

73

8.0

7.3

6.3

0.7

1.0

1.7

9%

14%

21%

69

8.8

7.8

6.2

1.0

1.5

2.5

11%

18%

27%

St.Dev.:

8

1.2

1.3

0.5

0.8

1.5

1.5

9%

15%

13%

Max:

84

11.0

10.2

7.1

3.3

4.8

5.6

35%

47%

51%

Min:

48

6.7

6.0

5.2

0.2

0.0

0.5

2%

0%

7%

Table 1: HbA1c dynamics through treatment phases. InD – initially diagnosed, Med – after conventional medication, SC – after treatment with stem cells.
#

Female
Female

64
65

Weight Kg
Before
63
58

3

Male

73

69

63

4.3

3.7

1.7

1.3

7.5

6.5

130/80

120/80

4

Female

54

60

55

4.8

4.1

3.3

1.3

9.6

5.2

140/80

130/70

5

Male

66

66

62

5

4.6

6.2

2.1

10.2

5.4

140/80

130/80

6

Female

84

66

58

3.9

2. 9

1.2

1.2

6

5.9

130/70

110/70

7

Male

50

63

60

4.6

4. 4

1.9

1

8.3

6.3

140/90

130/80

8

Male

62

74

72

3.6

3.9

1.3

2.1

6.7

6.7

180/110

160/70

9

Male

48

68

60

4.3

4.2

4.5

3.2

8.4

6.1

160/110

140/70

10

Male

56

75

67

10.8

4.5

4.7

4.7

8.1

6

120/80

120/70

11

Male

60

73

69

6.5

4.5

3.8

1.3

8.9

7.1

140/90

120/80

12

Male

62

68

66

7.7

3.3

2.3

3.3

6.3

6.2

100/70

120/70

13

Male

68

87

82

3.5

4. 4

8.7

3.2

7.1

6.4

130/85

120/75

14

Male

73

65

61

1.2

1.2

1.7

1.6

7.3

6.3

130/85

110/75

Mean:

63

68

64

5.3

3.9

3.7

2.2

7.8

6.2

St.Dev.:

9.7

7.4

7.5

2.4

1

2.2

1.2

1.3

0.5

Max:

84

87

82

10.8

5.1

8.7

4.7

10.2

7.1

Min:

48

58

52

1.2

1.2

1.2

1

6

5.2

1
2

Gender

Age

After
62
52

Cholesterol (mmol/L)
Before
8.3
5

After
4.1
5.1

Triglyceride (mmol/L)
Before
6.2
3.6

After
1.3
3.7

HbA1c
Before
6
8.3

After
5.9
7.1

Blood Pressure
Before
130/80
110/70

After
120/80
110/60

Table 2: HbA1c, weight, cholesterol, triglyceride, and blood pressure changes before and after PB-SC.
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Treatment Phase

Mean
Value

Standard
Deviation

Percentage
Drop

Initially Diagnosed

8.8

1.2

--

After Medication

7.8

1.3

11%

After Stem Cells

6.2

0.5

18%

Hypothesis 2

Table 3: Mean value of HbA1c for patients at the time of initial diagnosis, after
treatment with the conventional medication including insulin injections, and after
stem cells.
HbA1C

11.0
10.0
9.0
8.0
7.0
6.0
5.0

HbA1C

Initially
Diagnosed

After
Medication

Mean: 8.8
St. Dev.: 1.2

7.8
1.3

After Stem
Cells
6.2
0.5

11
10
9
8
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Figure 2: Shows the HbA1c reduction after the treatment with conventional
medication including insulin injections and after PB-SC treatment. The HbA1c
dynamics for each of the thirteen patients is shown in Figure 2a, while the
dynamics of the mean level of HbA1c for the group is shown in Figure 2b.

efficiency of the PB-SC treatment is much higher than the the efficiency
of treatment by conventional medication including insulin.

Statistical Analysis
Statistical significance of the results
To analyze the statistical significance of the results, let’s formulate
and test the related hypotheses.
The hypotheses were tested with the significance level of 99%
(α=0.01). The paired Student t-test was used for the following reasons:

•

The Student t-test was used because the sample size was too
small to suggest normal distribution.

•

The paired test was used because both measurements, before
and after the treatment were conducted on the same group of
patients, so the measurements were paired.

Hypothesis 1
The null hypothesis: The mean value of HbA1c after the treatment
with PB-SC is not different from the mean value of HbA1c before the
treatment.
The alternative hypothesis: The mean value of HbA1c after the
treatment with PB-SC is lower than the mean value of HbA1c before
the treatment.
The paired two sample t-test for means on null hypothesis 1 leads
to the results shown in Table 4. The test was one-tailed because the
alternative hypothesis suggested an improvement, i.e. a reduction of
HbA1c level.
According to the t-test results, t-Stat>t-Critical value, thus the null
hypothesis is rejected and the alternative hypothesis is accepted. Thus
the null hypothesis stated that the mean values of HbA1c for the group
before and after the PB-SC treatment failed the t-test with significance
level α=0.01 (confidence 99%). That means that the mean value of
HbA1c in the measurements after the PB-SC treatment is significantly
lower than the mean value before the treatment.
Given that the mean values of HbA1c before and after the PBJ Stem Cell Res Ther
ISSN: 2157-7633 JSCRT, an open access journal

SC treatment are different, the following hypothesis is formulated
according to the mean values of HbA1c shown in Table 3.
The main hypothesis: The mean value of HbA1c after the treatment
with PB-SC is at least 1.5 lower than the mean value of HbA1c before
the treatment.
The alternative hypothesis: The difference between the mean
values of HbA1c before and after the treatment with PB-SC is lower
than 1.5.
The paired two sample t-test for means on Hypothesis 2 leads
to the results shown in Table 5. This t-test was also one-tailed to test
the reduction of the HbA1c level. According to the t-test results, i.e.
–t-Critical<t-Stat<t-Critical, the main hypothesis 2 is accepted. It
means that with significance α = 0.01 (confidence 99%) one can say
that HbA1c dropped by at least 1.5 after the PB-SC treatment versus the
HbA1c level before the treatment.

Treatment efficiency versus HbA1c level before treatment
Efficiency of PB-SC treatment can be analyzed by the comparison
of the level and the reduction of HbA1c in PB-SC treatment versus the
reduction in the phase of treatment by the conventional medication
including insulin injections. As it is evident form Figures 3 and 4, PBSC works better with the higher level of HbA1c before the treatment
than the traditional medication. Figure 3 shows that HbA1c level after
PB-SC treatment and the treatment with traditional medication while
Figure 4 shows absolute (a) and percentage (b) drop of the HbA1c levels
after treatment with PB-SC and traditional medication. According to
the dependencies shown in Figures 3 and 4 it is clear that PB-SC is
more efficient than traditional medication and PB-SC is more efficient
with the higher levels of HbA1c before the treatment.
The analysis above indicates that treatment with stem cells is more
efficient than treatment with the traditional medication including
insulin injections. This conclusion is supported by a very high positive
Test with α = 0.01 (significance 99%)

Variable 1 (HbA1c Variable 2 (HbA1c
Before)
After)

Mean

7.8

6.2

Variance

1.69

0.30

Sample size

14

14

Pearson Correlation

-0.23

Hypothesized Mean Difference

0

Degrees of Freedom

13

t-Stat

3.80

P (T ≤ t) one-tailed

0.001

t-Critical one tail

2.65

Table 4: Paired two sample t-Test for means with null hypothesis 1.
Test with α = 0.01 (significance
99%)

Variable 1 (HbA1c
Before)

Variable 2 (HbA1c
After)

Mean

7.8

6.2

Variance

1,69

0.30

Sample size

14

14

Pearson Correlation

-0.23

Hypothesized Mean Difference

1.5

Degrees of Freedom

13

t-value

0.106

P (T ≤ t) one tail

0.459

t-Critical one tail

2.65

Table 5: Paired two sample t-Test for means on Null Hypothesis 2.

Volume 6 • Issue 8 • 1000354

Citation: Gargiulo C, Pham VH, Thao HD, Trieu VLH, Kieu NCD, et al. (2016) Human Peripheral Blood Stem Cells can be a Solution to Diabetes
Mellitus Type 2 a Preliminary Study on 14 Patients. J Stem Cell Res Ther 6: 354. doi: 10.4172/2157-7633.1000354

11
10
9
8
7
6
5
4
3

modulatory feature and their activity on stimulating immune response
by inducing the activity of immune cells during virus or bacteria
invasion [35,36]. The simple epistemological concept is to recognize
that stem cell therapy should not be restricted within the parameters
of a conventional drug therapy. Therefore, due to the complexity of the
matter and extraordinary biological character of PB-SCs we are firmly
convinced that a multidisciplinary approach composed by molecular
biologists, immunologists, dieticians and endocrinologists would be of
great value in PB-SCs understanding and future clinical applications.
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Figure 3: HbA1c level after the treatment by conventional medication (Blue
markers) and PB-SC (Red markets).

correlation between percentage drop of HbA1c level after stem cells vs
the level in medication phase, r = 0.94 and high positive correlation
between percentage drop of HbA1c level after stem cells vs the initially
diagnosed HbA1c level, r = 0.78 (Figures 5 and 6).

Treatment efficiency versus patient’s age
As shown in Figure 7a the treatment efficiency in terms of HbA1c
percentage drop after treatment with conventional medication relative
to the initially diagnosed level against the patient’s age as shown in
Figure 7b.
The analysis of relationships in Figures 7a and 7b provides clear
evidence that conventional medication is more efficient on elder
patients while PB-SC is more efficient on younger patients. The HbA1c
percentage drop after treatment with the conventional medication
and the patient age shows low-medium positive correlation with
the correlation coefficient, r=0.27. On the other hand, the HbA1c
percentage drop after treatment with the PB-SC and the patient’s age
show a medium negative correlation with the correlation coefficient,
r=-0.47.

Discussion and Conclusion

HbA1c Drop After Treatments

The current study may open the possibility of using autologous PBSCs in the treatment of Metabolic Syndrome linked disorders such as
DM2. Here, the main question to set on public debate is the fact that
the clinical use of stem cells, independently from the source, it requires
an overall change of perspective in respect to more conventional
way of treatments. The value of PB-SCs and mesenchymal stem
cells (as important component of hPB-SCs) is the unique immune5
4
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After Medication
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After Stem Cells

Type 2 diabetes patients face two main problems, the loss of capacity
of absorbing sugar molecules and producing insulin at a correct pace
and the high predisposition to infections, malignancy and chronic
inflammatory responses [35,37]. The unremitting spike in sugar level,
known as “roller coaster” is an event that tends to negatively affect the
generation of well-functioning beta cells, an inclination which may be
related to either a type of inheritance mechanism or to a long term rich
sugar-carbohydrates diet. The highly oxidative diabetic environment
depletes the host microcellular homeostatic balance, and the restoration
of which is a necessity to improve the reparative function of organs,
tissues and cells [38,39]. It is well known the relation between immune
deficiencies and hyperglycemia a mechanism mainly related to the
decrease of neutrophil degranulation in healthy subjects and the downregulation of LPS-induced activation pathway, as well as interleukin1α production [40,41]. Thus in DM2, beside the pancreatic β cell
deficiency also the intra/extra cellular/molecular microenvironment
may experience complications in the communicating mechanism
leading to the insulin resistance mechanism. The chronic inflammatory
state associated to DM2 and the continuous “roller coaster” episodes
in insulin/glucose relation may elicit the production of abnormal cell
clones from primary stem cells that may carry a failure in both intra and
extracellular receptor pathway that eventually compromise the sugar/
insulin mechanism route. These types of mutations are often seen in
those tissues exposed to constant and abnormal stimuli, as in Barret’s
Esophagus for instance, where the esophagus mucosa undergoes to
an anomalous transformation, dysplasia, due to constant exposure to
stomach contents. Therefore, a beneficial effect of autologous SCs may
be explained by their uncompromised status that still preserves their
ability under optimal physiological/biological conditions, to originate
clones without insulin receptor disturbances.
It became clear now how the optimal condition of host cellular
microenvironment would be the essential pre-existing criteria for
the success of the cell-based therapy. This ideal rich milieu allows
adhesion and viability of cells that requires interaction of cell surface
molecules with extracellular matrix proteins. Many authors suggest the
opportunity of using antioxidants or BM mobilizing agents as option to

HbA1c Percentage Drop After
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Figure 4: HbA1c absolute (a) and percentage (b) drop after treatment vs the HbA1c level before the treatment.
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diagnosed with long term DM2 resulted in a significant drop of the
HbA1c level for all patients together with better outcome in weight
loss, cholesterol and triglycerides within a period of 4 months and at
6 months follow up (Table 2). The main endpoint included changes
in the oral anti-diabetic drugs and/or insulin dosage. The patients that
received therapy started to reduce the amount of medication from
the 3rd to 4th injection of autologous PB-SCs to complete stop by
the end of the 10th injection, eventually their blood sugar level and
HbA1c tended to normalize within a month soon after the 10 infusion
treatment (Table 3).

9
10
11
12
Initially Diagnosed HbA1c

After Medication

After Stem Cells

Figure 5: HbA1c level after the treatment by conventional medication (Blue
markers) and PB-SC (Red markets) versus the initially diagnosed HbA1c level.
HbA1c level after treatment with the conventional medication as a function of
the initially diagnosed level of HbA1c and Figure 4 shows the absolute (a) and
percentage (b) drop of the HbA1c level versus the initially diagnosed level
of HbA1c. Similarly to Figures 3 and 4, the dependencies in Figures 5 and 6
provide strong evidence of high efficiency of the PB-SC treatment.

achieve better results after and during the therapy [39]. Here we should
mention the beneficial support of the LGI diet in maintaining a well
balance insulin/glucose level helping in reducing pro-inflammatory
responses. The beneficial effect of LGI diet on stem cell therapy could
be related to its effect on promoting a better microcellular environment
that enhances stem cell immune modulatory activity by increasing their
capacity of producing CD16-56 (progenitor NK cells), MSCs known to
take in bacteria and eliminate them through apoptosis and autophagy
and, anti-inflammatory interleukins such as IL 4-6 and hormones
[15,30-32,38,42]. The treatment of 14 patients included in our study
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After Medication

With the average HbA1c level equal to 8.8 for the patients at
the time of initial diagnostics, HbA1c level dropped to 7.8 after the
treatment with traditional medications and resulted in 6.2 after the
treatment with stem cells. The standard deviation of HbA1c after the
treatment with stem cells among the patients is 0.5 that indicates a
much narrower spread of the results than after the treatment with the
traditional medications when the standard deviation of HbA1c was
1.3 among the same patients (Table 4). Treatment with stem cells is
almost equally efficient for all levels of HbA1c before the treatment.
As the result of the treatment, our patients, on average, lost about 6%
of their weight due to the diet, their cholesterol level dropped by 26%,
the triglyceride level dropped by 40%, and HbA1c level dropped by
20%. Also, the blood pressure dropped significantly. We also noticed
that the results of treatment with stem cell are much better for younger
patients in our group, which could be explained by several factors not
necessarily related to the patients’ age.
As described above, autologous peripheral blood stem cell therapy
in diabetics requires the ex vivo change of food regimen for better
internal environment outcome regardless of the cell type selected. The
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Figure 6: HbA1c absolute (a) and percentage (b) drop after treatment vs the initially diagnosed HbA1c level.
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Figure 7: Correlation of HbA1c percentage drop after treatment with (a) conventional medications and (b) with stem cells against patient’s age.
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entire PB-SCs populations may have a significant part in the whole
sequence of repairing and regenerating process, and it is likely that
definite combinations of progenitor cells will be required, as will the
simultaneous optimization of the diabetic environment into which
these cells will be engaged. Such a complex approach will likely be
needed to optimally treat diabetic patients with immune-inflammatory
and infectious complications.
To conclude, we are well aware that there were several limitations
of our study. First, the limited number of participants with autologous
PB-SCs was due to the real spirit of fact that only few patients would
be able to receive this new style of therapy. We have determined that
there are several challenges when it comes to this type of transplant in
recently diagnosed DM2, from which the main one is to investigate
the length of the clinical response and relapse mechanism. Adjunctive
limitations are costly procedures and the strong will of the patient to
maintain a proper diet regime constant during the post-treatment
time. Actually, we would like to recruit higher number of patients from
multi-centers in the future study with more stringent criteria in order
to better estimate and assess the use and the validity of autologous PBSCs treatment, for this scope we would like to collect more information
such as working activity, daily stress life, telomere length (before/ after
treatment). As we infused a mixture of SCs rather than one kind of
stem cells the mechanism would be illustrated more deeply.
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