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Abstract Mesenchymal stem cells (MSC) have been
used in clinical trials for severe diabetes, a chronic disease
with high morbidity and mortality. Bone marrow is the
traditional source of human MSC, but human term
placenta appears to be an alternative and more readily
available source. Here, the therapeutic effect of human
placenta-derived MSC (PD-MSC) was studied in type 2
diabetes patients with longer duration, islet cell dysfunc-
tion, high insulin doses as well as poor glycemic control in
order to evaluate the safety, efficacy and feasibility of PD-
MSC treatment in type 2 diabetes (T2D). Ten patients with
T2D received three intravenous infusions of PDSC, with
one month interval of infusion. The total number of PDSC
for each patient was (1.22—1.51) x 10%kg, with an average
of 1.35 x 10%kg. All of the patients were followed up after
therapy for at least 3 months. A daily mean dose of insulin
used in 10 patients was decreased from 63.7+ 18.7 to
3474+13.4 IU (P<0.01), and the C-peptide level was
increased from 4.1+3.7ng/mL to 5.6 +3.8ng/mL
(P < 0.05) respectively after therapy. In 4 of 10 responders
their insulin doses reduced more than 50% after infusion.
The mean levels of insulin and C-peptide at each time point
in a total of 10 patients was higher after treatment
(P <0.05). No fever, chills, liver damage and other side
effects were reported. The renal function and cardiac
function were improved after infusion. The results
obtained from this pilot clinical trial indicate that
transplantation of PD-MSC represents a simple, safe and
effective therapeutic approach for T2D patients with islet
cell dysfunction. Further large-scale, randomized and
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well-controlled clinical studies will be required to
substantiate these observations.
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1 Introduction

Diabetes has been a major public health problem in the
world, especially in China. More than 92 million Chinese
men and women have diabetes and 148 million have pre-
diabetes, in which type 2 diabetes (T2D) accounts for more
than 90% [1]. Diabetes can result in multi-system chronic
complications, particularly micro- and macrovascular
complications, with high morbidity and mortality [2—4].
The islet transplantation is an efficient therapy for T2D,
especially for those who had a long duration, serious islet
cell dysfunction, or poor blood glucose control even with
large dose of insulin application. However, the application
of this treatment is greatly restricted by the limited
availability of primary human islets, the high cost and
the immune rejection response [5,6].

Human mesenchymal stem cells (MSC) represent a
relatively rare stem cell population that resides primarily in
the bone marrow but can be isolated also from other adult
and fetal tissues, including adipose tissue, umbilical cord
blood and tissue, placenta, and fetal lung [7—13]. These
cells can self-renew and differentiate to multilineage cells
and can secrete several cytokines, growth factors, and
extracellular matrix molecules that play important roles in
the regulation of hematopoiesis, angiogenesis and immune
and inflammatory responses [11,14-18]. The function
properties of MSC make them unique and being used
increasingly in clinical trials for a range of regenerative
diseases including diabetes [19-26]. MSC have been
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shown to possess potential to differentiate into pancreatic
islet cells and animal studies have shown that they have
clinical effects on the prevention and treatment of diabetes
[27-31], which presents a new hope for the treatment of
diabetes. Recently, autologous bone marrow-derived MSC
have been used to treat T2D [26] and adipose derived MSC
modified with Pdx1 gene have been applied in the
treatment of type 1 diabetes [27], and both had achieved
encouraging efficacy.

In making new cell therapy-based strategies a clinical
reality, it is fundamental to identify which type or source of
stem cells is preferable for a particular therapeutic
application, either in terms of ethical consideration or
risks-to-benefits ratio. Although bone marrow remains the
main source of MSC for clinical investigation, human term
placenta has been considered as one of ideal sources due to
their accessibility without ethical conflicts, painless
procedures to donors, and lower risk of viral contamination
[32-39]. In the present study, we performed a pilot phase |
clinical trial using PD-MSC to treat a total of 10 patients
with T2D in the aim of evaluating the safety and clinical
feasibility of PD-MSC.

2 Materials and Methods
2.1 Study design

The pilot clinical study was approved by the Ethical
Committee of Liaoyang Diabetic Hospital, Liaoning
Province, China. All patients signed informed consents
before treatment.

2.2 Patients

A total of 10 patients (7 males) who fulfilled the criteria
were included. The inclusion criteria were patients with
T2D diagnosed from November 2008 to November 2009
in Liaoyang Diabetes Hospital, between 30 and 85 years of
age, duration of diabetes=3 years, requiring insulin for
optimal glycemic control in a dose of >0.7 U/kg/day at
least for 1 year, having insulin dysfunction, poorly
controlled blood glucose fluctuation with insulin-based
treatment, and willingness to participate in the study.

In this study, the 10 patients were between 45 and 82
years of age, with an average of 66 years of age; duration
of diabetes from 3 years to 20 years, with an average of 11
years; daily insulin requirement from 38 units to 90 units,
with an average of 63.7units. And all of them were
complicated with coronary artery insufficiency, multiple
lacunar infarction, kidney disease, atherosclerosis and
large limbs neuropathy.

2.3 Examination

The following examinations were carried out before

and 3 months after cell transplantation. They include
simultaneous glucose tolerance test, insulin release test, C-
peptide stimulation test, the determination of glycosylated
hemoglobin, islet cell antibodies, insulin antibodies,
glutamic acid decarboxylase antibody. The cardiac, liver
and kidney function tests were performed. The adverse
events and side effects were observed during treatment. We
considered it effective if daily insulin requirement reduced
by =50% after treatment and lasted more than 3 months
according to the evaluation criteria formulated in the
Fourth National Conference on the development of islet
transplantation, 1995.

2.4 Human placenta derived stem cells (PD-MSC)

Placentas were obtained from healthy mothers, that is to
say, the contributors had no genetic family history, no
cancer history, no hepatitis B virus (HBV), hepatitis C
virus (HCV), human immunodeficiency virus (HIV),
Epstein-Barr virus (EBV), cytomegalovirus (CMV) and
syphilis in serum. Placenta collection was approved by the
Institutional Medical Research Ethics Committee of the
local maternity hospitals. Fully informed consent was
obtained several weeks prior to delivery from each mother.
A blood sample was tested for specific human pathogens
including HIV1/2, HBV, HCV and syphilis. Placentas were
immersed in D-MEM/F-12 (1:1) (Gibco) supplemented
with gentamicin (100 pg/mL) and amphotericin-B (5pg/
mL) (Sigma) and immediately transferred to the laboratory.
The shipment temperature was 4—10°C.

The treatment of placenta tissue and isolation of PD-
MSC were performed in the GMP laboratory of Beijing
Health-biotech Co. Ltd using a method previously
described [11,32], with some modifications. Briefly, the
whole placenta was washed with phosphate buffered saline
(PBS) twice and then dissected with scissors into pieces
approximately 1-2 g in size. These tissue pieces were then
treated with 0.075% collagenase (Sigma) at 37°C for
30 min, and further digested with 0.125% trypsin (Gibco)
at 37°C for 30 min with gentle agitation. Fetal bovine
serum (FBS) (Hyclone) was added to neutralize the excess
trypsin. The digested mixture was passed through a
100 um filter to obtain cell suspensions. The cells were
plated at a density of 10 000 to 15 000 cells/cm? in a T75
cell culture flask (Corning) in D-MEM/F-12 medium
supplemented with 10% FBS and 10ng/mL epidermal
growth factor (Sigma). Cell cultures were maintained in a
humidified atmosphere with 5% CO, at 37°C. After 3 days
of culture, the medium was replaced to remove non-
adherent cells, and changed twice weekly thereafter. Once
confluence had been reached, the adherent cells (passage 0)
were detached with 0.125% trypsin and passaged in the T-
75 flask. The adherent MSC obtained from passage 2 were
harvested for cell banking followed by a series of safety
evaluation. The PD-MSC released from the cell banking
were cultured and expanded in Good Manufacturing
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Practice (GMP) laboratory for 5 passages to prepare final
cell products which should be sterile and all qualified for
the examinations including mycoplasma, HBV, HCV, HIV,
EBV, CMV, syphilis, and endotoxin testing. For the
sterility and mycoplasma assay, a 14-day sterility culture
and 28-day mycoplasma culture were performed according
to the Chinese Pharmacopoeia. To test the sterility, an
additional Gram stain was performed to detect any gross
contamination before release of the final product. Endo-
toxin levels were detected by the gel-clot limulus
amebocyte lysate test method according to the Chinese
Pharmacopoeia.

An aliquot of PD-MSC was stained with phycoerythrin
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(PE)-conjugated antibodies against Nestin, CD73, CD90,
CD105, CD151, OCT4, Sox2 and HLA-DR, or fluorescein
isothiocyanate (FITC)-conjugated antibodies against CD
31, CD34 and CD45. Mouse isotypic antibodies served as
the control. Antibodies used were purchased from Becton
Dickinson, except for CD105 (Serotech). Cells were
stained with a single label and then analyzed by flow
cytometry with a FACScan (Becton Dickinson).

The passage 5 products of PD-MSC prepared from two
placentas were used in this pilot clinical study. These cells
expressed highly Nestin, CD151, CD105, CD73, CD166,
Oct4 and Sox2 but not CD34, CD31, CD45, CD184 and
HLA-DR (Fig. 1). Chromosomal karyotype of PD-MSC
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Fig. 1 Immunophenotype of placenta derived mesenchymal stem cells (PD-MSC). The PD-MSC were isolated from tissues of human

placenta, cultured and expanded in GMP Laboratory for 5 passages, and analyzed by FACS.
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was normal. The preparation of PD-MSC was sterile
and the examinations of mycoplasma, HBV, HCV, HIV,
EBV, CMV, syphilis, and endotoxin testing were all
qualified.

2.5 Treatment

The patients received three intravenous infusions of PD-
MSC, with one month interval of infusion. The total
number of PD-MSC for each patient was at (1.22—-1.51) x
10° / kg, with an average of 1.35 x 10%kg. At same time,
patients continued to apply insulin, and adjusted the insulin
dose according to blood glucose levels. For complications,
the original general treatments were maintained. All of the
patients were followed up after therapy for at least 3
months.

2.6 Statistical analysis

The statistical program for the Social Sciences (Release
13.0, PC Windows; SPSS Inc., Chicago, IL) was used for
the data analysis. Data were expressed as mean + SD.
Paired #-test was used for tests of significance and Pearson
correlation analysis was used to find correlation between
independent variables. A P value < 0.05 was regarded
statistically significant.

3 Results

A total of 10 patients with T2D (7 men) were included in
this study. Table 1 shows a reduction in mean insulin
requirement from 63.7 to 34.7 IU after 3 times of treatment
with PD-MSC in this group of 10 patients, which was
statistically significant (P < 0.01). Four patients had a
reduction of insulin requirement by > 50%, including 3
cases of anti-islet cell antibodies and anti-glutamic acid
decarboxylase antibody-positive patients.

Treatment of PD-MSC also significantly improved the
level of glycosylated hemoglobin of patients with T2D. As
can be seen in Table 2, all the 10 patients’ mean values of
glycosylated hemoglobin significantly decreased from
9.8% to 6.7% after treatment with PD-MSC (P < 0.05).

Correlation analysis between C peptide and insulin
before and after treatment with PD-MSC was performed
and a significant correlation was observed for C peptide
and insulin, with y = 0.992 (P <0.01), and y = 0.931
(P <0.01) respectively.

The patients did not stop the application of insulin
during the period of treatment with human PD-MSC. To
exclude the impact of exogenous insulin, which could
positively assess islet cell function, the values of insulin
and C peptide were simultaneously measured. Tables 3 and
4 show the results of assessments. At each time point after

Table 1 Insulin dosage (IU) before and after treatment

Patient 1 2 3 4 6 7 8 9 10 mean+SD
Pre-treatment 48 60 38 76 90 66 58 87 38 63.7£18.7
6 months after treatment 20 36 18 54 50 36 32 39 16 34.7+£13.4%
* P<0.01

Table 2 Changes in glycosylated hemoglobin (%) before and after treatment

Patient 1 2 3 4 6 7 8 9 10 mean+SD
Pre-treatment 8.1 9.5 8.9 9.1 13.6 13.6 8.2 11.0 7.5 9.842.2
6 months after treatment 6.5 6.1 4.6 6.0 7.5 7.8 6.3 9.1 6.9 6.7+£1.2*
* P<0.01

Table 3 Levels of insulin (uIU/mL) before and after treatment (n = 10)

Time (min) 0 30 60 120 mean+SD
Pre-treatment 7.6+4.8 12.34+6.2 18.2+11.4 24.7420.1 16.6+13.5

6 months after treatment 11.1£5.1%* 17.7+£7.4* 24.6+£12.2* 31.0+19.8* 21.6+£13.7*

The levels of insulin were measured before and after treatment. At each time point after treatment, insulin levels were higher those that before treatment, which was

statistically significant. * P < 0.01

Table 4 Levels of C-peptide (ng/mL) before and after treatment (n = 10)

Time (min) 0 30 60 120 mean+SD
Pre-treatment 2.6+2.1 3.3+24 4.543.0 5.6+4.0 4.1+3.7
6 months after treatment 3.542.3* 5.343.3* 6.4+3.3* 8.243.9*% 5.61+3.8*

The levels of C peptide were measured at different time points after treatment. At each time point after treatment, C peptide levels were higher than those before

treatment, which was statistically significant. ¥ P < 0.05
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treatment, insulin and C peptide levels were higher than
those before treatment, which was statistically significant
(P<0.05).

No obvious side effects including fever, chills, liver
damage and immune rejection response were observed
after cell transplantation. Moreover, renal and cardiac
functions showed varying degrees of improvement after
infusion of PD-MSC. The ten patients were all anti-insulin-
antibody-negative before and after treatment. Three
patients had positive anti-islet cell antibodies and anti-
glutamic acid decarboxylase antibody before treatment.
Two cases turned into suspected positive, while the other
one had no change after cell treatment.

4 Discussion

This pilot study evaluates the safety and efficacy of
allogeneic PD-MSC in patients with T2D. The group of 10
patients received this treatment had a long history of T2D.
They were applied an average of 63.7units of insulin
before treatment. All these patients had pancreatic islet cell
dysfunction at different levels, large fluctuations in blood
glucose and complications with heart, brain and kidney
damages. The transplantation of PD-MSC reduced the
daily insulin requirement, controlled their blood glucose
fluctuations and improved their quality of life. As can be
observed during the study, the blood glucose began to
decrease at the 7th day after transplantation of PD-MSC,
consequently the insulin requirement reduced gradually.
After three times of PD-MSC administration, the mean
insulin dose had reduced from 63.7 to 34.7 IU which lasted
three months. Thus, the transplantation PD-MSC could be
considered as an effective therapeutic approach for type 2
diabetes. Four patients showed a reduction of daily insulin
requirement by = 50%, which reached the efficacy level as
same as the islet cell transplantation, but far lower cost and
without immune response.

Glycosylated hemoglobin (HbAlc) is a good indicator
for the blood glucose levels for its characteristics of more
objectiveness and less susceptibility to diet, exercises and
other interference factors. Thus, it always acts as a
complementary value to the point values of blood glucose.
In this group of patients, HbAlc decreased from 9.8% to
6.7% on average, closing to the normal level. This further
supports the concept that allogeneic transplantation of PD-
MSC is effective in treating type 2 diabetes.

Insulin release test results showed that PD-MSC had a
significant clinical effect on improving islet cell function
and reducing blood glucose fluctuations for patients with
T2D. To rule out the possibility of exogenous insulin
interferences in the test and to reflect accurately the
function of islet B cells, we evaluated the efficacy of PD-
MSC mainly according to values of C-peptide. After

transplantation of PD-MSC, C peptide level increased at
every time point, and there were statistically significant
differences between values of every two time points,
indicating that B-cell function was improved and insulin
secretion was therefore increased. To determinate the
interferences of exogenous insulin in the insulin release
test, we made simultaneous determinations of insulin and
C-peptide before and after cell transplantation, and
analyzed their correlation. There was a positive correlation
between insulin and C-peptide. Therefore, it was con-
firmed that exogenous insulin had little effect on the test,
yet for some uncertain reasons.

We were interesting to note that three patients with
positive anti-islet cell antibodies and anti-glutamic acid
decarboxylase antibodies also had a reduction in daily
insulin dose by=50% after transplantation of PD-MSC.
This may suggest that PD-MSC play an immunoregulatory
role. It has been reported that among T2D patients, some of
them may have latent autoimmune diabetes in adult
(LADA) [2,6,26,40], whose anti-islet cell antibodies and
anti-glutamic acid decarboxylase antibodies are positive
due to a possible immune response. However, so far, there
is no uniform standard for diagnosing the LADA, so we do
not exclude these three cases.The mechanism of B-cell
function’s improvement after transplantation of PD-MSC
remains unclear at present. First, previously reported
studies indicate that PD-MSC can differentiate into islet
B cells and then secret insulin. Some experiments have
confirmed that several different sources of MSC could
differentiate into B cells [28-31]. In addition, transplanted
PD-MSC in the pancreas can differentiate into vascular
endothelial cells and improve blood supply of pancreas
tissue to restore P cell function [16,41,42]. Finally, PD-
MSC can secrete a number of cytokines, which may
directly or indirectly improve islet function and related
complications [43]. Phinney and Prockop believed that a
variety of soluble cytokines secreted by MSC did much
more to tissue repair than cell differentiation [42]. In our
another study (not published yet), we observed that PD-
MSC can secrete more insulin-like growth factor (IFG),
vascular endothelial growth factor (VEGF) and hepatocyte
growth factor (HGF) than bone marrow MSC, and these
cytokines probably play a role in pancreatic tissue repair.
To our knowledge, this is the first clinical trial in the world
to treat T2D by transplanting allogeneic PD-MSC. The
results obtained from the initial ten patients with T2D
suggest that transplantation of PD-MSC represents a
simple, safe, efficient therapeutic approach for T2D. This
treatment seems even able to improve the damaged renal
and cardiac functions in most of the patients. Actually, a
randomized and placebo well controlled phase II clinical
trial has been initiated in multiple centers in order to
substantiate the role of transplantation of allogeneic PD-
MSC in the management of T2D.
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