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Abstract: Background: Stem cell transplantation is an emerging therapeutic option for type 1 diabetes (T1D). Here,
we explored the therapeutic efficacy of stem cell treatment for T1D by meta-analysis. Methods: The search strategy
included the following keywords: stem cell; haematopoietic stem cell (HSC); mesenchymal stem cell (MSC); cord
blood stem cell (UBSC); and T1D. These were used to search the following databases: MEDLINE; the Cochrane
Controlled Trials Register; EMBASE; the Wanfang Database; the China Science and Technology Periodical Database;
and China Journal Net. Results: 32 eligible clinical trials met our inclusion criteria with a total of 712 patients
including 405 males. Glycosylated haemoglobin (HbAlc) was decreased following stem cell therapy in patients
with T1D (12 month: P<0.001; 9 month: P=0.0003; 6 month: P<0.001; 3 month: P<0.001). Moreover, after the
15-, 18-, 21- and 24-months long-term follow up, HbA1c still showed significant decreases (24 month: P=0.002;
21 month: P=0.002; 18 month: P<0.001; 15 month: P=0.0003). Meanwhile, C-peptide levels increased following
stem cell therapy (12 month: P<0.001; 9 month: P<0.001; 6 month: P<0.001; 3 month: P<0.001) and also dem-
onstrated benefits after long-term follow up (24 month: P<0.001; 18 month: P<0.001). Insulin requirements were
also reduced in patients receiving stem cell therapy (3 and 6 months: P<0.001). The glutamic acid decarboxylase
antibody (GAD-Ab) titer showed no decrease after the stem cell therapy in T1D at the 6 and 12 months follow up
(P>0.05). Lastly, we investigated the immune function of regulatory T cells (Treg) and CD4*/CD8* after the stem
cell therapy in T1D. The analysis showed no significant decrease with Treg and CD4*/CD8" at the 6 and 12 month
follow up (P>0.05). Conclusions: Our meta-analysis of clinical trials suggests that stem cell therapy for T1D provides
a sustained improvement in glycaemic control, enhanced the endogenous insulin production and the regeneration
of B-cells, and maintained complete or very good partial responses for a long time. Thus, stem cell therapy provides
a promising cell replacement therapy for T1D.
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Introduction

Type 1 diabetes (T1D) is an autoimmune disor-
der in which the body’s immune system attacks
and destroys pancreatic insulin-producing cells
(IPCs) and generally affects children and young
adults [1]. A European study that evaluated a
population across 17 countries from 1989 to
2003, and which registered 29,311 new cases
of T1D, predicted a doubling of new cases of
T1D in children younger than 5 years in 2020.
The prevalence under age 15 years would rise
from 94000 in 2005, to 160000 in 2020 [2-4].
Unfortunately, insulin administration cannot
exactly mimic the physiologic secretion of insu-

lin in the body and cannot definitively cure dia-
betes [3, 4]. In an effort to explore a new the-
rapy for T1D, stem cells (SCs) have been
investigated.

To date, SCs have opened up new horizons for
the cure of TAD with advantages of their immu-
nological regenerative properties, especially for
a specific population of TAD patients who do
not respond to conventional therapy [4]. In
2003 for the first time, an HSC transplant was
performed in a T1D patient by Voltarelli et al [5].
A recent analysis reported on 23 patients treat-
ed with HSC transplants with a mean follow-up
of 30 months. 20 of these patients gained a
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period of time being free of insulin therapy [6].
Due to the unique properties of stem cell from
a variety of accessible source have bring end-
less hope for T1D, which were significant for
their ability to control the autoimmunity, restore
immune homeostasis, preserve the residual 3
cells, reverse B-cell destruction, and protect
the regenerated insulin-producing cells against
the re-attacking. And the stem cell types
include embryonic stem cells (ESCs), umbilical
cord blood-derived MSCs (UCB-MSCs), bone
marrow (BM)-HSCs and BM-MSCs, adipose tis-
sue-derived MSCs (ADSCs), induced pluripo-
tent stem cells (iPSCs) and pancreas-derived
multipotent precursor cells for the different ori-
gin, which have been all included in our meta-
analysis [7, 8].

In China, Gulou Hospital affiliated to the Medical
College of Nanjing University first performed a
haematopoietic stem cell transplantation for
the treatment of T1D in August, 2006 [9]. In
November 2010, Shanghai Ruijin Hospital and
Nanjing Gulou Hospital jointly completed 28
autologous stem cell transplantations in type 1
diabetic patients (clinical trial registration num-
ber: NCTO0807651). In the trial conducted at
the University of Nanjing in China, autologous
HSC infusion induced an insulin-free state in
four patients treated less than 3 months from
diagnosis but not in 11 patients treated 3-12
months after diagnosis [10]. However, several
issues remain to be clarified, particularly with
regard to the potential contribution of concomi-
tant immunosuppression.

The observation of Haller et al showed that
autologous cord blood transfusion was safe
and could maintain endogenous insulin produc-
tion in TAD children, mainly due to the highly
functional regulatory T cells (Treg) populations
in cord blood [11]. Moreover, this study also
demonstrated that stem cells can protect and
recover the integrity of blood vessel and cell
membranes in the islets, which also play impor-
tant roles in T1D treatment. HSCs are, to date,
among the most often used SCs in the clinic for
the therapy of autoimmune diseases. Auto-
logous HSC transplantation associated with
nonmyeloablative conditioning and immuno-
suppression has been shown to reverse T1D in
humans [12]. Although the use of unmanipu-
lated CB-SCs and adult HSCs appears very
safe, itis important to determine whether onco-
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genicity is linked to a specific lineage or sub-
lineage and which cells are more likely to gener-
ate tumours. Two studies confirmed that MSCs
may bear marked oncogenic potential, which
must be addressed before moving forward
with any MSC-based therapy in humans [13,
14]. It was also demonstrated that the levels of
C-peptide secreted by in vitro differentiated
islet-like cells from iPS cells and hESCs were
very low compared with that of adult human
cells [15]. However, the mechanisms by which
stem cells achieve B-cell regeneration and mat-
uration in vivo are poorly understood.

Studies demonstrate that the generation of
glucose-responsive B cells from human pluripo-
tent stem cells (hPSC) in vitro could provide a
source for cell transplantation therapy in diabe-
tes. A scalable differentiation protocol has
been reported by Melton et al, which can gener-
ate hundreds of millions of glucose-responsive
B cells from hPSC [16]. Emerging data are mod-
ifying current concepts about how pancreas
cellular identity is remodelled in response to
developmental and environmental factors un-
der both homeostasis and stress situations.
These data could prove to be helpful in produc-
ing more valid therapies for T1D. Stable ESC
lines have been generated that express key
transcription factors involved in the develop-
ment of pancreatic-cells. As well, procedures
have been developed to avoid harm to patients
with T1D. These steps have created novel pro-
tocols for the safe clinical uses of stem cell
therapies [17]. The constant advances in this
field, as well as the rapid progress of science,
make the possibility of an effective stem cell
therapy for T1D a realistic goal in the fores-
eeable future. Here, we address the efficacy of
the stem cell therapy in T1D through a
meta-analysis.

Materials and methods

Search strategy and selection criteria

The electronic search strategies used here
have been described in our previous study [18].
The search terms included the medical subject
headings of “stem cells”, “type 1 diabetes”, “me-
senchymal stem cell”, “cell therapy”, “haemat-
opoietic stem cell” and “beta cell” for the full
text search. The initial search was performed in
Nov. 2012, with updates in Dec. 2015. We also

searched http://www.ClinicalTrials.gov websi-
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Data extraction and quality assessment

Data extraction and evaluation were indepen-
dently conducted by three authors after refer-
ring back to the original publications. We col-
lected the trial data including authors’ names,
journal, year of publication, sample size per
arm, regimen used, median or mean age of
patients, sex, history of T1D, glycosylated hae-
moglobin (HbAlc), C-peptide, insulin require-
ment, glutamic acid decarboxylase antibody
(GAD-Ab) and immunity endpoints of patients
and allocation of the clinical trial design in our
study.

Definition of outcome measures

The first endpoint was HbAlc, which measures
the degree to which haemoglobin is glycosylat-
ed in erythrocytes and reflects the exposure of
erythrocytes to glucose in an irreversible time-
and concentration-dependent manner. Secon-
dary endpoints were C-peptide levels and insu-
lin requirement, which denote the function of
pancreatic islets. We also evaluated the levels
of glutamic acid decarboxylase antibody (GAD-
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Ab) and the immune function of Treg and CD4*/
CD8* in T1D after the stem cell therapy.

Statistical analysis

The analysis was carried out mainly by pair-wise
comparison before and after the stem cell ther-
apy. Therapeutic effects were reflected in
HbAlc, C-peptide, insulin requirement, GAD-
Ab, Treg and CD4*/CD8". The methods of data
analysis have been described in detail in our
previous literature [18, 19].

Risk of bias across studies

To maintain the availability and consistency of
the analysis, we selected published results and
assessable clinical trials in our systematic
review. Patient information regarding the fol-
lowing of doctor’s advice, dietary modifications
and the taking of medication was not available
and might lead to the overstatement of the
therapeutic efficacy.

Results
Selection of the trials

The electronic search yielded 128 references.
Through the review of titles and abstracts, 42

Int J Clin Exp Med 2016;9(10):19034-19051



Table 1. Baseline clinical and laboratory parameters of patients

Stem cell therapy in type 1 diabetes mellitus

No. of

; History of TLDM Regimens Regimens (cell number .
Authors and Year  Age (Mean) patients y g g ( ) Study design
(years) (per arm) dose
(male)
Voltarelli JC 2007 19.245.1 15(11) UK Autologous peripheral blood stem cells 11.0x10%/ kg A prospective phase 1/2 study
(Brazil) [4]
Mineo D 2008 (Italy) 39+6.9 6(2) 27+11.8 Hematopoietic stem cell (HSC) 4.3x10%/kg Prospective nonrandomized
[20] pilot study
Li 2010 (CHN) [21] 15.1+3.9 8(8) 0.41+0.3 Autologous peripheral blood stem cells 2x10°/kg No control
Gu 2010 (CHN) [22] 18.8+4.4 18 (6) UK Autologous hematopoietic stem cell (HSC) UK No control
Snarski E 2011 25.8+4.6 8(4) 0.16+0.02 Hematopoietic stem cell (HSC) 3x10%kg No control
(Poland) [23]
Feng 2011 (CHN) [24] 13+3.9 16 (7) 0.82+0.73 Hematopoietic stem cell (HSC) 5.14+1.9x10°/kg No control
Li 2012 (CHN) [25] 14.1+4.0 13 (10) 0.41+0.26 Hematopoietic stem cell (HSC) 4.0+2.1x10% kg Open-label prospective trial
Gu 2012 (CHN) [26]  17.6%3.7 28 (14)  2.8+#1.10 Hematopoietic stem cell (HSC) UK A prospective AHSCT Phase II
clinical trial
Zhao 2012 (USA) [27] 30+9 6 (4) 615 Cord blood stem cells (CBSC) UK Open-label phase 1/2 study
27+11 6(5) 1147 Cord blood stem cells (CBSC) UK
3319 3(3) 617 Sham therapy UK
Zhang 2012 (CHN) 18.5+3.9 6(2) 0.17+£0.09 Hematopoietic stem cell (HSC) 13.2+6.2x10%/kg Based on insulin dependent
[28] 15.7+2.1 3(3) 1.83+0.29 10.5+2.6x10°/kg or free
Wang 2013 (CHN) 18.0+4.2 22(10)  1.98+0.11 Hematopoietic stem cell (HSC) UK Group according the subjects’
[29] 19.2+3.5 22 (10) 1.95+0.05 Insulin therapy willingness
Li 2013 (CHN) [30] 21+6.1 3(2) 5.67+4.73 Cord blood stem cells (CBSC) 4~6x108 No control
Trivedi 2008 (USA) 20.2+6.14 5(2) 4.5+3.91 Adipose Tissue-Derived Mesenchymal Stem Cells  3.15x108 (ADSCs) + No control
[31] (ADSCs) + Hematopoietic stem cell (HSC) 16.3x10° (HSC)
Yu 2011 (CHN) [32] 19.67+2.58 6 (3) <0.4 Umbilical cord mesenchymal stem cells 1x107 1:1 control
14.83+8.18 6(4) <0.4 (UCMSCs) -
Insulin therapy
Cai 2012 (CHN) [33]  27.5%5.9 21(9) 9.2+4.8 Umbilical cord mesenchymal stem cells 1x10°/kg No control
(UCMSCs)
Hu 2013 (CHN) [34] 17.6+8.7 15 (9) Newly onset Umbilical cord mesenchymal stem cells 5.2+2.4x107 Randomly
18.2+7.9 14 (8) Newly onset (UCMSCs)
Insulin therapy
Tan 2011 (CHN) [35] 33.5 14 (7) 18.3 pancreatic islets 10200 IEQ/kg No control
Giannopoulou EZ 3.02 7(5) 101 days Autologous cord blood 1.27x10° CD34* cells Non-randomized controlled,
2014 (Germany) [36] 6.6 10 (4) 139 days Natural controls open label intervention trial
Alejandro Mesples 7 3(0) Recently diagnosed Autologous bone marrow stem cells >180%10°/kg, CD34* cells Preliminary trial
2013 (Argentina) [37] >0.22%
Francesca D’Addio 20.415.5 65 (41) New-onset Autologous Nonmyeloablative 5.8+0.8x10% kg Two Chinese center and one
(USA) 2014 [12] Hematopoietic Stem Cell polish center (multicenter)
Gu Yi 2014 (CHN) 8.04+3.99 14 (5) Newly Autologous hematopoietic stem cell (AHST); Common AHST method 1:2 matched case-control study
[38] 8.29+2.91 28 (10) diagnosed Conventional insulin therapy
Maryam Ghodsi 2012 32.8+16.3 30 (15) 4.23+2.21 Fetal Liver-Derived Cell Suspension Allotrans- Approximately 35-55x10° Randomization

(Germany) [39]

19037

plantation

Cells (7-11x10° CD34* HSCs)
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Michael J. Haller 7.2

2013 (USA) [40] 6.6

Voltarelli JC 2009 18.4+4.6

(Brazil) [5]

Michael J.Haller 2011 5.1+2.59

(USA) [10]

Dave SD 2015 (India) 20.2

[41]

de Oliveira GL 2012  19.4+5

(Brazil) [42] 20.945.1
(Control)

Xiang H 2015 (CHN)
[43]

16.7+4.83 Insulin-free (IF)
19.96+5.72 Insulin-
dependent (ID)

Snarski E 2015 2615
(Poland) [44]

Thakkar UG 2015 20.2+6.9
(India) [45] 19.74+9.96
Vanikar AV 2010 21.1
(India) [46]

Haller MJ 2009 (USA) 5.5

[47]

10(8)
5(3)

23 (17)

24 (10)

10 (9)

14 (10)
14 (10)
(Control)

71 (41) (IF)
57 (33) (ID)

17 (12)

10 (9)
10 (8)

11.(7)

15(7)

Stem cell therapy in type 1 diabetes mellitus

119 days
106 days

Newly diagnosed

0.25+0.24

8.1

Newly
diagnosed

No longer than 6 weeks
from initial TADM diag-
nosis to the beginning
of treatment

New onset

8.2

4.1 month

Autologous Umbilical Cord Blood
Intensive diabetes management alone

Autologous nonmyeloablative
hematopoietic stem cell

Autologous umbilical cord blood

Mesenchymal stem cells differentiated into
insulin-secreting cells (MSC, ISC) and bone mar-
row (BM)-dirived hematopoietic stem cells (HSC)

High-dose immunosuppression followed by
autologous haematopoietic stem cell transplan-
tation (HDI-AHSCT)

Bone marrow hematopoietic stem cells

Autologous hematopoietic stem cell transplanta-
tion

Autologous stem cell therapy (SCT)

Allogenic SCT

SCT- bone marrow-derived hematopoietic stem
cells

Insulin-secreting mesenchymal stem cells (IS-AD-
MSC) and cultured bone marrow (CBM)

Autologous umbilical cord blood

1.1x107 cells/kg (0.4x10" to
3.9x10")

Mean number of CD34 cells
10.52x10%/kg (range, 4.98-
23.19x10% kg)

1.88x107/kg

60.55x107/Kg (BW) HSC
+1SC

Not avaibale

3.0x10° cells/kg BW

3x10%/kg [21]

2.65:0.8x10%/kg
2.0740.67x10%/kg

2.7x10°
1.2x108

1.50%x107 cells/kg

Open-label 2:1 randomized
study

A prospective phase 1/2 study

Open-label phase | study

Prospective non-randomized
open-labeled clinical trial

Healthy subjects paired with
patients according to gender
and age

Open-label prospective

Reference as [21]

Prospective, open-labeled, two-
armed trial

Prospective open-labeled clini-
cal trial

A pilot study

The table summarises the basic patient information: age; the history of the diabetes; the details of the stem cell therapy, including cell type; the dose of the stem cell infusion; and the study design.
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publications were excluded for different rea-
sons (21 for being review articles, 15 for using
animal models, 1 for being a case report, 3 for
being in vitro experiments, 2 for being meta
analyses). We selected 86 full texts articles as
potentially relevant and retrieved them for more
detailed assessment. Of these, 54 studies
were excluded due to a lack of detailed patient
clinical data, therapy response reports or the
cell type for treatment. The selection procedure
of the clinical trials is presented in Figure 1.

Characteristics of stem cell-based therapy

After the selection process, 32 eligible clinical
trials with a total of 712 patients were included
in the present analysis [4, 5, 10, 12, 20-40]. All
of the trials were fully published. The clinical
data of the trials are shown on Table 1.

Most of the patients in these studies had a
good performance status. The patients’ medi-
an age was 18.8 years. In these 32 trials of
stem cell therapy in patients with T1D, 17 clini-
cal trials used the haematopoietic stem cell
therapy method [5, 12, 20, 22-26, 28, 29, 31,
38, 41-45], nine studies used cord blood stem
cells (UBSC) [10, 27, 30, 32-34, 36, 40, 47],
two used peripheral blood stem cells [4, 21],
and the remainder of the trials used adipose
tissue-derived mesenchymal stem cell (ADM-
SCs) [31], pancreatic islets stem cell [35], foe-
tal liver-derived cell [39], or bone marrow stem
cells [37]. In one trial, the ADMSCs and HSC
were combined together for T1D treatment
[31]. All of the trials were autologous transplan-
tations, except one, which used allotransplan-
tation [39]. Eight studies included a control
group. Four of these were divided into two
groups with either cell therapy or insulin thera-
py used in the clinical trials [29, 32, 34, 38]. In
the other four studies, controls used were sham
therapy, natural controls or intensive diabetes
management alone [27, 36, 40, 42]. The num-
ber of stem cells transfused into patients in
these studies was mainly 10%/kg, with some
using up to 107/kg. Most of the studies were
designed as open-label phase 1/2 trials and
did not include controls. The trials were per-
formed worldwide, including USA, Poland,
Brazil, Italy, Germany, Argentina, India and
China. The patient information from the select-
ed trials, such as gender, age, history of T1D,
study design and stem cell types or doses, is
listed in Table 1.
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HbAlc

HbA1c is a stable marker of glycaemic control,
and information on HbAlc was available in 23
trials [4, 12, 20-22, 26, 29-34, 36-42, 44-45]
containing 448 patients (85 patients as a con-
trol group without stem cell therapy). The effect
of the therapy upon HbAlc was compared with
values before treatment. The estimated pooled
MD for the 23 trials showed significant reduc-
tions in HbAl1c in T1D after 3, 6, 9 and 12
months of follow up with the inverse variance
model (MD -2.87, 95% CI -3.77 to -1.96,
P<0.00001; MD -2.58, 95% CI -3.30 to -1.87,
P<0.00001; MD -2.43, 95% CI -3.74 to -1.13,
P=0.0003; MD -2.07, 95% ClI -2.73 to -1.41,
P<0.00001) (Figure 2A). We continued to col-
lected the HbAlc data at the 15, 18, 21, 24
months follow up. The estimated pooled MD
showed a highly significant decrease in HbAlc
after 15, 18, 21 and 24 months (MD -2.13,
95% Cl -3.29 to -0.97, P=0.0003; MD -2.39,
95% Cl -3.43 to -1.34, P<0.00001; MD -2.21,
95% Cl-3.61 t0-0.81, P=0.002; MD -2.79, 95%
Cl-3.75 t0 -1.83, P<0.00001) (Figure 2B).

As for the efficacy of the stem cell therapy com-
pared with control therapy, the estimated
pooled MD for the four trials [29, 36, 38, 40],
which included 118 patients of whom 65 were
controls, showed no significant reduction in
HbAlc with the inverse variance model (MD
-0.27, 95% CI -0.98 to0 0.45, P=0.46; MD 0.43,
95% CI -0.02 to 0.87, P=0.06) in T1D after the
6 and 12 months of follow up (Figure 2C).

C-peptide

C-peptide levels are the established biomarker
for endogenous insulin release. Therefore, we
collected the information on C-peptide levels
which was available in 19 trials [4, 20, 22, 23,
26, 28, 30, 32-35,37-39, 41, 42, 45-47]. These
trials contained 308 patients (48 patients as a
control group who did not receive stem cell
therapy). The efficacy of the stem cell therapy,
revealed by the estimated pooled MD for the
selected trials, showed a significant C-peptide
increase with inverse variance model (MD 0.52,
95% CI 0.30 to 0.74, P<0.00001; MD 0.42,
95% CI 0.26 to 0.57, P<0.00001; MD 0.36,
95% Cl 0.22 to 0.50, P<0.00001; MD 0.41,
95% CI 0.25 to 0.57, P<0.00001) in T1D
patients at 3, 6, 9 and 12 months after stem
cell therapy (Figure 3A). We also compared the
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A post-cell therapy pre-cell therapy Mean Difference Mean Difference
1.1.1 HbA1c 3 months
Gu 2010 62 07 18 88 27 18 22% -370[4.89,-241) —
Gu 2012 898 112 17 1026 308 17 20% -4.28(5.84,-272) ——
Gu 2012 5 071 11 0B85 316 11  17% -4.85[6.76,-294) o
Hu 2013 596 043 15 685 074 15 28%  -089(-1.32,-046) 2
L2010 54 09 B8 104 45 8 10% -500(818-187 —
Li2013 71 081 31059 238 3 12% -349(6.27,-071)
Mineo D 2008 56 03 6 74 07 6 27% -1.80[241,-1.19) oo
Snarski E 2011 650 035 B 1233 287 8 18% -BTA[8.74,-474 ——
Thakkar UG 20151 102 201 10 108 2156 10 18% 0.70}252 1.12 i
Thakkar UG 2015-2 962 154 10 1183 19 10  20% -231(3.83,.0.79) S —
Trived| 2008 742 052 5 826 142 5 22%  -084[-2.11,043 =t
Voitarelk JC 2007 523 057 15 785 138 15 26% -263(-3.39,-187 -
Subtotal (95% CI) 126 126 238% -2.87 [3.77, 1.96] 3
Helerogensity: Tau® = 1.89; Ch# = 81.89, df = 11 (P < 0.00001); P = 87%
Tost for overal effect: Z = 6.22 (P < 0.00001)
1.1.2 HbA1c 6 months
Alajandro Mesplas 2013 83 113 3 119 185 3 13% -380(6.05,-1.15 ——
Francesca DAddio 2014 605 258 65 1013 250 65 25% -4.08[«4.97,-3.19) o
Gu 2010 714 12 18 88 27 18 21%  -280[4.16,-1.44) —_—
Gu 2012 68 111 11 985 316 11 16% -3.05[5.03,-1.07) —_—
Gu 2012 714 163 17 1028 308 17 1.9%  -3.12(4.78,-1.46) _—
Hu 2013 538 041 15 685 074 15  28%  -1.47[-1.80,-1.04) -
L2010 66 09 8 104 45 8 10% -380[698,-062 S
Maryam Ghods| 2012 83 11 30 108 2 30 26% -250[3.32,-168) .
Michaed J Haller 2013 68 104 10 71 111 10 25%  -0.30[124,084) -
Snareki E 2011 623 074 8 1233 287 8 16% -810[8.15408 ———
Thakkar UG 2015-1 72 168 10 108 216 10 18%  -1.18[-2.88,0.50) -
Thakkar UG 2015-2 815 161 10 1183 19 10 20% -278(<.32,-1.24) ——
Vandkar AV 2010 730 163 11 847 204 11 20%  -1.08[-2.62 048] ==
Voitarell JC 2007 523 065 15 785 138 15 26% -263(3.40,-186) -
Subiotal (95% CI) 231 231 285% -2.58[3.30, 1.87] &
Heflerogenalty: Teu® = 1,29, Ch7 = 68.10, df = 13 (P < 0.00001); F = 81%
Test for overal effect: Z = 7.07 (P < 0.00001)
1.1.3 HbA1c 9 months
Hu 2013 591 038 156 685 074 15 28%  -094[-1.26,.0.52) >
Thakkar UG 20151 935 183 10 109 215 10 19% -1.55[322,012 e
Thakkar UG 2015-2 855 156 10 1193 19 10 20%  -3.38(-4.50,-1.86] e
Voltarelk JC 2007 538 078 15 788 138 15 26% -248(-3.28,-168) -
Yu 2011 657 078 6 1053 088 6 24% -3.98(4.06,-2.96 7
Subtotal (95% CI) 6 86 11.7% 2.43[-3.74,1.13) &
Heterogenelty: Tau® = 1,89; Chi* = 40,38, df = 4 (P <0,00001); I* = 50%
Test for overal effoct: Z = 3.66 (P = 0.0003)
1.1.4 HbA1c 12 months
AlgjandroMesples 2013 833 153 3 119 185 3  12%  -357(-6.29,-085]
Cai 2012 75 11 21 88 08 21 27% -1.10[-1.71,-049) =
Francosca DAddio 2014 601 227 65 1013 250 65 26%  -4.12[<4.86,-328) =
Giannopoulou EZ 2014 72 088 7 74 17 7 21% 0101132152 —
Gu 2010 72 16 18 99 27 18 21% -270[4.15.-125) o
Gu 2012 748 202 17 1026 308 17 18% -308(<4.83,-133] —
Gu 2012 7 151 11 985 3168 11 16% -285[4.92,-0.78) ———
Gu Yi 2014 839 148 14 118 21 14 22%  -341[4.78,-2.06 —
Hu 2013 603 043 16 685 074 15 28% -082[1.25,-0.39 ca
Li 2010 61 12 8 104 45 8 1.0% 4.30[7.53,41.07 —
Maryam Ghodsi 2012 92 16 30 108 2 30 25% -160[252,-068 o
Michael J Haller 2013 73 135 10 71 111 10 24%  0201-088,128) S
Mineo D 2008 67 04 6 74 07 6 27% -0.70[-1.35,-005 =
Thakkar UG 2015-1 903 165 10 109 215 10 18% -1.87[3.55,-0.19) —
Thakkar UG 2015-2 862 138 10 1183 18 10 21%  -3.31[4.77.-1.85 —_
Voitarell JC 2007 592 185 15 788 138 15 23% -1.94[3.11,-0.77) ==
Wang 2013 736 165 22 1047 252 22 22% -3.11(4.37,-188 T
Subiotal (95% CI) 282 282 360% 207 [-2.73, 1.41] L
Heterogenally: Tau® = 1,42; Cn = 102.22, &f = 16 (P < 0,00001); F = 84%
Test for overall effect: Z = 6,15 (P < 0.00001)
Total (95% CI) 695 095 100.0% 243 (:2.81,-2.08] L ) _

Heoterogenaity: Tau® = 1.31; Ch* = 304.70, &f = 47 (P < 0.00001); P = 85%
Tast for overall effect: Z = 12.40 (P < 0.00001)
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FOLP

1.2.1 HbA1c 15

Hu 2013 592 031 15 685 074 15 56% -0.93[-1.34,-0.52 ol
Thelder UG20151 856 165 10 109 215 10 34%  -2.34 [4.02,-0.66) S—
Thakker UG 2015-2 B38 148 10 1183 198 10 37%  -3.55[5.04,-2.06] —
Voltarelii JC 2007 56 066 15 786 138 15 51% -226[-3.03,-149) s
Subtotal (85% CI) 50 50 17.7% -213[-3.29,-0.97] L 2
Hoforogoneity: Tau? = 1.08; Chit = 19.05, df = 3 (P = 0,0003); I* = 84%

Test for overall effect: Z = 3.60 (P = 0.0003)

1.2.2 HbA1c 18 months

Gu2012 786 271 11 985 316 11 23%  -1.99[4.45, 047

Gu 2012 748 202 17 1026 308 17 33% -3.08[4.83,-133 e
Hu 2013 86 027 15 685 074 15 56%  -0.99[1.39,-0.50) i
Thakker UG2015-1  B51 14 10 1098 2156 10 35%  -239[-3.88,-0.80] —
Thakker UG2018-2 847 1.1 10 1193 19 10 4.0% -3.76[5.12 -2.40] —_—
Voltareli JC 2007 534 031 15 786 138 15 52% -252[-3.24,-1.80] -
Subtotal (95% CI) 8 78 238% -2.30 [-343,-1,34] >
Heterogeneity: Tau® = 1.21; Chit = 28.81, df = 5 (P < 0.0001); I* = 83%

Test for overall effect: Z = 4.48 (P <0.00001)

1.2.3 HbA1c 21 months

Hu 2013 821 028 15 685 074 15 56% -0.64[1.04,-0.24] +
Thakdkar UG 2015-1 84 0687 10 109 215 10 3.8% -250[-3.84,-1.06] ———
Thakkar UG2015-2 825 14 10 1183 19 10 40% -368[5.04,-2.32] e
Voltarelii JC 2007 548 031 15 786 138 15 52% -238[-3.10,-1.66) =
Subtotal (95% CI) 50 50 185% -221[-3.61,-0.81] -
Hotorogeneity: Tau® = 1,76; Chi* = 33,60, df = 3 (P < 0,00001); P =91%

Test for overall effect: Z = 3.10 (P = 0.002)

1.2.4 HbA1c 24 months

Dave SD 2015 672 305 10 1080 085 10 20% -427[6.23,-231] —
deOliveimGL2012 632 155 14 788 144 14 44%  -1.56[2.67,-0.45] ==
Feng 2011 645 171 16 7.82 172 18 43%  -1.37[-2.56,-0.18) —
Gu 2012 718 197 17 1028 308 17 33% -3.08[4.82,-134] —
Gu 2012 74 196 11 985 316 11 26%  -2.75[4.95,-0,55 o
Hu 2013 581 032 15 685 074 15 56% -0.84[1.35,-0.53] -
Snarski E 2015 59 04 17 113 28 17 40% -540[6.74,4.06] —
Thakkar UG 20151  7.75 1.05 10 109 215 10 37% -3.15[4.63,-167) ——
Thakker UG2015-2 801 104 10 1193 18 10 40% -3.92[-5.26,-2.58] s
Voltareli JC 2007 545 039 15 7.86 138 15 5.1%  -241[-3.14,-1.68) Py
Subtotsl (95% CI) 135 135 400% -2.79 [-3.75, -1.83] L 4
Hetorogeneity: Tau® = 1,91; Chit = 69.68, df = 9 (P < 0,00001); = 87%

Test for overall effect: Z = 5.60 (P < 0.00001)

Total (95% CI) 33 313 100.0% 243 [-291, -1.96) ¢+
Helerogeneity: Tau® = 1.01; Chi* = 158.44, df » 23 (P < 0.00001); P = 85% =_1° fs o 5 1°=
Test for overall effect: Z = 10.01 (P < 0.00001) e ey s i

C cell therapy control Mean Difference Mean D
» -1 ol; d. 95% [\ X0

harg " v ' d. 95°

1.3.1 HbA1c comparison with control 6 month
Giannopoulou EZ 2014 7.3 044 7 73 183 10 9.2% 0.00[-1.24, 1.24) 5]
Michael J Haller 2013 6.8 1.04 10 7.2 067 5 18.7% -0.40(-1.27,047) Ei
Subtotal (95% C1) 7 15 27.9% -0.27 [-0.98, 0.45] *
Heterogeneity: Chi* = 0.27, df = 1 (P = 0.61), #=0%
Test for overall effect: Z = 0.74 (P = 0.46)

1.3.2 HbA1c comparison with control 12 month

Glannopoulou EZ2014 7.2 089 7 7 244 10 52% 0.20(-1.45, 1.85] e
Gu Yi 2014 839 148 14 6688 07 28 212% 1.71[0.89, 253 -
Michael J Haller 2013 73111 10 75 03 5 262% -0.20(-0.94,0.54) -
Wang 2013 736 165 22 743 12 22 195% -0.07[-092, 078 -'t
Subtotal (95% CI) 53 65 721% 0.43[0.02,0.87]

Heterogeneity: Chi* = 13.62, df = 3 (P = 0,003); F = 78%
Test for overall effect: Z = 1.88 (P = 0.06)

Heterogeneity: Chi* = 16.52, df = 5 (P = 0.008); F = 70% '_10 -5
Test for overall effect Z = 1.21 (P = 0.23)
Test for subarouo differences: ChP = 2.62.df =1 (P = 0.11. P = 61.9%

i 1
+

5 10
Favours experimental Favours control

Total (95% Ci) 70 80 100.0% 0.23[-0.14, 0.61] ’
0

Figure 2. Comparison of glycosylated haemoglobin (HbAlc) after one year follow up (A); Comparison of HbAlc after
up to two years follow up (B); Comparison of HbAlc with the control group (C). The random and fixed effects meta-
analysis model (Mantel-Haenszel method) were used. MD, mean difference. Each trial is represented by a square,
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the centre of which gives the MD for that trial. The size of the square is proportional to the information in that trial.
The ends of the horizontal bars denote a 95% Cl. The black diamond gives the overall MD for the combined results
of all trials.

A post-cell therapy  pre-cell therapy Mean Difference Mean Difference

2.1.1 C-peptide 3 months

Gu 2010 111 147 18 053 052 18 13%  0.58[0.14,1.30] 1
Gu 2012 092 034 11 08 049 11 22%  012[0.23,047 -
Gu 2012 117 041 17 059 026 17 25% 0.58 [0.35, 0.81)

Hu 2013 096 036 15 085 047 15 23% 0.11 [0.19, 0.41) =l
Li 2013 074 036 3 011 005 3 20% 063 [0.22, 1.04)

Mineo D 2008 111 o 6 012 001 6 28% 0.99 [0.90, 1.08)

Snarski E 2011 168 074 8 071 063 8 14% 0.97 [0.30, 1.84)

Tan 2011 0047 0272 14 0.157 0068 14 27% 0.79 [0.84, 0.94)

Thakker UG 2015-1 043 032 10 022 o021 10 25% 0.21 [-0.08, 0.45]

Thakker UG 2015-2 031 037 10 002 001 10 25% 0.28[0.08, 0.52)

Trivedi 2008 oTé 086 5 009 007 5 1% 0.67 [0.14, 1.20]

Zhso 2012 078 026 6 033 02 6 24% 0.43 [0.18, 0.70]

Subtotal (95% C1) 123 123 263%  0.52(0.30, 0.74)

Helerogenedy: Tau® = 0.12; Chi* = 101.63, of = 11 (P < 0.00001); I* = 89%
Test for overall effect: Z = 4.66 (P < 0.00001)

2.1.2 C-peptide 6 months

Alsjandro Mesples 2013 074 042 3 0490 OMNM 3 18% 0.25 [-0.24,0.74] “1
Gu 2010 101 218 18 053 052 18 08% 048056, 152 =
Gu 2012 1 028 11 08 049 11 22%  020[0.13,053 1
Gu 2012 106 039 17 059 026 17 25%  047[0.25 069)

Hu 2013 108 054 15 085 047 16 22%  0.23[0.13,059] 1
Maryam Ghodsl 2012 026 052 30 028 06 30 24% -002[0.30,026) =
Snareki E 2011 135 053 8 071 063 B 18%  064[0.07,121)

Tan 2011 1.224 0482 14 0,157 0.068 14 25% 1.07[0.81,1.32)

Thakker UG 2015-1 053 032 10 02 021 10 25%  031[0.07,055

Thakkar UG 2015-2 035 04 10 002 001 10 25% 0.33 (0,08, 0.58)

Voltarelli JC 2007 11 09 15 04 03 15 19%  070[0.22 1.18)

Zhang 2012 113 0N 6 05 023 6 286% 0.57 [0.37,0.77)

Zhang 2012 07 085 3 042 004 3 13% 028[0.46,102) —
Zhao 2012 078 032 § 033 022 6 23% 0.45[0.14, 0.76)

Subtotal (95% CI) 177 177 308%  0.42[0.28, 0.57)

Heteroganeity: Tay* = 0.08; Chi* = 42.91, df = 14 (P < 0.0001); F = 67%
Test for overall effect: Z = 5.31 (P < 0.00001)

2.1.3 C-peptide 9 months
Hu 2013 117 032 15 0B85 047 16 24%  032[0.08,081)
Thakkar UG 2015-1 061 029 10 02 021 10 25% 0.30[0,17, 0.61)
Thakker UG 2015-2 038 038 10 002 001 10 25%  0.36[0.12,060]
Yu 2011 08T 074 6 060 06 6 12%  0.18[0.58,094) =
Subtotal (95% C1) o 41 B6% 036 [0.22 050

Heterogeneity: Tau® = 0,00; Chi* = 0.38, df = 3 (P = 0.95); I = 0%
Tost for overall affect: Z = 5,00 (P < 0.00001)

<>
Vanikar AV 2010 037 085 11 01 014 11 18%  0.27[0.24,078) ST [
*
*

2.1.4 C-peptide 12 months

Nejandro Mesplee2013 08 05 3 049 011 3  16%  0.11[0.47,060] —

Cai 2012 0185 0084 21 0086 0074 21 28%  0.10[0.05,0.15

Gu 2010 184 162 18 053 052 18 12%  1.11[0.32,150)

Gu 2012 101 056 17 059 026 17 24%  042[0.13,071)

Gu 2012 102 031 11 08 049 11 22%  022(0.12,056) 5

Gu Yi2014 071 07 14 045 020 14 21%  0.28[0.14,068) 7]

Hu 2013 134 041 15 085 047 15 23%  049[0.17,081)

Maryam Ghodsi 2012 032 075 30 028 06 30 22%  0.04]0.30,038 =

Mineo D 2008 030 014 6 042 001 6 27%  027[0.16,038)

Tan 2011 1251 0408 14 0457 0068 14 25%  1.00[0.88,131] —
Thakkar UG 2016-1 083 023 10 02 021 10 28%  041[0.22,080) =
Thekkar UG 2015-2 043 036 10 002 001 10 25%  0.41[0.19,083) e
Voltarelli JC 2007 1 05 15 04 03 16 23%  060[0.30,090] S
Znang 2012 061 023 3 042 008 3 24%  019[-007,045) ™
Zhang 2012 120 027 6 056 023 6 24%  073[0451.01) ——
Subtotal (95% C1) 193 193 34.3%  0.41[0.25,0.57] <

: Tau® = 0.08; ChP = 125.22, df = 14 (P < 0.00001); F = 89%
Test for overall effect: Z = 5.00 (P < 0.00001)

Total (95% CI) 534 534 1000%  0.44[0.32,0.88] . *
Heterogenelty: Tau® = 0,12; Chi* = 473,18, df = 45 (P < 0.00001); I* = 50% t H i
Test for overall effect: Z = 7.62 (P < 0.00001)

2 A4 0 1 2
Favours experimental Favours control

19042 Int J Clin Exp Med 2016;9(10):19034-19051



Stem cell therapy in type 1 diabetes mellitus

Thakkar UG 2015-2
Subtotal (95% CI)
Heterogeneity: Chi* = 3.01, df = 4 (P = 0.56); F = 0%
Test for overall effect: Z = 10.21 (P < 0.00001)

2.2.2 C-peptide 24 months
Dave SD 2015 092 03 10 022 033
deOliveiraGL2012 332 184 14 044 035
Fong 2011 141 084 16 11 084
Gu2012 132 021 17 059 026
Gu2012 139 033 11 08 049
Haller MJ 2009 05 052 15 083 0685
Hu 2013 111 019 15 085 047
Thakker UG 20151 083 024 10 022 021
ThakkarUG20152 046 020 10 0.02 001
Vottarelil JC 2007 18 11 15 04 03
Subtotal (95% CI) 133

Heterogenelty: Chi* = 67.51, df = 8 (P < 0.00001); I* = 87%
Test for overall effect: Z = 13.79 (P < 0.00001)

Total (95% CI) 19¢
Hetarogeneity: Chi* = 72.57, df = 14 (P < 0.00001); P = 81%
Test for overall effect: Z = 17.10 (P <0.00001)

10 105% 0.38[0.18,0.57) ==

63 43.6% 0.49 [0.40, 0.59] 4

10 51% 0.70[0.42, 098] S

14  04%  2.88(1.90,3.86] ’

16 14% 0.31[-0.21,0.83 o

17 153% 0.73[0.57,0.89] -

11 32% 059[0.24,094] =

15  2.1% -0.43[-0.86,-0.00] S

15 59% 028[0.00,052) =

10 98% 0.71[051,081) -

10 120% 0.44[0.26, 0.62] -

15 12%  150[0.92,2.08) ——

133 56.4%  0.58 [0.50, 0.67) ¢

196 100.0% 0.54[0.48,0.60] ) ‘ : ;
2 -1 0 1 2

Test for subaroun differences: Chi* = 2.05. df = 1 (P = 0.15). F=51.1%

post-cell therapy pro-coll therapy

_StudvorSubgroup Mean  SD Total Mean  SD Total Weight IV, Flxed, 95% Cl

2.3.1 C-peptide 6 month with different unit

Li2010 4718 3639 8 2071 421
Voaroli JC 2009 4839 3158 12 1895 1647
Voltareli JC 2009 2178 1392 8 1452 147.7
Subtotal (95% CI) 28
Hetarogeneity: Chi* = 3,84, df = 2 (P = 0,15); |* = 48%

Test for overall effect: Z = 3.09 (P = 0,002)

2.3.2 C-peptide 12 month with different unit

Li2010 3507 164.1 8 2071 421
Voltareli JC 2000 2868 2175 8 1452 147.7
Voltareli JC 2009 458 218 12 1895 1847
Subtotal (95% C1) 28

Heterogeneity: Ch® = 1,80, df = 2 (P = 0.41); I = 0%
Test for overall effect: Z = 4,23 (P < 0,0001)

Total (95% CI) 56
Haterogeneity: Chi* = 5,67, df =5 (P = 0.34); I* = 12%
Test for overall effect: Z = 5.23 (P < 0,00001)

8
12
8
28

Tast for subarouo differances: Chi* = 0.04, df = 1 (P = 0.84), F=0%

8.6%
10.5%

21.5%
38.6%

30.8%
12.8%
17.8%
61.4%

100.0%

Favours experimental Favours control

Mean Difference Mean Difference
IV, Fixed. 95% C1
264.70 10,85, 518,55] —
294.40 [92.98, 496.82)
72.60 [-68.04, 213.24) —T =
165,72 [60.73, 270.71) -
143,60 [26.20, 261.00] —
141,60 [40.58, 323.78) e EE—
268.50 [113.91, 423.09] —_—
179.34 [96.17, 262.52] -
174,00 [108.89, 29.29) -

-500 -250 0 250 500
Favours experimental Favours control

Figure 3. Comparison of C-peptide before and after stem cell treatment after one year follow up (A). The random ef-
fects meta-analysis model (Mantel-Haenszel method) was used in this analysis. Comparison of C-peptide before and
after stem cell treatment with up to two years of follow up (B). Comparison of C-peptide levels with different units
of measurement (C). The fixed effects meta-analysis model (Mantel-Haenszel method) was used in this analysis.

levels of C-peptide at long-term follow-up time-
points after the stem cell therapy. The estimat-
ed pooled MD showed a highly significant
increase of C-peptide levels at the 18 and 24
months follow up (MD 0.49, 95% CI 0.40 to
0.59, P<0.00001; MD 0.58, 95% CI 0.50 to
0.67, P<0.00001) (Figure 3B). For different
units of measurement, we collected another
set of data to show the change in C-peptide lev-
els from before to after the stem cell therapy.

19043

Analysis of the results showed a significant
C-peptide increase at 6 and 12 months of fol-
low up (MD 165.72, 95% CI 60.73 to 270.71,
P=0.002; MD 179.34, 95% Cl 96.17 t0 262.52,
P<0.0001) (Figure 3C).

Insulin requirement

Information on the insulin therapy requirement
was available in 11 of the trials [20, 22, 23, 26,
28, 31, 35, 41, 45-47] containing 144 patients.
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post-cell therapy pre-ceil therapy

3.1.1 Insulin requirement 3 months

Gu 2010 011 018 18 0862 02 18
Gu 2012 012 007 28 050 019 28
Mineo D 2008 022 02 6 062 0.14 6
Tan 2011 013 013 14 087 0.15 14
Thakkar UG 2015-1 56 198 10 638 209 10
Thakkar UG 2015-2 3 1022 10 575 218 10
Trivedi 2008 037 018 5 085 025 5
Subtotal (95% C1) o 91

Heterogenedty: Tau® = 0.03; Chi* = 32.41, df = 6 (P < 0.0001); F = 81%

Test for overall effect: Z = 6.50 (P < 0.00001)

3.1.2 Insulin requirement 6 months

Gu 2010 016 02 18 082 02 18
Gu 2012 014 021 28 05 019 28
Snarski E 2011 002 004 8 04 015 8
Tan 2011 014 015 14 087 015 14
Thakkar UG 20151 487 1941 10 638 209 10
Thakkar UG 20162 2956 1152 10 575 218 10
Vanikar AV 2010 063 046 11 114 084 11
Zhang 2012 028 019 3 058 003 3
Zhang 2012 001 003 6 066 021 6
Subtotal (95% C1) 108 108

Heterogenedty: Tau® = 0.03; Chi* = 43.35, df = 8 (P < 0.00001); I = 82%

Test for overall effect: Z = 6.70 (P < 0.00001)

3.1.3 Insulin requirement 12 months

Dave SD 2015 386 10 10 638 30 10
Gu 2010 024 o021 18 062 02 18
Gu 2012 017 023 28 056 019 28
Haller MJ 2009 067 01 15 042 017 15
Mineo D 2008 037 0156 6 082 0.14 6
Tan 2011 011 015 14 087 015 14
Thakkar UG 2015-1 3844 1456 10 6389 208 10
Thakkar UG 20152 3222 1088 10 575 218 10
Zhang 2012 038 047 3 058 003 3
Subtotal (95% CI) 114 114

0.0%
5.8%
5.9%
5.9%
5.6%
5.9%
0.0%
0.0%
5.4%
34.5%

Haterogenelty: Tau* = 0.17; Chi* = 210.02, df = 8 (P < 0.00001); I = 96%

Test for overail effect: Z = 1.89 (P = 0.06)

Total (95% CI) 313

313 100.0%

Heterogeneity: Tau® = 0.08; Chi* = 340.46, df = 24 (P < 0.00001); B = 93%

Test for overall effect: Z = 6.40 (P < 0.00001)
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Figure 4. Forest plot for the insulin requirement assessment. The data come from the patients treated with stem cell
therapy with one year of follow up. The random effects meta-analysis model (Mantel-Haenszel method) was used

in this analysis.

To assess the efficacy of the stem cell therapy,
we compared the levels of insulin required at
different stages before and after stem cell
treatment. The estimated pooled MD showed a
highly significant decrease in insulin require-
ment at 3 and 6 months of follow up in the stem
cell therapy group (MD -0.53, 95% CI -0.69 to
-0.37, P<0.00001; MD -0.50, 95% CI -0.65 to
-0.36, P<0.00001), but not at 12 months (MD
-0.32, 95% ClI -0.66 to -0.01, P=0.06) (Figure
4).

Glutamic acid decarboxylase antibody (GAD-
Ab)

Glutamic acid decarboxylase is a major target
of the autoimmune response that occurs in

19044

type 1 diabetes. Patients were classified by
GAD antibody (GAD-Ab) in five of the clinical tri-
als [4, 22, 41, 42, 47] containing 72 patients.
To assess the efficacy of the stem cell therapy,
we compared the levels of GAD-Ab before and
after stem cell treatment. The estimated pooled
MD showed no significant decrease in GAD-Ab
at 6- and 12-months follow up in the stem cell
therapy group (MD -116.39, 95% CI -436.99 to
204.21, P=0.48; MD -13.37, 95% Cl -28.84 to
2.09, P=0.09) (Figure 5).

Immune system effect

Treg: The roles of regulatory T cells (Treg) in TAD
are well known. Treg play key roles in preserving
homeostasis and self-tolerance by inhibiting
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post-cell therapy pre-cell therapy Mean Difference Moan Difference
1V, Random, 85% CI IV.Random O§%Cl1
4.1.1 GAD-Ab 6 months
Gu 2010 122 123 18 501 1,020 18 0.1% -379.00 [-853.62, B5.62] T
Voitareili JC 2007 173 132 15 318 255 15 238% ~14.50 [-29.03, 0.03] "
Subtotal (95% CI) 33 33 23.9% -116.39 [-436.99, 204.21) ———

Heterogenelty: Tau® = 37082.39; Chi* = 2.26, df = 1 (P = 0.13); P = 56%
Test for overal effect; Z = 0.71 (P = 0.48)

4.1.2 GAD-Ab 12 months

Dave SD 2016 123 4685 10 3311 982 10 00%
de Oliveira GL 2012 1088 1522 14 3169 2646 14 222%
Gu 2010 85 B3 18 501 1020 18 01%
Haller MJ 2009 36 16.62 12 42 526 13 202%
Voitarelli JC 2007 126 96 15 318 2656 15 2486%
Subtotal (85% CI) 69 T Te1%

Heterogeneity: Tau® = 141.65; Chi* = 10.47, df = 4 (P = 0.03); I* » 62%
Test for overall effect: Z = 1.70 (P = 0.08)

Total (95% C1) 102 103 100.0%
Hetaroganeity: Tau® = 107.36; Chi* = 13,10, df =6 (P = 0.04); I* = 54%
Test for overall effect: Z = 2.20 (P = 0.03)
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Figure 5. Forest plot for GAD-Ab. GAD-Ab is the glutamic acid decarboxylase antibody. Comparison of GAD-Ab before
and after stem cell therapy. The random effects model (Mantel-Haenszel method) was used in this analysis.

auto-reactive effector T cells [6]. Evidence from
both human trials and animal models has
shown that the abnormalities in the quantity or
function of Treg are involved in the initiation
and progression of TA1D [6, 7].

Thus, we collected the data of peripheral blood
Treg to show the immune function of stem cell
therapy in T1D. Information on Treg was availa-
ble in three trials [10, 36, 40] containing 58
patients. To determine the efficacy of the cell
therapy, we compared the levels of Treg before
and after stem cell treatment. The estimated
pooled MD showed no significant decrease in
Treg at 6 and 12 months follow up in the stem
cell therapy group (MD 0.23, 95% CI -0.17 to
0.64, P=0.26; MD -0.14, 95% CI -0.57 to 0.29,
P=0.53) (Figure 6A). The Cochran’s Q test had
P values of 0.22 and 0.20, and the correspond-
ing quantity 1> was 34% and 38%, indicating
that the degree of variability between trials was
consistent with that which would be expected
by chance alone.

CD4*/CD8": For the changes in immune fun-
ction, we collected the CD4*/CD8* data before
and after stem cell therapy from four clinical
trials with 73 patients [10, 36, 40, 47]. The
estimated pooled MD showed no significant
increase of CD4*/CD8" cell percentage after
stem cell therapy at the the 6 and 12 months
follow up (MD 0.07,95% CI-0.2 t0 0.34, P=0.61;
MD -0.02, 95% CI -0.22 to 0.18, P=0.83)
(Figure 6B). Cochran’s Q test had P values of
0.63 and 0.43, and the corresponding quantity
12 was 0%.
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Discussion

Our study represents the first meta-analysis on
the clinical efficacy of autologous stem cell
transplantation in type 1 diabetes in popula-
tions from different countries. In our study,
HbA1c and daily insulin requirement decreas-
ed significantly after stem cell transplantation
and an improvement in C-peptide was demon-
strated. However there was no significant
change of GAD-Ab. These results are similar to
our previous analysis in type 2 diabetes [48]
and are equally exciting. Thus, our results sug-
gest that stem cell therapy for TAD may provide
improved glycaemic control, increased insulin
biosynthesis, elevated insulin secretion from
existing B-cells and might prevent islet-cell
loss.

Our analysis showed significant HbAlc reduc-
tion in T1D treated with stem cells at 3, 6, 9,
12, 15, 18, 21, and 24 months compared with
the control therapy. The results demonstrate
that stem cells therapy may improve glycaemic
control in TAD. The International Federation of
Clinical Chemistry (IFCC) has provided a new
reference method to obtain the actual glyco-
sylated haemoglobin concentration expressed
using the quantitative units of mmol/mol. Thus,
in our analysis, we collected HbAlc data ex-
pressed as a percentage, as recommended by
the American Diabetes Association (ADA) and
also expressed as mmol/mol. We used the con-
version formula HbAlc (mmol/mol) = [HbAlc
(%)-2.15]1%x10.929, which could introduce the
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5.1.1 Treg 6 month

Giannopoulou EZ 2014  6.53 3,63 7 444 283
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Michael J Haller 2013 047 084 10 021 02
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Test for overall effect 2 = 1.12 (P = 0.26)
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Michael J Haller 2011 34 341 22 44 415
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Test for overall effect Z = 0.63 (P = 0.53)
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Figure 6. Comparison of immune function with Treg (A) and CD4*/CD8* (B) before and after stem cell therapy. The
fixed effects model (Mantel-Haenszel method) was used in this analysis.

errors for the analysis. Furthermore, some clini-
cal trials used in this analysis reported the data
with median value (interquartile range or ratio).
For these data, we calculated the estimated
standard deviation (SD) by the formula, (upper
end of range-lower end of range)/1.35, and the
estimated mean was equal to the median
value. These calculations were included in our
data acquisition process, which could intro-
duce some bias into the analysis. In all, our
results suggest that after a long-term follow up
to two years, HbAlc levels were significantly
decreased, and the stem cell therapies showed
a clear improvement in glycaemic control.
However, comparing the stem cell therapy data
with the control data in the four trials for which
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these data were available did not show any sig-
nificant reduction in HbA1c. Therefore, drawing
robust conclusions might need clinical trials
with larger sample sizes.

Our results also showed a significant reduction
in the insulin requirement with stem cell treat-
ment after 3, 6 and 12 months. In one study,
stem cell therapy recipients were insulin free
after the 12 month follow up, providing data
values of zero in the analysis, which could not
provide valid analysis [28]. In the same study,
performed by Zhang et al, six patients became
insulin free, while the remaining three patients
still required insulin injection. These were
defined as IF (insulin-free) group and ID (insu-
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lin-dependent) group, respectively. The IF group
showed more AHST-modified genetic events
than the ID group and each group was associ-
ated with distinct patterns of top pathways, co-
expression networks, and ‘hub’ genes (e.g.,
TCF7 and GZMA) [28]. In other studies, this
group also reported stem cell recipients being
temporarily, but not continuously, insulin free
[22, 25, 26]. The achievement of exogenous
insulin independent following nonmyeloabla-
tive, autologous HSC transplantation has been
demonstrated in clinical trials with T1D patients
[7, 26]. Thus, stem cell therapy can potentially
increase insulin synthesis and decrease the
requirement for insulin, which would be benefi-
cial for T1D patients.

Our analysis showed significant C-peptide in-
crease in T1D patients at 3, 6, 9, 12 and 24
months after stem cell therapy compared with
pretreatment. The C-peptide levels and the
insulin requirement demonstrate the function
of the [B-cells. While mechanisms by which
MSCs and BMCs improve glycaemic control
remain to be investigated, increased C-peptide
levels suggested an increase of insulin biosyn-
thesis in these studies. It has been reported
that stem cells can serve as “tropic mediators”
to support islet function in an indirect manner,
such as promoting angiogenesis [49]. Recent
research has shown that MSCs can be further
differentiated to ISCs (insulin-secreting cells)
which expressed the transcription factors ipf-1
(insulin promoter factor-1), pax-6 (paired box
gene 6) and isl-1 (Isletl). All three genes cen-
trally control reprogramming of non-pancreatic
cells to acquire surrogate B-cell functions [45].
In addition, adipose-derived stem cells (ADSCs)
therapy can also reduce the inflammation of
cell infiltration and improve pancreatic expres-
sion of insulin and Pdx1 (pancreatic duodenal
homeobox 1) [50]. Based on these studies and
the results of the clinical trials, we conclude
that stem cell therapy in type 1 diabetes
increased C-peptide levels although this con-
clusion is limited by the accuracy of the
C-peptide level measurements and the selec-
tion criteria. Some studies presented the
C-peptide data with AUC level. We combined
these data, and the results of the analysis also
showed similar increases in C-peptide. Thus,
the stem cell therapy improves the C-peptide
levels in TAD and may involve B-cell differentia-
tion and maturation. Although not appearing to
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differentiate into insulin-producing cells them-
selves, autologous HSCs may aid in the preser-
vation of residual B-cells and promote an
increased B-cell mass by enhancing neovascu-
larisation, decreasing apoptosis, and/or stimu-
lating proliferation [12].

The presence of positive GAD-Ab is a clinical/
metabolic parameter of T1D that broadly com-
prises the inclusion criteria for every clinical
trial [7]. Thus, here we compared the anti-GAD
antibody titer data. After stem cell therapy in
two trials that included 33 patients, GAD was
not apparently decreased at 6 or 12 months. In
the patients included in these studies, persis-
tence of anti-GAD antibodies, even at low titers,
showed that the conditioning regimen was not
fully ablative for autoreactive B-cell clones and
confirmed that the magnitude of the humoral
response is not predictive of beta cell reserve
or clinical response [51]. These data and the
C-peptide data suggest that stem cell therapy
in TAD elevates insulin secretion from existing
B-cells and might prevent islet-cell loss.
Randomised controlled trials that confirm and
evaluate the therapeutic potential of stem cell
in the treatment of T1D are needed.

Immunological tolerance via clonal exhaustion,
cytokine effects, and alterations in immune cell
repertoires has been suggested as outcomes
of stem cell therapies for T1D. In our meta-anal-
ysis, we found no significant involvement of
immune function in stem cell therapy in T1D,
with no change in the Treg cells and the CD4*/
CD8* cells after the stem cell transplant. The
receptor-mediated interactions of CD40-CD40
ligand, TNF-TNF receptor and Fas-Fas ligand
impact B-cell destruction by secreting proin-
flammatory cytokines and ROS (reactive oxygen
species), and releasing granzymes and perforin
from cytotoxic effector T cells as described in
detail previously [7, 52]. Research into the
mechanisms of T1D have demonstrated that
systemic immune alterations, which include T
lymphocytes helper (Th) 1 and 2 recovery, the
balance of cytokines in blood, and local regula-
tion by the unique distribution of transforming
growth factor-B1 (‘a TGF-B1 ring’) in pancreatic
islets [37, 53], were associated with the control
of diabetes. It has been demonstrated that
MSCs and HSCs have immunomodulatory
effects on T cells, B cells, dendritic cells (DCs),
and natural Killer cells (NK cells), which would
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be helpful to reverse hyperglycaemia and
ameliorate islet graft rejection in T1D [4, 7, 54].
The potential of stem cells from various reso-
urces have been confirmed to restore immune
homeostasis [7, 55]. However, our analysis
showed no positive immune effect of the stem
cell therapy in T1D.

In short, the application of stem cell therapy in
cure for TAD appears promising and tolerable
with bona fide hope for a permanent cure with-
out serious side effects.

Limitation

Although our meta-analysis showed that autol-
ogous stem cell implantation is safe and effec-
tive for the majority of T1D patients, it also has
certain contraindications. Some studies men-
tioned that the therapeutic effects were influ-
enced by the degree to which the patients fol-
lowed their doctor’s advice, such as regarding
diet control and medication. Selection criteria
for these studies included the presence of dia-
betes-associated complications and comorbid-
ities, poor glucose control despite intensive
insulin therapy, and symptoms such as severe
hypoglycaemic episodes and hypoglycaemia
unawareness that significantly incapacitate the
patient. These factors might impact the quality
of the meta-analysis.

Thus, the present study has several limitations.
First, from a clinical trial point of view, the two
groups in the study should have exactly the
same background except for the intervention
factor. However in some studies treatment with
stem cell is a surgical operation, and as a
result, patients necessarily endure more dis-
tress. Also various clinical designs such as pro-
spective, nonrandomised, open-label and ran-
dom trials were included in our meta-analysis,
which may lead to distribution and implementa-
tion bias. This was the most important limita-
tion of this study [48]. Second, subjects in each
study were recruited from patients with T1D
without severe complications, and the involved
numbers were relatively small. Thus, these
results need to be replicated in a larger cohort.
In addition, follow-up studies confirming the
duration of insulin independence and delineat-
ing the mechanisms of action are vital to con-
firm and evaluate the therapeutic potential of
stem cell in the treatment of T1D.

In our analysis, stem cell therapies for T1D
patients resulted in improved glycaemic con-
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trol, elevated insulin biosynthesis, increased
insulin secretion from existing -cells, reduced
islet-cell loss and might involve immune func-
tion. Hence, the efficacy of the application of a
promising therapy for T1D could eventually ben-
efit millions of T1D patients and alleviate the
economic burden placed upon countries.
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