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Abstract: Background: Autologous hematopoietic stem cell transplantation (AHSCT) has been tested for the 
treatment of patients with new onset type 1 diabetes. T helper 1 (Th-1) cells secrete Interleukin (IL)-2, Gamma 
interferon (IFN-γ) and Tumor necrosis factor-β which may cause DM. On the other hand, T helper 2 (Th-2) cells 
secrete IL-4 and IL-10 which might be of protective value for beta cells. These findings have led to the development 
of the hypothesis that prevention of type 1 diabetes can beachieved by inhibition of Th-1 reactions and stimulation 
of Th-2 reactions. Objective: To evaluate the possible role of AHSCT done for cases of type 1 DM in modulating 
the immune response from Th-1 to Th-2. Study design: Pilot exploratory study conducted on cases of auto immune 
type 1 DM within the first 5 year of diagnosis, age above 16 years with positive antibodies against glutamic acid 
decarboxylase. Before AHSCT all patients were subjected to full history taking, clinical examination, and laboratory 
investigations: Fasting and post prandial blood sugar, Hemoglobin A1C (HBA1C), C-peptide, Serum IL-4 and 
Serum IFN-γ. These laboratory investigations and insulin doses were re-evaluated during follow up periods after 
AHSCT.Results:After AHSCTthere was; a significant increase in the means of C-peptide and IL4, significant 
decrease in fasting and post prandialblood sugar, HBA1C and the means of IFN-γ, 70% of patients decreased their 
daily insulin requirement while all patients did not experience any time free from insulin.Conclusion: AHSCT 
intype 1 DM can modulate the immune response from Th-1 to Th-2. 
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Introduction 

Type 1 Diabetes Mellitus (DM) comprises only 
5% to 10% of all diabetic etiologies but it is associated 
with a high frequency of vascular complications and 
compromises quality and expectancy of life (1). 
Combination of genetic, immunologic, and non-genetic 
factors contributes to the onset and progression of Type 
1 DM (2). 

Pathologically autoimmune diabetes is 
characterized by mononuclear cell infiltration into the 
pancreatic islets, termed insulinitis. These mononuclear 
cells consists of CD4 + and CD8+ T cells, B cells, NK 
cells, and macrophages (3). B-cells are among the 
earliest cells to infiltrate the pancreatic islets of NOD 
mice, and auto antibodies against islet antigens indicate 
disease onset in humans and mice. Despite this, 
autoantibody production is not sufficient to initiate 
disease and is disconnected from the occurrence of 
diabetes and insulitis(4). Rather, B-cells are 
multifunctional and are crucial antigen-presenting cells 
(APCs) for priming pro- inflammatory T-cell responses 
to β-cell antigens (5). 

T lymphocytes play the most pivotal role in 
initiating the disease process (6). In 1986, Mosmann et 
al. (7) reported that upon activation, CD4+ T cells will 
differentiate into two distinct T helper (Th) cell clones 
expressing distinct cytokine profiles and effector 
functions, thus giving rise to a unifying Th1/Th2 
paradigm. Th1 cells produce IL-2 and gamma 
interferon (IFN- γ), while Th2 cells produce IL-4, IL-5, 
IL-10, and IL-13 (8). Th0 cells, which produce both 
Th1 and Th2 cytokines, are generally regarded as 
precursors for Th1 and Th2 cells, being swayed into 
differentiating into either pathway in response to 
external stimuli and also in response to Th1 and Th2 
cytokines (9, 10). Th1 cytokines induce Th1 activity 
and block Th2 activity (11), whereas Th2 cytokines 
promote Th2 activity while inhibiting Th1 activity (12). 
This indicates that induction of one Th program is 
accompanied by a corresponding decline in the 
activation of the other Th program. It was postulated 
that Th1 cytokines exacerbate, while Th2 cytokines 
protect from, IDDM (13, 14). Expression of IFN-
{gamma} by Th-1 was not directly toxic to {beta} 
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cells, but rather affects diabetogenesis by promoting 
the recruitment and activation of cytotoxic T cells and 
macrophages(15). Apparently signals induced by IFN-γ 
do play an important diabetogenic role, since disease 
development was inhibited in NOD mice congenic for 
a functionally inactivated IFN-γ receptor (16). 

It is generally believed that effective therapy for 
autoimmune diabetes will require two scientific 
advances first restoration of insulin production by 
providing or eliciting new beta cells, secondly repair of 
the breakdown in immunological tolerance that 
precipitated the disease in the first place (17). 
Significant advances in the transplantation of human 
primary islets of Langerhans into individuals with Type 
1 diabetes has largely removed this insulin dependency 
(18, 19). However, the application of this treatment is 
restricted by the very limited availability of primary 
human islets from heart beating donors, and what is 
now required is an essentially limitless supply of a 
physiologically competent substitute for primary 
human islets of Langerhans (20). One alternative for 
islet transplantation would involve the use of a 
renewable source of stem cells capable of self-renewal 
and differentiation, as well as that of insulin 
production. Indeed, the development of a simple, 
reliable procedure to obtain autologous stem cells 
having the ability to differentiate into functional insulin 
producing cells would provide a potentially unlimited 
source of islet cells for transplantation and alleviate the 
major limitations of availability and allogeneic 
rejection (21). 

A variety of tissues harbor progenitor or stem cell, 
and it is possible to isolate and expand these cells in 
vitro and then differentiate them to adopt a ß-cell 
phenotype, they would be a potential source of 
substitute tissue for transplantation. It has been 
reported that stem cells derived from bone marrow can 
be differentiated in vitro (22) and in vivo (23) into 
insulin-expressing cells. A report of high-dose 
immunosuppression followed by autologous nonmyelo-
ablative hematopoietic stem cell transplantation for 
human type 1 DM done by Voltarelli et al. (24) 
recorded very encouraging results in a small number of 
patients with early-onset disease. Surprisingly, a 
number of patients undergoing HSCT for an 
autoimmune disease have been reported (25, 26), all 
were transplanted using autologous hematopoietic stem 
cells and actually, these data demonstrate the feasibility 
of stem cells transplantation in giving patients with 
these autoimmune diseases intense immunosuppressive 
state. 

The autologous transplantation may shift the 
scales of balance between immunity and tolerance 
through as yet undefined mechanisms. Theoretically, 
this may include clonal exhaustion, veto cells, 
suppressor cells, other auto-regulatory cells, immune 

indifference, cytokine alterations, infectious agents, 
changes in T- or B-cell (oligo) clonality, or changes in 
immune-dominant autoantigens(27). 
Bingham et al. (28); stated that autologous stem cell 
transplantation is starting to be examined as a potential 
therapy for severe, refractory autoimmune diseases 
such as multiple sclerosis, rheumatoid arthritis, 
systemic lupus erythematosus, autoimmune hemolytic 
anemia, idiopathic thrombocytopenic purpura, Celiac 
disease, Crohn's disease, Dermatomyositis, diabetes 
mellitus (type 1), Juvenile rheumatoid arthritis, 
Polymyositis and Systemic vasculitis. 
Alexander and colleagues. (29); set up an 
experimental autologous stem cell transplantation 
(ASCT) protocol for patients with life-threatening SLE, 
who were refractory to standard treatment with at least 
2 immunosuppressive drugs, they concluded that 
ASCT induced stable, long-term, clinical and serologic 
remission in SLE patients with refractory disease as 
ASCT, autologous progenitor cells give rise to 
differentiated cells that modulate immune functions 
with correction of the autoreactive responses. 

The aim of our study was to evaluate the possible 
role of autologous bone marrow transplantation done 
for cases of type 1 DM in modulating the immune 
response from Th-1 to Th-2. 
 
2. Patients and Methods 
Study design 

This study was conducted on 10 cases of auto 
immune type 1 DM in Ain Shams University Hospitals 
in The Pancreatic Islet Transplantation and diabetes 
Research Unit, who were selected according to 
inclusion and exclusion criteria as follows: 

Inclusion criteria; Diabetic cases type 1 within 
the first 5 years of diagnosis, age above 16 years and 
both male or female sex . 
Exclusion criteria; 

Receiving medications that may depress patient's 
immune system, patients with recurrent diabetic 
ketoacidosis, pregnancy or lactation, presence of other 
autoimmune disorder, presence of allergic conditions 
and patients having congestive heart failure, chronic 
liver disease or renal impairment. 
Study procedures: 

Laboratory preparation of stem cells from bone 
marrow of the patient: after obtaining an informed 
consent, the patient is given local anesthesia and 10-15 
ml aspirates from his iliac crest is obtained. 

a) Pre-Transplantation assessment: complete 
medical history and clinical examination, fasting and 
post prandial blood sugar, HBA1C, C-peptide levels, 
antibodies against glutamic acid decarboxylase (Anti 
GAD), CBC, Liver function tests, kidney function 
tests, serum level of IL-4 (as a marker for T helper 2 
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cell activity)  and serum level of INF-γ (as a marker for 
T helper1 cell activity). 

b) Post-injection follow up of: temporal changes 
in exogenous insulin requirements (dailydose) in 
addition to assessment of serum levels of HbA1c, C-
peptide levels after the 3rd month and by the end of the 
6th month post injection, serum level of IL4 and INF γ 
every 2 months following the procedure for 6 months. 
Biochemical methods: 

Glycatedhaemoglobin (HbA1c) level was 
determined using reagent kits while serum C-peptide, 
serum Interferon-γ and serum Interleukin-4 were 
measured by ELISA kit. 
Statistical analysis: 

The data was collected, revised, verified and 
analyzed statistically using SPSS V17. 
 
3. Results: 

 
Table (1): Descriptive data of studied cases as regard: age, weight, BMI, systolic and diastolic blood pressure, 
duration of type 1 DM, total insulin requirement. 

Variable Range Mean ± SD 

Age 18.000 - 22.000 19.900 1.449 

Weight (Kg) 55.000 - 78.000 65.700 6.651 

Height (cm) 153.000 - 190.000 167.400 10.002 

BMI (Kg/m2) 21.000 - 25.700 23.510 1.730 

Systolic blood pressure (mm/Hg) 120.000 - 135.000 128.500 5.798 

Diastolic blood pressure (mm/Hg) 70.000 - 85.000 77.500 5.401 

Total insulin requirement (pre injection) u/d. 42.000 - 80.000 61.000 11.136 

Duration of type 1 DM (years) 3.000 - 5.000 3.700 0.423 

 

.  
Figure(1): Change in total insulin requirement after transplantation 

 
Total insulin requirement after transplantation increased in 20% of cases, Decreased in 70% of subjects 

(statistical highly significant) and no change in 10% of cases 
 

Table (2): Fasting blood sugar pre-transplantation and 3 and 6 months after transplantation 

 

Fasting blood sugar Difference Paired t-test 

Range Mean ± SD Comp. Mean ±SD t P-value 

Pre transplantation 138.00 - 250.00 200.40 38.66      

After 3ms 123.00 - 230.00 167.60 34.35 Pre-6ms 48.30 34.64 4.41 0.00 
After 6ms 115.00 - 216.00 152.10 31.86 3ms-6ms 15.50 6.55 7.48 0.00 

 
The mean of fasting blood sugar pre transplantation showed highly significant decrease after the 3rd month & 

the 6th month of transplantation. 
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Table (3): Post prandial blood sugar pre-transplantation and 3 and 6 months after 

 
Post prandial sugar Difference Paired t-test 

Range Mean ± SD Comp. Mean ±SD t P-value 

Pre transplantation 155.00 - 350.00 247.80 62.25      

After 3months 125.00 - 300.00 197.20 55.44 Pre-6ms 70.60 38.33 5.82 0.00 
After 6months 120.00 - 280.00 177.20 51.17 3ms-6ms 20.00 8.25 7.67 0.00 

 

The mean of post prandial blood sugar pre transplantation showed highly significant after the 3rd month & the 
6th month of transplantation 

 

Table (4):hemoglobin A1C level pre-transplantation and 3 and 6 months after transplantation. 

 

HbA1C Difference Paired t-test 

Range Mean ± SD Mean ±SD t P-value 

Pre transplantation 7.000 - 9.300 8.220 0.646 
    

After 3ms. 7.000 - 9.000 8.050 0.635 0.170 0.295 1.825 0.101 

After 6ms. 7.200 - 9.000 7.840 0.643 0.380 0.539 2.229 0.048* 
 

 

The mean of HbA1C pre transplantation dropped significantly after 6 months of transplantation, however 
insignificant decline was recorded after 3 months. 

 

Table (5): SerumC-peptide level pre-transplantation and 3 and 6 months after. 

 

C-peptide Difference Paired t-test 

Range Mean ± SD Mean ±SD t P-value 

Pre transplantation 0.500 - 3.600 1.330 0.907 
    

After 3ms. 1.500 - 6.300 4.190 1.718 -2.860 1.798 -5.029 0.001* 

After 6ms. 2.000 - 9.000 6.120 2.649 -4.790 2.730 -5.549 0.000* 

 

The means of serum C-peptide pre transplantation showed highly significant increase after 3 & 6 months of 
transplantation. 

 

Table (6): Seruminterleukin 4level pre-transplantation and 2, 4 and 6 months after. 

 
Interleukin 4 Difference Paired t-test 

Range Mean ± SD Mean ±SD t P-value 
Pre transplantation 30.000 - 90.000 64.100 18.387 

    
After 2ms. 40.000 - 120.000 84.800 20.666 -20.700 14.221 -4.603 0.001* 
After 4ms. 88.000 - 122.000 103.900 13.000 -39.800 22.783 -5.524 0.000* 
After 6ms. 95.000 - 130.000 111.200 11.053 -47.100 19.439 -7.662 0.000* 
 

The mean of IL- 4 pre transplantation showed highly significantly increase after transplantation by 2 months 
with further highly significant rise after 4 & 6 months. 
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Figure(2): Gamma interferon pre and after transplantation 2, 4, 6 months. 
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The mean of Gamma interferon pre 
transplantation showed highly significant decline after 
transplantation by 2 months with further drop after the 
4th and 6th months. 

 
4. Discussion 

Type 1 diabetes is an autoimmune disease and 
results from T cell-mediated destruction of insulin-
producing pancreatic beta cells. Patients at onset of 
type 1 diabetes usually have limited beta cell mass and 
depend on exogenous insulin treatment. Although 
intensive insulin treatment can achieve adequate 
glycemic control, it does not completely prevent the 
development of diabetic complications. Hence, the 
development of new therapies to control T cell 
autoimmunity and to preserve the remaining beta cell 
function will be of great significance in managing 
patients with type 1 diabetes. (30) 

Autologous hematopoietic stem cell 
transplantation (AHSCT) has been tested for the 
treatment of patients with new onset of type 1 diabetes. 
This therapeutic strategy can result in exogenous 
insulin independence by destroying pathogenic 
memory T cells and preserving the remaining beta cell 
function. However, little is known about the efficacy of 
AHSCT in the dynamics of immunocompetent cell 
reconstitution and how the reconstituted immune 
system regulates beta cell-specific antibody response. 
(31) 

The cytokine profile of T-helper cells is crucial to 
the development of an effective immune response. Th-
1 cells secrete IL-2, IFN-γ and tumor necrosis factor 
beta (TNF-β) which may cause diabetes in different 
ways. These mediators may stimulate immune 
inflammatory responses such as the activation of 
cytotoxic T-cells. This, in turn, may lead to destruction 
of pancreatic β-cells and activation of macrophages 
leading to the secretion of pro-inflammatory cytokines 
such as IL-1, TNF-α, IFN-γ and free oxygen or 
nitrogen radicals which are cytotoxic to beta cells (32). 

On the other hand, Th-2 cells secrete cytokines 
such as IL-4 and IL-10 which may be protective for 
beta cells. Along with its ability to drive T-helper cells 
to a Th-2 phenotype, IL-4 also possesses strong down 
regulatory properties with respect to Th-1 cells not 
excluding autoreactive Th-1 cells. The expression of 
IL-4 in the target organ significantly reduced the 
diabetogenic potential of islet-specific T-cells. These 
findings have led to the development of the hypothesis 
that prevention of type-1 diabetes can be achieved by 
inhibition of Th-1 reactions and stimulation of Th-2 
reactions (33). 

The aim of our study was to evaluate the possible 
role of autologous bone marrow transplantation done 
for cases of type 1 DM in modulating the immune 
response from T helper 1 to T helper 2 cells. 

This study was conducted on 10 patients with 
auto immune type 1 diabetes mellitus, selected 
according to inclusion and exclusion criteria and who 
agreed to sign a written consent. 

In our study, the mean of fasting and post prandial 
blood sugar showed highly significant decrease after 3 
and 6 months following transplantation and despite the 
insignificant decline recorded for HbA1C after 3 
months post transplantation, a significant decline was 
observed after 6 months of transplantation. these results 
came close to study done by Dave et al. (34); who 
found improvement in mean Hb1Ac from 10.99 to 
6.72% after treating IDDM patients with autologous 
adipose tissue-derived MSC mixed with hematopoietic 
stem cells (HSC). Our results also agreed with the 
study done by Couri et al. (35); who recorded a highly 
significant decline in the mean pre-transplant 
HbA1C from 8% to 5.4%, 5.7%, 5.7%, 5.5% and 6.0% 
at 3, 12, 24, 36 and 48 months post AHSCT 
respectively, following AHSCT done for 23 type 1 
diabetic cases. Furthermore our results agreed with the 
study done by Otonkoski et al. (36);who recorded a 
significant drop in  HbA1c concentration from 11.5 % 
pre transplantation to a level of 5.88% at 6 months and 
5.76% at 12 months following AHSC transplantation 
in15 patients (age 19 - 32) with early diagnosis of type 
1 diabetes. 

In our work the means of C-peptide level before 
transplantation (1.330 + 0.90) showed a significant 
increase at 3 and 6 after autologous bone marrow 
transplantation (4.19+1.71), (6.12+2.64) respectively 
this result agreed with the study done by Carlos et al. 
(37);who dida prospective study on 23 patients with 
type 1 DM (aged 13-31 years) recently diagnosed and 
confirmed by measurement of serum levels of anti-
glutamic acid decarboxylase antibodies showed that the 
C-peptide levels increased significantlyafter a mean 
follow-up of 29.8 months following autologous HSCT. 
Also our result agreed with Ablamunits et al. (38); 
who recorded a significant elevation in serum C-
peptide level 6 months following AHSCT performed 
for 13 diabetic patients. In contrast to our result, 
Giannopoulou et al. (39); who found insignificant 
changes in serum C-peptide level at 12 months follow-
up between seven children with newly diagnosed type 
1 diabetes underwent a single autologous cord blood 
infusion and 10 children who were enrolled as natural 
controls children. 

In our study, the daily total insulin requirement 
increased in 20% of studied subjects, but the total 
insulin dose decreased significantly in 70% of studied 
subjects, this result came close to the study done by 
Weiqiong et al. (40);whofound a significant decrease 
in the average daily insulin dose requirements at 1 
month after AHSC transplantation, however the lowest 
dose was reached after 3 months, and remained at a 
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stable level for at least 24 months in a study involved 
28 type 1 diabetic patients. In contrast to our study 
where no subject recorded insulin free time, Couri et 
al. (35);Who found after a mean follow-up period of 
29.8 months post AHSCT, 20 patients out of 23 one to 
become insulin free; 12 patients maintained this status 
for a mean of 31 months (range 14–52 months), while 
8 patients relapsed and resumed insulin use at a low 
dose (0.1–0.3 IU/kg). Also Snarski et al. (31); 
recorded that all of the enrolled eight naïve type 1 
diabetic patients in his study to become insulin free 
after the transplantation but one patient resumed using 
low-dose insulin 7 months after the transplantation, and 
six patients were given acarbose for better glycemic 
control after transplantation but actually the procedure 
performed in that study involved performing 2 to 3 
plasmaphereses, hematopoietic stem cell mobilization 
with colony stimulating factor, collecting of at least 3 × 
10(6) per kg of CD34+ cells, and conditioning with 
anti-thymocyte globulin followed by stem cell infusion. 

In the present study the mean of Interleukin 4 
significantly increasedafter transplantation by 2, 4 and 
6 months to (84.8+20.6), (103.9+13) and (111.2+11) 
respectively this came close to the study done by 
Voltarelli et al. (41); who found an increase in the 
numbers of regulatory CD4+ T cells and Th2 
cytokines-producing cells, following AHSCT done for 
21 newly diagnosed type 1 diabetic cases. Also our 
result came close to the study done by Mesples et al. 
(42); who showed negative value in ICA, GAD and 
anti-insulin antibody levels, with an increased levels of 
C- peptide and decreased levels of blood glucose and 
HbA1c in two naïve type 1 diabetic patients (≤ 8 years 
old) after 12 months of treatment with autologous bone 
marrow stem cell. However our result came in contrast 
to the study done byLirong et al. (43); who found 
insignificant difference between serum level of IL-4 
before AHSCT and throughout the observation period 
(31–54 months) following the transplantation done for 
thirteen naïve type 1 diabetic patients. 

In our study, the means ofserum Gamma 
interferon level significantly decreased (p<.001) after 
transplantation at 2, 4 and 6 months, thisresult came 
along with the study done byZhang et al. (44);who 
found The acute responses in lymphocytes at six-month 
follow-up include declined CD3(+)CD4(+), 
CD3(+)CD8(+) T cell population, concluding that 
AHST may eliminate the islet specific autoreactive T 
cells thus improving the islet function in newly 
diagnosed type 1 diabetic patients. In contrast to our 
finding,Lirong et al. (43); found insignificant 
difference between serum level of Gamma interferon 
before AHSCT and throughout the observation period 
(31–54 months) following the transplantation done for 
thirteen naïve type 1 diabetic patients. Also our result 
disagrees with Giannopoulou et al (39); who found 

insignificant changes in immune response (islet 
autoantibody titer and T-cell response) at 12 months 
follow-up for seven children with newly diagnosed 
type 1 diabetes underwent a single autologous cord 
blood infusion. 

In conclusion, the present work documented that 
the Autologous hematopoietic stem cell transplantation 
(AHSCT) for autoimmune type 1 DM can modulate the 
immune response from T helper 1 to T helper 2, this 
conclusion based on measurement of INF γ (marker of 
T helper 1) which was significantly decreased and IL4 
(marker of T helper 2) which was significantly 
increased after AHSCT. 
 
References 
1. Rubin RR and Peyrot M. Quality of life and 

diabetes. Diabetes Metab Res Rev.1999;  15:205-
218. 

2. Atkinson M and Maclaren N. The pathogenesis of 
insulin-dependent diabetes mellitus. N. Engl. 
J. Med.1994; 24:1428-1436. 

3. Kawamoto S, Nitta Y, Tashiro F, et 
al.Suppression of T helper 1 cell activation and 
prevention of autoimmune diabetes in NOD mice 
by local expression of viral IL -10. International 
immunology. 2001; 13(5):685-694. 

4. Lehuen A, Bendelac A, Bach JF, et al. The non-
obese diabetic mouse model. Independent 
expression of humoral and cell-mediated 
autoimmune features.  J Immunol. 1990; 144: 
2147– 2151. 

5. Bouaziz J, Yanaba K, Venturi G et al. 
Therapeutic B cell depletion impairs adaptive and 
autoreactive CD4+ T cell activation in mice.  
ProcNatlAcad Sci. 2007; 104: 20882– 20887. 

6. Sempe P, Bedossa P, Richard M et al. Anti-
alpha/beta T cell receptor monoclonal antibody 
provides an efficient therapy for autoimmune 
diabetes in nonobese diabetic (NOD) mice. Eur. J. 
Immunol.1991; 21:1163–1169. 

7. Mosmann T, Chervinshi H, Bond M et al. Two 
types of murine helper T-cell clones. I. Definition 
according to profiles of lymphokine activities and 
secreted proteins. J. Immunol.1986; 136:2348-
2357. 

8. Robinson, N and Fuller J. Role of life events and 
difficulties in the onset of diabetes mellitus. J. 
Psychosom. Res.1985; 29:583-591. 

9. Swain S, Weinberg A, English M et al.IL-4 
directs the development of Th2-like helper 
functions. J. Immunol.1990; 145:3796-3806. 

10. Sad and Mosmann T. Single IL-2 secreting 
precursor CD4 T cell can develop into either Th1 
or Th2 cytokine secretion phenotype. J. 
Immunol.1994; 153:3514-3522. 



 Life Science Journal 2015;12(12)       http://www.lifesciencesite.com 

 

41 

11. Hsieh C, Macatonia S, Tripp C et al.Development 
of Th1 CD4+ T cells through IL-12 produced by 
Listeria induced macrophages. Science1994; 
260:547-549. 

12. Swain SL. IL-4 dictates T-cell differentiation. 
Res. Immunol.1993; 144:616-620. 

13. Rapoport M, Jaramillo A, Zipris D et 
al.Interleukin 4 reverses T cell proliferative 
unresponsiveness and prevents the onset of 
diabetes in non-obese diabetic mice. J. Exp. 
Med.1993; 178:87. 

14. Pennline K, Roque-Gaffney E and Monahan M. 
Recombinant human IL-10 prevents the onset of 
diabetes in the nonobese diabetic mouse. Clin. 
Immunol. Immunopathol. 1994; 71:169. 

15. Savinov A, Wong S and Chervonsky A. IFN-
{gamma} Affects Homing of Diabetogenic T 
Cells The Journal of Immunology 2001; 167: 
6637-6643. 

16. Wang B, Andre I, Gonzalez A et al. Interferon γ 
impacts at multiple points during progression of 
autoimmune diabetes. ProcNatlAcad Sci. 1997; 
94:13844–13849. 

17. Nishio J, Gaglia J, Turvey S et al. Islet Recovery 
and Reversal of Murine Type 1 Diabetes in the 
Absence of Any Infused Spleen Cell Contribution   
Science2006; 311 (5768) :1775 – 1778. 

18. Shapiro A, Lakey J, Ryan E et al. Islet 
transplantation in seven patients with Type 1 
diabetes mellitus using a glucocorticoid-free 
immunosuppressive regime. New England Journal 
of Medicine 2000; 343 230–238. 

19. Ryan E, Lakey J, Rajotte R et al.Clinical 
outcomes and insulin secretion after islet 
transplantation with the Edmonton Protocol. 
Diabetes2001; 50: 710–719. 

20. Burns C, Persaud S and Jones P. Stem cell 
therapy for diabetes: do we need to make beta 
cells? Journal of Endocrinology2004; 183:437-
443. 

21. Qi Tang D, Cao L, Burkhardt B et al. In Vivo and 
In Vitro Characterization of Insulin-Producing 
Cells Obtained From Murine Bone Marrow. 
Diabetes2004;53:1721–1732. 

22. Jahr H and Bretzel B. Insulin-positive cells in 
vitro generated from rat bone marrow stromal 
cells. Transplantation Proceedings2003; 35:2140–
2141. 

23. Ianus A, Holz G, Theise N and Hussain M. In 
vivo derivation of glucose-competent pancreatic 
endocrine cells from bone marrow without 
evidence of cell fusion.  Journal of Clinical 
Investigation 2003; 111: 843–850. 

24. Voltarelli J, Couri C, Stracieri A et al.Autologous 
Non-myeloablative Hematopoietic Stem Cell 

Transplantation in Newly Diagnosed Type 1 
Diabetes Mellitus JAMA2007; 297:1568-1576. 

25. Fassas A, Annagnostopoulos A, KazisAet al. 
Peripheral blood stem cell transplantation in the 
treatment of progressive multiple sclerosis: first 
results of a pilot study.  Bone Marrow 
Transplant1997; 20:631 -638. 

26. Huhn R, Read E, Rick M et al.Intensive 
immunosuppression with high dose 
cyclophosphamide and autologous CD34+ 
selected hematopoietic stem cell support for 
chronic refractory autoimmune 
thrombocytopenia. Blood1998; 92:178a. 

27. Burt R and Traynor A. Hematopoietic Stem Cell 
Transplantation: A New Therapy for Autoimmune 
Disease. The Oncologist 1999; 4 (1):77-83. 

28. Bingham S, Snowden J, Emery P. Autologous 
blood stem cell transplantation as therapy for 
autoimmune diseases. Ann Med. 2000; 32(9):615-
621. 

29. Alexander T. Long-term immune reconstitution in 
patients treated with autologous stem cell 
transplantation (ASCT) for refractory systemic 
lupus erythematosus (SLE). Program and 
abstracts of the 7th International Congress on SLE 
and Related Conditions; May 9-13,2004; New 
York, NY. 

30. Jensen RA, Agardh E, Lernmark A, et al.HLA 
genes, islet autoantibodies and residual C-peptide 
at the clinical onset of type 1 diabetes mellitus 
and the risk of retinopathy 15 years later. 2011; 
PLoS One 6:e17569. 

31. Snarski E, Milczarczyk A, Torosian T, et 
al.Independence of exogenous insulin following 
immunoablation and stem cell reconstitution in 
newly diagnosed diabetes type I. Bone Marrow 
Transplant 2011; 46:562–566. 

32. Christen U, Juedes A, Homann D et al.Virally-
induced inflammation and therapeutic avenues in 
type 1 diabetes. EndocrinolMetabClin North Am. 
2004; 33: 45-58. 

33. Rabinovitch A and Suarez-Pinzon W. Cytokines 
and their roles in pancreatic islet β-cell 
destruction and insulin dependent diabetes 
mellitus. Biochem Pharmacol.1998; 55(8):1139-
49. 

34. Dave S, Vanikar A, Trivedi H, et al.Novel 
therapy for insulin-dependent diabetes mellitus: 
infusion of in vitro-generated insulin-secreting 
cells. ClinExp Med. 2015; 15(1):41-5. 

35. Couri C, Oliveira M, Stracieri A, et al. C-peptide 
levels and insulin independence following 
autologous non-myeloablative hematopoietic stem 
cell transplantation in newly diagnosed type 1 
diabetes mellitus. JAMA. 2009; 301(15): 1573-
1579. 



 Life Science Journal 2015;12(12)       http://www.lifesciencesite.com 

 

42 

36. Otonkoski T, Gao R and Lundin K. Stem cells in 
the treatment of diabetes. Ann Med. 2005; 37: 
513-520. 

37. Carlos E, Couri M, Maria C, et al.C-Peptide 
Levels and Insulin Independence Following 
Autologous Non-myeloablative Hematopoietic 
Stem Cell Transplantation in Newly Diagnosed 
Type 1 Diabetes Mellitus,JAMA2009; 
301(15):1573-1579. 

38. Ablamunits V, Sherry N, Kushner J, et 
al.Autoimmunity And beta cell regeneration in 
mouse and human type 1 diabetes: the peace is 
not enough. Ann NY Acad Sci. 2007; 1103:19–
32. 

39. Giannopoulou E, Puff R, Beyerlein A, von 
Luettichau I, et al.Effect of a single autologous 
cord blood infusion on beta-cell and immune 
function in children with new onset type 1 
diabetes: a non-randomized, controlled trial. 
Pediatr Diabetes 2014; 15(2):100-9. 

40. Weiqiong G, Jiong H, Weiqing W, et al.diabetic 
ketoacidosis at diagnosis influences complete 
remission after treatment with hematopoietic stem 

cell transplantation in adolescents with type 1 
diabetes; Diabetes Care 2012; 35:1413–1419. 

41. Voltarelli J, Couri C, Stracieri A, et al.Autologous 
hematopoietic stem cell transplantation for type 1 
diabetes.Ann N Y Acad Sci.2008;1150:220-9. 
doi: 10.1196/annals.1447.048. 

42. Mesples A, Majeed N, Zhang Y, Hu X.Early 
immunotherapy using autologous adult stem cells 
reversed the effect of anti-pancreatic islets in 
recently diagnosed type 1 diabetes mellitus: 
preliminary results.Med SciMonit. 2013; 19:852-
7. 

43. Lirong  L, Shanmei  S, Jian O et al.Autologous 
Hematopoietic Stem Cell Transplantation 
Modulates Immunocompetent Cells and Improves 
beta Cell Function in Chinese Patients with New 
Onset of Type 1 Diabetes. J 
ClinEndocrinolMetab. 2012; 97(5):1729–1736. 

44. Zhang X, Ye L, Tang W, et al. Acute Response of 
Peripheral Blood Cell to Autologous 
Hematopoietic Stem Cell Transplantation in Type 
1 Diabetic Patient. PLoS ONE 2012; 7(2). 
e31887.doi:10.1371/journal.pone.0031887. 

 
 
 
 
11/26/2015 


