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Background: Bone marrow stem cells have been shown to be a promising therapeutic strategy for autoimmune diseases.
This study aimed to assess the safety and efficacy of autologous hematopoietic stem cell (ABMSC) transplan-
tation without immunoablation used to suppress the autoimmune reaction in 6 children with newly diagnosed
autoimmune diabetes mellitus. We monitored the levels of islet cell antibodies (ICA), antibodies against islet
antigen-related tyrosine phosphatase 2 (IA2), glutamic acid-decarboxylase (GAD) antibodies, and anti-insulin
antibodies (AIA).

Material/Methods: Between 2018 and 2022, 6 children (age 6-10 years, average 8 years) recently diagnosed with type 1 diabe-
tes mellitus with the presence of ICA, A2, GAD, AIA and ketoacidosis, were treated with an ABMSC stimulated
with Filgrastim, granulocyte colony-stimulating factor (G-CSF), 10 ug/kg/day for 4 days. Bone marrow was har-
vested on day 5, collected by puncture and identified as mononuclear cells >180x10°/kg, CD34+ >0.22%, and
transplanted by intravenous (i.v.) infusion. Patients were monitored with ICA, 1A2, GAD, AIA, C-peptide, blood
glucose, and glycosylated hemoglobin Alc (HbA1C) 6 months after the procedure.

Results: At 6-month follow-up, we observed a negative value of the ICA, which was previously positive (P<0.001). The
IA2 (p=0.037) and GAD (P=0.377) antibodies decreased slowly but were significantly lower. AIA remained high.
A decrease in blood glucose and HbA1C levels was observed (P<0.001). No complications occurred during
follow-up.

Conclusions: Autologous hematopoietic stem cell transplantation without immunoablation was safe and effective in signif-
icantly decreasing the production and effect of autoantibodies against ICA, GAD, and A2, as well as decreas-
ing blood sugar levels and HbA1c.
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Background

Diabetes is a chronic and degenerative disease with short- and
long-term multi-functional complications and significant asso-
ciated mortality and morbidity [1,2]. Autoimmune T1D is a met-
abolic disorder characterized by elevated blood glucose levels
as a result of decreased insulin secretion. This decrease in in-
sulin secretion is secondary to the destruction of the B cells
of the pancreatic islets. The World Health Organization re-
cently declared diabetes to be a pandemic. It is a significant
global health problem with millions of patients worldwide.
Individuals with diabetes have a 2-4-fold higher chance of hav-
ing a stroke, myocardial infarction, or peripheral artery disease
in comparison to individuals without diabetes. Currently, dia-
betes lacks effective treatments. America, and in particularly
the Caribbean and Central America regions, are seriously af-
fected by the disease. The Caribbean region has almost twice
the incidence (12%) of type 1 and type 2 diabetes compared
to other regions in America [3]. In the Bahamas, 50-60% of all
citizens will develop diabetes at some point in their lives and
50% of all deaths in the Bahamas are due to a condition relat-
ed to diabetes [3]. Diabetes is the leading cause of blindness
in individuals aged 20-74 years in the Bahamas. Moreover,
diabetes creates a serious financial burden, with 80% of the
total drug costs for the National Prescription Drug Plan cur-
rently spent on treatment for diabetes and hypertension [3].

Autoimmune diabetes is characterized by the presence of an-
ti-islet antibodies (ICA), anti-CMV IE2 antibodies, anti-glutam-
ic acid decarboxylase antibodies (anti-GAD antibodies), and
anti-insulin antibodies [4]. Type 1 diabetes mellitus (T1D) af-
fects children and young adults. Specific autoantibodies and
killer T cells attack insulin-secreting pancreatic islet B cells and
cause their destruction. This causes a decrease in insulin se-
cretion and leads to the need for exogenous insulin to regu-
late glucose metabolism. Islet cell autoantibodies are strong-
ly associated with the development of T1D. The specificity of
autoantibodies against pancreatic islet cells (ICA), islet cell an-
tigen 2 (IA2), and antibodies against insulin is very high in au-
toimmune diabetes [5,6]. The attack of these antibodies is the
characteristic feature of the first stage of T1D and the sum of
the antibodies involved has important prognostic implications,
since it is directly related to the severity of the disease [5,6]
therefore, the antibody level is reported as an independent risk
variable [6]. Antibodies destroy insulin-producing pancreatic
cells, T cells, and regulatory T cells (Tregs). We know that ef-
fector T cells are activated against and attack pancreatic cells,
while Treg cells, which normally maintain the balance of cel-
lular reaction, homeostasis, and self-tolerance through their
inhibitory impact on autoreactive effector T cells [7], are de-
creased. There is evidence that Treg cell abnormalities, either
in number or function, are associated with the onset and pro-
gression of T1D [8].
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Autoimmune diabetes confronts us with a challenge because
children not only require the supply of insulin and glycemic
control, but also need correct nutritional intake, physical ac-
tivity, and a social environment that allows them to grow
properly and develop fully [9]. Children have different needs
compared to those of adults with diabetes. For this reason,
the different therapeutic alternatives with the different types
of insulin and control devices must be analyzed individually
to be effective in a broad sense. Currently, the main goals of
treating autoimmune diabetes in children include controlling
and maintaining glucose levels as close to normal as possi-
ble, avoiding acute complications, and preventing long-term
complications [9]. Recent reports describe the results of these
strategies and warn of an increase in complications and the
cost-benefit ratio [10]. Undoubtedly, the treatment of autoim-
mune diabetes presents a complex problem and requires in-
novative alternatives for its management.

Different authors have shown that hematopoietic stem cells
and mesenchymal cells have properties that allow them to reg-
ulate the action of the immune system [11,12]. Several studies
have shown that mesenchymal cells (MSCs) can secrete pep-
tides, such as hepatocyte growth factor, with local immuno-
suppressive capacity [12]. Transforming growth factor-1 has
also been shown to interact with hepatocyte growth factor and
cause T cell suppression [13]. Interleukin-10 (IL-10) also ap-
pears to be expressed by MSCs and has a proven role in reg-
ulating T cells and promoting the suppressive phenotype by
antagonizing the action of interleukin-12 (IL-12) during induc-
tion of the inflammatory immune response [14-16].

Bone marrow stem cells (BMSCs) also display immunomodula-
tory properties via CD4+ and CD8+ T cells via surface molecular
program death ligand 1 (PD-L1), secrete nitric oxide (NO), and
control lymphocyte proliferation by mitogen suppression [17].
Another group of researchers has shown a significant decrease
in the proliferation of T cell clones after stimulation by anti-
gen-presenting cells (APCs) and glutamic acid peptide decar-
boxylase (GAD), suggesting that BMSCs can suppress the pro-
liferation of GAD-specific T cells [18].

Many studies have shown that control of diabetes is correlat-
ed with systemic immune disturbances, such as restoration
of T-lymphocyte helper cells (Th 1 and 2), balance of cyto-
kines in the blood, and local immune regulation in pancreatic
islets through transforming growth factor -b1, which can pro-
tect pancreatic islet B cells against these lymphocytes [19-21].

Based on these research findings, adult stem cells are now
emerging as a valid alternative treatment for autoimmune di-
abetes [22]. Hussein et al have shown that adult stem cells
can migrate and differentiate into cells of different lineages.
Using human pancreatic islets as an in vitro model of peripheral
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tissues, it has been observed that these islets release factors
that attract stem cells and this attraction is mainly mediated
by the chemokines CX3CL1 and CXCL12 [23,24].

Many in vitro studies have demonstrated the immunomodula-
tory and anti-inflammatory properties of stem cells and their
mechanisms of action [25-28]. Recently, Lakey et al demon-
strated that mesenchymal cells, acting through their exosomes,
decreased demyelination, decreased neuroinflammation, and
increased the number of CD4+CD25+FOXP3+ regulatory T cells
(Tregs) in the spinal cords of mice with autoimmune enceph-
alomyelitis [29].

Autologous hematopoietic stem cell transplantation has been
tested in several clinical trials to treat autoimmune diseases,
such as multiple sclerosis (MS), systemic sclerosis (SSc), sys-
temic lupus erythematosus (SLE), Crohn’s disease (CD), type 1
diabetes (T1D), and a variety of other immune-mediated dis-
orders [30-32].

In autoimmune diabetes there are clinical experiences using
hematopoietic stem cells (HSC) with results that demonstrate
their effectiveness, even recent studies report that immuno-
modulatory and trafficking abilities can be improved in ge-
netically modulated HSC and genetically modified HSC can be
seen as a new therapy in type 1 diabetes. However, there are
still doubts regarding the durability of its effects [33]. There is
evidence showing significant independence from insulin with
metabolic control and increased C-peptide in short- and me-
dium-term follow-up. Even a cost-effectiveness analysis con-
ducted in type 1 diabetic patients who underwent autologous
hematopoietic cell transplantation, compared to type 1 dia-
betic patients who remained on insulin therapy, showed cost-
effectiveness benefits [33].

Recently, Madani et al [34] published a meta-analysis show-
ing that 26% of treated patients were insulin-free for a peri-
od of 1 to 80 months and 68% of patients showed a decrease
in the daily dose of insulin after autologous hematopoietic
cell transplantation. The combination of hematopoietic stem
cells (HSC) with mesenchymal stem cell (MSC) transplantation
was significantly associated with improvement in daily insulin
dose, with a decrease in HbA1C and an increase in C-peptide.
However, they found many serious adverse events secondary
to immune ablation before transplant, which improves the
safety of the treatment [34].

In the present study, we chose to measure antibodies because
other authors have already verified the influence of hemato-
poietic stem cells in inactivating T cells, or the cellular pathway
for the destruction of pancreatic B cells, but not the antibody-
mediated humoral pathway. Also, the levels of ICA, GADA, and
IA2 are high at the onset of diabetes and their determination
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is simple, routine, and effective in the diagnosis of autoim-
mune diabetes and checking the humoral immune reaction.
In addition, follow-up can quantify the effectiveness of the
proposed treatment. We have previously published our expe-
rience in the measurement of antibodies in patients with au-
toimmune diabetes and treatment with hematopoietic stem
cells but implanted via liver puncture [35].

Our present study describes the changes observed in the mea-
surement of ICA, anti-GAD, anti-CMV |A2, and anti-insulin an-
tibodies during the 6-month follow-up in 6 children with re-
cently diagnosed autoimmune diabetes after administration
of Filgrastim-stimulated autologous hematopoietic stem cells
from bone marrow transplantation and intravenous infusion,
without immune ablation, with ex vivo or cell cultures. To the
best of our knowledge, this is the first report on this topic.

Material and Methods

This pilot study focused on newly diagnosed T1D patients
(<120 days from initial diagnosis). Our study protocol was re-
viewed and granted approval by the National Stem Cell Ethics
Committee of The Bahamas, Bahamas REGISTRAR #2830. The
parents of the patients signed the informed consent after the
researchers explained the protocol and answered all the fam-
ily’s questions, complying with all the recommendations of
the Good Practices in Clinical Research. The study included 6
young patients who were recently diagnosed with type 1 di-
abetes mellitus and who showed positive anti-islet antibod-
ies (ICA), anti-CMV IE2 antibodies, anti-glutamic acid decar-
boxylase antibodies (anti-GAD antibodies), and anti-insulin
antibodies and ketoacidosis. Immediately following diagno-
sis, the patients were monitored and treated with insulin to
maintain their blood glucose within a normal range. Routine
blood work was conducted.

Patient Characteristics

Diabetes was diagnosed by an independent endocrinologist
with a non-fasting C-peptide below 1.0 mg/dL and hypergly-
cemia above 300 mg/dL, along with glycated hemoglobin A1C
(HbA1C) and a physical exam. The patients had a diagnosis of
type 1 diabetes for <120 days (60-120 days) and were on aver-
age aged 8 years [6-10]. Of the subjects, there were 5 female
patients and 1 male patient. For all 6 patients, body mass in-
dex was normal at <22 kg/m?, with a normal complete blood
count and coagulation, normal renal function, no lesions in tar-
get organs, HbA1lc level < 12% (6-12), C-peptide level <0.9 ng/
ml, and positive results for antibodies to islets cells (ICAs), ty-
rosine phosphatase-related islet antigen 2 (IA2), glutamic acid
decarboxylase (GAD), and insulin antibody (Table 1). The fam-
ilies of the patients provided informed consent.
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Table 1. Variables analyzed at baseline of patients with autoimmune diabetes who received an autologous bone marrow stem cell
transplant.

Glyc.

Patient age Ins dose Alc Creatinine C peptide ICA GAD 1A2 INS AB
(years) (units) (mg/dl) (c':';t/':ll) (ng/mL) (JDF units) (units/ml) (units/ml) (units/ml)
Patient 1 8 30 ) 0.6 >250 <0.1 17 180 150 1

CPatient2 7 30 10 09 <50 09 13 20 100 05
Cpatients 9 0 10 09 15025 08 0 200 100 07
Cpatient4 10 s 10 12 150250 <1 25 350 68 - L
Cpatients 6 0 8 06 150250 <01 15 100 120 08
CPatienté 7 30 11 09 150250 <01 2 170 100 05

ABMHSC — autologous bone marrow hematopoietic stem cells; Ins Dose — insulin daily dose; A1C — glycosylated hemoglobin Alc;
Glyc. Control - glycemic control; ICA — islet cell antibodies; IA2— antibodies against islet antigen-related tyrosine phosphatase 2;
GAD - glutamic acid-decarboxylase; AIA — antibodies, anti-insulin antibodies.

The subjects were treated with autologous bone marrow stem
cells stimulated with Filgrastim for 4 days (10 ug/kg/day, sub-
cutaneous) and then delivered through i.v. infusion as immune
modulators on Day 5. Subjects were then monitored and any
adverse effects were noted and managed by the physician/
nursing team. All patients continued to receive the standard
treatment with blood glucose monitoring multiple times per
day concurrently with a continuous glucose monitoring de-
vice and subcutaneous insulin delivery to maintain non-fast-
ing blood glucose <20 mg/dL.

Bone Marrow Preparation and Transplantation

Bone marrow stimulation was performed using Filgrastim (10
ug/kg/day) subcutaneously, and granulocyte colony-stimulat-
ing factor (G-CSF) daily from Day 1 through Day 4. Bone mar-
row was aspirated on Day 5 under general anesthesia and
stem cells were extracted by a hip puncture from the anterior
superior crest. The BMSCs were transplanted by i.v. infusion
in a volume of 300 ml. The qualified autologous bone marrow
stem cells were collected and identified as mononuclear cells
>180x106/kg, CD34+ cells »0.22%.

Statistical Evaluation

Testing was standardized for each peripheral blood sample
(baseline, when Filgrastim stimulation and 6 months follow-
up). Data were analyzed using ANOVA, with P value <0.05 con-
sidered to be statistically significant.

Follow-up

The subjects were contacted by phone every 48 h in the first
week after the stem cell infusion. Clinical evaluations were

performed at baseline (pre-treatment Table 1) and at 6 months
(post-treatment Table 2). These included measurements of daily
insulin dose, complete blood counts, creatinine clearance test,
C-peptide by chemiluminescence (normal value 0.90-7.10 ng/
ml), glycosylated hemoglobin (HbA1C) by liquid chromatogra-
phy (normal value 4.20-6.00%), ICA anti-islet antibody by im-
munofluorescence: normal value negative, Juvenile Diabetes
Foundation Units (JDF), GAD antibody by radio immune analy-
sis (normal value: equal to or less than 1.0 U/ml), and anti-in-
sulin antibody by radio immune analysis (normal value: equal
to or less than 0.4 U/ml).

Results

At 6-month follow-up after treatment, 5 of the 6 treated sub-
jects presented negative values of anti-pancreatic islet anti-
bodies (ICA), having previously been positive before treatment
(P value <0.001) and also showed reduced IA2 (P value=0.037)
and GAD antibodies (P value=0.377). All patients showed anti-
insulin antibodies that remained elevated (Table 2). These 5
subjects with negative antibodies used low doses of insulin, at
less than or equal to those used prior to treatment, as shown
in Table 2. These 5 patients also reported metabolic stabili-
zation, without serious events of hypo- or hyperglycemia. Of
these 5 subjects who were ICA antibody-negative after treat-
ment, 4 subjects presented elevated basal C-peptides (P val-
ue=0.697) and 5 subjects presented normal HbA1C (P value
<0.001) at 6 months after treatment (Table 2).

There were no significant complications observed in any sub-
jects during the bone marrow puncture from hip, aspiration,
or i.v. infusion immediately following the procedure or in the
6 months after the procedure.
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Table 2. Variables analyzed in the 6-month follow-up of patients with autoimmune diabetes who received an autologous bone marrow

stem cell transplant.

Glyc.

Patient age Ins dose Alc Creatinine C peptide ICA GAD 1A2 INS AB
(years) (units) (%) (mg/dl) (c':';t/':ll) (ng/mL) (JDF units) (units/ml) (units/ml) (units/ml)
Patient 1 8 10 6 0.8 <150 1.9 0 100 10 18

Cpatient2 7 0 6 09 aso 11 o 200 0 o1
Cpatients 9 0 9 09 150250 <01 13 20 10 20
CPatient4 10 10 & 1 aso 15 o 18 5 10
Cpatients 6 6 6 07 aso o7 o e 20 7
Cpatients 7 0 6 09 «aso <1 o & 0 12

ABMHSC — autologous bone marrow hematopoietic stem cells; Ins Dose — insulin daily dose; A1C — glycosylated hemoglobin Alc;
Glyc. Control - glycemic control; ICA — islet cell antibodies; IA2— antibodies against islet antigen-related tyrosine phosphatase 2;
GAD - glutamic acid-decarboxylase; AIA — antibodies, anti-insulin antibodies.

Results show significant changes in patients’ ICA antibody
and IA2 antibody levels and insulin daily dose, HbA1C level,
and glycemic control, and no significant changes in creatinine,
C-peptide, GAD antibody, or insulin antibody levels comparing
the change in these variables at 6 months after treatment with
the autologous hematopoietic bone marrow stem cell trans-
plant, as shown in Table 2.

Discussion

In type 1 diabetes mellitus, activated T cells, anti-islet anti-
bodies (ICA), anti-IA2 antibodies, glutamic acid decarboxyl-
ase antibodies (anti-GAD antibodies), and anti-insulin anti-
bodies can be found in 90% of cases, and about 10% of cases
are idiopathic. These antibodies rise during the first years of
the course of the disease and spontaneously follow a down-
ward curve when the number of pancreatic islets, which are
antigenic for T cells and autoantibodies, decreases [36-38].

The prevalence of diabetes mellitus worldwide was estimated
at 2.8% in 2000 and will increase to 4.4% by 2030 [38]. These
statistics are convincing and show an increase in the number
of patients suffering from the disease and also an increase in
serious complications without curative treatment. Currently,
no medical treatment is available to change the course of au-
toimmune diabetes. This justifies the research and develop-
ment of alternative therapeutic strategies.

Our procedure consisted of stimulating bone marrow stem cells
with colony-stimulating factors (Filgrastim), with the aim of in-
creasing the number of BMSCs, and their subsequent i.v. infu-
sion into the systemic circulation. This protocol does not re-
quire immune ablation with cyclophosphamide or cell culture
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procedure, and, advantageously, can be immediately implant-
ed into the subject.

Our work succeeded in altering the natural history curve of au-
toimmune diabetes-specific antibodies. We were able to verify
that ICA was negative at 6-month follow-up, while GAD and IA2
decreased significantly more slowly. In addition, patients who
responded to treatment with negative AHF achieved metabol-
ic stability measured with normal HbA1c at 6-month follow-
up. The anti-insulin antibodies remained high, probably sec-
ondary to the exogenous insulin administration.

We know that the stimulation of the bone marrow with
Filgrastim does not increase the production of mesenchymal
cells, but our data suggests that it stimulates hematopoiet-
ic stem cells in their entire series of differentiation and that
the transplantation of these stem cells acts on the immune
system to modulate the immune system, decrease inflamma-
tion, and increase T cell regulation. It has been hypothesized
that implanted bone marrow cells can stimulate the secretion
of chemokines, which can modulate the action of T cells, anti-
gen-presenting cells, and lymphocytes that could reverse anti-
body production, as described in clinical experiences [30-32].

Gu et al [39] treated 14 children with newly diagnosed type 1
diabetes with autologous hematopoietic cell transplantation
with immunoablation and separation of cell fractions prior to
transplantation. This group found no statistically significant
differences between the treated group and the placebo group
in daily insulin dose, HbA1C, and C-peptide levels at long-term
follow-up. ICA, GAD, IA2 antibodies, and T cell activity were
not measured in this study due to the prior use of cyclophos-
phamide in marrow preparation for transplantation [39]. This
group observed that 90% of the patients presented serious
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adverse events after transplantation, secondary to treatment
with cyclophosphamide. Although, we consider that the group
of treated patients included was very small, and did not allow
any definitive conclusion. The main difference was found in
the immunoablation with cyclophosphamide, which was not
performed in our study.

Izadi et al [40] recently published an interesting clinical study
in which 21 patients with recently diagnosed T1D were en-
rolled and randomly assigned to receive either MSCs twice by
i.v. infusion and followed for at least 1 year after transplanta-
tion [34]. The results showed that MSC transplantation was
safe and significantly reduced the number of hypoglycemic ep-
isodes. Further, results showed that MSC transplantation im-
proved glycated hemoglobin (HbA1c), shifted serum cytokine
patterns from pro-inflammatory to anti-inflammatory, increased
the number of regulatory T cells in the peripheral blood, sig-
nificantly improved HbA1c and C-peptide levels and, impor-
tantly, improved patient quality of life [40]. Although our study
did not control the evolution of ICA antibodies, it was able to
demonstrate the immunological control of T cells and pro-in-
flammatory cytokines.

In our work, patients who received treatment showed a sig-
nificant reduction in anti-islet (ICA) and I1A2 antibodies from
positive to negative levels at 6-month follow-up. Interestingly,
negative results for antibodies were associated with increased
C-peptide, although this was not statistically significant; a de-
creased significant requirement for daily insulin dose; and de-
creased concentrations of glycosylated hemoglobin (HbA1lc).

We believe that the increase in C-peptide, which did not show
significance because of the short evolution time, and the de-
crease in HbA1c is secondary to a decrease in inflammation of
pancreatic tissue. We believe that there are inactive pancreat-
ic cells in a niche, acting as “hibernating” cells, that can func-
tion again when the inflammation subsides, such as occurs in
acute myocardial infarction or chronic cardiac ischemia [41].
Our results showed that hematopoietic bone marrow stem
cells transplantation had an effect on the production of pan-
creatic antibodies and improved pancreatic function, decreased
pancreatic tissue inflammation, and improved metabolic con-
trol at 6-month follow-up. This treatment protocol is an easy
to perform, low-risk procedure, with no ethical problems. No
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complications were observed during the transplant procedure
or during 6-month follow-up, probably because we did not use
cyclophosphamide.

We believe that the cell transplantation influenced the suppres-
sion of anti-islet antibodies and reversed their effects. Our pre-
vious experience in T1D patients who received an autologous
bone marrow cell implant through a liver puncture [35] simi-
larly demonstrated ICA antibodies were negative at 6 months
of post-procedure evolution. The results were similar to those
obtained in the present study, although the elimination of the
liver puncture and its replacement with an i.v. delivery of stim-
ulated bone marrow reduces the complexity of the procedure
and the risks of an invasive technique such as liver puncture.
This therapeutic method appears to be an effective alterna-
tive for the treatment of recently diagnosed T1D.

This suggests that using this procedure may be used follow-
ing screening for islet cell antibodies in patients with newly
diagnosed T1D. Early referral of positive patients for autolo-
gous bone marrow transplantation could potentially reduce the
time of exposure to antibodies, thereby decreasing pancreatic
tissue damage and improving patient outcomes.

Despite the small number of subjects treated and short follow-
up, our results suggest that we can stop the continued pro-
gression and extension of immune attack in a patient’s pancre-
as. We must continue making strides in clinical research with
larger patient groups and long-term monitoring. We suggest
that these results should be assessed in multicenter RCTs in
different patient groups.

Conclusions

Autologous bone marrow stem cell transplantation in new-
ly diagnosed T1D patients has been shown to decrease levels
of ICA and IA2 antibodies and suppress autoimmune attack
and pancreatic damage. We believe that these effects, shown
6 months after bone marrow transplantation, imply a change
in the natural history of the disease and could imply a delay
in the progression of pancreatic damage. Future studies will
help to understand the mechanism of this treatment and the
duration of expected benefits.
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