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Abstract

Background: In patients with diabetes, transplantation of stem cells increases C-peptide levels and induces insulin independence for
some period. Today, this positive therapeutic outcome is widely attributed to the well-documented immunomodulatory properties of
stem cells. The aim of this study was to report alternations (the trend of increase or decrease) in different lymphocyte populations in a
stem cell clinical trial performed in our institute.

Methods: Recorded data of a clinical trial conducted on 72 patients with type 1 diabetes who had received fetal stem cell
transplantation several years ago and were regularly monitored before and after the procedure in 1, 3, 6, 12, 24 months were analyzed.
In these regular follow-up visits, insulin demand, HbAlc, C-peptide, and alternation to B cell and T cell populations were analyzed
and recorded. For the purpose of the current study, patients were retrospectively divided into 2 groups, namely, those with the positive
response to treatment and patients without such response. Temporary positive therapeutic response was defined by 2 different
indicators, namely, plasma C-peptide levels and insulin dose-adjusted A1C (IDAA1c), which was calculated as A1C (percent) + (4 x
insulin dose (units per kilogram per 24 h). Data analysis was performed by means of SPSS Version 18.

Results: Besides the short-term therapeutic effect, we observed remarkably significant alternations to the populations of B and T
lymphocytes in the recipients. When patients were retrospectively assigned to 2 different groups of patients with a positive therapeutic
response (based on C-peptide changes) and those without it, it was observed that alternations to different populations of B-cells and T-
cells were significantly different in these 2 groups.

Conclusion: Our results demonstrated that transplantation of stem cells leads to significant positive therapeutic outcomes in one
group of patients who showed totally distinct patterns of alternation to different groups of lymphocytes.
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Introduction
Type 1 diabetes (T1D) is caused by T cell-mediated au-  which leads to insulitis, insulin deficie ncy, and ultimate-
toimmune destruction of B-cells of the pancreatic islets, ly, hyperglycemia (1). In T1D, the process of beta-cell
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destruction commences several months before the clinical
presentation, and, on diagnosis, there still remains a con-
siderable number of functional B-cells (2). Considering
this, in the recent decades, several immunomodulation-
based therapeutic approaches have emerged aiming at
preservation (and ideally proliferation) of the surviving f-
cells through mitigation of the underlying immune-
mediated insulitis (3). Nonetheless, despite remarkable
temporary success confirmed by means of both laboratory
and clinical indicators, most such studies have failed to
address insulin deficiency in a clinically effective and
permanent manner (4).

Recently, stem cell transplantation has emerged as a po-
tentially-curative treatment option for different autoim-
mune diseases, including T1D (5). However, despite re-
markable positive short-term achievements in this field,
the precise underlying mechanisms remain obscure (6). In
this regard, whereas some researchers have attributed pos-
itive clinical outcomes to regenerative properties of stem
cells, today, most believe them to be caused by the well-
documented immune-modulating properties of these cells
(5). It should be noted, however, that although several in
vitro studies have demonstrated that murine embryonic
stem cells (ESC) can differentiate into cells with B-cell-
like phenotypes (7-12), evolvement of efficiently-
functional cells possessing all aspects of beta cells has not
yet been realized (13). Furthermore, stem cells, which are
most commonly administered via intravenous infusion, are
known to be captured in the microvasculature of the lungs
where the majority of them are cleared within 24 hours
(14). Therefore, it appears that stem cell-based interven-
tions alleviate type 1 diabetes through some hitherto-
obscure alternations to the recipients’ immune system.

In the current study, we intend to describe the reanalysis
of the recorded data and updated clinical outcomes and
immune-monitoring results of 72 patients with type 1 dia-
betes who received allogenic fetal stem cells. All patients
were regularly monitored for a period of 24 months. We
then retrospectively divided the patients into 2 groups,
namely, those with positive response to the intervention
and those without such response. Response to treatment
was assessed through measurement of fasting plasma C-
peptide concentrations. Subsequently, IDAA1c confirmed
C-peptide results. As described in details elsewhere, cal-
culation of insulin dose-adjusted A1C (IDAAlc) is con-
sidered as one of the most reliable representative indica-
tors of preservation of B cells in interventions aiming at
reversing treatment of type 1 diabetes (15). Subsequently,
we analyzed these 2 groups in terms of alternations made
to different lymphocyte populations and compared the
outcomes.

Methods

For the purpose of the current study, recorded data of
the laboratory investigation of a phase 2 single-arm clini-
cal trial designed for assessment of efficacy of allotrans-
plantation of fetal liver-derived stem-cells in 72 diabetic
patients were analyzed. Details of this procedure are elab-
orated elsewhere (16). This clinical trial which is regis-
tered on the national clinical trial registry of Islamic Re-
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public of  Iran (IRCT) (identifier code:
IRCT201103171414N23; at http://clinicaltrials.ir) was
conducted in accordance with good clinical practice
guidelines, and was approved by the organizational ethics
board of Tehran University of Medical Sciences (Code: E-
0089). Before the study, written informed consent was
obtained from all participants in full compliance with the
Declaration of Helsinki. Besides, a data safety and moni-
toring board supervised all stages of the procedure and
subsequent follow-up sessions.

Patient Selection

All participants were newly-diagnosed cases of T1D
from Tehran (Iran) who were referred to Shariati hospital
affiliated to Tehran University of Medical Sciences in
Tehran from 2010 to 2013. The population included 72
patients (33 men and 39 women) aged between 5 and 53
and 19.84+9.14 years with diabetes duration of 26+6.2
months. All patients fulfilled the clinical diagnostic crite-
ria set for type 1 diabetes, but due to some constraints,
which are elaborated as the limitation of the study in the
discussion section, we failed to confirm the diagnosis
through measurement of diabetes antibodies. Exclusion
criteria were acute vascular inflammation, acute throm-
bosis, recent retinal hemorrhage, pulmonary hypertension,
corpulmonale, bone marrow malignancies, end-stage dis-
eases, infections, and any sign of progressed stages of the
disease, such as diabetic ketoacidosis.

In order for the procedure to proceed, all patients were
admitted to an affiliated hospital. On the admission day,
primary clinical examinations were performed, and la-
boratory data (including FBS, HbAlc, fasting serum c-
peptide, CBC, liver function tests, lipid profile tests, and
U/A) were carefully collected and recorded. These data
were again collected on regular follow-up visits on the 1%,
3", 6™ 12" and 24™ months after the procedure. Each
follow-up visit included a complete history taking, physi-
cal examination, and laboratory tests. To optimize the
diabetes care, it was ensured that each participant had ac-
cess to a physician through a designated 24-hour phone
line during the first year of the follow-up period.

Stem Cell Preparation

Having obtained informed consent from either or both
of the parents, fetal liver-derived hematopoietic stem cells
(HSCs) were harvested and isolated from legally-aborted
human fetuses aged 6 to 12 weeks. Subsequently, to detect
any possible chromosomal abnormality and to identify the
sex of the aborted fetuses, karyotyping was performed in
all samples.

Whole fetal livers were stored in Hank balanced salt so-
lution without calcium and magnesium (HBSS, Sigma,
USA) and mechanically dissociated and homogenized.
The cell suspension was then filtered through a nylon
mesh so that the cells could be collected for transplanta-
tion. Then, the isolated cells were cryopreserved with the
use of 5% dimethyl sulfoxide (DMSO) in HBSS, (Wak
Chemie) by means of a programmable freezer and were
transferred to liquid nitrogen containers for long-term
storage. Before infusion, samples were thawed at 37°C
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Table 1. Bacterial and viral particles the stem cells suspensions were
tested for before administration
Microorganisms
Rubella
Herpes Simplex Virus
Cytomegalovirus
Mycoplasma Homonis
Toxoplasma Gondii
Chlamydia
Treponema Pallidum
HBV
HCV
HIV

and cryoprotectant was diluted by 5-m normal saline. To-
tal cell count in the prepared suspension was approximate-
ly 35-55x10° and at least 20% of them were identified as
hematopoietic (CD34+) stem cells.

The suspension was monitored before, during, and after
processing for any possible acrobic, anaerobic, fungal, or
viral contamination. Rubella, Herpes Simplex Virus, Cy-
tomegalovirus, Chlamydia, Mycoplasma Homonis, Toxo-
plasma Gondii, and Treponema Pallidum were specifically
tested. DNA/RNA extraction and polymerase chain reac-
tion (real-time PCR) were performed for investigation of
any potential viral contamination (HBV, HCV, and HIV).
In the end, having passed several safety tests, all prepared
cells were declared contamination-free and suitable for
transplantation (Table 1).

Intervention

On the day of transplantation, each participant in the in-
tervention group intravenously received fetal liver-derived
cell suspension at the dosage of approximately 35-55x10°
cells (7-11x106 CD34+ HSCs) in 5 m of normal saline (It
should be noted that we did not adjust the doses according
to the body mass index of the individual patients and all
received the same mentioned dose) (15).

Calculation of IDAA1c

We deliberately reduced daily insulin doses to presuma-
bly “stimulate” beta cells to produce more insulin. Conse-
quently, in most patients, HbAlc levels significantly rose,
and neither of the aforementioned parameters could be
relied on for assessment of the therapeutic response.
Therefore, we measured and reported IDAAlc as a surro-
gate indicator of B cell function. This parameter is widely
used for the assessment of the therapeutic response after
interventions for treatment of type 1 diabetes. The related
equation was calculated according to the following formu-
la: HbAlc (%) + [4 x insulin dose (units per kilogram per
day) (15).

Analysis of Lymphocyte Subsets

Isolated cells were analyzed for several markers using
flow cytometry. Antibodies against CD8, CD4, CDI19,
CD20, and HLA-DR (all from Abcam, USA) were used in
flow cytometry. The cell cycle analysis was performed by
flow cytometry using specific staining buffer, including
PBS with RNase A (Sigma), and Propidium lodide (Sig-
ma, USA).

Data Analyses

Normality of quantitative variables was assessed by the
Kolmogorov-Smirnov test, and quantitative variables with
normal distribution were reported as mean and standard
deviation. Variables without normal distribution were
reported as median (interquartile range). To compare
quantitative variables without normal distribution between
groups, the Friedman test was applied. Statistical analyses
were performed using SPSS-16 and significance was set at
P <0.05.

Results

Short-term and Long-term Safety of the Procedure

Stem cell infusion was generally tolerated well and no
serious adverse events occurred (apart from one case of
hypersensitivity reaction, which was successfully man-
aged at the hospital). Nonetheless, local erythematous
skin reactions (without swelling) were observed in a few
patients immediately after the procedure, which subsided
spontaneously scon afterwards. We did not detect any
incident of death, and no lymphoproliferative disease,
malignancy, or infection were observed which could be
attributed to the procedure. As for possible side effects,
the outcomes of all clinical examinations and laboratory
investigations did not indicate any side effects after the
procedure. Even in a long-term follow-up study 10 years
after the intervention, no side effects attributable to the
procedure was detected (results to be published soon).

Transplantation of Stem Cells Leads to Temporary In-
crease in c-Peptide Levels

In the current study, insulin doses were progressively
reduced after the procedure, and in some patients they
were completely suspended. This was performed as it was
believed that low insulin levels and high blood sugar con-
centrations may stimulate remaining beta cells to produce
and release more insulin. As published and discussed in
details elsewhere (16), fasting C-peptide levels signifi-
cantly increased during the first 3 months of the study,
from which point of time onwards, they gradually de-
creased. Due to some technical constraints, we compen-
sated to the measurement of the fasting C-peptide instead
of stimulated C-peptide (17). However, fasting C-peptide
levels are closely correlated to glucagon-stimulated C-
peptide in diabetic patients and many contend that it can
substitute measurement of stimulated C-peptide levels for
the assessment of the function of the remaining B-cell

(18).

Transplantation of stem cells leads to temporary In-
crease in IDAA1c

IDAAI1c is widely used for the assessment of success of
different immunomodulatory interventions for treatment
of type 1 diabetes. In our study, it was demonstrated that
IDDA1c only decreased in those whose C-peptide levels
had demonstrated significant increase during the first few
months of the intervention. This clearly indicates that the
intervention had led to a prominent therapeutic response
which could be measured through both C-peptide levels
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Fig. 1. Comparison of IDAAlc between those whose C-peptide
levels was temporarily increased and those who did not. As can be
seen, IDDA1c only decreased in those patients who had increased
C-peptide levels.

and IDAAlc (Fig. 1).

Intravenous Infusion of Fetal Stem Cells Alters Popula-
tions of CD4+ and CD8+ T Cells

In this study, we aimed to analyze possible alternations
to different lymphocyte populations after transplantation
of stem cells in the 24 months period after the interven-
tion. As published elsewhere (19), our findings demon-
strated that there were significant alternations to different
populations of lymphocytes after the procedure, and the
frequencies of CD4+ T-helper cells, CD8+ cytotoxic T
cells, and CD19+ and CD20+ B lymphocytes were signif-
icantly altered in the recipients.

As discussed in detail elsewhere (19), after the interven-
tion, the number of CD4+ cells showed an increase in the
first month (p=0.003). However, their frequencies de-
creased during the next 2 months insignificantly
(p=0.269). At this point, the number of CD4+ lympho-
cytes demonstrated a sharp increase (p<0.001), which
reached to its peak in the nineth month when started to
decrease to higher levels in comparison with the baseline
at the end of the 24 months period of the study (19).

The number of CD8+ leucocytes demonstrated an in-
creasing trend in the third month, which returned to the
initial levels afterwards to peak again at the point of the
12™ month. With regard to the CD4/CDS ratio, the chang-

es were significant throughout the whole period of the
study. This ratio was significantly decreased during the
first month after the intervention, and steadily increased
up to the sixth months of the study. Then, it again de-
creased to levels lower than the initial records.

Therapeutic Outcome Is Correlated With Alternations
to T Lymphocyte Populations

One objective of this study was to compare alternations
made to T lymphocytes between those who responded to
the intervention and those who did not. As mentioned,
response to treatment was defined through increase in
fasting C-peptide levels. We observed that after the inter-
vention, both those who responded and those who did not
showed a significant increase in the number of CD4+ T
cells (Table 2). This was followed by a decrease in the
initial levels 3 months after the procedure. Subsequently,
those who responded to the treatment demonstrated a
sharp increase in the number of CD4+ cells 6 months after
the intervention, while those who did not respond did not
show any such increase. Both groups finished the 24
months of follow-up with CD4 levels similar to the begin-
ning levels (Fig. 2 A).

With regard to CD8+ cells, both groups showed a sig-
nificant increase in the first month after the intervention
(Fig. 2 B). However, at this point, those who responded
demonstrated a significant decrease, which continued until
the sixth month. On the contrary, in those who did not
respond, the frequencies of these cells sharply increased
up to the third month, when they sharply decreased until
the 6 months after the intervention. At this point, in both
groups of patients, this number sharply increased up to the
24™ month, which marked the end of the study period.
(Fig. 2 B)

In both groups, the CD4+/CD8+ ratio slightly increased
during the first month after the intervention (Table 3).
Then, they continued to increase in both groups up to the
third month when totally different patterns were observed
in the 2 groups. While there was a sharp increase in the
index in those who responded until the 6™ month, only a
slight increase was observed in those who did not demon-
strate any therapeutic response. At this point of time, the
responders showed a significant decrease, and in those
who did not respond, only a slight decrease was observed.
From the 12" to the 24™ month, both groups demonstrated
a sharp decrease in the CD4+/CD8+ ratio (Fig. 2 C).

Table 2. Alternations to different lymphocyte populations following transplantation of stem cells in two groups of patients

CD-19 1 months 3 months 6 months 12 months 24 months p-value
Positive 12.0000 (7.1) 8.9000 (7.4) 11.4000 (6.3) 14.5000 (6.65) 13.7500 (8.1) 0.000
Negative 12.0000 (6.9) 11.7000 (6.7) 14.2000 (6.25) 15.3000 (8.2) 14.2000 (8.1) 0.05
CD20
Positive 12.0000 (5) 9.5000 (6.6) 11.3000 (4.2) 14.4000 (5.275)  14.0500 (8.725) 0.000
Negative 12.0500 (5.45)  11.1000 (7.425) 13.5500 (6.6) 14.6000 (9) 13.2000 (7.25) 0.000
CD8
Positive 24.0000 (4) 20.2000 (7) 19.6000 (6.7) 24.4500 (6.65) 30.3500 (8.45) 0.000
Negative 23.0000 (5.75)  20.5500 (7.525)  21.5500 (8.575)  23.9000 (8.45) 31.0000 (8.5) 0.000
CD4
Positive 44.0000 (7.4) 43.7000 (9) 46.3000 (6.7) 40.7000 (4.2) 43.3500 (10.35) 0.004
Negative 42.1000 (6.55) 40.6000 (10.3) 41.7500 (12) 42.4000 (8.8) 40.4000 (13.5) 0.337
http://mjiri.iums.ac.ir
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Fig. 2. Comparison of alternations made to CD4+ and CD8+ lymphocytes. A) Changes in the populations of CD4+ cells demonstrated that alterna-
tions in CD4+ T helper lymphocytes was different between those who responded to the intervention and those who did not B) Analysis of popula-
tions of CD8+ cytotoxic T cells demonstrated that there were significant differences between responders and nomn-responders C) Comparison be-
tween CD4+/CD8+ ratio in those who responded to the intervention and those who did not showed that six months after the intervention there was a
sharp increase in this ratio only in those who clinically responded to the stem-cell intervention.

Table 3. Alternations to CD4/CD8 ratio following transplantation of stem cells in patients with type 1 diabetes according to their response

CD4/CD8 ratio 1 month 3 months 6 months 12 months 24 months P-value

Positive 1.8000 2.1000 2.3500 1.8400 1.4000 0.000
(0.205) (0.55) (0.9925) (0.5) (0.95)

Negative 1.8100 1.8700 1.9750 1.8000 1.8000 0.000
(0.445) (0.69) (0.925) (0.6) (0.85)

Therapeutic Outcome Is Correlated With The Alterna-
tions To B Lymphocytes

Following the intervention, in those who responded, B
cells demonstrated a sharp decline, which continued until
the third month afterwards. In those who did not, on the
contrary, a very slight decrease was observed up to the
third month after the procedure. At this stage, both re-
spondents and nonrespondents demonstrated a sharp in-
crease, which continued until 12 months after the inter-
vention. At this stage, both groups showed a significant

:
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§ §
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T T T T T
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o

CD20 Count (cells/ml)
§

decrease in the population of these cells up to 24 months
after the treatment (Fig. 3 A). It should be noted that this
pattern was quite similar when both CD19+ and CD20+
markers were measured as indicators of the frequencies of
B-cell populations (Fig. 3 B).

Discussion

In this study, indicators of preservation of pancreatic be-
ta cells, namely, fasting C-peptide levels and IDAAIlc,
showed remarkable improvements during the first few

5.007}

:

g

10.00]

T
0 1 3 6 12 24

Time (months) L s

Fig. 3. Alternations in frequencies of B-cells following stem-cell transplantation. A) Analysis in the frequencies of CD19+ lymphocytes showed a
sharp decrease during the first three months after the intervention only in those who responded to the intervention B) The temporary decrease in the
B lymphocytes was also confirmed by a similar pattern in the frequencies of CD20+ lymphocytes.
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months of the intervention, indicating that the stem cell
procedure did halt (or possibly reversed) the process of
destruction of the pancreatic beta cells for a short period
of time. The C-peptide has an increasing trend during the
first years following presentation of the clinical manifesta-
tions of T1D, and our findings were quite contrary to
what would be expected from the progress of the natural
course of the disease (20). Moreover, we observed that
following the procedure, significant alternations to differ-
ent cellular elements of the immune system occurred. Re-
markably, we observed that these immune system alterna-
tions were closely correlated to the therapeutic response of
the patients, and those with positive response demonstrat-
ed strikingly different patterns of immune cell alternations
in comparison with those who did not respond. Our out-
comes may be of considerable application and assistance
for design and implementation of future studies aiming at
reversing the progress of T1D by means of alternating the
immune system.

In 2006 and 2007, a series of clinical trials designed for
assessment of effectiveness of stem cell transplantation for
treatment of patients with new onset T1D using different
stem cell sources was performed and remarkable (though
temporary) outcomes were achieved. In one clinical trial
using allogenic fetal stem cells, significant therapeutic
outcomes (measured based on insulin demand, HbAlc
levels, and C-peptide concentrations) were achieved in a
group of patients (21). In another trial using a more ho-
mogenously-selected young patients with new-onset T1D,
C-peptide levels significantly increased in a group (ap-
proximately half) of participants (16), and the residual f -
cell function, which was estimated by means of calcula-
tion of insulin dose-adjusted A1C (IDAAlc) as HbAlc
(%) + [4 x insulin dose (units per kilogram per day)],
demonstrated significant improvements during the first
months after the intervention (15).

Although our primary clinical trial was not designed as
a controlled trial, the longitudinal analysis and long-term
follow-up of the patients provided excellent opportunity
for us to monitor diabetes control indicators and alterna-
tions made to the immune system simultaneously. Indeed,
as each patient was followed regularly for as long as 12
months, we were able to monitor all related outcome indi-
cators in each individual patient and compare them with
those of other patients. Although the intervention was
generally safe, a few years after the intervention, 1 case of
meningioma was detected, which has been reported and
published in details elsewhere (17).

Our measure choices, namely, C-peptide and IDAAlc,
can be considered as a relatively accurate approach, which
can reflect B cell preservation and diabetes control in an
acceptable manner. As the location of the inflammation in
T1D is not practically accessible, alternative endpoints,
such as stimulated C-peptide secretion and insulin-free
periods, have been widely used for measurement of the
decline of B cell mass in T1D (3). For instance, Malme-
grim et al used the period of insulin independency (in
months) as an indicator of positive response to treatment,
and accordingly divided their patients into 2 categories of
short- and prolonged-remission groups (22). It should be
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noted, however, that although they did measure C-peptide
levels (which verified the general positive outcomes), they
did not choose to use it to divide the patients into 2 groups
with favorable and unfavorable outcomes (22). Instead,
they have used the periods of insulin independence for
discriminating patients who responded to the intervention
and those who did not. Nonetheless, it should not be over-
looked that daily insulin dose and HbA ¢ levels are close-
ly interrelated. Therefore, one may argue that neither of
them can reasonably represent response to treatment. Con-
sidering this, we decided that simultaneous measurement
of C-peptide levels and IDAA 1c can more accurately re-
flect this response, particularly considering the fact that
the latter indicator includes both HbAlc and daily insulin
dose (15). In our study, this was confirmed by the finding
that only those with increased C-peptide levels demon-
strated decreased IDAA1c measures in the initial months
of the trial (Fig. ). This clearly verifies that the stem cell
intervention indeed did lead to positive therapeutic re-
sponse for a short period of time, and suggests that it may
be possible to extend this outcome through different
methods, such as manipulation of stem cells or application
of booster stem cell doses. In fact, as idealistic outcomes,
such as definite cure in stem cell interventions seem elu-
sive, recent research recommends that future studies
should primarily rely on patient-proximal outcomes, such
as temporary improvements in C-peptide levels for
months or years in a proportion of patients rather than
cure (23).

In 2017, a study by Malmegrim et al, with a design sim-
ilar to our study, was conducted based on a clinical trial
conducted by Voltarelli et al approximately 10 years earli-
er. Following this trial, they monitored all patients and
assessed them for insulin independence, C-peptide levels,
frequencies of islet-specific autoreactive CD8+ T cells
(CTL), regulatory lymphocyte subsets, thymic function,
and T-cell repertoire diversity. As mentioned, they retro-
spectively divided the patients into 2 groups of short-term
and long-term respondents based on the insulin-free peri-
ods in months. In the end, they concluded that what they
described as “improved immunoregulation” may balance
autoreactivity and lead to better metabolic outcomes in a
subgroup of patients (22).

It should not be overlooked, however, that the clinical
trial that we used as the primary study was quite different
in design and implementation from that of Voltarelli et al
that provided the data for Malmegrim et al study. In a
clinical trial in 2007, Voltarelli et al included patients with
less than 6 weeks of clinically and antibody-based diagno-
sis of T1D. Subsequently, they mobilized their patients’
hematopoietic stem cells with cyclophosphamide and G-
CSF, and harvested the cells. The patients were then treat-
ed with cyclophosphamide plus rabbit anti-thymocyte
globulin, and intravenously received cryopreserved autol-
ogous hematopoictic stem cells (24, 25). In our study, on
the contrary, no immune suppression was introduced and
instead of autologous hematopoietic stem cells, we used
allogenic fetal stem cells. It should be emphasized that in
contrast to the Voltarelli et al trial, we did not manipulate
our patients’ immune systems anyhow. Therefore, unlike
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Malmegrim et al study, we can confidently assert that all
changes we observed in the immune systems of our pa-
tients were exclusively caused by the injected allogenic
fetal stem cells. Therefore, our result can be of superb
application in illumination of underlying mechanisms
through which stem cells induce their therapeutic effects.

It is documented that C-peptide levels are inversely cor-
related with the incidence and severity of a wide range of
diabetes complications including diabetic nephropathy,
neuropathy, and severe hypoglycemia (26). The outcome
of our study in terms of decreasing C-peptide levels, even
though short-lived, can clearly verify the therapeutic ef-
fects of stem cell therapy in type 1 diabetes provided that
this effect can be maintained for a longer period. This
could be of immense importance for the design and the
implementation of future studies investigating therapeutic
effects of stem cells or other immunomodulatory ap-
proaches for treatment in T1D.

Hitherto, the mechanism of action of stem cells in T1D
and other autoimmune diseases has remained obscure.(5,
14) Nonetheless, the prime objective of stem cell-based
approach to different autoimmune diseases has generally
been induction of immunological tolerance with the main
objective of preservation of the remaining pancreatic beta
cells (22, 27). Our study provided encouraging evidence
that therapeutic effects of stem cells are closely correlated
to the alternations made to the immune system lympho-
cytes. Moreover, we observed similar alternations to im-
mune systems of those who responded to the intervention,
and those who did not demonstrated a similar pattern that
was quite different. Therefore, it may be hypothesized that
stem cell therapy can be effective in a subtype patient
whose immune system would respond to this immuno-
modulatory intervention in a certain manner. Recently, it
has been even suggested that the immunopathology of
type 1 diabetes is extremely complicated and might be
different in different individuals (28). In this regard, our
findings may shed some light on the specific subclass of
type 1 diabetes in whom stem cell therapy would be effec-
tive.

T cells are considered of great importance in pathogene-
sis of T1D, as they are demonstrated to dominate the islet
immune infiltrate. Moreover, transplantation of non-T-cell
depleted bone marrow from a patient can intensify diabe-
tes manifestations in the recipient. Besides, anti-T-cell
therapies are demonstrated to halt or slow the progress of
the destruction of B cells (29). Accordingly, several stud-
ies have attempted to measure and compare frequencies of
pancreatic or circulating CD4+, CD8+ T, and other T
lymphocyte subsets among patients with T1D in compari-
son with healthy people (30). The results have been en-
couraging, and some authors have suggested that meas-
urement of the relative frequencies of T cell subsets may
be of some clinical application in monitoring and predict-
ing T1D progression, and might even assist in illuminating
the pathogenesis of T1D (29). Our findings demonstrated
significant differences between alternations in the lym-
phocyte frequencies of those who respond to the interven-
tion and those who did not. Further analysis for identify-
ing background differences between those 2 groups of

patents can be of great value in this regard. Fortunately,
we have stored frozen samples of all patients and there are
plans to thaw and analyze these samples at some stage in
the future.

B lymphocytes play a significant role in the develop-
ment of TID. It is documented that B cells exist in a con-
siderable amount in the immune infiltration of islets in the
course of disease. Moreover, B lymphocyte depletion by
means of monoclonal antibodies temporarily hinders de-
struction of B cells and slows progression of the disease.
(31). In the current study, among respondents and nonre-
spondents, we measured and compared 2 B lymphocyte
markers, namely, CD 19+ and CD 20+ cells. Strikingly,
we observed that in the respondents, but not in the other
group, B lymphocytes showed a steep decrease during the
first 3 months of the intervention (Fig. 3). Comparing with
the overall decrease in B lymphocytes in all participants, it
is clear that the decrease in the B cell frequencies only
occurred in those who responded. This may demonstrate,
for the first time, that B cells are effectively involved in
the underlying mechanisms of stem cell therapy in preser-
vation of the remaining mass of B cells. This can be of
even more significance when one considers that circulato-
ry B cells and those infiltrated into islets are demonstrated
to have a close relationship (32).

One of the main limitations of our study was that we
failed to measure the area under the curve of the stimulat-
ed C-peptide, which many believe that may provide a
more reliable indicator for the response to treatment.
Moreover, the absence of a healthy control group can be
observed as a weakness for our study.

Conclusion

The results of our study demonstrated that transplanta-
tion of fetal stem cells can lead to temporary therapeutic
response in a subgroup of patient whose lymphocyte fre-
quencies alternate in a particular manner.
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