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Regulatory T cell (Treg) therapy has shown promises in experimental models of type 1 diabetes (T1D) and
other autoimmune diseases. Now, Bluestone et al. (2015) report in a phase 1, dose-escalation study that
ex vivo-expanded autologous polyclonal Treg therapy is safe and well tolerated in adult patients with

recent-onset T1D.

Type 1 diabetes (T1D), one of the most
common childhood chronic diseases, re-
sults from a cell-mediated autoimmune
attack against pancreatic B cells that
causes insulin deficiency. One-fourth of
cases are also diagnosed in adults. The
established treatment is either frequent
daily injections or continuous subcutane-
ous infusion of insulin to control blood
sugar. B cell preservation is another
important aspect of T1ID management.
Many clinical trials have revealed how
immunointervention can help prevent re-
sidual B cell loss either by blocking the
autoimmune response via prednisone,
azathioprine, cyclosporine, heat shock
protein, and anti-CD20 antibody or by
re-establishing immune tolerance using
anti-CD3 antibody, IL-2, or anti-thymo-
cyte globulin (Atkinson et al., 2014,
Hartemann et al., 2013). Autologous he-
matopoietic stem cell transplantation is
another approach used to improve im-
mune tolerance. Although these therapies
induce a slower decline or improve
C-peptide levels, almost all patients still
require exogenous insulin. Generally,
benefits of immunomodulatory therapies
are associated with improved functions
of CD4*CD25"FoxP3* regulatory T cells
(Tregs) that are critical for the immune
tolerance. The experimental models of
T1D and other autoimmune diseases
have established the potential therapeutic
use of Tregs. Several Treg-based clinical
trials have been recently conducted,
mostly for graft-versus-host disease (Gre-
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gori et al., 2015), revealing that Treg ther-
apy is not only safe, but also effective in
reducing inflammation.

In a recent study published in Science
Translational Medicine, Bluestone et al.
(2015) conducted a phase 1, dose-esca-
lation immunotherapy trial by using
ex vivo-expanded autologous polyclonal
Tregs in recent-onset adult T1D patients.
They FACS purified Tregs using a combi-
nation of CD4, CD25, and CD127 markers
and expanded these cells ex vivo using
anti-CD3/CD28 antibody-coated beads
in the presence of IL-2 (Figure 1). These
expanded Tregs maintained their pheno-
type, polyclonality, and suppressive func-
tions and acquired CD45R0O, CCR7, and
CD38 markers, indicating memory pheno-
type, potential lymphoid tissue homing
capacity, and enhanced functioning of
expanded Tregs, respectively. Bluestone
et al. (2015) then adoptively transferred
Tregs to the patients. As low Treg dose
might not effectively suppress the patho-
genic immune responses, and an exces-
sive dose might alter metabolic processes
and predispose patients to infections and
cancers due to prolonged immunosup-
pression, it was critical to identify opti-
mum Treg dose. Therefore, they tested
four different dose regimes to obtain a
clear pointer toward clinical benefits and
safety related to Treg immunotherapy.
Patients were monitored for primary end-
points (adverse events, laboratory abnor-
malities, toxicity, infusion reactions, infec-
tion complications, and impact on the

course of diabetes), and the Treg therapy
met with all the safety criteria. =25% of
transferred Tregs persisted in the circula-
tion a year later. However, metabolic data
at 78 or 110 weeks showed that, while in-
sulin use, HbA1c levels, and C-peptide
remain unchanged in most of the patients,
75% of the high-dose Treg cohort pa-
tients showed >50% decline in C-peptide.
Also, except for the significant reduction
in NK cells early after Treg transfer,
neither effector T cells nor GAD65 and
ICA512 autoantibodies were significantly
modified. While encouraging, the num-
ber of patients (14) would need to be
increased to draw clear conclusions
regarding the overall metabolic benefits
of Treg immunotherapy.

Notably, another clinical trial has re-
ported the safety and positive outcomes
of autologous Treg therapy in newly onset
T1D children with prolonged survival of
pancreatic islets and reduced exogenous
insulin use in the majority of the patients at
one year, with two patients totally insulin
free (Marek-Trzonkowska et al., 2014,
2012). Marek-Trzonkowska et al. (2014)
indicated that disease duration and initial
C-peptide serum level might determine
Treg immunotherapy success. In fact,
Marek-Trzonkowska et al. (2014; 2012)
included children within 2 months of diag-
nosis, while the Bluestone et al. (2015) trial
involved adults diagnosed within 14—
104 weeks. Thus, alterations in the im-
mune system caused by pathological re-
sponses and past therapies might have
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Figure 1. Scheme of Ex Vivo-Expanded Autologous Polyclonal Regulatory T Cell Therapy in Adult Type 1 Diabetes

Bluestone et al. (2015) collected 400 ml of blood from patients with recent-onset adult T1D. CD4*CD25"CD127' regulatory T cells (Tregs) were sorted and
expanded for 14 days. Following detailed analysis of expanded Tregs, patients received a single dose of Tregs. During the follow up, patients were assessed for
safety and immunological and metabolic parameters. Tracking of adoptively transferred Tregs was also performed.

played a role in the outcome of the Blue-
stone et al. (2015) study, despite both
clinical trials using similar Treg isolation
and expansion methods. The course of
cell auto-destruction remains subclinical
until the amount of B cell mass is insuffi-
cient to maintain glucose homeostasis
and, at the time of clinical diagnosis, the
B cell mass is approximately decreased
by 80%. Therefore, future clinical trials
could explore how the extent of B cell
mass destruction and ketoacidosis may
predict the response to Treg immuno-
therapy. Both trials also used different
doses of Tregs: body weight-dependent
Treg dose versus fixed dose. Additionally,
Marek-Trzonkowska et al. (2014) included
a second dose of Tregs for certain pa-
tients based on the metabolic function
and suggested that two doses of Treg
were better than the single injection.
Together, polyclonal Treg therapy ap-
pears to be useful for newly onset T1D in
children. However, for adult T1D, it might
require further adjustments.

How can we further improve polyclonal
Treg therapy? Analysis of transferred
Tregs in the adult T1D patients’ blood
indicated no major phenotypic changes,
suggesting lack of trans-differentiation
into effector T cells. However, the fate
of Tregs in the pancreas and lymphoid
tissues remains unknown and would
need to be explored in the future since

the polyclonal Treg preparations used
in both trials included CD127°C-
D45RA"FoxP3° non-Treg population
(Miyara et al., 2009). An option would be
to use CD45RA and CD25 in combination
with CD127 to isolate Tregs. As the pro-
portion of antigen-specific Tregs is low
in the polyclonal preparation, using anti-
gen-specific Tregs as in experimental
models should yield better results (Tang
et al., 2004).

Another aspect to consider is that Tregs
isolated from the patients subjected to
immunotherapy are functionally superior
due to neutralization of inflammatory
mediators that suppress Treg functions.
For example, TNF-a renders Tregs func-
tionally defective by TNFRII-mediated
signaling that decreases FoxP3. IL-1B
and IL-6 promote Th17 responses at the
expense of Tregs. Importantly, these in-
flammatory cytokines are vital in T1D
pathogenesis (Nepom et al., 2013). There-
fore, neutralization of inflammatory medi-
ators before the isolation, expansion,
and adoptive transfer of Tregs would
enhance the half-life of injected Tregs,
their functional integrity, and the efficacy
of Treg therapy (Bayry et al., 2007). Addi-
tional cytokine therapy such as IL-2 might
further improve Treg functions and sur-
vival (Hartemann et al., 2013).

Several positives can be taken away
from the clinical trial by Bluestone et al.
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(2015), as it reveals that very large
numbers of functionally competent,
stable, therapeutic-grade Tregs can be
obtained by ex vivo expansion. Sec-
ond, specific defects in Tregs, such as
low phosphorylation of STAT5, can be
rectified by ex vivo expansion method.
Third, the therapy is well tolerated by
the patients with minimal side effects.
Fourth, transferred Tregs in the circula-
tion can be tracked for analyzing their
stability and pharmacokinetics. The rich-
ness of this study should ignite further
improved randomized clinical trials with
Tregs.
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