Journal of Hematology Research, 2015, 2, 25-29 25

The Functional Capacities of Peripheral Blood Regulatory T Cells
after an Allogeneic Stem Cell Transplant Correlate with the Risk of

Graft-Versus-Host Disease

Nadia Peragine, Anna P. lori, Walter Barberi, Maria S. De Propris, Anna Guarini,

Robin Foa and Giovanni F. Torelli

Division of Hematology, Department of Cellular Biotechnologies and Hematology, “Sapienza” University, Via

Benevento 6, 00161 Rome, Italy

Abstract: The immunologic reconstitution is ultimately responsible of the clinical outcome of patients who have
undergone an allogeneic stem cell transplantation (SCT). The occurrence of graft-versus-host disease (GVHD), which
represents the major cause of morbidity and mortality after the transplant correlates with the concentration in the
peripheral blood (PB) of regulatory T cells (Tregs). In this study we aim at demonstrating that not only the concentration
but also the functional capacities and the degree of activity of Tregs act as an important regulator of alloreactivity and
may help to predict the risk of acute and chronic GVHD in the post-transplant period. Sixteen patients who underwent an
allogeneic SCT were evaluated at 1 year from transplant. Tregs were expanded from the PB of these patients and from 8
normal donors; their expansion capacity, phenotype, suppressor activity and IL-10 production were measured. Tregs
expanded from patients without GVHD exerted a higher suppressive function on the proliferative reaction of T cells and
showed a higher IL-10 production capacity compared to patients with acute or chronic GVHD. These results document
that the functional activity and the suppressor capacity of Tregs after an allogeneic SCT may protect from GVHD, and
support the design of clinical protocols based on the infusion of expanded and activated Tregs.

Keywords: Allogeneic stem cell transplant, graft-versus-host disease, regulatory T cells, mixed lymphocyte

reaction, Interleukin-10.

INTRODUCTION

Allogeneic hematopoietic stem cell transplant (SCT)
represents the treatment of choice for many
hematologic malignancies and for different non-
neoplastic hematologic disorders [1]. This therapeutic
procedure implies the development of a new
immunologic configuration in which donor lymphocytes
recognize recipient histocompatibility antigens. After
the transplant donor T cells play an important role in
lowering the risk of tumor recurrence by inducing the
so-called graftversus-leukemia (GVL) effect [2] and in
reducing the incidence of infections; at the same time
this cell population is responsible for the occurrence of
the graft-versus-host disease (GVHD) phenomenon,
which represents the major cause of morbidity and
mortality [3,4]. GVHD, both in its acute and chronic
presentation, is in fact thought to be primarily mediated
by effector T cells of donor origin along with antigen
presenting cells (APCs) and B cells which have been
addressed as key mediators of T-cell activation in this
setting [5-9].

Many reports have focused on the possibility that
natural occurring regulatory T cells (Tregs), a
subpopulations of thymus-derived CD4+ T cells that
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constitutively express the interleukin (IL)-2 receptor o
chain (CD25), the cytotoxic T lymphocyte (CTL)-associa-
ted protein 4 (CTLA-4) and the forkhead box P3
(FoxP3) gene product, may play a central role in the
suppression of T-cell functions in the allogeneic SCT
context [10-13] due to their capacity of producing regula-
tory cytokines such as IL-4, IL-10 and transforming
growth factor (TGF- o) [14-16] and their interaction with
different cell types, including dendritic cells (DCs) and
B cells [17, 18]. In addition, it has been reported that
Tregs can inhibit the GVHD phenomenon [19-21] while
apparently retaining the GVL effect [13, 22]. Recently,
two clinical studies performed in the double umbilical
cord blood and haploidentical transplantation setting
confirmed the possible role of Tregs infusion on
preventing the onset of GVHD [23, 24].

We hereby hypothesized that this cell population
may act as an important regulator of alloreactivity and
that not only its content but also its degree of activity
may help to predict the risk of GVHD. Aim of the
present study was to verify whether the functional
activity and suppressive capacity of peripheral blood
(PB) Tregs correlates with the presence of acute and
chronic GVHD.

PATIENTS AND METHODS
Patients

Sixteen adult patients suffering from hematologic
malignancies who consecutively underwent an
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allogeneic SCT at our Institute were investigated after
having given written informed consent for participating
to the study. Eight adult normal donors of the
Transfusional Center of our University Hospital served
as controls.

Cell Purification and Expansion

Tregs were purified from mononuclear cells
obtained from 50 cc PB of patients who had undergone
an allogeneic SCT or of normal donors using the
CD4+CD25+ regulatory T-cell isolation kit (Miltenyi
Biotec, Bergisch Gladbach, Germany), according to the
manufacturer instructions. Briefly, CD4+ T cells were
negatively isolated by magnetic labeling of non-CD4+ T
cells with a biotin-Ab cocktail and antibiotin MicroBeads
using a LD column. Thereafter, the effluent preenriched
CD4+ cells were labeled directly with CD25 Micro-
Beads and separated using a MS column. For in vitro
Treg expansion, 96-well U-Bottom plates were used.
Each plate was coated overnight with 5g/ml of anti-CD3
and 5g/ml of anti-CD28 at 4°C. Purified Tregs were
then cultured at a median of 2.5 x 10* cells/well (range:
21 x 10* - 3.0 x 10° cells/well) in complete RPMI
supplemented with 10% heatinactivated fetal bovine
serum (FBS, HyClone, South Logan, UT), 0.3mg/ml L-
glutamine and 1% Pen-strepto (Euro-Clone, Milano,
Italy), for 6 days. IL-2 was added on days 1 and 3 of
the Treg cultures at a final concentration of 100U/ml.

Cytofluorimetric Analysis

Expanded Tregs were stained with four color
(FITC/PE/PerCP/TC) combinations of conjugated
monoclonal Ab (mAb) against the surface antigens
CD3, CD4, CD25 and CD62L and for the cytoplasmic
antigens CTLA-4 and FoxP3 (all from Becton
Dickinson, Mountain View, CA, except for CD62L,
CTLA-4 and FOXP3 which were from eBioscience, San
Diego, CA). All marked cells, after PBS washing, were
acquired using the FACSCalibur flow cytometer and
analyzed with the CellQuest software (Becton
Dickinson, Franklin Lakes, NJ).

Mixed Lymphocyte Reaction (MLR)

To assess the suppressive capacity of Tregs over
the proliferative reaction of autologous peripheral T
lymphocytes induced by allogeneic DCs, expanded
CD4+CD25+ Tregs were seeded in 96-well U-Bottom
plates at a 1:1 ratio together with naive autologous
effector cells at a final volume of 0.2 mil/well. Effector
cells were previously stimulated at a 1:5 ratio with
allogeneic DCs pulsed with apoptotic leukemic blasts

(Apo-DCs). Expanded Tregs and autologous effector
cells were seeded at a median of 7.2 x 104 cells/well
(range: 2.5 x 104 — 1.0 x 105 cells/well), while Apo-DC
were seeded at a median of 14.3 x 10; cells/well
(range: 5.0 x 103 — 2.0 x 104 cells/well). After 6 days of
culture, cells were incubated with 1 Ci of [3H]—
thymidine/well for 18 hours, harvested and counted
using a beta-counter (Packard Bioscience, Groningen,
The Netherlands). Suppressor activity was measured
as [3H]-thymidine incorporation in the presence or
absence of Tregs. All experiments were set up in
triplicate.

ELISA Assays

After the 6-day culture period required for Treg
expansion, supernatants were harvested and tested for
IL-10 production using the commercial quantitative
sandwich immunoassay Quantikine kit (R&D System,
Minneapolis, MN).

Statistical Analysis

The two-sided Student f test was used to evaluate
the significance of differences between groups for
expansion, suppressive and IL-10  production
experiments. These results are expressed as the
means plus or minus standard deviation (SD).

RESULTS
Expansion Capacity

Tregs purified from the PB of patients at 1 year from
transplant without signs of GVHD (n = 9), with GVHD
(n = 7: acute GVHD n = 2, chronic GVHD n = 3, acute
and chronic GVHD n = 2), or from normal donors
(n = 8) showed an equivalent expansion capacity:
mean fold expansion (range), PB of patients without
GVHD 7.0 (1.4-13), PB of patients with GVHD
7.8 (1.6-16.5), normal donors 4.6 (1.5-10) (Table 1).

Table 1: Expansion Capacity of Tregs Origin of Tregs
Fold Increase (Range)

Origin of Tregs Fold increase (range)

PB patients with GVHD (n=7) 7.8 (1.6-16.5)
PB patients without GVHD (n=9) 7 (1.4-13)
Normal donors (n=8) 4.59 (1.5-10)
Cytofluorimetric Analysis
No differences were observed when the

immunophenotypic analysis of expanded Tregs was
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carried out, in terms of surface expression of CD4,
CD25, CD62L, cytoplasmic CTLA-4 and Foxp3, from
the two groups of patients and normal donors (data not
shown).

Suppressive Function

Tregs expanded from the PB of patients without
signs of GVHD (n = 5) exerted a significantly higher
suppressive function on the proliferative reaction of T
cells stimulated by allogeneic DCs compared to Tregs
expanded from the PB of patients with GVHD (n = 5:
acute GVHD n = 2, chronic GVHD n = 2, acute and

chronic GVHD n = 1): mean fold reduction (range), PB
of patients without GVHD 10.9 (5.28-21.82), PB of
patients with GVHD 3.9 (1.49-6.34), p 0.05 (Figure 1).

Cytokine Production

Tregs expanded from patients without GVHD (n = 3)
showed a significantly higher in vitro IL-10 production
capacity compared to patients with GVHD (n = 3: acute
GVHD n = 1, chronic GVHD n = 1, acute and chronic
GVHD n = 1): mean pg/ml (range), patients without
GVHD 626 (461-731), patients with GVHD 245 (125-
355), p 0.02 (Figure 2).
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Figure 1: Suppressive capacity of MLR exerted by Tregs expanded from the PB of patients with or without GVHD.
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Figure 2: IL-10 production capacity of Tregs expanded from the PB of patients with or without GVHD.
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DISCUSSION

The results of this study performed on patients
suffering from hematologic malignancies who
underwent an allogeneic SCT show that Tregs
expanded from the PB of allotransplanted patients
without any signs of GVHD display a higher in vitro
suppressive capacity which correlates with a higher in
vitro 1L-10 production, when compared to Tregs
expanded from patients who presented in their clinical
courses an acute or chronic GVHD; in addition, no
differences have been observed in the expansion
capacity and immunophenotypic analysis between
Tregs expanded from the PB of allotransplanted
patients with or without signs of GVHD.

GVHD is one of the most important causes of
morbidity and mortality following an allogeneic SCT,
and it accounts for the reduced quality of life of these
patients. The reports present in the literature that
associate the content of Tregs with the onset of GVHD
[11,12,25] have suggested the possibility of utilizing in
vivo Tregs in the allogeneic SCT context for the
prevention and treatment of GVHD [23,24]. Most
interestingly, the results hereby presented indicate that
not only the content but also the degree of Treg activity
plays a decisive role towards the onset of the GVHD
phenomenon. In fact, we could show that the in vitro
suppressive capacity of expanded Tregs and their in
vitro 1L-10 production ability correlate with the onset of
acute and/or chronic GVHD.

In order to more finely define the functional role
played by Tregs in the protection from GVHD further
studies, though more invasive, will need to investigate
in individual patients the Treg tissue content at the site
of the GVHD phenomenon; it would also be of interest
to analyze the degree of activity of Tregs at the onset
of GVHD, although the large amount of PB required to
perform the analysis in patients presenting an acute
GVHD may be a limiting factor.

In conclusion, the findings here reported confirm the
importance of Treg activity for the modulation of the
immune system in the transplant setting and support
the design of therapeutic and/or preventive GMP
protocols based on the in vivo infusion of ex vivo
expanded and activated Tregs, aiming at modulating
the activity of the immune system after an allogeneic
SCT.
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