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Graft versus host disease (GVHD) is the main complication following allogeneic hematopoietic stem cell
transplantation (allo-HSCT). Recent data indicated that regulatory T (Treg) cells might relate to GVHD, and
such functions might be mediated by certain T-cell receptor (TCR) subfamily of Treg cells. Thus, we analyzed
the distribution and clonality of the TCR Va and Vb repertoire of Treg cells from leukemia patients with and
without GVHD after allo-HSCT. Numerous TCR Va subfamilies, including Va1, Va9, Va13, Va16–19, and
Va24–29, were absent in Treg cells after allo-HSCT. The usage numbers for the TCR Va and Vb subfamilies in
Treg cells from patients without GVHD appeared more widely. The expression frequencies of Va10 or Va20
between both groups were significantly different. Moreover, the expression frequency of TCR Vb2 subfamily in
patients without GVHD was significantly higher than that in patients with GVHD. Oligoclonally expanded TCR
Va and Vb Treg cells were identified in a few samples in both groups. Restricted utilization of the Va and Vb
subfamilies and the absence of some important TCR rearrangements in Treg cells may be related to GVHD due
to a lower regulating function of Treg subfamilies.

Introduction

Although several salvage regimens have been suc-
cessfully used to induce remission in leukemia, the

duration of remission for refractory leukemia patients is
often brief, and there are few long-term survivors (Thomas
et al., 2003; Mato et al., 2008; Liu et al., 2013). Allogeneic
hematopoietic stem cell transplantation (allo-HSCT) is an
important therapeutic option for a number of malignant and
refractory hematological diseases (Wu et al., 2011; Lv and
Huang, 2012), and it is commonly perceived as the only
curative option for refractory leukemia (Oyekunle et al.,
2006). However, early or late allo-HSCT complications are
responsible for significant morbidity and mortality. Graft
versus host disease (GVHD) is the main complication fol-
lowing allo-HSCT (Lv and Huang, 2012). Recent data in-
dicated that CD4 + CD25 + regulatory T (Treg) cells might
participate in mediating GVHD and graft-versus-leukemia
effects after allo-HSCT (Hoffmann et al., 2005; Zhai et al.,
2007; Brown and Boussiotis, 2008; Semple et al., 2011).
GVHD has been associated with abnormal Treg cell number
and function (Giorgini and Noble, 2007). Treg cell numbers
are lower in patients with acute and chronic GVHD than
in normal patients or those without GVHD (Rieger et al.,
2006; Kapur et al., 2008). Chronic GVHD can be resolved

by adoptive immunotherapy with Treg cells (Dvorak and
Cowan, 2008).

T cells recognize specific ligands by specific T-cell re-
ceptors (TCR), which are heterodimers comprising a/b
chains. TCR signal stimulation is important for the activa-
tion and immune function of Treg cells. Tuovinen et al.
(2006) reported that the TCR on Treg cells in most normal
thymi and peripheral blood express two different chains (Va
2 and Va 12), and two a chains could match a b chain to
form ab TCRs that could transmit signals to make Treg cells
have dual specificity, which plays a positive role in guiding
T-cell differentiation into the Treg cell lineage. Föhse L
et al. (Fohse et al., 2011) suggested that efficient immuno-
regulation by Treg cells requires high TCR diversity, and
high TCR diversity ensures the optimal function and ho-
meostasis of Treg cells. Previous studies showed that some
clonally expanded TCR Vb subfamily T cells are related to
GVHD pathogenesis (Friedman et al., 2001; Beck et al.,
2005, Du et al., 2007, Fu et al., 2007); nevertheless, little is
known about which TCR subfamily members may be re-
lated to reducing GVHD onset. High TCR diversity was
required for the optimal suppressive function of Treg cells in
experimental acute GVHD in mice (Fohse et al., 2011).
However, the distribution and clonality of the TCR rep-
ertoire for specific Treg cells in human GVHD remains
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unclear. Based on the importance of TCR signaling stimu-
lation for the activation of Treg cells, in this study, we first
analyzed the molecular characteristics of the TCRs (in-
cluding the TCR spectrum and T-cell clones) on Treg cells
from leukemia patients after allo-HSCT.

Materials and Methods

Patients

Thirty leukemia patients (15 males and 15 females, me-
dian age: 30.6 years, range: 20–45 years) were prospectively
monitored after allo-HSCT to determine the expression
pattern and clonality of the TCR repertoire. The diagnosis of
all of the patients was based on the criteria reported in the
guidelines of the American Society of Hematology. Ac-
cording to WHO classification (Sabattini et al., 2010), the
30 patients with leukemia included 16 patients with acute
myeloid leukemia (AML), 10 patients with chronic myeloid
leukemia, and 4 patients with acute lymphoid leukemia.
Twenty-eight patients were in first CR (CR1), and two pa-
tients had no complete remission (NR) before transplanta-
tion. The patient median age at the time of transplantation
was 26 years (range: 20–45 years). All of the cases were
related donors including 28 patients who were HLA locus
matched and 2 patients who were HLA locus mismatched
transplants. The standard conditioning regimens included
total body irradiation (TBI) + cyclophosphamide (CY) (TBI:
4.5 Gy/d on days -5 and -4; CY: 60 mg/kg$day, i.v., on days
-3 and -2), and BuCY (busulfan: 4.0 mg/kg$day, p.o., or
3.2 mg/kg$day, i.v., on days -7 to -4; CY: 60 mg/kg$day, i.v.,
on days -3 and -2). As described previously (Xuan et al.,
2012a), cyclosporine A (CsA) alone or CsA plus metho-
trexate (MTX) were administered to patients undergoing
HLA-matched sibling donor transplantation for GVHD pro-
phylaxis. CsA + MTX + human anti-thymocyte globulin and/
or mycophenolate were used in patients undergoing HLA-
mismatched related donor transplants. Acute and chronic
GVHD were diagnosed and graded as previously described
(Wu et al., 2011). All of the procedures were conducted ac-
cording to the guidelines of the Medical Ethics committee of
the health bureau of the Guangdong Province of China.

Flow cytometry

Peripheral blood mononuclear cells (PBMCs) were sep-
arated from freshly drawn anticoagulated blood by Ficoll-
Hypaque (Pharmacia) density gradient centrifugation.
Freshly isolated human PBMCs were suspended in PBS
containing 1% BSA. For the staining, cells were incubated
with PerCP/Cy5.5-, FITC-, and PE-conjugated mAbs (in-
cluding mouse anti–human CD3, CD4, and CD25; BD
Biosciences) or their isotype control Abs for 30 min at 4�C.
The APC-conjugated FoxP3 (BD Biosciences) staining was
performed according to the manufacturer’s manual. All
samples were assayed by BD FACS Canto� II (BD Bios-
ciences) and the acquired data were further analyzed using
BD-FACS Diva Software.

Treg cells isolation

The CD4 + CD25 + Treg cells were sorted from PBMCs
using a human CD4 + CD25 + Treg cell isolation kit and the
MACS� magnetic cell sorting technique (Miltenyi Biotec).

RNA isolation and cDNA synthesis

RNA was extracted from the Treg cells according to the
manufacturer’s recommendations (TRIzol; Invitrogen). Two
micrograms of RNA was reverse transcribed into cDNA
with random hexamer primers and reverse transcriptase
using the Superscript II Kit (Gibco). The quality of cDNA
was confirmed by reverse transcriptase PCR (RT-PCR) for
b2 microglobulin (b2M) gene amplification.

GeneScan analysis for TCR repertoire clonality

The complementarity-determining region 3 (CDR3) sizes
of the TCR repertoire (TCR Va and Vb subfamilies) were
analyzed on the Treg cells of recipients at GVHD onset
using RT-PCR and the GeneScan technique (Li et al., 2007;
Zhang et al., 2009; Xuan et al., 2012b). The TCR V sense
primers and the TCR C reverse primers were used in an
unlabeled PCR to amplify the TCR subfamilies, and the
sequences of the primers are described in previous studies
(Li et al., 2007; Zhang et al., 2009). Aliquots of the cDNA
(1mL) were amplified in 25 mL reactions with one of the
TCR V primers and a TCR C primer. The final reaction
mixture contained 0.5 mM forward and reverse primers,
0.1 mM dNTP, 1.5 mM MgCl2, 1 · PCR buffer, and 1.25 U
Taq polymerase (Promega). The amplification was per-
formed in a DNA thermal cycler (BioMetra). After a 3 min
denaturation at 94�C, 40 PCR cycles were performed with
each cycle consisting of 94�C for 1 min, 60�C for 1 min, and
72�C for 1 min, and a final 7 min elongation at 72�C. The
products were then stored at 4�C.

Aliquots of the unlabeled PCR products (2mL) were sub-
jected to a cycle of a runoff reaction with a fluorophore-
labeled TCR C-fam primer. The labeled runoff PCR products
(2mL) were heat-denatured at 94�C for 4 min with 9.5mL
formamide (Hi-Di Formamide; ABI) and 0.5mL of size
standards (GENESCAN�-500-LIZ� ABI); the samples
were then loaded into a 3100 POP-4� gel (Performance
Optimized Polymer-4; ABI) and resolved by electrophoresis
in 3100 DNA sequencer (ABI) for size and fluorescence in-
tensity determination using GeneScan software.

Statistical analysis

Differences between numerical variables were calculated
with the independent-sample t test. The p values were two-
tailed, and p < 0.05 was considered statistically significant.
The SPSS software package 13.0 (SPSS) was used for all
data analysis.

Results

Patient status after allo-HSCT

All patients achieved hematopoietic reconstitution. The
median time for neutrophil (absolute neutrophil count
> 0.5 · 109/L) and platelet (platelet count > 20 · 109/L) en-
graftment was 12 and 15 days, respectively.

With a median follow-up time of 12.5 months, the 30 pa-
tients were alive, and the incidence of total GVHD was 73.3%
(n = 22), while 8 patients were without acute or chronic
GVHD. The incidence of I�*IV� (grade I, skin, n = 9; grade
II, skin and liver, n = 6; grade III, gastrointestinal, n = 3; and
grade IV, gastrointestinal, n = 1) and III�*IV� acute GVHD
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was 63.3% (n = 19) and 13.3% (n = 4), respectively. The in-
cidence of limited (skin, n = 8 or liver, n = 2) and extensive
chronic GVHD (skin and liver, n = 2) was 33.3% (n = 10) and
6.7% (n = 2), respectively. Therefore, in this study, we com-
pared the TCR Va and Vb repertoire characteristics of Treg
cells from patients without GVHD (8 cases, numbered NG01
to NG08) and patients with acute and/or chronic GVHD (22
cases, numbered G01 to G22) after allo-HSCT.

Treg cell frequencies in PBMCs after HSCT

The frequencies of Treg cells were compared by measuring
CD4 + CD25+ cells, FoxP3 + cells, FoxP3 + CD4 + cells, and
FoxP3 + CD25+ cells from freshly acquired peripheral blood
samples in patients at GVHD onset (n = 22) and patients
who did not develop GVHD at the same time point (n = 8).
Frequencies of CD4 + CD25 + cells in patients at GVHD
onset (2.05% – 1.77%) were lower in patients without
GVHD (5.06% – 3.24%) ( p = 0.003). Frequencies of
FoxP3 + cells (1.96% – 1.11% vs. 9.28% – 8.63%), FoxP3 +

CD25 + cells (0.21% – 0.18% vs. 1.34% – 1.27%), and
FoxP3 + CD4 + cells (0.21% – 0.18% vs. 1.34% – 1.27%) in
patients at GVHD onset were significantly lower than that in
patients without GVHD ( p < 0.001, < 0.001, and < 0.001).

The expression frequency of the TCR repertoire
of Treg cells from patients with and without GVHD

To compare the expression frequency of the TCR Va and
Vb repertoire of Treg cells from patients with GVHD onset
and those without GVHD, the expression of 29 TCR Va and
24 TCR Vb subfamilies was detected. The most frequently
expressing Treg cell subfamily, TCR Va 3, was similar for
both groups that is, 8/8 (100%) for patients without GVHD
vs. 20/22 (90.9%) for patients with GVHD after allo-HSCT,

while the Va1, Va9, Va13, Va16–19, and Va24–29 sub-
families could not be detected in the samples from both
groups. The usage numbers for the TCR Va subfamilies in
Treg cells from patients without GVHD appeared more
widely, the mean value of detectable TCR Va subfamilies in
Treg cells was 5.3 – 3.4 for patients with GVHD and
7.5 – 4.2 for those without GVHD, but the utilization of
TCR Va subfamilies in Treg cells was not significantly
different between the groups ( p = 0.1518). However, the
expression frequency for Va10 (6/8 vs. 7/22) and Va20 (6/
8 vs. 7/22) between both groups was significantly different
( p = 0.0348, p = 0.0348). Skewed usage of TCR Vb sub-
families was found in Treg cells from both groups; the mean
value of detectable TCR Vb subfamily in Treg cells from
patients without GVHD was 13.5 – 4.2, while it was only
9.7 – 4.7 in patients with GVHD, and the difference was
significant ( p = 0.0451). Moreover, the expression frequency
of the TCR Vb2 subfamily in patients without GVHD (6/8,
75%) was significantly higher than that in patients with
GVHD (12/22, 54.5%) ( p = 0.0195) (Fig. 1).

The clonality of TCR subfamily Treg cells
in patients with or without GVHD

We further analyzed the clonality of the expressed TCR
Va and Vb subfamilies on Treg cells, and the most TCR Va
and Vb subfamily expression from most samples indicated
polyclonal Treg cells. The distribution of clonally expanded
TCR Va and Vb subfamilies of Treg cells were listed in
Figure 2. The oligoclonal or monoclonal expanded T cells
were identified in TCR Va15, Va23 and TCR Vb14, Vb16
subfamilies in GVHD patients, and TCR Va4, Va21 and
TCR Vb16, Vb19 subfamilies in patients without GVHD.
Three out of 8 patients without GVHD and 6 out of 22
patients with GVHD contained TCR Va subfamily

FIG. 1. The expression frequencies of T-cell receptor (TCR) Va (A) and Vb (B) subfamilies in Treg cells from patients
after allogeneic hematopoietic stem cell transplantation (allo-HSCT) with and without graft versus host disease (GVHD).
*Compared the expression frequency of TCR Va or Vb subfamilies of Treg cells in patients with GVHD onset and without
GVHD.
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oligoclonally expanded Treg cells; 2 out of 8 patients
without GVHD and 2 out of 22 patients with GVHD con-
tained TCR Vb subfamily oligoclonally expanded Treg
cells. The clonality differences of the TCR Va and Vb
subfamilies in Treg cells between patients with and without
GVHD were shown in Figure 3.

Discussion

The occurrence of GVHD is due to a reaction in which
donor-derived T-cell clones recognize a host allogeneic
antigen, demonstrating the expansion cloning of a specific T
cell and even the predominant expansion of some Vb sub-
families (Du et al., 2007; Fu et al., 2007). Different degrees
of chronic GVHD are related to allo-HSCT recipient T-cell
immune recovery delay (Fu et al., 2007). Thus, specific

immune therapy targeting such specific T-cell clones would
help to improve curative effects. The effector T cells that
mediate GVHD are an abnormal distribution of donor CD8 +

T cells with specific TCR subfamilies, while CD4 + T cells
play a role in reducing GVHD in patients after MHC-
matching allo-HSCT (Friedman et al., 2001). Therefore, T
cell subfamily analysis is expected to be an effective means
for monitoring the progress of the disease after transplan-
tation, formulating individualized treatment options ac-
cording to TCR repertoire analysis, and determining the
T-cell clones closely related to GVHD pathogenesis
(O’Keefe et al., 2004). Moreover, it is interesting to deter-
mine which T-cell clones may regulate GVHD onset.

Previous studies tried to investigate the potential role of
Treg cells in the development of GVHD. The initial phase of
GVHD might be associated with a decrease of CD4 + CD25 +

FIG. 2. The distribution and clonality of TCR Va (A) and Vb (B) subfamilies in Treg cells from patients after allo-HSCT.
Patients with GVHD: numbered G01 to G22; Patients without GVHD: numbered NG01 to NG08.
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Treg cells in the peripheral blood of patients after allo-HSCT
(Schneider et al., 2006). The Treg frequencies measured
within 24 h of GVHD diagnosis were significantly less than
patient without GVHD, and correlated inversely with GVHD
severity (Magenau et al., 2010). In this study, we also ob-
served that frequencies of CD4 + CD25+ cells, FoxP3 + cells,
FoxP3 + CD25+ cells, and FoxP3 + CD4+ cells in patients at
GVHD onset were all significantly lower than that in patients
without GVHD. However, the relationship between Treg cells
and GVHD in clinical research are inconsistent and may be
due to the different functions of different Treg cell subsets,
and it is difficult to distinguish Treg cell subsets simply based
on the CD4 + CD25high and FoxP3 markers. Thus, it is nec-
essary to study the complex biological characteristics of Treg
cells to establish a better classification of the different sub-
families. In this study, we focused on the distribution and
clonality of the TCR subfamilies in Treg cells and attempted
to determine the specific characteristic TCR repertoires
of Treg cells in patients with and without GVHD after allo-
HSCT.

In general, T cells randomly expressed different TCR
repertoires, and all of the TCR Va and Vb subfamilies could
be detected on T cells from healthy peripheral blood (Li
et al., 2007). Little is known about the TCR repertoires
characteristic of Treg cells. In this study, we first charac-
terized the expression frequency and clonality of the TCR
Va and Vb repertoires in Treg cells and compared the dif-
ference in their expression pattern in Treg cells from pa-
tients with and without GVHD after allo-HSCT. First, we
found that a common feature of Treg cells is that some TCR
Va and Vb subfamilies such as Va1, Va9, Va13, Va16–19,
Va 24–29, Vb12, Vb18, and Vb24 could not be detected on
the Treg cells from all samples, and whether this is a
common characteristic that is different from that in healthy
peripheral blood needs to be characterized. Second, Treg
cells from patients with GVHD demonstrated more re-
stricted TCR Va and Vb subfamily utilization, and whether
this is the reason that some TCR subfamilies are absent may
be related to a lower regulating effect, and its involvement
in GVHD needs further investigation. More interestingly,

FIG. 3. Clonality differences of the TCR
Va and Vb subfamilies in Treg cells between
patients with and without GVHD. (A) Oli-
goclonal expansion of the TCR Va and Vb
subfamilies in Treg cells from patients with
GVHD. (B) Polyclonal expansion of the TCR
Va and Vb subfamilies in Treg cells from
patients without GVHD. (C) Oligoclonal
expansion of the TCR Va and Vb sub-
families in Treg cells from patients without
GVHD. (D) Polyclonal expansion of the TCR
Va and Vb subfamilies in Treg cells from
patients with GVHD.
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neither Va2 nor Va12 were detected in six samples from
patients with GVHD, which were thought to have dual
specificity that plays a positive role in guiding T cells to
differentiate into the Treg cell lineage (Tuovinen et al.,
2006), and whether it is also a characteristic related to the
lowered regulating function of Treg cells in patients with
GVHD remains an open question. Third, unlike CD8 + T
cells, which displayed significant clonal expansion in pa-
tients with GVHD (Friedman et al., 2001), lower clonally
expanded T cells were identified for Treg cells from patients
with or without GVHD; therefore, it is thought that the
regulatory role of Treg cells for GVHD inhibition may de-
rive from multi-clonal TCR subfamilies rather than clonally
expanded Treg cells with specific TCR repertoires. How-
ever, the role of the clonally expanded TCR Va15 (18.2%)
and Va23 (13.6%) subfamilies in Treg cells from patients
with GVHD and Va4 (25%) and Va21 (25%) in patients
without GVHD, which were identified in samples in this
study, might need further investigation and follow-up. To
expand the analysis of these clonally expanded Treg cells to a
larger cohort of patients would help to make definitive con-
clusions. The characteristic of TCR CDR3 are important to
the function of clonally expanded T cells. Recently, Meyer
et al. (2013) used TCRb repertoire sequencing to identify
dominant personal T-cell clones in the gastrointestinal tracts
of patients with acute GVHD. They found that TCRb CDR3
repertoire sequencing reveals patterns that could eventually
serve as a disease biomarker of T-cell alloreactivity in acute
GVHD. In this study, we further characterized the expression
frequency and clonality of both TCR Va and Vb repertoires
in specific T-cell subset—Treg cells, and provided the basic
data for further sequencing analysis. Because immune rep-
ertoire sequencing-based methods could enable a novel per-
sonalized way to guide diagnosis and therapy in diseases
where T-cell activity is a major determinant, on the basis of
our study, we will focus on TCR repertoire sequencing of
clonally expanded Treg cells after HSCT in our further re-
search. And specific TCR genes of Treg repertoires could also
provide the benefit of producing T-cell populations of desired
specificity and offers new opportunities for antigen-specific
T-cell therapy for GVHD (Li et al., 2012).

In conclusion, we characterized the expression profiles of
the TCR Va and Vb repertoire in Treg cells from patients
with and without GVHD and showed more restricted utili-
zation of the Va and Vb subfamilies, and the absence of some
important TCR rearrangements may be related to GVHD due
to a lower regulating function of Treg cell subfamilies.
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