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ABSTRACT
Haplo-cord transplant has emerged as a feasible and reliable approach for haematopoietic stem cell
transplant in patients who are unable to find matched-donor. This approach provides fast myeloid
recovery, low incidence of graft vs host disease (GVHD) and favorable graft versus leukemia (GVL)
effects. T cell recovery plays an important role in preventing infectious complications; it also
mediates the GVHD and the GVL effects. Here, we utilized a novel RNA-based sequencing approach
to quantitatively characterize the T cell receptor (TCRs) repertoire in patients underwent haplo-cord
transplant in comparison with those underwent matched-donor transplant. Our study shows that
higher percentage of cord cells early post transplant were associated with significantly higher TCR
diversity. TCR diversity was significantly lower in patients with GVHD and in relapsed patients. A
larger cohort study is needed to validate these data and to provide useful information on the
specific TCR clones correlated with clinical outcome.
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The use of umbilical cord blood (UCB) as an alterna-
tive stem cell source for patients who have no matched
related- or unrelated- donor has the advantage of
being feasible and readily available, and provides min-
imal donor-related risks.1,2 Furthermore, studies sug-
gest lower risk of graft vs. host disease (GVHD), and
possibly lower risk of disease relapse associated with
this approach.2-4 However, delays in immune reconsti-
tution characterized by prolonged neutropenia
remains a major challenge facing the use of UCB in
haematopoietic stem cell transplant (HSCT).4-6 One
method to evade this delayed immune recovery is sup-
plementing UCB with CD34C selected cells from an
adult donor (haploidentical).7-9 This approach has
proven feasibility and resulted in earlier neutrophils
and platelets recovery.9,10 In our recent publication,11

we applied RNA-based next-generation sequencing
approach of the T cell receptors (TCRs) to character-
ize the T cell repertoire in patients with acute myeloid
leukemia (AML) underwent haplo-cord transplant.
Our study found that the TCR repertoires in these
patients exhibit similar diversity to those in patients

underwent the conventional matched donor trans-
plant (MD). A novel and important finding in our
study is the correlation between haplo-cord chimerism
and TCR diversity. We found that patients with high
percentage (above the median) of cord blood cells in
their blood measured at day 30 after transplant had
significantly higher TCR diversity assessed at day 100.
This suggests that haplo-cord chimerism at an early
time-point predicts later TCR diversity. This is in con-
cordance with recent finding by another study show-
ing that early post-transplant chimerism dynamics in
PB and T cells predicts cord blood (CB) graft failure.
On the other hand, early increase in percentages of
CB T cells correlates with ultimate CB engraftment.12

The curative potential of HSCT is largely driven by
the GVL effects, and challenged by a limiting toxicity
and transplant-related mortality caused by the
GVHD.13 The link between GVHD and GVL has been
recognized and supported by experimental and clini-
cal lines of evidence. Although patients with GVHD,
especially chronic GVHD, are likely to have lower risk
of relapse, the increased non-relapse mortality
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remains a cause for the relatively poor overall sur-
vival.13 Research efforts to fine-tune the balance
between the GVL and GVHD include manipulation of
post-transplantation immune suppression, source of
stem cells, and cytokine use.14 These approaches aim
to enhance the GVL effect after the transplantation in
order to reduce the relapse rates and improve clinical
outcome.

The role of activated donor-derived cytotoxic T
cells in the pathophysiology of GVHD and GVL has
been well established.15,16 Therefore, identifying
TCR clones responsible for the GVL effect and those
responsible for the GVHD will be the tenet for seg-
regating the GVL effect from the GVHD. Character-
ization of the T cell repertoires should enable us to
identify T cell clones responsible for both the GVL
and GVHD. Although the number of patients ana-
lyzed in our recent study is not large enough to
identify particular clones responsible for GVHD or
GVL, we observed an expansion of TRAV38-2/
DV8-TRAJ30 and TRBV15-1-TRBJ2-1 in 2 acute
GVHD patients who shared all of 3 major HLA
class I alleles (HLA-A�02, HLA-B�07 and HLA-
C�07) and 2 of the 3 major class II loci (HLA-
DR�04, HLA-DQ�03 and HLA-DQ�06). More impor-
tantly, our comprehensive approach enabled us to
obtain important insights into the correlation
between the TCR diversity, and each of the relapse
status and the occurrence of acute GVHD. Our
study showed higher expansion of particular clones
in patients with GVHD in comparison with patients
without GVHD. This was consistent with decrease
in the TCR repertoire diversity in patients with
GVHD. On the other hand, among non-GVHD sub-
set, the relapse-free patients have significantly
higher diversity than relapsed patients. Although
this finding might seem counterintuitive, it is plausi-
ble to think that higher diversity at early days after
transplant is essential for a later expansion of a par-
ticular clone(s) and the development of the GVL
effect. Furthermore, the expansion of certain T-cell
populations in the relapsed patients may reflect an
increased levels of regulatory T-cells that may func-
tion as suppressive of the GVL and GVHD effects.17

Consistent with this argument, an opposite correla-
tion were found in patients with GVHD, where
relapsed patients exhibit higher TCR repertoire
diversity than non-relapsed patients. This further
supports the strong link between the GVL and

GVHD effects and the need for further analysis to
separate these 2 effects.

In addition to the patients population analyzed in
our study which included high-risk patients with AML
that underwent haplo-cord transplant, the unique
approach for characterizing the TCR repertoire added
a great value to this study. Most studies reporting the
TCR repertoire after HSCT have focused on analyzing
the TCRB only.18,19 Our study reports detailed analysis
of TCRA and TCRB, these information are needed for
further functional analysis of expanded T cell clones.
Additionally, we applied 50RACE PCR to amplify all
TCRA and TCRB transcripts using a single primer set,
this method minimizes the amplification bias of a
TCR-specific multiplex PCR using exon-specific multi-
plex primers.20,21 More importantly, our technique
enables the discovery of novel exons. Indeed, we found
a transcript generated by recombination between
TRDV1 (annotated as a V segment of TCR delta) and
various J segments of TCRA in our samples, indicating
this TRDV1 may function as one of V segments in the
TCR a gene.

In summary, our study has implied that although
haplo-cord transplant has similar T cell recovery to
that of matched donor transplant, the percentages of
the engrafted cord cells few weeks after transplant
may determine the T cell repertoire diversity and
recovery. Although the significance of the clonally
expanded T cells in the induction of acute GVHD
remains non-conclusive, our study showed that signif-
icant expansion of certain T cell clones is likely to be
associated with GVHD and/or relapse of the disease.
Future studies to evaluate a large cohort of patients
with shared common HLA alleles, may facilitate the
identification of the TCR clones responsible for
GVHD and/or GVL.
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