
strongly supports the hypothesis that platelet
PolyP can function as a physiologic cofactor
for factor XI activation.

PolyP ranging in size from several to more
than 1000 phosphate units can be found across
all taxonomic kingdoms of organisms.9,10 In-
terestingly, PolyP in bacteria are often
� 200 phosphate units long, a size that effi-
ciently supports activation of the KKS.
Platelet PolyP, on the other hand, is of a
somewhat smaller size ( 75 units) that fa-
cilitates factor XI activation, while having
less effect on the KKS. It is tempting to
speculate that the size of phosphate poly-
mers in platelet granules is optimized to pro-
mote factor XI activation during hemostasis
without excessive activation of the KKS. It
will be interesting to determine whether dys-
regulation of PolyP synthesis (either amount
or polymer size) is associated with pathologic
consequences such as bleeding or an increased
risk of thrombosis.
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TCR-MHC-peptide(s): in vivo veritas
----------------------------------------------------------------------------------------------------------------

Paul J. Martin FRED HUTCHINSON CANCER RESEARCH CENTER

In this issue of Blood, Amir et al report how donor T cells recognize major histo-
compatibility complex (MHC) alloantigens of the recipient in a patient with graft-
versus-host disease (GVHD).1

During development in the thymus,
T cells are selected to survive when the

T-cell receptor (TCR) has weak affinity for
self-MHC molecules, so that in the periphery,
immune responses are triggered when foreign
antigen-derived peptides are inserted into the
groove between the � helices of self-MHC
molecules and strengthen the interaction with
the TCR above a critical threshold. In this
way, T cells are “biased” toward recognition of
peptide antigens presented by self-MHC mol-
ecules. This understanding raised questions of
whether T cells respond to MHC alloantigens
primarily by recognizing polymorphic differ-
ences between allo-MHC molecules per se,
with relatively little contribution from the
peptide, or by recognizing foreign peptides in
a highly restricted way that somehow reflects
the bias toward self-MHC molecules.2

A previous study showed that a human
T-cell clone specific for an Epstein-Barr
virus– derived peptide in conjunction with
self–HLA-B8 molecules could also recognize
as many as 4 distinct human-derived peptides
in conjunction with HLA-B35, suggesting
that MHC-polymorphism has a dominant role
in allo-MHC recognition.3 In another study,
however, 3 human T-cell clones specific for
HLA-A*0201 each recognized unique, single,
distinct peptide peaks in experiments where
T-cell recognition was reconstituted with frac-
tions isolated by reverse-phase, high-
performance liquid chromatography (HPLC),
suggesting that the peptide plays a critical role
in allo-MHC recognition.4 A more recent
study of murine T-cell clones specific for an
MHC– class II alloantigen showed mixed re-
sults: 3 clones responded to 2 or 3 different

peptides inserted into the groove between the
�-helices, whereas 6 clones appeared to be
specific for a single peptide.5

Amir et al isolated 56 T-cells clones from a
patient with GVHD after hematopoietic cell
transplantation from a related donor.1 The
related donor and recipient were HLA geno-
typically identical except at HLA-A. Because
of a recombination between HLA-A and -B,
the recipient was HLA-A*0201-positive,
whereas the donor was HLA-A*0201-
negative, thereby creating a situation in which
the donor T-cell response was driven by rec-
ognition of HLA-A*0201 in the recipient.

Fifty of the clones recognized HLA-A2
(see figure). Thirty-two of these clones were
tested to determine whether T-cell recogni-
tion could be reconstituted by loading HPLC
fractions of peptides isolated from HLA-
A*0201 molecules into HLA-A*0201-positive
human T2 cells that are not able to insert pep-
tides into MHC class 1 molecules through a
transporter associated with antigen processing
or by loading HPLC fractions into HLA-
A*0201-positive insect cells that lack peptides
derived from human molecules other than
HLA-A*0201. In 27 of the 28 informative
assays, the clones each responded to a single
unique peptide, and only 1 clone responded to
2 distinct peptides. Six of the single peptides
recognized by a clone and both peptides recog-
nized by the clone with dual specificity were
identified by mass spectrometry. Experiments
with silencing short hairpin RNA sequences
that suppressed expression of specific genes en-
coding 6 of the 8 identified peptides confirmed
that these T-cell clones recognized no other pep-
tides in conjunction with HLA-A*0201.

These results show that unlike minor his-
tocompatibility antigens composed of a single
specific peptide presented by a specific MHC
molecule, major histocompatibility antigens
represent large families of single specific pep-
tides that can all be presented to T cells by a
specific MHC molecule. The response to a
single MHC alloantigen has been estimated to
be approximately 3 orders of magnitude stron-
ger than the response to any single minor his-
tocompatibility antigen. These results also
show why the response to an MHC alloantigen
overwhelms any concurrent response against
minor histocompatibility antigens that would
otherwise have been generated in the absence
of an MHC mismatch.

Amir et al also showed that the T-cell
clones did not recognize a panel of virus-
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derived peptides presented by HLA-A*0201.1

A more interesting question is whether any of
the clones recognize virus-derived peptides
presented by other MHC molecules in the
donor, because previous studies by the same
group indicated that at least 45% of T cells
specific for virus-specific peptides presented
by self-MHC molecules also recognize MHC
alloantigens.6 Mechanisms that permit such
diverse cross-reactivity have recently been
elucidated by studies comparing the crystal
structures of a TCR bound to a peptide-
specific member of an MHC alloantigen fam-
ily or bound to a virus-derived peptide in con-
junction with a different MHC molecule.
These mechanisms include molecular mim-
icry, altered docking of the TCR with the
peptide-MHC ligand, conformational changes
in the MHC molecule induced by peptide
binding, and conformational changes in either
the TCR or the peptide-MHC ligand induced
during the ligand-receptor interaction.7

The polyspecific nature of TCR recogni-
tion has raised concerns that the use of viral or

tumor-associated peptide-specific T cells for
adoptive immunotherapy could cause GVHD
in MHC-mismatched recipients.8,9 Despite
these concerns, a recent report by Melenhorst
et al showed no exacerbation of GVHD in pa-
tients treated with virus-specific T cells that
cross-reacted with a recipient MHC alloanti-
gen in vitro.10 Several explanations could ac-
count for these unexpected results. It is pos-
sible, for example, that the peptide
components of the MHC alloantigens were
not expressed in GVHD target tissues of the
recipients or that the virus-specific T cells
were derived primarily from an effector
memory population that has an intrinsically
limited ability to cause GVHD.11

Production of therapeutic T cells specific
for an individual patient takes at least several
weeks. More timely treatment would be fea-
sible if ready-made “off-the-shelf” cellular
reagents that recognize viral or tumor-
associated peptides of interest in the context of
specific MHC types that are prevalent in the
population could be used in recipients that

have an MHC alloantigen together with the
specific MHC type. The striking disconnect
between the in vitro and in vivo results re-
ported by Melenhorst et al demonstrates that
caution is needed when in vitro results are
interpreted for their possible significance in
vivo.10 Further work, however, is needed to
refine our understanding of the rules that gov-
ern the ability of alloreactive T cells to cause
GVHD, because the results of a single study
cannot dismiss all concerns about TCR cross-
reactions. More sophisticated in vitro tests are
needed to ensure that the results accurately
reveal the true in vivo reality.
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Flow of work by Amir et al.1 Peptide specificities presented in conjunction with HLA-A*0201 were identified for
the clone with 2 specificities and for 6 of the clones with a single specificity. Experiments with silencing hairpin
RNA sequences that suppressed specific gene expression confirmed that no other peptides were recognized
by 4 of the 6 clones with single peptide specificities or by the clone with 2 peptide specificities. Two of the
clones that recognized a single peptide were not tested in this type of experiment. Professional illustration by
Paulette Dennis.
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