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Abstract
DNA sequencing of 268 individuals drawn from four US populations carrying two unresolved
DRB1*14 alleles differing only outside the antigen recognition site identified DRB1*1454 in the
majority. A database of 4222 human leukocyte antigen (HLA)-matched hematopoietic stem cell
transplantation donor–recipient pairs was queried to determine the number likely mismatched for
DRB1*140101/DRB1*1454 but matched for class I loci. A power calculation suggests that more
than 88,000 transplants among European Americans will be needed to identify sufficient 7/8
allele-matched pairs to evaluate the impact of the DRB1*140101/DRB1*1454 mismatch on
transplant outcome. Molecular modeling of the HLA-DR interaction with the T-cell receptor and
with CD4 suggests that the amino acid substitution distinguishing the two alleles will have
minimal impact on allorecognition.
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DRB1*140101 and DRB1*1454 are examples of alleles that share the amino acid sequence
of their antigen recognition site (ARS). The two alleles differ for a nonsynonymous
nucleotide polymorphism occurring in exon 3, altering codon 112 in the second extracellular
domain [TAC (tyrosine) to CAC (histidine)]. Horn et al. suggested that DRB1*1454 is likely
to be relatively frequent among cells typed before its discovery as DRB1*1401 because
DRB1*1454 shares the H112 with most other DRB1 alleles (1). The first goal of this study
was to investigate the frequency of the two DRB1*14 ARS-identical alleles in four US
population groups. A second goal was to determine the size of a donor–recipient population
needed to evaluate the clinical impact of mismatching these alleles in unrelated donor
hematopoietic stem cell transplantation (HSCT). A final goal was to predict the impact of
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the amino acid substitution distinguishing these allelic products using molecular modeling.
Most human leukocyte antigen (HLA) typing focuses on resolving alleles differing in the
ARS; the importance of matching for differences outside this functional site is not yet
known.

A total of 268 unrelated individuals from the United States previously typed as DRB1*1401
positive prior to the discovery of DRB1*1454 were randomly selected to include 69 Asian
Americans, 65 European Americans, 68 African Americans, and 66 Hispanic Americans. A
sample size of at least 59 individuals gave us a 95% probability of detecting an allele present
at 5% in the population. The ethnic/racial designations were self-described. To distinguish
DRB1*1454 from DRB1*140101, it was necessary to amplify a 2100-bp DRB1*14-specific
fragment with primers annealing in the first hypervariable region of exon 2 (a sequence
specific to DRB1*03, *11, *13, and *14 alleles) and at DRB1-conserved codon 177 in exon
3 (Table 1). If the sample carried DRB1*03, *11, or *13 in addition to DRB1*14, the primer
pair would amplify both DRB1 alleles; this occurred in 93 (35%) of the samples. For the 93
samples, a homozygous sequence was observed at codon 112 of exon 3 unless the cell
carried DRB1*140101. Table 1 shows the allele frequencies of DRB1*1454 as found within
the DRB1*1401-positive populations. Most individuals in all four population groups carried
DRB1*1454 and not DRB1*140101. The latter was more frequent in European Americans
(9.2%) and Hispanic Americans (15.2%). We sequenced the DRB3 allele in all the samples
typed as DRB1*140101 or DRB1*1454 that did not carry a second allele associated with
DRB3 (Table 1). Only two haplotypes DRB1*140101-DRB3*0201 and DRB1*1454-
DRB3*0202 were observed.

To evaluate the feasibility of studying the impact of mismatching for DRB1*140101/
DRB1*1454 in unrelated donor HSCT, we queried the National Marrow Donor Program
(NMDP)/Center for International Blood and Marrow Transplant Research (CIBMTR)
database for transplant pairs matched for alleles of HLA-A, -B, -C, and -DRB1 carrying the
unresolved allele alternative DRB1*140101 or DRB1*1454. The HLA typing of these pairs
has already been described (2). We chose to evaluate these single DRB1 allele mismatches
in the presence of allele matching at HLA-A, -B, and -C (i.e. 7/8 matches) because outcome
studies have shown the importance of matching alleles at these key loci (3) and because
methods to adjust for HLA mismatches at multiple loci in evaluating outcome are not yet
optimal. Only pairs in which donor and recipient were both European American were
evaluated because of the greater probability of finding mismatches for the two DRB1*14
alleles in this group. [The number of transplants of Hispanic patients is limited. In the
NMDP/CIBMTR database, the majority of the pairs (83%) are European American/
European American, 4.3% have one member of the pair listed as Hispanic American and the
second as European American, and 1.7% are Hispanic American/Hispanic American. Pairs
in which one member is European American and the second is Asian American (0.3%) or
African American (1.1%) are also limited.] From the pool of four thousand two hundred and
twenty-two 8/8 matched European American donor–recipient transplant pairs in the NMDP
database, we identified only 102 pairs that carried the unresolved DRB1*140101/
DRB1*1454 with matching at class I loci and the second DRB1 allele. Because all pairs
were typed for DRB3 alleles, we used the strong DRB3 linkage to identify 12 pairs likely to
be mismatched for DRB1*140101/DRB1*1454. Based on a 9% expected difference in
survival between a 7/8 vs an 8/8 match (3), the analysis would require a database of eighty-
eight thousand two hundred and sixty-seven 8/8 matched pairs with 80% power at a
significance level of 0.05 (NQUERY ADVISOR 5.0; Statistical Solutions Ltd., Boston, MA) to have
sufficient DRB1*140101/*1454 mismatches to determine if this alteration in exon 3 does
have an effect on outcome.
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Based on the crystal structure of a DR–T-cell receptor complex [protein database (PDB):
1J8H] (4), the amino acid substitution at codon 112 defining the two DRB1*14 ARS-
identical alleles lies outside the peptide-binding groove in a loop of the beta2 domain
located near the cell surface (Figure 1). The polymorphism does not appear to be in a
position to impact the conformation of the antigen-binding site or the interaction with the T-
cell receptor. Based on a structure of a class II–CD4 complex (PDB: 1JL4) (5), the residue is
near but not in the site for CD4 binding. Substitution of Y112 as found in DRB1*140101
may alter an intra-molecular salt bridge between H112 and E162. Although not appearing to
affect CD4 binding, further studies would be required to determine if the affinity of the DR–
CD4 interaction is altered. In summary, the impact of a substitution at residue 112 in
affecting allorecognition is not obvious from the crystal structures, although it appears
unlikely.

It should be noted that mismatching DRB1*140101/DRB1*1454 will also mismatch the
DRB3 locus because of the strong linkage observed. Whether this dual mismatch has a
greater impact than the DRB1 mismatch alone is not known. The two DRB3 allelic products
differ at residues 86 and 164; residue 86 is a difference in the ARS but DRB3 is expressed at
lower levels than DRB1 (6). The influence of the secondary DRB loci on transplant outcome
has not yet been evaluated.

HLA-DR typing of volunteer hematopoietic stem cell donors at recruitment routinely uses
reagents detecting only exon 2 polymorphisms, so DRB1*140101 is not distinguished from
DRB1*1454. One issue to be resolved is whether it is necessary to distinguish between these
alleles when matching hematopoietic stem cell donor and recipient because adding the
typing of exon 3 will increase the time and complexity of the routine testing. We sought to
evaluate the frequency at which a mismatch for DRB1*140101/DRB1*1454 will occur in
transplants to estimate the number of retrospective transplant pairs needed to evaluate the
impact on outcome. The large number of pairs required suggests that we may need to pool
multiple HLA mismatches that differ only outside the ARS (e.g. A*02010101/A*0209,
B*70201/B*0744) to evaluate impact, but this will require alternative alleles with
sufficiently high frequencies to find mismatches in the transplant pairs. For example,
another set of DR alleles identical in their ARS but differing elsewhere in the mature protein
includes DRB1*120101 and DRB1*1206, but DRB1*1206 is not present at any detectable
frequency in US populations (7).

The best alternative to a retrospective study is to determine the functional significance using
in vitro assays of alloreactivity to predict the importance of this type of mismatch. An
abstract by Oudshoorn et al. showed that in several donor–recipient pairs, a difference
between DRB1*140101 and *1454 along with the DRB3 mismatch did not result in a
primary mixed lymphocyte culture response (8). At present, data suggest that the clinical
relevance is likely to be minimal but warrants additional laboratory investigation of in vitro
alloreactivity for these ARS-identical allele combinations.
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Figure 1.
The structure of a class II–CD4 complex showing the position of polymorphism
distinguishing DRB1*140101 and DRB1*1454. The alpha helices of the antigen recognition
site are colored purple. The X-ray crystal structures of murine I-A/human CD4 [protein
database (PDB): 1JL4] and DR/TCR (PDB: 1J8H) were used to model the impact of the
H112Y substitution. Missing residues in the DR–TCR complex were reconstructed by
homology modeling using MODELLER (9). Both variant structures were energy minimized and
underwent 10 ps molecular dynamics (MD) simulations with a distant-dependent dielectric
constant using the SANDER module of AMBER 8.0 (10). All the parameters were set to default for
the minimization and MD simulations.
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Table 1
DRB1*1454 and DRB1*140101 allelea frequency distributions in four ethnic groups in the
United States

Asian Americans, Nb
(%)

European Americans,
N (%)

African Americans, N
(%)

Hispanic Americans, N
(%)

DRB1

 Total 69 (100) 65 (100) 68 (100) 66 (100)

 DRB1*140101 0 (0) 6 (9.2) 1 (1.5) 10 (15.2)

 DRB1*1454 69 (100) 59 (90.8) 67 (98.5) 56 (84.8)

DRB3

 Total 58 (100) 43 (100) 31 (100) 45 (100)

 DRB1*140101-DRB3*0201 0 (0) 5 (11.6) 1 (3.2) 4 (8.9)

 DRB1*1454-DRB3*0202 58 (100) 38 (88.4) 30 (96.8) 41 (91.1)

PCR, polymerase chain reaction; HLA, human leukocyte antigen.

a
PCR primers [sense 5′GGAGTACTCTACGTCTGAG (nucleotides 111-129 exon 2); antisense 5′GCTCCACCTGGCAGGTGTAA (nucleotides

597-616 exon 3)] were used to link the sequence of exon 2 to exon 3. The PCR mixture in a final volume of 25 μl consisted of 500 ng genomic
DNA, 1× High-Fidelity PCR buffer (Invitrogen, Carlsbad, CA), 50 mM MgCl2, 1.25 mM deoxynucleotide triphosphate (Invitrogen), 10%

dimethyl sulfoxide (Sigma, St. Louis, MO), 10 pmol of each PCR primer (Invitrogen), and 0.25 μl Platinum® Taq DNA polymerase High Fidelity
(Invitrogen). The PCR cycling program was as follows: an initial denaturation of 2 min at 96°C, followed by 5 cycles of 95°C for 30 s, 62°C for 30
s, and 68°C for 4 min 30 s; followed by 30 cycles of 95°C for 30 s, 55°C for 30 s, and 68°C for 4.5 min; and finally at 68°C for 10 min. Cycling
was carried out using an Applied Biosystems 2720 thermal cycler (Applied Biosystems, Foster City, CA). Cycle sequencing was performed using
the version 3.0 Big Dye™ Terminator Cycle Sequencing Kit (Applied Biosystems) according to the manufacturer's protocols. Sequencing primers
included GGAGTACTCTACGTCTGAG (nucleotides 111-129 exon 2), CGCCCCGCGCCGCGCCTCAC (nucleotides 1-19 intron 2),
TCCATCCTAAGGTGACTGTA (nucleotides 371-390 exon 3), and CCAGTCCGAGGAACTGTT (nucleotides 572-590 exon 3). Reaction
products were identified with an Applied Biosystems Model 3730xl DNA analyzer, and sequence interpretation was performed with ASSIGN

software (Conexio Genomics, Applecross, Western Australia). Reference cells included CAP-DL11-2006 (DRB1*140101) and TER 400
(DRB1*1454). DRB3 was identified by sequencing using the HLA-DRB High Resolution Typing System (Applied Biosystems) following
manufacturer's protocols.

b
N, number of individuals tested.
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