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Abstract Meiotic recombinations within the HLA-DR/DQ
subregion are seldomly observed. However the high
number of unusual DRB1-DQB1 allelic combinations
underline the importance of crossover in shaping the
class II haplotypic diversity. We present here the first
report of a DQA1-DQB1 recombination event in a
leukemic patient as detected by complete class II molec-
ular typing of the family, including analysis of the DQCAR
microsatellite. The recombination that occurred on the
maternal chromosomes led to the unusual DR7-DQ8
haplotype characterized by the DRB1*0701-
DRB4*01030102N-DQA1*0201-DQB1*0302 alleles. Be-
cause the patient had no HLA-identical sibling donor, a
search for an unrelated hematopoietic stem cell donor was
initiated. Out of three potential donors, only one HLA-A/-
B/-C/DRB1-compatible but DQB1-mismatched donor
could be identified.
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Recombination rates within the human MHC have been
reported to range between 0.63 cM/Mb (Martin et al.1995)
and 0.49 cM/Mb (Cullen et al. 2002). A high resolution
map of recombination through the human MHC led to the
identification of six segments, out of 30 segments
subdividing the entire MHC, with levels of recombination
1.7- to 5.2-times higher than that expected, although none
of the classical HLA loci were included in any of these

segments. In the class II region, two hotspots were
identified: from DPB1 to RING3, and from DQB3 to
DQB1/DQA1 (Cullen et al.2002).

Although crossovers between HLA-A and -B, HLA-B
and DRB1, or DQB1 and DPB1 loci are not exceptional in
the routine clinical laboratory, a meiotic recombination
event between DRB1 and DQA1 loci has only been
described once in a family study with Grave’s disease
(Sullivan et al. 1997). On the other hand, unusual
associations between DRB1 and DQB1 alleles are well
characterized (Klitz et al. 2003), and have been assumed to
result from recombinations in ancestral haplotypes (Gre-
gersen et al. 1988; Begovich et al. 1992; Carcassi et al.
1992).

We describe here a family with a meiotic recombination
event that occurred on the maternal class II haplotypes
between the DQA1 and DQB1 loci that are distant by
11.13 kb (http://www.ncbi.nlm.nih.gov/mapview/). HLA
typing was requested for an acute myeloid leukemia
patient and her family members in a search for a bone
marrow donor. Based on the ABDR generic typing results,
the segregation of the haplotypes in the family showed that
none of the two siblings were HLA genotypically identical
with the patient (Fig. 1). In order to initiate an unrelated
bone marrow donor search HLA-C and -DQB1 typing was
performed (Tiercy et al. 2002). The results showed that the
patient had inherited a recombinant DRB1*0701-
DQB1*0302 haplotype (Fig. 2). High-resolution DNA
typing for DRB1, DQA1, DQB1, DPB1, and of the
DQCAR microsatellite (Lin et al. 1997) confirmed that
recombination occurred between the DQA1 and DQB1
loci (Fig. 2). Both parents share the common DR7/DQ9/
DR53 null class II haplotype: DRB1*0701-
DRB4*01030102N-DQA1*0201-DQB1*030302 linked to
the DQCAR 119 allele, as observed in several DR7/DQ9
cell lines (Lin et al. 1997). The second DR7/DQ2 paternal
haplotype presents the common association with the
DQCAR 113 allele. Microsatellite analysis of the
DQCAR locus was informative for mapping the crossover
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in the DQA1-DQCAR 10.2-kb genomic segment (Fig. 2), a
hotspot that has been described previously (Lin et al.
1997).

The DRB1*0701-DQA1*0201-DQB1*0302 haplotype
identified in this patient represents a new DR7-DQ8
haplotype in addition to the four DR-DQ haplotypes found
in a large sample of donors from different ethnic groups;
i.e., DRB1*0701-DQA1*0201-DQB1*0202, DRB1*0701-
DQA1*0201-DQB1*0301, DRB1*0701-DQA1*0302-
DQB1*0301, and DRB1*0701-DQA1*0201-DQB1*0303

(Lin et al. 1997; Klitz et al. 2003). The DR7-DQ7
association (DRB1*0701-DQB1*0301) has been reported
once in another study, but DQA1 and DRB4 alleles were
not determined (Knipper et al. 2000).

While searching an unrelated HSC donor through Bone
Marrow Donor Worldwide, only three potential donors
with the phenotype A1/2; B7/51; DR7/7 could be tested,
two of these being in fact DRB1-mismatched (because of a
DRB1*1303 and a DRB1*1401 allele, respectively, not
identified by the recruiting center). Based on the definition
of the new DR7-DQ8 haplotype in the patient, it could be
predicted that DQB1 matching would be extremely
unlikely, and that the transplant center should consider a
DQ-mismatch. The third donor, who was eventually
selected, was compatible for all class I and II loci, with
the exception of a DQB1 mismatch. This clinical case
underlines the importance of DQ typing before initiating
unrelated HSC donor searches. Although the clinical
relevance of DQ disparities still remains to be demonstra-
ted, DQ typing may contribute to discriminate between
equally HLA-A/-B/-C/DRB1-matched donors that would
also be equivalent for non-HLA criteria.

Acknowledgements The authors are grateful to F. Bettens and to
the technicians of the LNRH for performing HLA serology, high-
resolution DNA typing and microsatellite analyses. This study was
supported by a grant from the Swiss National Science Foundation
(No 3100-068260). We thank Genovision for the generous gift of
DQA1 PCR-SSP reagents.

Fig. 1 Segregation of the HLA-ABDR haplotypes in the proband
family. HLA-AB antigens were determined by serology (Biotest
AB120, Pelfreez 144 trays), and DRB1 generic typing was
performed by reverse PCR-SSOP hybridization (bioMérieux)

Fig. 2 HLA-DQA1/DQB1 recombination between the maternal
haplotypes demonstrated by high-resolution DNA typing for class II
loci in the proband family. Only sibling 1 is shown here. Allele-level
typing for the DRB1, DRB4, DQA1, DQB1, and DPB1 loci was
performed by PCR-SSP, as described by the supplier (Genovision,
Milan Analytica, La Roche, Switzerland). DRB4*0103N corre-
sponds to the DRB4*01030102N allele. DQCAR microsatellite

polymorphism was analyzed as described by Lin et al. (1997), using
an ABI 310 capillary sequencer. Alleles are indicated by the size
(bp) of the PCR products, using as control cell lines YAR (111 bp),
AMALA (117 bp), BM21 and JVM (121 bp). Shaded areas
correspond to the MHC segments of the c and d haplotypes,
respectively, that have undergone recombination (fa father, mo
mother, pat patient, sib1 sibling 1)
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