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Summary:

A comprehensive analysis of the HLA-D region loci,
DRB1, DRB3, DRB5, DQA1, DQB1, DPA1 and DPB1,
was performed to determine allelic diversity and under-
lying HLA disparity in 1259 bone marrow recipients
and their unrelated donors transplanted through the
National Marrow Donor Program. Although 43.0% of
DRB1 alleles known to exist at the beginning of the
study were found in this predominantly Caucasian
transplant population, a few alleles predominated at
each locus. In recipients, 67.1% of DRB1 alleles ident-
ified were one or two of six common DRB1 alleles. Only
118 (9.4%) donor-recipient pairs were matched for all
alleles of DRB1, DQA1, DQB1, DPA1 and DPB1. While
79.4% of the pairs were matched for DRB1, only 13.2%
were matched for DPB1 alleles. Almost 66% of pairs
differed by more than one allele mismatch and 59.0%
differed at more than one HLA-D locus. DQB1 was
matched in 85.9% of DRB1-matched pairs. In contrast,
only 13.9% of the pairs matched for DRB1, DQAL and
DQB1 were also matched for DPA1 and DPB1. This
database, highlighting the underlying HLA disparity
within the pairs, forms the foundation of an ongoing
study to establish the relationship between HLA match-
ing and successful outcome in unrelated allogeneic stem
cell transplant. Bone Marrow Transplantatioif2000) 25,
385—-393.
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Transplantation of allogeneic hematopoietic stem cells has
become an accepted treatment for many hematologic dis-
orders. The optimal hematopoietic stem cell donor is an
HLA-identical sibling because matching of major histo-
compatibility antigens significantly reduces the risks of
transplant-related morbidity and mortality>. Since
approximately 65% of patients do not have a well-matched
related donor, significant effort has been expended in
developing DNA-based HLA typing methods to effectively
identify an HLA matched unrelated donor to achieve a
transplant outcome similar to that found with an HLA
matched sibling dondt.

The loci encoding the HLA antigens are highly polymor-
phic and the probability of finding two unrelated individ-
uals who share all of their HLA alleles is quite I0W.In
the past, tests used for identification of an optimal allo-
geneic marrow donor included serologic typing of HLA-A,
-B and -DR antigens as well as cellular assays of compati-
bility. It is now known that many of the serologically
defined HLA specificities include several subtypgsnd
mismatches between alleles expressing the same serologic
specificity can elicit deleterious immune responSes.
Today, DNA-based identification of HLA-A, -B and
-DRBL1 alleles has replaced the use of alternative histocom-
patibility testing method$3'* DNA-based typing of
additional HLA loci (ie HLA-DQB1, -DPB1 and -C) is
used by some centers to provide additional selection
criteria.

Since 1987, the US National Marrow Donor Program
(NMDP)* has required a minimum five of six antigen-level
match at HLA-A, -B and -DR. It is now possible to retro-
spectively identify the alleles present in stored NMDP
patient and donor samples collected since 1988 using an
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based testing for HLA class Il alleles of 1259 unrelated
donor—recipient pairs transplanted through the NMDP
between 1988 and 1994 to determine the extent of HLA-D
region disparity found within these pairs.
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386 Materials and methods at a minimum, characterized for HLA-A, HLA-B and HLA-
DR antigens by various typing methods. In a significant
Paired samples selected number of cases, the donor—recipient pairs were also evalu-

. ated for compatibility using additional techniques such as
NMDP transplant and donor centers submit to the NMDP LC: however, this information was not collected by the

Research Sample Repository pretransplant whole bloo MDP and is not part of this study. Final donor selection

samples from unrelated_ donors and _their recipients. Ce"ﬁ/as determined by each transplant center based on their
fr%n; 1259 dtrabnsplznt pairs cclnllecte_(lj E'.?Ce 1.958 vxere SeleGin criteria and the minimum criterion established by the
ted for study based on sample availability within the reposi- I A )
tory. The samples in the study represented 44.2% OPIMDP (5/6 antigen-level match at HLA-A, -B and -DR).
patients transplanted through the NMDP during that time
period (Table 1). A bias analysis was performed to deterDNA-based typing
mine if the transplant pairs included in the study were rep-

. : : : The DRB, DQA1, DQB1, DPA1, and DPB1 alleles of each
resgntatlve of all trﬁnsg_lantg"’]}'rsér.oma;hazct)'rggoq?”c’d' Thesample werS identh‘(i?ed using locus-specific and/or one or
study was somewhat biased for diseaBe<(0. , gen- i e -

o ; more group-specific amplifications followed by hybridiz-

der (° = 0.008), recipient race/ethnic group £ 0.04), year ation v?ith SpSCF))P DNA sg uencing of DRB1 Wgs a)llso used
of transplant P < 0.0001), and transplant center : q 9

(P < 0.0001). While many of the characteristics exhibiting ?80% p:cirtr;]ary metho? to A‘éﬁf‘tﬁﬁ’ elllleles in approximately
bias are not likely to affect the conclusions of this study, of (N€se samples. lional assays using sequence-

differences in the ethnic mix of the patient populationsSpeCiﬁC amplification, restriction fragment length polymor-

served by transplant centers included or not included in th T\'Iim analysisc,j and dirdecé .DNA S(_afquencingtof %"'?P"ﬁl‘fﬂ
study will likely affect the allelic frequenci€d® and the Were used as needed In Specilic cases 1o aid in allele

types of mismatches observed in the transplants unddfentification (Williamset al, in preparation; Schmeckpeper
study et al, in preparation). Each sample was typed at allele level

At the time of the transplant, donors and recipients werePY at least two independent typing laboratories in a blinded
fashion. Discrepant typings were reviewed and, if required,
further testing was used to identify the correct allele.
Interpretation of the typing results was based on the
alleles described in the 1994 WHO HLA nomenclature
Percentageof  Percentage of total  '€POrt:’ Alleles differing only by silent substitutions were

Table 1 Donor and recipient characteristics

study transplants in this ~ Nnot distinguished. Alleles described (or deleted) since 1994,
population study (No. in including new alleles identified in this studywere incor-
study/total No. porated into the interpretation if a novel probe hybridization

transplants) pattern or nucleotide sequence was obtained. DRB4 allele

typing is not included here and will be described in a separ-

Year of transplant

1088 4.2 66.3 (53/80) ate report (Schmeckpepet al, in preparation). Samples
1989 6.2 44.1 (78/177) with only a single allele identified by hybridization or
1990 12.0 51.9 (151/291) sequence analysis were assumed to be homozygous after
igg; %g% 4513'(2) (g‘;gggg) review of the complete typing for common haplotypic
1993 229 40.4 2275,6803 associations (eg DRB1*04/*07/*09 with DRB4), hetero-
1994 14.9 22.4 (188/840) zygosity at other loci, and after review of transplant
Diseases center typing.
ALL 17.5 36.6 (219/599)
AML 14.6 35.1 (182/518)
CML 45.6 49.6 (570/1149) Statistical analysis
Myelodysplastic disorders 7.7 41.9 (96/229) o ) ) )
Severe aplastic anemia 3.9 28.0 (49/175) Statistical tests applied to the data are described in the
Other malignant diseases 3.9 36.3 (49/135) Results section.
Other non-malignant diseases 6.8 39.7 (85/214)
Race/Ethnic group % Donors (No.) % Recipients (N®.)
Asian/Pacific Islander 1.0 (12) 0.9 (11) Results
African American 1.0 (13) 2.6 (32)
Caucasian 87.8 (1105) 83.3 (1042) . A
Hispanic 2.2 (28) 41 (51) Donor and recipient characteristics
Native American 0.7 (9) 0.7 (9) _ : - _
Other/Unknown/Decline 7.3 (92) 8.4 (105) Cla_ss Il HLA D region alleles in 1259 unrelated donor
recipient paired samples from bone marrow transplants
aNumbers in all charts may not add to 100% due to rounding. occurring from 1988 to 1994 were identified (Table 1).

bFor example, in 1988, the NMDP facilitated 80 transplants. Donors andl hese samples were submitted from 62 transplant centers
recipients from 53 of these transplants (66.3%) are included in this studyin the United States and 18 transplant centers in other coun-
iindudos histoeyte disorders, mhented. enyihrocyte. abnormaliies, 1SS The majority of the transplant recipients (R) and

’ ’ 1 . 0, . 0,
inherited immune system disorders, inherited metabolic disorders, an((iionors (D) were Caucasian (R' 83_'3/0' D: 87'8/0)' In most
other non-malignant disorders. of the transplants (76.6%), the patient and donor were from

eNine recipients received marrow from two different donors. the same racial or ethnic group; 9.5% involved individuals
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from different racial or ethnic groups and 13.9% involvedrecipient (eg D: 1501, R: 1501,0103) and 12 involved 387

patient and/or donor whose racial or ethnic background waBRB1 homozygous recipients who shared an allele with
not reported. the donor (eg D: 0301,1401, R: 0301). Homozygosity in
one member of the pair may affect the impact of the mis-
match on the type of immune response generated
(rejection/graft-versus-host diseade).
Of the 107 DRB1 alleles described in the 1994 WHO About 76% of the DRB1 mismatches involved alleles
nomenclature repdrt (number excludes alleles which dif- within an allele group (ie between alleles likely encoding
fer only by silent substitutions), 43 (40.2%) appeared in themolecules with the same serologic type) as defined by the
recipient population and 42 (39.3%) in the donor populatiorfirst two numbers of the allele name (Figure 1). The remain-
(Table 2). A similarly high percentage (52.8%) of the DPB1ing mismatches (23.7%) involved different allele groups (ie
alleles were found. In addition, five new DPB1 alleles, between alleles encoding molecules with different serologic
DPB1*5901, *6801, *7001, *7101, *7301, were identified types). The increased number of mismatches of DRB1*
in this sample set A greater percentage of known alleles 04, *11 and *13 compared to other DR groups reflects the
at other, less polymorphic loci appeared in the recipientsrequency of these allele groups in the recipient population
or donors (DRB3: 4 observed/4 total known alleles; DRB5:and the diversity within each of these allele groups. For
3/4; DQAL: 10/11; DQB1: 18/22; DPAL: 6/6). example, DRB1*04 alleles represented 17.1% of the ident-
In general, a few alleles accounted for the majority ofified DRB1 alleles but this allele group contained 19 known
the types identified at most of the loci. For DRB1, 67—68%alleles (DRB1*0401-DRB1*0419). Several of these
of the alleles found in these samples were accounted faalleles appear at relatively high=1%) frequencies in the
by one or two of the following six alleles, DRB1*0101, * transplant population (Table 2). The typing of DR4 by
0301, *0401, *0701, *1301 and *1501, each present at freserology would not have identified these allele subtypes
guencies of at least 5%. DRB1*0301, *0701, *1501, eachalthough the use of the MLC under optimal conditiths
represented 14-15% of identified DRBL1 alleles. Of the 10or, for some transplants in more recent years, high resol-
DQAL alleles observed in the transplant population, 59-ution DNA-based testing should have detected the mis-
60% of the identified alleles were accounted for by one omatch. In contrast, although DRB1*07 was present at high
two of three alleles, DQA1*0102, *0201 and *0501, frequency (15.3%) in the transplant population, the limited
present at frequencies greater than 15%. Of the 18 DQBdallelic diversity in this groupf means that donors and
alleles observed in the transplant population, 78—-79% ofecipients matched by serology for DR7 would also have
identified alleles were accounted for by one or two of sixbeen matched at the allele level.
alleles, DQB1*0201, *0202, *0301, *0302, *0501, *0602,
present at frequencies greater than 10%. A single allel : .
DPA1*0103, represented 81% of identified DPAL aIIeIes.EivIatChIrlg at other class I loci
Out of 33 DPB1 alleles observed, 77-78% of identifiedTransplant centers are required to type for DR although
alleles were accounted for by one or two of four alleles,some centers may have typed and matched for other HLA-
DPB1*0201, *0301, *0401, *0402, present at frequenciesD region loci (eg DQ). The level of allele matching for
greater than 9-10%. A single allele, DPB1*0401, rep-class Il loci other than DRB1 varied from 87.2% matching
resented 43-46% of identified DPB1 alleles. These obseffor the second DRB locus (DRB3,DRB4,DRB5) to 13.2%
vations reflect the relatively homogeneous nature of thisnatching at the DPB1 locus (Table 3). The difference in
predominately Caucasian (eg R: 83.3%) transplant poputhe degree of match between the closely linked loci, DPA1
lation. The most frequent alleles found in the recipients and56.1%) and DPB1 (13.2%), most likely reflects the rela-
donors are the alleles found in highest frequency in theively limited number of DPAL allelesn(= 6) compared to
US Caucasian populatidhwhich most likely increased the the extensive DPB1 diversitynE 53) and the high fre-
availability of an HLA matcht® guency (80.8%) of a single DPA1 allele, DPA1*0103
(Table 2), in this predominantly Caucasian population.
: Since DQ and DP molecules are encoded by polymorphic
DRB1 matching Al and B1 genes, mismatches at A1 or B1 loci result in a
Almost 80% of the pairs were matched for both alleles atmismatch for the DQ or DP antigen. Of the 1259 pairs,
the DRB1 locus (Table 3). The relatively high level of 24.4% carry mismatches at DQA1 and/or DQB1 loci and
DRB1 matching reflects the use of DR serologic and/or87.6% carry mismatches at DPAl and/or DPB1 loci
DNA-based typing in donor selection, the use of cellular(Table 3).
assays to eliminate potential donors with HLA-D region
differences, and the potential bias for selection of patient ) . i oo
with common HLA haplotypes (ie patients with rare HLA ?;gﬁ;gﬁl F?;igLA D region allelic disparity in
haplotypes would have been unlikely to find donors during
the time period evaluated, 1988—1994). One hundred and eighteen (9.4%) donor—recipient pairs
Of the 259 pairs with DRB1 mismatches, single allelewere matched for all alleles of DRB1, DQA1, DQB1,
mismatches were found in 218 (84.2%) pairs and bottDPA1 and DPB1 (Figure 2). All of the 118 pairs were
DRB1 alleles were mismatched in 41 (15.8%) pairsmatched for the second DRB locus (ie DRB3, DRB5), if
(Table 3). Ten of the single allele mismatches involvedpresent. A chi-square analysis indicated that no unique
DRB1 homozygous donors who shared an allele with theHLA characteristics were associated with the completely

Allele frequency
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388 Table 2 Class Il allele frequenciés

DRB1* Donor frequency Recipient DQA1*  Donor frequency Recipient DPAL1* Donor frequency Recipient
(%) frequency (%) (%) frequency (%) (%) frequency (%)

0101 8.30 7.90 0101 9.81 9.81 0103 80.82 80.74
0102 1.43 1.43 0102 20.33 20.02 0104 0.71 0.52
0103 0.40 0.56 0103 6.63 6.67 0201 14.26 14.65
0301 14.14 14.06 0104 2.70 2.82 0202 3.93 3.61
0302 0.04 0.04 0201 15.33 15.13 0301 0.16 0.36
0401 9.81 9.85 0301 9.61 9.57 0401 0.12 0.12
0402 0.99 0.91 0302 8.70 8.82 DPB1*
0403 0.60 0.64 0401 2.50 2.62 0101 6.27 5.96
0404 3.61 3.46 0501 24.23 24.27 0201 11.87 12.07
0405 0.24 0.40 0601 0.16 0.28 0202 0.79 0.44
0406 0.08 0.00 DQB1* 0301 9.17 10.21
0407 1.43 1.59 0201 14.26 14.10 0401 45.51 43.41
0408 0.32 0.16 0202 11.48 11.83 0402 10.84 11.99
0411 0.08 0.12 0301 17.00 17.00 0501 2.10 191
0701 15.29 15.25 0302 10.13 10.33 0601 1.83 1.39
0801 2.07 1.87 0303 4.73 4.65 0901 0.56 0.71
0802 0.16 0.44 0304 0.16 0.12 1001 1.31 151
0803 0.24 0.32 0305 0.08 0.08 1101 2.22 2.46
0804 0.20 0.12 0402 2.66 2.58 1301 1.31 1.55
0806 0.00 0.04 0501 10.60 10.76 1401 1.39 1.79
0811 0.12 0.12 0502 0.99 1.15 1501 0.79 0.68
0901 0.99 1.15 0503 1.99 2.03 1601 0.48 0.60
1001 0.71 0.79 0504 0.12 0.04 1701 1.67 151
1101 4.88 4.92 0601 1.07 0.91 1801 0.04 0.08
1102 0.12 0.24 0602 14.42 14.50 1901 0.68 0.20
1103 0.36 0.56 0603 5.88 5.92 2001 0.64 0.48
1104 2.82 2.42 0604 3.46 3.06 2101 0.04 0.04
1113 0.00 0.04 0608 0.00 0.04 2301 0.24 0.60
1124 0.04 0.00 0609 0.99 0.91 2701 0.00 0.08
1201 0.79 0.87 3401 0.04 0.00
1202 0.08 0.08 3501 0.00 0.08
1301 5.56 5.72 3901 0.04 0.08
1302 441 4.05 4501 0.08 0.00
1303 0.56 0.75 4601 0.00 0.04
1305 0.36 0.32 5201 0.00 0.04
1310 0.00 0.08 5901 0.04 0.00
1315 0.00 0.04 6801 0.00 0.04
1401 1.99 1.99 7001 0.00 0.04
1402 0.04 0.00 7101 0.00 0.04
1406 0.12 0.16 7301 0.04 0.00
1501 14.69 14.30
1502 0.83 0.99
1503 0.24 0.36
1601 0.68 0.68
1602 0.16 0.20
DRB3*
3*0101 45.40 46.01
3*0201 0.55 0.55
3*0202 41.25 41.64
3*0301 12.80 11.80
DRB5*
5*0101 90.19 89.66
5*0102 5.02 5.05
5*0202 4.78 5.29

aTable summarizes the allele frequencies of 1259 recipients and their donors. Frequency was defined as the number of times an allele appears div
by the total number of alleles (ie 2518 DRBL1 alleles total in the recipient pool). Samples which appeared to be homozygous for a particular allele we
counted twice in this analysis. Nine recipients received marrow from two different donors and these recipients were counted twice in the ft@gsiency ta
®Not all individuals carry DRB3 or DRB5 loci. The allele frequencies are calculated only for those haplotypes that carry the locus based on know
associations between DRB1 and DRB3 and between DRB1 and DRBS5 loci. If an individual expressed a single allele at DRB3, for example, and t
DRBL1 alleles were both expected to be associated with a DRB3 locus, the individual was assumed to carry two identical DRB3 alleles. DRB4 allel
were not evaluated in this report.
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Table3  Summary of HLA-D region matches Impact of matching one locus on matching at nearby loci 389
Locus No. of ~ Matched at Mismatched at allele level Because specific alleles at closely linked HLA loci tend to
g{‘;‘gz a”e&;eve' be associated at the population level (eg in linkage
Total ~ 1Allele 2 Alleles  gisequilibrium)®2° the impact of matching at one HLA
mismatches mismatched mismatched .
()P (% of total) (% of class Il locus on the level of matching for other class Il
total) alleles was evaluated using a chi-square analysis. Overall,
the matching at specific loci within the DR/DQ subregions
DRB1 1259 1000 (79.4) 259 (20.6) 218 (84.2) 41 (15.8) was significantly correlated with matching at another locus
DRB3/4/5 1235 1077 (87.2 158 (12.8) ND ND in that region (Table 5). Thus, 92.8% of samples matched
DQAL 1259 1052 (83.6) 207 (16.4) 189 (91.3) 18 (8.7) for DRB1 alleles were also matched for DQAL alleles and
DQB1 1259 965 (76.6) 294 (23.4) 272 (92.5) 22 (7.5) )
DPA1 1259 706 (56.1) 553 (43.9) 505 (91.3) 48 (8.7) 85.9% were matched for DQB1. Of the 965 pairs matched
DPB1 1259 166 (13.2) 1093 (86.8) 687 (62.9) 406 (37.1) for DQB1, 98.7% were also matched for DQAL. Overall,
85.1% of all pairs were matched for DRB1, DQAL1 and
Z‘g‘;tg g‘:'%'gtsh *gllzf}gs](::rgs n‘?irsen:gg;]‘écda' in donor and recipient. DQB1 loci. Since strong linkage disequilibrium is observed
°Of the 1259 pairs, only 1235 pairs.had at least one DRB3, DRB4 orbetvw':f(':‘n specific DRB1 and DRB?’/DRBA'/DRBS alleles
DRBS5 allele in donor and/or recipient. and since the second expressed DRB locus is less polymor-

dMatching was evaluated based on the number of loci and the allelephic than the DRB1 locus, the level of matching of the

present, for example, D: DREE)3*0101, blaRk(\jNasr?onsidered matched wittsacond DRB locus among the DRB1 matched pairs was
R: DRB3*0101, DRB3*0101 but mismatched with R: DRB3*0101,*0201 . .

or R: DRB5:0101, blank. DRB4 matching was evaluated based on tht,also analy;_ed. MatChmg for DRBS alleles was hlgh among
presence or absence of an amplified DRB4 allele. DRB4 disparity will beDRB3 positive, DRB1 matched pairs; 87.5% were matched.
evaluated in a separate report (Schmeckpepe, in preparation). Likewise, matching for DRB5 was high among DRB5 posi-

®ND = not determined. Since DRB3, DRB4, and DRB5 alleles are ”Otéive DRB1 matched pairS' 99.4% were matched. Matching
found on all haplotypes, the analysis of the number of alleles mismatche f [SRBl d DRB4 ’ t luated d to the lack of
was not evaluated. 0 an was not evaluated due to the lack o

DRB4 allele level data.

DR/DQ matching did not result in matching at the DP

matched pairs. The remainder of the pairs had a variabllC! (and vice versa) supporting the previous observations
degree of class Il mismatch differing from a single allele that recombination between the DR/DQ region and DP loci
mismatch at one locusiE& 309, 24.5%) to mismatches for OCCU'S at a rate of_ approximately 1% resulting in minimal
two alleles at one locush(= 90, 7.1%) to mismatches for linkage d|s_eqU|I|br|u_m betwe_en DP and _the rest of the
nine alleles at all five locir(= 3, 0.2%) (Figure 2). No pair HLA-D region>* Since testing for DP differences was
differed for 10 alleles at all five loci, the maximum extent NOt routine in the unrelated donor match process and there
of variation possible. Approximately 66% of all pairs dem- IS minimal linkage disequilibrium, there was not preferen-
onstrated a mismatch for two or more alleles at one or mordal selection of donors matched at these loci. Only 14.2%
loci including DRB1, DQA1, DQB1, DPAL and DPB1, and Of pairs matched for DRBL1 alleles were matched for DPB1
59.0% of all pairs were mismatched at more than one ofind only 14.6% of the pairs matched for DRB1, DQA1 and
these five loci. The majority of the mismatching was con-DQB1 alleles were also matched for DPB1 alleles. Analysis
tributed by the DP loci. Within the 309 pairs which differed by odds ratios, however, did suggest that matching of
only by a single allele mismatch, most (280 pairs) differedDPAL1 was correlated with matching at DPB1 and vice
only at the DPB1 locus and just 12 pairs differed only atversa. Of the 166 pairs matched at DPB1, 94.0% were also
the DRB1 locus (Table 4) (DRB3/DRB4/DRB5 matching matched for DPAL.

was not included because not all haplotypes carry these

loci).

35

|
30 Donor allele
25 Il other
20 [J within

15

% Mismatches

10

10 . M -

0 T —— - T T — T | T T

*01 *03 *04 *07 *08 *09 *10 *011 *012 *013 *014 *015 *016
Recipient DRB1 allele

Figure 1 Categories of DRB1 mismatches. Categories of the kinds of DRB1 mismatches in the transplant pairs plotted as the percentage of the total
DRB1 mismatches. Homozygous alleles which differed between donor and recipient were counted twice. Donor alleles labeled ‘within’ involve mis-
matches of donor alleles within the same allele group (eg R: 0401, D: 0402); ‘other’ indicates mismatches between allele groups (eg R: 0401, D: 0701).
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Example of donor-recipient pair mismatched for 9 alleles at 5 loci

DRB1 DRB1 DQAl1 DQAl1 DQB1 DQB1 DPA1 DPA1 DPB1 DPB1
Donor 0404 1302 0102 0301 0302 0609 0103 0201 0202 1301
Recipient 0410 1303 0501 0302 0301 0402 0103 0103 0401 0401

Figure 2 Disparity in donor—recipient pairsa) Percentage of donor—recipient pairs mismatched for none to 10 HLA-D region alleles at none to five
loci (DRB1, DQA1, DQB1, DPA1, DPB1). Homozygous alleles which differed between donor and recipient were counted twice. Three pairs differec
for nine alleles at all five loci.if) The HLA-D region alleles carried by one of the three pairs.

Table 4 Transplant pairs differing only by a single allele mismatch Table 6 Common DRB1/DQB1 associations

(n=309)
DRBF® No. individuals DQB1 Frequency of
Locus with mismatch No. of pairs (% of total) with DRB1 allele individuals with
both DRB1 and
DQA1 1 (0.3) (o)
DQB1 10 (3.2)
DPA1 6 (1.9) 0101 392 0501 388 (99.0)
DPB1 280 (90.6) 0102 72 0501 72 (100.0)
0301 664 0201 659 (99.2)
0401 475 0301 280 (58.9)
0401 475 0302 236 (49.7)
0404 173 0302 171 (98.8)
Table 5 Impact of matching on match at nearby loci 0407 75 0301 62 (82.7)
0701 717 0202 557 (77.7)
Pairs matched at loci (N8) Also matched at locus (No.; %o 0701 717 0303 187 (26.1)
0801 99 0402 97 (98.0)
0901 52 0303 50 (96.2
DRB1 (583) DRB3 (510; 87.5) 1101 236 0301 224 ((949))
DRB1 (330) DRB5 (328; 99.4) 1104 128 0301 124 (96.9)
DRBL (1000) DQAL (928; 92.8) 1301 281 0603 272 (96.8)
DRB1 (1000) DQBl (859; 859) 1302 206 0604 160 (77_7)
DRB1 (1000) DPAL (561; 56.1) 1302 206 0609 45 (21.8)
DRB1 (1000) DPBL1 (142; 14.2) 1401 100 0503 96 (96.0)
DRB1-DQAL (928) DQB1 (851; 91.7) 1501 684 0602 659 (96.3)
DRB1-DQBL1 (859) DQAL (851; 99.1)
DQB1 (965) DQA1 (952; 98.7) o . .
DRB1-DQA1-DQBL1 (851) DPAL (488; 57.3) :DRBl alleles present zgalA) in the do_r'10r'—re0|p_|ent populatlon.
DRB1-DQA1-DQBL (851) DPB1 (124; 14.6) DQB:_L allele fOL_md in linkage dlsequzllzlbr_lum W|th_ the |n(_i|cated DRB1
DRB1-DQA1-DQB1-DPA1 (488) DPB1 (118, 242) allele in Cal.JC.aslanS n Othe.l' studfe'$:?? Since famlly studies were not
DPB1 (166) DPA1 (156; 94.0) performed, it is not known if the two alleles are encoded by the same

chromosomed(s vs tran$.

. o . _ “For example, of the 392 individuals who carried a DRB1*0101 allele,
“The number of pairs matched at the indicated locus (loci). The relativeygg or 99% also carried a DQB1*0501 allele.

gene order within the major histocompatibility complex: telomere-DRA- a; js |ikely that some of these DQB1*0301 alleles are not on the same
DRB3/4/5-DRB1-DQA1-DQB1-DPA1-DPBl-centromere. haplotype as DRB1*0401 or DRB1*0407. For example, 19 DRB1*0401
The number and percentage of pairs also matched for the indicated locus,dividuals carry both DQB1*0301 and DQB1*0302 alleles. These indi-

°583 pairs that are matched at DRB1 also carry DRB3 alleles. Of thesgjiqyals also carry DRB1*1101 or DRB1*1104 alleles which are usually
pairs, 510 or 87.5% were matched for both DRB1 and DRB3 alleles.  ;55ociated with DQB1*0301.

of the alleles of the study population (Table 6). For
example, DRB1*0101 was found in 392 individuals (15.6%
The frequency with which specific DRB1 alleles were of 2518 total individuals); 388 (99.0%) of those individuals
found with specific DQB1 alleles was evaluated for all also carried a DQB1*0501 allele. While it is not known,
DRBL1 alleles with a frequency greater than or equal to 1%n these individuals, if DQB1*0501 is encoded by the same

Common allele combinations of DR and DQ
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chromosome carrying DRB1*0101 (ie in @s position),  conclusion$’-28 (Baxter-Loweet al, in preparation). Exten- 391

this frequent association coupled with family segregationsion of this analysis to transplant pairs from more geneti-
data from many previous studfé$-??suggest that matching cally diverse racial or ethnic groups will likely identify an
for DRB1*0101 will result in a match for DQB1*0501. even greater level of disparity.
The level of DQB1 matching varied with the DRB1 allele.  While the methodology to identify the full extent of HLA
DRB1*0701 was found associated with at least two differ-diversity now exists in the form of DNA-based techniques,
ent DQB1 alleles, DQB1*0202 (77.7% of individuals carry- the expense of extended HLA-D region typing make this
ing DRB1*0701) and DQB1*0303 (26.1%). In this circum- characterization impractical for a transplant center that may
stance, DQBL1 typing would be required to select the donohave to HLA type multiple donors within a short period of
with the best DQB1 match. A similar reasoning applies totime due to the patient's condition. Although the data are
DRB1*0401 *0407 and *1302 which are also frequently still limited, centers should focus their efforts on defining
associated with more than one DQB1 allele. alleles at those loci which appear to be the most critical for
transplant success.
Haplotype matches _ Many transp_lant centers specify DRBl allele matching
in donor selection since studies on the impact of matching
Of the 1259 pairs, 821 (65.2%) were matched for at leasat individual HLA-D loci suggest that DRB1 identity
one allele at every locus. Since family studies were noteduces the risk of acute graft-versus-host disease and
carried out to confirm segregation of haplotypes, it is notimproves survival:!*! As a result, the primary focus of
known if these matches might be equivalent to a haploHLA-D region typing is placed on identifying DRB1 alleles
identical sibling match. The predicted HLA haplotypes of carried by donor and recipient.
all of the donor-recipient pairs will be described in another A similar study”® suggests that DQB1 may also encode a
study (Begovich, in preparation). transplantation antigen and should be evaluated in selecting
among several HLA-A, -B, -DRB1 matched donors. Strong
linkage disequilibrium between DQB1 and DRB1 alleles
Discussion should enhance the probability of finding a DRB1 and
DQB1 matched donor. Since the allorecognition process
One challenge in the use of unrelatesirelated donors has likely detects the DQuB heterodimer, alleles at both DQ
been the increased potential for HLA allele level mis-loci must be matched to insure DQ identity. The data
matches. While family members carry alleles of the HLA presented here show that matching at DRB1 and DQA1
loci segregating within the family as linkage groups with matches DQB1 91.7% of the time, while matching for
limited possibility of recombination, the outbred human DRB1 and DQB1 matches DQAL 99.1% of the time. This
population carries a much more diverse collection of allelesuggests that typing can be focused on DQBL1 in preference
on an array of haplotypes. This diversity is not fully evidentto DQA1 to select a donor who is potentially matched for
using serologic-based testing but is revealed using the higpR and both DQ loci.
resolution, allele level DNA-based methods employed in The impact of matching DRB3, DRB4 or DRB5 alleles
this study. This unrecognized disparity likely contributes tois not known. The HLA molecules encoded by these loci
the observed differences in transplant morbidity and mordo play a role in immune recognitiét®! but they are
tality rates between HLA-identical sibling transplants andexpressed at a lower level than DRB1-encoded mol-
HLA-matched unrelated donors in many studié%.2¢ eculeg§?34 and may be a secondary alloreactive target.
In this study, the 1259 unrelated donor—recipient pairsSince alleles at these loci are also in strong linkage disequi-
were derived primarily from the Caucasian US populationlibrium with DRB1, DRB1 matched pairs sharing alleles at
and exhibited a few predominant alleles at each locus. Sincether expressed DRB loci should not be difficult to identify.
limited information exists on allele frequencies in large Typing of DRB3, DRB4 and DRBS5 loci is recommended
populations, it is not possible to compare frequencies of theo identify these matches when selecting among several
transplant population with, for example, the US population.HLA-A, -B, -DRB1 matched donors. The impact of DPB1
In spite of the apparent homogeneity in the pairs studieddisparity is not yet knowft3¢ (Baxter-Lowe et al, in
only 9.4% of pairs were matched for five class Il loci preparation).
(DRB1, DQAL, DQB1, DPA1, DPB1) and the majority of  Finally, selection of HLA class | matched donors is also
pairs (70.5%) differed by one to three alleles affecting oneémportant. The importance of matching at the antigen level
to three of these loci. Pairs matched for DRB1 and bothfor HLA-A and -B, at a minimum, and, more recently, for
DQ loci represented 67.6% of the transplants evaluateddLA-A, -B and -C alleles has been demonstratéd’ 2837
The DPBL1 locus added the most extensive disparity amongecause of the extensive HLA allele and haplotype diver-
the pairs; 86.8% of the pairs were mismatched. Retrospedcity in the population, obtaining allele level matches for all
tive allele level class | typing of these samples is currentlyHLA loci is difficult. The existence of extended haplotypes
being analyzed; therefore, additional allelic mismatches atmproves matching probabilities for some individuals since
HLA-A, -B, -C loci are likely, further reducing the extent these haplotypes are found in most racial or ethnic gréups.
of HLA matching (Hurleyet al, in preparation). Studies of This study of the HLA class Il alleles carried by 1259
the effect of HLA matching should take this extensive dis-unrelated donor—-recipient pairs is the largest, most compre-
parity at multiple loci into consideration in evaluation of hensive analysis of HLA-D region disparity and matching
the role of single HLA loci on outcome since the inevitablein a transplant population to date. The study encompasses
mismatches at other loci will likely have an impact on the patients transplanted over 7 years from 80 transplant cen-
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ters. The DNA-based typing carried out in a blinded dupli- 3 Speiser DE, Tiercy JM, Rufer Kt al. High resolution HLA
cate approach, using a constant level of resolution and some matching associated Wlth_decreased mortality after unrelated
of the most powerful methodologies for allele identifi- ~ Pone marrow transplantatioBlood 1996;87: 4455-4462.
cation, ensures the consistency and reliability of this data® Qgﬁf}ﬁg gﬁ Bger;fttyvggcjssgsbt égi:éa'izecrggpge'-Aa'rTgoer'rvival
set. The focus on defining only those allelic variations that - S e > -
result in differences in amino acid sequence between allelic after marrow transplantation for patients with leukemia or

. e ; . . lymphoma.Hum Immunol1990;29: 79-91.
products has identified those mismatches which mightg Spencer A, Szydlo RM, Brookes Ré al. Bone marrow trans-

stimulate allorecognition. In contrast, earlier stud-  pjantation for chronic myeloid leukemia with volunteer unre-
iesh311.23.29.33yere often focused on one or a few HLA-D  |ated donors usingx vivoor in vivo T-cell depletion: major
region loci and/or utilized less informative typing method-  prognostic impact of HLA class I identity between donor and
ologies (eg serology) so that the underlying allelic disparity  recipient.Blood 1995; 86: 3590-3597.

was not identified. The information provided in this retro- 6 Hansen JA. Development of registries of HLA-typed volun-
spective study forms the foundation of a database to evalu-_ teer marrow donorsTissue Antigend996;47: 460-463.

ate the role of HLA matching on bone marrow transplant 7 Béatty PG, Mori M, Milford E. Impact of racial genetic poly-
outcome (Baxter-Lowet al, in preparation; Petersdoeft morphism on the probability of finding an HLA-matched

. . . e . donor. Transplantation1995; 60: 778-783.
al, in preparation), to develop strategies for permissive mis-g 1o M, Beatty PG, Graves Mt al. HLA gene and haplotype

matches, and to enhance HLA typing strategies to select the  frequencies in the North American population — The National
Optlma| d0n0r. These CIaSS I data W|" be Comp|emented by Marrow Donor Program Donor RegistryTransp|antation
typing data from ongoing studies to identify the class |  1997;64: 1017-1027.

alleles, HLA-A, -B and -C, carried by the same pairs 9 Granja CB, Salazar M, Yunis EJ. Population genetics and
(Hurley et al, in preparation). The large number of trans-  human leukocyte antigen polymorphism. In: Tilney NL, Strom
plant pairs being characterized (1259) will improve the TB, Paul LC (eds).Transplantation Biology: Cellular and
power of the statistical analysis, a limitation in many pre- Molecular Aspects Lippincott-Raven Publishers: Philadel-
vious outcome studies. Continuing high resolution allele, _ Phia, 1996, pp. 311-325.

: - 10 Bodmer JG, Marsh SGE, Albert E& al. Nomenclature for
level HLA typln_g of more rece_nt transplant pairs by the factors of the HLA system, 199@issue Antigend4997;49:
NMDP will continue to build this data set.
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