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Simple PCR detection of haptoglobin gene deletion in anhaptoglobinemic patients

with antihaptoglobin antibody that causes anaphylactic transfusion reactions

Yoshiro Koda, Yoshihisa Watanabe, Mikiko Soejima, Eiko Shimada, Motoko Nishimura, Kaichiro Morishita,
Susumu Moriya, Shigeki Mitsunaga, Kenji Tadokoro, and Hiroshi Kimura

Two anhaptoglobinemic patients show-
ing anaphylactic transfusion reactions by
antihaptoglobin antibody were found.
Southern blot analysis indicated that 2
patients were homozygous for the de-
leted allele of the haptoglobin gene
(Hp®!y as reported previously. We have
identified the junction region of the dele-
tion from genomic DNA of 1 patient using
cassette-mediated polymerase chain reac-
tion (PCR). Then, the deleted region from
the 5’ breakpoint to the promoter region
of the Hp was amplified from genomic

indicated that the 5 ' breakpoint of the
Hpde! allele was located 5.2 kilobase (kb)
upstream of exon 1 of the Hp and the 3’
breakpoint was positioned between 52
and 53 base pair (bp) upstream of exon 5
of the haptoglobin-related gene. There
was no significant homology between the
DNA sequences flanking the 5 ' and 3’
breakpoints, except for a 2-bp (TG) iden-
tity. To examine the gene frequency, we
have developed a simple PCR method to
detect the gene deletion. We found 8, 16,
and 17 Hp?! alleles in 157 Koreans, 523

Africans or in 100 European-Africans.
The incidence of individuals homozy-
gous for the Hp® allele was therefore
expected to be 1/4000 in Japanese, 1/1500
in Koreans, and 1/1000 in Chinese. This
incidence is higher than that of IgA
deficiency in Japanese. More attention
should be paid on haptoglobin deficiency
and antihaptoglobin antibody as the cause
of transfusion-related anaphylactic reac-
tions in Asian populations. (Blood. 2000;
95:1138-1143)

DNA of a control individual using PCR.
DNA sequence analysis of these regions

Japanese, and in 284 Chinese, respec-
tively, but did not find the  Hp®' in 101  © 2000 by The American Society of Hematology

Introduction

Haptoglobin (Hp) is a hemoglobin-binding polymorphic plasmaaptoglobin-related geneHpr), which shares a high degree of
glycoprotein present in all vertebratesleritable normal variations nucleotide sequence homology with tHp!.1-13

in humans were first reported by Smithies and Watkand there We have encountered 2 anhaptoglobinemic patients with anti-Hp
are 3 common genetic haptoglobin phenotypes, Hpl, Hp2, aadtibody, who suffered from severe anaphylactic shock after
Hp2-1, which are determined by a pair of codominant allelep!- infusion of blood product$*1>Briefly, the first was a 33-year-old
and Hp.2 Although the physiologic function of the protein is notwoman (NK) in the 31st week of her first pregnancy. She was
completely understood, it may limit iron loss during normahospitalized for threatened premature delivery due to chronic
erythrocyte turnover and during hemolysis. While certain pathgolyhydroamnios. When she developed edema in her extremities
logic states such as severe hemolysis and liver dysfunction avith increased amniotic fluid and decreased serum albumin, 25%
known to lead to secondary anhaptoglobinefnimevious reports albumin solution was infused. After receiving several drops, she
have suggested that some individuals with hypohaptoglobinemiaexhibited severe anaphylactic reactions, and immediate intrave-
anhaptoglobinemia (HpO phenotype) have a genetic ofigiA. nous administration of corticosteroids improved her symptoms.
silent alleleHpP at the haptoglobin locusHp) has been postulated The second case was a 94-year-old woman (SN) with myelodyspla-
by studies on the anomalous inheritance of haptoglobin phersiic syndrome. She was transfused red blood cells 3 times and
types, and the homozygosity Bip® has been suggested as a caugslatelet-concentrate once during a 7-month period without any
of anhaptoglobinemi&? However, the genetic mechanismsHi® symptoms. However, when she was transfused platelet-concentrate
allele(s) have not been understood for a long time. Recently, iemonth later, she suffered from anaphylactic reactions, which
have identified 1 oHp° allele(s) that was an allelic deletion in theresponded to corticosteroids. She had borne 2 children without any
haptoglobin gene clusteHp’!).1° The gene deletion was largertrouble when she was young. Both these patients showed anti-Hp
than 20 kilobase (kb) and extended from upstream of the promogertibody and no detectable Hp in their s&&

region of theHp to the 3 region of intron 4 of the downstream In the current study, we have determined that these 2 patients

20z dunf g0 uo 3sanb Aq Jpd'ge L L/£860991/8€ L |/¥/S6/4Pd-Bl01E/POOIqABU"SUOHEDIIGNdYSE//:d}Y WOy papeojumog

From the Division of Human Genetics, Department of Forensic Medicine,
Kurume University School of Medicine, Kurume; Transfusion Information
Department, The Japanese Red Cross Central Blood Center, Tokyo; Depart-
ment of Gynaecology, Masuda Red Cross Hospital, Masuda; and Department
of Medicine, Tokyo Metropolitan Hiroo Hospital, Tokyo, Japan.

Submitted August 23, 1999; accepted October 13, 1999.

Supported in part by Grants-in-Aid for Scientific Research from the Ministry of
Education, Science, Sports, and Culture of Japan, and a grant from the Uehara
Memorial Foundation.

Nucleotide sequence data reported in this article have been deposited in the
DDBJ/EMBL/GenBank nucleotide sequence databases with the accession

1138

numbers AB025320 (the junction region of the Hp“') and AB025321 (the 5’
flanking region of the Hp). The accession number for the 5’ flanking region of
the Hp gene of New World monkey (Ateles geoffroyi) is U04852.

Reprints: Hiroshi Kimura, Department of Forensic Medicine, Kurume Uni-
versity School of Medicine, Kurume 830-0011, Japan; e-mail: hkimura@
med.kurume-u.ac.jp.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 U.S.C. section 1734.

© 2000 by The American Society of Hematology

BLOOD, 15 FEBRUARY 2000 « VOLUME 95, NUMBER 4


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V95.4.1138.004k27_1138_1143&domain=pdf&date_stamp=2000-02-15

BLOOD, 15 FEBRUARY 2000 « VOLUME 95, NUMBER 4 PCR DETECTION OF THE Hp@ 1139

were homozygous for thelpe allele by Southern blot analysis. PCR amplification of the junction region of the Hp! allele

The junction region of théipde allele was amplified by cassette-and exon 1 of the Hp

mediated polymera§e chain reaction (PCR) gnd sequenced. 'Weamplify theHp allele, PCR was performed in 25 pL Eaq buffer
then _d_evgloped a S|m|c_3le method to d_etect_ thls _d_eletlon by PGBhtaining 5 pmol of primers Hp-del-U and H-del-L'{6AG GAA GAG
amplification for screening anhaptoglobinemic individuals to examkTT TTT AGC CGT GGT CAG CAG-3, within exon 5 of theHpr), 1 unit

ine the gene frequency in various populations.

Materials and methods

DNA preparations from patients and healthy volunteers

of Ex TagDNA polymerase and 200 umol/L dNTP. The temperature profile
was at 94°C for 1 minute, followed by 35 cycles of denaturing at 98°C for
10 seconds, annealing at 60°C for 30 seconds and extension at 72°C for 1
minute. As an amplification control, the exon 1 of the haptoglobin gene was
coamplified with 5 pmol of primers Hp-Ex1-U (683 707 bp from the ATG
initiation codon of theHp) and Hp-Ex1-L (1135~ 1159 bp) as described
previouslyt°

B lymphocytes from 2 patients were transformed by Epstein-Barr (EB)

virus, and genomic DNA was extracted from EB virus-transforme
lymphocytes using an organic solvent method. In addition, genomic D

Africans of South Africa was isolated as described previotfsty.

Southern blot analysis

The Hp'e' allele was detected by Southern blot analysis as describ
previously* Briefly, genomic DNA (7 pg) was separated in a 0.8% agaro

gel after digestion by an appropriate restriction endonuclease, transferred
onto a nylon membrane and hybridized with the digoxigenin-labeled cDN

probe coding for the chain orf chain of haptoglobin (a kind gift from Dr
R. Lippen, UniversiteLibre de Bruxelles, Service de ‘@eique Appli-

BNA sequencing

from peripheral leukocytes of family members of the patients, and FQE:CR products purified by a suprec-02 centrifugation tube (Takara) were

domly selected Japanese, Koreans, Chinese, Africans (Xhosa), and Europle

irectly sequenced in both directions using each PCR primer or several
n?er)]r-nal sequences (not shown) as a sequence primer using a Bigdye
Terminator Cycle Sequencing Reaction Kit and analyzed using an ABI
PRISM 310 genetic analyzer (Perkin EImer Japan ABI).

Results

aracterization of the haptoglobin gene cluster of
patients with anti-Hp antibody

The haptoglobin gene cluster of 2 patients with anti-Hp antibody

quee)? The digoxigenin-labeled DNA probe was prepared using a DIGyas analyzed by Southern blot analysis with cDNA probes coding

DNA labeling kit (Boehringer Mannheim, Mannheim, Germany).

PCR amplification of the junction region of ~ Hp% allele

A Marathon cDNA amplification kit (Clontech Japan, Tokyo, Japan) w.
used for isolation of the junction region of thip?e. Genomic DNA (5 ug)

from EB virus-transformed lymphocytes of the patient (NK) homozygous

for the Hpd®' allele was digested with 1 of several endonucleases (50

for « or B chain of Hp. Figure 1 shows typical hybridization results.
When genomic DNA was digested Byad, a 3.4-kb DNA fragment
corresponding to thelp and a 2.4-kb signal corresponding to the
Hpr were identified by aitlp g cDNA probe in a control individual

aﬁane N). In addition to these 2 bands, an unexpected band of 7.5 kb

was found in a hypohaptoglobinemic individual who was previ-
sly shown to be heterozygous for tHp®' allele (lane H). Only

(Dral, EcaRV, Pvul, Rsd, andHadll) and ligated with a Marathon cDNA the 7.5-kb band was found in 2 anhaptoglobinemic patients who
adaptor (Clontech). Then, the junction region of the deletion was amplifi§d anti-Hp antibody (lane A). When genomic DNAs of the 2
using cassette-mediated PCR. Because there are AP1 and AP2 sequeptients were digested Byba, and byHindlll, only unexpected
within the adaptor, we used the gene-specific primers (Hpr-first afmand of 6.5 kb and of 4.4 kb, corresponding to tHp®, was

Hpr-nest) as downstream primers and the AP1 and AP2 primers (Clonte
as upstream primers. The Hpr-first primérGGG CTT CCC ACA TAC
TGT CAA GGA G-3, within intron 4 and exon 5 of thelpr, and the AP1

detected by thélp 3 cDNA probe, respectively, and no signal was

primer were used for the first PCR, and then nested PCR was performed N H A

using the Hpr-nest primer 82CA CAT ACT GTC AAG GAG AGC AAG

A-3’, and the AP2 primer. The temperature profile of PCR for amplification .

of the junction region of thelpde' was at 94°C for 1 minute, followed by 25

cycles of denaturing at 98°C for 10 seconds, and annealing and extension at

68°C for 4 minutes. PCR amplifications were performed using 2.5 units
LA Tag polymerase (Takara, Shiga, Japan) in a 25 pL Ta buffer
containing 5 pmol of each primer, 2.5 mmol/L Mg@hd 400 umol/L dNTP.

PCR amplification of the deleted region

The region between an upstream region of ther&akpoint of the deletion

of : ’ .

*
. - <7.5kb

- —— <+3.4kb

of theHp’®' and the promoter region of the haptoglobin gene was amplified

from genomic DNA of a control individual using primers Hp-del-U
(5'-CTT TAT GGC ACT GGG GAACAAGCATTT TG-3) (Figure 2) and
Hp-promoter-L (3-CCC ATC AAC AGG AGG AAG GGT CAA TAC
TGC-3, within a promoter region of thelp).13 The terms “U” and “L”

- . <24kb

indicate upper and lower primers, respectively. The temperature profile was
at 94°C for 1 minute, followed by 30 cycles of denaturing at 98°C for 10

seconds, annealing at 60°C for 30 seconds and extension at 72°C fdr

minutes. PCR amplification was performed using 2.5 units of Ta%
polymerase (Takara) in a 25 pL LFaq buffer containing 5 pmol of each
primer, 2.5 mmol/L MgCJ and 400 pmol/L dNTP.

qyre 1. Southern blot analysis of genomic DNA using the Hp B cDNA probe.
Genomic DNAs (7 ug) from a patient (NK) with anhaptoglobinemia (lane A), from an
individual with hypohaptoglobinemia (lane H) and from a control individual (lane N)
were digested by Sacl. The band indicated by an asterisk was unexpected. The sizes
(kb) of the hybridized fragments are indicated.
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GATCTGCCTGCCACGGCCTCCCARAGTGCTGGGAT TACAGGTGTGAGCCACCGTGOCTGECCTARAATGTTTTARGAGTTTTCTACAACATGGARAATGC  Figure 2. DNA sequence of the junction region of the

Hp?! allele. The positions of PCR primers are under-
CTACAACATTGGGTGATGTAGAAAGCAAAAAGTTCCTCTTCAAAATTTCCCTTCTTGTTAAAGAATAAATCATAAGTGTTAGAGATAATAGTTTCTTTTA . . . . N .
lined. An arrow indicates the junction. The LTR-like

AAAACTAACTTCCTTCAAACTTCCTTGCTTTGTGCTAATAACTCTTTGTTAAGCCCTATCCTATGTAGT TATTAAATGTAAGAAAATTAAATACATTCTA  Sequences are italicized.

TGTCCCTGTACTTTAACCAAGATATCTGTGCTAGACCTGTGCACAGGCATGTCACAGCTTGCAGCCTATGCCCCTTCCTTATTTGGGAATGTTATTACTT

TTCTGAGTCTTTTCATAAGCAACTTCCTCTTTTCCTTTCTTCTCCTCTGCCATTACCTC TTTAGAAAAAGTTTTAAACCTTTAGCCAACTGGGTGCTGCC
TAGACTGTCAGGTCCAGTTCCAGCCAATGGAATCAGGACACAGCAGTAGGGTCTGGATGGCTCAGATATAAATGTTTTGTACCTCCTTTGTTCAAGTGTG
CTCTTGTCTTTGTTCCATCTGTGATGGGCACCCTTTCTGCAGAAAGTAAAAATTGCCTTGCTGAGAGAAT TAAATTTATGTTCAAGTGCTATTTCTTTAT
GGCACTGGGGAACAAGCATTTTGCATTTCTAACAGATGAARAGGTTAGGCCAAAAAATTCTATATAAAGAATGATCAAAAT / TGGAAAGGCTCTTGCACA

Hp-del-U primer (sense) 1 junction
TTTCCACTCACGAGTGTCTTGCTCTCCTTGACAGTATGTGGGAAGCCCAAGAATCCGGCARACCCAGTGCAGCGGATCCTCGGTGGACACCTGGATGCCA

Hpr-nest primer (antisense) Hpr-first primer (antisense}
AAGGCAGCTTTCCCTGGCAGGCTAAGATGGTTTCCCACCATAATCTCACCACAGGGGCCACGCTGATCAATGAACAATGGCTGCTGACCACGGCTAAAAA
Hp-del-L primer (antisense)

TCTCTTCCTG

detected by thédp o cDNA probe (not shown). In addition, we geoffroy), we tried to amplify a region between thé&reakpoint
failed to amplify exons - 4 of theHp using PCR from genomic of the deletion and the promoter region of tHp from genomic
DNA of the patients. These results indicated that the 2 patients wiBINA of a control individual. A 4.5-kb fragment was amplified by
anti-Hp antibody were homozygous for thip®! allele, which is the Hp-del-U and Hp-promoter-L primers, and DNA sequence
the sole null allele of thélp reported to daté? analysis indicated that this fragment was thdlanking region of

the Hp gene. The 5breakpoint of the deletion located at about
5170-bp upstream of the’ ®end of exon 1 ofHp, and the 3
Previous mapping results suggested that therl of the gene breakpoint was positioned between 52- and 53-bp upstream of
deletion occurred within a 284-bp stretch between Amdl site exon 5 of theHpr (Figure 3A). From these results, the size of the
within intron 4 and théarrHI site in exon 5 of thedpr. To identify ~ deletion of theHp® allele is estimated to be 28 kb. The DNA
the junction region of thélpe allele, cassette-mediated PCR wasequences flanking theé &nd 3 breakpoints showed no significant
performed using several endonuclease-digested libraries c8MNA sequence homology in the junction region of the deletion,
structed from genomic DNA of the EB virus-transformed lymphoexcept for 2 bases (TG) (Figure 3B). Computer analysis of the
cytes of 1 patient (NK). The longest PCR product (2.5 kb) wa8540-bp sequence obtained in this study by the Repeat Masker
obtained fromDral library. DNA sequence analysis of the 2.5-kbprogram through the Washington University Human Genome
PCR product indicated that the sequence of 2380 bp wdion of Center (http://ftp.genome.washington.edu/cig-bin/) identified that
the product has not been identified previously, and that 60 bp of@out 70% of this sequence were repetitive.

region of the product was identical to the intron 4 and exon 5 of the ) S )

Hpr.13 The DNA sequence between 781-bp upstream of the §creen|ng and identification ofthe ~ Hp®! allele using PCR

breakpoint and 228-bp downstream of thelBeakpoint of the For screening for thédpde, we amplified theHpde' allele using
Hp®' allele is shown in Figure 2. BLAST searches (http:/Eonventional PCR with primers (Hp-del-U and Hp-del-L), encom-
www.ncbi.nlm.nih.gov/BLAST/) indicated that the’ Slanking passing the junction of thep“e! (Figure 2). As shown in Figure 4, a
region of the 5breakpoint contained sequences similar (more tha@15-bp DNA fragment was amplified from genomic DNA of
90% homologous) to the'Slanking sequence of the New World individuals homozygous or heterozygous for e, whereas no
monkeyHp gene. DNA fragment was amplified from genomic DNA of a control
individual. Direct DNA sequencing of this 315-bp PCR product
from the 2 patients indicated the specific amplification of the
junction region of the breakpoints. Homozygosity for tHgd!
allele was confirmed by the absence of amplified product of exon 1
Because the DNA sequence of an upstream region of the & the Hp. These PCR results were consistent with those from
breakpoint of thédpde'was highly homologous with the Hlanking  Southern blot analysis in 3 individuals homozygous and 10
region of theHp gene of black-handed spider monkeAtdles individuals heterozygous for thépde allele.

Identification of the junction region of the Hpae!

PCR amplification and sequencing of the nucleotides
between the 5 ' breakpoint of the Hp®! and the
promoter region of the  Hp

A
5' breakpoint 1:7b gene duplication in Hp® 3' breakpoint
Hp'or Hp? Hpr
l 1 H ll 1 l . [ ] (| i
] Iyt | | LLILI
-
52kb 1 234 5 6 7 1 23 4 5
Figure 3. Deletion breakpoint junction.  (A), The physi- . . 1 kb
) ¢ -
cal map of the breakpoints of Hp?/. The exons of Hp and Hp™ deletion (~28 kb)
Hpr are indicated by black boxes. The gene deletion in
the Hp?e allele is indicated by a double-headed horizontal
arrow. (B), The alignment of the junction region (Hp%) B
with a region containing the 5" breakpoint determined in
this study (5 N) and a region containing the 3’ breakpoint 5/ N: AACAGATGARRAGGTTAGGCC, ATTCTATATAAAGAATGATCARAATTGTGTARAAGTATGCACAGAGARAATC TGAAAGGAAGTAACACTAAAATGTT
(3 N) (DDBJEMBL/GenBank accession number O S S S T P
. P . deﬂ: AACAGATGAAAAGGTTAGGCC, TTCTATAT: TGATCAAAATTG TCTTGCACATTTCCACTCACGAGTGTCTTGCTCTCCTTGACAG
M69197). Identical sequence is indicated by *. A polypy- ex ko w P % x Kk RRARRA KKK R ARk KRR EEA KRR E AR KRR HEE KRR R AR KRR R K

rimidine tract and an A-T rich sequence are underlined. 37 N: TCCAGTTTATGCAGCAGTGACAGCCGCCAATCCTTTCACCCCTTTCTCAGAT GCTCTTGCACATTTCCACTCACGAGTGTCTTCCTCTCCTTGACAG
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M N H A (Table 1). Because there was no significant difference between
gene frequencies of thiep®! in 4 subpopulations of Japan and
between those in 2 subpopulations of China, the allele frequency of
theHp9e'in Japanese, in Koreans, and in Chinese, was calculated to
be 0.015, 0.025, and 0.030, respectively. On the other hand, we did
not detect theHpde allele in any of the 101 randomly selected

315 bp Africans (Xhosa) or in any of the 100 European-Africans. How-
ever, these findings cannot exclude the absence ot in
Africans and in European-Africans, because of the small number of
samples examined.

Discussion

Figure 4. PCR amplification of the junction region of the Hp®! from a control o ) o )
individual (N), hypohaptoglobinemia (H) and anhaptoglobinemia (A). pcr  Southern blot analysis in this study indicated that the 2 patients

proglqcts unde.rwent ele(_:trophoresis ina 1.2% agarose gel and were stained by with anti-Hp antibody were homozygous for th-epdel allele
‘:g:l'glu(a)bmr,‘;;“:lds‘z dT::aSr'Tfilg;J:;er SF;feRmF;'g(‘i‘i‘“ Is indicated. Mspl-digested pBlue- 5 ravigusly identified® The results indicated that the large haptoglo-
' bin gene deletion was the causal mutation for the anhaptoglo-

To amplify theHp and theHp (exon 1) in the same reaction binemia, resulting in the production of antibody after blood
tube using Hp-del-U and Hp-del-L primers, and Hp-Ex1-U angansfusions.We have determined that ther@akpoint of the gene

eletion was near an LTR-like sequence that was located about

Hp-Ex1-L primers, PCR was performgd frqm individuals Wlt%.?-kb upstream of exon 1 of tiép. From these results, the size of
anhaptoglobinemia and hypohaptoglobinemia and from a con'[lﬁ)eIetion was calculated to be 28 kb. In this study, we have

individual. A 315-bp band was amplified from an individual . : . .
determined the nucleotide sequence of thiéeking region of the
del -
homozygous for theHp®®, whereas only a 476-bp band wa p (from —7551 to —1011 bp). About 70% of this sequence

amplified frgm acont_rol _|n_d|V|duaI. Both 315-bp and 4ZE|3-bp ban Consisted of repeat sequences that contained 5 Alu, 2 L1, and 2
were amplified from individuals heterozygous for tHp?' allele. LTR-lik dat t sh Th o
We then examined thigpde'in the members of the 2 families of the ke sequences (data not shown). The remaining sequences

patients (SN and NK). Consistent with the results from Southe here homologous to the’Slanking region of theHp gene of the

blot analysis, the 2 patients were homozygous forHipé allele ew World monkey. The alignment between the DNA sequences

(Figure 5, lanes 1 and 4). Two children of SN were heterozygoﬁ:(s)ntaining the 5and the. 3 breakpojntg reyealed short direF:t
for the Hp%e!. The parents and a brother of NK were heterozygourgpeats of 2 bp (TG) (Figure 3B), indicating that the deletion
for the Hpee! occurred by nonhomologous recombination. Nonhomologous re-

To exarﬁine the gene frequency of thép® allele, PCR combination has been characterized by the presence of short

e . repeats (2~ 6 bp)22 whereas homologous recombination needs

amplification was performed from genomic DNAs of 523 ranl- rger homologous sequence (more than 142bfhe sequence

domly selected Japanese in 4 different areas of Japan (Akifég gou qu . 1€ sequence
ejtures such as A-T rich elements, alternating purine/pyrimidine

northeast part of Japan; Tokyo, central part of Japan; Fukuoka, wes . T ) g
. . tracts, polypurine-pyrimidine tracts, palindolomic sequences, and
part of Japan; Okinawa, southwest island of Japan), 157 Koreans :
; s topoisomerase | and Il cleavage sites are often found at or near the
(Seoul), 284 Chinese (Shenyang, northeast part of China; Guand- . L
ction surrounding nonhomologous recombination break-

zhou, south part of China), 101 Africans (Xhosa) (Cape TOWh’oints?“Among these motifs, an A-T rich element was found in 5

South Africa), and 100 European-Africans (Cape Town). Sixte ) . , . o
individuals in 523 Japanese, 8 in Koreans, and 17 individuals irr]?mklng region of the the"Sreakpoint, and a polypyrimidine tract

. | was detected in the’5Sflanking sequence of the’ Jreakpoint
284 Chinese were found to be heterozygous forkipee! allele (Figure 3B). Thus, these sequences might play some role in this

large haptoglobin gene deletion.
M1 2 3 456 7 8910 M2 In this study, we have developed a method to identifykipée’
allele using PCR. This method can detect tHpe in all 13
individuals who were determined to be heterozygous or homo-

Table 1. Allele frequencies of the ~ HpY' in various populations

Populations Number of Individuals ~ Number of Allele  Allele Frequency
- 5_: e 5 S0 = - -« 476 bp Japanese (total) 523 16 0.015
- 315 bp Akita 120 5 0.021
Tokyo 126 4 0.016
Fukuoka 140 3 0.011
Figure 5. Family study of the  Hp? allele in 2 families of anhaptoglobinemic Okinawa 137 4 0.015
patients with anti-haptoglobin antibody. Simultaneous PCR amplification of the
junction region of the Hp?! allele and of exon 1 of the Hp was carried out. PCR Korean 157 8 0.025
products underwent electrophoresis in a 1.2% agarose gel and were stained by ~ Chinese (total) 284 17 0.030
ethidium bromide. Lanes 1, 2, and 3 are SN and 2 children of SN. Lanes 4, 5, 6, and 7 Shenyang 132 10 0.038
are NK, father, mother, and brother of NK. Lanes 8 and 9 are control individuals. Lane Guangzhou 152 7 0.023
10 is negative control. The size of the PCR product is indicated. Tagl-digested  African 101 0 0
¢ X 174 (M1) and Hindlll-digested N phage (M2) were used as molecular size European-African 100 0 0

markers.
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zygous for theHpde' using Southern blot analysis. We therreactions to blood and blood components in patients with IgA
examined the gene frequency of the deletion in Japanese, Korealgdiciency, or with fourth component of complement (C4) defi-
Chinese, Africans, and European-Africans. We estimated thaéncy, have been reported to be associated with antibodies to IgA,
the gene frequency of thidp®' was 0.015 in Japanese, 0.025 imand to C4, respectiveRi:32 IgA anaphylactic reactions have
Koreans, and 0.030 in Chinese. Accordingly, we estimated thsécurred in persons who were IgA-deficient and in whom class-
individuals with true anhaptoglobinemia, who are homozygous f@pecific anti-lgA was detected in the serum. Determination of
the Hp %, are 1 in every 4000 Japanese, 1 in every 1500 KoreaRgrum concentrations of Hp could be used for initial screening of
and 1 in every 1000 Chinese. Recently, Yoshioka &tfaund 1 patients at risk for anti-Hp transfusion reaction. However, the
individual with true anhaptoglobinemia out of 9711 unrelategheasyrement of plasma Hp concentration is not sufficient for
Japanese. Therefore, it is likely that thip®! allele is the most yetermination of true anhaptoglobinemia, since plasma Hp concen-

o .
frequentHp’ allele in Japanese. Our results also su_ggest that at_"ﬂ’éttion is known to decrease to below detectable levels in certain
0.025% Japanese, 0.067% Koreans, and 0.1% Chinese are atri rt?]ologic states such as hemolysis and liver dysfunétibn

producen an ant|bo_dy agaln_st _haptoglobln gfter repeated blog dition, certainly the incidence of anhaptoglobinemia in many
transfusions. The first description of congenital absence of hap- . . : .
opulations is so low that it would not be cost-effective to do such

toglobin reported over 30 years ago in individuals of AfriCascreenin in the interest of preventing what would be a very rare
decent! However, we did not find thédp® in any of the 101 . 9 . Pr g y
ggldence of transfusion reactions.

: . i
Africans or the 100 European-Africans. These results were cons o - .
P The incidence of IgA deficiency in Japanese was reported to be

tent with previous reports that no detectable change was found in

the haptoglobin gene cluster of African individuals with anhaptogl(?—bOUt 1/30 000, which is lower than those in Europeans (1/

binemiaZs.27 Although we cannot rule out the possibility that the? 200)****However, the incidence of anhaptoglobinemia appears
frequency of theHpd allele in these populations was much lowef© be much hlgher than that of IgA deficiency in A3|an po.pulatlons.
than that in Asian populations, a recent study reported that thtore attention should be paid on haptoglobin deficiency and
frequency of true congenital anhaptoglobinemia was at approﬁnti-haptoglobin antibody as the cause of transfusion-related
mately 1 in every 1000 Europeans, and that anhaptoglobinemia v@tPhylactic reactions in East Asians. Accordingly, our simple
more frequent in Africané Therefore, the genetic mechanisms foPCR method to detect thEp® is recommended as a reliable
anhaptoglobinemia might be different between East Asian popul@ethod to prevent anaphylactic transfusion reactions in individuals
tions and other ethnic groups. It would be of interest to knolaving a risk to produce anti-Hp antibody by blood transfusions. If
whether Africans with congenital anhaptoglobinemia have evpatients who are shown to be homozygous for the haptoglobin
been found to have antibodies against Hp or to have experienckgletion need to be transfused with red cells, it would be necessary
transfusion reactions. to meticulously wash the red cells before transfusion to avoid an
Recently, it has been reported that haptoglobin gene-knockamtmunologic transfusion reacticfl.
mice showed a higher susceptibility during acute hemolysis
compared with control mice, although the clearances of free plasma
hemoglobin in these mice and in control mice were not signifacknowledgments
cantly differen?® These mice also had a small reduction in
postnatal viability. These results suggest that individuals hom¥¢e thank all members of the 2 families for consenting to the study
zygous for theHpd' allele may be at a disadvantage duringnd giving blood samples. We also thank Dr Ernette D. du Toit
acute hemolysis. (Department of Immunology, Medical School, Cape Town, South
Undesired reactions caused by blood transfusion have focugdica) and Dr Doo-Sung Kim (Korean Red Cross Central Blood
on the hemolytic immune reactions with red blood cells. Howevegenter, Seoul, Korea) for providing blood samples. We thank
less attention has been paid to nonhemolytic reactions after bloddaka Red Cross Blood Center for collecting blood samples of
transfusion or infusion of human blood products. Anaphylactimembers of NK family.

References

1. Bowman BH, Kurosky A. Haptoglobin: the evolu- 8. Harris H, Robson EB, Siniscalco M. Atypical seg- with ahaptoglobinemia, who suffered from ana-
tionary product of duplication, unequal crossover, regation of haptoglobin types in man. Nature. phylactic transfusion reactions. [abstract] (in
and point mutation. Adv Hum Genet. 1982;12:189. 1958;182:1324. Japanese) Blood Programme. 1998;21:135.

2. Smithies O, Walker NF. Genetic control of some 9. Matsunaga E, Omoto K, Shinoda T, Matsuda E, 15. Morishita K, Shimada E, Watanabe Y, Kimura H.
serum proteins in normal humans. Nature. 1955; Qishi H. A further study on the family with anoma- Anaphylactic transfusion reactions associated
176:1265. lous inheritance of haptoglobin types. Jpn J Hum with anti-haptoglobin in patients with ahaptoglo-

3. Rougemont A, Quilici M, Ardissone JP. Is the HPO Genet. 1970;15:166. binemia. [letter]. Transfusion (in press).
phenomenon in tropical populations really ge- 10. Koda Y, Soejima M, Yoshioka N, Kimura H. The 16. Koda Y, Soejima M, Liu Y-H, Kimura H. Molecular
netic? Hum Hered. 1980;30:201. haptoglobin-gene deletion responsible for anhap- basis for secretor type a(1,2)-fucosyltransferase

4. Allison AC, Blumberg BS, Ree W. Haptoglobin toglobinemia. Am J Hum Genet. 1998;62:245. gene deficiency in a Japanese population: a fu-
types in British, Spanish Basques, and Nigerian 11. Maeda N, Yang F, Barnett DR, Bowman BH, sion gene generated by unequal crossover re-
African populations. Nature. 1958;181:824. Smithies O. Duplication within the haptoglobin sponsible for the enzyme deficiency. Am J Hum

5. Giblett ER, Steinberg AG. Inheritance of serum Hp2 gene. Nature. 1984;309:131. Genet. 1996;59:343.
haptoglobin types in American Negroes: evidence 12. Bensi G, Raugei G, Klefenz H, Cortese R. Struc- 17. LiuY-H, Koda Y, Soejima M, et al. Extensive poly-
of a third allele, Hp?™. Am J Hum Genet. 1960; ture and expression of the human haptoglobin morphism of the FUT2 gene in an African (Xhosa)
12:160. locus. EMBO J. 1985;4:119. population of South Africa. Hum Genet. 1998;

6. Manoharan A. Congenital haptoglobin deficiency. 13. Maeda N. Nucleotide sequence of the haptoglo- 103:204.

(Letter) Blood. 1997;90:1709. bin and haptoglobin-related gene pair. J Biol 18. Pang H, Liu Y-H, Koda Y, et al. Five novel muta-

7. Delanghe J, Langlois M, De Buyzere M. Congeni- Chem. 1985;260:6698. tions of Lewis gene (FUT3) in African (Xhosa)
tal anhaptoglobinemia versus acquired hypohap- 14. Shimada E, Suzuki M, Shimano Y, et al. Anti-hap- and Caucasian populations in South Africa. Hum

toglobinemia. (Letter) Blood. 1998;91:3524. toglobin antibody was detected in two patients Genet. 1998;102:675.

20z dunf g0 uo 3sanb Aq Jpd'ge L L/£860991/8€ L |/¥/S6/4Pd-Bl01E/POOIqABU"SUOHEDIIGNdYSE//:d}Y WOy papeojumog



BLOOD, 15 FEBRUARY 2000 « VOLUME 95, NUMBER 4

19.

20.

21.

22.

23.

24,

Liu Y-H, Koda Y, Soejima M, Pang H, Wang B-J,
Kimura H. Lewis (FUT3) genotypes in two differ-
ent Chinese populations. J Forensic Sci. 1999;
44:82.

Liu Y-H, Koda Y, Soejima M, et al. The fusion
gene at the ABO-Secretor locus (FUTZ2): absence
in Chinese populations. J Hum Genet. 1999;44:
181.

Hyland VJ. ATaql RFLP detected by the human
haptoglobin (Hp) cDNA probe, pULB1148.
Nucleic Acids Res. 1988;16:8203.

Stary A, Sarasin A. Molecular analysis of DNA
junctions produced by illegitimate recombinations
in human cells. Nucleic Acids Res. 1992;20:4269.
Ayares D, Chekurin L, Kyu-Young S, Kucherlapati
R. Sequence homology requirements for intermo-
lecular recombination in mammalian cells. Proc
Natl Acad Sci U S A. 1986;83:5199.

Cizeau J, Decoville M, Leng M, Locker D. Large
deletions induced in the white gene of Drosophila

25.

26.

27.

28.

29.

melanogaster by the antitumoral drug cis-dichlo-
rodiammineplatinum(ll): influence of non-homolo-
gous recombination. Mutation Res. 1996;359:
197.

Yoshioka N, Yokoi T, Nata M, Meguro H, Morita K,
Sagisaka K. Haptoglobin deficiency detected by
DNA analysis. (in Japanese) Seibutsu Butsuri
Kagaku. 1991;35:297.

Hill AVS, Bowden DK, Flint J, et al. A population
genetic survey of the haptoglobin polymorphism
in Melanesians by DNA analysis. Am J Hum
Genet. 1986,38:382.

Maeda N. DNA polymorphism in the controlling of
the haptoglobin genes: a molecular explanation
for the haptoglobin 2-1 modified phenotype. Am J
Hum Genet. 1991;49:158.

Lim SK, Kim H, Lim SK, et al. Increased suscepti-
bility in Hp knockout mice during acute hemoly-
sis. Blood. 1998;92:1870.

Vyas GN, Perkins HA, Fudenberg HH. Anaphy-

30.

31

32.

33.

34.

PCR DETECTION OF THE Hp@ 1143

lactoid transfusion reactions associated with anti-
IgA. Lancet. 1968;ii:312.

Schmidt AP, Taswell HF, Gleich GJ. Anaphylactic
transfusion reactions associated with anti-IgA an-
tibody. New Eng J Med. 1969;280:188.

Lambin P, Le Pennec PY, Hauptmann G, Desaint
O, Habbit B, Salmon C. Adverse transfusion reac-
tions associated with a precipitating anti-C4 anti-

body of anti-Rodgers specificity. Vox Sang. 1984;
47:242.

Sandler SG, Mallory D, Malamut D, Eckrich R.
IgA anaphylactic transfusion reactions. Transfus
Med Rev. 1995;9:1.

Ropars C, Muller A, Paint N, Beige D, Avenard G.
Large-scale detection of IgA deficient blood do-
nors. J Immunol Methods. 1982;54:183.

Kanoh T, Mizumoto T, Yasuda N, et al. Selective
IgA deficiency in Japanese blood donors: fre-
quency and statistical analysis. Vox Sang. 1986;
50:81.

20z dunf g0 uo 3sanb Aq Jpd'ge L L/£860991/8€ L |/¥/S6/4Pd-Bl01E/POOIqABU"SUOHEDIIGNdYSE//:d}Y WOy papeojumog



