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Methods: We examined the association between HP genotypes and type 2 diabetes of anthropometric and
clinical features in 946 Mongolians. HP' genotvpes were determined by two methods. TagMan- based real
fime PCK and conventivnal PCR. Hp phenotyping was also performed by polyacrylamide gel electrophoresis
and peroxidase <iaiping in a few selected samples.

Resuits: The 2 HF genotyping methods showed consistent results in 943 of 946 samples. Three samples that
showed different results in the 2 PCR mathods were determined to be fieterozygous for the Hp Johason allele
fv phenotyping. We did not find any association between HP genotvpes and type 2 diabetes or the

Concity

anthropometric and cnical features examined in the population studied.
: TayMan-based! HP genotyping i3 reliable and will be useful for high-throughput assodiation

stuclies, Further studies of large numbers of subjects and functional differences in Hp types are needed.

© 2008 Elsevier BY. All rights reserved.

1. Introduction

Haptoglabin (Hp} is a plasma glycoprotein highly expressed in the
tiver and is known to be one of the acute phase reactants [ 1]. It binds
hemoglobin {Hb) to prevent both iron less and kidney damage due to
oxidative activity of Hb during intravascular iemolysis. Humans have a
genetic polymorphism of the protein due (0 2 codominant alteles, HP'
and HE”, that give rise to the three common phenotypes Hpl-1, Hpi-1,
and Hp2-2 {2§. The Hp gene (HP} locates on the long amm of chromosome
16 {16223} and consists of 5 {HP' } or 7 (HFF} exons [3,4]. HPY appears
to have been generated by a 1.7-kb intragenic duplication ofexons 3 and
4 of HP?. Both HP' and HP bave been found in every population,
although their frequencies vary considerably among populations {5).

Because of this polymorphic nature, Hp has been used as a genetic
marker for identification of parentage and individuals, and several rare
variants of the Hp phenotypes have been reported. These include Hp
Johnson, Hp 2-1M, and anhaptoglobinemia |5} The Hp Johnson
phenotype results from the HP allele, which bas 3 tandem repeats of
the same 1.7-kb DNA segment duplicated in HP and comprises 9 exons
{6]. The Hp 2-1M phenotype has been reported o have — 61A> Chase
substitution in the promoter region, which seems to result in reduced
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expression of Hp2 relative to Hp1 {7.8]. The haptoglobin-gene deletion
allele {HP™') was identified by genetic analyses of an individual with
anhaprogiobinemia and families having individuals with hypohapto-
globinemia {9]. HP™ has an approximately 28-kb deletion extending
from the promoter region of HP to intron 4 of the haptoglobin-related
gene |10} The Hp Johnsen phenotype has been observed worldwide
with relatively low frequency. while HpZ- 1M seems to be specific to
African poepulations {5]. Although anhaptoglobinemia was observed
among worldwide populations, the HP™ appears to be specific in East
axd Southeast Astan populations and a single causal mutation has been
identified so far [ 10~14}.

Hp polvmorphisms have been reported to be assodiated with many
pathological conditions such as infections, cardiovascular disease, obesity,
and type 2 diabetes mellitus {DM); however, some studies have failed to
detect these associations {5,15]. In the present study, we examined the
association between HP genotypes and type 2 D and the anthropometric
and dinical features of a Mongolian population wing conventional PQR
and the recently developed TagMan-based real-time PCR methud.

2. Materials and methods

This study protocol was approved by the ethics commtiees of the
Health Sciences University of Mongolia, the Minisiry of Health of
Mongolia, Mongolia, Jichi Medical University, and Kurwune University,
Japan.
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2.1. Subjects

All 946 subjects in this study were Mongolian people living in
Ulaanbaatar City, and all provided informed consent 1o participate
{16}, The 281 subjects with type 2 M had already been diagnosed
and were putpatients of the Diabetes Research Centre of Mongolia,
Ulaatibaatar City, while 665 random blood donors without any history
of DM were defined as the non DM subjects. Blood samples (5 ml)
were drawn from the antecubital vein from all subjects. After
measurement of blood glucose using Accu-Chek® {Roche Diagnostics,
Basel, Switzerland}, serum samples were separated and immediately
frozen until analyzed at Jichi Medical University, Japan. The genomic
PNA was extracted from the remaining white blood cells using a
Puregene DNA purification kit (Centra Systems, Inc., Minneapolis,
MN3 The DNA samples were stored and shipped at 4 “C. Al kits and
reagents were used according to their manufacturer’s instructions.

2.2. HP genotyping

HF genotyping were delermined using both conventional PCR and
TagMan-based real-time PCR methods. Amplification of the 1757-bp
HEY allele-specific fragment was perfmmeﬂ in a volume of 20t
cuntaining 4 pl of 5~ PrimeSTAR Buffer (Mg®" plus) {Takara, Shiga,
Japan}, 250 nmoid each of primers Aand B{17], and about 0.1 to 10 ng
genomic DNA The temperature profile was 35 cycles of denaturing at
98 ¢ for 1 s and annealing and extension at 72 °C {or 2 min. The HP
altele-specific fragment was amplified in a volume of 20t 10 plof Go
tagq® Green Master mix {Promega, Madison, WIj, 250 nmolA each of
primers C and 1 {17}, and about 0.1 to 10 ng genomic DNA. The
temperature profile was 95°C for 1 min, followed by 35 cycles of
denaturing at 96 "C for 10 s, annealing and extension at 5 "Cfor 30s,
and then 1 final extension cycle at 72 °C for 1 min Primers for the
conventional PCR were synthesized by Hokkaido System Science
(Sapporo, Hokkaido, Japan). HP* zygosity was determined by duplex
PCR using Hp-del-U, Hp-del-1, Hp-Ex1-U, and Hp-Ex1-L primers as
described previousty § 10} Resuttant PCR products were size-fraction-
ated by agarose gel electrophoresis.

in addition, TagMan-based real-time PCR was performed as
described previously 118.19|. Briefly the 20 pl PCK reaction contained
about 0.1 to 10 ng genomic DNA, 10 pl of Premix Ex Tag™ {Perfect Real
Time) {Takara}, and the following primers and TagMan probes at the
indicated concentrations: HPZ-F and -R primers {300 nmol/), HP2
probe {83 nmold} for the detection of HPZ, HP5'-F and -R primers
{150 nmol/t}, HPS® probe (42 nmol/l} for the detection of the HP5'
region, HPdel-F and -R primers {30() nmold}. and HPdel probe
{83 nmol/l} for the detection of HP*. The PCR temperature profile
was 95 °C for 30 s, followed by 40 (ydeg of denaturation at 95 °Cfor
55, and annealing and extension at 60 *C for 30 5. All oligonucleotides
for TagMan-based real-time PCR were synthesized by Biosearch
Technologies {Tokyo, Japan}. Fluorescence was measured using an
Mx3000P system {Agilent Technologies. inc., Tokyo, Japan} as de-
scribed previously (18] Data were collected and analyzed using
MxPro™ Software {version 4.00, Agilent Technologies, Inc.}. The ACt
idifference in threshold cycdles) of each sample was calculated as [Ct of
HPZ {target}] - [Ct of HPS' {control}]. The AACH of each sample {AACt
sample) was obtained by [ACt of sample] —[ACt of reference] {20].
The ACt reference value was obtained using 5 ng of genomic DNA
from an HPY/HP? individual. The ratio of HP2:HPS' of each samiple was
calculated as 27 406 s3mpie 11g

2.3, Hp phenotyping

Plasma Hp phenotypes were determined by continuous polyaceyl-
amide gel (5-20%, 120~ 100 nun, e-PAGEL®, Ato, Tokyo. Japan}
electrophoresis {PAGE) of Hb-supplemented plasma using 0.0) mol/
1 Tris and 0,077 molA glycine {200 ¥ for 2.5 k), After electrophoresis,

the gel was treated with 02 ¢ leucomalachite green and 1g zine
powder in 50 ml of 40% acetic acid solution. The stain was activated
with 3% hydrogen peroxide {13].

2.4 Statisticol analys

Data are expressed as the means S0, median {range} or pro-
portions for categorical variables. Hardy-Weinberg equilibrium was
catculated using the chi-square test. Categorical valuables were com-
pared using Fisher's exact test. One-way analysis of variance (ANOVA}
was used to compare any differences between continuous valuables.
Nonparametric data were analyzed by the Kruskal-Wallis test.
Associations between the HP genotypes and type 2 DM, body mass
index { BMI}, blood pressure, and serum lipid values were evaluated, A
P<0.05 was considered fo be statistically significant.

3. Results
3.1. HP genotyping

We determined the HP genotypes using TagMan-based real-time
PCR. and the results were compared with those obtained from a
conventionai PCR method. The recently developed reai-time PCR
method is based on comparative threshold cvcles (Ct) of the HP-
specific sequence {duplication junction} and a conirol sequence (57
flanking sequence of exon 1 of HP}. This method was validated by
analyzing about 130 samples [18]. Real-time PCR was performed by
duplicate measurements for each sample. In 9473 of 946 samples, the
resulis obtained from the TagMan-based method were consistent
with those from conventional PCR. In these 943 samples, the Ct values
of the control sequence (HpS') ranged from 20.3 to 294. The ACt
value of HP?/HP? veference was 0.6, and the 27900 saie yajyes of
each genotype were shown in Table 1, Seventy samples with tio Hp2
signal were typed as HPAHPY. Samples with amplification of the Hps’
ard HP dliele-specific regions and withaut amplification of the HP
allele-specific region were genotyped as HPUHP (S individuals),
while those with all three signals were genotyped as HP/HI (12
individuals}. We did not detect a HPF' homozygote, a sample with
only amplification of HP*, in this study.

in three samples, however, the results from the two methods were
discordant. In two of them, the genotype determined by the TagMan-
based method was HPYHP (mean 27 225 200% wlye: 102, n = 23, while
that by conventional PCR was HP'/HI. In one of these, the copy humber
relative to the 5 sequence of the HpZ-spedfic sequence (27 M0 @mes
value) was about 1.36, while those of 36 HP' /HP? ranged between 044
and 0.54 Imean (5D} 049 {0033} and those of 46 HFY/HF ranged
between 0.90 and 1.07 [mean{5D): 1.00{0.04}] in the same 96-well assay
plate, However, the genotype of this sample determined by conventional
PCR was HP/HP. We previously suggested that the main limitation of the
present TagMan-based real-time PCR method, in comparison to Southern
blotting. phenotyping, and conventional PQR methods, is misidentification

Tabie 1
HP genmyping of S46 Mongehan samples based nn TagMan assay,
e Kuriber of Total mean valué 25D of 25460 Sssefe - papee
genatype - individuals
0 RS G
63 492004 G38-
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433 1051008 @76~
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5 [ =4
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Table 2
Checal characteristics and HP genntypes of tepe 2 DM subjecs.

Chrtra Uhamios Ao 08 { iR

0t e

Oihers P value

Maleifemale (8}
Age1y)
Bady mass index {
Body fat perceniage {5}
Walst-to-hip ratin

Systolic blood pressure {mmHg}
Biastolic blood pressure (nml‘g\
Total cholestem! {mg#
B chofesterol {mgf mlv
Trigly emie smgiml,

5 (98)

ng
N5

6-121.0)
{L0-2205)
343 (256-709)

Bw {248 :29\

Data are means + SD. medians {ranges? for skewed vartables, or prapertions for categosical vasiables, £ vakues derived Imm one-w

Dihers (2 HPUHEST, 4 HPUHP and © HPUHET were exeladed from the anabyies
* Fisher's exact

ruskal-Wallis

of rare vanants

such as Hp Jehnson because of the principle of the method
{18}. To examine this possibility, we performed Hp phenotyping on the
three samples using polyaaylamide gel electrophoresis. These three
individuals had heterozygous Hp Johnson (HP} alleles: twe individuals
were Hp1-3 and one individual was Hp2-3 (data not shown). Thus, the HP
g,exmtypes of 946 Monzolmm were 70 HPHP 361 HPHIE, 493 HPF HPY,
S HPUHP, 12 HPHPR, 2 HPUHPS and 1 HPHP, and the allele

ﬁequenctes were HP' =027, HP? =072, HP¥* = 0.009, and
HP? = 0006, The allele and genotype frequencies in this study were
quite similar to those of Mongolians of a previous study {21 ], The genotype
frequencies were in Hardy-Weinberg equilibricin in bath type 2 DM
(P=0433} and non DM (£==0870} subjects.

3.2 Association of HP genotypes and type 2 DM, onthropometric and
clinical features

Tables 2 and 3 show the sex, age, body mass index, body fat
percentage, waist/hip ratio, and systolic and diastolic blood pressure
of each HP genotype of type 2 DM {N== 274, we excluded 7 sample
having the HP? and HP' alleles from the analyses, Table 2} and of

¢ay ANOVA unless annetaied

and § BFUHP Y were sxchaded from the analyses.
4 and 18I were excluded from the analyies

healthy subjects (N= 652, we excluded 13 samples having the HP
and HP alleles from the analyses, Table 3. We did not find any
association between these parameters and HP genotypes in both
groups, We also indicated the relationship of several biochemicat
variables including fasting blood glucese, total cholesterol, triglycer-
ide, HDL cholesterol, fructosamine, fasting insulin, and adiponectin to
each HP genotype (N==182-452). However, we did tot detect any
association between these parameters and HP genotypes either. In
addition, the associations between HP genotype and allele frequencies
and type 2 DM were examined using Fisher's exact test. However, we
did not find any assodation {(P= 0313, between genotypes and DM;
P=0.766, allele frequencies and DM}

4, Discussion

Because the HF allele has 3 tandem repeats of the same 1.7-kb DNA
segment duplicated in the HP' allele (5], 2 copies of Hp2 pnmem and
prabe-binding sites of the present TagMan-based real-time PCR are
presented in one HP'. As predicted previously, we judged two HP' 1P
individuals as HPUHPY, while we obtained the relative copy number of

Tabte 3
Clinicat characteristics and HF gepotypes of non DM subjects.
Hi genatype
e HEHE HP P (rkers Fyalue
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1.36 in one HP/HF, However, we examined only one HP/HP individual,
and because the phenotyping was performed on only a few selected
samples, we will phenotype further cases of HP/HP’ to evaluate whether
the TagMan real-time PCR method can detect this genotype accurately.
We judged 2 HP' HP individuals as HP' /HP? and 1 HPPHP as HPYHP by
the conventional PCR method in the present amplification condition. This
misclassification is due to a failure of amplification of a 5.1-kb fragment
corresponding to HP® by conventional PCR using primers A and B. In fact,
we cotld not amplify a 34-kb fragment corresponding o HP? in many
HF HIP samples using primers A and B (data not shown}. Thus, the
present PCR method seemed to have difficulty amplifying both HF and
HP fragments using primers A and B, although we could amplify the 349-
bp HP-specific sequence of both HP? and HP alleles using primers € and
D. The present results further supported the supposition that the TaghMan-
based real-time PCR method is reliable because the results showed perfect
concordance with those of conventional PCR in 943 genotypes, except for
the 3 individuals with HP. This method may be usefud for rapid and high-
throughput genotyping of common Hp alleles for association studies. In
addition, we detecied HPF, which is a causal mutation of severe
anaphylactic trasfusion reactions due to production of anti-Hp anti-
bodies, using this method. In the present study, we found three HP” alleles
among 946 individuals; thus, the allele frequency of HP is estimated to be
0.0016, Previous studies estimated the allele frequency of HP to be
0.00015 in a Japanese population and 0.0018 in a Melanesian population
[22.23]. Thus, the allele frequency of HP’ in a Mongolian population seems
to be similar to that in Melanesians and is refatively high. in addition, we
found 17 HP™ alleles in the 946 individuals, and the allele frequency was
calculated to be 0.009. This valueis similar to previous resulis obtainedin a
ongolian population {0.008; 2 heterozygotes in 119 individuals} {12},

in the present study, we did not find any association between HP
genotypes and type 2 DM or the anthropometric and clinical features
examined in a Mongotian population. However, we did not evaluate the
association of rare variants of HP including HP™ and HP? because of the
relatively low frequencies of these alleles. The HP allele was suggested
to be associated with an increased risk for the development of diabetic
nephropathy indsrael and Egyptian populations [ 24,25]. In addition, the
Hp 2-¢ phenotype was reported to be a risk factor for type 2 DMina
Ghanaian population and gestational DM in an Australian population
(26.27]. The Hp phenotype and genotype have also been associated with
susceptibility to defective lipid metabolism, malignancy. cardiovascular
diseases, inflammatory diseases, infection, nonalcoholic fatty liver
disease, and autoimmune diseases [5.28-32] Such associations may
be explained by functional differences between the subtypes of Hb
binding and its rate of clearance from the plasma Kecent studies
identified profound differences between the antioxidant and immuno-
modulatory properties of Hpl and Hp2 polypeptides {15]. However,
there are also corresponding reports of conflicting or negative disease
associations |33-361 These controversiat results might be due to the
ethnic backgrounds of studied populations. Alternatively such assoda-
tions might be marginal | 5). To resolve these problems, further analyses
wsing massive and worldwide population samples are required. Thus,
the TagMan-based real-time PR method may be useful for rapid amd
high-throughpurt genotyping of common Hp alleles for the purposes of
association study.
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Development and validation of a SYBR Green I-based real-time
polymerase chain reaction method for detection of haptoglobin
gene deletion in clinical materials

Mikiko Soejimu, Yuji Tsuchiya, Kouichi Egashira, Hiroyuki Kawano, Kimitaka Sagawa,

and Yoshiro Koda

BACKGROUND: Anhaptoglobinemic patients run the
risk of severe anaphylactic transfusion reaction because
they produce serum haptoglobin (Hp) antibodies. Being
homozygous for the Hp gene deletion (HP*) is the only
known cause of congenital anhaptoglobinemia. and
clinical diagnosis of HP** before transfusion is important
to prevent anaphylactic shock. We recently developed a
5'-nuclease (TagMan) real-time polymerase chain reac-
tion (PCR) method

STUDY DESIGN AND METHODS: A SYBR Green
|I-based duplex real-time PCR assay using two forward
primers and a common reverse primer followed by
melting curve analysis was developed to dstermine
HP* zygosity in a single tube. In addition, to obviate
initial DNA extraction, we examined serially diluted
blood samples as PCR templates.

RESULTS: Allelic discrimination of HP* yielded optimal
results at blood sample dilutions of 1:64 to 1:1024. The
results from 2231 blood samples were fully concordant
with those obtained by the TagMan-based real-time
PCR method.

CONCLUSION: The detection rate of the HP* allele by
the SYBR Green I-based method is comparable with
that using the TagMan-based method. This method is
readily applicable due to its low initial cost and analyz-
ability using economical real-time PCR machines and is
suitable for high-throughput analysis as an alternative
method for allelic discrimination of HP™

naphylaxis is a severe nonhemolytic transfu-

sion reaction. and determination of its causes

is wrgently needed.’” The absence of a serum

protein such as immunoglobulin A or hapto-
globin (Hp) is one factor that can lead to anaphylactic
transfusion reactions * due to production of serum anti-
bodies against it.”” At present, a homozygous deleticn
of the Hp gene (HP¥) is the only known cause of
anhaptoglobinemia.*®

Hp binds hemoglobin (Hb) to prevent both iron loss
and kidney damage during hemolysis. Humans have a
genetic polymorphism of the protein due to two codomi-
nantalleles, Hpl and Hp2, that give rise to the three major
phenotypes, Hpl, Hp2-1, and Hp2.*"* Because of its poly-
morphic nature, Hp has been used as a genetic marker for
identification of individuals and determination of parent-
age. Anomalous inheritance of the Hp phenotypes was
encountered during determinations of parentage, and
HP* was identified by genetic analyses of one such family
in Japan.”

The HP* allele lacks an approximately 28-kb segment
of Chromosome 16 extending Irom the promoter region of
the Hp gene to Intron 4 of the Hp-related gene (HHPR)." Two
different methods have been demonstrated to be useful
for the detection ol anhaptoglobinemia. One is detection

ABBREVIATIONS: Hp = haptoglobin; 7;, = melting
temperature.
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of HP* allele by polymerase chain reaction (PCE) or
Southern blotting,® and the other is quantification of Hp
protein by enzyme-linked immunozorbent assay
(BLISA)." The ELISA method is sensitive and able to dis-
criminate efficiently between anhaptoglobinernia and
hypohatoglobinemia. However, this method requires con-
firmation of the presence of HP¥¢'by a PCE-based mathod.
A duplex PCE method allows determination of the zyzos-
ity of HP*\ Using this method, frequencies of the HP*!
allele were examined in several human populations. This
allele has been found only in Bast and Southeast Asian
populations (Chinese, Korean, Japanese, Mongols, Thais,
and Indonesians) but not in Afriean, West and South
Asian, and Buropean populations so far®%1 Detection
of homozygotes for HP* before blood transfusion or
blood component infusion is important to prevent
severe side effects of transfusion, because washed rad
blood celle and platelet concentrate are effactive in
preventing  the  transfusion-related  anaphylactic
reactions,®

Although isolation of genomic DMA, conventional
PCR, and gel electrophoresis are routine methods in
research and melecular biology laboratories, they are not
ble for large-seale analysis or diagnosis before trans-
sion in the clinical laboratory because they regquire
laborious post-PCR processing steps. Real-time PCE is a
high-throughput, rapid, and sensitive method that has
become comrnon.'? It also elirinates post-PCR process-
ing of PCR products, which reduces the chance of carry-
aver contarnination. Recently we established a diagnostic
method for detection of HP* by a 5'-nuclease assay using
dual-labeled (TagqMan) probes.® This method ic highly
specific due to the sequence-specific hybridization of the
probe and is cost-effective when many samples are
treated simultaneously, such as sereening for anhaptoglo-
binemnic patients in a blood doner pocl or for large-scale
screening in various populations. However, if only a few
sammples are exarnined in the clinical laboratory, the initial
cost is high because two dual-labeled probes are neces-
sary for detenmination of zygosity. In addition, multichan-
nel real-time PCR rmachines, which are expensive
compared to single-channel real-time PCE rachines, are
required to perform this systern.

To resolve this problem, we developed a SYER Green
I-based real-time PCR method for detection of HP*, SYBR
Grzen [, zn intercalating dye that binds to double-
stranded DMNA, s used to deteet the accumulated PCR
product. ¥ Because an increase in the flucrescent signal is
detected not only by specific amplification of the product
but zlso by the primer-dimer or nonspecific amplified
product, dissociation curve analysis is requir=d to confirm
the specificity of the PCR product. Inaddition, te reduce
the time and costof eenormic DMNA isolation, we exarninad
serially diluted blood samples as PCR templates instead of
genormic DA,

2 TRANSFUSION ‘olume *f, ™ ™

MATERIALS AND METHODS

This study protocol was approved by the ethics committee
of Kururne University School of Medicine, Fresh vencus
blood samples from patients who were scheduled for
blood transfusion at Kurume University Hospital were
used. The whole blood samples were collected in ethyl-
enediaminetetraacetate (EDTA)- or heparin-containing
tubes, We also used genomic DNA samples with known
HP* genotypes,

PCE was performed using the following three primers
{two forward primers and one cormmon reverse primer);
Hpdel-F (8 -TATTTCTTTATGOGCACTGGGGAACA-3, se-
quence from 630 to 714 bp in GeneBank No. AB025320)
far amplification of the regicns encompassing the
HP*! breakpoint, Hpr-F (5'-CTGCAACTATTGGAAATGAG
ATCAGC-3, sequence from 12,920 to 12,945bp in
GeneBank Mo, NC_000016.9, located in the 3 end of the
deleted region in HP*), Intron 4 of the HPR) for arnplifica-
tion of HPFR Intron 4, and the cornmon reverse prirner
Hpdel-R (5-GAGCAAGACACTCGTGAGTGGAAAT-3', re-
verse sequence from 823-799 bp of GeneBank HNo,
AB025320 and reverse sequence from 13,087 to 12,043 bp
of GeneBank Mo, NC_000016.9), The HP* breakpoint
oceurs between 782 and 783 bp in the sequence of
GeneBank AB025220. The positicns of the thres prirmers
are presented in Pig 1. All primers were designed using
computer software (Primer 3, http:// primer3.sourceforge
netf).»?

The amplification was performed in a volume of
20 pL containing 10 pL of 2+ SYER Premix Ex Taq II
(perfect real time; Takara, Shiga, Japan), 75 nmol/L Hpr-F
primer, 500 nmol/L Hpdel-630F 250 nmol/L Hpdel-823R
primer, and 1 pL of the template (severalfold diluted fresh
venous whole blood or genomic DMA). Wells without a
ternplate were included as negative controls. For determi-
nation of optirmal PCR conditions, amplifications wers
performed using a 96-well thermal cycler (Veriti, Life
Technologies Japan, Tokyo, Japan), Determined optimal
conditions in the real-time PCE are as follows: 1) place the
38-well plate in a real-time PCR systern (Mx3000P, Agilent
Technologies, Tokyo, Japan), 2) heat the plate at 95°C for 20
seconds; 3) repeat the following for 40 cycles, 95°C for A

HP HPR
5
HP25 -
Hpdel-F Hpdel-R
5
Hpe!

>
Hpdel-F Hpdel-R

Rg. 1. Structures of the HP?, and HP* alleles and relative
positions of the Hpdel-E Hpr-§ and Hpdel-R primers.
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seconds, and 65°C for 30 seconds; and 4) melting curve
analvsis performed as follows: heat the plate at 95°C for 1
minute, rapid cooling to 70°C, 70°C for 30 seconds, and
heat the plate at 0.2°C/second to 90°C. The accumulation
of PCR products and melting curve analysis were moni-
tored by measurement of the level of SYBR Green I fluo-
rescence with excitation/emission filters of 492/516 nm
(using an FAM filter set).

After the dissociation curve analysis, we determined
the length of PCR products using a microchip electro-
phoresis system (MCE-202 MultiNA, Shimadzu. Kyoto.
Japan). Inaddition to SYBR Green I real-time PCR method,
the zygosity of the HP* allele was also determined in par-
allel using TagMan-based real-time PCR method as
described previously.””

RESULTS AND DISCUSSION

Duplex real-time PCR of HP® and HPR

We investigated duplex real-time PCR, which pernits dis-
crimination of HP* zygosity in a single tube, to determine
it the melting temperature (7..) values of the two PCR
products are sufficiently different to distinguish them
from each other. In the previously reported conventional
PCR method, the lengths of the PCR products were 476
and 315 bp for detection of HP Exon 1 and HP*, respec-
tively” These lengths are suitable and convenient for gel
electrophoresis but too long to amplify in the buffer con-
taining SYBR Green 1, particularly when using a blood
sample directly as a template. Thus, we planned to amplify
smaller PCR products in the present SYBR Green I-based
real-time PCR method. For detection of the nondeleted
allele, we selected the 3’ end of the deleted region (Hpr-F;
107-82 bp upstream of the 3’ breakpoint of the HP*) asa
forward primer and reduced the length of the PCR product
to 148 bp using a Hpdel-R primer as a reverse primer. We
also reduced the length of the PCR product of the HP*!
breakpoint to 134 bp using Hpdel-F as a forward primer
and Hpdel-R.

To evaluate this real-time PCR method, genomic
DNAs whose genotvpes were already known to be lacking
HP* (HP/HP), heterozygous for HP® (HP/HP™), and
homozygous for HP* (HP*¥/HP*) were used as templates.
We failed to establish an applicable duplex PCR method
with similar peak intensities for HP* and HPR signals
when the three primers were adjusted to the same con-
centration (100-500 nmol/L). This is probably due to the
apparent preferential binding of SYBR Green I to selected
amplicons, as suggested previously.” Accordingly, we
used several different ratios of concentrations of the three
primers and obtained almost similar peak intensities for
HP* and HPR signals when we used 75 nmol/L Hpr-E
500 nmol/L  Hpdel-E, and 250 nmol/L  Hpdel-825R
primets. The annealing temperatures and number of
cycles for two PCR assays for allelic discrimination of HP*

REAL-TIME PCR FOR DETECTION OF HP*¢

using blood samples were optimized to determine the
PCR condition that gave the best specificity without a
reduction in vield. The optimal annealing and extension
temperature and numbers of cycles for both amplifica-
tions were found to be 65°C and 40 cycles, respectively
(data not shown).

An increase in the fluorescent signal in the amplifica-
tion plot was observed in all three samples tested. The
dissociation curve analysis revealed a single peak
(T, = 84.3-84.7°C) corresponding to 148 bp of HPR Intron
4 productin genomic DNA samples from HP/HP individu-
als. Two different peaks (T..=-80.3 and 84.5°C) corre-
sponding to the 134-bp HP* product and HPR were
observed in the genomic DNA sample from HP/HP* indi-
viduals, while a single peak (T, =80.3-80.7°C) corre-
sponding to the HP* was observed in genomic DNA
sample from the HP¥/HP* individual (Fig. 2). After the
dissociation curve analysis, microchip electrophoresis
using MCE-202 MultiNA was performed and the charac-
teristic length of PCR products for HPR Intron 4 at 148-bp
{estimated sizes by microchip electrophoresis were
between 156-159 bp) and the HP* product at 134 bp (esti-
mated sizes by microchip electrophoresis were between
140-142 bp) were detected (data not shown). No increase
in the fluorescent signal was detected in the negative
control (data not shown).

Evaluation of templates and plates

We then applied this method using a blood sample as a
template. We first examined the elfects of the anticoagu-
lants in blood collecting tubes and dilutions of blood
samples on the efficiency of PCR amplification. Blood was
diluted with PCR grade water (later, we used 50 mmol/L
NaOH instead of water. as mentioned below). Like the
TaqMan real-time PCR method.** the SYBR Green | real-
time PCR method worked well on blood samples collected
in EDTA-containing tubes using 1 uL of undiluted and 1:4,
1:16, 1:64, 1:256, 1:1024, and 1:4096 dilutions of the whole
blood sample as a template. The Ct values were not pro-
portional to the amount of the blood template (Fig. 3).
This is partly because both the fluorescence and the
amplification seemed to be inhibited by blood compo-
nent(s) such as Hb. Specific PCR products were observed
in all blood samples diluted up to 1:1024 but not in the
1:4096 dilution. Instead, undesired PCR products with the
. value of 76.8°C (as described below) were occasionally
observed in 1:4096 dilution samples.

We also used heparin-containing tubes and observed
almost identical resulis for the same serial dilutions of
blood samples as those of EDTA-containing tubes (data
not shown). These results suggested that blood sample
dilutions between 1:64 and 1:1024 collected in both EDTA-
and heparin-containing tubes seemed to provide a good
template for this real-time PCR method. Thus, we used
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Rg. 2. SYBR Green I-based real-time PCR analysts for detection of HP* and HP. Genomic DNA whose genotypes are HP/HP (left),
HP/HP* (middle), and HP*/HP* (right) were used as templates. (A} Duplex real-time amplification plot for HPR (intron 4) and
HP* as targets. (B) Dissoclation eurves provide a graphic representation of the PCR product after the amplification process. &
single peak or two peaks with different Tt values were observed. Tr, values of #PR products were approximately 84.5°C, and those

of HP¥ were approximately £0.3°C.

1:100 dilutions of blood sammples as templates for further
studies. We also comparad the results of PCR amplifica-
tion using frozen blood (obfained in EDTA-containing
tubes) diluted 1:100 to freshly drawn blood saraples as
ternplates, We observed almost identical PCR amplifica-
tion in both samples (data not shown). In addition, this
method can be applied to blood zamples that wens
collected from patients and stored for at least 10 days at
47,

We examined the effects of type of PCE plates on the
fluorescent signal A white PCR plate (Sorenson ultradmp
PCR serniskirted 96-well white pla Nippon Genetics,
Tokyo, Japan) increased the fluorescent signal approxi-
mately threefold cornpared with a transparent one {data
not showm).

Validation of the method

We then examined blood samples frorn 2231 patients who
were eduled for blood transfusion at Kurume Univer-
sity Hospital. Diagnosis of the HP¥ allele was performed
in parallel using the TagMan-based real-time PCR
method.!® The real-time PCR method was performed in

4 TRANSFUSION
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duplicate assays for each of 45 samples using a white
96-well plate in both the SYBR Green [ and the Tagldan-
based methods, During this large-scale experiment,
flucrescent signals of some samples (particularly in
Taglian-based real-time PCR method) were too small to
be detected for presently unlnown reason(s). This phe-
nomenon was not reproducible; that is, although the
signal of one sample was too small to detect, another well
of a duplicate sample showed adequate signal strenath. To
resolve this problern, blood was diluted to 100-fold with
&0 mrnol/L NaOH instead of water, treated at a5°C for §
minutes, and then used as a template. This procedurs
seemed to improve the cignal strength significantly,
although signals of some samples seerned to be still a little
reduced. The results of duplex assays of the present SYER
Green | real-time PCR method were completely identical
to those of the TagMan-based real-time PCR method!®
(ie., 2183 individuals with HE/HP, §7 individuals with
HPIHP, and on2 HP*] HP*), Accordingly, the frequency
of HP*! is caleculated to be 0.015 in the Kyushu area
(western Japan), and the incidence of individuals homozy-
gous for the HP* was expected to be 1 in every 4200
individuals. When we used blood samples treated with
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Fig. 3. Effect of diintion of blood on the fluorescent signal of
real-time PCR analysis. The results of severalfold diluted
blood sample from an HP/HP* individual are shown by navy
(no dilution), red (1:4), green (1:16), gray (1:64), chartreuse
(1:256), blue (1:1024), and purple (1:4095). A negative control
is shown by orange, (A) Real-time amplificatton plot. (B) Dis-
sedation curves provide a graphic representation of the PCR
product after amplification.

50 mmol/ L, NaOH, the T value seemed to have dropped
slightly (approx 0.5°C for both products) compared to that
observed when water is used as the diluent. Although
undesired fluorescent signalswere detected in some nega-
tive control samples {with a frequency of less than 10%),
they were not reproducible, and the Ty, value (78.8°C) of
the undesired products was lower than that of the targets,

For safe transfusion medicine for as many people as
possible, the screening test of HP* of every potential
transfusion recipient before transfusion is desirable

REAL-TIME PCR FOR DETECTION OF HpP*!

However, as mentioned above, the prevalence of absolute
Hp deficiency is relatively low, and it is a difficult issue to
include the screening test considering the cost-
effectiveness, while they would only need to be tested
once in their lifetime.

The advantages of the TaqMan-based method over
the SYBR Green I-based are superior specificity and the
possibility of determination of common Hp genotypes
(HP?and HP?) when one probe and primers setisadded.?
However, when confirmation of the length of PCR prod-
ucts by electrophoresis was included, the reliability of the
SYBR Green [-based rmethod with melting curve analysis
was comparable with that of the TagMan-based method.
In addition, the results of the present SYBR Green I-based
method with melting curve analysis were completely con-
cordant with that of the TaqMan-based method. When
melting curve analysis is included, less than 15 hours
after taking blood from the subject is required for allele
determination like the TagMan-based method. Thus, the
present SYBR Green I-based method for diagnosis of the
HP* allele seems to be comnparable to the TagMan-based
method in specificity and suitability for high-throughput
analysis. It seems to be betteradapted to clinical diagnosis
of patients before blood transfusion or infusion of human
blood components in clinical laboratories as an alterna-
tive method for allelic discrimination of HP* to prevent
anaphylactoid shock caused by anti-Hp.
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