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Abstract
BACKGROUND—Neonatal alloimmune thrombocytopenia (NATP) is an important cause of
morbidity and mortality in the newborn. Optimal management of subsequent pregnancies requires
knowledge of the alloantigen that caused maternal immunization, but this is possible only in a
minority of cases. This study investigated whether this can be explained in part by maternal
immunization against the “rare” alloantigen HPA-9b (Maxa), implicated previously only in a single
NATP case.

STUDY DESIGN AND METHODS—Archived paternal DNA from unresolved cases of NATP
and normal individuals was typed for platelet (PLT)-specific antigens with real-time polymerase
chain reaction and direct sequencing. PLT-specific alloantibodies were characterized by flow
cytometry and solid-phase enzyme-linked immunosorbent assay. Recombinant GPIIb/IIIa was
expressed in stably transfected Chinese hamster ovary cells. Clinical information was obtained
directly from attending physicians.

RESULTS—Six of 217 fathers were positive for the presence of HPA-9b (Maxa), an incidence about
seven times that in the general population. In each of five cases studied, maternal serum samples
reacted with intact paternal PLTs and paternal GPIIb/IIIa. Only one of three serum samples tested
recognized recombinant GPIIb/IIIa carrying the HPA-9b (Maxa) mutation. These seemingly
discrepant reactions may reflect different requirements for oligosaccharides linked to residues close
to the mutation in GPIIb that determines HPA-9b (Maxa). NATP in the affected children was severe
and was associated with intracranial hemorrhage in three of six infants on whom information was
obtained.

CONCLUSIONS—Maternal immunization against HPA-9b (Maxa) is an important cause of NATP
and should be considered in cases of apparent NATP not resolved on the basis of maternal-fetal
incompatibility for “common” PLT antigens.

ABBREVIATIONS
ACE = antigen capture enzyme-linked immunosorbent assay; CHO = Chinese hamster ovary; ICH
(s) = intracranial hemorrhage(s); MACE = modified antigen capture enzyme-linked immunosorbent
assay; MAIPA = monoclonal antibody-specific immobilization of platelet antigens; NATP =
neonatal alloimmune thrombocytopenia
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Neonatal alloimmune thrombocytopenia (NATP) is caused by passively transmitted maternal
antibodies specific for fetal platelet (PLT) antigens inherited from the father.1–3 This condition
occurs about once in 1000 live births and is a significant cause of morbidity and mortality in
the newborn.4,5 Advances in the understanding of PLT-specific alloantigen systems and
improvements in diagnostic techniques have made it possible to identify maternal-fetal
incompatibility for specific PLT alloantigens in many NATP cases, but others go unresolved
despite use of the best available diagnostic techniques.6 A possible reason for failure to identify
specific PLT alloantigens as the immunizing agent in cases of apparent NATP is that the
sensitizing agent may be one of at least 11 rare (“private”) alloantigens identified in individual
cases of NATP7–17 and not ordinarily considered in the laboratory workup. We investigated
this possibility by evaluating archived blood samples from fathers of NATP cases in which
maternal immunization against one of the “common” PLT-specific antigens was not identified.
Six fathers were found to be positive for the private alloantigen HPA-9b (Maxa), implicated
previously as an immunogen capable of causing NATP only in a single instance.8 The HPA-9b
(Maxa) determinant is created by a guanine to adenine substitution in GPIIb nucleotide 2602
(relative to the A in the ATG start codon), resulting in a valine to methionine substitution. In
this report, we describe clinical and serologic characteristics of NATP associated with
maternal-fetal incompatibility for HPA-9b (Maxa) in this group of patients.

MATERIALS AND METHODS
Typing of genomic DNA for HPA-9b (Maxa) and HPA-3a/b (Baka/b)

Genomic DNA was isolated from peripheral blood white blood cells (WBCs) or buccal swabs
with a DNA blood kit (QIAgen, Valencia, CA) according to the manufacturer’s directions.
GPIIb exons 25 to 26 carrying the HPA-9b (Maxa) polymorphism were amplified in a nested
polymerase chain reaction (PCR) with the primer pairs and conditions listed in Table 1. The
primary reaction, optimized by a PCR optimization kit (Opti-Prime, Stratagene, La Jolla, CA),
was performed with 0.2 μg of genomic DNA with 29 pmol of primers 25S and 26A and 0.05
mmol per L dNTPs in Opti-Prime Buffer 2 (10 mmol/L Tris-HCl, pH 8.3, 1.5 mmol/L
MgCl2, and 75 mmol/L KCl). A total of 2.5 units of Biolase DNA polymerase were added after
denaturation at 95°C for 5 minutes. Amplification was performed in 35 cycles under the
conditions listed in Table 1. The primary PCR mixture was then diluted 50-fold and 1 μL was
used as the template for the nested reaction with 25 pmol each of n25S and n26A (Table 1).
The nested reaction was carried out in the same buffer conditions as the primary reaction except
with 40 cycles of amplification. The final amplification products were electrophoresed, and
DNA bands were excised and purified with a GFX PCR DNA and gel band purification kit
(GE Healthcare Waukesha, WI). Automated DNA sequence analysis was performed in both
directions on a genetic analyzer (ABI 3100, Applied Biosystems, Foster City, CA). The
HPA-3a/b (Baka/b) locus18 is located 18 nucleotides downstream from the HPA-9 (Max) locus
within this amplified region of DNA,8 permitting HPA-9 and HPA-3 genotypes to be
determined from the same sequencing reaction.

Typing for HPA-9b (Maxa) in the general population with allele-specific real-time PCR
Blood samples were obtained from 1048 blood donors identified only by racial background.
DNA was extracted from WBCs as described above, and HPA-9b (Maxa) typing was performed
with real-time PCR analysis on a real-time multicolor detection system (iCycler iQ, Bio-Rad,
Hercules, CA) with SYBR Green double-stranded DNA detection. The PCR procedure was
performed with an upstream sense primer, Sex25 (Table 1), and either antisense primer M,
specific for the HPA-9b (Maxa) sequence (Table 1), or antisense primer W, specific for the
common allele sequence (Table 1). The specificity of the reaction was optimized with a PCR
system kit (Fail-Safe, Epicentre Technology, Madison, WI), which provided all the required
reagents including SYBR Green. Fail-Safe Buffer G was found to be optimal for amplification
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specificity and maximum product signal. Reactions were performed with 6.25 pmol of each
primer (either S25+W or S25+M) (Table 1) with 125 ng of genomic DNA and 1.25 units of
Fail-Safe PCR enzyme mix. Real-time amplification was achieved with denaturation at 95°C
for 2 minutes followed by 40 cycles of 95°C for 25 seconds and 60°C for 1 minute. A typical
real-time PCR procedure demonstrating the presence of the HPA-9b (Maxa) mutation is shown
in Fig. 1.

Construction of cDNA encoding GPIIb V837M (HPA-9b (Maxa))
Throughout this report, nucleotide 1 refers to the A of the ATG translation start codon of GPIIb.
Site-specific mutagenesis was performed with human GPIIb cDNA in vector pcDNA3 (a
mammalian expression vector from Invitrogen [Carlsbad, CA] containing the neomycin-
selectable marker) with overlapping polymerase chain reaction (PCR) as described previously.
19 Briefly, two overlapping mutagenic primers (Smax and Amax) possessing the G to A base-
pair substitution at nucleotide 2602 (corresponding to the HPA-9b (Maxa) polymorphism) were
used in conjunction with flanking primers, S1255 or A2865, to generate a PCR product
possessing the HPA-9b (Maxa) polymorphism. After gel purification, the PCR product was
digested with restriction enzymes ClaI and Sse8387II (New England Biolabs, Beverly, MA).
The digested PCR product was then subcloned into human GPIIb cDNA in pcDNA3 digested
with the same restriction enzymes, thereby replacing the wild-type ClaI-Sse8387II fragment
with the PCR product possessing the HPA-9b (Maxa) mutation.

Generation of stable Chinese hamster ovary cell lines expressing GPIIb carrying the HPA-9b
(Maxa) mutation

Chinese hamster ovary (CHO) cells were cotransfected with mutated (HPA-9b (Maxa) GPIIb
or nonmutated cDNA encoding GPIIb in mammalian expression vector pcDNA3 (neomycin
selection marker, Invitrogen) and nonmutated GPIIIa in pcDNA3.1, a mammalian expression
vector containing a Zeocin-selectable marker (Invitrogen) with Lipofectamine (Invitrogen) by
use of the manufacturer’s suggested protocol. Stable cells lines were selected with 0.2 mg per
mL Zeocin and 0.6 mg per mL neomycin 3 days after infection. Cells expressing GPIIb/IIIa
were sorted with the GPIIb/IIIa-specific monoclonal antibody (MoAb) AP2 (anti-GPIIb/IIIa
complex) on a cell sorter (FACStar Plus, Becton Dickinson, Franklin Lakes, NJ). Cells stably
expressing GPIIb (HPA-9b (Maxa))/IIIa or GPIIb/IIIa were maintained in αMEM (Invitrogen)
supplemented with 10 percent fetal bovine serum, glutamine, 0.2 mg per mL Zeocin, and 0.6
mg per mL neomycin.

Serologic studies
Maternal serum samples were initially tested against paternal PLTs and PLTs from group O
normal donors having known PLT alloantigen phenotypes utilizing flow cytometry and a flow
cytometer (FACSCalibur, Becton Dickinson) as previously described.6,20 Antibodies
recognizing glycoprotein complexes GPIIb/IIIa, Ib/IX, Ia/IIa, GPIV, and Class I HLA were
detected in solid-phase enzyme-linked immunosorbent assays (ELISAs) with antigen capture
ELISA (ACE)21 and modified antigen capture ELISA (MACE).22 The normal PLT panel used
in these assays contained at least one member carrying each of the HPA-1a/b (PlA1/A2),
HPA-2a/b (Koa/b), HPA-3a/b (Baka/b), HPA-4a (Pena), and HPA-5a/b (Brb/a) alloantigen
systems. Maternal serum samples were also screened for antibodies reactive with Class I HLA
antigens with a solid phase ELISA test (QuikScreen, GTI, Waukesha, WI).23

PLT alloantigen typing
PLT phenotyping for HPA-1a/b and HPA-3a/b was performed serologically with ACE21 and
genotyping for HPA-2a/b, HPA-4a/b, and HPA-5a/b was performed with allele-specific PCR.
24
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Clinical information
Clinical histories and laboratory findings made in the perinatal period were characterized by
direct communication with attending physicians.

RESULTS
Incidence of HPA-9b (Maxa) among fathers of unresolved NATP cases and in the general
population

Of 217 archived DNA samples studied, 6 (2.8%) were found to be heterozygous for HPA-9b
(Maxa) by direct sequencing of PCR products. A sequencing result demonstrating the G to A
substitution at position 2602 typical of the HPA-9b (Maxa) mutation is shown in Fig. 2. In
contrast, only 4 of 1048 randomly selected blood donors (0.38%) typed with real-time PCR
were positive for this marker, yielding an estimated gene frequency of approximately 0.002,
assuming that each positive individual was heterozygous for the variant of GPIIb that carries
HPA-9b (Maxa). This figure is slightly less than the value of 0.003 found by Noris and
coworkers8 in a study of 500 normal persons of Northern European ancestry. Each of the
HPA-9b (Maxa)–positive fathers and the HPA-9b (Maxa)–positive blood donors identified
themselves as “Caucasians.” None of 15 African American, 14 Hispanic, 3 Asian, and 3 Native
American individuals was HPA-9b (Maxa)–positive. The incidence of HPA-9b (Maxa) among
fathers of unresolved NATP cases was about seven times the incidence in the blood donor
population, a difference that was highly significant (p < 0.001).

Clinical findings made in NATP cases in which the father was HPA-9b (Maxa)–positive
Details of the clinical course and laboratory findings made in the index cases and siblings
subsequently fathered by the same HPA-9b (Maxa)–positive individuals were obtained for five
cases and are summarized in Table 2. It was not possible to obtain follow-up information on
the sixth case.

Firstborn infants—In all five cases, the firstborn infant had severe thrombocytopenia, with
a PLT nadir ranging from 5 × 109 to 30 × 109 per L. Each child developed moderate or severe
petechial hemorrhages on the limbs and trunk in the first 12 hours after birth. Infants born to
Mothers 1 and 3 had small intracranial hemorrhages (ICHs) detected on computed axial
tomography scan but exhibited no neurologic abnormalities. PLTs from random donors were
transfused to the infants born to Mothers 1, 3, and 5 and produced posttransfusion PLT
increments of at least 50 ×109 per L in each instance. Between 5 and 30 days elapsed before
PLT levels stabilized at a level of 100 × 109 per L or higher in the five affected infants (Table
2). The infant born to Mother 4 had petechiae at birth but no blood studies were performed.
Because of intermittent petechiae observed at home, a blood count was performed at 3 weeks
of age and revealed a PLT level of 6 ×109 per L. This infant was given intravenous (IV)
gammaglobulin at 3 and 4 weeks of age and achieved a stable PLT count in the normal range
at 32 days of age. Typing performed after birth on DNA obtained by buccal swab from the five
infants showed that each was positive for HPA-9b (Maxa).

Second-born infants—The second infant born to the mother of Case 1 had extensive
petechiae and ecchymoses at birth and a PLT count of 6 × 109 per L. Despite transfusion of
washed maternal PLTs, a major intracerebral hemorrhage occurred leading to severe mental
and physical disability. The second children born to the mothers of Cases 2 and 3 had normal
PLT counts at birth. Subsequent typing of these infants showed that both were HPA-9b
(Maxa)–negative. Typing performed on amniotic cells during the second pregnancies of
Mothers 4 and 5 showed that both fetuses were HPA-9b (Maxa)–positive. In light of this
finding, each mother received infusions of 1.0 g per kg IV gammaglobulin weekly during the
last 2 months of gestation. Both infants had normal PLT counts at birth.
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Serologic findings
Maternal serum obtained from Mothers 1, 3, 4, and 5 after the birth of their first child reacted
with PLTs from the corresponding father in flow cytometry but not with PLTs from normal
donors known to be positive for antigens of the HPA-1 to -5 systems. A serum sample from
the mother of Case 2 was positive against the father’s PLTs and PLTs from normal donors,
but contained broadly reactive HLA antibodies that contributed to these reactions. No HLA
antibodies were detected in serum samples from the other four mothers. When tested in the
ACE against GPIIb/IIIa from father’s PLTs immobilized with MoAb AP2 specific for the
GPIIb/IIIa complex, negative reactions were obtained with serum from each of the five
mothers. Positive reactions, however, were obtained in all five cases when the mothers’ serum
samples were tested against the fathers’ GPIIb/IIIa in the MACE assay using monoclonal AP2
for antigen capture. Serum from the mother of Case 1 also gave a positive reaction against the
father’s GPIIb/IIIa in the MoAb-specific immobilization of PLT antigens (MAIPA) assay
(similar in principle to MACE).25 The other maternal serum samples were not tested in
MAIPA. The strongest reaction in MACE was given by serum from the mother of Case 4,
yielding an optical density (OD) of 0.544, significantly higher than the OD of 0.039 obtained
with normal serum. No antibodies reactive with GPIb/IX, GPIa/IIa, or GPIV were detected in
the maternal serum samples with the MACE assay. The relatively weak reactions of maternal
serum in MACE against GPIIb carrying the HPA-9b antigen contrast with much stronger
reactions commonly obtained with maternal antibodies recognizing the HPA-1a (PlA1)
determinant, carried on GPIIIa.

The finding that each maternal antibody reacted with paternal GPIIb/IIIa and that each father
and each affected infant was positive for HPA-9b (Maxa) provided strong, but circumstantial
evidence that the antibodies were HPA-9b (Maxa)–specific. To define specificity further, we
studied the reactions of serum from Cases 1, 4, and 5 against GPIIb/IIIa mutated to contain a
valine-to-methionine substitution at position 837 of GPIIb8 and expressed in CHO cells. As
shown in Fig. 3, serum from the mother of Case 1 recognized mutant but not unmodified GPIIb/
IIIa on the transfected cells. Nevertheless, only equivocal reactions were obtained with serum
samples from the mothers of Cases 4 and 5 (not shown). The mothers of Cases 2 and 3 were
studied during their second pregnancies, at which time antibody was not present (Table 2).

Each HPA-9b (Maxa)–positive individual was also positive for HPA-3b
The (HPA-3a/b) antigens result from an isoleucine-to-serine substitution at position 843 of
GPIIb, six amino acid residues away from the HPA-9b (Maxa) site at position 837.18 Noris
and colleagues8 subcloned PCR products comprising nucleotides that encode HPA-9b
(Maxa) and HPA-3a/b (Baka/b) from HPA-9b-positive individuals, subjected these to
restriction fragment analysis, and found that the HPA-9b mutation was present only on GPIIb
alleles that encode HPA-3b (Bakb), indicating that HPA-9b (Maxa) is probably linked to
HPA-3b (Bakb). Consistent with this, we found that each of 13 HPA-9b (Maxa)–positive
individuals (9 from NATP families and 4 from the general population) was HPA-3b (Bakb)–
positive. Although HPA-9b (Maxa) may be found naturally only on alleles that also encode
HPA-3b (Bakb), our finding that HPA-9b (Maxa)–specific antibody from Mother 1 reacts with
the HPA-9b (Maxa) form of GPIIb modified to contain the HPA-9b (Maxa) mutation (Fig. 3)
shows that the HPA-3b (Bakb) mutation is not an absolute requirement for the reaction of that
particular antibody.

DISCUSSION
The five (and possibly six) cases of NATP described here had severe neonatal
thrombocytopenia apparently caused by transplacentally acquired antibodies specific for
HPA-9b (Maxa). In each family, a firstborn infant was affected, as was true also of the single
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case described by Noris and colleagues,8 indicating that maternal immunization against
HPA-9b (Maxa), as with other PLT-specific alloantigens,1,5 can occur during the first
pregnancy. Each of the affected infants had severe thrombocytopenia lasting from 5 to 30 days.
Random PLT transfusions produced satisfactory posttransfusion increments, as would be
expected because of the rarity of the HPA-9b (Maxa) antigen in the general population.

Three of the six infants developed ICH in the postnatal period. Two recovered without sequelae,
but the third was left with permanent disability. The single previously reported case of NATP
caused by anti-HPA-9b (Maxa) also had an ICH.8 It has been estimated that 10 to 15 percent
of infants with NATP caused by maternal alloantibodies specific for HPA-1a (PlA1)experience
ICH.1,2 Development of this complication in four of seven infants with NATP caused by anti-
HPA-9b (Maxa) is consistent with the possibility that HPA-9b-specific antibodies may be more
prone to cause intracerebral bleeding in a fetus or newborn infant than other PLT-specific
alloantibodies, although Noris and associates8 were unable to show that anti-HPA-9b (Maxa)
inhibited the response of HPA-9b–positive PLTs to ADP, collagen, or epinephrine.8 It is of
particular interest that the second infants born to Mothers 4 and 5 had normal PLT counts at
birth despite maternal-fetal incompatibility for HPA-9b (Maxa) and the presence of anti-
HPA-9b in maternal plasma. As noted, each of these mothers was given high dose IV gamma
globulin during the last 2 months of pregnancy because of reports indicating that this treatment
can reduce the severity of thrombocytopenia in infants born to mothers immunized against a
fetal antigen.1,26 Although exceptions have been reported,27 clinical observations indicate
that NATP generally is at least as severe in a second antigen-incompatible infant born to an
untreated mother than it was in the firstborn.1 This was certainly the case in the second infant
born to Mother 1, who experienced a severe ICH leading to permanent disability. It seems
likely, but is impossible to prove, that prenatal treatment with IV gamma globulin favorably
influenced the PLT levels in the second infants born to Mothers 4 and 5.

In the cases studied, each of the maternal serum samples reacted with paternal PLTs but not
with normal donor PLTs carrying antigens of the HPA-1 to -5 systems in a flow cytometric
assay. Nevertheless, the serum samples failed to recognize paternal GPIIb/IIIa captured in
ELISA plates by immobilized MoAb AP2 specific for the GPIIb/IIIa complex (ACE assay).
Positive reactions were obtained in all five cases when the mother’s serum sample was tested
against GPIIb/IIIa from the father’s PLTs in MACE, an assay similar to the widely used
MAIPA25 in which intact PLTs are incubated with antibody-containing serum, washed, and
then lysed with nonionic detergent. Soluble immune complexes consisting of antibody bound
to GPIIb/IIIa are then captured with a GPIIb/IIIa-specific MoAb and the associated human
antibody is detected with appropriate secondary reagents.22

The inconsistent and relatively weak reactions of the maternal serum samples with GPIIb/IIIa
from HPA-9b (Maxa)–positive paternal PLTs in solid-phase assays and with recombinant
GPIIb/IIIa bearing the HPA-9b mutation is in distinct contrast to antibodies reactive with
HPA-1a (PlA1), which routinely give strong positive reactions in these assays. Failure of the
antibodies to react with paternal GPIIb/IIIa in the ACE assay was not due to competition
between anti-HPA-9b (Maxa) and AP2, the MoAb used to immobilize the target GPIIb/IIIa
complex because AP2 was suitable for detection of anti-HPA-9b in the MACE assay and can
be used to detect most HPA-3b (Bakb)-specific antibodies,28 which recognize an epitope at
position 843 in the GPIIb heavy chain only six residues away from the HPA-9b (Maxa) site at
position 837. We recently described two HPA-3b (Bakb)–specific maternal antibodies from
cases of severe NATP that could be detected in assays with intact PLTs but not in MACE,
MAIPA, or ACE and suggested that these antibodies recognize a “labile” aspect of the HPA-3b
(Bakb) determinant that is lost when the GPIIb/IIIa complex is solubilized with detergent. A
recent report described a HPA-3b (Bakb)–specific antibody with similar properties.29 Findings
made with maternal serum samples from Cases 1 through 5 are consistent with the possibility
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that the HPA-9b (Maxa) epitope is lost when GPIIb/IIIa is solubilized and captured with a
monoclonal before adding anti-HPA-9b (ACE assay), but is partially preserved when antibody
is allowed to react with its target before solubilization (MACE or MAIPA).

Reactions of HPA-9b (Maxa) antibodies could also be influenced by oligosaccharides located
on serine residues at positions 845 and 847 in GPIIb that are potential sites for O-glycosylation.
HPA-3a (Baka)–specific antibodies are known to differ from one another in their serologic
behavior28,30–32 based at least in part on differing requirements for O-linked oligosaccharide
residues, presumably located at positions 845 and/or 847.30,33–35 One biochemical study
provided direct evidence that Ser847 is, in fact, glycosylated.35 Because the HPA-9b (Maxa)
antigen appears to be expressed only on the HPA-3b (Bakb) allele of GPIIb (Ser843), it is
possible that residue 843 is also linked to an oligosaccharide that could influence the reactions
of anti-HPA-9b. Thus, HPA-9b (Maxa)-specific antibodies, like those specific for HPA-3a
(Baka) and for blood group antigens M and N36–38 may differ from one another in their
requirements for oligosaccharides linked to adjacent amino acids. Reaction of the antibody
from Mother 1 but not those from Mothers 4 or 5 with recombinant GPIIb/IIIa carrying the
HPA-9b (Maxa) mutation (Fig. 3) could reflect minor structural differences in O-glycosylation
of rGPIIb/IIIa by CHO cells relative to the native human molecule.39 Alternatively, the
antibodies from Mothers 4 and 5 may require the HPA-3b (Bakb) mutation at position 843 for
their reaction with HPA-9b (Maxa). Further studies with panels of HPA-9b (Maxa)–specific
antibodies, HPA-9b–positive PLTs, and rGPIIb/IIIa will be required to resolve these issues.

The finding that HPA-9b (Maxa) was approximately seven times more prevalent among fathers
of NATP cases not explained by maternal-fetal incompatibility for more common PLT-specific
antigens suggests that HPA-9b may be especially prone to cause maternal immunization during
pregnancy. Davoren and coworkers6 recently analyzed more than 1000 cases of NATP caused
by maternal immunization against known PLT-specific antigens6 and found that HPA-1a
(PlA1), HPA-5b(Bra), HPA-1b (PlA2), and HPA-3a (Baka) were the immunogens in 81, 9, 4,
and 2 percent, respectively. We found five and possibly six cases of NATP caused by maternal
immunization against HPA-9b (Maxa) among a total of 217 cases studied, some of which may
not have had actual NATP. This experience suggests that HPA-9b (Maxa), despite its rarity in
the general population, may be the third most important trigger for NATP, after HPA-1a
(PlA1) and HPA-5b (Bra) and that paternal typing for HPA-9b (Maxa) should be performed in
cases of suspected NATP not resolved in the initial laboratory evaluation. Studies to determine
whether maternal immunization against other “rare” PLT alloantigens is more common than
was thought appear indicated.
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Fig. 1.
Detection of the HPA-9b (Maxa) mutation with real-time PCR. HPA-9a/b and HPA-9a/a DNA
samples were amplified in the presence of SYBR Green with flanking primer Sex25 and the
HPA-9b-specific primer (M) or the common allele-specific primer (W) curve fit relative
fluorescence units (Table 1). Specific products are apparent after 21 cycles; primer-dimers are
not apparent after 34 cycles.
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Fig. 2.
Sequence analysis of the HPA-9 (Max) locus in Family 4. PCR products generated with primers
n25S and n25A were subjected to automated sequence analysis with primer n25S (see Table
1). DNA of father and child had both A and G nucleotides at position 2602 (encircled, left)
indicating heterozygosity for HPA-9b (Maxa). Mother’s DNA contained only G at this position.
Father and son both had both T and G at position 2621 (encircled, right) indicating
heterozygosity for HPA-3a/b (Baka/b), whereas the mother had only T at this position,
indicating that her genotype was HPA-3a/a (Baka/a).
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Fig. 3.
Reactions of serum samples from the mother of Case 1 with CHO cells expressing mutated
(GPIIb Met837) or nonmutated GPIIb/IIIa. (A) The mother’s serum sample reacted with GPIIb/
IIIa containing the HPA-9b (Maxa) mutation (open histograms) but not with nonmutated
GPIIb/IIIa (closed histograms). Anti-HPA-1a (PlA1) antibody reacted with both constructs
equally well (B), whereas normal serum failed to recognize either (C).
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