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Abstract: Idiopathic thrombocytopenic purpura (ITP) is an autoimmune
disease characterized by thrombocytopenia due to the presence of platelet autoanti-
bodies specific for platelet membrane glycoproteins, such as GPIIb/Illa, GPIb/IX and
GPIa/lla. These autoantibodies cause an accelerated clearance of opsonized platelets by
phagocytes and inhibition of platelet production.

Human platelet antigen (HPA) systems HPA-1, HPA-2, HPA-3 and HPA-5 are
components of platelet GP complexes GPIIb/IIla, GPIb/IX and GPla/Ila. The HPA sys-
tem consists of more than 12 bi-allelic antigen polymorphisms in which a base-pair sub-
stitution leads to change in an amino acid sequence of a membrane glycoprotein expres-
sed on the platelet surface.

The aim of this study was to examine the association of HPA-1, HPA-2, HPA-
3 and HPA-5 polymorphisms with idiopathic thrombocytopenic purpura.

We performed genotyping of HPA-1, HPA-2, HPA-3, and HPA-5 systems in
60 patients with ITP and 120 healthy participants. Genotyping of HPA-1, -2, -3, and -5
alleles were performed by PCR and RFLP methods by using specific primers and res-
triction enzymes.

Allele and genotype frequencies of HPA-1, HPA-3, and HPA-5 were not signi-
ficantly different between patients and healthy participants. After Bonferroni adjustment
a significant association in ITP patients with HPA-2 alleles (P = 0.015, OR = 1.923, CI
= 1.126-3.284) was found. Allele frequencies for HPA-2a were 0.852 in healthy partici-
pants and 0.750 in patients, and for HPA-2b 0.148 and 0.250 respectively.
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These results suggests that HPA-2b allele was more frequent in patients with
ITP and may be involved in the formation of a specific autoepitope.

Key words: idiopathic thrombocytopenic purpura, human platelet antigen systems,
restrictiction fragment length polymorphisms.

Introduction

Idiopathic thrombocytopenic purpura (ITP) is an autoimmune disease
characterized by thrombocytopenia due to the presence of platelet autoantibo-
dies specific for platelet membrane glycoproteins, such as GPIIb/Illa, GPIb/IX
and GPla/lla [1]. These autoantibodies cause an accelerated clearance of opso-
nized platelets by phagocytes in the reticuloendothelial system, or inhibition of
platelet production [2]. The etiology of ITP remains unclear, but both genetic
and environmental factors are thought to play a role in the development of the
disease. Several genes involved in immune system regulation such as cytokine
genes, Fc gamma receptor genes and HLA genes [3, 4], as well as some infec-
tive agents like hepatitis C virus, HIV virus, and helicobacter pylori [5—7] have
been associated with susceptibility to ITP in several studies.

It was shown that platelet membrane glycoprotein (GP) complexes, par-
ticulary GPIIb/Illa and GPIb/IX, were the main targets (autoantigens) for the
autoantibodies in patients with ITP [8, 9], while GP la/lla was a minor target.
Human platelet antigen (HPA) systems HPA-1, HPA-2, HPA-3 and HPA-5 are
components of platelet GP complexes GPIIb/Illa, GPIb/IX and GPla/lla. The
HPA system consists of more than 12 bi-allelic antigen polymorphisms in
which a base-pair substitution leads to change in an amino acid sequence of a
membrane glycoprotein expressed on the platelet surface. Due to these poly-
morphisms, human platelet membrane glycoproteins can be recognized as allo-
or autoantigens and can cause different clinical conditions such as post-transfu-
sion refractoriness to platelets, post-transfusion thrombocytopenic purpura and
foetomaternal alloimmune thrombocytopenia [10]. There are studies that ana-
lyse the possible role and association of HPA polymorphisms with ITP and
report a higher incidence of some HPA alleles in patients with ITP. Thude et al.
[11] reported in their study a difference in allele frequencies for the HPA-2
system, while others [12, 13] described a significant difference in the allele
frequencies for the HPA-5 system in patients with ITP.

The aim of this study was to analyse the frequencies of human platelet
(HPA) polymorphisms HPA-1, HPA-2, HPA-3, and HPA-5 in Macedonian
patients with ITP and to clarify potential associations between those HPA
polymorphisms and the development of autoimmune thrombocytopenia.
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Material and methods

Investigated Groups

The total studied sample consisted of 180 examinees composed of two
different groups: healthy individuals and patients with idiopathic thrombocyto-
penic purpura.

Healthy participants (n = 120), 70 female and 50 male, aged 40.7 + 11.3
years, attending the Institute of Immunobiology and Human Genetics for DNA
donation. Inclusion of healthy individuals was random, if a medical doctor
declared their health as acceptable (on the basis of medical documentation,
completed interview, and physical examination). Individuals with a family
history of blood diseases were excluded from the investigation.

Consecutive patients with chronic immune thrombocytopenia (n = 60),
43 women and 17 men, with an average age of 46.8 + 16.8 years, referred to the
University Clinic of Haematology, Faculty of Medicine, Skopje were included.
All patients met the diagnostic criteria for ITP a) platelet count below 100 x
10°/L in peripheral blood, b) normal or increased megakaryopoesis on bone
marrow examination, and c) the absence of clinically apparent associated condi-
tions or causes of thrombocytopenia.

All individuals were of Macedonian origin, and residents of different
geographical areas of the Republic of Macedonia. All patients and healthy indi-
viduals included in this study signed a written consent to participate in the
study.

Genomic DNA isolation and HPA genotyping

Blood samples were collected after written consent and DNA was isola-
ted from peripheral blood leukocytes by the phenol-chlorophorm extraction
method or with BioRobot EZ1 workstation (QIAGEN) [14]. The quality and
quantity of DNA was analysed by GeneQuant (Pharmacia). Isolated DNA
samples were stored in the Macedonian Human DNA Bank (hDNAMKD) [15].
Genotyping of HPA-1, -2, -3, and -5 alleles were performed by PCR and RFLP
methods by using specific primers and restriction enzymes [16, 17].

Statistical Methods

The population genetics analysis package, PyPop, developed by the
Biostatistics Core for the Workshop [18-20] was used for analysis of the HPA
data for this report. Allele frequencies and expected Hardy Weinberg propor-
tions (HWP) for each HPA allele were determined [21]. The exact test for geno-
type frequency deviation from HWP was calculated using the Arlequin imple-
mentation accessed via PyPop [22]. Those alleles that did not fit HWP were
evaluated to determine whether there was an excess of homozygotes or hetero-
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zygotes, or if any particular genotypes were significantly different from expec-
ted frequencies by the chi square test. The Ewens-Watterson homozygozity test
of neutrality (EWN) [23] with Slatkin's exact p-values (SEPV) [24, 25] was
used to indicate any deviations from the hypothesis of neutral selection for each
locus. Pearson's p-values, crude Odds Ratio (OR) and Wald’s 95% confidence
interval (CI) were calculated for analysis of associations between HPA alleles
and idiopathic thrombocytopenic purpura with GraphPad QuickCalcs: free sta-
tistical calculators (http: //www.graphpad.com/quickcalcs/) with Bonferroni
corrected p-value [26]. P less than 0.05 were taken as significant.

Results

Frequencies of HPA-1, HPA-2, HPA-3, and HPA-5 alleles, test of neu-
trality with Fnd statistic (Ewens-Watterson test of neutrality), and Slatkin's

Exact P Value with P of F statistics for each investigated group is shown in
Table 1.

The frequency of HPA-1a, HPA-2a, HPA-3a, and HPA-5a dominate in
healthy participants and in ITP patients with the biggest value for the HPA-5a
(0.909 and 0.925, respectively) and smallest value for HPA-3a (0.578 and 0.525
respectively). For the all HPA alleles, test of neutrality showed negative value
for F,4 statistic, with significant P of F statistics for HPA-3 in ITP patients (P =
0.020), which was significant after Bonferroni correction (Table 1).

Table 1
Frequencies of HPA-1, HPA-2, HPA-3, and HPA-5 alleles, test of neutrality with Fnd

statistic (Ewens-Watterson test of neutrality), and Slatkin's Exact P Value
with P of F statistics for each investigated group

Test of Neutrality (F)
o Alleles EWN' SEPV?
Allele [ Number | Frequency Fnd P of F
Healthy
HPA-la 207| 0.863
HPA-1 240 HPA-1b 300137 -0.439 0.305
HPA-2a 225| 0.852
HPA-2 264 HAPAb 307 0148 -0.542 0.285
HPA-3a 133]  0.578
HPA-3 230 HPA3b o7 042 -1.929 0.055
HPA-5a 229  0.909
HPA-5 252 APASH 31 0.091 -0.021 0.375
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ITP Patients

HPA-1 120 ggijg 1(1)2 8:?23 0131 | 0380
HPA-2 120 gg:jg 28 8:;8 141 | 0210
HPA-3 120 A S22 1 isst | 0.020%
HPA-5 120 gﬁigﬁ 11 ; 8:3?2 0272 | 0478

*, n = number of participants; T EWN = Ewens-Watterson test of neutrality; t, SEPV = Slatkin's
Exact P Value; *, statistically significant after Bonferroni adjustment (p-value x number of
alleles) < 0.05.

Observed vs. expected HPA-1, HPA-2, HPA-3, and HPA-5 genotypes
for each investigated group, Hardy Weinberg proportions, and Guo and Thomp-
son Hardy Weinberg Output is shown in Table 2.

The most frequent HPA genotypes in both investigated groups were
homozygous a/a genotypes (HPA-lala, HPA-2a2a, HPA-3a3a, and HPA-5a5a),
less frequent were heterozygous a/b genotypes (HPA-lalb, HPA-2a2b, HPA-
3a3b, and HPA-5a5b), and homozygous b/b genotypes (HPA-1b1b, HPA-2b2b,
HPA-3b3b, and HPA-5b5b) were very rare. Most of the genotypes in healthy
participants and in ITP patients showed a good fit with HWP expectations,
except the homozygous genotypes (HPA-1blb, HPA-2b2b and HPA-5b5b) which
could not be calculated because their frequencies were less than 5 (Table 2).

Table 2
Observed vs. expected HPA-1, HPA-2, HPA-3, and HPA-5 genotypes for each

investigated group, Hardy Weinberg proportions, and Guo and Thompson Hardy
Weinberg Output

Gene Genotype Observed | Expected P-value HWP | GTHWO'
number number P-value | P-value

Healthy
HPA-lala 90 89.3 0.938

HPA-1 HPA-1alb 27 28.5 0.784 0.775 0.461
HPA-1blb 3 2.3 i
HPA-2a2a 95 95.9 0.928

HPA-2 HPA-2a2b 35 332 0.760 0.750 0.737
HPA-2b2b 2 2.9 i
HPA-3a3a 41 38.5 0.681

HPA-3 HPA-3a3b 51 56.1 0.497 0.330 0.345
HPA-3b3b 23 20.5 0.573
HPA-5a5a 104 104.0 0.996

HPA-5 HPA-5a5b 21 20.9 0.983 0.982 1.000
HPA-5b5b 1 1.0 I
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ITP Patients
HPA-lala 48 46.8 0.863

HPA-1 HPA-1alb 10 12.4 0.501 0.487 0.165
HPA-1blb 2 0.8 i
HPA-2a2a 33 33.8 0.897

HPA-2 HPA-2a2b 24 22.5 0.752 0.733 0.742
HPA-2b2b 3 3.8 i
HPA-3a3a 20 16.5 0.394

HPA-3 HPA-3a3b 23 29.9 0.205 0.073 0.073
HPA-3b3b 17 13.5 0.347
HPA-5a5a 51 51.3 0.962

HPA-5 HPA-5a5b 9 8.3 0.815 0.811 1.000
HPA-5b5b 0 0.0 i

* HWP = Hardy Weinberg proportions; | GTHWO = Guo and Thompson Hardy Weinberg
Output; ¥ Cannot be calculated because expected <5, 32 test.

Association between HPA-1, HPA-2, HPA-3, and HPA-5 alleles and geno-
types with idiopathic thrombocytopenic purpura (ITP) with Pearsons P-value,
crude odds ratio, and Wald’s 95% confidence interval is shown in Table 3.

A significant association in ITP patients with HPA-2 alleles (P = 0.015,
OR = 1.923, CI = 1.126-3.284) was found. For all the rest of the HPA alleles
and genotypes no significant association in ITP patients was found. Most of the
associations with homozygous genotypes (HPA-1blb, HPA-2b2b and HPA-
5b5b) could not be calculated because their frequencies were less than 5 and the
chi-square test was not calculated (Table 3).

Table 3
Association between HPA-1, HPA-2, HPA-3, and HPA-5 alleles and genotypes

with idiopathic thrombocytopenic purpura with Pearsons P-value, crude odds ratio,
and Wald’s 95% confidence interval

Allele or Odds Wald’s Pearson’s
Gene Genotype TP Healthy ratio 95% CI' P-value
HPA-la | 106 (88.3%)| 207 (86.3%)| 1.207 | 0.619-2.353 0.580
HPA-1b 14 (11.7%)| 33 (13.7%)| 0.828 | 0.425-1.615 )
HPA-1 | HPA-lala | 48(80.0%)| 90 (75.0%)| 1.333 | 0.626-2.838 0.455
HPA-lalb | 10(16.7%)| 27 (22.5%)| 0.689 | 0.309-1.537 0.361
HPA-1blb 2 (3.3%) 325%)| % i i
HPA-2a 90 (75.0%) | 225 (85.2%)| 0.520 | 0.304—0.888 0.015*
HPA-2b 30 (25.0%)| 39 (14.8%)| 1.923 | 1.126-3.284 )
HPA-2 | HPA-2a2a | 33 (55.0%)| 95(72.0%)| 0.476 | 0.252—0.898 0.021
HPA-2a2b | 24 (40.0%)| 35 (26.5%)| 1.848 | 0.969-3.522 0.060
HPA-2b2b 3 (5.0%) 2(1.5%)| & i i
HPA-3| HPA-3a 63 (52.5%)| 133 (57.8%)| 0.806 | 0.517-1.256 0.341
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HPA-3b | 57 (47.5%)] 97 (42.2%)] 1.240 | 0.796-1.933
HPA-3a3a | 20 (33.3%)| 41 (35.7%)] 0.902 | 0.467-1.744| _ 0.760
HPA-3a3b | 23 (38.4%)| 51(44.3%)] 0.780 | 0.412-1.475|  0.445
HPA-3b3b | 17 (28.3%)| 23 (20.0%)| 1.581 | 0.766-3.262 |  0.213
HPA-Sa [ 111 (92.5%)| 229 (90.9%)| 1.239 [0.555-2.766 |, 0
HPA-5b 9(7.5%)| 23 (9.1%)] 0.807 | 0.361-1.802 '

HPA-5 | HPA-5a5a | 51 (85.0%)| 104 (82.5%)] 1.199 | 0.5152.790 | _ 0.674
HPA-5a5b | 9 (15.0%)| 21 (16.7%)]| 0.882 |0.377-2.063 |  0.773
HPA-5b5b 0(0.0%)] 1(0.8%)| 1 I I

* ITP = idiopathic thrombocytopenic purpura; T CI = confidence interval; ¥ Cannot be calculated
because expected <5, y2 test; * statistically significant after Bonferroni adjustment (p-value x
number of alleles) < 0.05.

Discussion

In this manuscript we report HPA-1, HPA-2, HPA-3, and HPA-5 poly-
morphisms that exist in Macedonians, and possible association with idiopathic
thrombocytopenic purpura. After Bonferroni adjustment, only HPA-2 alleles
showed a significant association in ITP patients. Several types of multiple tes-
ting corrections were used: i) Bonferroni; ii) Bonferroni Step-down (Holm); iii)
Westfall and Young Permutation; and iv) Benjamini and Hochberg False Disco-
very Rate [26, 27]. The methods are listed in order of their stringency, with the
Bonferroni being the most stringent, and the Benjamini and Hochberg FDR
being the least stringent. The more stringent a multiple testing correction, the
less false positive genes are allowed. The trade-off of stringent multiple testing
corrections are that the rate of false negatives is very high.

We found negative value for F,q statistic for HPA alleles, with signifi-
cant P of F statistics for HPA-3 alleles in ITP patients (but not in healthy parti-
cipants) which indicates balancing selection operating on the alleles at that clus-
ter. We found also that HPA-1, HPA-2, HPA-3 and HPA-5 genotypes are in
equilibrium with HWP.

Our results are different from the results reported by other studies. We
did not find a significant difference in the allele frequencies for HPA-5 antigen
as Kim and Song [12] did in their study in Korean patients with ITP. This can
be explaining by the population difference. Our results are also different from
the results reported by Thude et al. [11]. In their study the HPA-2b allele was
not found in patients with ITP and all patients had only the HPA-2a allele. On
the other hand, the HPA-2b allele was found in 8% of controls. This difference
in allele frequency for the HPA-2 alleles was statistically significant (p = 0.017)
but contrary to our results where the HPA-2b allele was significantly more
prevalent in patients with ITP than in controls (25% versus 14.8%, p = 0.015).
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This difference in results could be caused by the difference in selected patients
and by the difference in distribution of HPA-2 alleles in Macedonian and Ger-
man populations (14.8% versus 8%). Thude et al. analyzed only German pati-
ents with chronic refractory ITP, while we analysed 60 consecutive patients
with ITP referred to our department.

an interesting observation in this study is the highest prevalence of the
HPA-2b allele (0.148) in Macedonians among European studies and the highest
prevalence of this allele in patients with ITP (0.25). We have already referred to
the highest prevalence of the HPA-2b allele (0.148) in the Macedonian popula-
tion in Europe [17] compared with 0.086 in Germans [28], 0.006 in French [29],
0.082 in Austrians [30], and 0.075 in the UK [31]. These results indicate that
this allele may be a specific autoepitope in some patients with ITP or a common
alloantigen that causes alloimunization in the HPA system. It would be intere-
sting to correlate these findings with the incidence and prevalence of ITP in
Macedonia compared with the incidence of ITP in other European countries.
But due to insufficient data for the incidence and prevalence of ITP in the
Republic of Macedonia relevant conclusions are not possible. At this moment,
we have only data for ITP patients diagnosed and treated in our hospital, but it
is a tertiary centre and probably significant numbers of patients with ITP are not
referred to our hospital. Idiopathic thrombocytopenic purpura is a condition that
could have mild asymptomatic forms, very often does not need treatment and
patients are often not referred to our department for diagnosis or treatment. We
need a population-based study from a defined medical region to determine the
real incidence and prevalence of ITP in Macedonia and to compare it with other
European countries in relationship with the frequency of HPA-2b allele.

In summary, our results have shown no significant difference in allele
and phenotype frequencies for HPA-1, HPA-3, and HPA-5 systems between pati-
ents with chronic ITP (n = 60) and healthy participants (n = 120). We have found
a significant difference in allele frequency for the HPA-2 system (p = 0.015)
between patients and healthy participants. These results suggests that the HPA-
2b allele was more frequent in patients with ITP and may be involved in the
formation of a specific autoepitope.
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Pesume

ACOIIMJAIIMJA HA ITIOJIMMOPOU3SMUTE BO XYMAHUTE
TPOMBOIIMTHN AHTUTEHU U UINOITATCKATA
TPOMBOLIMTOIIEHUYHA ITYPITYPA
KAJMAKEJOHCKOTO HACEJ/IEHHUE

Maskosuk M., Crojanoenk A.', Kapandmicku O.', Yespecka JI.!, Cuupockn M.

"Yuusepsuitieiticka kaunura 3a xemaitionozuja, Meduyurcku gaxyaitieits,
Ckoiije, P. MaxeooHuja
2 Uncitiuitiyiti 3a umyHoOUOA0ZUja U XyMaHa Zeneitiuka, Meduyuncku ghakyaitieill,
Ckoiije, P. Maxeooruja

Wauonarckara Tpomboruronennyata mypuypa (UTII) e aBToumyno 3a60-
JMyBame KOoe ce KapaKTepusupa co IojaBa Ha TPOMOOUMTOIECHU]a Koja ce AOIKI
Ha MPUCYCTBOTO Ha aHTUTPOMOOILMTHY aBTOAHTHUTENA CIIEU(PUIHU 32 TPOMOOIUT-
HUTE€ MeMOpaHCKM raukonporenHu, kako GPIIb/IIla, GPIb/IX u GPla/lla. OBue
aBTOAHTHUTENA NPEAU3BUKYBaaT 3r0JIEMEH KIIMPEHC HAa ONCOHN3NPAHUTE TPOMOO-
IUTH 10 AT Ha (paronuTo3a U MHXUONIKja Ha TPOMOOIUTHATA ITPOYKIH]ja.

Xymanute TpomGouuTHU aHTHrenn (XTA) XTA-1, -2, -3 u XTA-5 ce
nenoBu o TpomOoruTHUTe KoMieken GPIIb/ITa, GPIb/IX u GPIa/lla. XTA cuc-
TEMOT ce cOCTOH Off 12 6u-aNesHN aHTUTEHCKU TOIMMOP(MHU3ME Kaj KON ITpoMe-
HaTa BO €JJHa HyKJIeOTHAHA 6a3a TOBeyBa 10 aMIHOKHCEINHCKA CYyTICTUTYIINja BO
MEMOPAHCKHOT ITUKONPOTENH.

Llen Ha oBaa ctynuja Gelrle 1a ce ucnmTa aconupanocra Ha XTA-1, -2, -3,
1 -5 TONMUMOPPU3MHI CO UANOMATCKA TPOMOOIIUTONIEHUYHA TTyPIypa.

Amnammsupanu 6ea 60 6omnnu co UTII u 120 3apaBu KOHTPOJIHU WHAWBU-
nyu. lenotunu3anujata Geme u3BefaeHa co nomoir Ha PCR u RFLP meTtopara co
KOPHCTEHhE Ha CNeIM(UIHN OJTUTOHYKIICOTUIA U PECTPUKIMOHN SH3NMH.

Anennata u renorunckaTta gpeksennuja Ha XTA-1, XTA-3, u XTA-5
HE ce Pa3JIMKyBallle 3HAUUTEIHO MOMely MalMeHTHTe U 3ApaBuTe KOHTPOu. [1o
Bonferroni m3pamMHyBameTO, CHTHI(DUKAHTHA pa3jivKa BO alieHaTa (hpeKBEHIIT]a
3a XTA-2 Gemre Hajiena mefy nanuentute co UTII u koutpomute (P = 0,015, OR
= 1,923, CI = 1,126-3,284). Anennara ¢pekBeHnuja 3a XTA-2a Gemre 0,852 Kaj
3ppaBuTe KoHTponu u 0,750 kaj 6omauTe co UTII, u 0,148 3a XTA-26 Kaj KOH-
TponuTe HacpoTu 0,250 kaj 6omHUTe co UTTI.
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OBwme pe3ynTaTh yKakyBaaT Ha modvecra (ppekBeHnyuja Ha X TA-26 ane-
not kaj 6omaATe co UTII n MOXHOCTaA TOj 12 y4ECTBYBA BO CO3/1aBAETO HA CIle-
uuIeH aBTOCIHTOT.

Knyuynu 300poBu: uauonarcka TpoMOOLUTONCHUYHA MypIIypa, XyMaHH TPOMOOIIUTHU
aHTHUTeHH, PECTPHUKIIMOHA aHAIN3a HA TEHCKHU TOIHIMOP(HHU3MH.

Corresponding Author:

Marica Pavkovic, MD, MSc
University Clinic of Haematology
Medical Faculty

Ss Cyril and Methodius University
Vodnjanska 17, 1109 Skopje
Republic of Macedonia

Tel. +389-2-3123479

Fax. +389-2-3217061

E-mail: pavkovicm@yahoo.com

Contributions, Sec. Biol. Med. Sci., XXXIII/1 (2012), 135-146



