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Abstract

Background: Platelet - reactive antibodies cause several disorders required
appropriate diagnosis and specific treatments. Problematic antibodies are antibodies against HLA
lass [ and to the lesser extent human specific platelet antibody. Platelet refractoriness, neonatal
alloimmune thrombocytopenia (NAIT) and post-transfusion purpura (PTP) are examples of
disorders associate with platelet alloantibodies. Rapid diagnostic laboratory approach with
sensitive and specific assays is necessary. In Thailand lymphocytotoxicity test (LCT) is commonly
used for HLA antibody screening and crossmatching for both purposes, platelet antibody screen
and organ transplantation. Solid phase red cell adherence assay (SPRCA) was used for platelet
antibody screen and selection of platelet transfusion,

Objectives: To compare sensitivity and specificity of three methods tested for platelet reactive
antibodies which were LCT, SPRCA and flow cytometry, Cost-effectiveness and performing time
of these tests were also assessed to find out the suitable method for routine investigation,

Methods: Sera from 10 healthy controls and 43 samples from patients were screened for platelet
reactive antibodies, All sera were tested in parallel by these 3 methods against the same six
random lymphocyte or platelet screening panels. Sensitivity and specificity were assessed and
level of agreement between pair of technique were also analysed. Cost and time consumption per
test for each technique was analysed.

Results: The results showed that HLA reactive antibodies were found in 18 out of 43 sera using
LCT assay, 17 out of 43 sera when using SPRCA with 1 sample was false reactive and 19 out of
43 sera when using flow cytometry. There were 4 out of 43 patients showed HPA reactive

antibodies tested by flow cytometry technique but reactive only in 2 patients when using SPRCA




technique. The sensitivity and specificity of HLA antibody screening by three methods were
analysed and found that flow cytometry had highest sensitivity and specificity. Compare to flow
cytometry sensitivities/specificities of SPRCA and LCT were 84.21/95.83 % and 94.73/100%
respectively with good strength of agreement (K= 0.76 and K= 0.81 respectively). Flow
cytometry was also more sensitive than SPRCA in HPA antibody detection with 50% sensitivity
and 100% specificity. The cost of LCT, SPRCA and flow cytometry technique was 746, 735 and
1,661 Baht, and time consumption was 8, 6 atid 4 hours, respectively.

Discussion: In this study flow cytometry was a highest sensitive technique compare with SPRCA
and LCT ecither screen for HPA antibody or HLA antibody. There were two patients whom
provisional diagnoses were NAIT and idiopathic thrombocytopenia that SPRCA could not detect
HPA antibodies while sera were reactive with flow cytometry. This is crucial that SPRCA was
not sensitive enough to diagnose NAIT of which the risk of fetus/newborn is too high, According
to our study SPRCA should not be used for NAIT testing. Although SPRCA sensitivity in our
study was too low this is because of too few number of samples. SPRCA may still have a role in
some places where flow cytometry test is not available and may be used for platelet crossmatching
as it does not need expensive instrument. In our study we found that LCT test and SPRCA had
lower sensitivity compare to flow cytometry. These detections did not have crucial effect for
platelet crossmatching but these may have some effects on HLA antibody screening and
crossmatching in potential organ transplant recipients and LCT is commonly used in Thailand.
Conclusion: The Flow cytometry technique appears to be sensitive and effective method of

detecting platelet-reactive antibodies and well-suited for routine service.
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CHAPTER 1
INTRODUCTION

Background and Rationale

Hematologic disease patients with thrombocytopenia often require frequent use
of blood products, especially platelet concentrates, in order to prevent bleeding disorders and to
support hemostatic competence. An inadequate post-transfusion response can occur in multi-
transfused patients, which can result in life-threatening bleeding. Insufficient platelet increment
after transfusion of suitable platelets is usually defined as platelet refractoriness, There are two
major causes of decreased platelet increment; alloimmune and nonimmune,

Alloimmune causes involve antibodies that occur most frequently against the
HLA class I and rarely against the human platelet antigens (HIPA) system. In addition, platelet
membranes also bear some antigens such as HLA class I molecules, human platelet specific
antigens (HPA), and ABH, Lewis, P and I antigens. Antibodies to red cell antigens are also an
alloimmune cause of platelet transfusion refractoriness.

Nonimmune causes are often associated with the patient’s clinical conditions
such as the presence of fever, sepsis, disseminated intravascular coagulation (DIC), splenomegaly,
active bleeding and side effects of some drugs. Other disorders in which pathogenesis results are
platelet alloimmunization, including neonatal alloimmune thrombocytopenia (NAIT) and post-
transfusion purpura (PTP), Platelet alloantibodies cause immune-mediated platelet destrnction
because a variety of platelet-reactive antibodies react with antigens on platelet membranes,
Platelets bearing immune complexes are destroyed by the reticuloendothelial (RE) system. These
various disorders require a rapid diagnostic laboratory approach with sensitive and specific assays
in order to provide appropriate therapy and to prevent long-term platelet destruction. Methods
such as flow cytometry, solid phase red cell adherence assay (SPRCA), enzyme-linked
immunosorbent assay (ELISA) and monoclonal antibody-specific immobilization of platelet
antigens (MAIPA) are currently used for detection of platelet alloantibodies. These techniques are

based on serological assays, however they have some limitations for routine application, Several




laboratories have struggled to find the best methods and provided necessary services for the
related patients.

In Thailand, the National Blood Center uses the SPRCA technique for detection
of HPA alloantibodies. This technique requires a longer time, is less sensitive and the reactions are
read visually. Other techniques, however, are not well established in the other laboratories. The
ideal test for antibody detection should be highly sensitive, very specific, rapid, requiring a small
amount of serum, easy to perform at low cost and simple to interpret.

Platelet alloantibody detection techniques applied in routine laboratory use
often posses some problems such as being complicated to perform, time consuming, and need
expensive reagents and instrwments. Evaluation and comparison of these techniques will provide
benefits to laboratories through insights on which techniques are suitable for clinical services in
particular environments. Blood transfusion services in a terfiary care hospital or a medical center
need a high level of laboratory services in order to provide complicated patient care and treatment.
The sensitivity and specificity of these various methods will be evaluated in order to establish the
proper methods suitable for routine investigations of alloimmune causes of these disorders
including platelet transfusion refractoriness, NAIT and PTP, This study will be very useful for the
laboratories and beneficial to patients who will receive an accurate diagnosis and get better

therapeutic outcomes,




Literature Review

A, Platelets

A.1 Platelet morpholegy and functions

Platelets or thrombocytes were discovered by Bizzozero in 1882 and then later
recovered in the 1960’s {Rozman, 2002), They are small anucleate fragmenis of bone marrow
megakaryocytes approximately 1.3 — 3.3 um in diameter, and mean platelet volume is about 10
femtoliter. In blood circulation, the normal number of platelets is about 150,000 to 400,000 per
microliter, and a reduced platelet count is called thrombocytopenia, The number of platelets
decreases when platelets are lost from the blood stream faster than they are replaced from the
bone marrow. Thrombocytopenia may result from a failure of platelet production and/or an
increased rate of platelet destruction. Their daily consumption ranges between 7-10 X 10° platelets
per liter of blood and every second approximately 2 x 10° platelets are produced in normal human
body. Average life span of platelets has been reported to be 7 to 10 days (Kickler, 2006). In
healthy adults, about 30% of blood platelets are sequestered in spleen (Beutler et al, 2001),

The resting platelets have a discoid shape, and their morphology is divided into
three zones: peripheral, sol-gel and organelle (Figure 1). The peripheral zone consists of a
glycacalyx coat, cytoskeleton and platelet membrane responsible for adhesion and aggregation.
The exterior coat of the platelet consists of at least nine different glycoproteins (GPIa, Ib, Ic, 1la,
IIb, HTa, IV, V, and IX) which are used for activation and interaction with other cells, The sol-gel
zone contains the open canalicular system, the dense tubular system responsible for contraction,
The organelle zone contains many types of chemicals such as ADP, serotonin, catecholamine,
calcium, alpha granules, and glycogen granules. Since most of the common cytoplasmic
organelles, including mitochondria, components of the Golgi apparatus, endoplasmic reticulum,
and ribosomes are present in platelets, a plateiet can be regarded as a structure potentially capable

of ali cellular functions except those immediately dependent on a nucleus (Han and Baker, 1964),
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Figure 1. Schematic representation of platelet histology and membrane receptors (Nathan

and Oski, 2003)

Platelets circulate in the blood stream and form blood clots to stop blood
loss from injured blood vessels, They contribute to the hemostatic process in two different ways.
Firstly, their adhesive and cohesive functions lead to the formation of platelet plugs to limit blood
loss at sites of vascular injury. Secondly, they activate coagulation processes through the exposure
of phospholipid surfaces that provide a catalytic site for the development of coagulation and
stabilization of a hemostatic plug. A strong clot acts as a patch against blood leakage. Platelets
manifest a triad of functional responses: adhesion, activation-secretion and aggregation. The
process can be summarized in figure2, Within 1-3 seconds after an injury, glycoprotein {(GP)
Ib/IX/V complexes on platelet membranes bind to von Willebrand factor (vWF) on
subendothelium, and GPIa/Ila complexes bind to collagen which then aflow platelets to adhere fo
the injury sites. Platelet adhesion is shown in figure 3. A variety of platelet antagonists, including

thrombin, epinephrine, collagen from subendothelium, and ADP, cause infracellular signaling




leading to secretion. Platelets secrete the dense granules which contain caleium, ADP, ATP, GTP,
thromboxan A2 and serotonin. Alpha granules release adhesive molecules, fibrinogen, vWF,
thrombospondin and fibronectin, which promote adhesion and aggregation. Secrction and shape
changes leading to pseudopodia occur which facilitate aggregation to other platelets. Platelet
aggregation is mediated by fibrinogen receptors (glycoprotein 1Ib/[la complexes), which bind
fibrinogen and other adhesive proteins, forming the bridges that link platelets as shown in figure 4.
All functional responses occur when extracellular signaling molecules are converted into

infracellular chemical messengers through the platelet membrane receptors and glycoproteins.
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Figure 2. Overview of the three main platelet functions of adhesion, secretion and aggregation

(Kickler, 2006)
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A.2 Platelet alloantigens

There are several antigens on a platelet’s surface, and some of these antigens are
shared by other cell types. More than 45 different membrane structures are found on resting
platelets and can be divided into five groups: adhesion molecules, immune molecules, receptors,
blood group antigens and some other molecules (Rozman, 2002). There are two groups of clinical
relevant platelet alloantigens: platelet-nonspecific alloantigens (blood group antigens and HLA

class I antigens) and platelet-specific alloantigens.

A.2.1 Blood group antigens

Platelet membranes bear ABO and some other polysaccharide blood group
antigens such as Le’, Leb, li, and P. ABH antigens occur on platelets in two types: extrinsic
determinants representing glycosphingolipids adsorbed from plasma, and intrinsic determinants
carried predominantly by glycolipids and a variety of glycoproteins. The amounts of ABH antigen
present are quite variable from individual to individual (Mueller Eckhardt, 1990). The antigen

density is much weaker than antigen density appears on red cells (about 5%). The survival of




transfused platelets may be affected by anti-A and anti-B. ABH antigens may be the cause of the
reduced survival of ABO-incompatible platelets transfusion, and as a result occasional cases may
become refractory. However, Al antigens on platelets play a minor role in platelet transfusion
because it rare cases refractory to Al platelets have been described in group O patients with
strong Al-specific IgG antibodies {Friedgord, 1999). In addition, there is no evidence that
antibodies to other blood group antigens significantly reduce platelet survival in vive (AABB,

1999).

A.2,2 HLA class I antigens

The major histocompatibility complex (MHC) in humans, also known as the
human leukocyte antigen (HLA), is a large genomic region of highly polymorphic genes. The
HLA region is located on chromosome 6p21.1 to p21.3, with class I1, class III and class I genes
found from the centromeric to the telomeric end respectively. This sct of genes is known to play a
key role in the immune system, autoimmunity, and reproductive success. The HLA class I and
HLA class i regions contain genes that encode cell-surface glycoproteins, One of the major roles
of their products in the physiological immune response involves the antigen presentation to T
cells, The class I region encodes HLA class [ molecules, which are expressed on the cell surface of
nucleated cells and are involved in the presence of peptides predominantly derived from
intraceilular proteins to CD8+ cytotoxic T cells (CTLs). The class I region encodes many
membrane-bound proteins expressed on the cell suface of B lymphocytes, macrophages,
monocytes, dendritic cells and endothelial cells that interact exclusively with CD4+ helper T cells.
HLA class I antigens are highly polymorphic and categorized as HLA-A, -B and -C antigens,
Platelet membranes also bear HLA class I molecules shared by platelets and white blood cells. The
expression of HLA class I antigens on platelets can vary substantially among individuals and
among antigens. The amounts of HLA-A or HLA-B antigen are at least ten fold higher than HLA-
C antigen. This would account for the low immunogenicity of platelet HLA-C antigens, making it
unnecessary to match HLA-C locus antigens for donor-recipient compatibility in platelet
transfusion (Mueller Eckhardt, 1980). HLA class I antigens are the main intrinsic determinants of

platelets present with approximately 100,000 copies per platelet. However, soluble HLA antigens




can be taken up by human platelets from plasma in small amounts (Santoso, 1986). Antibodies

react with HLA class I antigens on platelet surfaces result in platelet refractoriness.
A.2.3 Platelet-specific antigens

Platelet-specific antigens located on platelet-membrane glycoproteins (GP), are
classified into the following complexes: GPla/lla (the collagen receptor), GPIc¢/Ila (the fibronectin
receptor), GPIc’/lla(the laminin receptor), GPIb/ I1X/ V (the vWF receptor), GPIIb/IIla (the
fibrinogen receptor). These glycoproteins play an important role in the platelet’s immunology and
functions. Platelet-specific alloantigens are polymorphic epitopes of platelet membrane
glycoproteins. Most of these polymorphisms were found by the clinical observation of
alloantibodies that were found following immunization by blood transfusion, pregnancy or

transplantation (Santoso et al, 1998).
A2.3.1 Nomtenclature and molecular genetics of human platelet alloantigens

Initially, platelet-specific alloantigens were named in a group based on the name
of patients who developed platelet alloantibodies. The first platelet-specific alloantigen was Zw
found by van Loghcnll et al in 1959 in a patient with post transfusion purpura. In 1989, Newman et
al discovered the Zw polymorphism due to a single amino acid substitution at position 196 of the
GPIIa, and gave the name 7w, Later, this nomenclature became a problem since multiple
designations existed for the identical antigens due to independently discovered alloantisera, such
as Zw and Pl in table 1. To solve this problem and to avoid confusion a new nomenclature was
proposed by International Society of Blood Transfusion (ISBT} in 1990 (von dem Borne et al.,
1990). The platelet-specific alloantigen systems are called HPA for Human Platelet Antigen, The
different antigen systems are numbered chronologically according to the date of publication. The
allelic antigens are designated alphabetically according to their frequency in the population, the
high-incidence allele first (=a) and the lower-incidence allele second (=b)}. The inclusion of the
new HPA systems will need the approval of the working party.

In 2003 the ISBT platelet working party and the International Society on

8




Thrombosis and Haemostasis (ISTH) created the Platelet Nomenclature Committee (PMN). The
PMN committee added some new rules to the HPA system: a platelet-specific antigen is called
HPA when its molecular basis has been defined. A designation “w” is added after the antigen
name if an alloantibody against the antithetical antigen has not been reported. Moreover, there are
two groups of serologically defined platelet-specific antigens that have been published, but their
genetic base has not yet been determined (table 2). To date, 24 platelet-specific alloantigens have
been defined by immune sera and are shown in tables 3 and 4, Only 12 of them are grouped in six
biallelic systems (HPA-1alb,-2a2b,-3a3b,-4adb,-5a5b,-15al5b). For the remaining 12,
alloantibodies against only the thetical antigen have been observed (Metcalfe et al., 2003 and
Panagiota, 2004).

In all but one of the 22 antigens a single amino acid substitution caused by a single
nucleotide polymorphism {SNP) in the gene encoding for the relevant membrane glycoprotein
defined the difference of the immunogenetic epitope of HPA (table 3). These antigens are

polymorphic, and they can induce production of alloimmune antibodies.

Table 1, Human platelet antigens (Metcalfe et al,, 2003)

System Antigen Original names Glycoprotein location Cb
HPA-1 HPA-la zw', P/ GPIlla CD61
HPA-1b Zw', PI” GPIIla CD61
HPA-2 HPA-2a Ko’ GPIbot CD42b
HPA-2b Ko, Sib® GPIbot CD42b
HPA-3 HPA-3a Bak',L ek’ GPIIb CD41
HPA-3b Bak’ GPIIb CD4l
HPA-4 HPA-4a Yuk’, Pen’ GPIIla CD61
HPA-4b Yuk', Pen’ GPIlla CD61
HPA-5 HPA-5a B, Zav’ GPla CD49b
HPA-5b Br", Zav', He' GPla CD49b




Table 1. Human platelet antigens (Metealfe et al,, 2003) (continued)

System Antigen Original names Glycoprotein location CD
HPA-6bw Ca’, Tu' GPIlla CD61
HPA-7bw Mo' GPllla CD61
HPA-8bw s’ GPIlla CD61
HPA-9bw Max" GPIIb CD4l
HPA-10bw La® GPIIla CD61
HPA-11bw Gro GPlila CD61
HPA-12bw Iy’ GPIbB CD42¢c
HPA-13bw sit" GPla CD49b
HPA-14bw oc¢' GPIlla CDé61
HPA-15 | HPA-15a Gov' CD109 CD109
HPA-15b Gov’ CD109 CD109
HPA-16bw Duy’ GPIlla CD61

Table 2. Piatelet antigens without HPA assignment (Metcalfe et al,, 2003)

Antigen Glycopiotein
va© GPIIb/111a
Mou" Unknown




Table 3. Polymorphisms resulting in human platelet antigens (HPAs) (Metcalfe et al., 2003)

Antigen Glycoprotein Nucleotide change Amino acid
substitution
HPA-1 GPilla 176 T>C L33P
HPA-2 GPIbCL 482C>T T145M
HPA-3 GPIIb 2621T>G 18438
HPA-4 GPIIIa 500G=>A R1650
HPA-S GPlIa 1600G>A E534K
HPA-6w GPItla 1544G>A RS15Q
HPA-Tw GPIila 1297C>G P433A
HPA-8w GPIila 1984C>T Ro662C
HPA-9w GPIib 2602G=>A V86EM
HPA-10w GPIlIa 263G>A R88Q
HPA-11w GPlIa 1976G>A R659H
HPA-12w GPIbB 119G=A G40E
HPA-13w GPIa 2483C>T T828M
HPA-14w GPIlla 1909-11detAAG K637del
HPA-15 CD109 2108C>A S703Y
HPA-16w GPIIIa 497C>T T166l1

A.2.3.2 Polymorphisms of the glycoprotein complexes

It has been shown that all platelet-specific antigens are localized on platelet

membrane glycoproteins such as GPIIb, GPIIla, GPIb, GPla and CDI109. Platelet glycoprotein

polymorphisms resulted from a single nucleotide, and the resulting amino acid changing, but no

functional defects were seen. GPIIb/Illa complex is a heterodimeric integrin consisting of

approximately 50,000-80,000 copies of the heterodimer per platelet. The gene encoding GPIIb and

[ia, GP2B* and GP34%, are located on the long arm of chromosome 17. The genetic basis of 11




alloantigens on the complex is documented (HPA-1, -3, -4, -6w, -7w, 8w, -Ow, -10w, -11w, -ldw,
-16w) and 10 of them involve single nucleotide substitutions. One exception, the HPA-l4bw
antigen, is the result of an “in-frame” deletion of three nucleotides. The GPIb/V/IX complex is
composed of four transmembrane components: GPIbOL and GPIbB, which are linked by a
disulfide bond and non-covalently associated with GPIX and GPV, the other two. There are
approximately 25,000 copies of GPIb/IX and 12,000 copies of GPV per platelet. The
chromosomal location of the GPIbQL gene {(GPIBA*), is on chromosome 17, the GPIbﬁ gene
(GPIBB%) is on chromosome 22 and the GPV and GPIX (GP5* and GP9%) genes are on
chromosome3, The GPIbQL gene has two allelic forms that result in the formation of HPA-2a and
HPA-2b epitopes. HPA-12 alloepitope is expressed on the GPIbB. The other two GP of this
complex, GPV and GPIX, are not polymorphic (Rozman, 2002). The GPla/lTa complex is another
platelet membrane integrin, There are approximately 800-2,800 copies of GPla/lla per platelet,
and only GPIa is polymorphic, Gene encoding for GPIa (GP1A) is located on chromosome 5 and

gives rise to the HPA-5 and HPA-13 alloepitopes on the GPla (Rozman, 2002).
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Figure 5, Schematic representation of the amino acid substitutions which determines the

various antigens on GPIIb/IIa, based on the illustration published by Bachelot et al,, 1995
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Figure 6, Schematic representation of the amino acid substitutions which determines the

various antigens on GPIW/IX/V, based on the illustration published by Bachelot et al., 1995
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Figure 7. Schematic representation of the amino acid substitutions which determines the

various antigens on GPla/Ila, based on the illustration published by Bachelot et al, 1995

3




A.2.3.3 HPA typing

HPA typing of blood donors is not routinely performed. Usually, ABO-matched
platelets are transfused. HPA typing is essential in several different c¢linical conditions and blood
services. In situations where the recipient has HPA antibodies resulting in refractoriness to
platelet transfusions, neonatal alloimmune thrombocytopenia (NAIT) and post-transfusion purpura
(PTP) HPA-typed platelets may be needed. For the study of HPA polymorphisms in the
population accurate HPA typing is required. In recent years HPA typing methods have been
established and can be divided into two techniques: serological HPA phenotyping and HPA
genotyping by molecular methods. Serological techniques for HPA phenotyping based on the
principle of indirect immunofluorescent assay, mixed passive hemagglutination and ELISA, The
value of serological typing is limited since often too few platelets can be obtained from
thrombocytopenic patients, and reliable serotyping reagents for HPA antigens are rare. Serum
often contains both HPA and HLA class I antibodies. However, monoclonal antibodies are now
applied in phenotyping through such methods as the monoclonal immobilization of platelet
antigen assay (MAIPA). These phenotyping assays can complement genotyping assays for the
provision of a HPA-selected donor.

For the genotyping of most important HPA epitopes which are located on the
GPIlla, GPIbQ, GPIlb, and GPla, several techniques of polymerase chain reaction (PCR) have
been implemented. HPA genotyping can be carried out with genomic DNA extracted from blood
or any suitable cellular materials, and commercially available reagents are used. Various
applications of the PCR-based method for HPA genotyping were described, such as restriction
fragment length polymorphism analysis (RLFP), allele-specific oligonucleotide hybridization, and
polymerase chain reaction with sequence-specific primer (PCR-SSP). Among these techniques
PCR-SSP is the most widely used (Panzer, 2001). PCR-SSP has been adopted by many
laboratories because of its simplicity, and protocols that allow the determination of several HPA

genotypes under the same PCR conditions have been described.
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A.2.3.4 Frequencies of HPA in different populations

There are many studies which have reported the frequency of platelet-alloantigens in
different populations. Phenotype and genotype frequencies have been determined by a variety of
serological and biomolecular methods and they are summarized in tables 4 and 5. The data clearly
show significant differences in the prevalence of some antigens between populations. DNA-base
typing has confirmed earlier serological showing that there is a variation in HPA allele frequencies
between various Caucasian, Asian, African and African American populations. In Caucasian, “b”
variants of HPA-1, -2, -3, and -5 alloepitopes occur more often, while HPA-4 is found in the
homozygous form a/a in more than 99.9% of the Caucasian population. TIPA-1b is rare in Asians,
while the HPA-4b variant is more common than that in Caucasians. In the Thai population gene
frequencies of HPA were studied by using PCR-SSP. The study showed that the most common
distribution of HPA were HPA-1a, -2a, -4a, -5a and -6a, where as HPA-ID, -2b, 4b, -5b and -6b
were rarely found. The gene frequencies of HPA-1a, -1b, -2a, -2b, -3a, -3b, -4a, -4b, -5a, -5b, -6a
and -6b were 98.5%, 1.5%, 95.2%, 4.8%, 56.0%, 44.0%, 100.0%, 0.0%, 96.8%, 3.2%, 98.6% and
1.4%, respectively (Kupatawintu et al., 2005). The frequencies of HPA in Thais are similar to
those in other Asian populations, but some antigens are different from those in white populations
(Shih et al., 2003). A recent study of the UK population using PCR-SSP in 134 subjects found the
gene frequencies of HPA-1a, -1b, -2a, -2b, -3a, -3b, -4a, -4b, -5a, -5b, -6a and -6b were 84.0%,
16.0%, 92.5%, 7.5%, 62.7%, 37.3%, 100.0%, 0.0%, 91.4%, 8.6%, 100.0% and 0.0%, respectively.
Several studies have shown that there are higher gene frequencies of HPA-1b, -2b and -5b in
Caucasians than those in Asian populations (Jone et al., 2003), Similar to Caucasians, Brazilians
and Africans show higher gene frequencies of HPA-1b, -2b and -5b than those in Asians. In
Brazilians gene frequencies of HPA-1a, -1b, -2a, -2b, -3a, -3b, -4a, -4b, -5a, and-5b, were 91.8%,
8.2%, 86.1%, 13.9%, 64.0%, 36.0%, 100.0%, 0.0%, 82.5% and 17.5%, respectively (Chiba et al.,
2000). Data on the prevalence of HPA antigens in a given population are essential for the
diagnosis of immune thrombocytopenias, planning of screening programs for women at risk of
neonatal alloimmune thrombocytopenia, genetic counseling and provision of therapy for patients
with anti-HPA antibodies (Mueller Eckhardt et al., 1989), Moreover, HPA distribution among
various populations is important for the prediction of the risk of platelet-specific alloimmunization
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in different ethnic groups and for the ability to prepare HPA compatible platelet products for

patients.

Table 4, Gene frequencies of HPA-1 to - 6 in various populations and in Thais (Kulkarni

et al., 2005 and Kupatawintu et al., 2005)

HPA Antigen |U.S. Africans | Caucasian Brazil Japanese  {Thai
polymorphism (Drezewek  |(Chiba et al.,)(Chiba et al.,[(Tanaka (Kupatawintu
et al., 1998) 2000) 2000)  Jetal.,1996) |et al., 2005)
HPA-1 HPA-1a 92.0 85.0 91.8 >99.0 98.5
HPA-1b 8.0 15.0 8.2 <1.0 1.5
HPA-2 HPA-2a 82.0 93.0 86.1 87.9 95.2
HPA-2b 18.0 7.0 13.9 12.1 4.8
HPA-3 HPA-3a 63.0 61.0 64.0 55.5 56.0
HPA-3b 37.0 39.0 36.0 44.5 44.0
HPA-4 HPA-4a 100 >99.9 100 99.0 100.0
HPA-4b 0 <0.1 0 1.0 0.0
HPA-5 HPA-5a 79.0 89.0 82.5 95.4 96.8
HPA-5b 210 11.0 17.5 4.6 3.2
HPA-6 HPA-6a - >99.7 - 97.7 88.6
HPA-6b - <0.3 - 2.3 1.4
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Table 5. Gene frequencies of HPA-1 to -6 in Thai populations from different regions.

(Kongmaoeng et al., 2001; Shih et al,, 2003; Romphruk et al., 2000 and Kupatawin{u et al.,

2005)
Ethnic HPA, Antigen Central Thai Thai North-Eastern  |Thai blood
polymorphism N=355 N=137 Thai donors
(Kongmaoeng  [(M.C.Shih, N=292 N=500
et al., 2001) et al., 2003) | (Romphruk (Kupatawintu
et al,, 2000) et al,, 2005)
HPA-1 HPA-la 98.31 98.50 97.26 98.5
HPA-1b 1.69 1.50 2.74 1.5
HPA-2 HPA-2a 96.20 93.8 93.66 95.2
HPA-2b 3.80 6.20 6.34 4.8
HPA-3 HPA-3a 56.34 50.70 53.60 56.0
HPA-3b 43.66 49.30 46.40 44.0
HPA-4 HPA-4a 99.72 100 100 100.0
HPA-4b 0.28 0 0 0.0
HPA-5 HPA-5a 96.90 96.30 96.23 96.8
HPA-5b 3.10 370 3.76 3.2
HPA-6 HPA-6a 98.31 98.50 98.46 98.6
HPA-6b 1.69 1.50 1.54 1.4

A.3 Antibodies against platelet alloantigens

A3.1 The mechanism of alloimmunization to HPA alloepitopes

HPA molecules on platelet glycoproteins can induce alloimmunization of the
recipient in the general patterns of alloimmune response. There are two possibilities for

alloimmunization pathways that result in the formation of platelet alloantibodies. The first
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pathway occurs when the recipient T cell receptor (TCR) on the CD4+ T cells directly interacts
with the foreign HPA alloepitope, which is presented in a groove of the MHC class IT molecule on
the surface of the donor antigen presenting cells (APC). The second mechanism is an indirect way
which involves the processing of foreign donor antigens by the host APC. The allogeneic donor
peptide within the MHC-class 11 molecules on the APC is presented to the recipient CD4+ T cells.
In both pathways adequate signaling is required for the CD4+ T cell to become activated and
secrete cytokines such as interleukins-2 and interferon-gamma. These cytokines can stimulate
antigen-prime Beells to differentiate into plasma cells and produce antibodies. It is believed that
the indirect pathway is probably responsible for the majority of the IgG immune responses to

antigens derived from red cells, platelets and plasma proteins (Semple et al., 1999).

A.3.2 Conditions associated with platelet antibodies and incidences in various populations

Immune-mediated platelet destruction disorders which are clinical problems
result from a varicty of platelet-reactive antibodies such as neconatal alloimmune

thrombocytopenia (NAIT), post-transfusion purpura (PTP} and platelet refractoriness.

A.3.,2.1 Neonatal alloimmune thrombocytopenia (NAIT)

NAIT, often known as feto-maternal alloimmune thrombocytopenia (FMAIT), is
caused by maternal immunoglobulin-G (IgG) alloantibodies, which cross the placenta and are
directed against paternal alloantigen on fetal platelets. The mother produces an antibody-mediated
response against a platelet-specific antigen that she herself lacks but that is present on fetal
plateletshaving been inherited from the father. The mechanism is similar to hemolytic disease of
the newborn (HDN), except that approximately 30-50% of cases oceur in a severe form in the first
pregnancy, and subsequent pregnancies are usually affected (Metcalfe, 2004 and Eline, 2008). The
clinical manifestations are variable, ranging from asymptomatic to severe intracranial
hemorrhaging and death. Some studies showed a high risk of severe NAIT being correlated with
high antibody levels (Taegtvik et al., 2000 and Bertrand et al., 2006). In white populations, NAIT
oceurs in approximately 1 out of 1,000 to 1 out of 2,000 nconates (Adulgabar, 2003). About 85%
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of NAIT cases are caused by anti-TIPA-1a, 5-15% by anti-HPA-5b and 5% by other antibodies.
Approximately 1.5-2.0% of pregnant Caucasian women are HPA-lIa negative (Eline, 2008). In
Asian populations alloimmunization to HEA-la is rare, and some case reports of NAIT are caused
by anti-HPA-4a. Among Asians gene frequency for HPA-ib is lower than in Caucasian
populations (<0.1% vs 1.5%). Thercfore, anti-HPA-la has not been shown to cause NAIT in
Asian populations (Nago et al., 1991).

It has been suggested that NAIT can be caused by anti-HLA class T antibodies, but
this is controversial (Kyou-Sup et al., 2002 and Harrison et al., 2003). Because platelets also carry
ABH antigens, the blood group A and B IgG alloantibodies may cause NAIT (Tagning et al.,
1994). In a case report by del Rosario et al in 1998 maternal anti-HLA antibodies were found in
the seruim of a new born during the thrombocytopenic period. These authors suggested a potential
pathogenetic role of maternal anti-HLA antibodies in NAIT (del Rosario et al., 1998). In another
report Skacel et al, studied 147 maternal sera. They found that in 39% of the maternal sera anti-
HLA antibodies were demonstrated, but no associations with decreased platelet or granuloeyte
counts in the corresponding infants were recorded (Skacel et al., 1989).

The diagnoesis of NAIT is based on a serology analysis, Moreover, maternal-fetal
HPA incompatibility can be confirmed by paternal HPA typing. In cases where the father is
homozygous for the specitic HPA antigen one can assume the fetus is at risk. In cases where the
father is heterozygous for HPA antigen amniocentesis is currently used for fetal HPA typing.
Therefore, all pregnancies in which the mother carries HPA antibodies and the fetus is positive for

the corresponding FIPA antigen must be regarded as at risk for NAIT (Eline, 2008).

A.3.2.2 Post-transfusion purpura (PTP)

Post-transfusion purpura (PTP) is a rare but severe bleeding disorder usually
occurring 7-10 days after the transfusion of blood components. It is characterized by an acute
thrombocytopenia and platelet counts below 15,000 per microliter leading to life-threatening
bleeding complications withoutf intervention (Lucas, 1997 and Woelke, 2006). About 150-200
cases of PTP have been reported in the literature {(Mec Farland, 2001). The estimation of its
incidence suggests that it occurs in 1:50,000 to 100,000 transfusions. It has rarely been reported in
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men, and the female to male ratio is >20:1 (Muller Echardt, 1990).

All PTP patients have had previous exposure to allogeneic platelets through
pregnancy or blood transfusion. Over 90% of cases in Caucasian populations are due to anti-HPA-
1a. In rare cases platelet-reactive antibodies other than anti-HPA-1a, such as HPA-3a or -3b, were
reported (von dem Borme et al., 1980, Lubenow ef al., 2000).

The pathogenesis is unclear. The most likely explanation is the production of
cross-reactive alloantibodies in the early phase of the anamnestic response. The patients are
sensitized by a -previous pregnancy or transfusion and respond to a second challenge of
incompatible platelets by making high-titer HPA (and often HLA) antibodies. The resulting
immune destruction of transfused platelets may contribute to the simultaneous destruction of the
patient’s own platelets, but the exact mechanism is not clear, Two hypotheses have been proposed.
The destruction of transfused platelets may release alloantigen which is then adsorbed onto the
surface of the patient’s own platelets, followed by the attachment of alloantibodies which are
consequently were removed from the circulation, Another possibility is the simultaneous, but
short-lived, formation of autoantibodies. However, these mechanisms can not explain
pathogenesis in all cases of PTP patients. When thrombocytopenia occurs in the patient platelet
transfusion is generally not recommended because both random and HPA-compatible platelets are
vsually ineffective in achieving increments. Most patients respond to high doses of intravenous
immunoglobulins (IVIG). In a few cases spontancous recovery occurs within 1-4 weeks of the

onset of thrombocytopenia (Metcalfe, 2004).

A.3.2.3 Platelet transfusion refractoriness (PTR)

Transfusion support with platelet concentrates (PCs) is widely applied and
accepted for the prevention and treatment of bleeding in patients with thrombocytopenia. The
major problem associated with long-term platelet transfusions is an inadequate post-transfusion
increment, which can result in life-threatening bleeding. Failure to obtain an adequate increase in
platelet count occurs in about 20-70% of multitransfused thromboceytopenic patients. Insufficient
platelet increment after the ftransfusion of suitable platelets is usually defined as platelet

20




transfusion refractoriness. There is nof a sfrong consensus in the criteria for determining platelet
refractoriness. The most commonly accepted definition of platelet refractoriness is defined by the
American Society of Clinical Oncology. It is defined as a lack of expected platelet increments
following two consecutive platelet transfusions {Schiffer et al., 2001). Post-platelet transfusion

response is often determined by caleulating a corrected count increment (CCI) as follows:

CCI = (post-transfiision platelet count — pre-transfusion platelet count) X body surface arca (m’)

Transfused platelets (10'

If CCI at 10 to 60 minutes and at 138 to 24 hours after the transfusion are below 7,500 and 4,500
per microliter respectively, the patient is considered to have platelet refractoriness {Contreras et
al., 1998).

Many factors are involved in platelet transfusion refractoriness. Approximately
24-44 percent of refractoriness in patients is associated with clinical or pharmacological causes
{non-immune causes), and in some cases refractoriness is caused by immune factors. The most
common immunological refractoriness is caused by alloimmunization against HLA class 1
antigens. Thirty fo seventy percent of patients receiving multiple transfusions develop HLA
alloantibodies, but only 8 to 40 percent of these immunized patients have platelet refractoriness
(Panagiota, 2004). The Trial to Reduce Alloimmunization to Platelets (TRAP) study showed that
45% of the immunized patients (either by transfusion or pregnancy) developed anti-HLA
antibodies, but only 13% of this group had platelet refractoriness. There is no dose-response
relationship between the number of platelets transfused and the incidence of alloimmunization
(Schiffer et al., 1976; Duicher et al. 1981; Hod and Schwartz, 2008). Hod and Schwartz reviewed
several studies on platelet refractoriness and suggested that alloimmunization and refractoriness
were complicated processes with unknown modified factors determining whether an individual
will become alloimmunised and whether this alloimmunization will cause refractoriness to
transfusion (Hod and Schwartz, 2008).

The incidence of platelet-specific antibodies varies from 2 to 10% in Caucasians
(Mueller-Ekchardt, 1990; Kiefel et al., 2001; Sanz et al., 2001 and Panagiota, 2004). In a study by

Kiefel et al. (2001) platelet-specific antibodies were detected in the sera of 8% of multi-transfused
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Caucasian patients. The main plaielet alloanfibody specificities were anti-HPA-5b and -1b where
as anti-HPA-1a was the most prevalent in NAIT and PTP. In a study by Sanz et al. (2001) only
3.8% of HLA alloimmunised patients had platelet-specific antibodies and the specificity observed
was anti-HPA-5b, In Thailand Kupatawintu et al. (2000) studied 163 thrombocytopenic patients
and reported that HPA antibodies were detected in 6.13% of the cases studied. The main platelet
alloantibody specificities were anti-HPA-5b and -2b. There was a study which reported that 17
patients were found to have platelet-specific antibodies wich were not present at registration, 12
patients (70 %) first developed them during a period of infection and it was usually transient
(McGrath et al., 1988). To differentiate platelet refractoriness caused by alloimmune or non-

alloimmune factors, many tests are used in both routine testing and research laboratories.

B. Techniques used for platelet alloantibodies detection

Unlike easily detected agglutination and lysis endpoints used in red blood cell
immunological assays, detection of platelet-reactive antibodies requires techniques to measure
direct interaction of immunoglobulins with platelets. Several antibody-detection methods have
been reported, such as tests based on platelet function endpoint, assays that detect platelet
associated immunoglobulins and those that detect the binding of antibodies to alloantigens located
on isolated platelet surface glycoproteins, The earliest methods involved mixing patient serum
with normal platelets and measured platelet function-dependent endpoints such as alpha granules
release, aggregation or agglutination. In 1961, van der Weerdit et al. proposed a platelet
agglutination test. However, these techniques have low sensitivity and specificity. The platelet
immunofluorescene test (PIFT), mixed passive hemagglutination (MPHA) and enzyme-linked
immunosorbent assay (ELISA) are the techniques used to detect platelet associated
immunoglobulins that provide improved sensitivity in the detection of platelet alloantibodies
(Shibata et al, 1981 and Levin et al, 2003). PIFT, a slide method that uses fluorescent-labeled anti-
humanglobulin, was first introduced by van dem Borne et al. in 1978. PIFT by flow cytometry was
applied by Kohler et al. in 1995. In 1981, Shibata et al used MPHA to detect and identify platelet
alloantibedies. ELISA is another technique used to detect platelet associated immunoglobulins. Tt

was described by Horai S et al., and was improved by Schiffer CA et al in 1983. Flow cytometry,
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MPHA and ELISA arc useful in platelet crossmatching for patient refractory to platelet
transfusion. Monoclonal antibody-specific immobilization of platelet antigens (MAIPA), an assay
that detects antibodies of isolated platelet gltycoproteins, was first demonstrated by Kiefel et al. in
1987. MAIPA requires murine monoclonal antibodies that recognize the target antigens, but do

not compete with the human antibodies being detected.

B.1 Flow cytometry

The principles of the flow cytometry technique, briefly explained, are that
platelets arc sensitized with patient’s sera. Free antibodics are removed, and platelet-bound
antibodies are detected with a fluorescent-labeled (fluorescein isothiocyanate, FITC) monoclonal
antibody specific for human immunoglobulin. The platelets are analyzed with a flow cytometer.
The result can be expressed as the ratio of fluorescence of normal platelet sensitized with test
serum over normal platelets incubated in a control serum,

It has been shown by several groups that platelet-reactive antibodies, including
platelet crossmatching, can be detected through flow cytometric analysis of intact platelets
(Worfolk et al., 1991; Skogen et al., 1995 and Kohler et al., 1996). Kohler et al. (1996) studied for
the sensitivity and specificity of flow cytometric detection of platelet-reactive antibodies when
MAIPA assay was taken as a reference. They found that the flow cytometry technique had nearly
the same sensitivity and specificity as MAIPA, 94.7% and 96.3%, respectively. Moreover, the
results of MAIPA and flow cytometry in detection of platelet-reactive antibodies correlated well
(p<0.0001, r=0.84) (Kohler et al., 1996). This was also observed in two UK. national platelet
workshops where flow cytometry was more sensitive than microscopic detection but appeared to
be less sensitive than the MAIPA assay (Allen et al., 1994). Worfolk et al. demonstrated that flow
cytometry was sensitive, it able to detect as few as 1,000 molecules of bound fluorescein per cell
under optimal conditions. In addition to platelet antibody screening, flow cytometry has proven
useful in platelet crossmatching, with good sensitivity, specificity and predictive value (Worfolk et
al,, 1991), Freedman et al. compared LCT and SPCA with flow cytometry technique in piatelet
crossmatching and found that flow cytometry technique was the best sensitivity and specificity

(Freedman et al., 1996), Levin et al showed LCT and flow cytometry technique were significantly
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correlated in 189 samples (Levin et al., 2003).

Although there is a requirement for expensive flow cytometer, the flow
cytometric approach is simple, rapid and allows to simultaneous detection of either HLA or HPA
antibodies, The results are objective and semiquantitative. The fact that it is capable of distinction
between HLA and platelet-specific antibodies makes it potentially suitable for either platelet

antibody screening or platelet crossmatching,

B.2 Solid phase red cell adherence assay (SPRCA)

SPRCA is based on the principle of the mixed passive hemagglutination assay
(MPHA). In this assay, platelet screening cells are immobilized in wells of a microplate, and then
incubated with patient and control sera. Indicator red cells that are coated with human
immunoglobulin are used to determine the reactions. If antibodies bind to immobilized platelets,
hemagglutination is considered to be present. In negative reactions a buiton of red cells forms in
the center of the well. Solid-phase platelets can be treated with chloroquine for elution of HLA
class I antigens from platelet surface resulting in only platelet-specific antibodies being detected
(Lown and Tvey, 1991).

Shibata et al reported a passive haemagglutination method to detect platelet
antibodies and to crossmatch using platelets bound to microplates and anti-IgG-coated sheep red
cells as the indicator (Shibata et al., 1981). Lown and Ivey evaluated SPRCA parallel with the
platelet suspension imunofluorescence test (PIFT) by microscopy and found the SPRCA technique
displayed similar sensitivity and specificity to the PIFT. They recommended for use by routine
hospital laboratories to screen platelet antibodies (Lown and Ivey 1991). Shibata studied in 252
Japanese patients receiving multiple platelet transfusions and they found alloimmunisation in 2,6%
by LCT method. By the SPRCA, the positive rate was 5.9%. The higher positive rate identified by
SPRCA was explained by its higher specificity compared with the LCT (International Forum,
2003), In Thailand SPRCA is commonly used to detect platelet-reactive antibodies and te apply in
platelet transfusion. The speed and simplicity of SPRCA allow many hospital laboratories to use
it for platelet antibody screening and crossmatching, The major drawbacks of SPRCA are its
insensitivity and subjective results.
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B.3 Antigen capture ELISA (ACE)

ACE is a solid phase ELISA used to detect antibodies to platelet glycoproteins.
The principles of this method are as follows. Microwells are coated with platelet glycoproteins,
serum samples are incubated, and unbound immunoglobulins are removed, Alkaline phosphatase
labeled anti-humanglobulin reacts with the substrate and develops color in the case of a positive
reaction, The reaction stops and measurement of the absorbance (optical density, OD) is
performed. The resulis are expressed by comparison of the OD of test with the negative cut off.

An advantage of antigen capture techniques is the ability to exclude non-platelet
specific reactivity. Use of panels of platelets with known alloantigen phenotypes allowed the
identification of platelet antibody specificities in the evaluation of platelet alloimmune disorders.
Disadvantages of ACE are technically demanding to perform, requiring experienced technologists.
A further potential disadvantage of antigen capture assay is the possible disruption of alloantibody

epitopes by detergent solubilization (Mc Farland, 2003).

B.4 Monoclonal antibody-specific immobilization of platelet antigens (MAIPA)

MAIPA is performed according to Kiefel et al with some modifications, Target
platelets are incubated with patient serum, washed, and then murine-monoclonal antibodies
against GPIIb/Ila, GPIb/IX, and HLA class [ antigens are added. After the initial sensitization
step platelets are washed and solubilized in a non-ionic detergent. Centrifugation, supernatant
lysate is added to wells of microplate containing immobilized goat-anti mouse immunoglobulin,
and is used to then detect the immune complexes with an enzyme labeled anti-human globutin,
After washing, substrate and stopping solution are added in tum. OD is measured and compared
with the cut off in a manner similar to the ELISA technique.

Because MAIPA is a highly sensitive technique, several laboratories considered it
as a reference technique for HPA antibody detection. The MAIPA is usually used to detect HPA
antibodies in Europe, although in some laboratories sera are first screcned by flow cytometry,
MAIPA is only used for antibody identified after positive in the screen. However, MAIPA is
time-consuming, high cost and complicated technique which is not ecasily available and it is
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difficult to perform in routine use. It may be used in larger institute or reference laboratories.
Schallmoser et al. (2006) reported that existing of HPA-3 system antibodies may be difficult to
detect by MAIPA and this finding was in agree with Harrison et al (2003), They demonstrate that
antibodies to HPA-3 detected only in whole platelet assay (Schalimoser et al., 2006 and Harrison

et al., 2003).

B.5 Standard microlymphocytotoxicity test (LCT)

HLA class I antigens present mainly intrinsic determinants of platelets, and
soluble HLA antigens can be taken up by human platelets from plasma in small amounts {Santoso,
1986). Antibodies react with HLA class I antigens on platelet-cell surfaces is associated with
platelet refractoriness, Platelet refractoriness in thrombocytopenic patients is most often associated
with immunization to HLA class I antigens. Terasaki and McCleliand (1964) had developed the
microlymphocytotoxicity test. Lymphocytes are used because they express both class 1 and class 1
molecules.

The principles of a LCT are described as follows, Lymphocytes are incubated
with serum in the presence of complement, and membrane-attached complexes induced pores on
lymphocyte cell membranes, After staining with eosin, the cells that have sustained membrane
damage will take up the dye and appear as dead cells microscopically. Undamaged cells will not
take up the dye and will appear refractile and unstained under the microscope,

LCT has been applied to evaluate the influence of HLA antibodies on platelet
transfusion. The standard LCT was also the system most frequently applied in detecting HLA
antibodies by the participating laboratories of the Platelet Workshop 2000 (Kurz et al., 2001).
Brand showed that 34% (125/367) of sera reactive in the ELISA were found to be negative when
using LCT technique (International Forum, 2003). Levin and his colleagues showed that ELISA
was more frequently positive (19/185) than the LCT, showing its superior sensitivity toward
detecting alloimmunization (Levin et al., 2003). Kurz et al. demonstrated the superiority of the
MAIPA to the LCT in detecting HLA antibodies. In 12 of 22 patients, HLA antibodies were
detected by MAIPA but not by the LCT technique (Kurz et al., 2001). The MAIPA test, using a

monoclonal antibody directed against the 32-microglobulin of HLA class I molecules, appears to
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be a sensitive and specific test. These indicated that LCT test was not a sensitive technique for the
detection of HLA antibodies when compared with ELISA and MAIPA.

In Thailand, LCT is commonly used for HLA antibody screening and
crossmatching for both purposes, platelet antibody screening and organ transplantation. The LCT
was chosen because of the small amount of sera required to perform the fest, with consequence
low costs. It was also easy to perform allowing the testing of a large number of samples. The
drawbacks of LCT were its insensitivity, time-consuming and subjective results,

According to recent studies in many laboratories in Europe, America and Japan
several techniques, such as MAIPA, LCT, SPRCA and flow cytometry technique have been
implemented for the screening of platelet-reactive antibodies (International Forum, 2003).
Although MATPA is highly sensitive and very specific there are some limitations when applying it
in routine work. It is complicated to perform, costly, time consuming and special instruments are
needed. Other techniques such as LCT and SPRCA have long been used in our laboratory and
others in Thailand. LCT is a technique that needs skilled personnel and the resulfing measurement
is subjective. SPRCA is quite insensitive and the result is also subjective. Flow cytomelry is an
interesting technique with high sensitivity and is less subjective for platelet-reactive antibody
detection. So our interest is to evaluate these three methods in order to implement the proper

methods suitable for routine investigations in our laboratory with cost-effectiveness.
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Objective

Our objective is to compare the sensitivity and specificity of three techniques commonly
used in Thailand to detect platelet-reactive antibodies which are standard microlymphocytotoxicity
test (LCT), solid phase red cell adherence assay (SPRCA) and flow cytometry technique. Cost-
effectiveness analysis and the amount of time needed to perform the test will also be assessed to

find out the suitable method for our routine investigation.
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CHAPTER 2

RESERCH METHODOLOGY

MATERIALS

1. Chemicals and reagents

Chemieals

Bovine serum albumin

Calcium chloride (CaCl))

Chloroquine disulphate (CgH,,CIN; 2H,PO,)
Disodium hydrogen phosphate (Na,HPO,)
Eosin Y (C,,HBr,Na,O,)
Ethylenediaminetetraacetic acid, EDTA
(CyoH,,N,0,Na,.2H,0)

Glycine (IH,NCH,COOH)
Paraformaldehyde (HO(CH,0) H)
Potassium phosphate (KH,PO,)

Sodium bicarbonate (Na,CQ,)

Sodium chloride (NaCl)

Sodium hydrogen carbonate (NaHCO,)

1.1 Reagents for LCT

Molecular weight
67,000
147.02
515.92
141,98
691.85
372.2

75.07
30.03
136.29
105.99
58.44
84.00

(1) Phosphate buffer saline (PBS) pH 7,2-7.4

Na,HPO,
KH,PO,
NaCl

0.72d ¢
021g
7.65¢g

Source

Sigma, USA
Sigma, USA
Sigma, USA
Merck, Germany
Sigma, USA
Sigma, USA

Merck, Germany
Sigma, USA
Merck, Germany
Merck, Germany
Sigma, USA

Merck, Germany

All chemicals were dissolved in distilled water (DW). The solution was toped up

to one liter with DW and the pH adjusted to 7.2 to 7.4.
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(2) Lymphoprep; Nyegard, Norway

(3) Bovine thrombin 100 1U/ml

(4) Trypan biue

(5) Rabbit complement, One Lambda Inc, USA

(6) Five percent of Eosin Y

1.2 Reagents for SPRCA

Reagent preparation procedures were described as follow:

(1) 0.2 M Chloroquine solution pH 4. 0

Chloroquine disulphate 41 g was dissolved in 400 ml of PBS/EDTA at 40 °C. The
solution was left to cool down to room temperature (25-27 °C) and the pH was adjusted to 4.0. The
solution was then filtered through a 0.45 Jm membrane filter and stored in the dark at room
femperature.

(2) 1.9 % Glycine solution

Glycine 1.9 g was dissolved in 100 mi of DW. The working solution was then filtered
through a 0.45 [im membrane filter and stored at 4 £2 °C.

(3) 1% Paraformaldehyde (PFA)

PFA 1 g was dissolved in 100ml of PBS at 70 °C. The solution was allowed to cool down
to room temperature and the pH was adjusted o 7.2 with NaOH. The working solution was then
filtered through a 0.45 Jim membrane filter and stored at 4 12 °C,

(4) Coating buffer

Na,CO, 0.795 g
NaHCO, 1.465¢g
DW 500 ml

After adjusted the pH to 9.6, the solution was filtered through 0.45m membrane filter
and stored at 4 +2 °C,

(5) IgG-sensitized red cell (indicator cell)

The preparation procedures were described in the method session,

(6) 0.2 % BSA in NSS
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(7) 0.2 % BSA in PBS
(8) Rabbit anti-human thrombocyte, DakoCytomation, Denmark

(9) Anti-human globulin {polyspecific), Thai national blood centre

1.3 Reagents for flow cytometry

(1) PBS/EDTA
Na,HPO, 2743 g
Na,EDTA 02lg
NaCl 7.65¢g
All chemicals were dissolved in DW, The solution was topped up to one liter with DW,
and then the pH was adjusted to 7.2 to 7.4, The working solution was filtered through a 0.45 Um
membrane filter and stored at 4 £2 °C,
(2) New born calf serum, Sigma, USA,
(3) Fluorescein isothiocyanate (FITC) conjugated F(ab)2 goat-antihuman IgG,
Immunotech, France,
(4) One percent paraformaldehyde, Sigma, USA
(5) Sheath fluid (Isoton} Immunotech, Beckman Coulter, France
(6) Cieaning agent, Coulter Clenze, Beckman Coulter Inc, Canada
(7) Flow check, Fluorospheres, Beckman Coulier Ing, Ireland
(8) Flow set, Fluorospheres, Beckman Coulter Inc, Ireland
(9) Phycoerythrin (PE) conjugated anti-CD41, Immunotech, Beckman Coulter, France
(10) Isotype control (IgG1-FITC-1gG1-PE-IgG1-PC35), Immunotech), Beckman Coulter,

France

2. Instruments and Equipments

Blood bank freezer (-TOOC), Forma Scientific Inc, USA
Clay Adam Serofuge, Beckton Dickinson, USA
Cytomics FC500 flow cylometer, Beckman Coulter, USA
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Inverted phase contrast microscope, Olympus, USA
KOKUSAN CH-103 microplate centrifuge, Japan

Light microscope, Olympus, USA

Microfuge E, Beckman, USA

Microsyringe with repeating dispenser, Hamilton, USA
MSE centrifuge (for conical tube), UK

Multichanel syringe, Nichiryo co.lid., Japan

pH-meter, Orion, USA

Vorlex-mixer, voriex genie 2, Scientific Industries, USA

Water bath, Memmert, Germany
3. Miscellaneous

Autopipettes, Gilson, France

Beaker, Pyrex, USA

Conical tube, BD Falcon, USA

Capillary pipette, Pyrex, USA

Filter paper No.2, Whatman, UK

13 x 75 mm FACS tube, BD Falcon, USA
Hemacytometer, Fisher Scientific Inc, USA

Magnetic stirrer, USA

Migcrocentrifuge tl-lbl';‘: (Fisher tube), Fisher Scientific Inc, USA
Pipette tips, BD Falcon, USA

Round button microtiter plate, NUNC corp., Denmark
Terasaki tray, Robbins Scientific, USA

Serological pipette, Pyrex, USA

Membrane filter (pore size 0.45 Jdm), UK

Volumatric flask, Pyrex, USA

Magnetic stirrer, USA

Filter paper No.2, Whatman, UK
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4, Subjects and samples

4.1 Subjects

The study was carried out from January, 2005 to October, 2008. The study was
approved by the ethics committee of the Faculty of medicine, Prince of Songkla University. Fifty-
three subjects were recruited. Ten healthy blood donors were studied as control subjects. Forty-
three patients were classified as studied subjects. The subjects’ criteria were described as
followed,

4.1.1 Ten healthy blood donors who had neither a history of blood transfusion nor a
pregnancy were recruited as a control study group.

4,12 Patients who had platelet refractoriness and requested for platelet antibody
investigation.

4.1.3 Idiopathic thrombocytopenic purpura (ITP) patients,

4.1.4 Mothers of the neonates who had thrombocytopenia and requested for platelet

antibody investigation.

4.2 Samples

4.2.1 Studied samples
4.2.1.1 From control subjects 3-5 ml of clotted blood was collected. Blood samples
were centrifoged and sera were separate and stored at ~70°C until used.
4.2.1.2 Five milliliters of blood were collected from forty-three patients and sent to
the immunology laboratory, Blood Bank and Transfusion Medicine Unit of Songklanagarind
Hospital, Songkhla. Sera were prepared as in the control subjects above.
4,2.2 Positive and negative control sera preparation
4.2,2,1 A positive conirol for anti-HPA-la antibody was kindly provided by the
HLA laboratory of the Thai National Blood Centre.
4.2.2.2 A positive conirol for anti-HLA class 1 antibody was collected from multi-

transfused patients at Songklanagarind Hospital.
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4.2.2.3 A negative conirol serum was prepared from the pooled plasma of 3 male,
group AB blood donors, Serum was prepared by treating 300 milliliters of pooled plasma with
7.41 grams of 24.7% CaCl, and then filtered with No.2 filter paper (Whatman, UK} to eliminate
lipid and cell debris. Seérum was then screened for HLA antibody and had a negative reaction in 20
Iymphocyte panel cells when using the LCT technique. Complement in the conirol serum was
inactivated by being treated at 56 °C for 30 minutes with agitation every 5 minutes. Then the
serum was kept at room {emperature (25-27°C) and aliquoted for 1 ml and then stored at -76°C

until use,

METHODS

1. Lymphocytes and platelet sereening cells preparation

In the LCT technique the target cells were lymphocytes which were prepared as
mononuclear cells and used for HLA class I antibody screening, In SPRCA and flow cytometry
assays platelets were used as the target cell for HLA and HPA antibody screening. All target cells
were prepared from six donor subjects with blood group O. Five milliliters of whole blood were
drawn from the donors in acid citrate dextrose (ACD), and target cells were freshly prepared.
Target cells were not typed for HLA class 1 or HPA antigens because six different genotypic
donors may have various antigens which possibly cover all common HLA and HPA antigens. The

target cell preparation was performed as follows.
1.1 Mononuclear cell preparation for LCT

(1) Warmed lymphocyte separation medium (lymphoprep, Norway) to room temperature
(25-27 C'C) before using the solution.

(2) Mixed 5 milliliters of whole blood with 2.5 ml of PBS in a 15 ml conical tube then
underlayered diluted blood with 2.5 ml of lymphoprep.

(3) Centrifuged the sample at 1,000 g at room temperature for 15 minutes.
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(4) The mononuclear cells interface was gently transferred by Pasteur pipette to a 15 ml
conical tube and then washed once with PBS by centrifugation at 1,000 g for 10 minutes.

(5) The pellet was resuspended in a microcentrifuge tube with PBS, and platelet
elimination was done by precipitating with 50 microliter of bovine thrombin (concentration 100
[U/ml).

(6) The sample tube was briefly centrifuged, and then cell supernatant was transfered to
another microcentrifuge tube and washed once with PBS by centrifugation at 700 g for 1.5
minutes.

(7) The supernatant was discarded and the cell peliet was resuspended with PBS.

(8) For viability testing and adjustinent of cell density 10 [1l of cell suspension was mixed
with 10 pl of 0.2% trypan blue in a 1.5ml microcentrifuge tube. The viability of the cells was
estimated and the cell density was adjusted to 1 X 10°cells/ml. The accepted viability of cells was

more than 85 %.

1.2 Platelet suspension preparation for SPRCA

1.2.1 Preparation of untreated platelets

(1) Whole blood was centrifuged at 500g for 10 minutes in bench-top and platelet-rich
plasma (PRP) was obtained.
(2) The PRP was transferted to a 13X75 mm plastic tube and froze at -70 °C for |
hour or more. Then the frozen PRP was thawed at 37 C and washed twice with 0.2% BSA i
0.9%NaCl solution by centrifugation at 1,000g for 4 minutes. The supernatant was discarded and
the platelet pellet was resuspended in 1 ml of 1% paraformaldehyde, then the mixture was
incubated for 5 minutes at room temperature (25-27 oC).
(3) The mixture was washed twice with 0.2% BSA in 0.9%NaCl solution by
centrifugation at 1,000g for 4 minutes. The supernatant was discarded and the platelet pellet was
resuspended in 0.2% BSA in 0.9%NaCl solution adjusted to approximately 1X10%m] and used as

untreated platelet target cells,
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1.2.2 Preparation of chloroquine-freated platelets

HLA antigens on platelet surfaces were removed by treating platelets with chloroquine.
HPA antigens still remained on platelet surfaces.

(1) Two milliliters of 0.2 M solution of chloroquine disulphate with a pH of 4.0 was
added to the 100 [t of untreated-platelet suspension from 1.2.1 (3.

(2) The platelet and chloroquine mixture was incubated for 30 minutes at room
femperature (25-27 OC). The mixture was then washed 3 times with 0.2% BSA in 0.9%NaCl
solution by centrifugation at 1,000g for 4 minutes.

(3) The supernatant was discarded and the platelet pellet was resuspended in 1 mt of 1%
paraformaldehyde, then the mixture was incubated for 5 minutes at room temperature (25-27 °C).
The mixture was washed twice with 0,.2% BSA in 0,9%NaCl solution by centrifugation at 1,000g
for 4 minutes.

(4) In the final wash the supernatant was discarded and the platelet pellet was resuspended
in 0.2% BSA in 0.9%NaCl solution and adjusted to approximately 1X10/ml and used as

chloroquine-treated platelet target cells.

1.3 Platelet suspension preparation for Flow cytometry

1.3.1 Preparation of untreated platelet

(1) Whole blood was centrifuged at 500g for 10 minutes in bench-top and platelet-rich
plasma (PRP) was obtained.

(2) The PRP was transferred to a 13X75 mm, plastic tube and washed twice with 0.2%
BSA in PBS/EDTA solution by centrifugation at 1,000g for 4 minutes.

(3) The supernatant was discarded and the platelet pellet was resuspended in 0.2% BSA

in PBS/EDTA and used as untreated-platelet target cells.
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1.3.2 Preparation of chloroquine-treated platelets

(1) Two milliliters of 0.2 M solution of chloroquine disulphate with a pH of 4.0 was
added to thel00 I of untreated-platelet suspension from 1.3.1 (3).

(2) The platelet and ¢hioroquine mixture was incubated for 30 minutes at room
temperature (25-27 (). Then the mixture was washed 3 times with 0.2% BSA in PBS/EDTA by
cenfrifugation at 1,000g for 4 minutes.

(3) In the final wash the supernatant was discarded and the platelet suspension was
resuspended in 0.2% BSA/EDTA and used as chloroquine-treated platelet target cells.

(4) One hundred microlitters of Chloroquine-treated platelets and untreated platelets
were incubated with 1 ml of new born calf serum at room temperature for 20 minutes.

(5) The platelet suspensions were washed 3 timmes with 0,2% BSA in PBS/EDTA by
centrifugation at 1,000g for 4 minutes.

(6) The platclet button was resuspended in 0.2% BSA/PBS/EDTA and the
concentration was adjusted to approximately 1 X 10° /mi, then stored at 4-8 *C for up to 7 days

before use.

1.4 Preparation of IgG-sensitized red cells (indicator cells)

IgG-sensitized red cells were used as indicator cells for reading the reaction of
SPRCA. When the patient has IgG antibodies (either HLA or HPA antibodies) the antibodies will
attach to the platclet screening cells. The IgG (anti-D) sensitized red cells, which are used as
indicator cells, will form a complex with antihuman globulin antibody (anti-IgG). When the tests
have positive antibody reactions, the sera antibodies will bind to the coated platelets on the plate.
The added antihuman globulin will also bind to the sera antibodies and the added indicator cells
will indicate the positive sera antibodies by binding to antihuman globulin antibodies which will
appear as dispersed cells on the bottom of the tested wells. Conversely, the tested sera did not have
the positive antibodies and, thus, resulted in a negative reaction, since the antihuman globulin
antibodies will not adhere to the unbound-antibody platelets. When indicator cells were added and
centrifuged all the indicator cells will not be dispersed on the well bottom and will appear as a
smaller red cell button {figure8). The IgG-sensitized indicator cells were prepared as follows,
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(1) ACD blood was prepared from three blood donors which were O Rh positive.
Then packed red blood cells were pooled and washed 3 times with 0.9% NaCl solution by
centrifugation at 1,000g for 4 minutes.

(2) Pellet red blood cells were resuspended and the concentration was adjusted to 5%
cell suspension in 0.9%NaCl solution,

(3) The red cells were sensitized with anti-D (IgG) antibodies by adding one milliliter
of 5% cell suspension with anti-D (titer 1:100). This was then incubated at 37 °C for 30 minutes,

{4) Cells were washed 3 times with 0.9%NaCl solution and the stock concentration was
adjusted to 2.5 % cell suspension. The optimal indicator cell was adjusted by using the direct
antiglobulin test, The grading positive reaction 1+ was the optimum.

(5) Indicator cells were stored at 4 £2 °C for up to 1 month.

2, Experimental procedures

Study sera were tested in parallel using the three methods which were standard
microlymphocytotoxicity test (LCT), solid phase red cell adherence assay (SPRCA) and flow
cytometry. Negative and positive controls were applied in every test and considered valid if

positive and negative controls gave the proper reactions.

2.1 Standard microlymphocytotoxicity test (LL.CT)

LCT was perforined according to Levin et al. {2003) using the method originally
described by Terasaki et al. (1964). Detailed experimental procedures were described.

(1) One microliter of patient sera, including negative control and positive control, were
incubated with 1 |1 of cell suspension in a Terasaki tray at room temperature for 30 minutes.

(2) Rabbit complement 5 pl were added to each separate well.

(3) After incubating at room temperature for 60 minutes, 5 pl of 5% eosin-Y was added
for 2 minutes, after which 10 1 of formaldehyde was added.

(4) The tray was covered and left for at least 4 hours at room temperature.

(5) Dead cells were read by inverted phase contrast microscopy and reactions were graded
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using a grading system which corresponds tgi the percentage of dead cells within each well.
0 = Not readable
1 = 0-10% dead cells
2= 11-20% dead cells
4 = 21-50% dead cells
6= 51-80% dead cells
8= §1-100% dead cells
(6) The reaction against the screening cells was considered to be positive when dead cells
were more than 50%. The examples of positive and negative reactions are shown in figure 8.
(7) 1If two or more of 6 donors showed a positive reaction, the patient was considered
immunized against a broad range of HLA antibodies according to the recent study (Levin et al.,

2003},
2.2 Solid phase red cell adherence assay (SPRCA)

SPRCA was performed according to the protocol from the National Blood Centre, Thai
Red Cross Society and Lown, 1991 using the method originally described by Shibata et af,, 1981,
Detailed experimental procedures were described.

(1) Fifty microlitters of 20 pg/ml concentration of rabbit antihuman thrombocyte in pH
10 carbonate buffer was added to a round bottomed microplate.

(2) The microplate was incubated for 2 hours at 22 °C before use.

(3) Platelet monolayers were prepared by discarding the buffer from the microplate,
rinsing the wells with 0.2%BSA/PBS 3 times and adding 50 M1 of platelet suspension containing
both chloroquine-treated and untreated platelets to the required number of microplate wells.

{4) The microplate was centrifuged at 1,700 rpm for 2 minutes using a microplate
centrifuge (KOKUSAN, Japan),

(5) The supernatant was discarded and the microplate was incubated at 37 °C for 15
minutes.

(6) The microplate was washed off with 0.2% BSA/PBS 6 times to remove non-adherent
platelets.
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(7) One hundred microliters of a 1.9% glycine solution was added to platelet monolayers
in the microplate wells.

(8) Fifty microliters of test sera, negative control, positive control for HLA antibodies
and positive control for HPA antibodies were added to the platelet-coated wells and incubated at
37 °C for 15 minutes.

(9) The microplate was washed off with 0,2% BSA/PBS 6 times, and unbound-form
immunoglobulins were removed,

(10) Fifty microliters of 0.4% suspension of blood group O Rh(D) positive red cells,
sensitized with anti-D (indicator cells), together with 50 Ul of anti-human 1gG (dilution 1:4) were
added.

(11) The microplate was gently mixed and centrifuged at 2,700 rpm for 2 minutes using a
microplate centrifuge (KOKUSAN, Japan).

(12) The reactions were read by examining each for either effacement (a reactive or
positive reaction result) or a button of agglutinated red cells (a non-reactive or negative reaction
result). The examples of positive and negative reactions are shown in figure 8.

(13) When 2 or more out of 6 donors showed positive reactions, the patient was

considered immunized against HLA class [ or HPA antigens (Freediman and Hornstein, 1991).

2.3 Flow cytometry

An indirect immunofluorescence test by flow cytometry was performed with some
modifications according to the protocol from the National Institute for Biological Standards and
Control (NIBSC), of UK using the method originally described by Kiefel et al. (1987) and Kohler

et al. (1995). Detailed experimental procedures were as followed.

2.3.1 Immunoflzorescence sfaining

{1} For each sample to be tested 50 Ul of platelet suspension (Chloroquine-treated and
untreated platelets) was put into FACS tubes (Falcon 2052, USA).

(2) Fifty microlitters of test serum, including negative controls, positive controls for
HLAclass I antibodies and positive controls for HPA antibodies were added into the tubes and
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gently mixed,

(3) After incubation at 37 °C for 30 minutes, 4 ml of 0.2% BSA/PBS/EDTA wash
buffer was added and centrifuged at 1,000g for 4 minutes.

(4) Supernatant was discarded and cell pellets were resuspended in 0.2%
BSA/PBS/EDTA, then each tube step (3) and (4) was repeated twice,

(5) Platelet suspensions were incubated with 50 HI of FITC-conjugated F(ab), goat-
antihuman IgG (dilution 1:50) and 5 I of PE-conjugated anti-CD41 (undiluted) at room
temperature for 30 minutes in the dark, making sure the cells were fully resuspended. In order to
prevent non-specific binding of the immunoglobulin via Fc receptors on the target platelets,
F(ab)'2 fragment of goat antihuman IgG was used to reduce interference from Fe receptor binding
(Lina et al., 2000).

(6) Four milliliters of 0.2% BSA/ PBS/EDTA wash buffer was added and centrifuged at
1,000g for 4 minutes.

(7) The supernatant of each tube was discarded and cell pellets were resuspended in 0.5
ml of 0.2% BSA in PBS/EDTA, then stored in the dark at room temperature (25—270C) until flow

cytometric nalysis,

2.3.2 Flow cytometric analysis

Stained cells were analyzed by flow cytometry (Cytomics FCS500, Beckman Coulter,

USA). This system is equipped with an argon ion laser emitting at 488 nm. A 525 nm band-pass
filter was located in front of the fluorescence detector. Dot-plot histograms were generated for
each sample relating the forward (FS) and side scatter (SS) signals. List mode data were acquired
(CXP Software Version 2.1, 2005, Miami, FL, USA).

(1) The FS and SS amplifier gains were set to logarithmic mode for data collection, The
sample flow rate should be low or medium.

(2) Debris was excluded by increasing the threshold of forward scatter signals,

(3} The fluorescence channels (FI.1 and FL2 for FITC and PE conjugate, respectively)
were set as logarithmic gain,

(4) Around the population of CD41 positive thrombocytes a region A was set.
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(5) Approximately 10,000 cells per fest sample were counted. Relative fluorescence
infensity was expressed as a mean channel number (MCN).

(6) The normal range for MCN was established by using sera from 10 normal blood
doriors (negative control). All sera were tested against 6 platelets; the mean and standard deviation
(SD) were calculated. The normal range for MCN was 25 % (mean + 3SD).

(7) MCN greater than 25% was considered positive for platelet-reactive antibodies
(Worfolk and MacPherson, 1990). Therefore, positive reactions were defined when a MCN greater
than 25% was recorded. The examples of positive and negative reactions are shown in figure 8.

(8) When 2 or more of 6 donors showed a positive reaction, the patient was considered

immunised against HLA class T or HPA antigens (Freedman and Hornstein, 1991).

2.4 Confirmation of HLA antibody detection using mononuclear cells as the target cells

Discrepancies in the results of samples tested with flow cytometry and LCT were
confirmed. Lymphocytes were used as target cells to detect HLA antibodies. The technique was
described as follows.

(1) For each sample to be tested aliquot 50 I of mononuclear cell suspension were put
into FACS tubes (Falcon 2052, USA).

(2) Fifty microlitters of test serum including negative controls, positive control for HLA
class I antibodies and positive control for HPA antibodies were added into the tubes and gently
mixed.

{3) After incubation at 37 °C for 30 minutes, 4 ml of 0.2% BSA/PBS/EDTA wash buffer
was added and centrifuged at 1,000g for 4 minutes.

(4) The superatant was discarded and cell pellets were resuspended in 0.2%
BSA/PBS/EDTA, then each tube step (3} and (4) were repeated twice,

(5) Mononuclear cell suspensions were incubated with 50 H1 of FITC-conjugated F(ab),
goat-antihuman IgG (dilution 1:50) at room temperature for 30 minutes in the dark, making sure
cells were fully resuspended.

(6) Four milliliters of 0.2% BSA/ PBS/EDTA wash buffer was added and centrifuged at
1,000g for 4 minutes.
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(7) The supernatant in each tube was discarded and cell pellets were resuspended in 0.5
mi of 0.2% BSA in PBS/EDTA, then stored in dark at room temperature (25—270C) until flow
cytometric analysis.

(8) Stained cells were analyzed by flow cytometry (Cyiomics FC500, Beckman Coultet,
USA). FS and SS amplifier gains were set to logarithmic mode for data collection, The sample
flow rate should be low or medium. Debris was excluded by increasing the threshold of forward
scatter signals,

(9) The fluorescence channels (FL1 and FL2 for FITC and PE conjugate, respectively)
were set as logarithmmic gain,

(10) A region A was set around the lymphocyte population,

(11} Approximately 10,000 cells per a test sample were counted, The relative
fluorescence intensity was expressed as a mean channel number (MCN),

(12) MCN greater than 25% was considered positive for platelet-reactive antibodies
(Worfolk and MacPherson, 1990). The examples of positive and negative reactions are shown in
figure 9.

(13) When 2 or more of 6 donors showed a positive reaction, the patient was considered

immunized against HLA class [ or HPA antigens (Levin et al, 2003).

2.5 Identifying HPA antibody from HLA antibody using adsorbed serum against a panel of

screening platelets,

To classify type of antibodies whether they were mixture of HLA and HPA antibodies
or single HPA antibody, HPA absorption technique was applied using chloroquine-treated
platelets as an adsorbent cell. Then adsorbed serum was tested with untreated platelets and
chloroquine-treated platelets using the flow cytometry technique. The technique was described as
follow,

(1) One milliliter of patient serum was incubated with 0.5 ml of chloroquine-treated
platelets from 1.3.2 (6) at 37°C for I hour.
(2) After centrifugation at 1,000g for 4 minutes, the supernatant was collected and was

used as adsorbed serum.
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(3) For each sample to be tested aliquot 50 1 of platelet suspension (Chloroquine-treated
and untreated platelets) was put into FACS tubes {Falcon 2052, USA),

(4) Fifty microlitters of adsorbed serum including negative controls, positive controls for
HLAclass I antibodies and positive controls for HPA antibodies were added into the tubes and
gently mixed,

(5) After incubation at 37 °C for 30 minutes, 4 ml 0of 0.2% BSA/PBS/EDTA wash buffer
was added and centrifuged at 1,000g for 4 minutes.

(6) The supernatant was discarded and cell pellets were resuspended in 0.2%
BSA/PBS/EDTA. Then each tube step (3) and (4) were repeated twice.

(7) Platelet suspensions were incubated with 50 [l of FITC-conjugated F(ab), goat-
antihuman 1gG  (dilution 1:50) and 5 Yl of PE-conjugated anti-CD41 (undiluted) at room
temperature for 30 minutes in the dark, making sure cells were fully resuspended,

(8) Four milliliters of 0.2% BSA/ PBS/EDTA wash buffer was added and cenfrifuged at
1,000g for 4 minutes,

(9) The supernatant cach tube was discarded and ccll pellets were resuspended in 0.5 ml
of 0.2% BSA in PBS/EDTA, then stored in the dark at room temperature (25-27°C) until flow
cytometric analysis.

(10} Flow cytometry analysis was performed using the same conditions as described in
2.3.2 (1) to (8). The examples of positive result and negative result reactions were showed in

figure 10.
3. Data analysis
The sensitivity and specificity of each technique was compared with a reference assay,

The following definitions of sensitivity and specificity were used.

- Sensitivity = true positive seia X 100

true positive + false negative sera

- Specificity = trug negative sera X100
true negative + false positive sera
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Reference method
Positive Negative
Test method Positive True positive False positive
“Negative False negative True negative

4. Statistical analysis

For every combination of two techniques, a 2 X 2 table was generated, and Pearson’s chi-
square test was calculated to test for independence, The p values less than or equal to 0.05 were
considered as correlated significantly. For the strength of agreement, the Kappa coefficient (x)
was determined. All values of statistics were calculated with the SPSS version 16.0 software

program.
4,1 Chi-square test

A 2x2 table was first drawn and actual numbers of occurrences placed there in, Then the
expected frequencies in each cell were caleulated, The expected frequency in the cell was a
product of the relevant row and column totals divided by the sample size (grand total; N =
atb+ctd). For the cell with an observed frequency 'a', for example, the expected value was
(a+b)(a+c)/N. The difference between observed (O) and expected (E} values (residual) was
calculated. The XZ was calculated as the sum of (O—E)zlE for all four cells: %’ = [Z {O-E) 2/E].

The general layout of a contingency table for a test correlation study is as follows.

A 2x2 table Reference method
Row totals

Positive | Negative

Positive a b atb
Test method

Negative c d c+d
Column totals ate b+d N=atbt+c+d
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4.2 Kappa coefficient of agreement

The formula for calculating Kappa values is as follows, Kappa = (Observed

agteement - Chance agreement)/(1 - Chance agreement). Kappa’s possible values were

constrained to the interval (0-1); k¥ = 0 means that agreement is not different from chance, and k=1

means perfect agreement.

Kappa Strength of agreement
0.00 Poor

0.01-0.20 Slight

0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Substantial

0.81-1.00 Perfect agreement
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Figure 8. Examples of negative and positive results using LCT (A), SPRCA (B) and the

flow cytometry technique (C1-C3).

Figure 8-A. Microlymphocytotoxicity test (LCT)

Figure 8-B. Solid phase red cell adherence assay (SPRCA)

Panell

Panel2 Paneld Pancld Panel5 Panel6

Unireated plateletss ¥
g1 Negative

Chloroquine-treatc&_'

platelets

Untreated platelets o

HLA-Ab

Chloroquine-treated positive

platelets control

Untreated platelets HPA-Ab

Chloroquine-treated positive

control
platelets

Untreated platelets f=f HLA-Ab

positive

Chloroquine-treated (

platelets H serum

47




Figure 8-C1. Flow cytometry
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Figure 8-C3.
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CHAPTER 3
RESULTS

1. Results of the test{ing samples

Platelet antibodies were studied in sera of 10 healthy blood donors who were used
as a negative control group. All subjects were tested by LCT, SPRCA and flow cytometry. The
results showed negative platelet reactive antibodies either HLA or HPA antibodies in all 10 sera
(table 6).

In the studied sera from 43 patients which were tested with LCT, SPRCA and
flow cytometry techniques. The subject characteristics were 32 female and 11 male with mean age
was 36.12 years old (range 8-75 years). Twenty-one samples were from hemato-oncology patients
who were diagnosed with leukemia or lymphoma and had developed platelet refractoriness during
the course of chemotherapy, Thirteen samples were from patients who had been diagnosed with
ITP. Five samples were from the mothers whose babies suspected NAIT, Four samples were from
other thrombocytopenic patients whose diagnoses were aplastic anemia, MDS, myelofibrosis,
coagulopathic bleeding with platelet refractoriness (table7). Each serum was screened for both HLA
reactive antibodies by LCT, SPRCA and flow cytometry and HPA reactive antibodies by SPRCA
and flow cytometry.

The primary results found platelet reactive antibodies in 18 out of 43 sera using
LCT assay and found 19 out of 43 sera when using SPRCA and found 23 out of 43 sera when using
flow cytometry technique. When considering the number of positive screening cells from the screen
panel found that the LCT technique gave totally reactive antibodies to 76 cells out of 258 screening
cells. SPRCA gave totally reactive 95 cells out of 258 screening cells, Flow cytometry gave total
reactive to 110 cells out of sereening 258 cells, There were 8 discrepancy sera in platelet reactive
antibodies detection when compare between three methods (table7).  Eight discrepancy sera
(patient 23, 26, 37, 39, 40, 41, 42 and 43) were associated with HLA antibody detections and 4

discrepancy sera (patient 40, 41, 42 and 43) were associated with HPA antibody findings.
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Results of HLA antibody tests study

From eight discrepancy sera (patient 23, 26, 37, 39, 40, 41, 42 and 43), patient
23 and 37 gave HLA aiitibody reactive to some sereening cells with LCT (3 out of 6 cells) and
untreated platelets (3 and 4 out of 6 platelet panels) by flow cytometry technique considering HLA
reactive antibodies were weak while SPRCA showed negative reaction. In serum of patient 26 the
reactive antibody was found weakly positive in SPRCA while LCT and flow cytometry showed
negative reaction. In patient 39 flow cytometry gave HLA reactive antibody (average of mean
fluorescence intensity was 73%) against untreated platelet panels but gave negative reactions
against chloroquine-treated platelets, considering sole HLA antibody was presented, This serum
was considered true positive reactions because LCT and SPRCA tests of this serum were repeated
and repeated results were negative. Repeat flow cytometry technique was also performed in patient
39 using a panel of 6 mononuclear cells or lymphocytes as target cells to determine HLA antibodies
against HLA antigens on lymphocytes. This study showed the present HLA antibody in the serum
as showed in figure 9. These can be indicated that serum from patient 39 contained HLA antibody
and gave false negative results by LCT and SPRCA. In patients 40, 41, 42 and 43 the platelet
reactive antibodies were found only in target platelets but non reactive against lymphocyte target
cells in LCT test. Whether or not HLA antibody was presence together with HPA antibody in sera

needed to be further determined as in section below.

Results of HPA antibody tests study

Four discrepancies in HPA antibody tests by three methods were found (patient 40,

41, 42 and 43). In flow cytometry studied, 4 out of 23 antibody reactive samples found the positive
reactions against both untreated platelets and chloroquine treated platelets. In SPRCA there were 2
out of 23 antibody reactive samples (patient 40 and 41) that the positive reactions were found
against both untreated platelets and chloroquine-treated platelets where as patients 42 and 43 had
negative reactions {table 7). In these sera of patients 40, 41, 42 and 43 either mixtures of HLA
and HPA antibodies or sole HPA antibody could not classified in these sera as untreated platelet
comprise both HLLA class I and HPA antigens. They were more likely to be sole HPA antibody
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because the LCT test determined sole HLA antibodies in these sera were non reactive. The
confirmation studies were performed to classify type of antibody, The confirmation tests were done
(in patient 43) to classify type of antibodies whether they were mixture of HLA and HPA
anfibodies or single HPA antibody.

The patient 43 the mother whose baby suspected NAIT, serum was confirmed for
HPA antibody presented in the serum. HPA absorption technique was applied using chloroquine-
treated platelets as an absorbent cell. Then absorbed serum (supernatant) was tested with platelet
panels both untreated and chloroquine-treated platelets using flow cytometry technique. The results
showed negative in both of platelet panels, indicating that HPA antibody was absorbed and there
was not HLA antibody presence in the serum (figure10). In sera of patients 42 and 43 tested by
SPRCA the negative reaction against untreated platelet and chloroquinc-treated platelet were

considered false negative,

Table 6. Platelet antibody study in 10 healthy contrels using LCT, SPRCA and flow

cyfometry techniques. All tests were negative for platelet antibodies

Result
LCT SPRCA Flow cytometry
No. Name
Untreated | Chloroquine- Untreated Chloroquine-
platelets treated platelefs platelets treated platelets

S1 14622-51 Negative | Negative Negative Negative Negative
S2 14623-51 Negative | Negative Negative Negative Negative
83 14633-51 Negative | Negative Negative Negative Negalive
54 14635-51 Negative | Negalive Negative Negative Negative
S5 14636-51 Negative | Negative Negative Negalive Negative
56 14638-51 Negative | Negative Negative Negative Negative
S7 14632-51 Negative | Negative Negative Negaltive Negative
S8 14637-51 Negative | Negative Negative Negative Negative
59 14638-51 Negative | Negative Negative Negative Negative
Si0 14640-51 Negative | Negative Negative Negative Negative
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Table 7. Results of platelet antibody studies in 43 patient sera

Code Age Sex Patient Result
byears) diagnosis LCT SPRCA Flow cytometry
Untreated Chloreguine Untreated Chloroquine
platelets - treated platelets - treated
platelets platelets

Pl 71 female | AML-Md4 Noen reactive | Non reactive | Non reactive | Nonreactive | Non reactive
2302-50 with platelet

refractoriness
Pt2 16 female AML Nonreactive | Nonreactive | Nonreactive | Nonreactive | Non reactive
27426-49 with platelet

refractoriness
Pt3 70 female | CML Non reactive | Nonreactive | Nonreactive | Nonreactive | Non reactive
9524-50 with platelet

refractoriness
Pt4 54 male AML Non reactive | MNonreactive | Non reactive | Nonreactive | Non reactive
[154045 with platelet

refractoriness
PLs 22 male AML-M3 Non reactive | Nonreactive | Monreactive | Nomreactive | Nonreactive
24546-50 with platelet

refractoriness
Pi6 20 female | Aplastic anemia | Nonreactive | Nonreactive | Nonreactive | Nonreaclive | MNonreaclive
30453-50 with platelet

refractoriness
Pt7 12 female ITP Non reactive | Nonreactive | Non reactive | Nonreactive | Non reactive
22240-50
Pi8 20 female | ITP Nen reactive | Nonreactive | Nonreactive | Nonreactive | Non reactive
29630-50
P9 27 female | ITP Mon reactive | Nonreactive | Nonreactive | Nonreactive | Non reactive
8607-30
Ptig 20 female | ITP Nonreactive | Nonreactive | Nonreactive | Non reactive | Non reactive
497009
Pell 29 female | ITP Non reactive | Nonreactive | Nonreactive | Nonreactive | Non reactive
30045-51
Pt12 63 mate ITP MNon reactive | Nonreactive | Nonreactive | Nonreactive | Non reactive
10115-50
Pt13 3 female | ITP Non reactive | Nonreactive | Nonreactive | Nonreactive | Nonreactive
3242-51
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Table 7. Results of platelet antibody studies in 43 patient sera (continued)

Code Age Sex Patient Result
Grars) diagnosis LCT SPRCA Flow cytometry
Untreated Chloroquine Untreated | Chleroguine
platelets - trested platelets - treated
platelets platelets

PLt4 11 female | ITP Nor reactive Non reactive | Non reactive | Non reactive | Non reactive
24346-50
Ptl5 53 female | ITP Non reaclive Non reactive | Non reactive | Nonreactive | Non reactive
12262-51
Ptlé 6 female | ITP Non reactive Non reactive | Non reactive | Non reaclive | Non reactive
30078-51
Pt17 23 female | Mother serum Non reactive Non reactive | Nonreactive | Nonreactive | Nonreactive
344-52 of suspected

NAIT baby
Ptig 27 female | Mother serum Non reactive Non reactive | Nonreaclive | Monreactive | Non reactive
1510547 of suspected

NAIT baby
Ptiv 22 female | Mother serum Non reactive Non reactive | Nonreactive | Non reactive | Non reactive
20175-51 of suspected

NAIT baby
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Table7. Results of platelet antibody studies in 43 patient sera (continued)

Code Age Sex Patient Result
rars diagnosis LCT SPRCA Flow eytometry
Untreated Chioroquine | Untreated Chloroquine
platelets - treated piateiets - treated
platelets platelets

P20 49 female | ALL-L2 Reactive Reactive Non reactive | Reactive Non reaclive
18723-49 with platetet (3 out of 6) {6 owt of 6) (6 out of 6)

refractoriness
P21 60 Male CML Reactive Reactive Non reactive | Reactive Non reaclive
2475-50 with platelet {3 outof 6) {3 ou of 6) (3 out of 6)

refractoriness
P22 4] Male MDS Reactive Reactive Non reactive | Reactive Non reactive
8727-51 with platelet (4 out of 6) (4 out of 6) (6 out of 6}

refracloriness
Pi23 27 female | CML Weakly Non reactive | Nonreactive | Weakly Non reactive
8910-50 with platelet reactive reaclive

refractoriness (3 out of 6) (3 out of 6}
Pt24 3 female | AML-MI Reactive Reactive Non reactive | Reactive Non reactive
1296-50 with platelet (6 out of 6) (6 out of 6} {6 out of 6}

refractoriness
Pi25 69 temale | AML-M5 Reactive Reactive Non reactive | Reactive Non reactive
10007-50 with platelet (3 out of 6) (6 out of' 6) (3 outof 6)

refractoriness
Pt26 39 male AML-M4 Non reactive | Weakly Non reactive | Non reactive | Non reaclive
6779-50 with platelet reactive

refractoriness (2 out of 6)
P27 53 female | AML Reactive Reactive Nonreactive | Reactive Non reactive
6785-50 with platelet (2 cutof 6) (4 out of 6) (3outof'6)

refractoriness
Pt28 43 female | AML-M4 Reactive Reactive Non reactive | Reactive Non reactive
13431-50 with platelet (3 out of 6) (4 outof 6) (4 out of' 6)

refracioriness
Pt29 9 female | coagulopathy with | Reaclive Reactive Non reactive | Reactive Non reactive
12831-49 platelet (6 out of 6) {6 out of 6} {6 out of )

refracioriness
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Table 7. Results of platelet antibody studies in 43 patient sera (continued)

Na. Age Sex Paticnt diagnosis Result
(eers LCT SPRCA Flow cytometry
Untreated Chloroquine | Untreated Chloroquine
platelets - treated platelets - treated
platelets platelets

Ptio 60 Male NHL with platelet Reactive Reactive Nonreactive | Reactive Non reactive
934934 refractoriness (6 out of 6) (5 outof 6) (3 cut of 6)
P31 44 female | Leukemia Reactive Reactive Non reactive | Reactive Non reactive
1522855 with platelet (6 out of 6) (6 out of 6} (3 out of 6}

refracioriness
Pi32 19 Male ALL-L2 with Reactive Reactive Non reactive | Reactive Non reaclive
11563-48 platelet (6 out of' 6) (6 out o' 6) {6 out of 6)

refractoriness
P33 24 Male AML with platelet | Reactive Reactive Non reaclive | Resctive Non reactive
1287239 refractoriness {5 out of 6) (6 out of 6) (6 out of 6)
P134 68 Male AML with platelet | Reactive Reactive Non reactivc‘ Reactive Non reactive
1117626 refractoriness {5 out of 6) (6 out ol 6) (6 out of 6)
P35 63 Mate AML with platelet | Reaclive Reactive Non reactive | Reactive Non reactive
1143433 refractoriness (3 outof 6) (6 outof 6) (6 out of' 6)
P36 47 female | CML with platelet | Reactive Reactive Non reactive | Reactive Non reactive
1041917 refractoriness (3 cut of 63 (3 out of 6) {3 outof 6)
P37 75 female | Myelofibrosis with | Weakly Non reactive | Non reactive | Weakly Non reactive
13809-48 platelet reactive reactive

refractoriness (3outof 6) (4 out of 6)
Pt38 30 female | AML with platelet | Reactive Reactive Non reactive | Reactive Non reactive
1041917 refractoriness (6 out of 6) {6 out of 6) (5 out of 6)
P39 17 female { ITP Nonreactive | Nonreactive [ Nonreactive | Reactive Non reactive
20111-50 (Soutof6)
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Table 7. Results of platelet antibody studies in 43 patient sera (continued)

Ne. Age Sex Patient Resuli
(years) diagnosis LCT SPRCA Flow cytometry
Untreated Chlorequine | Untreated Chloroquine
plnfelets -treated platelets -treated
platelets platelets
Pt40 25 female Mother Non reactive | Reactive Reactive Reactive Reactive
National serum of {(6outof6) | (6outof6) | {Goutofd) | (6outofo)
Blood suspected
Centre NAIT baby
Pidl 22 female | TP Non reactive | Reactive Reactive Reactive Reactive
15537-50 (Goutof &) | (Goutof6) | (Geoutofs) | (6outols)
P42 42 female | ITP Non reactive | Nonreactive | Nonreactive | Reactive Reactive
26765-50 (6 outof6) | (6outol6)
Pi43 22 female Mother Non reactive { Nonreactive { Nonreactive | Reactive Reactive
1739-52 serum of (6 outof6) | (6outof6)
suspected
NAIT baby
Total Reactive 18 sera 19 sera 23 sera
(76 screening {95 screening celis) (110 screening cells}
celis)
Non reactive 23 sera 24 sera 20 sera
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Table 8. Summarized of HLA antibodies screening using lymphocytotoxicity test (LCT),
solid phase red cell adherence assay (SPRCA) and flow cytometric assay (Flow) in 43 patients
{11 male, 32 female)
Number of reactive sample | Number of non reactive
History sample
Flow | SPRCA LCT Flow | SPRCA| LCT
- Hematologic malignancy with
platelet refractoriness (n=21)
- Concordance 14 14 14 6 6 6
- Discrepancy 1 0 1
0 l 0
- [diopathic thrombocytopenic 1 0 0 12 13 13
purpura (n=13)
-The mothers who delivered babies 0 0 0 5 5 5
with suspected NAIT (n=5)
- Thromboeytopenic patients with
platelet refractoriness (n=4)
- Aplastic anemia
- Myelodysplastic
syndrome {MDS)
- myelofibrosis
- coagulopathic bleeding
- Concordance 2 2 2 1 2 1
- Discrepancy 1 0 1
Total 19 17 18 24 26 25
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Table 9. HPA antibody screening using the flow cytometry technique and solid phase red cell

adherence assay (SPRCA) in 43 patients (11 male, 32 female)

Number of reactive sample

Number of non reactive-

Patients sample
Flow cytometry | SPRCA | Flow cytometry | SPRCA
- Hematologic malignancy with 0 0 21 21
platelet refractoriness (n=21)
- Idiopathic thrombocytopenic 2 i 11 12
purpura (n=13)
- The mothers who delivered babies 2 I 3 4
with suspected NAIT (n=5)
- Thrombocytopenic patients with 0 0 4 4
platelet refractoriness (n=4);
aplastic anemia, MDS, myelofibrosis,
coagulopathic bleeding
Total 4 2 39 41

Table 10. Summarized of discrepancies in HLA and HPA antibodies screening using

Iymphocytotoxicity test (LCT), solid phase red cell adherence assay (SPRCA) and flow

cytometric assay (Flow) and the results of confirmation studics

Initial results

Confirmation results

Patient number

Number of reactive sample Number of positive sample

Flow SPRCA LCT Flow SPRCA LCT
2 0 2 2 0 2 Patient no. 23 and 37
0 l 0 0 1 0 Patient no. 26
1 0 0 1 0 0 Patient no. 39
2 2 0 2 2 0 Patient no. 40 and 41
2 0 0 2 0 0 Patient no, 42 and 43
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Figure 9 The results of flow cytometry technique using 6 mononuclear cells as target cells

for HLA antibody detection in patient 39,
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Figure 10. Result of flow cytometry in patient 43; showed positive reaction by flow cytometry technique
in both chloroquine-treated and untreated platelets (A); after the serum was adsorbed by chloroquine-
treated platclets, flow cytometry technique was repcated and the negative reactions were found in both of

chloroquine-treated and untreated platelets (B).
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2. Sensitivity and specificity analyses of the three assays

2.1 HLA antibody tests analyses

HLA antibody screening in 43 sera by LCT found positive antibodies 18 sera,
negative reactions in 25 sera, SPRCA gave positive reaction in 17 out 0of 43 sera and 26 sera were
negative with HLA antibody screening. Flow cytometry test gave positive 19 out of 43 sera and
negative 24 sera (table 8).

When SPRCA compared with LCT, 16 sera showed positive results both LCT
and SPRCA and 24 sera showed negative results in both of techniques. One serum showed a
positive SPRCA and a negative LCT (patient 26). Two sera (patient 23, 37) showed negative
results tested by SPRCA and positive by LCT. The sensitivity and specificity were calculated used
formula as described in previous chapter. The sensitivity and specificity of SPRCA was 88.89%
and 96.00%, respectively (tablei 1),

Flow cytometry technique was compared with LCT showed 18 positive sera using
LCT and flow cytometry techniques. Twenty-four sera showed negative reactions tested by both of
assays. None sample showed a positive LCT and a negative flow cytometry. One serum (patient 39)
showed a negative LCT and a positive flow cytometry initially. According to serun from patient 39
was confirmed for HLA antibodies and showed agreement results with flow cytometry, so none of
the serum was false positive by flow cytometry technique. The sensitivity and specificity of {low
cytometry was 100% and 100%, respectively (table 12).

Table 11, Sensitivity and specificity analyses of SPRCA when LCT was used as a reference

technique, The sensitivity and specificity of SPRCA was 88.89% and 96.00%, respectively

LCT
Positive Negative Total
Positive 16 f 17
SPRCA Negative 2 24 26
Total 18 25 43
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Table 12, Sensitivity and specificity analyses of flow cytometry technique when LCT was used
as a reference technique. The sensitivity and specificity of flow cytometry was 100% and

100%, respectively

LCT
Positive Negative Total
Positive 18 1* 19
Flow cytometry Negative 0 24 24
Total 18 25 43
* Serum from patient 39 contained HLA antibody and was false negative by LCT

Because of the high sensitivity and specificity, flow cytometry technique was
considered to be a reference assay in HLA antibody screening. Sensitivity and specificity of LCT
and SPRCA techniques were analyzed to assess the ability in HLA detection.

When LCT was compared with the flow cytometry technique, there were 18 positive
sera using LCT and the flow cytomiry technique. Twenty-four sera showed negative reactions when
tested using both of assays. None of the samples showed a negative flow eytometry and positive
LCT result. Only one serum (patient 39) showed a positive flow cytometry and a negative LCT
result. The sensitivity and specificity of LCT were 94.73 % and 100 %, respectively (table 13).
These showed that LCT was of a lower sensitivity than the flow cytometry technique in HLA
antibody detection.

The sensitivity and specificity of SPRCA was assessed when compared with flow
cytometry technique. There were 16 sera showed positive both SPRCA and flow cytometry assay
and 23 sera showed negative results in both of techniques. Only one serum was negative by flow
cytometry assay and positive by SPRCA (patient 26). There were three sera (patient 23, 37 and 39)
which showed positive results using the flow cytometry technique but negative using SPRCA. The

sensifivity and specificity of SPRCA was 84.21 % and 95.83 %, respectively (table(4).
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Table 13. Sensitivity and specificity analyses of LCT when the flow cytometry technique was

used as a reference technique. The sensitivity and specificity of LCT was 94.73% and 100%,

respectively,
Flow cytometry
Positive Negative Total
Positive 18 0 18
LCT Negative 1 24 25
Total 19 24 43

Table 14. Sensitivity and specificity analyses of SPRCA when the flow cytometry technique

was used as a reference technique, The sensitivity and specificity of SPRCA was 84.21 % and

95.83 %, respectively

Flow cytometry
Positive Negative Total
Positive 16 1 17
SPRCA Negative 3 23 26
Total .19 24 43
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2.2 Screening for HPA antibodies

In case of screening for only HPA antibodies, all of data from table 7 were

analysed to calculate sensitivity and specificity of SPRCA when flow cytometry technique was

taken as a reference method, Flow cytometry techniques showed that 4 patients had reactive HPA

antibody. Flow cytometry technique and SPRCA gave the reactive HPA antibodies in 2 patients.

Thirty-nine sera were negative both techniques, Two sera showed negative by SPRCA but positive

by flow cyometry technique. None of serum was positive by SPRCA and negative by flow

cytometry (table 9). The sensitivity and specificity of SPRCA were calculated and the results

were 50 % and 100 %, respectively (table 15).

Table 15, Sensitivity and specificity analyses of SPRCA when the flow cytometry technique

was used as a reference technique. The sensitivity and specificity of SPRCA were calculated

and the results were 50 % and 100 %, respectively.

Flow cytometry
Positive Negative Total
Positive 2 0 2
SPRCA Negative 2 39 41
Total 4 39 43

3. Comparison of results of platelet-reactive antibody screening test

3.1 Statistic analyses of the tests

The concordance of LCT, SPRCA and flow cytometry was analyzed statistically

using data from 10 healthy donors and 43 patients (table 6 and 7). Correlation and strength of
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concordance between each techniques was calculated with the SPSS wversion 16.0 software
program, For every combination of two techniques, a 2 x 2 table was generated and chi square test
(xz) was analyzed for independence. For the strength of concordance, a Kappa coefficient (K) was
determined, The results of LCT and the tlow cytometry technique were significantly correlated
(p<0.001, K = 0.805) (table 16-A), and the results of SPRCA and flow cytometry were also
correlated significantly (p<0.001, K = 0.761) (lable 16-B). Similar to the other combinations of
two techniques, LCT and SPRCA were also significantly correlated (p<0.001, K = 0.754 ) (table
16-C).

An agreement between each pairing of methods was also compared by
calculation. The agreement result between LCT and flow cytometry was 90.56%, SPRCA and
flow cytometry was 88.68%, LCT and SPRCA was 90.56%. Disagreement in results between LCT
and flow cytometry was 9.44%, SPRCA and flow cytometry was 11.32%, LCT and SPRCA was
9.44% (table 16 and 17).

Table 16. Comparison of resulfs of the platelet-reactive antibody sereening test: LCT versus

flow cytometry (A), SPRCA versus flow cytometry (B), and LCT versus SPRCA (C)

Flow cytometry
Positive Negative Total
Positive 18 0 18
LCT Negative 5 30 35
Tatal 23 30 53
X =34.822; p<0.001 K =0.805

Table 16-A, LCT versus flow cytometry
Correlation of the flow cytometry technique and LCT was analyzed, the results of the flow
cytomeiry technique were correlated significantly with results of LCT (X2 =34.822; p<0.001) with

a good strength of agreement (K = 0.803).
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Flow cytometry
Positive Negative Total
Positive 18 | 19
SPRCA | Negative 5 29 34
Total 23 30 53
Y =34.822; p<0.001 K =0.761

Table 16-B. SPRCA versus flow cytometry

Correlation of flow cytometry and SPRCA was analyzed, the results of the SPRCA technique
were correlated significantly with the results of flow cytometry (X2 =34.822; p<0.001) and a good

strength of agreement K = 0.761).

SPRCA
Positive Negative Total
Positive 16 9 18
LCT | Negative 3 32 15
Total 19 14 53
¥*=30.121; p<0.001 K =0.754

Tablel6-C. LCT versus SPRCA

Conrelation of SPRCA and LCT was analyzed, the results of the SPRCA technique were
correlated significantly with the results of LCT (’){,2 =30.121; p<0.001) and a good strength of
agreement (K = 0,754),
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Tablel7. Agreement and disagreement of results tested by three methods

Methods | LCT vs flow cytometry SPRCA vs flow cytometry LCT vs SPRCA
Agreemen
Agreement 90.56% 88.68% 90.56%
(48/53) (47/53) (48/53)
Disagreement 9.44% 11.32% 9.44%
(5/53) (6/53) (5/53)

Agreement = positive or negative results with both tests matched (positive-positive or negative-
negative)
Disagreement = results obtained with the two tests were opposite (positive-negative or negative-

positive)

4. Comparison of cost and time consumption in LCT, SPRCA and flow cytometry

The procedural steps, cost and time used for each techniques were summarized in
tablel8. Time consumption of LCT and SPRCA were 8 and 6 hours, respectively, The flow
cytometry technique needed a shorter amount of time to perform only for 4 hours. The cost of
LCT and SPRCA was 746 and 735 Baht respectively, and the cost of the flow cytometry technique
was 1,661 Baht. Total cost and time consumption of LCT, SPRCA and flow cytometry were

summarized in tablel9.
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Tablel8. Calculated cost, labor and time used for performing these tests; LCT, SPRCA and

flow cytometry on one patient’s serum tested against six screening cells,

Calculated cost, labor and time used for performing LCT

Procedure steps

Cost

Time consumption

1. Blood collection

51.00 Baht

30 minutes

2. Lymphocyte

411.00 Baht

85 minutes

separation

3. Incubation of cell- 169,00 Baht 90 minutes
serum in Terasaki tray

4.Stopping and reading 35.00 Baht 4 hour 25 minutes
the reactions

5, Power expense and 80.00 Baht -

labor expense

Total 746.00 Baht 8 hours

Calculated cost, labor and time used for performing SPRCA

Procedure steps Cost Time consumption
L. Microtiter plate coating 260.50 Baht 2 hours 20 minutes
2. Blood collection 51.00 Baht 30 minutes
3. Platelet preparation 223.00 Baht 110 minutes
3. Incubation of cell-serum 60.50 Baht 65 minutes
4.Stopping and reading the 10,00 Baht [5 minutes
reactions
5. Power expense and 130.00 Baht -
labor expense
Total 735,00 Baht 6 hours
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Calculated cost, Iabor and time used for performing flow cytometry technique

and serum

Procedure steps Cost Time consumption
1. Bloed collection 51.00 Baht 30 minutes
2, Platelet preparation 158.00 Baht 90 minutes
3. incubation of platelets 285.00 Baht 80 minutes

4. Flow cytomeiry analysis

1,035.00 Baht

40 minutes

5. Power expense and

labor expense

132.00 Baht

Total

1,661.00 Baht

4 hours

Table 19, Summary of total cost and time consumption between LCT, SPRCA and flow

cytometry
Tecniques Total cost Time
(Baht) (hour)
LCT - 746 8.0
SPRCA 735 6.0
Flow cytometry 1,661 4.0
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CHAPTER 4

DISCUSSION

This study was to determine the presence of platelet-reactive auto and
alloantibodies in patients’ sera comparing between three techniques which were LCT, SPRCA and
flow oytometry assay. The data showed that LCT, SPRCA and flow cytometry demonstrated a
similar in testing results with very few in differences. The study in healthy control group who
wete blood donors and had never been transfused or pregnancy, platelet-reactive antibodies were
not observed in all three methods. In the patient study 19 out of 43 sera similarly were found non
reactive tested by all three methods. There were 24 out of 43 sera reactive against either HLA or
HPA antigens in alt three methods, The reactive antibody against HLA were found similarly in 16
out of 24 sera tested by all three methods and 4 out of 24 sera had discrepancy results. One of the
discrepancy serum was from the ITP patient (patient 39) and the primary result was HLA reactive
by only flow cytometr. According to the limited most sensitive MAIPA in our laboratory and in
Thailand the confirmation test of HLA reactive antibody was performed against HLA antigens on
mononuclear cells and it was found positive reaction. This test was designed according to other
studies reported the high expression of HLA molecules on mononuclear cells than the expression
on platelets (Liebert et al., 1997 and Kiefel et al., 2001). This confirmed study demonstrated that
the negative reactions by LCT and SPRCA were false negative, In patients no. 23 and 37 the
results were HLA antibody reactive tested by both flow cytomeiry and LCT but non reactive by
SPRCA. This was likely true positive as several previous studies had been showed low sensitivity
of SPRCA (Freedman et al., 1996 and Harrison et al., 2003). In patient no.26 the serum was
weakly reactive in two out of six target platelets using SPRCA method but were non reactive when
tested by both flow cytometry and LCT. This was likely false reactive because HLA expression on
platelet was not as strong as the expression on mononuclear cells (Liebert et al., 1997 and Kiefel et
al,, 2001) and SPRCA detects HLA reactive antibody on platelet while LCT detects HLA reactive
antibodies on mononuclear cells.  In our study when considered that flow cytometry was the
highest sensitive technique there were 19 out of 43 sera positive to HLA auto- and alloantibody.
According to this study when ITP subjects who had diseases associated with autoantibody were

not taken into account (13 subjects), HLA alloimmunisation was a major clinical problem {60%)
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in patients who had problem with platelet refractoriness. This information was consistent with
other studies which found HLA alloimmunisation around 30-70% (Kurz et al.; Kiefel et al. and
Sanz et al., 2001).

The reactive antibody against HPA tested by flow cytometry and SPCA were found
similar in 2 out of 43 sera and discrepancies were found in 2 out of 43 sera. One of the
discrepancy was in the patient no. 43 who was the mother of a neonatal thrombocytopenic baby
and the reactives were found in target platelets both untreated (contained HLA and HPA) and
chloroquine treated platelets (contained only HPA). The cause of thrombocytopenia was unknown
whether from HLA or HPA antibodies. The test was designed to differentiated between HLA and
HPA antibodies by absorption HPA antibody from the serum using cholroquine treated platelets.
Then the remain absorbed serum was re-analysed by flow cytometry techniique using both
untreated and cholroquine treated platelets and the analysis showed that there was not HLA and
HPA antibodies left in the absorbed serum. This information confirmed that the causative antibody
was the sole HPA antibody. In addition, seram from mother was crossmatched against father’s
platelets and the reaction was positive. This data confirmed that alloantibodies of mother against
father’s platelets. Another discrepancy serum was from ITP patient that the reactive was found
only in flow cytometry but negative by SPRCA. The confirmation test was not performed as
serum was unavailable but several studies suggested the HPA antibody was the autoantibody
found in ITP (Berchtold et al., 1993; He et al,, 1994 and Biglino et al., 1997). According to the
most sensitive MAIPA is not available in our laboratory therefore flow cytometry was considered
to be very sensitive approaching to MAIPA ((Allen et at, 1994; Kohler et al., 1996 and
International Forum, 2003). It was likely that patient no. 42, 43 were false negative by SPRCA.

In this study flow cytometry demonstrated highest sensitivity compare to LCT
and SPRCA. There was a patient who was positive by flow cytometry but false negative by LCT
(patient n0.39 who was ITP). The explanation could be that LCT detected cytofoxicity as a result
of the presence of complement-activating HLA antibodies bound on tymphocytes, whereas the
SPRCA and flow cytometry techniques detected platelet-reactive IgG antibodies bound on
platelets. Sera from HLA alloimmunised patients tested against a panel of either lymphocytes or
platelets from random donors do not always show the concordant results as seen in different

numbers of reactive antibodies against lymphocytes and platelets in each panel. There were 13
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patients that the reactive antibodies against number of lymphocytes and platelets in each panel
were different such as in patient no. 20,22,23, 25,27,28,30,31,33,34,35,37 and 38. This possibly
explained that antibodies to HLA class T antigens may not be able to activate complements, or
mixtures of HLA antibodies may contain portions that are able to bind to certain HLA molecules
without the capacity to activate complements. On the other hand, sera were found that react in the
LCT, but that did not contain antibodies binding to HLA class I antigens. This can be occurred in
patients who have antibodies reacting with structures on lymphocytes or other than HLA class I
antigens in their sera. Another reason for discrepancies between LCT results and immunoglobulin-
binding assays with platelets and lymphoeytes from the same donors may be the variable and
sometimes low expression of certain HLA class I antigens on platelets (Kiefel et al., 2001). Licbert
and Aster demonstrated that HLA-B12 is expressed on platelets at densities varying * 35 times
from lowest to highest density (Liebert and Aster, 1977).

HLA reactive antibodies were weak by LCT and the flow cytomeiry fechnigue,
while SPRCA showed negative reactions (patient 23 and 37). The possible cause was HLA class |
molecules on lymphocytes which were target cells for LCT were greater than on platelets which
were target cells for SPRCA. Patient 39 showed a positive result when using flow cytometry only
using untreated platelets and a negative one when using LCT and SPRCA. This was probably
caused by HLA antibodies in the serum had low activity for complement fixation resulting in the
LCT showing a negative reaction, In addition, the flow cytometry technique was capable for
detecting very small numbers of antibody molecules bound to HLA class I molecules on target
platelets. We confirmed the HLA antibodies using mononuclear cells as target cells and flow
cytometry analysis was done. Flow cytometry analysis showed a positive result with high average
fluorescence intensity, so this serum contained HLLA antibodies but LCT and SPRC were unable to
detect. False negative result of LCT in this case caused the lower sensitivity when compare to the
flow cytometry technique,

In two sera of patient 40 and 41, LCT demontrated negative reaction while
SPRCA and the flow cytometry technique gave positive reaction in both chloroquine-treated and
untreated platelets. Sera that were positive in both chloroquine-treated and untreated platelets
could be the result of antibodies direct against HPA alone or HPA plus HLA antibodies in

combination. Because of clinical presentation and patient history, two scra contained HPA
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antibodies. Patient 40 was confirmed by the HPA antibody identification test against platelet panel
cells using SPRCA as tested by the Thai National Blood Centre and the result showed anti-HPA-
la antibody. The positive reactions found by flow cytometry were probably caused by greater
sensitivity for platelet reactive antibodies in the flow cytometry technique.

Patient 42 and 43, showed negative reaction when tested by LCT and SPRCA
and showed a positive reaction only when using the flow cytometry technique in both chloroquine-
treated and untreated platelets. Again, this could be caused by antibodies directed against HPA.
The probable reason for the negative SPRCA findings was the antibodies targeting a labile
component of [IPA antigens such as HPA-3b (Harrison et al., 2003 and Kataoka et al., 2004) or
targeting small numbers of molecules on the platelet membrane such as HPA-5 (1,000-2,000 sites
per platelet) (MacFarland, 2003). Target cells for the flow cytometry technique were intact
platelets and fresh preparation may maintain these antigens whereas lysate platelets were used in
SPRCA which may be destroyed some of the HPA antigens (Harrison et al., 2003).

Patient 43, a mother who delivered a baby suspected NAIT, was studied to
investigate the antibodies either direct targeting HPA alone or HPA plus HLA antibody in
combination. The serum was absorbed with chloroquine-treated platelets. Then the absorbed
serum was tested with untreated platelets and chloroquine-treated platelets using the flow
cytometry technique. The results proved negative in both of the platelet panels, indicating the
antibodies in serum was targeting HPA alone (figure 10).  Several reports (Berchtold et al., 1993;
He et al., 1994 and Biglino et al., 1997) demonstrated that in ITP patients the possible abnormal
antibody was HPA antibody. Our study had scarce samples with HPA antibody therefore
subjects with platelet autoantibody were recruited.

The sensitivity and specificity of techniques used for platelet reactive antibody
detection were studied by investigators in Euro;?e, and there they found that the MAIPA was the
highest sensitive and specific (International Fo‘(um, 2003), MAIPA was taken as a reference
method in many reference laboratories, but it was more expensive, complicated in procedure
performed and time-consuming, Flow cytometry was considered as reference technique because
the sensitivity and specificity were approaching to MAIPA technique. This was also observed in
two British Workshops (Allen et at,, 1994). Kohler et al. (1996) found that flow cytometry

technique had nearly the same sensitivity and specificity as MAIPA and were 94,7 % and 96.3 %,
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respectively. In recent reports, the flow cytometry technique was taken as a reference method in
establishment of modification of SPRCA (Vongchan et al., 2008).

When comparing SPRCA and the flow cytometry technique with LCT for
screening only for HLA antibodies, the data showed that flow cytometry was more sensitive and
specific than the SPRCA techniques. Flow cytometry gave 100 % sensitivity and 100%
specificity, whereas SPRCA gave 88.89 % sensitivity and 96.00% specificity. Because of patient
39 whose serum was confirmed to contained HLA antibody, LCT gave a false negative result.
When the flow cytometry technique was a reference for HLA antibody screening, LCT showed
only 94.73% sensitivity and 100% specificity. The data showed that the flow cytometry technique
was more sensitive than LCT with no difference in specificity. This agrees with other authors’
reported that flow cytometry assay was more sensitive than LCT for detection of HLA antibodics
(Moses et al., 2000; Levin et al,, 2003 and Sato et al., 2005).

Sensitivity and specificity for platelet-specific antibody screening of SPRCA
were poor sensitivity (50%) with equivalent specificity (100%). This is possible from too low
number of samples and the calculated sensitivity may not accurate. Anti-HPA antibodies were
observed in only 4 patient samples, The statistical analysis of sensitivity of SPRCA for HPA
screening may not be precise, For the future studies, the number of samples with anti-HPA
antibodies should be large enough to provide an adequate power of conclusion.

SPRCA was less sensitive when compared with other techniques, several
researchers fried to improve them using some modified techniques. The technique to increase the
sensitivity of the SPRCA were studied by Fogg. Pretreatment of reagent platelets with enzymes
increased the reactivity of known antibodies and detected some HLA and HPA antibodies (Fogg,
2002). Moreover, Vongchan et al modified SPRCA to reduce labor expense and to increase cost
effectiveness. They performed SPRCA using a different form of anti-platelet antibody to
immobilized HLA or HPA to the microtiter plate. Another modified procedure was replacing
intact platelets with platelet Iysate. Throngh these modifications, the sensitivity was increasing to
98 % and specificity to 91 % when flow cytometry was a referent (Vongchan et al., 2008).

When analyzing all samples for both HLA and HPA antibody screening, LCT
and flow cytometry showed the techniques to be concordant (90.56% agreement, K = 0.805);
SPRCA and flow cytometry were in concordance (88.68 % agreement, K = 0.761); SPRCA and
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LCT were also in good agreement (90.56% agreement, K = 0.754, respectively). Comparison of
correlation using chi-square test showed significant correlation in all pair of techniques {p<0.001)
(table 16-A, -B, -C). These data suggested that LCT had better concordance results than SPRCA
when compared with the flow cytometiy technique. However, LCT detected only HLA antibodies
on lymphocytes but did not on platelets. These data were in consistent with other studies {(Worfork
¢t al,, 1991 and Levin et al., 2003).

Comparison of the cost and time necessary for the three difference techniques
showed that LCT and SPRCA were similar in cost and time-consumption, but SPRCA was more
complicated than LCT. Flow cytometry technique was the highest cost but lowest time-
consuming. Each SPRCA and the flow cytometry technigues could detect both HLA antibodies
and HPA antibodies whercas LCT detected only HLA antibodies. Because of the simultaneous
incubation of the serum with chloroquine-treated and untreated platelets, antibodies of HLA and
HPA could be detected in the same experiment Moreover, platelet screening cells for SPRCA
could be frozen until use, but lymphocytes preparations need to be from fresh blood. Similar to the
target cells of LCT which requires fresh lymphocytes, the flow cytometry technique needed intact
platelets as the target cells. The advantages and disadvantages of LCT, SPRCA and the flow
cytometry techniques were summarized in table 20,

There were two patients whom provisional diagnoses were NAIT and idiopathic
thrombocytopenia that SPRCA could not detect HPA antibodies while sera were reactive with
flow cytometry. This is crucial that SPRCA was not sensitive enough to diagnose NAIT of which
the risk of a fetus/mewborn is too high. According to our study SPRCA should not be used for
NAIT testing. SPRCA may have a role in some places where flow cytometry test is not available.
SPRCA may be used for platelet crossmatching as it does not need expensive instrument. In our
study we found that LCT test and SPRCA had lower sensitivity compare to flow cytometry. These
detections did not have crucial effect for platelet crossmatching but these may have some effects
on HLA antibody screening and crossmatching in potential organ transplant recipients which LCT

is commonly used in Thailand.
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Table 20. Summary of the advantages and disadvantages of LCT, SPRCA and flow

cytometry techniques when considered to apply as routine Iaboratory tests

Advantages

Disadvantages

LCT

SPRCA

Flow

cytometry

- LCT

SPRCA

Flow cytometry

1. Capable of

1. Capable of

1. Capable of

1. Unable to

l. Limitations

[. Capable of

detecting only detecting HLA | detecting HLA | detect HPA in detecting detecting very
HLA class | and HPA and HPA antibodies HPA antibodies | small numbers of
antibody antibodies in antibodies in targeting labile | antibody
the same the same HPA antigens molecules (non
experiment experiment specific antibody)
including bound to platelets
antibodies that may cause
targeting labile high background
HPA signals
2.Target cells 2. Target cells 2. Target cells 2. Target 2. Target cells 2. Required only
were for antibody were from fresh | cells were were platelet intact platelet as a
lymphocytes screening could | preparations, all | lymphocytes | lysates that may | target cells
which bear be frozen until | of'the HPA with no HPA | destroy labile
large numbers used anfigens weie anligens HPA antigens
of HLA class [ still on platelets
molecules
3. Small 3. Simple to 3. Small 3. special 3. Large 3. Platelet target
volume ofsera | drop the sera volume ofsera | skills to volumes of'sera | cells must be
were required into the were required apply small were required blocked with fetal
microplate sera volumes calf serum before

were

required

use
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Table 20. Summary of the advantages and disadvantages of LCT, SPRCA and flow

cytometry techniques when considered to apply as routine laboratory tests (continue)

Advantages Disadvantages
LCT SPRCA Flow LCT SPRCA Flow
cyfometry cytonmetry

4. Inexpensive | 4. Inexpensive | 4. Reading of 4. Not easy to 4. Not easy to 4. Flow

reagents and reagents and the reaction was | apply to routine | apply to routine cytometer was

instruments instruments simple and use and reading | use and reading | required

were required were required objective of the reaction of the reaction
was subjective | was subjective

5. Lower cost 5. Lower cost 5. Speedy 5.Time- 5. Time- 5. More
consuming consuming expensive

6. High 6. Stightly high | 6. High 6. Limitation to | 6. Limitation to | 6. Limitation to

sensitivity and
specificity for
HLA antibody

detection

sensitivity and
specificity for

HLA and HPA
antibody

detection

sensitivity and
specificity for

HLA and HPA
antibody

detection

differentiating
HPA antibodies
when present
together with

HLA antibodies

differentiating
HPA antibodies
when present
together with

HLA antibodies

differentiating
HPA antibodies
when present
together with

HLA antibodies
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CHAPTER 5
CONCLUSION

Flow cytometry had been shown to be the highest sensitivity and specificity
technique compare to LCT and SPRCA for platelet reactive antibodies both HLA and HPA
antibodies detection. ~Although it has higher expensive cost from FITC-labeled monoclonal
antibody against human IgG and instrument than those used in LCT and SPRCA techniques. Flow
cytometer was used to measure the fluorescence intensities of the tests this was more objective
than microscopic evaluation, However, there were significantly correlated between these three
techniques and good strength of agreement in overall, most of positive and negative results were
concordance. It was the highly sensitive, very specific, rapid, requiring a small amount of serum,
easy to perform at low cost and simple to interpret, In summary, consistent with previous reports,
the flow cytometry technique was considered fo establish the proper methods suitable for routine
investigations of alloimmune causes of platelet transfusion refractoriness and including NAIT and

PTP.
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