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ABSTRACT

HLA Class I antigens are present on platelets but the
extent to which these antigens are intrinsic or adsorbed
remains undefined. It has been suggested that HLA antigens
are passively adsorbed from plasma and can be readily eluted
using relatively mild treatments such as low pH or hypertonic
salt solutions. To date, detailed biochemical analysis of
platelet HLA antigens has failed to prove conclusively, the
nature of their association with the mnlatelet surface. Recent
evidence that platelets possess specific mRNA sequences
encoding integral membrane proteins such as GPIIla argues in
favour of the possibility that these antigens may also be
integral in nature.

In order to determine whether HLA-A,B antigens on
platelets are integral membrane constituents or simply
represent adsorbed plasma proteins, the degree to which they
are adsorbed, and the relative ease with which they elute off
platelet membranes was studied using various treatments known
to elute passively adsorbed membrane proteins. In addition,
this question was investigated at the RNA 1level using
phytchemagglutinin stimulation to determine whether platelets
have the capacity to respond with de-novo synthesis of HLA
antigens and by enzymatic amplification of platelet deraved
mRNA to attempt to demonstrate the presence of nascent message

encoding for these antigens.
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It was shown that HLA antigen present on platelet
membranes did not elute when platelets were incubated in
autologous plasma or in plasma from homologous, antigen
negative donors. When HLA-A2 negative platelets were
incubated in HLA-A2 positive plasma a small amount of HLA-A2
antigen was detectable indicating that platelets possess the
ability, to a limited extent, to adsorb HLA antigen from the
plasma, in vitro.

The ease with which these antigens could be eluted was
assessed using hypertonic acid chlorogquine (200 mg/ml, pH 5.0
for 1 hr. at 37°C), 3M KCl, 1M Urea and low pH (citric acid-
Na,HPO, buffer, pH 3.0). HLA antigen reactivity was
considerably reduced after each treatment however, a residual
level of HLA reactivity could be detected in all cases. Under
the same conditions, the detectable level of pril antigen,
which is Xnown to be associated with the integral GPIIIa
molecules on platelet membranes, remained unchanged.

The results of these studies indicate that the majority
of HLA antigen present on platelet membranes can be
selectively eluted without a concominant 1loss o©of Kknown
integral membrane proteins such as GPIIIa. These findings
argue in favor of the existent hypothesis that HLA antigens
are adsorbed platelet membrane proteins.

The results of the PHA stimulation and Polymerase Chain
Reaction studies failed to indicate the presence of active

mRNA sequences encoding HLA antigen within the platelet. The
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possibility that this message is present but below the level
of detection, even after amplification, or that a response was
not seen with PHA because platelets lack specific membrane
receptors for PHA, cannot be ruled out. The evidence
presented does however support the conclusion that the
majority of HLA antigen that resides on the platelet membrane
can be easily eluted and that there is little or no de-novo
synthesis and subsequent expression of these antigens carried
ovt by the mature circulating platelet.

The residual HLA reactivity that remains after subjecting
platelets to various elution treatments regquires further study
to determine if this subset of HLA antigens is in fact
integral in nature. The possibility that these remaining
antigens are characteristic of young platelets in the
circulation that have recently been generated from
megakaryocytes, which are known to possess nascent message for
Class I HLA antigen synthesis and expression, is a newly

formulated hypothesis which remains to be explored.
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INTRODUCTION

1.1 General Introduction

Human blood platelets are cytoplasmic fragments of
megakaryocytes (Brown et al. 1979; Kunicki 1988a; Levene et
al. 1985) which range in size from less than 5u3 to greater
than 12p® and have an average life span in the peripheral
circulation of 7 to 10 days. (Evatt and Stein 1988).

In-vivo, the resting platelet (ie. not activated) is a
disc shaped cell with a porous membrane resembling a sponge.
The invaginations of the surface membrane extend deep into the
platelet cytoplasm and provide canals through which components
within the granules of the platelet are released during
activation. The platelet is covered by a plasma protein coat
that potentiates the platelets' membrane adhesion function.
When vascular endothelium is damaged, platelets adhere to
exposed surfaces and release their granular constituents;
thromboxane A,, adencsine diphosphate (ADP), serotonin and
epinephrine into the surrounding plasma. These mediators
promote a number of important responses which serve to
initiate blocod coagulation and thus fulfill the platelets!
biological function.

The need for platelets in the treatment of profoundly
thrombocytopenic patients has increased significantly over the
past 10 years. The Canadian Red Cross Society reports that
production of platelet concentrate has been increasing at a

rate of 10-12% each year in response to the increased demand
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(The Canadian Red Cross Society Blood Services Statistical
Report 1987/88). Many patients who receive repeated platelet
transfusions develop an immunological refractory state due to
the development of antibodies directed towards alloantigens
present on platelet membranes. Platelet membranes bear
several types of antigenic molecules including: HLA Class I
gene products, ABO blood group antigens and a number of
platelet specific antigens, all of which are capable of
inducing an immune response during pregnancy, blood
transfusion or transplantation (Decary 1982). Of these
antigen systems, the HLA Class I antigens are by far the most
significant in terms of their relative contribution to the
overall refractory state in multi-transfused patients (Yankee
et al. 1971; Duquesnoy 1979).

The Class I molecules present on the surface of platelet
membranes are structurally and antigenically identical to
those present on lymphocytes and other nucleated cells
(Gockerman and Jacob 1979), however, there exists considerable
controversy in current literature as to the nature of their
expression. It has been reported by a number of investigators
that HLA antigens can be passively adsorbed onto platelets
from the surrounding plasma, thus suggesting that the
majority, if not all, platelet HLA antigens are plasma derived
(Blumberg et al. 1982, 1984; Lalezari and Driscoll 1982; Kao
1987). Conversely, there have been reports which conclude
that HLA antigens on platelets are not readily adsorbed or

eluted in vitro (Dunstan and Simpson 1985a; Warejcka et al.
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1985; Santoso et al. 1986) and still others have convincingly
demonstrated that the amount of HLA antigens adsorbed onto
platelets after 18 hours of circulation in-vivo is
insufficient to alter the specificity of the platelets
(Santoso et al. 1986). Thus there exist two seemingly
contradictory concepts with regard to the nature of expression
of HLA Class I antigens on platelets. It is noteworthy to add
that this same phenomenon has been observed for ABO antigens
which are alsoc detectable on platelet surfaces. Considerable
work has focused on determining the integral or adsorbed
status of these red cell antigens and the majority of evidence
presented in the literature to date supports the view that
only adsorbed ABO antigens are present on platelet surfaces
(Lewis et al. 1960; Kelton et al. 1982; Dunstan et al.
1985a,b,c and Skogen et al. 1988).

Considering the important clinical role the HLA Class I
antigens play in platelet transfusion therapy, such
conflicting evidence merits further study. 1In order for the
reader to understand the focus of this thesis and in turn, the
experiments done, I will begin by presenting some background
information on a number of relevant topics including; the
criteria for classifying membrane proteins as integral or
adsorbed, a brief historical review of the platelet antigens
discovered to date, platelet membrane glycoproteins, the
integral GPIIb-IIIa complex on platelet membranes and its

association with the prM antigen and finally, a review of HLA

Class I antigens and their immunochemistry.
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1.2 Definition of Integral and Adsorbed Membrane Proteins
The criteria originally set forth by Singer and Nicolson
{(1972) to distinguish between an integral (native) versus an
adsorbed (peripheral} membrane protein are generally
considered to hold true today. The properties described below
are those used to define integral and adsorbed proteins and

are presented here as a basis for the experimental strategy

employed in this research.

1.2.1 Properties of Integral Membrane Proteins

Integral proteins are by far the most abundant type of
cellular membrane proteins and are characterized by the
following properties:

i) They are either completely or partially embedded
in the lipid matrix of the cell membrane due to the
existence of hydrophobic amino acid secuences.

ii) They require relatively extreme treatments with
reagents such as; detergents, bile acids, protein
denaturants or organic solvents to dissociate them

from the cell. Such treatments normally destroy
the integrity of the cell membrane by dissolving
or solubilizing it.
iii) Once extracted from the cell they usually
remain associated with the lipid fraction
of the membrane and;
iv) They are usually highly insoluble and often

aggregated in neutral agqueous buffers.
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1.2.2 Properties of Adsorbed Membrane Proteins
Adsorbed proteins may be characterized by the following
properties:

i) They are loosely associated with the cell membrane
by weak, non-covalent, perhaps mainly
electrostatic interactions, and do not possess
structures which are embedded in the lipid bilayer
of the membrane.

ii) They require only mild treatments such as; changes
in pH, increases in ionic strength of the medium,
or the addition of a chelating agent, in order to
dissociate them, molecularly intact, from the cell
membrane. The integrity of the cell membrane is
normally not affected by such treatments.
iii) They dissociate from the membrane free of lipids
and;
iv) In their dissociated state they are relatively

soluble in neutral agueous buffers.
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1.3 Historical Review of Platelet Membrane Antigens

The study of human platelet membrane antigens can be
traced back to its beginning over 50 years ago when a group
of German investigators (Schiafer and Gennerich 1939), first
reported the presence of A,B blocod group antigens on the
surface of platelets. Despite this early report, the dawn of
platelet research was not seen until the early 1950's when
Harrington published the results of his classical experiments
which proved that the etiological agent in idiopathic and
neonatal alloimmune thrombocytopenic purpura (NATP) was a
platelet agglutinin (Harrington et al. 1953).

These early studies evoked a good deal of interest in
the field of platelet immuncbioclogy and by the early 1960's,
knowledge in the field had progressed considerably and
numerous methodologies for detecting platelet agglutinins,
thrombolysins, thromboprecipitins, thromboinhibitors and
thromboallergins had been reported (Majsky 1969). A major
focus in platelet research during this period was on the
presence of blood group antigens and their significance
(Ashurst et al. 1956; Coombs and Bedford 1955; Dausset and
Malinvaud 1954; Dausset and Evelin 1958; Gurevitch and Nelken
1954; Jankovic and Arsenijevic 1959; Lewis et al. 1960;
Moureau and André 1954; Ruffie et al 1959; Stefanini et al
1953).

The commonly accepted view among these investigators was
that the blood group antigens were associated with the

platelet as a fixed part of the platelet membrane. This
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belief was first challenged by Lewis et al. (1960) who showed
that bound A,B substance could be detected by the
agglutination and mixed agglutination test on the surface of
Group O platelets after incubation in saliva from a Group A,B
individual. This bound A,B substance reportedly remained
firmly fixed even after washing platelets twelve times in
saline. A subsequent report by Majsky showed that repeated
incubation of O platelets with fresh A or B plasma did not
lead to binding of A,B substances on platelets and that the
serological activity of A or B platelets did not change after
repeated washings (Majsky 1962). The conclusion Crawn from
these conflicting reports was that blood group antigens on
platelets were present in smaller quantities or in weaker
forms than those of red cells and the question of their
presence, as well as the nature of their expression, must
await the introduction of more reliable and sensitive methods
'of detection (Majsky 1962).

More recent work has established the clinical significance
of platelet antigens in patients receiving multiple platelet
transfusions (Brand et al. 1986). In addition to ABO
antigens, a number of other red cell antigens have been
reported to be present on platelets and adsorbed in nature
including; Ii (Dunstan et al. 1984), P (Dunstan et al. 1985d)
and Le® (Dunstan et al. 1985e). The Rh antigen is reported to
be absent from the platelet membrane, as have the antigens
associated with the Duffy, Kell, Kidd and Lutheran blood group

systems (Dunstan et al. 1983). The status of MNSs antigen
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expression remains controversial at this time with earlier
reports indicating the presence of these antigens (Moulinier
1958; Ducos et al. 1959; Majesky 1969; Urinson 1961) and more
recently, a report presenting evidence to the contrary
(Simpson et al. 1987).

The presence of a common leucocyte and platelet antigen
was first reported by Dausset (1959), who named the antigen
Mac. This finding was later confirmed by other investigators
(van Rood and Eernisse 1959; van der Wiel et al. 1961; Wilson
1363). During the 1960's, additional leucoplatelet antigens
were discovered by different investigators who arranged them
in systems with their own nomenclature. These leucoplatelet
antigens were later proven to be HLA Class I antigens in
experiments which demonstrated that volunteers injected with
leucocytes of homologous donors became alloimmunized with
antibodies reactive against both the lymphocytes and the
platelets of the donors. (Wilson et 2l. 1968).

This same period saw considerable work done to define
platelet specific antigen systems. The first platelet
specific antigen was reported by Moulinier (1958) by means of
an alloantibody detected in the serum of a woman (Duz) whose
three previous infants had died of neonatal alloimmune
thrombocytopenia (NATP). This antigen was named Duzo® and the
corresponding antibody was named anti-Duzo. In 1959, a second

platelet specific antigen named 2Zw® was detected using the

platelet agglutination test (van Loghem et al. 1959). This
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same antigen was later detected using the complement fixation
test by an independent group of investigators who named it

PLAI

(Shulman et al. 1961). The corresponding allele in the
pLA system (PLA2 or ZWb) was reported four years later by van
der Weerdt et al. (1963).

Six other platelet specific antigen systems have been
serologically defined since the early 1960's, including: Ko,
PLF, Bak (Lek), Pen (Yuk), Br and PL. Table 1 is a summary

of these platelet specific antigen systems and the phenotypic

frequencies of their corresponding alleles.



SUMMARY OF PLATELEY SPECIFIC ANTIGEN SYSTEMS®

io0

TABLE 1

PHENOTYPIC GLYCOPROTEIN
SYSTEM ALLELE"™ FREQUENCY (%) REFEREH_C_E(YEAR) ASSOCTATION
Duzo duzo® 22.0 Noulinier (1958} ?
2w it 7.6 van Loghem {1959) 111la
ety LAYy $3.5 shulman (1961)
Zub(P1“2) 26.2 van der Weerdt (1963}
Ko Ko 6.3 van der Weerdt (1962) ?
Kob 99.4 van der Weerdt (1965)
pLE p ! 99.9 Shulman (1964) 1b alpha
p B2 5.0 Shulman (1964)
Bak Bak®cLek®y 85.0 von dem Barne (1980) I1b atpha
(Lek) BakPeLek?) 63.0 Kickler (1988)
Pen Pen®(vuk?) 9.9 Friedman (1985) Ila
CYuk) PenP(ruk®) 1.7 Shibata (1986)
Br Brg 98.9 Kiefel (1987 la andfor !la
Br 81.1 Kiefer (1987)
pLt pLt Beardsley (1987) v

* A new nomenclature of Platelet Specific Antigens has recently been proposed by the
ICSH/ISBT Working Party on Platelet Serology ¢von dem Borne and Decary 1990).

* * Alleles denoted in brackets represent alternate nomenclature for the same system.
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1.4 Platelet Membrane Glvcoproteins and Their Association with

Platelet Specific Antigens

The majority of clinically relevant, platelet specific

antigens that have been identified to date are associated with
and expressed on membrane glycoproteins (GP), (Table 1).
Consequently, the understanding of platelet membrane antigens
has evolved along with developments in the area of platelet
glycoprotein biochemistry. In addition, platelet glycoproteins
serve as important receptor sites for proteins which mediate
such important bioclogical functions as platelet adhesion and

aggregation.

1.4.1 Platelet Membrane Glvcoproteins

In recent years, significant progress has been made in
the identification and characterization of platelet membrane
glycoproteins. Human platelets possess more than forty
identifiable membrane proteins (Newman et al. 1588) although
only nine major glycoproteins have been well described in the
literature. (George et al. 1984; Solum 1985; Phillips and
Fitzgerald 1937). At Jeast six of the more prominent
glycoproteins exhibit intrachain disulfide bonds in their
native state (Table 2). Three of these, GPIb, GPIc and GPIIDb,
are composed of large subunits, or alpha chains, that are
linked to smaller subunits called beta chains, through
disulfide bonds. The alpha and beta chains dissociate upon
reduction. The remaining three glycoproteins, GPIa, GPIIa and

GPIIIa, consist of single polypeptide chains with several
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intrachain disulfide bonds. The apparent molecular weight of
these glycoproteins appears to increase slightly after
reduction, an effect of the unfolding of the molecule during
reduction, which causes it to migrate slower. The apparent
molecular weights of the three additional glycoproteins, GPIIIb
(also known as GPIV), GPV and GPIX, do not change upon
reduction. The major platelet membrane glycoproteins and their
subunits are listed in Table 2.

Several of these glycoproteins exist in the form of
complexes which are important to the biological function of
the platelet (Table 3). GPIIb and IlIa exist in a calcium
dependent heterodimer complex (Kunicki et al. 1981). The
integrity of the complex is primarily important for the
fibrinogen receptor activity of GPIIb-IITa which mediates
platelet cohesion, and to a lesser extent for the binding of
fibronectin and von Willebrand Factor (VWF). Other platelet
glycoproteins are reported to exist as noncovalently associated
functional complexes, namely; GPIa-IIa, GPIb-IX and GPIc-IIa
(Kunicki et al. 1988a; Nieuwenhuis et al. 1985; Santoso 1986).

A summary of these glycoprotein complexes and their

associated functional receptors is given in Table 3.
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TABLE 2

MAJOR PLATELET MEMBRANE GLYCOPROTEINS

PLATELET MOLECULAR WEIGHT

GLYCOPROTEIN INTACT MOLECULE SUBUNTT(LARGE/SMALL)
ta 1557170
1b 170 163722
Ic 150 134727
1la 1307145
1ib 140 125725
Illa 105/115
11lb (IV) 05/95
v 80780
IX 20720

* non reduced/reduced molecular weights
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TABLE 3

PLATELET GLYCOPROTEIM COMPLEXES AMD THEIR FUMCTIONAL RECEPTORS

COMPLEX RECEPTOR BIOLOGICAL FUNCTION
la-11 Collagen adhesion
Ib-1X WF‘ aggregation & adhesion
Thrombin coagulation
Ic-1la Fibronectin adchesion
tb~11la Fibrinogen coagulation
Fibronectin coagulation
viF aggregation & adhesion

von Willebrand Factor
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1.4.2 The Glvcoprotein ITb-IITa Complex

The integral nature of GPIIb-IIIa molecules, the
presence of the pr*? epitope on these complexes and the
availability of high titre alloimmune sources of anti-PLM with
which to detect this antigen, is discussed here as it brovides
a model with which to study and compare the effect of various
treatments of platelet membranes on the expression HLA Class
I antigens.

The GPIIb-IIIa complex is the most abundant glycoprotein
on the platelet surface. The average platelet has between
40,000 - 60,000 GPIIb-IIIa complexes (Pidard et al. 1383) which
represents approximately 1% — 2% of the total platelet protein
(Jennings and Phillips 1982). The majority of the GPIIb-IIIa
complexes are randomly distributed on the surface of the
platelet membrane while the remaining complexes (about 30% of
total) are distributed between the membranes of the canalicular
system. A detectable increase in the amount of GPIIb-IIIa is
observed on the surface of the activated platelets, presumably
because these "cryptic" complexes become accessible through
an as yet unknown mechanism. (Hourdille et al. 1985; Woods et
al. 1986).

GPIIb-IIIa is a heterodimeric complex composed of: one
GPIIb molecule (mol. wt. = 140,000) and one GPIIIa molecule
(mol. wt. = 105,000) associated in a calcium dependent
conformation. The larger GPIIb molecule consists of 2 separate

polypeptide units; an alpha subunit (mol. wt. = 125,000) and
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a smaller 8 subunit (mol. wt. = 25,000) (Table 2) linked by one
or more disulfide bonds to one GPIIIa molecule which exists as
a single polypeptide chain (Phillips and Fitzgerald 1987). The
functional role of this complex is evidenced by the fact that
when platelets are suspended in ca?* chelating buffers,
dissociation of the GPIIb-IIIa complex into monomeric subunits
occurs resulting in a loss of tho aggregation response of

platelets (Jennings and Phillips 1982).

1.4.2.1 Evidence That The GPIIb-IIIa Complex Exists As An
Inteqral Platelet Membrane Protein

It has generally been accepted that the membrane
glycoproteins of platelets represent true integral membrane
proteins possessing hydrophobic aminc acid sequences at their
carboxy-terminal ends which correspond to their transmembrane
binding regions (Lopez et al. 1988; Phillips et al. 1988).
Several pieces of evidence exist that support the integral
nature of the GPIIb-IIIa complex.

It has been reported by independent investigators that
GPIIb-IITa can be detected on immature megakaryocytes very
early in their development process (Vinci et al. 1982; Koike
et al. 1987) and that the assembly of the GPIIb-IIIa complex
precedes its insertion into the platelet membrane (Rosa et al.
1986). From the results of monoclonal antibody (Mab) studies
(Pidard et al. 1983), rotary shadowing EM studies (Carrell et
al. 1985) and c¢DNA deduced protein sequences (Bray et al. 1988;

Rosa et al. 1988), it is now possible to speculate about the
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organization of the GPIIb-IIIa complex within the platelet
membrane. It is presumed that GPIIb-IIIa is inserted into the
lipid bilayer at two locations corresponding to the ends of the
filamentous domains of GPIIbBR and GPIIXa (Figure 1).

Recently, Newman et al. (1988), convincingly demonstrated
the integral nature of the GPIIIa protein using the polymerase
chain reaction (PCR) to enzymatically amplify platelet derived
mRNA encoding the GPIIIa molecule. Studies such as this one
provide the investigator with new and novel approaches to
understanding other antigenic structures on the platelet
surface and the role they play in eliciting an alloimmune

response.
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FIGURE 1. MODEL OF THE GPIIb-IIIa COMPLEX INSERTED INTO
THE LIPID BILAYER. GPIIb-IIIa is a heterodimeric complex
composed of one 140,000 dalton GPIIb molecule and one 105,000
dalton GPIIIa molecule. The larger GPIIb molecule consists
of 2 separate polypeptide units; an alpha subunit (125,000
daltons) and a smaller beta subunit (25,000 daltons). Each
GPIIb molecule is linked by disulfide bonding to a single
GPIIXIa molecule. It is presumed that the GPIIb-IIIa complex
is inserted into the lipid bilayer of the platelet membrane
at two locations corresponding to separate hydrophobic aa
sequences at the C-terminal ends of both GPIIbS and GPIIIa.

(Illustration taken from Phillips et al. 1988. Model is based on
structural information obtained from primary amino acid sequencing of

GPIIb-Illa proteins)






19

1.4.3. Association of The prLP Antigen With Glvcoprotein
ITTa

It has been established for some time that the PLM and
other platelet specific antigens (Table 1) are associated with
the membrane glycoproteins of platelets. The PLM antigen is
associated with the GPIIb-IIIa complex (McMillan et al. 1982;
Kunicki 1988a) and its precise location on this complex has
just recently been reported (Newman et al. 1989).

It has been reported that roughly 45,000 + 5,000
molecules of anti-prLi? bind to platelets of persons
homozygous for the PLA antigen (PL*, pLP), while
approximately half that binds to persons who are heterozygous
(PLﬁll Plﬁz), (Jansen et al. 1986). Since there are
reportedly, about 40,000-50,000 GPIIb-IIIa complexes per

platelet one can conclude that there is likely one PpLM

epitope per GPIIb-IIla molecule in the homozygous individual

(Pidard et al. 1983).

The fact that anti-pL! antibodies can inhibit
aggregation suggest that PL® antigen exists in close
proximity or in association with the fibrinogen receptor site
(Kunicki and Newman 1986). It has been reported that pLM
antigen can be adsorbed onto pLA! negative platelets when
these platelets are incubated in plasma from PLM positive
individuals (Kickler et al. 1986; Warejcka et al. 1985). Such
a phenomenon has been used to explain the mechanism of

clearance of transfused platelets in cases of post transfusion
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purpura (PTP) seen 1in pLA! negative individuals. A
subsequent report by Ehmann et al. (1987), disputes the

passive transfer of pLM

antigen suggesting that such
findings represent an in-vitro artefact.

Despite the controversial nature of its expression on
the platelet surface, PLM antigen has considerable clinical
significance compared to other platelet specific antigens
defined thus far and is second only to that of the HLA Class
I antigens (Decary 1982; Kao et al. 1986; Kunicki and Newman
1986). PI™ antigen has been widely studied and is the most
commen platelet antigen implicated in Neonatal Alloimmune
Thrombocytopenia (NATP), a condition similar to Haemolytic
Disease of the Newborn, where maternal alloimmunization to
paternal alloantigens on fetal platelets, result in profound
thrombocytopenia in the infant at birth (Blanchette et al.
1986; Decary 1982; Friedman and Aster 1985; Taaning et al.

1983).

1.5 HL2 Antigens on Platelets Membranes

The HLA Class I antigens are expressed on platelets but
those of Class II are not. (Shulman et al. 1964; Santoso et
al. 1986). The expression of Class I antigens is reported to
vary considerably among individuals and from one HILA
specificity to another (Szatkowski and Aster 1980; Kao et al.

1986; Kao 1987; Kao 1988 a,b; Pereira et al. 1988).
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Despite their variable expression, it is currently widely
accepted that only the gene products of the HLA-A and B loci
are present in detectable quantities while those of the HLA-
C locus are generally only weakly expressed and consequently
often not detectable (Mueller-Eckhardt et al. 1980).
Quantitative determinations of HLA antigens have only recently
become technically possible and in one such report it was
estimated that the average number of HLA Class I molecules per
platelet varies between 50,000 and 120,000 among different
individuals (Kao et al. 1988a).

The recent suggestion that wvariations in antigenic
species present on platelet membranes may occur as a function
of platelet age has been raised by Pereira et al. 1988 and is
an interesting hypothesis which merits further attention and
will be discussed subsequently in more detail.

As stated previously, the nature of the Class I HLA
antigen species present on platelets has been the subject of
unresolved controversy for a considerable period of time.
Attempts to answer this gquestion have been fraught with
difficulties relating to the adsorptive nature of the platelet
membrane itself as well as to limitations imposed by the
available technology. A detailed discussion of this topic

will be provided in the sections that follow.

1.5.1 Class I HLA Antigens

Class I HLA antigens are found on all nucleated cells as

well as platelets and function to restrict cytotoxic T-cell
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activity, (Parham 1987). Recent evidence has established the
Class I antigens as members of a large multigene family which
exhibit highly conserved sequences (Strachan 1987). The Class
I antigens are encoded within the Major Histocompability
Complex (MHC) which is located on chromosome 6 while the
invariant light chain (B2ug), found associated with all Class
I molecules, is encoded at a single locus on chromosome 15
(Bodmer 1984).

Past attempts to isolate Class I molecules from
lymphocytes in order to characterize them, have met with
limited success due to the fact they represent such a small
portion (<1%) of the total transmembrane protein present
(Strachan 1987). More recent approaches, using cDNA clones
of Class I mRNA have provided a substantial amount of
information on the immunochemistry, molecular genetics and
polymorphism of these molecules. The subject of HLA Class I
molecules presents a most interesting and diverse topic on
which much has been written. For the sake of brevity, the
discussion of HLA Class I antigens will thus be limited to

the areas of direct relevance to the question at hand.

1.5.2 Immunochemistry of Class T HIA Antigens

The HLA Class I antigens of lymphocytes are integral
membrane glycoproteins which are firmly embedded in the lipid
bilayer of the cell membrane (Walsh and Crumpton 1977; Krangel
et al. 1979). After detergent solubilization of cell

membranes these molecules can been shown to consist of two
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polypeptide chains in a non-covalent association with one
another. The large chain is referred to as the heavy chain
and is a transmembrane glycoprotein of about 45,000 daltons.
The smaller chain is a non-glycosylated invariant light chain,
known as 8-2-microglobulin (82pg) and has a molecular weight
of about 12,000 daltons. (Snary et al. 1977; Orr and
Strominger 1980; Ploegh et al. 1981a,b; Koller and Orr 1985;
Strachan 1987).

The heavy chain is anchored in the lipid bilayer of the
cell membrane by a short segment of hydrophobic amino acids
(25 aa residues) followed by a longer hydrophilic tail region
(30 aa residues) at its C-terminal end (COOH) which extends
into the cytoplasm. The N-terminal end (NH2) of the heavy
chain consists of three separate 90 aa residue domains known
respectively as the alpha-1, alpha-2 and alpha-3 domains. The
alpha-2 and 3 domains exhibit intrachain disulfide bonding
through cysteine residues which cause the domains to fold in
the disulfide loop pattern characteristic of immunoglobulin
domain structure (Orr et al. 1979; Tragardh et al. 1980). The
alpha-1 domain does not exhibit disulfide bonding but is
unique in that it contains the glycosylated region (aa residue
86) of the molecule (Ploegh et al. 1981) as well as the
variable regions which result in the considerable polymorphism
seen within HLA Class I antigens. A small degree of sequence
variation has been demonstrated in the alpha-2 domain however,
the alpha-3 domain constitutes a highly conserved region

(Tragardh et al. 1979a; Krangel et al. 1980).
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The structure of Class I HLA molecules isolated from the
surfaces of lymphocytes is shown in Figure 2. This same
species is also present in soluble form in human plasma (Aster
et al. 1973; Allison et al. 1977). Several groups have shown
that HLA antigens isolated from papain solubilized platelets
(Gockerman and Jacobs 1979) and detergent solubilized
platelets (Tragardh et al. 1979b) are similar in all respects
to those isolated from lymphocytes. Thus, the immunochemical
structure given in Figure 2 can also be regarded as the

species present on the platelet membrane.
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FIGURE 2. STRUCTURE OF CLASS I HLA ANTIGEN. Class I HLA
antigens consist of two polypeptide chains in a non-covalent
association with one another. The heavy chain is a
transmembrane glycoprotein with an approximate mol. wt. of
45,000, which is anchored in the 1lipid bilayer of the cell
membrane by a short segment of hydrophobic aa residues (25 aa
residues) at its C-terminal end (-COOH). The N-terminal end
(-NH,) of the heavy chain consists of 3 separate 90 aa residue
domains; the alpha-1, alpha-2 and alpha-3 domains. The alpha-
2 and 3 domains exhibit intrachain disulfide bonding through
cysteine residues, causing these domain structures to fold in
loops characteristic of Ig domain structure. The alpha-1
domain contains the highly variable regions of the molecule
which are responsible for the wide degree of polymorphism seen
with Class I molecules. This domain also contains the
glycosylated region of the molecule (aa residue 86). The
alpha-2 domain exhibits a small degree of seguence variation
however, the alpha-3 domain exists as a highly conserved
region. The invarient B,1¢g light chain has an approximate
mol. wt. of 12 KDa, is non-covalently associated with the

alpha-3 domain and is identical for all Class I HLA molecules.
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1.5.3 Structure of Class I HLA Genes

The complete nucleotide sequences of several allelic
genes at the HLA Class I region have been established using
cDNA cloning techniques (Sodoyer et al. 1984; Strachan et al.
1984; Koller and Orr 1985). Comparison of these sequences
with sequence data available at the protein 1level has
established the organization of the functional gene encoding
HLA Class I molecules as follows. The Class I heavy chain is
encoded by eight distinct exons (El1 to E8) which are separated
by introns of varying 1length. The entire gene spans a
distance of about 3.5 kb of genomic DNA while that of the
corresponding transcribed mRNA spans a distance of about 1.6
kb. Exon 1 (El) encodes for a 24aa signal peptide, E2, E3 and
E4 for the alpha-l1, alpha-2 and alpha-3 domains respectively
and E5 for the hydrophobic transmembrane region. From the
sequence data available to date it appears that exons 6, 7 and
8 encode for the cytoplasmic tail regions in the case of HLA-
A and C genes, however, only exons 6 and 7 encode for that
section in the case of HLA-B genes. The last exon (E8) in
these molecules appears to encode only the characteristic 3°
untranslated sequences seen in the HLA-B genes (Koller et al.
1984; Strachan 1987). After translation, the Class I heavy
chain consists of a signal peptide followed by a polypeptide
chain consisting of between 338aa and 340aa residues. Post
translational modifications which occur prior to insertion in
the cell membrane include; glycosylation of the heavy

chain, (at residue 86 in the alpha-1 domain), excision of the
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signal peptide, associations with B82ug and phosphorylation
of the tail region, (Algranati et al. 1980). A schematic

diagram of a Class I HLA gene is illustrated in Figure 3.

1.6 Statement of Objective

One of the most perplexing issues regarding HLA antigens
stems from the fact that, despite their being discovered on
platelet surfaces over three decades ago, the means by which
HLA antigen expression occurs continues to remain both an
unresolved question and a controversial issue.

The objective of the work presented in this thesis is to
further explore the nature of the binding of these antigens
to platelet surfaces in an attempt to shed additional light
towards resolving this issue. To further explore the
guestion of integral vs. adsorbed membrane proteins at the
cellular level, HLA Class I antigen binding on platelets was
studied under a number of different conditions known to elute
adsorbed proteins and compared to that of the platelet

specific pr?!

antigen, which is known to be associated with
the integral membrane GPIIIa.

In addition, this question was investigated at the RNA
level for the first time, using enzymatic amplification of
platelet derived RNA to attempt to demonstrate the presence
of mRNA encoding for the Class I HLA antigens (specifically

HLA-A2) .
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FIGURE 3. SCHEMATIC DIAGRAM OF A CLASS I HLA GENE. Class
I heavy chains are encoded by eight distinct exons (E1 to ES8)
depicted as open boxes. The exons are separated by
intervening sequences of varying lengths (solid boxes) and
two small untranslated sequences at the 5' and 3' ends of mRNA
(5'-UT; 3'-UT). The numbers over the begining and end of each
exon refer to equivalent aa positions in a typical A locus
heavy chain. El encodes for a single 24aa signal peptide, E2,
E3, and E4 for the alpha-l, alpha-2 and alpha-3 domains
respectively and ES5 encodes the hydrophobic transmembrane
region (TM). E6, E7 and E8 encode for the 3 cytoplasmic
regions (Cl, C2 and C3) of Class I molecules. The entire
genome spans a distance of approximately 3.5 kb of genomic DNA
while that of the corresponding transcribed mRNA spans a

distance of about 1.6 kb. (biagram adapted from Strachan 1987).
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MATERIALS AND METHODS

2.1 Materials
2.1.1 Reagents/Buffers
All chemicals used to prepare reagents and buffers were
of laboratory grade with purities >99%. Chemicals used to
prepare reagents for RNA isolation and PCR work were of the
highest purity available and dedicated exclusively for use
with DNA and RNA techniques. Materials, reagents and buffer
formulations used are listed below in alphabetical order.
Agarose - purchased from Pharmacia Fine Chemicals, Piscataway,
NJ. and used to prepare a 1% agarose/l% nuseive gel.
Alkaline Phosphatase Conjugated Goat Anti-Human IgQGAM -
purchased from Organon Teknika Cappel Laboratories, West
Chester PA. Stored in 0.5 ml aliquots at -70°C.
Alkaline Phosphatase Conjugated Goat Anti-Mouse IQGAM -
purchased from Organon Teknika Cappel Laboratories, West
Chester PA. Stored in 0.5 ml aligquots at -70°C.
Anti-HLA-A2 - alloantibody obtained as a gift from The
Canadian Red Cross Society National HLA Reference
Laboratory, Ottawa, Ont. Stored in 0.5 ml aliquots at
-70°C.
Anti-prM Antibody - alloantibody obtained from a Group A
woman whose infant suffered from NATP. This serum
contained a high titre of anti-pr?! with no

contaminating HLA antibodies. The anti-serum was
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collected by plasmapheresis, defibrinated, adsorbed 3
times with washed Group B red cells and stored in 10 ml
aliquots at -70°C.

Biotinylated Goat Anti-Human IgG - purchased from Bethesda
Research Laboratories (BRL) Gaithersburg, MD. and stored
at 4°c. Used with Vectastain kit to detect bound
antibody in immunoblot assay.

Cesium Chloride Cushion - 5.7M CsCl in 0.1M EDTA, pH 7.5.
Stored at 4°C.

Citric Acid (buffered) - 10% Na,HPO, was added to concentrated
citric acid drop wise until a pE of 3.0 was reached.

Chloroform/Iscamyl - 24 parts chloroform was added to 1 part
isoamyl alcohol. Stored at 4°C.

DEPC Treated Sterile Water - 1 litre volumes of sterile double
distilled water was treated with 1 ml (0.1%)
diethylpyrocarbonate (DEPC) overnight then autoclaved to
remove traces of DEPC. Stored at 4°C.

DNA Amplification Kits (Gene-Amp Kits™) - purchased from
Perkin Elmer Cetus, Norwalk CT. Stored at -40°C. Used
according to manufacturer's directions.

Electrophoresis Buffer [20X] - 20 mM Tris, 2 mM Na,EDTA-H,0,
pH 8.4. Dilute [20X] stock buffer 1:20 with H,0 before
use. Stored at 20°C.

ELISA sStop Buffer - 3.0M NaCH.
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Ethidium Bromide (EtBr) - stock concentration of 10 mg/ml was
added to agarose gels to a final concentration of
0.5ug/ml.

Eosin Y - purchased as a dry powder from Sigma Chemical Co.
St. Louis, MI. and prepared as a 5% solution in distilled
water. The reagent was stored at 4°C in a dark bottle

and filtered before use.

Fetal Calf Serum (FCS) - sterile 500 ml bottles were obtained
from Whittaker Bioproducts Inc., Walkersville, MD. FCS
was inactivated at 56°C. for 30 minutes. They were then
stored at -40°C in 50 ml aliquots.

Ficoll-Hypaque - sterile 100 ml. bottles were obtained from
Pharmacia, Piscataway, NJ. and stored at 4°C. (ficoll
400 5.7 g, sodium diatrizoate 9.0 g in 100 ml.)

FITC-Conjugated Goat aAnti-Human IgGAM - purchased from
Behring, Montreal, Que. Obtained as a 1lyophilized
reagent and stored at 4°C. Hydrated with 1.0 ml PBS-EDTA

and stored in 0.5ml aliquots at -20°C.

FITC-Conjugated Goat Anti-Mouse IgGAM - purchased from Organon
Teknika Cappel |Laboratories, West  Chester, PA.
Lyophilized reagent stored at 4°C. Hydrated with 1.0 ml
PBS-EDTA and stored in 0.5ml aliquots at -20°C.

Formaldehyde (37% v/v) - purchased from Sigma Chemical company
St. Louis, MI. in 500ml bottles. Reagent prepared by
adding 2 ml of 0.5% Phenol Red to 500 ml of formaldehyde

and adjusting pH to 7.2 - 7.4 with concentrated i{aCH.
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Stored at 20°C in a dark bottle and filtered and pH
adjusted immediately before each use.

Guanidinium Isothiocyanate - 4M guanidinium, 5mM Na Citrate,
0.1M 2-mercaptoethanol, 0.5% Sarkosyl, 0.1% Antifoam A.
40U/ul RNasin, pH 5.5. Stored at 4°c.

HLA-A,B,C Typing Trays - obtained from the Canadian Red Cross
Society National HLA Reference Laboratory, Ottawa, Ont.

Stored at -40°C.

125 r_1abelled Sheep Anti-Mouse Ig - purchased from Amersham

and stored at 4°C. Specific activity was 3.7 mBg/ml
(100ucC/ug) at assay date.

MMLV Reverse Transcriptase cDNA Synthesis Kit - purchased from
Bethesda Research Laboratories (BRL), Gaithersburg, MD.

Stored at -20°cC.

Molecular Weight Standard - purchased from Bio-Rad
Laboratories, Richmond CA. Mol.wt. range: 40,000~
200,000.

Monoclonal Antibedy W6/32 - purchased from Serotec, Toronto,
Ont. Stored in 0.25 ml aliquots at =-70°C.

Monoclonal Antibody to HLA-~A2 - purchased from Daymar
Laboratories, Toronto, Ont. Stored in 0.25 ml aliquots
at =-70°C.

96 Well Microplates - Immulon™ 96 well flat bottom plates

purchased from Dynatech Laboratories Inc. Chantilly, VA.
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Nitrocellulose paper -0.45u pore nitrocellulose paper was
purchased from Bio-Rad Laboratories, Richmond CA. and
stored at 4°cC.

Normal Mouse Ascities PFluid - purchased from Daymar
Laboratories, Toronto, Ont. Stored in 0.5 ml aliquots
at -70°C.

Nuseive - Purchased from Pharmacia Fine Chemicals, Piscataway,
NJ. Used to prepare a 1% agarose/l% nuseive gel. Gels
were prepared in advance and stored at 4°C in 2Sml
aliguots in the case of mini gels or 100ml aliquots in
the case of full size gels. EtBr was added to each gel
to a final concentration of 0.5 pg/ml at the time of
preparation of the gels.

Oligonucleotide Primers - 1 set of oligonucleotide primers
for Class I HLA message {HLA-A2) was custom synthesized
by the Oligonucleotide Synthesis Laboratory at Queen's
University, Kingston, Ont. The two primers (PCR-1 and
PCR-2) were selected in the coding region for the alpha-
2 domain of the HLA-A2 heavy chain (ie. Exon 3 region)

and consisted of the following nucleotide sequences:

Primer Sense 5'=3' Nucleotide Seguence Base No.

PCR-1 RN2A CAAGAGTGTGGCAGGTCTCC 1240-1260

PCR-2 anti-sense CCGTCATTCCTTCAGAGATTT 1719-1740
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The region bound by these two primers was a 500 base pair
sequence of DNA in the Exon 3 coding region of an HLA-
A2 gene. Primers were diluted to a stock concentration
of 100 uM and stored on desiccant at =-40°C.

1 Kb DNA Ladder (Nucleotide Standard) - purchased fron
Bethesda Research Laboratories (BRL) Gaithersburg, MD.
and stored at 4°c. Nucleotide fragment rancge: 75=
12,216 base pairs.

PALL WBC Filters - purchased from PALL Biomedical Products

Corp. East Hills, NY. Used according to manufacturer's
directions to remove contaminating WBC's from whole bloed
or Red Cell concentrates.

Para-Nitrophenyl Phosph=te (PNPP) Substrate - 1 g vials were
purchased from Sigma Chemical Co., St. Louis, MI. and
stored in a desiccator at 4°c. PNPP was used at a
concentration of lmg/ml, pH 9.8.

PBS-EDTA with Bovine Serum Albumin (PBES-EDTA-BSA; - 0.0264M
NaZHPoi.ZHZO, 0.14M NacCl, 0.009M NazEDTA, 1% BSA, pH 6.8-
7.0.

PES-EDTA with Tween (PBS-EDTA-Tween) - 0.0264M NazHPOQ.ZHzo,
0.14M NacCl, 0.009M Na,EDTA, 0.05% Tween, pH 6.8-7.0.

Phosphate Buffered Saline with EDTA (PBS-EDTA) - 0.0264M
Na HPO,.2H,0, 0.14M NacCl, 0.009M Na,EDTA, pH 6.8-7.0.

Phytohemagglutinin - PHA-P was purchased from Difco

Laboratories, Inc. Detroit, MI. and store’ at 4°C.



35

Plasmalytetﬂ - 90 mmol/L NaCl, 23 mmol/L Seodium gluconate, 27
mmol/L Sodium acetate, 5 mmol/L KCl, 3 mmol/L MgCl,,
294 mosm/L, pH=7.4. Purchased from Travenol Canada
Inc. Missassauga, Ont.

Platelet Wash Buffer (PBS-EDTA-Glucose) - 0.0264M
Na,HPO,.2H,0, 0.14M NaCl, 0.00SM Na,EDTA, 8.5mM glucose,
PH 6.8-7.0.

Prostaglandin-E, - 1.0 g vial purchased from Sigma Chemicals
and stored desiccated at -20°C. Stock concentration of
25mM was used to treat whole blood at a concentration of
S50pM per ml.

Protoblot™ FKit for Immunoblot Assay - Alkaline Phosphatase
antibody detection kits were purchased from Bio. Can.
Science Laboratories, Mississauga, Ont. and stored at
4°c.

Rabbit Complement - purchased as lyophilized 1 ml aliquots
from Cedarlane Laboratories, Mississauga, Ont. Stored
at -40°C. Hydrated with 1 ml sterile H,0 and used
immediately in the lymphocytotoxicity test.

RNA Resuspension Buffer - 10mM Tris, SmM EDTA, 1% SDS, pH 7.4.
Stored at 4°c.

RNasin - placental RNA purchased from Promega Biotec, Madison,
WI. Stock concentration = 40,000 U/ ml.

RPMI 1640 - sterile 100 ml bottles were purchased from GIBCO

Laboratories, Grand Island, N.Y. and stored at 4°C.
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Sample Buffer (10X) - 60% saccharose, 1 mM EDTA, 1% SDS, 0.1%
Bromophenol blue dye. Diluted 1:10 in sample to be run
on agarose gel.

Sodium Acetate - 3M CH;COONa. 3H,0 in DEPC treated water, pH
5.2. Stored at 4°c.

Trypan Blue Dye - purchased as a 0.05% solution from Grand
Island Biological Co. (GIBCO), Grand Island, N.Y. and

stored at 20°C. Filtered before use.
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2.1.2 Equipment

Centrifuges -

i) Refrigerated bench top centrifuge - purchased from
Beckman Instruments Inc. (Model TJ-6 Refrigerated
Centrifuge), Fullerton, CA.

ii) Microcentrifuge - Eppendorf (Model 5415) purchased
from Fisher Scientific Co., Pittsburgh, PA.

iii) Ultra cCentrifuge - Beckman L8-M Ultra Centrifuge
fitted with a Ti 70.1 Rotor. Purchased from Beckman

Instruments, Fullerton, CA.

CO, Incubator - cell cultures were maintained in an automatic
CO, incubator purchased from Precision Instruments Inc.,
Rockford, IL. This incubator was maintained at a
temperature of 37°C.+ 0.5C°. and a § CO, of S5.0% *1
throughout the cell incubation periods.

DNA Thermal-Cycler - purchased from Perkin Elmer Cetus,
Norwalk, CT.

Electroblot Chamber - Transblot™ System purchased from Bio-
Rad Laboratories, Richmond, CA.

Electrophoresis Chambers -

i) PAGE - vertical gel apparatus (Protean II System),
Bio-Rad Laboratories, Richmond, CA.

ii) Agarose Gels - horizontal mini-gel electrophoresis
system (Model H6), Bethesda Research Laboratories,

Gaithersburg, MD.
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Gamma Counter - purchased from LKB Instruments Inc.
Piscataway, NJ.

Microplate Reader - purchased from DuPont, Wilmington, DE.

Microscopes -

i) Inverted phase microscope fitted with an HLA tray
holder. Zeiss, West Germany.

ii) Epi-Fluorescence microscope fitted with a mercury
vapour lamp, phase contrast optics and an FITC
fluorescent filter set. 2eiss, West Germany.

pH Meter - Corning (Model 40) purchased from Fisher Scientific
Co., Pittsburgh, PA.

Pipettes -

i) Pipet:emen (P20,P100,P200 and P1000) and appropriate
tips were purchased from Fisher Scientific Co.,
Pittsburgh, PA.)

ii) Hamilton syringes (0.5ul1l, 1.0xl, 3.0ul and 5.0ul)
were purchased from Hamilton Co., Reno, NV.

UV Transilluminator - purchased from Fisher Scientific Co.,
Pittsburgh, PA. and fitted with a Polaroid MP=-4 Land
camera.

Vacuum Extractor - Savant Speed Vac Concentrator purchased
from Savant Instruments Inc. (Model No. SV0100H),

Farmingdale, N.Y.
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2.2 Methods

2.2.1 Lymphocvtotoxicity Test (LCT)

HLA specificity of platelet and lymphocyte donors used
in the various experiments was determined by the standard NIH
microlymphocytotoxicity assay (Ray J.G. (ed.) NIAID Manual of
Tissue Typing Techniques 1979) using HLA-A,B,C typing trays
obtained from the Canadian Red Cross Society, National HLA

Reference Laboratory.

2.2.2 Indirect Platelet Suspension Immunofluorescence Test
(IPSIFT)

Platelets 1isoclated from outdated 5 day platelet
concentrates were washed in PBS-EDTA 3 times, subjected to
various treatments and tested in this assay to determine the
relative amounts of HLA Class I antigens and prM? antigens
detectable both before and after the various treatments.
Platelets were tested according to the method described by
von dem Borne et al. (1980) with the exception that the
platelet paraformaldehyde fixation step was omitted. This
step was omitted since, in our hands it did not contribute
significantly to guenching non-specific fluorescence
(unpublished results) and had the added drawback of causing
cell lysis which resulted in a post treatment reduction in
platelet concentration. Immunofluorescence intensity was
assessed visually and graded as O (negative) or 1+ to 4+
(positive). HLA Class I antigen presence was assessed using

the Mab W6/32 (which is directed against a common heavy chain
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determinant of Class I molecules) at a dilution of 1:2000
(Barnstable et al. 1978; Parham et al. 1979). The presence
of PLM antigen was assessed using a 1:2 dilution of an
alloimmune PLM typing antiserun. This antiserum was
harvested by plasmapheresis from a group A caucasian female
whose infant had been diagnosed with NATP. There were no
detectable HLA antibodies present in this antiserum and the
weak anti-B present had been removed by multiple adsorptions
with Group B defibrinated red blood cells harvested from a

known PLJu

negative donor. The antiglobulin reagent used was
a FITC-conjugated goat anti-mouse IgGAM (ie IgG, Iga, IgM)
used at a dilution of 1:50 in the case of HLA antigen
detection and an FITC~conjugated goat anti-human IgGAM used

at a concentration of 1:10 in the case of PL"1

antigen
detection. All antisera dilutions were previously determined
as the optimal concentrations under the assay conditions
described using a checkerboard titration against a pool of 10
prr! positive platelet donors and appropriate negative
controls which included; 2 PL3 negative platelet donors as
the antigen negative control, mouse ascites fluid as the Mab

negative control and serum from a group AB Rh-negative donor

as the human serun (anti-PLPl) negative control.

2.2.3 Enzyme Linked Immunosorbant Assay (ELISA)

Platelets 1isolated from outdated 5 day platelet

concentrates were washed 3 times in PBS-EDTA , subjected to
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various treatments and tested in this assay to determine the
relative amount of both HLA Class I antigens and pLM antigens
remaining after each treatment. The method followed was
essentially that described by Bishara et al. (1983} with the
following modifications. Platelets isolated from PRP were
washed 3 times in PBS-EDTA, adjusted to a concentration of 50
x 10% cells in 50 pl of PBS-EDTA and added to each well of 96
well flat-bottom microplates (Immulon, Dynatech Laboratories)
in place of peripheral blood lymphocytes (PBL) described in
the original method. Mab W6/32 (1:2000 dilution) was used
in place of specific HLA alloantisera and the second
incubation time was reduced from 16 hours to 2 hours.

Briefly, 650 ul of PBS-EDTA-BSA platelets at a
concentration of 1 x 10° cells/ul was added to each well of
a 96 well flat bottom microplate and the plates centrifuged
for 10 min. at 1500 rpm. The PBS-EDTA-BSA was removed by
aspiration and the platelets fixed with a 0.1% gluteraldehyde
for 5 min. Following fixation, the platelets were washed 3
times with PBS-EDTA containing 0.05% Tween 20 and incubated
with 50 ul1 of the optimal dilution (determined previously) of
appropriate antiserum (i.e. anti-PL* at a di.ution of 1:8 for
pAL

detection of P antigen and Mab Wé6/32 at a dilution of

1:2000 for detection of HLA Class I antigens) for 2 hours at

rcom temperature.
After washing 3 times in PBS-EDTA-Tween, 50 pl of a 1:300

dilution of alkaline phosphatase conjugated anti-mouse IgGAM
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(to detect HLA antigens) or a 1:200 dilution of alkaline
phosphatase conjugated anti-human IgGAM (to detect pri!
antigen) was added to the appropriate wells and incubated for
2 hours at room temperature. Excess conjugate was removed by
washing the plates 3 times with PBS-EDTA-Tween followed by the
addition of 100 uxl of P-nitrophenyl phosphate substrate (1
mg/ml, pH 9.8) to each well. The plates were further

incubated for 30 min. at 37°C. then the colour reaction

stopped by adding 100 ul of 3M NaOH to each well. The optical
density (0.D.) reading of each well was determined in a
microplate reader at a wavelength of 405 nm. ©.D. readings
of the corresponding blanks run in parallel were subtracted
from the O0.D. readings of each test and the results expressed

a relative net 0.D. reading.

2.2.4 Platelet Radiocactive Antigliobulin Test (PRAT)
Platelets isolated from outdated 5 day platelet

concentrates were washed 3 times in PBS-EDTA and subjected to
various treatments. The quantity of Class I HLA antigens on
platelets was assessed after each treatment using a sensitive
platelet radioactive antiglobulin test as described below.
Platelets were collected from PRP and washed three times in
PBS-EDTA-BSA then adjusted toc a concentration of 5 x 10°
cells/ul. 50 pl aliquots of this platelet suspension was
added to 12 x 100 mm polystyrene tubes and incubated with

either S50 pl of Mab to HLA-A2 (1:500), in the case of the
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passive adsorption experiments or Mab W6/32 {(1:2000
dilution), in the case of the passive elution experiments. In
both instances, the incubation was carried out for 30 min. at
37°C. Following this step, the platelets were washed three
timez in PBS-EDTA-BSA then incubated with 50 gl of 251 anti-
mouse Ig (1:100 dilution, cpm = 10,000) for 30 min. at 20°C.
The platelets were then subjected to a final 3 washes in PBS-
EDTA-BSA and the amount of bound %I was counted on a
gammacounter. The results were expressed as a Bound/Total
percent (B/T%) after subtracting the average background

radicactivity of four blanks run in parallel.

2.2.5 Western Blot Analysis

2.2.5.1 Polvacrylamide Gel Electrophoresis (PAGE)
Platelets were harvested from fresh whole blood collected
into EDTA vacutainers (Bectin Dickinson) and washed three
tines in PBS-EDTA containing the following inhibitors; ¢4 mM
iodoacetamide, 4 mM n-ethylmaleimide and 500 U aprotinin.
After the third wash, platelets were resuspended in PBS-EDTA
without inhibitors, the count adjusted to 4 x 10° cells/ul and
placed at -40°C in 0.1 ml aliquots. Platelet samples were
prepared for electrophoresis after thawing by adding 20 gl of
platelet sample (ie 5-10 ug/ul of platelet protein) to an
equal volume of SDS sample buffer (4% SDS, 0.125M Tris, 20%

glycerol, 0.008% bromophencl blue) and boiling at 100°c. for
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5 min. Electrophoresis was carried out under non-reducing
conditions on 6% polyacrylamide gels using a 4% stacking gel
and the Laemmli buffer system (Laemmli, 1970). Samples were
electrophoresed in a vertical gel apparatus at 30V for 16-18
hours at 4°C. Molecular weight reference standards were run

in parallel on each gel, (range, 40-200 KDa).

2.2.5.2 Immunoblot Assay

The immunoblot assay used is that previously reported
(Rock et al. 1987), with the exception that the protein
banding patterns were detected using the Protoblot™ staining
technique, (Bio Can Sci. Mississauga, Ontario) rather than the
Vectastain™ method. In the Protoblot technique, the blotted
nitrocellulose strips, after initial incubation with test
serum, were incubated with alkaline phosphatase conjugated
goat anti-human IgG, washed and transferred to a freshly
prepared solution of colour development substrate. The blots
were incubated with continuous agitation until bands were

visible with the positive control serum tested in parallel.

2.2.6 Extraction of Cellular RNA From Platelets and
Lvymphocytes

2.2.6.1 Isolation of Platelets and Lymphocytes from Whole
Blood

500 ml of fresh whole blood was collected from an HLA-
A2 positive donor into a Fenwal blood bag (Baxter-Travenol

Canada Inc. Mississauga, Ont) containing CPD-Al anticoagulant



45

and PGE, was added to a final concentration of 50 nmol/litre.
The unit of whole blood was then passed through a Pall™ wac
filter to remove contaminating leukocytes then spun at 1000
xg for 10 min. to prepare platelet rich plasma (PRP). Only
the upper two thirds of the PRP was collected to further
insure that contaminating leukocytes were removed from the
platelet preparation. The platelets collected from this top
fraction of PRP were then washed twice with Platelet Wash
Buffer. The leukocyte contamination after these steps was
determined to be 1less than 1 in 1,000,000 platelets by
diluting the platelet suspension out to a concentration of 1
X 10% cells in 4ul, loading this entire volume of platelet
suspension onto a haemacytometer and counting the number of
WBC's present. A total of 1 x 1010 platelets were used to
isolate platelet RNA for subsequent amplification in the PCR.

Lymphocyte RNA was extracted from the PBL of this same
HLA-A2 positive donor for use as a positive control in the
PCR experiments. PBL were isolated from 30 ml of fresh whole
blood drawn into heparin anticoagulant (Vacutainer™ Becton
Dickinson) using a Ficoll-Hypaque gradient. The cells were
harvested from the gradient interface and washed twice in RPMI
1640 with 10% FCS. A total of 1 X 10° PBL's were used to

isolate lymphocyte RNA for amplification in the PCR.
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2.2.6.2 Guanidinjum-Isothiocyanate Extraction of cCellular
RNA.

After isolation, platelets (1 X 10%) and PBL (1 X 10%)
were pelleted and solubilized in 3.3 ml of guanidinium-
isothiocyanate reagent then layered over a 1.2 ml cushion of
5.7 M CsCl and centrifuged at 20°C in a Ti-70i rotor at 35,000
rpm for 16 hours. (Beckman Ultracentrifuge, Fullerton, CA.).
The RNA pellets were resuspended individually in 100 ul of
buffer (10 mM Tris, 5 mM EDTA and 1% SDS, pH 7.4) and
extracted three times with equal volumes of chloroform isoamyl
alcohol (24:1) essentially as described by Maniatis et al.
(1982). The resulting platelet and lymphocyte total RNA
extracts were used in the subsequent ¢DNA synthesis and DNA

amplifications steps.

2.2.7 cDNA Synthesis From Total Cellular RNA

Total RNA isolated from each aliquot of platelets (1 X
1010) and lymphocytes (1 X 104) were resuspended in 10 ul of
0.1% DEPC treated water containing 1U of RNasin in sterile
DEPC treated 1.5 ml polypropylene tubes. cDNA synthesis was
performed according to the manufacturer's directions using
MMLV reverse transcriptase as the DNA polymerizing enzyme and
a cDNA synthesis kit (Bethesda Research Laboratories)
containing the necessary ANTP reagents and an oligo (4T)
primer. The primer supplied with the kit was used to
synthesize cDNA from both platelet and lymphocyte total RNA

preparations in the case of the respective DNA controls. In
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the case of test DNA for amplification, the PCR-2 primer for
HLA-A2 message was used in place of the oligo (dT) primer to
direct first strand synthesis of specific message (i.e. HLA-
A2 nessage). A 1.0uM concentration of PCR-2 was added to the

reaction mixture and cDNA synthesis was carried out at 37°C

for 60 min. then stopped by placing the tubes at 0°C.

2.2.8 Amplification of Specific DNA Sequences By
Polymerase Chain Reaction

After cDNA synthesis was complete, the first strand
reaction mixture from both test DNA samples and control DNA
samples was subjected to DNA amplification in a Thermal-
Cycler, according to the method described by Newman et al.
(1988). PCR reaction buffer was added to the negative control
DNA samples for both platelets and lymphocytes in place of
specific primers and these samples were subjected to the same
amplification steps as the test DNA. All PCR reactions were
carried out in a total volume of 0.1 ml. In the case of the
test DNA, the first strand reaction buffer was diluted with
an equal volume of PCR buffer containing; 25mM KCl, 1uM PCR-
2 oligonucleotide (2uM PCR-2 in the case of the DNA controls),
2uM PCR~1 oligonucleotide and 0.02% gelatin then heated to
94°C for 2 min. in a DNA Thermal-Cycler (Perkin Elmer Cetus
Corp. Norwalk, CT.) to denature and separate the ds DNA.

Samples were allowed to cool to 37°C. for 10 min. before

adding 5U of Taqg polymerase to initiate the PCR. Following

addition of the DNA polymerase enzyme, tukes were overlayed
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with 50 pl of oil to prevent evaporation and subject to 30
amplification cycles according to the method of Newman et al.
(1988), as follows: denaturation for 1 min, 20s at 94°c,
primer annealing for 3 min. 20s at 37°C and primer extensions
for 10 min. at 72°C. An additional 2.5U of Taq Polymerase was
added after cycles 10 and 20. Following this amplification
step, samples were stored at -20°C until analyzed by agarose
gel electrophoresis.

The 2 oligonucieotide primers used were selected in the coding
region for the alpha-2 domain of the HLA-A2 heavy chain (i.e
Exon 3 coding region). PCR-1 corresponded to a 20 nucleotide
DNA strand spanning nucleotides 1240 - 1260 of the published
sequence for an HLA-A2 gene (Koller and Orr, 1985). PCR-=2
corresponded to a 21 nucleotide anti-sense strand spanning
nucleotides 1740 - 1719. The region bound by these 2
oligonucleotides was a 500 base pair sequence of DNA in the

Exon 3 coding region of the HLA-A2 gene.

2.2.9 Agarose Gel Electrophoresis

Electrophoresis of PCR reaction products was carried out
on 1% agarose/ 1% Nuseive gels containing 0.5 pg/ml of
ethidium bromide (EtBr) according to the technique described
by "raiatis et al. (1982). Samples (15pl) were prepared for
loading by adding 10X sample buffer to a final dilution of
1:10 and spinning the tubes for 2 minutes in an eppendorf

centrifuge. Gels were run at 30V for 2 hours at 20°C in the
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case of minigels and ovzrnight at 20°C in the case of large
gels. Resulting DNA bands were visualized and photographed
using a UV-transilluminator fitted wth a Polaroid camera and
compared to a 1 Kb DNA ladder standard. (range = 75-12,216

bp) .

2.3 Experimental Protocols

2.3.1 Passive Adsorption Experimental Protocol

500 ml units of fresh whole blood was collected from 6
Group O, HLA-A2 negative donors, and ocne Group €, HLA-A2
positive donor, into CPD-Al anticoagulant and centrifuged at
1000xg for 10 minutes. PRP was collected from each donor and
further centrifuged at 1800g for 20 minutes to collect both
the platelets and PPP. Each of the 6 HLA-A2 negative platelet
samples were washed 3 times in PBS-EDTA then pelleted and
resuspended to a concentrotion of 4 x 10° cells/ul in 25 ml of
homologous plasma from the HLA-A2 positive donor and in 25 ml
of autologous plasma as a control. All platelet samples were
incubated for 24 hours at 37°C with continuous end over end
rotation then pelleted and resuspended in fresh 25 ml aliguots
of homologous HLA-A2 positive plasma, autologous plasma (ie.
HLA=-A2 negative) and plasmalyteT". The resuspending medium
was replaced with aliquots of the appropriate fresh plasma or
plasmalyte:“ each 24 hr. periocd over 5 days of incubation.

Following this, platelets were collected from each sample,
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washed 3 times in PBS-EDTA and tested in the IPSIFT, PRAT and
ELISA assays using a Mab to HLA-A2. Controls included
platelets from these same 6 donors tested fresh (on the day
of collection) and after 48 hours incubation in autologous
plasma and plasmalyteT" (a non-plasma buffer which sustains

platelet viability).

2.3.2 Passive Elution Experimental Protoco

500 ml units of fresh whole blood was collected from 6
Group O donors into CPD-Al anticoagulant and processed into
platelet PRP by centrifugation at 1000g for 10 minutes. The
PRP was centrifuged at 1800g for 20 minutes to ceollect both
the pelleted platelets and the PPP. Tre platelet pellet was
divided into three equal parts and treated in the following
manner: one third of the platelet pellet was aseptically
resuspended in one third the original volume of autologous
PPP, one third of the platelets were resuspended in one third
of the plasma from a different donor (ie.homologous plasma
negative for all HLA antigens present on the platelets) and
the final one third of the platelets were resuspended in the
same volume of sterile plasmalyteF“. Platelets were incubated

for 5 days at 37°C with continuous end over end rotation, then

washed 3 times in PBS-EDTA and tested in the IPSIFT, PRAT and
ELISA assays to determine the guantity of Class I HLA antigen

present. As a control, platelets were tested fresh (on day
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of collection) to determine the baseline levels of Class I

antigen detection.

2.3.3 Chloroquine Elution Experimental Protocol
Platelets were isolated from S5 day old platelet
concentrates collected from 6 Group O pLM positive donors and
washed as described previously. The platelets were then
treated with hypertonic acid chloroquine according to the
method described by Blumberg et al. (1984). As a contrel,
platelets incubated in PBS-EDTA (i.e. without chloroguine)
were run in parallel. Following chloroquine treatment, test
and control platelets were washed 3 times in PBS-EDTA-BSA and
tested for HLA-A,B and PLM activity in both the ELISA assay
and the IPSIFT. In addition, the protein banding pattern and
integrity of HLA and prM antigen (associated with GPIIIa)
were assessed before and after chloroguine stripping. This
was accomplished by PAGE of solubilized platelet membranes
followed by electroblotting onto nitrocellulose paper. The
protein banding pattern was demonstrated on both treated and
untreated platelets from each of the 6 donors using the
following technique. ©Platelets were electrophoresed under
non-reducing conditions on a 6% peolyacrylamide gel and
electroblotted onto nitrocellulose paper according to the
method of Rock et al. (1987). Protein banding patterns were

visualized by staining the blots with amido black dye.
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LM antigen after chloroguine

To assess the integrity of P
stripping (ie. it's ability to resist elution), treated and
untreated platelets from each o¢f the 6 donors were
electrophoresed under non-reducing conditions on a 6%
polyacrylamide gel, electroblotted onto nitrocellulose paper
and incubated with a serum containing anti-prA? according to
the method of Rock et al. (1987). The resulting blots were

developed with Protoblot™  kits according to  the

manutacturer's directions.

2.3.4 3M KC1/1M Urea Experimental Protocol
Platelets were isolated from 5 day o¢ld platelet

concentrates from 6 different donors, washed in PBS (pH=6.0)
and resuspended to a concentration of 5X10° cells/ul.
Platelets from 100 pl aligquots of the suspension (5)(108
platelets) were pelleted and rzsuspended in 1ml of 3M KCl or
1M Urea for various incubation times from 0 to 30 hrs at 4°C
in the case of 3M KC1 and 0 to 6 hrs at 4°C in the case of 1M
Urea, in order to determine the effect of each treatment over
time.

Following each incubation interval, the treated platelets
were washed 3 times with PBS-EDTA (pH=6.0) and tested in the
ELISA assay using Mab W6/32 antibody to detect the presence
of residual HLA antigen activity. Untreated platelets (ie.
platelets treated with PBS—-EDTA over the various incubation

periods) were run in the ELISA assay as a control.
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In a separate experiment, platelets from the same 6
donors were harvested, washed in PBS and sx10® platelelts were
treated with both 3M KCl and 1M Urea for 20 hours and 2 hours
respectively. Following incubation, the treated platelets
were washed 3 times in PBS-EDTA and tested in the ELISA assay
according to the above protocol using secondary antibodies to
detect the presence of HLA Class I antigens (W6/32) and pLM
antigen. To further investigate the stability of pLAt antigen
after these treatments, platelets from each of the 6 donors
(post-treatment) were subjected to 6% PAGE, Western Blotted
onto nitrocellulose paper and incubated with an anti-pLM

antibody to detect the presence of intact pLi! antigen.

2.3.5 Low pH Treatment Experimental Protocol

sx108 platelets were isclated from S5 day old platelet
concentrates collected from 6 different Group O pLM positive
donors. The platelets were washed as previously described,
resuspended in 0.5 ml of buffered citric acid solution {citric
acid - Na,HPO, pH=3.0) and incubated for various times from 0
to 30 minutes at 4°C. The platelet suspensions were then
neutralized with excess citrate buffer (pH=6.0) and washed
3 times in PBS-EDTA (pH=6.0). The treated platelets were then
tested in the ELISA assay using a previously determined
optimal concentration of Mab W6/32 (1:2000 dilution) to detect

HLA antigen activity. Untreated control platelets (ie.
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platelets incubated in PBS-EDTA over the various incubation
periods) were run in the ELISA assay as a control.

In a separate series of experiments, platelets from the
same 6 donors were treated with buffered citric acid for 10
minutes according to the above protocol and then tested in
the ELISA assay using secondary antibodies to detect the
presence of HLA antigens (Mab W6/32) and pri! antigens (anti-
pLM).

To further investigate the stability of prh!

antigen
after this treatment, platelets were incubated for 10 minutes
in buffered citric acid, solubilized in SDS and subjected to
6% PAGE. Following this step, the gels were electroblotted

on to nitrocellulose paper and the blots were incubated with

anti-PLM and developed with the Protoblot™ staining kit.

2.3.6 PHA Stimulation Experimental Protocol

Platelets and lymphocytes were collected from 3 random
donors in the following manner. 50 ml of fresh whole bleood
was collected into heparin anticoagulant (Vacutainer™ Becton
Dickenson) and spun at 1,000g for 10 mins. The PRP was
collected into one 10 ml tube and the buffy coat layer
collected into a separate 10 ml tube. Platelets were washed
3 times as in PBS-EDTA as previously described and resuspended
in Plasmal},rte'm to a concentration of 500,000 cells/ul. The
lymphocytes were separated on a Ficoll-Hypaque gradient by

diluting the buffy coat 1:2 with RPMI 1640, layering it over
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the gradient and centrifuging at 1,500g for 30 min. Following
this step, lymphocytes were washed 2 times in RPMI 1640
containing 5% FCS and resuspended to a concentration of 5,000
cells/ul. PHA was added to 1 ml aliquots of each platelet and
lymphocyte preparation to the following final concentrations:
1, 5, 10, 25 and 50 ug/ml and incubated for 48 hours at 20°C

in the case of platele%s and 37°C in the case of lymphocytes.

Following incubation, the cell suspensions were washed 2 times
in either PBS-EDTA or RPMI 1640 with 5% FCS and resuspended
once again to a concentration of 500,000 cells/ul for
platelets and 5,000 cells/ul for lymphocytes. Negative
controls consisted of cells incubated for 48 hours at thne
appropriate incubation temperatures without PHA added. All
cells were tested in the PRAT using Mab W6/32 to detect HLA

125

antigen and an I anti-mouse Ig second antibody to detect

bound Mab W6/32. Bliank controls for the PRAT consisted of the
untreated (i.e. not stimulated with PHA) platelet and
lymphocyte preparations incubated with normal mouse ascites
fluid in place of the Mab W6/32. The results, expressed as
a Bound/Total %, were determined by subtracting the average
background radioactivity of the corresponding blanks from each
test then dividing by the total amount of radioactivity added
to each test and multiplying by 100 to obtain a percent value.
Platelet and lymphocyte viability was assessed using Trypan

Blue dye, beinre and after incubation in PHA to insure that
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the cells remained viable under the various conditions
studied.

A second experiment was run using the same experimental
protocol with the exception that the concentration of PHA used
for stimulation was held constant (25ug/ml) and the incubation
times increased over a period of 3 days in order to determine
the optimal stimulation time for lymphocytes and to
investigate if a longer stimulation time was needed for

platelets to show a detectable response to PHA.

2.3.7 PCR_Experimental Protocol

RNA extracts were prepared from platelets and lymphocytes
collected from a known HLA-A2 donor according to the
procedures already described. The total platelet and
lymphocyte RNA recovered from each aliquot of cells was used
in all subsequent ¢DNA synthesis and amplification steps
according to the methods previously described.

Six separate RNA extractions (3 platelet and 3
lymphocyte) were performed on aliguots of cells, each
containing 1 X 1010 platelets or 1 X 104 lymphocytes and
treated as follows; one RNA preparation for each cell type
was treated as described below for the negative control, one
preparation of each was was subjected to cDNA synthesis and
DNA amplification as described below for the test samples and
the third RNA extract for each cell type was subjected to 2
serial 1:10 dilutions with 0.1% DEPC treated sterile water

before cDNA synthesis and DNA amplification steps were
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performed. These diluted total RNA samples were treated in
an identical manner to that of the undiluted test DNA samples
and were included to provide a means of assessing the relative
efficiency of the PCR in its ability to amplify specific HLA-
A2 message to a detectable level.

¢DNA synthesis was performed on the lymphocyte and
platelet DNA controls using the oligo (dT) primer supplied
with the ¢DNA kit which directs first strand synthesis of all
message present in the respective extracts. These negative
control samples were then subjected to amplification by the
PCR in the absence of specific primers for HLA-A2 message.
In the case of the test DNA samples run in the PCR, cDNA
synthesis was performed on both the lymphocyte and platelet
RNA extracts using a 1.0uM concentration of PCR-2 to direct
first strand synthesis of specific HLA-A2 message only. 1In
subsequent amplification steps, both oligonucleotide primers
for HLA-A2 message were added to the PCR reaction mixture such
that amplification of this specific message could occur if
the appropriate complementary DNA sequences were present in
the original RNA extract. A "no-DNA" contrel was run in
parallel with the above controli and test samples to insure
that the PCR reaction mixture (containing both primers) did
not contribute to the formation of any amplified sequences in

the absence of appropriate message.
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RESULTS

3.1 Passive Adsorption and Elution of Class I HLA Antigens
from Platelet Membranes

3.1.1 ati a Obijectives

The degree to which platelets are reported to passively
adsorb or elute Class I HLA antigens varies considerably among
different groups of investigators (Lalezari and Driscoll 1982;
Blumberg et al. 1984; Warejcka et al. 1985; Santoso et al.
1986; Kao et al. 1987). Thus, as a starting point in the
investigation of the origin of Class I HLA antigens on
platelet membranes, it was deemed appropriate to begin by
determining the degree to which passive adsorption and elution

of Class I antigens from platelets takes place in vitro.

3.1.2 Results

The results of the adsorption and elution experiments
described in the experimental protocol sections 2.3.1 and
2.3.2 are given in tables 4 and 5 respectively. By comparison
to the negative controls in the adsorption experiments, a
small amount of HLA-A2 antigen was detected by all three
assays performed on A2-negative platelets after 5 days of
incubation in plasma containing scluble HLA~A2 substance. This
result supports the findings of other investigators (Lalezari
and Driscoll 1982; Santoso et al. 1986) that at least some of

the HLA antigen present on platelets is likely adsorbed.
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TABLE &
PASSIVE ADSORPTION OF CLASS 1 ANTIGENS OMYO PLATELET !MS‘
Assay Using Mab to HLA-A2
Incubation 1PSLFT PRAT" ELISA"
Conditions {1e-4+) (B/TX) {0.0.)
FRESH neg 1.4 ¢ .022 254 ¢ 026
S days in HLA-A2 1+ 4.2t 036 .352 ¢ 018
Positive Plasma
S days in Autologous neg 1.5 = .020 .259 ¢ 023
Plasma
5 days in Plasmalyte neg 1.3+ .018 .267 = 021

T. AlL Platelet donors selected were HLA-A2 negative,
* Mean = S.D. n=6
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The results of the passive elution experiments (Table 5)
show no significant change in the total amount of Class I
antigen present before and after 5 days incubation in either;
homologous plasma containing soluble HLA antigens other than
those present on the test platelets, autologous plasma
containing the same soluble HLA antigens as present on the
platelets or plasmalyteT", which was devcocid of soluble HLA
antigens. These results support the belief that platelet HLA
antigens, whatever their source of origin, do not readily

elute once bound.
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TABLE 5

PASSIVE ELUTION OF CLASS 1 HLA ANTIGENS FROM PLATELET MEMBRANES

Assay Using W6/32 Mab

Incubation 1IPSIFI™ PRAT™ ELISA*
Conditions (1-4%) (B/TX) £0.0.)
FRESH I+ 16.4 ¢ .130 562 = 039
5 days in Homologous 3+ 8.1 ¢ 142 585 » (042
Plasma

5 days in Autologous 3 17.1 = 126 S40 ¢ 040
Plasma

S days in Plasmalyte 3+ 7.5 ¢ 129 L972 ¢ 045

* Mean = $.D. n=6
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3.2 Elution of Class T HLA Antigens from Platelet Membranes
by Chloroguine

3.2.1 Rationale and Objectives

It has been previously reported that hypertonic acid
chloroquine (200 mg/ml, pH 5.0) is effective in eluting HLA
antigen from platelet membranes but not lymphocyte membranes
(Blumberg et al. 1984; Nordhagen and Flaathen 1985; Kao 1987)
as well as in eluting passively adsorbed IgG antibodies from
the platelet surface (Masel et al. 1988), and red cell
membranes (Holtz et al. 1973; Mantel and Holtz 1976; Edwards
et al. 1982). Furthermore, it has been suggested by several
authors that this phenomenon is consistent with the hypothesis
that HLA-A,B antigens are adsorbed onto platelet surfaces
(Blumberg et al. 1984; Nordhagen and Flaathen 1985) and that
if these antigens are in fact adsorbed membrane proteins, then
chloroquine would not be expected to elute those membrane
proteins which are integral in nature (Kao 1988). To test the
latter hypothesis, platelets were treated with a solution of
hypertonic acid chlorogquine and tested in the ELISA assay and
IPSIFT to determine the residual HLA-A,B reactivity as well
as that of the pLM antigen, which is associated with the
integral membrane GPIIIa. Protein banding patterns before and
after chloroquine stripping were analyzed and the integrity

of the PLM antigen was assessed by immunoblot analysis.
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3.2.2 Results

The results of the chloroquine stripping experiments
described in section 2.3.3 are given in Table 6, Table 7,
Figure 4. Table 6 shows the HLA-A,B and pL?! ®erclogical
activity detected before and after chloroquine treatment as
assessed by the ELISA assay. HLA antigen reactivity on
piatelets was detected by using Mab W6/32 and PpLM 2ntigen
*®activity was detected using an alloimmune source of anti-
PLA . The amount of HLA antigen detected on the platelets
decreased markedly after chloroguine treatment from an initial
0.D. reading of 0.924 to 0.302. The amount of pLA? antigen
reactivity detected after treatment with chloroquine was
comparable to the pre-treatment values obtained.

Table 7 shows the relative fluorescent staining intensity
of platelets incubated with either the Mab Wé6/32 or anti-
PL?, before and after chlorogquine stripping. The fluorescent
staining intensity obtained after incubation with ¥ab W6/32
was significantly reduced after chloroquine treatment in all
6 platelet donors while that of platelets incubated with anti-
PLM remained unchanged. Weak fluorescence was detected after

chlorogquine stripping using the Class I framework Mab in 2 of

the 6 platelet donors.
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TABLE 6

RESIDUAL HLA-A,B AND prA! ACTIVITY .\FTER
TREATMENT WITH HYPERTONIC ACID CHLOROQUINE

PREATMENT

MEMBRANE DETECTING R

PROTEIN ANTIBODY PBS-EDTAY CHLOROQUINE!
{before) (after)

HLA W6/32 .924 * .039  .302 * .065

pLAl Anti-pprAl? .683 + .039 .697 = .071

1. Values represent 0.D. readings at 405 om (mean = S.D.} n=6
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TABLE 7

PLATELET MEMBRANE FLUORESCENCE DUE TO HLA-A,B
AND PL' ANTIGEN EXPRESSION BEFORE AND AFTER

CHLOROQUINE TREATMENT

CHLOROQUINE TREATMENT

BEFORE AFTER

PLATELET
DONOR HLA prht HLA prhl

1 4+ 4+ +/-1 4+

2 4+ 3+ - 3+

3 4+ 3+ - 3+

4 3+ 4+ - b4+

5 4+ 4+ +f= a4+

6 4+ 3+ - 3+

1. Membrane fluorescence weakly detected.
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The integrity of pLA! antigen after Chloroguine treatment
of platelets is shown in Figure 4. The bands appearing at
an approximate mol. wt. of 105,000 correspond to the binding
of anti-PL* to the pLM epitope present on GPIIIa molecules.
The ability to demonstrate ppA antigen by immunoblot
indicates that hypertonic acid chloroquine treatment neither
elutes integral membrane proteins such as GPIIIa nor does it

affect the integrity of pLM! antigen.
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FIGURE 4. INTEGRITY OF PL ANTIGEN AFTER CHLOROQUINE
TREATMENT OF PLATELETS. SDS solubilized platelets from 6 PLM
positive donors (A through F) were electrophoresed on a 6%
PAGE before treatment (1lst Lane) and after treatment (2nd
Lane) with hypertonic acid chloroquine unde- non-reduced
conditions. The gel was electroblotted onto niu: cellulose
paper, incubated with an alloimmune serum containing anti-
PL*! then developed using the Protoblot™ system. Untreat.
platelets from a known PLP positive donor (+) and a known
prAl negative donor (-) were run as controls. The bands
migrating at an apparent mol. wt. of 105 KDa, correspond to
the binding of antibody to the PL® epitope present on GPIIIa.
Note the relative staining intensities of the PL™ bands are
comparable for both treated and untreated platelets. Note
also the disappearance of the high meol. wt. bands migrating
at an approximate mol. wt. of 200,000 in the chloroguine
treated platelets (2nd Lane for each donor). These high mol.
wt. bands correspond to the loosely bound IgG immune complexes

which are known to be passively adsorbed onto platelet

membranes.
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3.3 Stability of Class I HLA and PL* aAntigens on
Platelets After Treatment With a Hyvpertonic Salt
Solution (3M KCl) And A Mild Denaturing Agent
(1M Urea)

3.3.1 Rationale and Obijectives

According to the definition of Singer and Nicolson

(1972), integral membrane proteins can be distinguished from
adsorbed membrane proteins by the ease with which they
dissociate from the cell membrane. As such, mild treatments
such as increasing ionic strength of the surrounding medium
and mild denaturation should be effective in eluting only
loosely adsorbed proteins and should not affect the presence
or expression of integral proteins. To further investigate
the binding stability of platelet HLA-A,B antigens, platelets
were subjected to treatment with 3M KCl1 and 1M Urea in
separate experiments. If the HLA antigens on platelets are
indeed adsorbed in nature then it was rationalized that such
mild treatments should be capable of eluting HLA antigen (to
some extent) without adversely affecting other known integral
membrane proteins such as platelet GPIIb-IIIa.
Lymphocytes were run in parallel to compare the stability of
the HLA-A,B antigens on lymphocytes under the same conditions
however these cells did not remain intact (osmotically) during
the course of treatment with these agents.

In a further set of experiments, the stability of pLM
antigen was assessed after both 3M KCl and 1M Urea treatment
by Western Blot analysis (see experimental protocol section

2.3.4).
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3.3.2 Results

The results of these experiments are shown in Figures 5,
6 and 7 and Table 8. Figures 5 and 6 show respectively, the
effect of 3M KC1l and 1M Urea treatment of platelets on the
detectable quantity of HLA-A,B over various incubation
intervals. Both these treatments were effective in
significantly reducing the the amount of detectable HLA-A,B
over the time periods studied however, residual HLA remained
in both cases after the optimal treatment interval had been
reached. This residual HLA antigen could not be eluted by
2xtending the treatment intervals or by increasing the molar
concentration of the KC1l to 4M and that of the Urea to 2M
(Results not shown).

Table 8 shows the effect of 3M KCl and 1M Urea on the
stability of both HLA- A,B and PIM! antigens after treatment
for 15 hours and 2 hours at 4°C respectively.

Figure 7 visually demonstrates the stability of prA!

antigen after prA?

positive donor platelets were subjected to
treatment with 3M KCl for 15 hours at 4°C and 1M Urea for 2
hours at 4°C. The staining intensity of the PL? bands did
not differ from the untreated control platelets indicating

that neither 3M KCL nor 1M Urea were effective in eluting

integral GPIIIa molecules from platelet membranes.
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FIGURE 5. EFFECT OF VARIOUS 3M KCL TREATMENT INTERVALS ON
THE PRESENCE OF HLA-A,B ANTIGENS ON PLATELETS. Platelets
treated with 3M KCl over a period of 0-30 hours ([J) and
untreated (i.e. incubated with PBS-EDTA) platelets (i) were
tested in the ELISA assay to determine the level of HLA-A,B
antigen expression. Maximal elution of HLA-A,B was seen after
15 hours of incubation however residual HLA could still be
detected after 30 hours of treatment with this hypertonic salt

solution.
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FIGURE 6. EFFECT OF VARIOUS 1M UREA TREATMENT INTERVALS
ON THE PRESENCE OF HLA-A,B ANTIGENS ON PLATELETS. Platelets
treated with 1M Urea @{3) over a period of 0-6 hours at 4°c
and uantreated (i.e. PBS-EDTA treated) platelets (Q) were
tested in the ELISA assay to determine the detectable level
of HLA-A,B antigen. Maximal elution of these antigens was
Seen after 2 hours of treatment with 1M Urea. Residual HLA
ii.e. a non-elutable HLA component) could be detected at all
remaining treatment intervals and was present on platelets
that had been incubated in 1M Urea for up to 24 hours (results

not shown).
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TABLE 8

STABILITY OF HLA AND prM ANTIGENS AFTER TREATMENT
=_=sles 0 S AND 2L ANTIGENS AFTER TREATMENT
WITH 3M KCL AND 1M UREA

R LY W 2T S

MEMBRANE PROTEIN DETECTED!

TREATMENT HLA (W6/32)2 prA! (anTi-prr})3

3M KCl .323 * .064 .611 * .068
PBS-EDTA (control) .862 * .044 .579 * .037
1M Urea .156 + .083 577 * 076
PBS-EDTA (control) -.785 * .04s8 .622 + .036

1. Figures represent 0.D. readings at 40Snm. Mean * S.D. n=6.

2. HLA activity detected using McAb W6/32. Negative control = PBS-EDTA
treated platelets + normal mouse ascites.

3. PL11 activity detected using an alloimmune source of anti- prAl.

Negative control = PBS-EDTA treated platelets + normal AB Rh neg human

serum.
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FIGURE 7. STABILITY OF prA! ANTIGEN ACTIVITY AFTER
TREATMENT WITH HYPERTONIC SALT SOLUTION (3M KCL) AND A MILD
DENATURING AGENT (1M UREA). SDS solubilized platelets from
6 pLA! positive donors (a through f) were electrophoresed on
a 6% PAGE under non-reducing conditions after treatment with
3M KC1 for 15 hours at 4°C. (donor group A) or with 1M Urea
for 2 hours at 4°C. (donor group B}. Platelets from an
LAl

untreated P positive donor were run in parallel as a

control (+). The resulting gel was electroblotted onto
nitrocellulose paper, incubated with an alloimmune source of
anti-PLﬁl, then developed using the Protoblot™ system. The
presence of bands migrating at an apparent mol. wt. of 105
Kba, corresponds to the binding of antibody to the pLA!
epitope present on GPIIIa. The staining intensity of the
bands on the treated platelets does not differ from that of
the control platelets indicating that neither 3M KCl and 1M
Urea are effective in eluting GPIIIa molecules off platelet

membranes.
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3.4 Effect of Low PH Treatment of Platelets on The

Presence of Class I HILA and PL Antigens

3.4.1 Rationale and Obijectives

Recently it has been reported that the ability to
serologically detect surface Class I HLA can be eliminated
without significant cell destruction by brief exposures to
low pH (Sugawara et al.

1987, Kurata et al. 1989). The presence of HLA-A,B antigens
was thus further investigated after treatment with citric acid
at a pH of 3.0 over various treatment intervals and compared
to that of PLM antigen expression on platelets after

jdentical treatment in citric acid for 10 min at 4°C.

3.4.2 Results

The results of these experiments are shown in Figures 8
and 9. Figure 8 shows the effect of low pH treatment over
time on the expression of HLA-A,B on platelet membranes. A
significant reduction in HLA~-A,B activity was seen after
subjecting platelets to low pH for only 10 minutes. Figure
9 visually demonstrates the stability of PL* antigen on
platelet membranes after low pH treatment for 10 min at 4°¢.
The presence of intact PL2! vands on the immuoblot indicates

that low pH citric acid treatment has no effect on integral

proteins such as GPIIIa.
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FIGURE 8. EFFECT OF VARIOUS TREATMENT INTERVALS WITH LOW
PH CITRIC ACID ON THE LEVEL OF HLA-A,B ANTIGEN DETECTED ON
PLATELET MEMBRANES. Platelets treated ([J) with buffered
citric acid (pH=3.0) over a period of 0-30 minutes at 4°C then
tested in the Elisa assay to determine the relative amounts
of HLA-A,B that remained over time. Untreated platelets ()
were run in parallel as a negative control. A significant
reduction in the quantity of membrane bound HLA-A,B was seen
after treatment for only 10 min in puffered citric acid.

This treatment was very effective in eluting HLA antigen from
the platelet membrane however, a residual amount of antigen
activity could still be detected after 30 min of exposure to

citric acid.
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FIGURE 9. STABILITY OF PLP ANTIGEN ON PLATELETS AFTER
LOW PH TREATMENT WITH BUFFERED CITRIC ACID. SDS solubilized

platelets from 6 pLM

positive donors (A through F) were
electrophoresed on a 6% PAGE under non-reducing conditions
after low pH treatment for 10 min at 4°C. The resulting gel
was electroblotted ontoc nitocellulose paper then incubated

with an alloimmune source of anti-pLA!

and developed using
the Protoblot™ system. The band migrating at an apparent
mol. wt. of 105, corresponds to the binding of antibody to
the PLM epitope present on GPIIIa. The presence of this band
indicates that low pH treatment of platelets does not elute

the integral bound GPIIIa molecules present on platelet

membranes.
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3.5 Effect of PHA Stimulation on The Expression of Zlass I

HLA Antigens on Platelet Membranes

3.5.1 Rationale and Obijectives

Phytohemagglutinin (PHA) has previously been shown to
stimulate an increase in the expression of Class I HLA
antigens on the surface of lymphocytes (McCune et al. 1975).
These investigators showed that a significant increase in HLA
antigen density could be observed within 12 hours of
incubation and that the increased expression induced by PHA
was dose-dependent. Lymphocyte blast transformations of this
nature require the presence of koth a carbohydrate receptor
for PHA on the cell surface and nascent message (ie. mRNA for
Class I antigen synthesis) for Class I HLA synthesis and
expression. In order to investigate the possibility that
platelets may possess the necessary membrane receptors for
PHA, mRNA and appropriate protein synthesis machinery to
respond to PHA stimulation in a similar manner to lymphocytes,
viable platelets were exposed to various concentrations of PHA
over time and the relative amounts of HLA antigen detected
before and after stimulation was compared to that of

lymphocytes collected from the same donors.

3.5.2 Results
The results given in Figure 10 show that platelets did
not respond to PHA stimulation after 48 hours incubation since

the amount of Mab W6/32 bound by the platelets did not differ
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significantly over the range of concentrations studied, from
the unstimulated, baseline value of 17.2 B/T%.

Lymphocytes, on the other hand, showed a maximal
stimulation over the 48 hours of incubation in the presence
of 25ug/ml of PHA. Figure 11 shows the effect of holding the
concentration of PHA used to stimulate the cells constant
(25ug/ml) and incubating the cells over a period ranging from
2 to 72 hours. Again, the platelets did not show a change in
the detectable level of Class I HLA antigen, even after 72
hours of incubation in the presence of PHA. The control
lymphocytes run in parallel, showed a greater than 2 fold
increase in the amount of detectable HLA Class I antigen after

exposure to PHA over the same 72 hour incubation period.
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FIGURE 10. EFFECT OF INCREASING PHA CONCENTRATIONS ON
THE EXPRESSION OF HLA-A,B ANTIGENS ON PLATELET MEMBRANES AFTER
48 HOURS OF INCUBATION. Platelets ([J) snd lymphocytes (O
from the same donors (n=6) were incubated with increasing
concentrations of PHA (1, 5, 10, 25, 50ug/ml) over a period
of 48 hours. Negative controls run in parallel consisted of
platelets (Jj) and lymphocytes @ from the same 6 donors
incubated in the absence of PHA under the same conditions. HLA
antigen expression on lymphoctes showed a marked increase
(24.3 B/T% to 38.4 B/T%) over the range of PHA concentrations
studied however the expression of these antigens on platelets
remained constant under the same conditions (17.2 B/T% to 18.1
B/T%). Maximal HLA antigen expression on lymphocytes after
48 hours of PHA stimulation was seen at a PHA concentration

between 20 and 30 ug/ml.
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FIGURE 11. HLA-A,B ANTIGEN EXPRESSION ON PLATELETS AFTER
STIMULATION WITH A 25ug/ml CONCENTRATION OF PHA OVER VARICUS
INCUBATION INTERVALS. Platelets {Jj and lymphocytes () from
the same donors (n=6) were incubated in 25ug/ml of PHA over
various incubation intervals from 0 to 72 hours. Negative
controls run in parallel consisted of platelets () and
lymphocytes @) from the same 6 donors incubated in the
absence of PHA under the same conditions. HLA antigen
expression on platelets remained constant (16.8 B/T% to 17.4
B/T%) over the course of the incubation intervals studied
while that of lymphocytes increased greater than 2 fold (22.3

B/T% to 48.4 B/T%) over the same 72 hour exposure to PHA.
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3.6 Enzyvmatic Amplification of Platelet mRNA by The
Polymerase Chain Reaction

3.6.1 Rationale and Objectives

A method to enzymatically amplify short segments of
platelet derived DNA was recently reported by Newman et al.
1988. These authors reported the direct amplification of
GPIIIa message contained in RNA extracts prepared from
platelets isolated from the upper half of the PRP derived from
50 ml of whole blood (i.e. about 5 X 10° platelets). A major
deterrent to investigating the primary sructure of platelet
specific proteins has been the inability to obtain sufficient
mMRNA to produce informative DNA libraries. This report
represents the first time that investigators have been able
to demonstrate the presence of nascent message in the
vestigial RNA that exists within platelets.

It was rationalized that if it is possible to demonstrate
with this technique, that GPIIla message is present in
platelets, then it should also be pessible to demonstrate the
presence of nascent message enceaing for HLA Class I antigens,
if in fact, such message actually exists within platelets.
Obviously, if message for HLA Class I antigen could be
demonstrated to be present in platelet derived RNA, it would
provide considerable evidence in favor of the existance of an
integral HLA component.

To investigate the possiblility that HLA Class I message

exits 1in platelets, RNA extracts were prepared from both
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platelets and lymphocytes (positive contrel) isolated from a
known HLA-AZ2 donor, These total RNA extracts were then
subjected to cDNA synthesis and subsequent amplification by
the polymerase chain reaction using specific oligonucleotide

primers for HLA-A2 message.

3.6.2 Results

The results of the PCR experiments conducted are shown
in Figure 12. The lymphocyte control DNA samples (Lanes D,
E and F) show a 500 kb fragment of amplified DNA. This band
was shown to be specific for HLA-A2 message by hybridization
of a 32p-labeled probe prepared from PCR-1 (results not
shown). The intensity of the FtBr staining of this fragment
diminished as the amount of lymphocyte DNA used in the PCR
was decreased (Lane D=104, Lane E=10° and Lane F=102
lymphocytes used for extraction). This amplification
strategy failed to detect the presence of HLA-A2 message in
the platelet derived DNA samples (Lanes G,H and I). In an
attempt to determine if the message was present but still
below the level of detection, the 3 platelet samples were
placed back in the PCR thermal-cycler and run for a further
30 amplification cycles (see methods section for cycle
parameters) after replenishing the reaction mixture with a
2uM concentration of each primer and 5U of Taq Polymerase.
The 500 kb sequence could not be detected even after a further

30 amplification cycles (results not shown). This same
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experiment was repeated several times, allowing the PCR to
cycle 30, 60 and 90 times without interruption, with the same
negative results. A further experiment using 2 X 10%°
platelets in the RNA extraction and the same conditions for
cDNA synthesis and DNA amplification (i.e. 30, 60 and 90
cycles) also failed to detect the presence of HLA-A2 message.
Further platelet extractions using more cells were not
contemplated as the volume of cells used in the extraction
exceeded the solubilizing capability of the guanidinium

isothiocyanate at numbers much greater that 1 X 1019,
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FIGURE 12. ENZYMATIC AMPLIFICATION OF PLATELET AND
LYMPHOCVYTE DNA DERIVED FROM HLA-A2 POSITIVE CELLS USING
SPECIFIC PRIMERS FOR HLA-A2 MESSAGE. Total platelet and
lymphocyte RNA was transcribed to cDNA and enzymatically
amplified in the presence of specific primers for HLA-A2
message (test DNA samples) or in the absence of these primers
(control DNA samples). After amplification by PCR was
completed, 15ux) samples of each reaction mixture was analyzed
on a 1% agarose/l% nuseive gel and the resulting bands
visualized by EtBr staining. Lanes A, B and C correspond to
the negative control samples as follows; lymphocyte DNA
control (lane A), platelet DNA control (lane B) and no DNA
control (lane C). Lanes D, E and F correspond to the PCR
positive control samples which consisted of DNA extracts
prepared from lymphocytes as follows; 1 X 104 lymphocytes
(lane D), 1 X 103 lymphocytes (lane E) and 1 X 102 lymphocytes
(lane F). lanes G, H and I correspond to platelet DNA
isolated from; 1 X 10'° platelets (i~ne G}, 1 X 10° platelets
(lane H) and 1 X 108 platelets (lane I). The resulting DNA
bands are compared to a 1 Kb DNA standard run in parallel
(STD). Note the presence of a 500 bp amplified DNA segquence
in lanes D and E (lymphocyte DNA), which is not detected in

the platelet DNA samples run in lanes G, H and I.
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DISCUSSION

The availability of effective platelet products has
dramatically improved the survival of patients suffering from
a variety of neoplastic and hematological disorders. As the
treatment for these disorders has advanced, the demand for
platelets has increased proportionally. This increased
platelet utilization has, in turn, been paralleled by the need
for a better understanding of platelet biochemistry, function,
optimal storage parameters and post-transfusion efficacy.
This thesis presents the studies done in an attempt to further
our knowledge with regards to the presence of HLA-A,B antigens
on platelets, with new information that will, hopefully,
promote future interest in investigating new and novel
approaches to providing compatible platelets to alloimmunized
patients.

The primary objective of this investigation was to
explore the nature of the association of HLA Class I antigens
with platelet membranes (ie. as integral or adsorbed membrane
proteins) in hopes of discovering new information about their
origin. In an attempt to further this objective, the
expression of these antigens was studied at both the cellular
and the RNA level. At the cellular 1level, HLA antigen
expression was studied under a number of different conditions
known to elute adsorbed membrane proteins. The results of
such treatments were compared to that of the platelet specific

prM antigen which is known to be associated with the integral
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membrane protein GPIIIa. The studies done at the RNA level
represent a new approach to this question, made possible by
the development of the PCR technique which enables one to
enzymatically amplify specific DNA sequences from 10% to 10°
times (Saiki et al. 1988). The results of the studies
conducted and presented in Section 3.0 (Results) are discussed
below.

The controversy which exists in the literature, stems
from conflicting reports as to the nature of platelet HIA
specificity (i.e. antigens). Depending on the studies
conducted and the conclusions drawn, it has been reported both
that; HLA specificity is adsorbed readily from plasma
(Blumberg et al. 1982; Lalezari and Driscoll 1982) and, that
HLA specificity cannot be aquired from plasma (Warejcka et
al. 1985). It has also be=n reported that various amounts of
HLA antigen activity on platelets can be removed without a
concominant loss of known integral membrane proteins under
certain relatively mild conditions which include; treatment
with hypertonic acid chloroquine (Blumberg et al. 1584;
Nordhagen and Flaathen 1985; Kao 1987) and low acid pH
treatment (Sugawana et al. 1986; Kurata et al. 1988).
Finally, there exists contradicting reports as to the relative
amounts each species (i.e adsorbed and integral) which range
from reports that; (i) the majority of HLA antigens on
platelets are acquired from plasma (Lalezari and Driscoll
1982) to, (ii) >50% of these antigens are acquired (ie.

adsorbed) in nature (Kao 1987) to (iii) the major portion of
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HLA antigens present on platelets appear to be integral in
nature (Santoso et al. 1986).

As a starting point, studies were conducted to determine
the relative amount of passive adsorption and elution of Class
I antigens. The results of the adsorption experiments showed
that HLA-A2 specificity could be weakly detected on HLA-A2
negative platelets after 5 days of incubation in plasma from
an HLA-A2 positive individual. These results support the
findings of other investigators (Lalezari and Drisceoll 1982;
Santoso et al. 1986) that platelets are capable of passively
adsorbing HLA antigens and that at least some of the HLA
activity on platelet membranes is adsorbed. The results of
the passive elution experiments showed no appreciable change
in the amocunt of HLA-A,B expression detected after $ days of
platelet incubation in either; homologous plasma, autologous
plasma or Plasmalyte:", a synthetic plasma-free nutrient
medium for platelets which is devoid of any source of protein,
including soluble HLA antigen. The fact that HLA expression
did not diminish during prolonged incubation in this plasma-
free medium suggests that all HLA antigens on platelets are
relatively stable in their association with the platelet
membrane and therefore, do not passively elute. In addition,
these results suggest that the adsorptive properties of
platelets are not gradient or concentration dependent, and
that the concentration of HLA antigens on platelets is
independent of the concentration of soluble HLA antigen in

plasma. These findings support previous reports that there
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is no correlation between adsorbed HLA concentration and
plasma HLA concentration (Kao et al. 1988) and confirm the
findings of Dunstan and Simpson (1985) that Class I HLA
antigens are stable under a variety of storage conditions.

The results of the chloroquine elution studies confirm
previous reports that HLA antigens are elutable with this
treatment. The extent to which these antigens could be eluted
was assessed by several semi-quantitative assay techniques and
compared to the elution of a known integral membrane protein,
GPIIIa, from platelets subjected to identical treatments. The
ELISA assay results showed a 70-75% reduction in the amount
of detectable HLA after platelets were subjected to
chloroquine elution (Table 6). The results obtained in the
IPISFT showed that the HLA antigen activity had been reduced,
after chloroquine stripping, to an undetectable level in 4 of
the 6 platelet donors tested. In the remaining 2 donors, a
weak fluorescence could still be detected (Table 7). The
intensity of the integral GPIIIa bands present did not
diminish after chloroquine treatment (Figure 4) thus
indicating that chloroquine was effective in eluting the
majority of HLA antigens but had no effect on integral GPIIIa
proteins.

The results of the 3M KCl, 1M Urea and low pH experiments
are consistent with the concept that mild treatments such as
increasing the ionic strength of the surrounding medium and
mild denaturation of proteins, would be capable of eluting

proteins which are only loosely associated with the cell
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membrane, but not those which are integral in nature. The
results of the experiments conducted to evaluate the binding
stability of HLA antigens indicate that all 3 treatments were
effective in eluting HLA antigen, but not prM (GPIIa)
antigen. A residual HLA activity which remained constant
could be detected after 15 hours of treatment with 3M KC1,
after 2 hours of treatment with 1M Urea and after only 10
minutes of treatment in buffered citric acid (i.e. low pH)}.
The incubation time needed to achieve maximal elution of HLA
activity varied widely with the 3 treatments however, the
residual activity that remained was remarkably constant once
maximal elution was achieved (0.D. range in ELISA = 0.195 -

0.323). These results argue strongly in favor of the
majority of HLA activity (70-75% in the experiments conducted)
being adsorbed in nature. An interesting finding which is
unexplained is that only 20-30% of the total HLA activity
could be detected after maximal elution had oxcurred for each
treatment. This finding is consistent with the findings of
Kao (1987) who <conducted quantitative studies on the
concentration of HLA antigens on platelets, before and after
chloroquine elution and reported that >50% of HLA antigens on
platelets are acgquired. There is however, a considerable
disparity between these two percentages which is larger than
expected and hence in need of an explanation. One possible
explanation is that the platelets used to conduct these
experiments were collected from 5 day platelet concentrates

which had just reached their outdating period instead of from
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fresh PRP, as was the case in the experiments conducted by
Kao. It could be argued that this difference is a result of
the difference in mean age of the platelet populations used
in the experiments and thus, that the relative concentration
of integral HLA species on platelets is a function of platelet
age.

The PHA stimulation experiments conducted were not
informative from the stand point of furthering the aim of this
study since PHA failed to stimulate HLA Class I antigen
expression in platelets. The fact that PHA is not capable of
stimulating platelet HLA antigen expression is however, new
information and therefore noteworthy. Possible explanations
for this negative response include; (i) platelets may not have
membrane receptors for PHA which would enable them to bind
with this mitogen, (ii) platelets do not possess nascent
message for the de-novo synthesis of HLA antigen or, (iii)
that PHA is capable of stimulating synthesis of HLA antigens
but that the rate of synthesis is too slow to be detectable
over the time period studied. The first two explanations
would seem plausible, the latter unlikely. The negative
findings in the PCR experiments are not surprising in view of
the fact that platelets are known to possess only vestigial
amounts of mRNA and no organized nucleus (Evatt and Stein
1988). The inability to demonstrate nascent message in
platelets by this technique could be due to one or more of
several possible explanations including; (i)} HLA Class I

message exists within platelets but the amount of specific
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mMRNA is so minute that it cannot be amplified to a detectable
level, (ii) the experimental conditions used in the cDNA
synthesis steps and subsequent amplification strategy may not
have been optimal for amplification of HLA Class I message,
(1iii) platelet mRNA is highly unstable and subject to rapid
degradation by endogenous RNases such that any HLA-A,B messaqge
present in platelet RNA extract would not remain intact long
enough to be transcribed into ¢cDNA or, (iv) nascent message
for HLA antigen synthesis does not exist within platelets and
thus these findings represent the true situation that exists
with respect to the presence of specific HLA Class I message
in platelets.

The first explanation is unlikely since the PCR is
reported to be capable of amplifying even a single mRNA
sequence to the point of detection if conducted under optimal
conditions (Saiki et al. 1985). The fact that these studies
employed identical experimental conditions and amplification
strategy to that described by Newman et al. (1988) to
demonstrate the presence of mRNA encoding for GPIIIa, also
argues against the explanation that the amount of nessage
present exists at a sub-detectable level. The final evidence
that argues against this explanation is the fact that HLA
message could not be detected even when the total RNA extract
used in the PCR step was prepared from 2 X 10%° platelets (ie
four times the number used by Newman and his co-workers).

The second explanation is again unlikely since the 500

kb amplified segment was seen in RNA isolates prepared from
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as few as 103 lymphocytes. The presence of this amplified
sequence in the positive control DNA indicates that both the
cDNA synthesis step, which used PCR-2 to direct the first
strand synthesis of specific HLA-A2 message only and the
amplification conditions and strategy employved in the PCR step
were sufficiently optimal to produce amplification of the
message. The fact that amplified message was not detected
after allowing the PCR to continue for 90 amplification
cycles, further argues against the suggestion that sub-
optimal assay conditions were responsible for the outcome.
This is the case since if sub-optimal conditions existed
during the PCR then it is likely that by doubling or tripling
the number of amplification cycles, the amount of message
generated will eventually reach a detectable level. The third
explanation presented represents a possibility that can not
be ruled out as very little is currently known about the
existence, stability, half-life or steady state of mRNA
present in platelets. The fourth possibility (ie. nascent
message for HLA antigen synthesis does not exist in the mature
platelet) would thus appear to provide the best explaination
for the negative results obtained in these experiments.

The findings of this work suggest that adsorbed HLA-A,B
antigen is the predominant species present on platelet
membranes however, a detectable amount of the integral species
is also present. A recent report by Pereria et al. (1988)
introduces the concept that variations in Class I HLA antigen

expression seen between high density (older, more picnotic
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platelets) and 1low density (younger, larger platelets)
platelet cochorts, may provide a useful marker of platelet age.
It can be hypothesized from the findings presented in this
thesis that this variable expression is seen as a direct
result of the amount of integral vs. adsorbed antigens which
in turn is a function of the platelets' age. Thus, young
platelets would possess predominately vestigial HLA antigens
originating from megakaryocte synthesis which would be
integral in nature and older platelets would possess
predominately adsorbed HLA antigen which would be aquired over
the course of their circulation in the peripheral blood.

It is further hypothesized that these vestigial integral
HLA antigens are shed into the plasma as platelets age and are
replaced over the course of the platelets' 10 day life span,
with the adsorbed species. Such a hypothesis would be
consistent with the reported findings of a 50%/50% ratio of
elutable vs. non-elutable HLA species in an unfractionated
platelet popul. tion such as that found in fresh whole blood
and a 75%/25% adsorbed (elutable) vs. integral (non-elutable)
ratio seen in a 5 day old population of viable plateleats.

The fact that mRNA encoding for HLA-AZ could not be
demonstrated in platelet RNA derived from an HLA-A2 positive
donor can be explained by the fact that mRNA in all mammalian
cells is constantly being degraded at a rate that is equal to
the specific half-1life of that particular mRNA (Darnell et al.
1986). Platelets are anucleated cells and as such, do not

possess DNA from which new mRNA can be generated. It is
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unlikely then, that platelet mRNA exists in any form of steady
state concentration and likely that the presence of any given
mRNA in circulating platelets would be a function of; the
relative concentration of the message at the point of
megakaryocyte fragmentation, the specific half-life of that
particular mRNA and the mean age of the platelet population
being studied. Thus it seems reasonable to conclude that once
platelets are generated from their megakaryocyte precursors
and are released into the circulation, any mRNA which may have
been present immediately after megakaryocyte fragmentation
will degraded at a rate determined by its specific half-life.
once degraded, the mRNA is not regenerated and the eventual
outcome is a complete loss of ability to direct HLA Class I
antigen synthesis.

In summary, the data presented in this thesis are
consistent with previous reports that the majority of HLA-
A,B antigens on platelets are associated with the platelet
surface in a manner different from that of lymphocytes (i.e
adsorbed in nature). In addition, they indicate that an
integral component does in fact exist but that this species
is not likely generated by de-novo protein synthesis in the
mature circulating platelet. Finally, the findings presented
here support the hypothesis that the integral HLA component
present on platelets may exist as a vestigial remain of
endogenous synthesis which occurs in the megakaryocyte during
thrombopoiesis and diminishes over the life span of the

platelet. If such a hypothesis were true, integral HLA
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antigens would be the predominate species early in the
platelet 1life-cycle but their production and subsequent
expression would diminish as specific mRNA is degraded and
existing antigens are shed into the plasma during the aging

process.
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CONCLUSION

The main objective of this study was to further
characterize the nature of the expression of HLA Class I
antigens on platelet membranes in an attempt to shed
additional light on the controversy which presently exists
with regards to their origin. This question is of relevance
since HLA antigens on lymphocytes play an important role in
mediating cell = cell recognition in the immune response and
thus in determining the survival of various transplanted
organs and tissues. The biological significance of their
presence on platelet membranes is as yet uncertain however in
the clinical setting, it has been known for some time that
these antigens are capable of inducing immune responses which
can lead to subsequent febrile transfusion reactions in
individuals receiving multiple platelet transfusions. More
recently it has been reported that platelets and plasma
account for >90% of HLA antigens in blood (Kao et al. 1988).
It follows then, that further studies on the origin and
binding mechanism of these platelet antigens might lead to
the development of ways to manipulate their expression, either
quantitatively and/or aqualitatively, such that their
immunogenicity and hence clinical significance could be
diminished or even abolished in the future.

The results of the studies reported here have not allowed
one to conclude with absolute certainty, the nature of HLA-

A,B expressed on platelets. They do however, add considerably
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to the growing evidence that exists in support of the
hypothesis that both integral and adsorbed forms of these
antigens exist on platelet membranes. In addition, they
support the hypothesis that the relative degree of expression
of each species may in fact be a function of platelet age.

Similar studies to those reported here, performed on
platelets harvested from a patient in an acute thrombolytic
state (i.e. a neo-platelet population) along with DNA
amplification studies performed on mRNA isolated from
megakaryocytes, might hold the key to resolving the present
controversy to everyone's satisfaction. The knowledge gained
in such studies could potentially open the door to future
research aimed at exploring such possibilities as genetic
regulation of HLA antigen expression in megakaryocytes or
characterization of the binding sites involved in binding the
adsorbed antigen species. Such information will determine the
feasibility of pursuing the ultimate goal of developing novel
approaches to platelet concentrate manufacturing processes
which would optimize the removal of elutable HLA antigens
and/or block the adsorption of these antigens without

affecting platelet viability or function.
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