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A B ST R A C T

A flow  cy tom etric  m ethod was developed  fo r q u an tita tio n  o f p la te le t 

su rface-bound  im m unoglobulin  G (IgG ). A novel approach  was used to 

ca lib ra te  the assay; th is was based  on the c rea tio n  o f re fe ren ce  curves by 

m easuring  PSIgG  in  p la te le ts  coated  w ith  know n am ounts o f a ch im aeric  

co n stru c t (supp lied  by C entocor Inc .) co n sis tin g  o f hum an IgG w hose 

hypervariab le  reg ion  (HVR) had been rep laced  by the HVR of the m urine 

m onoclonal an tibody  (M oA b) 7E3, w hich binds w ith high a ffin ity  to 

hum an p la te le t g lycopro te in  (gp) I lb -IIIa . By using a flu o resce in - 

con jugated  po lyc lonal an ti-IgG  it was ca lcu la ted  that p la te le ts  o f  healthy  

sub jects (n=71) bear 1463 (SD =927) IgG m olecu les, w hereas PSIgG  

elevations o f up to  39,000 m o lecu les/p la te le t w ere o ften  d e tec ted  in a 

cohort (n=87) o f th rom bocy topen ic  in d iv id u a ls .

FC was also  used to m onito r p la te le t-b o u n d  7E3, resid u a l 7E3 b ind ing  

s ites and PSIgG  in stab le  ang ina pa tien ts  rece iv in g  in fusions o f Fab 

fragm ents o f ch im aeric  MoAb 7E3 (c7E 3-F ab), w hich is cu rren tly  under 

evaluation  as an an ti-p la te le t agent. The d is trib u tio n  o f c7E 3-Fab in the 

p la te le t popu la tion  was unim odal at all tim e po in ts fo llow ing  the 

in fusion , dem onstra ting  in vivo tran sfe r o f an tibody  to new ly re leased  

p la te le ts ; c learance o f p la te le t-b o u n d  an tibody  fo llow ed  an exponen tia l 

m odel but a ll c ircu la tin g  p la te le ts  were bearing  c7E 3-Fab at tim e po in ts  

beyond the lifesp an  o f the p la te le ts  exposed  to c7E 3-Fab during  the 

in fusion . Ex vivo and in v itro  m ixing experim en ts suggested  th a t c7E3- 

Fab tran sfe r betw een p la te le ts  was possib le .

T urbidom etricaU y m easured  p la te le t aggregation  response  to ADP was 

shown to be a lin ear function  of the logarithm  o f residual b ind ing  sites 

for 7E3.
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In fu sio n  o f c7E 3-Fab was freq u en tly  associa ted  w ith recru itm en t o f IgG 

onto  the p la te le t su rface; in v itro  ev idence suggested  th a t th is  was 

caused  by n a tu ra lly  o ccu rring  IgG b indab le  to p ro te o ly tica lly  derived  

Fab fragm ents o f ch im aeric  but no t m urine 7E3-IgG .

A new type o f pseudo th rom bocy topen ia , seen upon EDTA exposure  of 

c7E 3-F ab-bearing  p la te le ts  was observed ; th is also  appeared  to be 

im m une-m ediated .

The p h y sio lo g ica l, p a th o p h y sio lo g ica l and th erapeu tic  im p lica tio n s  of 

these  find ings are d iscussed .
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CPD-A citrate-phosphate-dextrose with adenine
CV coefficient of variation
DTS dense tubular system
DG diacyl-glycerol
EDTA ethylene-diamino-tetracetic acid
ELISA enzyme-linked immunosorbent assay
EM electron microscopy
FAB proteolytically derived Fab or F(ab’)2 fragments of IgG
Fc the constant region of the IgG molecule
FC flow cytometry
Fgn fibrinogen
FITC fluorescein isothiocyanate
FM fluorescence microscopy
Fn fibronectin
FS forward light scatter
GMP-140 granule membrane protein 140
Gp blodd group
gp glycoprotein
GT Glanzmann’s thrombasthenia
GTP guanine tri-phosphate
HACA human anti-chimaeric antibodies
HAMA human anti-murine antibodies
HEL human erythroleukemia
IP3 inositol tri-phosphate
ITP idiopathic thrombocytopenic purpura
IV intravenous
KD affinity constant
LEU-CAM leucocyte cell adhesion molecules
LRG leucine-rich glycoprotein
LFS logarithm of forward light scatter
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LSS logarithm of side light scatter
m7E3 murine monoclonal antibody 7E3
m7E3-Fab Fab fragment of murine monoclonal antibody 7E3
MFC mean fluorescence channel
MoAb monoclonal antibody
MW molecular weight
NSF non-specific fluorescence
n number of observations or patients
PADGEM platelet activation-dependent granule externalized membrane protein
PAGE polyacrylamide gel electrophoresis
PAF platelet activating factor
PAIgG platelet-associated IgG
PBS phosphate-bufferred saline
PDGF platelet-derived growth factor
PG prostaglandin
PF4 platelet factor 4
PMT photomultiplier tube •
PRP platelet-rich plasma
PPP platelet-poor plasma
PSC3 platelet surface complement (3rd component)
PSIg platelet surface immunoglobulin
PSIgG platelet surface immunoglobulin G
r Pearson’s coefficient of correlation
RAF Royal Air Force
RBC red blood cells
RGD the tripeptide Arg-Gly-Asp
R-TPA recombinant tissue-type plasminogen activator
RES reticulo-endothelial system
RFI relative fluorescence intensity
RIA radioimmunometric assay
RT room temperature
SDS sodium dodecyl-sulphate
sees surface-connected cannalicular system
SD standard deviation
SE standard error
SF specific fluorescence
SLE systemic lupus erythematosus
SS side light scatter
TSP thrombospondin
TxA2 thromboxane-A2
TX-100 triton X-100
V versus
VLA Very Late Antigen
VnR vitronectin receptor
vWF von Willebrand factor
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P R E F A C E  - A IM S AND S T R U C T U R E  O F T H E S IS

C H O R U S:...W e know  abou t the sudden throm bosis  

A nd  the s low ly  hardening  a r tery ...

T.S.ELIOT, The Family Reunion

These lin es, w ritten  m ore than h a lf  a cen tu ry  ago, w ere p laced  by the 

poet in the m outh o f a chorus enum erating  som e o f the g reat anx ie ties  o f 

W estern  M an. They h ig h lig h t the public  app rec ia tio n  o f occ lusive  

a rte ria l d isease  as a m ajor cause o f death  in the developed  w orld. 

R eco g n itio n  o f  the p ro m in en t ro le  p lay ed  by the p la te le t  in the 

pathogenesis o f com plications and, p robably , a lso  in the in itia tio n  o f the 

a th e ro sc le ro tic  p ro c e ss , is the m ain reaso n  fo r the p re sen t rap id  

expansion in p la te le t-re la ted  research . Encouraging  resu lts  obtained  with 

asp irin  in the se tting  o f coronary  artery  d isease  s ig n a lled  the s ta rt o f a 

race for developm ent o f new, m ore e ffec tiv e  a n tip la te le t agents. A t the 

same tim e, the increasing  dependence on p la te le t transfusions to support 

th rom bocy topen ia  resu ltin g  fron w idely  used m yelo tox ic  chem otherapy , 

has added an o th er source o f in te re st in understand ing  p la te le ts  and 

p a rticu la rly  th e ir  im m unology.

The general aim  o f  the work p resen ted  in th is th esis  was to develop  new 

investiga tional approaches, based m ainly on the use of fluorescence flow 

cy tom etry , and explore  the ir app lica tion  in the d iagnosis o f p la te le t 

d iso rd ers  and  the m o n ito rin g  o f the e ffec ts  o f  novel a n tip la te le t 

therap ies. The thesis  has been organ ized  in seven chap ters:
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C hapter 1 p resesn ts re levan t background inform ation . C hapter 2 contains 

a d escrip tio n  o f  general labo ra to ry  m ethods em ployed in the p resen t 

studies, w ith the em phasis on p la te le t flow cytom etry . C hapter 3 p resen ts 

resu lts  o f im m unoenzym atic s ta in ing  o f p la te le ts , as a co n trib u tio n  to 

u n d erstan d in g  the d is trib u tio n  o f some p la te le t g lycopro te in s; one o f 

them  (g ly co p ro te in  I lb -IIIa )  is the ta rg e t o f m onoclonal an tibody 7E3, 

w hich has been used ex ten siv e ly  th roughou t the stud ies inc luded  in th is 

thesis . C hap ter 4 describes the developm ent and assessm en t o f a flow  

cy tom etric  m ethod  for q u an tita tiv e  de tec tio n  o f  p la te le t-b o u n d  IgG . 

C hapter 5 exam ines the app lica tion  o f flow  cy tom etry  to m onito r 

p la te le t-b o u n d  an tibody  in p a tien ts  rece iv in g  tr ia l in fusions o f Fab 

fragm ents o f ch im aeric  an ti-g ly co p ro te in  I lb -IIIa  m onoclonal an tibody  

7E3. C hapter 6 p resen ts  observations on the rec ru itm en t o f IgG onto  

p la te le ts  trea ted  in vivo or in v itro  w ith Fab fragm ents of 7E3. F in a lly , 

C hapter 7 is a general d iscussion  o f the m ain find ings.

A part from  som e p re lim inary  resu lts  from  ea rlie r  stages of these stud ies 

(C hris topou los et al 1990 & 1991, H aga et a l 1990, C hristopou los and 

M attock 1991), the m ateria l p resen ted  in th is  thesis is p rev iously  

unpublished .
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Chapter 1 

INTRODUCTION

1.1 PLA TELETS IN HAEM OSTASIS AND TH ROM BOSIS AND AS 

M EM BERS OF A PR IM IT IV E DEFENCE SYSTEM

Platelets were first identified as a distinct class of blood cells more than a 

hundred years ago and at the same time their im portant role in haemostasis and 

thrombosis was recognized (Bizzozero 1882). As occlusive arterial disease 

constitutes the major cause of death in the western world, it is not surprising 

that the protagonistic role of platelets in the pathogenesis of arterial thrombosis 

has made these cells an object of intensive investigation. The study of platelet 

structure and function has revealed a complicated network of activating 

mechanisms enabling the explosive transformation of the circulating inert 

"smooth discs" into adhesive "spiny spheres" forming plugs in areas of 

disrupted vascular integrity. These activating mechanisms are finely balanced 

by equally complicated inhibitory ones, so that platelet activation and thrombus 

formation are limited to the area of damaged vascular endothelium.

Beside the specialised functions of haemostasis, platelets are also involved in 

more "primitive" activities as part of an unspecific defence system (Schmid- 

Schonbein 1979) operating in parallel with the sofisticated specific humoral 

(antibodies) and cellular (immunocompetent cells) defence system. As members 

of this system, platelets can react indiscriminately to various noxious agents as 

exemplified by their ability to phagocytose foreign material (Lewis et al 1976) 

or become activated by immune complexes binding to the Fc receptors present 

on their surface (Rosenfeld et al 1985).
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This introduction includes a brief description of platelet structure and a 

discussion of platelet function with the emphasis on the aspects most relevant 

to the studies presented in the chapters that follow.

1.2 PLA TELET STRUCTURE

Platelets are anuclear cells originating from fragmentation of the cytoplasm of 

megakaryocytes. Both the mechanism of cytoplasmic fragmentation and the site 

of platelet release into the circulation are debated issues. Although the latter 

event has traditionally been considered to take place in the bone marrow 

sinusoids, a number of authors have produced evidence suggesting the 

pulmonary capillaries as a main site of platelet release (for review see Eldor et 

al 1989). Resting platelets circulate in the blood as smooth biconvex discs l|im  

thick with a diameter of 2-4|im and a volume of 7-8fl. It should be noted that 

exposure o f platelets to various anticoagulants can result in structural 

alterations with the best known example being the variable swelling caused by 

EDTA (Zucker and Borelli 1954).

The main structural elements of a platelet are: (a) plasma membrane, (b) cyto- 

skeleton, (c) internal membrane systems and (d) organelles. Fig 1.1 is a 

diagrammatic depiption of platelet ultrastructure.

1.2.1 The plasm a m em brane

The platelet plasma membrane is ‘similar in its basic structure to that of other 

cells. A phospholipid bilayer with integrated glycoproteins constitutes the unit 

m em brane . The long glycoprotein (gp) tails are rich in carbohydrates and are 

the main component of the exterior coat or glycocalyx which is thicker (50nm)
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Gly' G+DB. G

FIGURE 1.1 Diagrams of main ultrastructural features as seen in equatorial plane 
section (A) and cross-section (B) of a resting discoid platelet (reproduced from White 
et al 1981): EC exterior coat (glycocalyx), CM unit membrane, MT circumferential 
bundle of microtubules, DB dense bodies, G granules (a-granules and lysosomes), DB 
dense bodies, Gly glycogen, DTS dense tubular system, M mitochondria, CS surface- 
connected (open) canalicular system, SMF submembrane filaments (membrane 
skeleton).
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and denser in platelets compared to other blood cells. In contrast to the multiple 

villous projections present on the surface of leucocytes, the surface of the 

resting platelet is smooth. A unique feature of the platelet plasma membrane is 

its multiple invaginations which form an extensive intracellular canalicular 

system communicating with the extracellular milieu through small openings of 

the surface. The main functions of the plasma membrane, apart, o f course, from 

maintaining platelet integrity are:

(a) It houses a variety of proteins, some of them acting as transmitters of 

molecular signals to the cell interior, some functioning as ion pumps and others 

acting as physical links for cell-cell and cell-matrix, interactions which, beside 

their known importance in platelet adhesion and aggregation, could be playing 

a major role in platelet activities as diverse as the IgE-mediated killing of 

parasites (Ameisen et al 1986) or the propagation of tumour metastasis 

(Karpatkin et al 1986, Nierodzik et al 1991). A list of platelet surface receptors 

and their ligands is given in Table 1.1.

(b) It serves as a source of fatty acids which are essential for the metabolic 

processes of the cyclo-oxygenase pathway.

(c) It offers, through its phospholipid bilayer, a catalytic surface essential 

for the assembly of enzyme-cofactor-substrate complexes, which is the central 

event in the plasmatic coagulation cascade (Walsh 1985).

Constituents of the plasma membrane, especially glycoproteins, are responsible 

for platelet immunological specificity. A selection of surface antigens specific 

for platelets is presented in Table 1.2.

1.2.2 Cytoskeleton

Actin  represents the major structural protein accounting for up to 20% of total 

platelet protein. Actin filaments existing in equilibrium with free cytoplasmic
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actin are arranged in a three-dimensional fashion to form a cytoskeleton 

traversing the cytoplasm (Fox 1987). Their organization is regulated by their 

interaction with proteins such as actin-binding protein (ABP), a-actinin  and 

tropomyosin. Shorter actin filaments form a distinct two-dimensional structure, 

the membrane skeleton, lining the inner aspect of the plasma membrane. The 

membrane skeleton is linked to surface glycoproteins, mainly gpIb-IX (Fox

1985) via proteins such as ABP and appears to be the main structure responsible 

for maintaining the discoid shape of resting platelets (Fox et al 1988). Another 

structure contributing to shape maintenance is the circumferential bundle of 

microtubules which is linked to both actin networks (White et al 1986, Fox et 

al 1988). During platelet activation, changes in the membrane skeleton and 

polymerization of cytoplasmic actin with association of the resulting filaments 

with contractile proteins and microtubules are involved in pseudopod extension, 

secretion and clot retraction.

1.2.3 In te rn a l m em brane systems

1.2.3.1 Dense tubular system (DTS)

This is a peripherally located system of branched membranes forming 30-40nm 

wide channels which enclose an area of electron density similar to that of the 

cytoplasm. Its two main functions appear to be: (a) regulation of cytoplasmic 

levels of ionized calcium through sequestration of calcium ions using a Ca2+- 

activated ATPase (Cutler et al 1978, Kaeser-Glanzmann et al 1978) and (b) 

supply of enzymes involved in arachidonate metabolism (Gerrard et al 1976).
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1 2 3 .2  Surface-connected canalicular system (SCCS)

This system appears as a peripheral network of ducts of varying width, 

communicating with each other and with the platelet surface. It is generally 

thought to represent multiple invaginations of the plasma membrane as 

evidenced by the fact that its walls stain with the same cationic dyes that bind 

to the glycocalyx and it is estimated that the walls of the SCCS account for 50- 

60% of total platelet plasma membrane (Morgenstern and Kho 1977, Wurzinger 

et a l 1987). It has been suggested that the SCCS serves as a route for secretion 

(Ginsberg et al 1980, White and Clawson 1981) and endocytosis of particulate 

foreign m aterial (White and Clawson 1981, Zucker-Franklin 1981). Two 

fundamental structural issues are still disputed:

(a) Is the SCCS communicating freely with the extracellular milieu in 

resting platelets? This would result in a dramatic increase in surface available 

for molecular interactions and would redyce the distance of any intracellular 

point from the environment. Freeze-fracture studies by Sixma (1986) have 

indicated that the SCCS orifices are closed by a non-bilayer lipid structure. 

Breton-Gorius et al (1983) found that anti-gp antibodies stained the SCCS only 

during activation when the system was dilated although others (Woods et al

1986) noticed that Fab fragments but not whole molecules of certain antibodies 

could enter the system, suggesting that access to the SCCS depends on 

molecular size.

(b) Can the SCCS be evaginated - resulting in a dramatic increase in platelet 

surface/volume ratio - without structural damage? It has been suggested (Milton 

and Frojmovic, 1979) that the system can be evaginated following activation 

and shape change. On the other hand, White and Clawson (1980) have 

suggested that the SCCS would have to suffer extensive structural damage 

before it could be evaginated, although in more recent work the same group
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(Escolar et al 1989) have shown that the SCCS can be evaginated in response 

to surface activation.

1.2.4 Organelles

Apart from the storage granules discussed below, platelets also contain 

mitochondria, glycogen particles, microperoxisomes containing catalase and 

other oxidases and occasional lipid droplets.

1.2.4.1 a-granules

These are spheroid, oval or elongated membrane-coated bodies numbering an 

average of 36 per platelet and occupying up to 15% of total platelet volume. 

Their contents can generally be divided into three groups:

(a) Platelet-specific proteins like p-thromboglobulin (p-TG), platelet factor 4 

(PF4), platelet-derived growth factor (PDGF).

(b) Coagulation proteins like von-W illebrand factor (vWF), fibrinogen, factor 

V, high molecular weight kininogen.

(c) Other proteins: Thrombospondin (the endogenous platelet lectin - a m ulti

functional trimeric molecule secreted upon activation and mediating cell-cell 

and cell-m atrix  in teractions [Lawler 1986]), fibronectin , h istid ine-rich  

glycoprotein, a r antitrypsin, chemotactic factor, vascular permeability factor, 

albumin, immunoglobulins (George 1990).

Some of these proteins are synthesized wholy or partly by the megakaryocyte, 

while others are taken up from the plasma, a-granules show significant 

structural variability and the observation that all of them contain lysosomal 

enzymes (M orgenstern and Janzarik 1985) suggests that the previously 

separately classified platelet lysosomes belong to the same organelle type.
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The a-granule membrane attracts increasing attention because it has been 

identified as a possible intraplatelet pool o f gpIIb-IIIa (Wenzel-Drake et al 

1986, Cramer et al 1990). It has also been shown to house the Platelet 

Activation-dependent Granule Externalised Membrane (PADGEM) protein 

(Hsu-Lin et al 1984), which is identical to the Granule Membrane Protein 

(GMP)-140 (McEver and Martin 1984), the most extensively studied platelet 

membrane activation marker.

Grey platelet syndrome (Raccuglia 1971) is a rare familial bleeding disorder 

characterized by large, hypogranular platelets and variable - usually moderate - 

thrombocytopenia. The abnormal appearances are due to a specific deficiency 

of a-granules and the disorder has become a popular model for investigation of 

the physiological role of these organelles. Diagnosis is confirmed by electron 

microscopy and measurement of a-granule proteins (e.g. P-TG, PF4, TSP); 

impaired aggregation and secretion responses to thrombin and collagen also 

occur (for review see Hardisty 1989)

1.2.4.2 Dense bodies

These electron den^se structures, formerly called 8-granules, number an average 

of 5 per platelet. They contain the secretable "storage pool" of densely packed 

adenine nucleotides with an ATP:ADP ratio of 2:3, while the ratio in the 

"metabolic pool" in the cytoplasm is 8-10:1. Dense bodies also contain high 

concentrations of calcium (ca. 50% of total platelet calcium) and phosphorus 

and substantial concentrations of serotonin (5-HT). Other biogenic amines are 

also present in lower concentrations.
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1.3 PLATELET SURFACE RECEPTORS

The major platelet surface glycoprotein complexes, gpIb-IX and gp Ilb-IIIa, are 

discussed separately in sections 1.4 and 1.5. Many of the other platelet 

membrane glycoproteins are confirmed or putative receptors for a variety of 

ligands and those that have been characterised so far are shown in Table 1.1.

1.3.1 The VLA family

VLA-2, VLA-5 and VLA-6, corresponding to the gpla-lla, gplc-lla and gp Ic’- 

Ila complexes (Table 1.1) are members of the family of VLA (very latel 

antigen) adhesion molecules present on many different cell types. They are 

calcium dependent heterodimers (Parmentier et al 1991) consisting of a 

common chain (gplla) and variable a  chain ( a t to a 6), a structure character

istic of the members of the broader integrin supergene fam ily  of adhesion 

molecules (Hynes 1987). These proteins are receiving increasing attention 

because of accumulating evidence for their involvement in a multitude of 

interactions as diverse as adherence of cells to each other and to subendo

thelium, lymphocyte function, embryogenesis and tumour metastasis.

1.3.2 The Fc receptor

Another recently characterized platelet surface protein is the FcyRII receptor 

for the Fc region of the IgG molecule (Rosenfeld et al 1985, King et al 1990). 

It has been known for a long time (Humphrey and Jaques 1955) that washed 

platelets can be activated in vitro by immune complexes and the presence of a 

platelet Fc receptor analogous to that of white cells was postulated (Israels et
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TABLE 1.1

PLATELET MEMBRANE RECEPTORS

Name CD No MW(kD) Heterodimer
with

Receptor for Reference

gpla CDw49b 166 gpn collagen 1,2

gplb CD42b 170 gpix vWF, thrombin 3,4

gplc CDw49e 160 gplla fibronectin 1,5

gplc’ CDw49f 160 gplla laminin 1.5

gpHa CD29 130 gpla,lc,lc** collagen, fibro
nectin, laminin 1,2,5

gpllb CD41 140 gpHIa fibrinogen, vWF,
fibronectin,
vitronectin 6,7

gpHIa CD61 110 gpllb as for gpHIa

gpiv CD36 90 thrombospondin,
collagen 8,9

gpV 82 thrombin ** 10,3

gpVI 62 ? collagen 11

g p K CD42a 22 gplb as for gplb

FcyRII CDw32 40 complexed IgG 12,13,14

* gpIa-Ha, Ic-IIa and Ic’-IIa complexes correspond to the VLA-2, VLA-5 and VLA-6 integrins 
respectively.
** gpV acts as a substrate rather than a receptor for thrombin.

gp: glycoprotein, MW: approximate molecular weight (reduced) CD: cluster of differentiation as 
defined at the four International Workshops on Human Leucocyte Differentiation Antigens (Knapp et 
al 1989). The "w" means that the cluster needs re-evaluation in future workshops.

Key to references: 1 Jlemler et al 1988,2.Coller et al 1989a, 3.Bemdt et al,1985,43emdt et al 1989, 
5.Kawai et al 1989, 6.Phillips et al 1988, 7.Newman 1991, 8.Tandon et al 1989, 9.Silverstein et al 
1989,103emdt & Phillips 1981, ll.Moroi et al 1989,12.Karas et al 1982,13.Rosenfeld et al 1985, 
14.King et al 1990
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al 1973) long before it was characterized. Platelet activation by aggregated IgG 

was shown to be inhibited by monomeric IgG, normal plasma and even by IgG 

deficient plasma, although binding of IgG aggregates to platelets continued to 

occur at physiological platelet concentrations (Pfueller et al 1977). This raised 

the possibility that immune complexe binding to platelets might not directly 

activate/damage them in vivo but could, of course, result in their removal by 

the reticuloendothelial system. The demonstration (Spycher and Nydegger 1986) 

of internalization by human platelets of complexed IgG bound to their surface 

suggested that platelet Fc receptors might be contributing to the clearance from 

the circulation o f immune complexes and opsonized microorganisms. Karas et 

al (1982), using radiolabelled IgG dimers, estimated the average number of Fc 

receptors per platelet at 400-2,000. King et al (1990), using trimeric IgG 

estimated ca. 8500 sites per platelet, while McCrae et al (1990), using 

radiolabelled IV3 (a MoAb to the FcyRII) estimated 891 receptors per platelet 

increasing by 55% upon thrombin activation. The platelet FcyRII appears to be 

identical to the 40kD low affinity Fc receptor of monocytes, whereas the high 

affinity (72kD) monocyte Fc receptor could not be identified on platelets 

(Rosenfeld et al 1985). A monoclonal antibody (IV3) to the FcyRII abolished 

platelet aggregation by heat-aggregated IgG, while the responses to thrombin, 

collagen and ADP were not affected (Rosenfeld et al 1985). It has been shown 

that the FcyRII is involved  in the pathogenesis of heparin  induced 

thrombocytopenia through binding of heparin-IgG complexes (Kelton et al

1988) and in platelet activation induced by certain MoAbs to platelet membrane 

glycoproteins (Horsewood et al 1991, Anderson et al 1991).

There is evidence that platelets also possess a receptor for IgE and participate 

in IgE-dependent cytotoxic functions (Ameisen et al 1986) and the presence of 

binding sites for the third component of complement has also been proposed 

(Yu et al 1986).
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1.4 GLYCOPROTEIN lb

1.4.1 Historical background - Bernard-Soulier Syndrome (BSS)

This rare autosomal recessive platelet disorder was first described in 1948 by 

two French physicians, Drs Bernard and Soulier, who reported the case of a 

young patient with an inherited haemorrhagic diathesis characterised by 

thrombocytopenia and large platelets. It was subsequently recognized that these 

platelets failed to adhere to subendothelium (Weiss et al 1974) and, while 

maintaining normal aggregation responses to ADP, collagen and adrenaline, 

they did not respond to ristocetin - an antibiotic that agglutinates platelets by 

inducing binding of vWF (Howard and Firkin 1971, Caen and Levy-Toledano 

1972). This defect was not correctable by addition of normal plasma as a source 

of vWF. A platelet membrane abnormality was suspected when it was shown 

that BSS platelets lacked surface sialic acid (Grottum and Solum 1969). In 

1975, Nurden and Caen, by means of electrophoretic studies, demonstrated 

specific deficiency of a glycoprotein (gplb) and subsequently other workers 

(Clemetson et al 1982, Berndt et al 1983) showed that two other gps (gpIX and 

gpV) are also deficient in BSS. There is evidence (Finch et al 1990,) that 

classical BSS represents a genetically heterogenous disorder.

The clinical characteristics of BSS have been reviewed by George and Reimann 

(1982), Bernard (1983) and Coller (1984). The spectrum of clinical severity is 

very wide. Serious spontaneous bleeding is unusual in adult BSS patients, the 

commonest manifestations being skin bruising and mucosal haemorrhages but 

bleeding secondary to trauma can be life-threatening. Most haemorrhagic deaths 

have occurred during early childhood (Bernard 1983). The diagnosis is 

suspected in the presence of prolonged bleeding time, thrombocytopenia with 

very large platelets and absent agglutination response to ristocetin, not 

correctable by addition of normal plasma. Confirmation of the diagnosis
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requires demonstration of gplb deficiency, usually by polyacrylamide gel 

electrophoresis of platelet lysates or, more conveniently, by labelling of intact 

platelets with radioactive or fluorescent anti-lb probes. In diagnosing BSS one 

should be aware of the existence of "BSS-like” or "pseudo-BSS" abnormalities 

(Berndt et al 1988, Strieker et al 1985, Devine et al 1987). Management of 

serious bleeding is with blood and platelet (preferably HLA matched) transfu

sions, always keeping in mind the possib ility  of developing anti-gplb 

antibodies, which can inhibit the adhesive function of normal platelets (Degos 

et al 1977).

1.4.2. Structure and function of gplb.

gplb has an apparent molecular weight (MW) o f ca. 170,000 on SDS-polyacryl- 

amide gels and exists as a heterodimeric complex with gpIX, MW 22,000 (Du 

et al 1987). Most workers estimate ca. 25,000 copies of gpIb-IX complex per 

platelet (Berndt et al 1985). The gplb molecule consists o f a large (M W - 

135,000) a  chain and a smaller (MW <*25,000) disulphide-linked 6 chain. There 

is significant polymorphism of the Iba chain (Moroi et al 1984). This subunit 

alone appears to be sufficient for expression o f the adhesive function of gplb 

(Wicki & Clemetson 1985). gplb is a transmembrane protein; its intracellular 

portion is thought to be linked to the platelet cytoskeleton through its 

association with actin binding protein (ABP, Fox 1985). The exracellular part 

of the Ib0 subunit (M W ^ 120,000), called glycocalycin for its presence in the 

glycocalyx (see 1.2.1) has two distinct structural domains: a proximal (COOH- 

terminal) macroglycopeptide chain containing most of the carbohydrate of gplb 

and a distal (NH2-terminal, M W -45,000) domain that carries the binding 

activity for vWF and one of the two distinct thrombin receptors present on 

platelets (Wicki & Clemetson 1985, McGowan & Detwiler 1986, Titani 1987).
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The primary structure of gplba, gplba and gpIX, which has become known 

following cloning and sequencing of the respective cDNAs, has revealed that 

all three of them contain the unique 24-amino acid sequence that distinguishes 

the LRGs (leucine-rich glycoproteins), a family of widely distributed proteins 

with no clear functional relationship (Roth 1991).

The main function of gplb is as a major mediator of platelet adhesion to 

exposed subendothelium in the presence of vW f and blood flow conditions 

characterized by high shear rate, like those encountered in arteries and 

arterioles. The exact molecular mechanisms leading to adhesion are not known; 

the available evidence suggests that, under appropriate flow conditions, 

conformational changes occur in the vWF and/or gplb molecules resulting in 

their interaction. The vWF side of the complex binds to subendothelium 

exposed following endothelial injury/disease. The sequence of events, i.e. 

whether vWF binding to subendothelium precedes or follows its interaction with 

gplb, is not known (for review of possible mechanisms see Roth 1991). 

Although the initial (contact) step of adhesion is a passive process not requiring 

platelet energy expenditure, once it has occurred it initiates the active processes 

o f spreading and aggregation which are mediated by the other major platelet 

surface gp, the Ilb-IIIa complex (Sakariassen et al 1986). It should, of course, 

be noted that the described adhesion mechanisms have been based on in vitro 

perfusion experiments and might not accurately reflect the situation in various 

clinical settings, most importantly the setting of platelet adhesion to damaged 

endothelium during atherogenesis. In surfaces that differ fundamentally from 

the vascular endothelium (e.g. synthetic grafts), there is evidence that the initial 

platelet deposition does not involve gplb (Sheppeck et al 1991).
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1.5 GLYCOPROTEIN Ilb -IIIa

1.5.1 Historical background - Glanzmann’s Thrombasthenia (GT)

Like BSS, GT is another typical example of a rare hereditary (autosomal 

recessive) bleeding disorder, the study of which directly led to the discovery 

and understanding of function of a major platelet membrane gp. It was first 

described by Glanzmann in 1918 as "hereditary haemorrhagic thrombasthenia" 

(Gk. for "weakness of clot") characterized by absent or subnormal clot 

retraction. It was further defined by Caen et al (1966) as a disorder presenting 

with prolonged bleeding time and absent aggregation responses to all physio

logical agonists combined with normal platelet count and morphology. In 1974, 

Nurden and Caen performed SDS-PAGE o f platelet membrane gps and 

demonstrated that one of the three then known gps (later named Ilb-IIIa) was 

missing from the platelets of patients with GT. More detailed electrophoretic 

studies that followed confirmed that a severe gpIIb-IIIa deficiency was the 

underlying molecular abnormality in GT (Phillips & Agin 1977). Later studies 

showed that qualitative defects of quantitatively normal gpIIb-IIIa could also 

present with the clinical and aggregometric picture of GT (Ginsberg et al 1986, 

Nurden et al 1987). GT heterozygotes are asymptomatic and their platelets 

show normal responses in standard aggregometry despite bearing only ca. 50% 

o f the normal level of gpIIb-IIIa (Coller et al 1986c). Recent molecular studies 

suggest that classical GT represents a genetically heterogenous entity (Bray & 

Shuman 1990, Newman et al 1991). As with BSS, acquired forms of GT, 

usually caused by autoantibodies against gpIIb-IIIa have been described 

(DiMinno et al 1986, Niessner et al 1986, Kubota et al 1989).

The clinical presentation of GT appears to be almost identical with that of BSS 

and has been extensively reviewed by George et al (1990). As in BSS,
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spontaneous bleeding is uncommon and most haemorrhagic episodes are due to 

trauma or exaggeration of physiological bleeding. Petechiae, ecchymoses, 

epistaxes, gingival bleeding and menorrhagia are the commonest manifestations. 

Gastrointestinal blood loss is not uncommon and can lead to iron deficiency 

anaemia. The clinical severity seems to decrease with age and most of the few 

reported haemorrhagic deaths have occurred during childhood. As with BSS, 

management is supportive, based on local measures (e.g. pressure, topical 

thrombin) to control minor superficial bleeding in accessible sites, and 

administration of blood and platelet transfusions for more serious haemor

rhages. Drugs and foodstuffs interfering with haemostasis and especially with 

platelet function (George & Shattil 1989) should be avoided. It should be noted 

that the severity of bleeding is unpredictable and does not correlate with the 

degree of gpIIb-IIIa abnormality; this necessitates prophylactic administration 

of (ideally HLA-matched) platelet concentrates prior to any invasive procedure. 

The probability of clinically significant isoimmunization to Ilb-IIIa is reported 

to be low (George et al 1990) but should be kept in mind (Levy-Toledano et al 

1978). In patients refractory to platelet transfusions bone marrow transplanta

tion could be considered; it has been performed successfully in a case of GT 

(Bellucci et al 1985).

1.5.2 Structure of the gpIIb-IIIa complex.

The gpIIb-IIIa complex represents the major platelet membrane glycoprotein, 

numbering, according to most estimates,^40-50,000 copies on the surface of 

normal circulating platelets although recent work (Jordan et al 1991) suggests 

that the number might be significantly higher (ca. 80,000). The complex exists 

as a Ca2+ dependent heterodimer (Fig 1.2) which can be split into its two 

components (gpllb and gpHIa) by treatment with calcium chelators, e.g. EDTA
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FIGURE 1.2 Schematic representation of the gpIIb-IIIa complex 
(Newman 1991). Disulphide bonds are shown as thin intra-chain and inter
chain lines.
Jagged line: Chymotrypsin cleavage sites; treatment of platelets with this 
enzyme results in loss of ligand-binding capacity.
RGD: The presumed site of binding of adhesive ligands and RGD- 
containing peptides (see section 1.5.3).
The sites of polymorphism responsible for the PLA and Bak epitopes do 
not necessarily contain the respective epitopes (see section 1.6 . 1).
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(Pidard et al 1986). Beside gpIIb-IIIa that is evenly distributed on the surface 

o f resting platelets (Wencel-Drake 1986) and appears to constitute ca. 70% of 

total platelet Ilb-IIIa (Isenberg 1987), intraplatelet pools of the complex exist, 

mainly in the membranes of the SCCS (Woods e ta l  1986, Wencel-Drake 1986) 

but also in the a-granules (Wencel-Drake 1986, Cramer et al 1990). The 

complete primary structure of both gpllb and gpHIa has been established by 

sequencing cDNAs cloned from HEL (human erythroleukaemia) cells which are 

known to carry Ilb-IIIa (Bray et al 1987, Rosa et al 1988, Sosnoski et al 1988, 

Zimrin et a l 1988). The two separate genes encoding gpllb and gpHIa reside in 

the proximal long arm of chromosome 17. It is noteworthy that preliminary 

studies of gpIIb-IIIa biosynthesis have indicated that the assembly of the 

complex precedes its insertion into the plasma membrane (Rosa et al 1986) and 

therefore, theoretically, a defect in any of the two gp components could prevent 

the formation of the complex and its insertion into the membrane.

gpllb (MW«145,000) consists of a large a  (M W -125,000) and a small 6 

(M W -25,000) subunit linked by a disulphide bridge, gpllb is the subunit of the 

complex that binds calcium (Charo et al 1986) and the dissociation of the 

complex following Ca2+ chelation is probably a result of conformational 

changes in the lib  molecule.

gpHIa (M W -105,000) is a single polypeptide chain crosslinked with multiple 

intrachain disulphide bonds. gpIIIa represents the common 63 chain shared with 

the other member of the cytoadhesin family of adhesion molecules, the 

vitronectin receptor (VnR) which is present on endothelial cells, fibroblasts, 

smooth muscle and osteoclasts and shows crossreactivity with complex-specific 

anti-IIb-IIIa MoAbs (Charo et al 1987).,The a  chain of the VnR is structurally 

similar although not identical with gpllb and the receptor has functional 

similarities with the platelet Ilb-IIIa complex, as evidenced by fibrinogen and 

vWF binding (Cheresh 1987).
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The cytoadhesins are members of the broader integrin supergene fam ily  (Hynes

1987) which also includes the VLA molecules (afij, see 1.3.1) and the LEU- 

CAM ("leucocyte cell adhesion molecules”) sharing the structure afij (Anderson 

& Springer 1987). All integrins consist of non-covalently associated a  and 6 

subunits existing as Ca2+ dependent heterodimers. Each subfamily contains the 

same 6 subunit complexed, in individual members, with different a  subunits.

1.5.3 The role of gpIIb-IIIa in the haemostatic function of platelets.

Evidence o f the central role of gpIIb-IIIa in platelet aggregation has been 

accumulating since the demonstration (Nurden & Caen 1974) that this gp is 

missing from GT platelets, which fail to aggregate in response to agonist 

stimulation. In a recent report, Frojmovic and co-workers (1991) provide 

evidence that this gp is the only unique platelet surface component required for 

aggregation, as shown by its ability to confer aggregability on heterologous 

cells: In a series of elegant transfection experiments they expressed recombi

nant normal human gpIIb-IIIa onto the surface of CHO (Chinese hamster ovary) 

cells and demonstrated that these cells acquired the ability to aggregate. This 

was not the case when the same CHO cells were transfected with gpIIb-IIIa 

containing a point mutation abrogating fibrinogen binding to the complex. 

Aggregation was dependent of the presence of exracellular fibrinogen and Ca2+ 

and required prior activation of gpIIb-IIIa (which they achieved by using an 

activating anti-IIIa MoAb). These results also highlight the fundamental role of 

two events necessary for aggregation: "activation" of the gpIIb-IIIa complex 

and binding of fibrinogen to the complex.

gpIIb-IIIa is a receptor for at least 3 large adhesion molecules: Fibrinogen (Fgn, 

M W “340kDa), vWF (MW l-2 0 x l0 3kDa) and fibronectin (Fn, MW«440kDa). 

The key role of Fgn in the plasmatic coagulation cascade is well known; it has
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also been known for a long time that platelets suspended in a medium devoid 

of Fgn and Ca2+ do not aggregate (Mustard et al 1972). Since the concentration 

of Fgn in the plasma is much higher than that of the other Ilb-IIIa-bindable 

adhesive molecules, it would appear that fibrinogen is the preferred ligand in 

vivo, while vWF might support platelet aggregation in cases of afibrinogen- 

aemia (De Marco 1986). It is now established that, following platelet activation, 

the gpIIb-IIIa complex transforms into a Fgn receptor, the number of Fgn 

molecules binding per platelet being comparable to the number of gpIIb-IIIa 

copies on the platelet surface (Coller 1983). The exact mechanism by which the 

Fgn receptor is exposed upon activation is not known but the latest studies 

(Frojmovic et al 1991) support the theory proposed by Shattil et al (1985) that 

involves conformational changes in the Ilb-IIIa molecule itself rather than 

alterations in its microenvironment (Coller 1985).

The existence of a common recognition mechanism for the binding of adhesive 

ligands to gpIIb-IIIa is suggested by the fact that all three of them (and other 

adhesive molecules like TSP, collagen, laminin and vitronectin) contain the 

tripeptide Arg-Gly-Asp (RGD). RGD-containing .synthetic peptides bind to 

resting and activated platelets and inhibit ligand binding to activated platelets 

(Plow et al 1985, Ruggeri et al 1986). The RGD sequence occurs twice in the 

a  chain of Fgn (Hawiger et al 1989). A dodecapeptide contained in the y chain 

of Fgn has also been shown to bind to gpIIb-IIIa and inhibit Fgn binding to 

activated platelets (Kloczewiak et al 1989). Synthetic "hybrid" peptides 

containing combinations of the RGD sequence and the dodecapeptide have been 

constructed and shown to have enhanced potency of inhibiting Fgn binding to 

platelets (Timmons et al 1989). It is supposed that bound Fgn mediates 

aggregation by acting as a bridge between platelets ,(Fig. 1.3). Ligand binding 

may initiate secondary events like clustering of gpIIb-IIIa molecules on the 

platelet surface (Isenberg et al 1987) and association of gpIIb-IIIa with the
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FIGURE 1.3 Proposed model of interaction of fibrinogen (composed of 
3 pairs of non-identical chains: «. , & and r ) with platelets (Hawiger cl al
1989). The domains recognizing the platelet fibrinogen receptor (on gp llb - 
I l la )  are marked as black dots (two in the » chain, residues 95-98 and 
572-575 and one in the r  chain, residues 400-411). The hatched boxes 
represent carbohydrates on 6 and y chains.
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platelet cytoskeleton (Phillips et al 1980) which might be part of the process 

o f clot retraction.

1.5.4 A brief overview of platelet activation responses.

Platelet activation responses are discussed briefly at this point in order to place 

the - already discussed - contriburion o f the m ajor platelet membrane 

glycoproteins in the general context of platelet function. As with most other 

cells, many biochemical aspects of the complicated network of stimulatory and 

inhibitory pathways of platelet activation are incompletely understood. Detailed 

accounts of the current knowledge about these mechanisms have been published 

recently (Kroll & Schafer 1989, Siess 1989, Brass et al 1990).

Disruption of the continuity of vascular endothelium triggers an immediate 

recruitment of platelets from the circulating blood to the damaged area. The 

interaction between platelets and exposed subendothelium (adhesion) involves 

binding of large "adhesive" molecules present in the subendothelial matrix 

(collagen, vWF, fibronectin, laminin, vitronectin) to appropriate platelet 

receptors (see Table 1.1). Adhesion leads to activation manifested morphologi

cally as spreading onto subendothelial matrix and recruitment of additional 

p latelets through p la te le t-p la te le t in teractions (aggregation) to form  a 

hemostatic plug. Apart from adhesion to subendothelium, platelet activation can 

also be induced by soluble agonists such as ADP, epinephrine, serotonin, 

vasopressin, thrombin, thromboxane A2, PAF (platelet activating factor) and 

possibly by platelet-platelet contact alone during aggregation, while other 

molecules (e.g. PGI2, PGD2, endothelium-derived relaxing factor) act as 

activation antagonists upon binding to their membrane receptors. Platelet 

surface receptor occupancy causes changes in a family of GTP-binding 

regulatory proteins (G-proteins) which activate membrane-linked enzynes (e.g.

»
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phospholipases, adenyl-cyclase) acting on highly phosphorylated substrates (e.g. 

phosphatidylinositol, ATP) to convert them into intracellular second messengers 

like inositol triphosphate (IP3), diacyl-glycerol (DG) and cAMP. The second 

messengers induce conformational changes of target proteins either directly or 

through activation of protein kinases (PKs); IP3 releases calcium, which binds
i

to calmodulin and activates Ca2+/calmodulin-dependent PKs, whereas DG 

activates PKC and cAMP activates cAMP-dependent PKs. As in other cells, 

platelet activation responses are heralded by an increase in Ca2+ content of the 

cytosol and are abolished by an increase in intracellular cAMP. Figure 1.4 is 

a diagrammatic summary of the current platelet activation concepts.

The first morphological sign of platelet activation is shape change from a 

smooth disk to a sphere with long pseudopods produced through reorganization 

o f cytoskeletal proteins. Once activation has occurred, gpIIb-IIIa becomes 

bindable to subendothelial components and fibrinogen, thus mediating platelet 

spreading and aggregation respectively. It has been proposed that aggregation 

of activated platelets in the presence of adhesive ligands could be considered 

as a passive process, since there appears to be no further consumption of 

platelet energy after the initial shape change (Steen & Holmsen 1987). 

Secretion of platelet granule contents is a process involving contraction of 

reorganized cytoskeletal elements and exocytosis via an as yet not clearly 

defined route. The release of dense body contents (e.g. ADP, serotonin) 

amplifies the aggregatory response, while the many a-granule proteins (1.2.4.1) 

contribute to a variety of activities. Secretion in response to weak agonists like 

ADP and epinephrine will only occur after aggregation, whereas with strong 

agonists like thrombin and collagen secretion can njn virtually in parallel with 

shape change (Gear & Burke 1982).

Although platelet adhesion and aggregation appear to be sufficient to temporar

ily control haemorrhage from damaged vessels, deposition of fibrin is necessary 

for permanent haemostasis. The surface of activated platelets plays a key
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FIGURE 1.4 Schematic representation of the action of platelet agonists 
and antagonists with examples of events which amplify (bold-line arrows) 
an initial stimulus (Kroll & Schafer 1989).
Thick bars: Reported sites of inhibition by c-AMP-dependent processes.

PLC: phospholipase C 
PC: phosphatidylcholine 
TXA2 : thromboxane A2 

DG: diacyl-glycerol

PLA2 : phospholipase A2 

AA: arachidonic acid 
PKC: protein kinase C 
Gs.Gj.Gp: G-proteins

AC: adenyl-cyclase 
PG: prostaglandin 
IP3 : inositol tri- phosphate 
PIP2 : phosphatidyl-inositol 

biphosphate
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catalytic role (Walsh 1985) that enables the reactions of the plasmatic 

coagulation cascade to proceed, resulting in fibrin formation.

1.5.5 Platelets in atherogenesis and thrombogenesis: Rationale for

the evaluation of anti-gpIIb-IIIa MoAbs as therapeutic agents.

For obvious reasons, ischaemic coronary syndromes are the best studied 

example o f occlusive arterial disease. While the protagonistic role of platelets 

in thrombus formation - a frequent complication of atheromatous arterial lesions 

- is undisputed, their involvement in early atherogenesis, although strongly 

suspected, is not clearly defined. Evidence for such involvement has been 

present for a long time: Organized mural microthrombi were demonstrated by 

Duguid as early as 1948; platelet antigens have been detected within 

atheromatous plaques (Carstairs 1965); platelet derived growth factor (PDGF) - 

an a-granule constituent secreted upon activation following adhesion to the 

vessel wall - has been shown to stimulate proliferation and migration of smooth 

muscle cells into the intima, thus generating a substrate for the formation of 

atheromatous plaques (Ross et al 1974). It is not known what the initiating 

event of the atherosclerotic process is: Endothelial damage related to haemor- 

rheological factors appears to play a major role (Reidy & Boyer 1977), although 

the endothelial cell-damaging effects of cells of the monocyte-macrophage 

system and platelets are receiving increasing attention (Ross 1984). The 

prevailing current concepts on the issue have been reviewed by Ross (1986) and 

Fuster et al (1988).

Once superficial endothelial damage has occurred, platelet adhesion and 

activation mechanisms come into play. Besides, secretion of a-granule growth 

factors contributing to the progression of the atherogenic process (PDGF) and 

other proteins (PF4, 6-TG) which aje.. chem otactic for neutrophils and
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monocytes also takes place. Progression of the lesion will cause coronary 

stenosis which may result in the clinical syndrome of angina pectoris. Evidence 

in support of the concept of continuous.platelet activation and consumption in 

vascular disease has been produced by Fuster et al (1981) who demonstrated 

decreased platelet survival in patients with coronary heart disease and smokers. 

The potency of the platelet activating stimulus is increased when the growing 

atherotic plaque undergoes deeper injury (involving the tunica media) which 

can expose highly thrombogenic type I and III collagen fibres and release tissue 

thromboplastins which will amplify the - already activated by subendothelial 

collagen - plasmatic coagulation cascade resulting in thrombin generation. The 

combination o f thrombin and collagen is the strongest stimulus for platelet 

aggregation. Thrombi thus generated can become organized and incorporated 

into the plaque, resulting in stenosis progression. Plaque disruption and/or the 

superimposed thrombus may result in critical lumen obstruction locally or - 

following detachment and embolization - distally; this is the pathophysiological 

background of acute coronary syndromes such as unstable angina, myocardial 

infarction and sudden ischaemic death (Davies & Thomas 1985, Fuster et al 

1988). Additionally, the release by activated platelets of vasoconstrictors 

(thromboxane-A2, serotonin, histamine) can aggravate myocardial ischaemia.

Clinical studies with aspirin - the most widely used anti-platelet agent - have 

shown beneficial effects in the setting of ischaemic heart disease, the most 

characteristic being protection against acute infarction and death in unstable 

angina (Lewis et al 1983) and efficacy in the secondary prevention of 

myocardial infarction (ISIS-2 1988). These results support the experim ental 

evidence for the importance of platelet involvement in the pathogenesis of acute 

coronary syndromes. Aspirin inhibits the formation of thromboxane-A2 (TxA2), 

which is a metabolic product of arachidonic acid liberated from membrane 

phospholipids through the action of phospholipase-A2, activated following

50



binding to membrane receptors. TxA2 is a potent platelet activator that diffuses 

extracellularly and amplifies the response to weak agonists like ADP. As can 

be seen in Fig. 1.4, other strong agonists are still able to bring about platelet 

aggregation - through activation of the phospholipase-C pathway - even when 

the amplifying effect of TxA2 is abolished. As mentioned above, strong agonists 

often operate in the setting of arterial thrombosis and, therefore, the need for 

anti-platelet treatment effective against the "aspirin resistant thrombus" is 

obvious. This can theoretically be achieved by inhibiting multiple pathways of 

platelet activation /aggregation or, alternatively, by blocking a common final 

step like the binding of fibrinogen to its platelet receptor, gpIIb-IIIa. The latter 

approach is currently being explored in studies involving in vivo administration 

of MoAbs known to be potent in vitro inhibitots of Fgn binding to gpIIb-IIIa 

(Coller et al 1986b, Takami et al 1987, Hanson et al 1988).

1.5.5.1 General characteristics of MoAb 7E3

(Coller 1985, Coller et al 1986a).

7E3 is the most extensively tested anti-human gpIIb-IIIa MoAb. It was launched 

in 1985 by B.S.Cpller, the product of a hybridoma cell line derived from the 

same fusion as MoAb 10E5 (Coller et al 1983, Coller 1985). It belongs to the 

IgG l subclass. At concentrations >5pg/ml it completely blocks ADP-induced 

in vitro platelet aggregation through high affinity (KD=3.4nmol/L) binding to 

the gpIIb-IIIa complex, which preyents binding of Fgn to its receptor. Although 

the rate of binding is faster in activated platelets (Coller 1985), saturation of 

Ilb-IIIa receptors of resting platelets occurs in 30-40 minutes at RT (personal 

observations). The antibody is complex dependent: binding is prevented by 

dissociation of the complex through calcium chelation. Bound 7E3 can be 

displaced by EDTA treatment. An important characteristic of 7E3 is its ability
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to bind with high affinity to canine platelets and platelets of primates; this 

allows study of its in vivo effects on artificial animal models of thrombosis.

1.5.5.2 Clinical experience with 7E3.

Animal studies

In 1985, Coller and Scudder injected 3 dogs with F(ab ’)2 fragments of 7E3 (up 

to 0.81mg/kg) and demonstrated a dose-dependent inhibition of aggregation 

responses to ADP ex vivo, with the highest dose producing nearly total 

inhibition, which correlated with nearly quantitative blockade of Ilb-IIIa 

receptors. There was no evidence of spontaneous bleeding. With the higher 

doses, impaired aggregation responses were still present 6 days post injection, 

when the number of free 7E3-binding sites on the platelet surface had returned 

to baseline levels. In terestingly , although there were no instances of 

thrombocytopenia, one of the animals had a considerably elevated platelet count 

(142% of baseline) one week post injection.

When 7E3-F(ab’)2 (0.7-0.8mg/kg) was injected I.V. into 4 dogs and 4 monkeys 

with experimentally induced arterial thrbmbosis in the coronary and carotid 

arteries respectively (Coller et al 1986b), the antibody completely blocked new 

thrombus formation despite multiple provocations, including intimal damage 

combined with epinephrine infusion - a thrombogenic setting in which aspirin 

had been proven ineffective (Folts & Rowe 1988) and only very potent 

inhibitors like prostacyclin had shown antihtrombotic effect (Bertha & Folts 

1984).

Further studies in primates (Coller et al 1989b) showed that 0.2mg/kg 7E3- 

F(ab’)2 could prevent thrombus formation in the carotid artery experimental 

thrombosis model. This dose did not always abolish ex vivo responses to ADP
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and caused only moderate prolongation of the bleeding time (BT). The BT 

became more significantly prolonged when the 7E3 dose was increased to levels 

that completely abolished ex vivo ADP-induced aggregation. The authors 

postulated that it might be possible to separate the antithrombotic from the 

antihaemostatic effect of gpIIb-IIIa receptor blockade. This was in agreement 

with previously reported preliminary results by Takami et al (1987), who had 

observed that infusion into pigs of a MoAb to porcine gpIIb-IIIa had a minimal 

effect on BT combined with complete abolition of ex vivo responses to ADP. 

Qualitatively similar results using two different anti-IIb-IIIa MoAbs (AP-2 and 

LJ-CP8) have been reported in baboons by Hanson et al (1988). They assessed 

antithrombotic effect by means of measuring platelet deposition onto synthetic 

(DACRON) vascular grafts; there is now strong evidence that the mechanisms 

of platelet deposition on artificial surfaces can be fundamentally different from 

those on damaged endothelium (Sheppeck et al 1991). Moreover, the antibodies 

used by Hanson and co-workers appeared to have significantly lower affinities 

for primate platelets and the infusions were associated with a high incidence of 

thrombocytopenia.

The suggestion of dissociation between antithrombotic and antihaemostatic 

effect is at variance with the results of other studies employing 7E3 (Gold et 

al 1988) in a dog model of coronary artery reocclusion after thrombolysis with 

recombinant tissue-type plasminogen activator (R-TPA), showing that virtually 

complete inhibition of ex vivo aggregation was required to prevent reocclusion. 

The efficacy of 7E3-F(ab’)2 in preventing rethrombosis in canine models of 

coronary artery thrombolysis with R-TPA is well proven (Mickelson et al 1990, 

Yasuda et al 1990a,b). In this setting (Mickelson et al 1990), aggregation 

responses to ADP and arachidonic acid were <10% of baseline 3 hours after 

bolus injection of 7E3-F(ab’)2 at doses (0.8mg/kg) preventing reocclusion post 

R-TPA in 7 of 9 animals. In a canine model of platelet-rich occlusive coronary 

thrombus resistant to thrombolysis, the combined administration of 7E3-F(ab’)2
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and R-TPA achieved stable reperfusion (Yasuda et al 1990a). The same group 

( Yasuda et al 1990b) compared the effects of aspirin, a synthetic thrombin 

ingibitor (Argatroban) and 7E3-F(ab’)2 on coronary reperfusion with R-TPA in 

a canine preparation: 7E3 was statistically as effective as the combination of 

aspirin and Argatroban (significantly more effective than either of them used 

alone) but caused a much more pronounced prolongation of the BT compared 

with that caused by the combination of the other two agents (27±8 mins versus 

12±11 mins; baseline 4.2±1.2 mins, n=5).

Studies in humans

Coller et al (1988) adninistered 7E3-F(ab')2 intravenously to a person who had 

just died and was being maintained on a respirator. Boluses of 0.1 and 0.2 

mg/ml resulted in respective blockade of 74% and 92% of the gpIIb-IIIa 

receptors and 84% and 100% inhibition of ADP-induced ex vivo platelet 

aggregation. No acute toxicity was noted.

A pharmacodynamic study of 7E3-F(ab’)2 was performed by Gold et al (1990) 

in 16 patients with unstable angina pectoris. Following a bolus of 0.2 mg/ml 

(the highest dose used), the BT prolonged to >30 mins (baseline 6.3±1.9) after 

1 hour and decreased to 13±7.8 after 12 hours and 8.3±1.5 in 24 hours. The 

number of unblocked Ilb-IIIa receptors (baseline 32±3 x l0 9/platelet) decreased 

to 13±7% of baseline at 1 hour and returned to 67±7% of baseline at 72 hours 

post injection. The BT was inversely proportional to the logarithm of the 

residual Ilb-IIIa receptors. Ex vivo aggregation response to ADP (using the 

lowest ADP concentration that gave maximal aggregation at baseline) was 

practically absent at 1 hour and returned to -65%  of baseline within 72 hours. 

The response to collagen was also abolished 1 hour post injection. Angina was 

not observed in any of the patients during the first 12 hours (while the BT was
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significantly prolonged) but occurred in 6 of the 16 patients within 72 hours 

post injection. A significant fall in the platelet count to 94x l09/l (baseline 

240x 109/ 1) was seen in one of the 16 patients at 12 hours; this gradually 

returned to normal over the following two days. Two of the 16 patients 

developed low titres of IgG antibodies specific for 7E3-F(ab*)2.

Similar results were reported by Machin et al (1990) using Fab fragments of 

7E3 in 71 patients with stable angina. In addition they showed that the profound 

anti-platelet effect could be sustained by continuous infusion of 7E3-Fab for up 

to 36 hours. They reported a 25% incidence of human-anti-murine antibody 

development and one case of significant thrombocytopenia (platelet count 

62x109/l at 4 hours, recovering spontaneously by 48 hours). The same workers 

(M achin et a l 1991) have reported  that Fab fragm ents o f ch im aeric 

(human/murine, see following section) 7E3 given as bolus or constant infusion 

for up to 72 hours had effects comparable to those of the murine Fab in respect 

of inhibition of aggregation, prolongation of BT and blockade of Ilb-IIIa 

receptors. Three of the 50 patients who received the chimaeric 7E3-Fab 

developed transient asymptomatic thrombocytopenia.

1.5.6 General issues related to the therapeutic use of anti-platelet

monoclonal antibodies.

In general, the purpose of systemic administration of anti-platelet MoAbs (and, 

indeed, any MoAb) can be diagnostic or therapeutic. Diagnostic use aims at cell 

labelling, usually employing radioactive MoAbs; a typical example is thrombus 

imaging (Ezekowitz et al 1986, Peters et al 1986, Palabrica et al 1989). 

Therapeutically, the aim can be lysis or modification of function; only the latter 

has been explored so far in platelets. The epitope on the platelet surface and the 

nature of the MoAb molecule are the main factors determining if the antibody
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will have an effect on platelet function and whether the effect will be 

stimulatory or inhibitory. A number of MoAbs have been described, which can 

activate platelets (Boucheix et al 1983, Higashihara et al 1985, Chen et al 1987, 

Moddermann et al 1988, Morel et al 1989); it appears that in many cases 

activation is mediated through binding of the Fc region of the MoAb to the 

platelet Fc receptor (Horsewood et al 1991, Anderson et al 1991).

Research interest has recently focused on the potential therapeutic application 

of MoAbs which inhibit platelet aggregation, usually by preventing gpIIb-IIIa 

binding of fibrinogen or other adhesive ligands (1.5.5.2). Platelets have certain 

characteristics that facilitate their targeting by MoAbs:

- They exist in a natural suspension and can therefore be easily accessed by the 

MoAb; accessibility is a major problem with MoAb use in other settings (e.g. 

solid tumours). Nonetheless, little is known about the degree of accessibility of 

platelets in the splenic pool or megakaryocytes (sharing platelet antigens) in the 

bone marrow.

- They possess unique antigens so that they do not have to compete for antibody 

binding with plasma proteins or other cells.

- They do not undergo antigenic modulation.

F (ab’)2 fragments of anti-platelet antibodies are usually employed for the 

following reasons: a. To limit the possibility of increased platelet clearance 

mediated by the Fc region of the MoAb (through recognition by the recipient’s 

RES or via complement recruitment) and b. To prevent RES blockade that 

might be caused by binding of the Fc region of circulating antibody to the 

macrophage Fc receptors. Monovalent Fab fragments might have the additional 

advantages of better accesss to the target molecule due to their smaller size and 

of being unable to agglutinate platelets through crosslinking of gp molecules 

on neighbouring cells.
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In view of the small cell size and the density of the major glycoproteins 

populating the surface of platelets, steric factors are likely to play a significant 

role in the binding of antibodies to the platelet surface.

The most formidable promlem associated with the in vivo use of MoAbs is 

immunogenicity. Murine Igs are immunogenic in humans and although the Fc 

region accounts for most of the immunogenicity of the Ig molecule, neutralizing 

immune responses triggered by the unique idiotypic determinants of any MoAb 

represent a frequently encountered major obstacle. The most extensive clinical 

experience with in vivo administration of a MoAb has been obtained with OKT3 

(anti-CD3) in the setting of acute rejection following cadaveric renal transplant. 

Antibody responses to the infused MoAb have been reported in up to 100% of 

patients with a high frequency (60%) of anti-idiotypic responses (Ortho 

M ulticenter Transplant Study Group 1985, Jaffers et al 1986). In the case of 

monoclonals aiming at modification of platelet function, development of anti- 

murine constant region antibodies would result in recruitment of Igs onto the 

platelet surface upon re-exposure to the MoAb, which could eventually cause 

increased platelet clearance and thrombocytopenia, whereas development of 

anti-idiotypic antibodies might prevent binding of the MoAb to its epitope. 

Immunogenicity could therefore limit such applications to a once only use in 

acute vascular complications (e.g. unstable angina, acute occlusion of coronary 

arteries after thrombolysis or angioplasty, acute occlusion of vascular grafts, 

cerebrovascular transient ischaemic attacks) which would not be satisfactory, 

in view of the chronic nature of most vascular disorders.

Recent advances in recombinant DNA technology have allowed the re-design 

of therapeutic antibodies. An interesting example is refashioned antibody 

molecules that have been produced by the introduction into cells of genetic 

constructs consisting of combinations of cloned genes encoding parts of the
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murine MoAb and of normal human IgG. The final product consists of the 

variable (or just the hypervariable) region of murine IgG while the rest of the 

molecule is "human"; in this way up to 90-95% of the aminoacids of murine 

IgG can be substituted with human sequences (Morrison et al 1987, Morrison 

& Schlom 1990). The so produced "chimaeric" (mouse/human) MoAbs permit 

selection not only of the specificity determining variable region but also of a 

human constant region with desirable biological behaviour (Steplewski et al

1988). Chimeric MoAbs have the same specificity and comparable binding 

affinity with their murine parent molecules, combined with longer circulation 

times and have been tested in early-phase clinical trials (Hale et al 1988, 

LoBuglio et al 1989, Knox et al 1991). Although the presence of the immune 

component could still elicit an anti-idiotype immune response in humans, there 

is evidence (LoBuglio et al 1989, Knox et al 1991) that the administration of 

chimaeric MoAbs is associated with substantially lower immunogenicity than 

that seen with their murine counterparts.
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1.6 THE IMMUNOLOGICAL SPECIFICITY OF PLATELETS

Platelet surface alloantigens have been traditionally divided into "platelet 

specific" and "common" (i.e. shared with other cells). This classification is not 

theoretically justified since antigens previously thought to exist only on 

platelets are now known to be also present on other cells (endothelia, smooth 

muscle, fibroblasts, white cells). Platelet antigens are aetiologically involved 

in serious clinical disorders through allo-immunization. Table 1.2 summarises 

platelet "specific" and "common" antigens of proven or suspected clinical 

importance.

1.6.1 Platelet "specific" alloantigens

These are located on glycoproteins and, apart from PLT, represent diallelic 

systems with a high and a low frequency allele inherited in a autosomal co

dominant fashion.,These polymorphisms appear to result from single amino-acid 

substitutions in gp molecules which, in turn, correspond to single base changes 

in the respective mRNAs (Newman et al 1989, Lyman et a l, 1990). It should be 

noted that, although these polymorphisms are necessary for the formation of the 

alloepitopes (Goldberger et al 1991), the substituted amino-acids are not 

necessarily included in the epitopes, which may be formed by minor changes 

in the conformation of the gp molecule (Flug et al 1991).

The frequency and clinical importance of platelet alloantigens varies signifi

cantly among different ehtnic groups. In Caucasians, the PLA (formerly Zw) 

system is the one most commonly implicated in clinical disorders. It consists 

of two alleles, PLA1 and PLA2 resulting from a leucine33/proline33 polymorphism 

in the molecule of gpllla  (Newman et al 1989). The respective allele fre

quencies in the population are 0.85 and 0.15, giving approximate phenotypic
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TABLE 1.2 PLATELET SPECIFIC ALLOANTIGENS

System name Alleles Glycoprotein Reference

(other names)* localization

PLA PLA1/PLA2 gpnia Kunicki and Aster 1979

(Zw, HPA-1) (Zw‘/Zwb, Newman 1991

KPA-la/HPA-lb)

Pen Pen*/Penb gpHIa Furihata et al 1987

(Yuk, HPA-4) (YukVYuk*, Newman 1991

HPA-4a/HPA-4b)

Bak BakTBak** gpnb von dem Borne et al 1980

(Lek, HPA-3) (Lek*/Lekb, Lyman et al 1990

HPA-3a/HPA-3b)

Br Bi'/Br1’ gpla Santoso et al 1989

(HPA-5) (KPA-5b/HPA-5a)

Ko Ko7Kob gplb Kuijpers et al 1989

(HPA-2) (HPA-2a/HPA-2b)

PLe PLE1/PLE2 gplb Furihata et al 1988

PLt  - gpV Beardsley et al 1987

* Nomenclature of platelet specific alloantigens based on the designation HPA (human platelet antigen)

has been proposed recently (von dem Borne et al 1990). The systems are numbered in chronological 

order of first description. The high frequency allele is indicated with the letter "a" and the low 

frequency one with the leller "b".
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frequencies of 72% for A l/A l, 26% for A1/A2 and 2% for A2/A2. The usual 

ways of allo-immunization are through pregnancy or transfusion as discussed 

below.

1.6.1.1 Neonatal alloimmune thrombocytopenia (NAIT)

This disorder is usually seen in A1/A2 (PLA1 positive) newborns of A2/A2 (PLA1 

negative) mothers who have developed antibodies against the A l antigen. Fetal 

platelet destruction is caused by maternal IgG antibody crossing the placenta. 

NAIT, in contrast to Rhesus incompatibility, is characterized by its failure to 

spare the first incompatible offspring. Only about 1-2% of PLA1 negative 

mothers will have affected babies as can be inferred by the incidence of NAIT 

which is 1 for every 2-5,000 live births (Muller 1987, McFarland & Aster 

1991). There is a strong association between allo-immunization and the HLA 

antigen DR3 (Reznikoff-Eti6vant et al 1983) present in 90% o f alloimmunized 

mothers but only 25% of controls. The commonest manifestations in the 

newborn are cutaneous and mucosal haemorrhages but intracranial bleeding is 

not uncommon and is responsible for the significant mortality of the condition. 

The thrombocytopenia resolves spontaneously over a period of a few weeks but 

initial support with transfusions of PLA1 negative platelets is usually given. 

Fetal thrombocytopenia leading to intrauterine death or permanent neurological 

impairment can occur. It is therefore important to establish a diagnosis by 

cordocentesis early (21-22 weeks) in the pregnacy of women with a history of 

previously affected babies and offer treatment with frequent intrauterine 

transfusions of PLA1 negative platelets, which appears to be the only effective 

management available at present (Kaplan et al 1988, Kelsey et al 1991).
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1.6.1.2 Post-transfusion purpura (PTP)

This is a rare syndrome of obscure pathogenesis presenting with severe 

thrombocytopenia 7 to 10 days following transfusion o f blood products 

containing platelets. The patients are usually PLA1 negative elderly women 

sensitized to the PLA1 antigen through previous pregnancies but nulliparous 

women and men with a history of multiple previous transfusions can also be 

involved. The thrombocytopenia usually resolves spontaneously within a period 

that can extend to several weeks. Treatment with high doses of intravenous 

immunoglobulin appears to be effective (M ueller-Eckhardt 1986), whereas 

transfusions of PLA1 (-) platelets are of little value. The question of why PTP 

patients destroy their own platelets that lack the antigen to which the alloanti- 

body is directed has not found a definitive answer so far. K ickler et al (1986) 

have shown that PLA1(-) platelets can be converted to weak PLA1 positivity by 

incubation with PLA1(+) plasma, presumably through adsorption of soluble PLA1 

antigen. The latter has been detected in stored blood from PLA1(+) donors and 

in the plasma of PTP patients (Kickler et al 1986, Shulman et al 1990). It is 

therefore possible that the destruction of autologous cells is mediated by 

alloantibody binding to platelets bearing adsorbed soluble antigen or by 

antigen-antibody complexes binding to platelet Fc receptors.

1.6.2 Common alloantigens

1.6.2.1 Blood group antigens

These glycoconjugate antigens (ABH, Le, P, I) are present on platelet 

membranes but there is marked heterogeneity in the density of antigen sites per 

platelet (Dunstan and Simpson 1985), which is also present in cultured
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megakaryocytes (Dunstan 1986). Although these antigens are synthesized by 

megakaryocytes, there is evidence that they are also partly adsorbed from the 

plasma (Kelton et al 1982a, Lewis et al 1977). It is possible that ABO 

incopatibility could be a contributing factor in some cases of refractoriness to 

platelet transfusions (Lee and Schiffer 1989).

1.6.2.2 HLA antigens

Only class I HLA antigens (HLA-A, -B and -C) are present on platelets. Their 

density distribution shows less variability compared to that of blood group 

antigens (Dunstan and Simpson 1985) but, as with the latter, there is evidence 

of antigen adsorption from the plasma beside endogenous synthesis (Lalezari 

and Driscoll 1982, Santoso et al 1986a). There is no agreement regarding the 

number of antigenic sites per platelet but this appears to differ widely between 

individuals and types of antigen. Janson et al (1986) incubated platelets with 

human anti-HLA sera and, using a radiolabelled MoAb to human IgG, estimated 

binding of 4,400-10,000 anti-HLA-A2, 870-8,400 anti-Bw4 and 1,300-5,800 

anti-Bw6 molecules per platelet. HLA-C expression on platelets is generally 

considered to be very weak. Alloimmunization against HLA class I antigens is 

the main cause of immune refractoriness to platelet transfusions (Hogge et al 

1983).
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1.7 PLATELET IgG

The concepts concerning the presence, amount and biological role of immuno

globulins and in particular IgG associated with the platelets of healthy 

individuals have evolved in parallel with the methodology for its measurement, 

which is discussed in more detail in Chapter 4. Some early methods (e.g. Dixon 

et al 1975) estim ated unrealistically high numbers (many hundreds of 

thousands) of IgG molecules per platelet but, even when later modifications or 

new methods brought this estimate down to several thousands (reviewed by 

Schwartz, 1988), it was still difficult to find a physiological role for platelet- 

associated IgG (PAIgG). Moreover, methods using lysed platelets to measure 

PAIgG consistently yielded significantly higher estimates compared to those 

using intact platelets to measure mainly surface IgG (PSIgG) and it is now 

established that the main pool of PAIgG (up to^ca. 20,000 molecules) is 

intracellular, located mainly in the a-granules, where its concentration reflects 

that of the plasma (George 1990). The exact mechanism of aquisition of IgG 

(and of other plasma proteins) by the platelets remains poorly understood, 

although platelet endocytotic activities have been known to exist for many years 

(Zucker-Franklin 1981). The parallel aquisition of apparently irrelevant (e.g. 

albumin) proteins by the a-granules implies that the intraplatelet presence of 

IgG is, at least in healthy individuals, a non-specific phenomenon probably 

resulting from indiscriminate fluid-phase endocytosis of plasma proteins, which 

is reminiscent of the traditional perception of the platelet as a "passive sponge". 

The explanation proposed for the often dramatically raised levels of total 

PAIgG in patients with immune and, occasionally, presumably non-immune 

consumptive thrombocytopenias is that, due to increased thrombopoietic 

stimulation, large "stress" platelets with increased endocytotic capacity are 

being produced (George 1990). Although firm experimental evidence to confirm 

this hypothesis is lacking, the current tendency is to focus on platelet surface
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IgG, assuming that elevation of, its level is more likely to reflect specific 

platelet antibody activity.

The current concepts about PSIgG in normal platelets have been profoundly 

influenced by the work of LoBuglio and co-workers (1983), who were the first 

to use a radiolabelled monoclonal antibody to the Fc region of human IgG in 

order to measure PSIgG. Their estimate (ca . 170 molecules of surface IgG per 

platelet) was 10-100 times lower than that of most contemporary methods 

employing polyclonal antibodies. This amount of PSIgG was considered more 

"realistic", one reason being that it was^of the same order with the amount 

present on the surface of red cells. This argument should be treated with 

scepticism, in view o f the profound differences in surface structure between 

platelets and all other blood cells.

Whatever the number o f IgG molecules on the surface of normal platelets is, 

their spatial orientation and biological role remain unknown. Generally, there 

are two recognized ways in which IgG may be bound to the platelet surface:

- Specifically, through the antigen-binding Fab region. The nature of the 

antigen that might attract IgG to the platelet surface in healthy individuals can 

only be a matter of speculation. The possibility of naturally occuring antibodies 

binding to altered membrane antigens of senescent platelets has been suggested 

(George 1990).

- N on-specifically, through binding o f the Fc region of monomeric or 

complexed IgG to the platelet FcyRII receptor (see section 1.3.2).

In contrast to the situation in normal platelets, there is ample evidence that, in 

the setting of immune-mediated thrombocytopenia, at least a proportion of the 

frequently elevated PSIgG represents specific antibody directed against 

components of the platelet membrane, usually glycoproteins (Van Leeuwen et 

al 1982, Beardsley et al 1984, Woods et al 1984a,b, McMillan et al 1987, 

Szatkowski et al 1986, Berchtold et al 1989). Platelet membrane phospholipids
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have also been implicated as potential antigens (Harris et al 1985) although the 

issue of specific binding of antiphospholipid antibodies to intact platelets is still 

debated (Out et al 1991, Haga et al 1990). Binding of IgG to the platelet 

surface can have one or more of the following effects:

- Reticuloendothelial system sequestration of an tibody-coated  platelets 

(Karpatkin 1980, McMillan 1981, Saleh et al 1989).

- Direct lysis thropgh complement fixation (Tsubakio et al 1986, Lehman et al 

1987).

- Alteration of platelet function (Clancy et al 1972, Zahavi and Marder 1974, 

Strieker et al 1985, Niessner et al 1986, Devine et al 1987, Pfueller et al 1989).

It should be noted that elevated PSIgG is not incompatible with normal platelet 

count, lifespan or function, as has been reported in cases of PSIgG elevation 

associated with SLE (Mueller-Eckhardt et al 1980, Endresen and Foerre 1982), 

liver disease (Landolfi et al 1979) and hypergammaglobulinaemic states other 

than myeloma (McGrath et al 1979).

It appears that the end result of IgG binding to the platelet is determined by 

many factors, which might include the amount, subclass and spatial orientation 

of PSIgG, as well as the nature of the glycoprotein or other antigen involved 

and in particular the functional and structural (maintenance of membrane 

integrity) role of the epitope to which the platelet antibody is binding. Clearly, 

more research is needed in order to clarify these issues.
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Chapter 2

GENERAL METHODS

This chapter contains details of general laboratory methods employed in the 

investigations described in this thesis. Modifications of some of these methods as well 

as specialised techniques that are only relevant to particular experiments will be cited 

separately in the appropriate results chapters.

An effort has been made to focus on methodology and avoid exhaustive 

descriptions of materials. Formulations of buffers, anticoagulants, fixatives and other 

reagents mentioned in this chapter are given separately in Appendix I. Unless stated 

otherwise, all the experiments were performed at room temperature.

2.1 PLATELET PREPARATION

2.1.1 Samples from normal controls. The following sources of presumably normal 

platelets were used:

a. Donations by members of laboratory staff. Small volumes of blood, usually 10 to 

20ml, were collected via a 21-gauge Butterfly needle into a 20ml polypropylene 

syringe and 9ml were transferred quickly to 10ml polypropylene tubes containing 1ml 

of either trisodium citrate (105mM) or disodium EDTA (50mM) in isotonic saline.

b. Surplus blood from full blood counts performed on healthy RAF personnel as part 

of routine medicals. The blood samples were taken in 4.5ml VACUTAINER tubes 

(Becton-Dickinson, Meylan, France) containing tri-potassium-EDTA at a final 

concentration of 4mM.

c. In some experiments requiring comparatively large numbers of normal control 

platelets, newly expired platelet concentrates that had been separated from whole
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blood anticoagulated with CPD-A1 (63ml CPD-A1 in 450ml blood; see Appendix I 

for formulation of CPD-A1) were obtained from the Blood Bank of University College 

Hospital.

2.1.2 Blood grouping. In some experiments involving incubation of control platelets 

with under investigation sera, the use of platelets from blood Group O individuals was 

required. Rapid ABO grouping was performed as follows: One volume (1-2 drops) of 

a 10% (v/v) whole blood dilution in normal saline was mixed in a 10x75mm 

polypropylene tube with the same volume of anti-A or anti-B serum (Lome 

Laboratories Ltd.,Reading) and, after centrifugation at 400g for one minute, red cell 

agglutination was looked for macroscopically and under a magnifying lens.

2.1.3 Samples from patients. These were taken in citrate or EDTA anticoagulant as 

described in 2.1.1 above. Some citrated samples were taken directly into 4.5ml 

siliconized VACUTAINER tubes (Becton-Dickinson, Meylan, France) which contained 

sodium citrate giving a final concentration of 10.5mM.

2.1.4 Preparation of platelet-rich plasma (PRP). Platelet-rich plasma was prepared 

from anticoagulated whole blood in 4.5ml VACUTAINER tubes or 10x75mm 

polypropylene tubes. The tubes were centrifuged at 200g for 10 minutes in a bench- 

top centrifuge. When large platelets were present, lower centrifugal forces and shorter 

centrifugation times were used (e.g. 170g for 8 minutes) to limit the loss of large 

platelets co-sedimenting with the red cells. The upper two thirds of the supernatant 

were removed with a plastic transfer pipette without disturbing the buffy coat and 

were tranferred to a 10x75mm polypropylene tube. In order to isolate platelets from
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small (e.g. fetal) samples, PRP was prepared in 8x60mm polypropylene tubes after 

diluting the sample with an equal volume of wash buffer (see 2.1.6).

2.1.5 Preparation of platelet-poor plasma (PPP). Anticoagulated whole blood or 

PRP prepared as above were centrifuged at 2000g for 15 minutes. Without disturbing 

the pelleted cells, the supernatant was transferred to another tube and centrifuged at 

2000g for 10 minutes. When the PPP was not used immediately, it was stored at -20°C 

or -70°C.

2.1.6 Platelet washing method. Two types of platelet wash buffer were used (see 

Appendix I for formulations): Phosphate buffered saline containing EDTA (PBS- 

EDTA) and a ACD-acidified buffer containing PGEj (citrate-PGEj). For washing in 

PBS-EDTA, PRP in a 10x75mm polypropylene tube was diluted with an equal volume 

of the wash buffer and centrifuged at 2000g for 5 minutes. Following complete 

removal of the supernatant using a fine tipped plastic transfer pipette, the platelet 

pellet was gently resuspended in the wash buffer and the platelets pelleted by 

centrifugation as above. One washing cycle or "wash" consisted of suspending the 

platelets in wash buffer and pelleting by centrifugation. For washing in citrate-PGEj, 

the initial platelet , pellet was prepared by centrifugation of PRP which had been 

acidified to pH 6.4 by adding an appropriate volume of ACD (see appendix I).

2.1.7 Lysing red cells. When avoidance of contamination of the platelet suspension 

by red blood cells was indicated, the red cells were lysed by suspending the platelet 

pellet in 1ml of 1% (w/v) ammonium oxalate for 10 minutes.
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2.1.8 Platelet fixation. In studies employing fixed platelets, fixation was achieved by 

mixing the platelet suspension with an equal volume of 2% (w/v) paraformaldehyde 

(see Appendix I) for 15 minutes.

2.1.9 Platelet counting. Platelet counts were determined in whole blood, PRP or 

washed platelet suspensions using a Coulter STKR analyzer (Coulter electronics, 

Luton, UK). Histograms of platelet volume distribution were obtained (Fig 2.1) and, 

where indicated, manual platelet counts were performed using a Neubauer chamber 

(Dacie and Lewis 1991).

2.2 ANTIBODIES

The various antibodies used in the flow cytometric and immunoenzymatic studies were 

either purchased or donated by their producers as indicated in Table 2.1. Stock 

antibodies were aliquoted and kept frozen, at -70 or -20°C until used. When dilution 

of the stock antibody was indicated, this was done with PBS pH 7.2 containing 0.1% 

sodium azide. The chimaeric 7E3 antibody provided by Centocor Inc. will be 

described in more detail in Chapter 5. The FITC labelling of c7E3-Fab and rabbit-anti- 

mouse IgG was performed by Dr Carrie Wagner using modifications of published 

methods (Goding 1976).
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FIGURE 2.1 Coulter printout of platelet (a) and white cell (b) volume distribution 
histograms in a normal blood sample (A) and a sample containing platelet clumps (B).
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TABLE 2.1 SOURCES OF ANTIBODIES

TYPE OF ANTIBODY ANIMAL SUPPLIER 
SOURSE

A. FITC conjugates of antibodies 
to human immunoglobulins

Human IgG (y-chain specific) goat
affinity isolated, antigen specific

Human IgG,IgM,IgA (polyvalent) goat 
IgG fraction of antiserum

Human IgG (Fc-specific) goat
affinity isolated, antigen specific

Human IgG (Fc-specific) mouse
nonoclonal

Sigma No F-0132 

Sigma No F-6506 

Sigma No F-9512 

Sigma No F-5016

B. Antibodies to platelet proteins

gplb (AN51) monoclonal

gplb (MM/174) monoclonal

gpllla (Y2/51) monoclonal

gpIIb-IIIa (J15) monoclonal

gpIIb-IIIa (7E3) monoclonal 
fab fragments

7E3 chimaeric monoclonal 
IgG, fab and FITC-fab

Thrombospondin monoclonals 
(FT1/7, FT1/10, FT1/52, FT1/85)

Thrombospondin monoclonal (PI2)

GMP-140 (S12) monoclonal

Thrombospondin (S12) monoclonal

mouse DAKO No M-719

mouse Dr M Wilkinson, London

mouse DAKO No M-753

mouse Dr D Mason, Oxford

mouse Centocor Inc.

mouse/human Centocor Inc.

mouse Dr C Mattock, London

mouse The Binding Site, Birmingham

mouse Dr R McEver, Texas

mouse The Binding Site, Birmingham
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TABLE 2.1 (cont.)

C. Other antibodies and controls

FITC-IgG (non-immune)

FITC-IgGl monoclonal 
non-human reactive

FITC-IgG2a monoclonal 
non-human reactive

IgG (non-immune)

FITC-anti-mouse IgG

FITC-anti-mouse IgG

FITC-anti-mouse IgG

Anti-HLA-DR monoclonal

goat Sigma No F-7381

mouse Coulter No 6602928

mouse Coulter No 6602906

mouse Sigma No 1-5381

goat Sigma No F-2012

goat Coulter No 6602159

rabbit Centocor Inc.

mouse DAKO No M-775
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2.3 FLOW CYTOMETRY

As the development of flow cytometric methods for the study of platelets was one of 

the objectives of the present studies, certain points related to methodology will be 

discussed critically in the results’ chapters. In this section, the methods are described 

in their "final" form, i.e. as they are currently being used in our laboratory. Because 

flow cytometry is not yet established as a routine method in the investigation of 

platelet disorders, the section that follows gives an outline of the principles of 

fluorescence flow cytometry, with the emphasis on its application for studying 

platelets.

2.3.1 Principles of fluorescence flow cytometry (FC)

The general definition of flow cytometry (Shapiro 1988, modified) is "measurement 

of selected physical and/or chemical characteristics of a cell (or particle) while the 

cells pass, preferably in a single file, in a fluid stream through a suitable detection 

apparatus". The best known application of this system in haematology is the Coulter 

blood cell analyzer where the physical characteristic measured is the change in 

electrical impendance across a small orifice, caused by cells passing in a single file 

through that orifice. The last decade has witnessed an increasing interest in the 

development of flow cytometry systems based on the measurement of fluorescence 

emited by cells that have been exposed to fluorescent probes binding to cellular 

elements like nucleic acid or protein macromolecules (for a historical review see 

Shapiro 1988 ). The emission of fluorescence by the probe requires excitation 

(absorption of photon energy of the appropriate wave length) which is usually 

provided by a focused laser light beam, through which the cells are forced one by one. 

The main components of a fluorescence flow cytometry (FC) system are: (a) the flow 

system, (b) the optical system, (c) the electronic signal generation system and (d) the
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electronic data analysis system. Figure 2.2 is a diagramatic representation of the 

function of a flow cytometer.

23.1.1 The flow system

The function of this system is to present the cells under analysis in a single file to the 

flow chamber (flow cell), where those cells will be "interrogated" by a beam of laser 

light. This is achieved by automatic hydrodynamic focusing, which involves guiding 

the cell sample into a stream of pressurised sheath fluid  and regulating the pressures 

of sample and sheath fluid through various pinch valves, so that a single file of cells 

in the middle of the stream of sheath fluid in laminar flow is delivered to the flow 

chamber at a constant rate.

2.3.1.2 The optical system

This system includes three main components: (a) The light source, usually a laser (e.g. 

argon ion, krypton ion) emiting light of a fixed intensity and wave length, (b) An 

assembly of lenses to shape the laser beam and focus it on the observation point in 

the flow chamber, (c) An assembly of mirrors, lenses arid optical filters to collect the 

light after its passage through the flow chamber, separate the various parts of interest 

(e.g. specified wavelengths) and present them to the appropriate sensors.

When the laser beam "hits" a cell at the observation point (the intersection of laser 

beam and column of cell sample in the flow chamber) the laser light is scattered by 

the cell at various angles. Light scattering in a forward direction (FS) i.e. 0.5-10 

degrees to the path of the laser beam is roughly proportional to the size of the cell, 

whereas light scattering at a right angle (side scatter - SS) relates to cell shape, surface 

irregularity and intracellular structure. Measurement of FS and SS can be used to 

differentiate various cell populations. Laser light of appropriate wavelength can also
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Sample flow

Laser beam

FL1

FC

FL2

SS

FS

FIGURE 2.2 The principle of fluorescence flow cytometry: A cell (dot) in the flow 
chamber (FC) is being "interrogated’' by the laser beam. Scattered light is directed to 
the appropriate photodetectors for measurement of FS (forward light scatter), SS (side 
light scatter), FL1 ("green" fluorescence - 525nm), FL2 ("red" fluorescence - 575nm).
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excite fluorescence emission by molecules that are intrinsic to the cell (autofluores

cence) or that have been attached to it as fluorescent probes.

2.3.1.3 Electronic signal generation system

Photodetectors convert the light signals into pulses of electric current with voltage 

accurately proportional to the intensity of light they receive. The photodetector for FS 

light is usually a simple silicon photodiode, whereas SS and fluorescence photode

tectors (i.e. the sensors for relatively low intensity light) are photomultiplier tubes 

(PMT). The pulses of different voltage generated by the photodetectors are amplified 

and converted into digital signals by an Analog-to-Digital converter (ADC). The 

digitized signals are finally stored in a computer.

Amplification

Before being digitally converted, the signals generated by the photodetectors pass 

through volatage amplifying electronic circuits (or "amplifiers"). Linear amplifiers 

will amplify the signal by a selected factor (e.g. 1,2, 5,10, 20, 50, or 100). It follows 

that the voltage ratio of two signals post amplification will be the same as it was pre 

amplification (if the linear amplifier is accurate). Logarithmic amplifiers will amplify 

the signal logarithmically. Figure 2.3 shows the transfer function of an "ideal" three- 

decade log amplifier. As can be seen in the figure, logarithmic amplification expands 

the scale for weak signals and compresses the scale for strong signals. This permits 

the inclusion of a greater range of measurements in the final histogram. Log amplifiers 

have become popular, mainly because they allow a more "biologically relevant" 

presentation of data, as biological parameters often appear as log-normal distribution. 

The main problem related to the use of log amplifiers is the difficulty in making direct 

comparisons between signal intensities of different samples. This could be theoretically 

overcome by mathematically converting the log values into a linear scale. Unfortu- 

natelly, in practice, log amplifiers are not perfectly logarithmic and the use of
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FIGURE 2.3 Signal amplification by a "perfect" three-decade log amplifier 
V(in): voltage of signal before amplification 
V(out): voltage of signal after amplification



calibration methods is necessary before any comparisons between samples are possible 

(Schmid et al 1988).

Digital conversion

Using a computer, the signal voltages obtained after linear or log amplification are 

expressed as "channel numbers", which are a linear function of signal voltage. Channel 

numbers are stored in the computer’s memory and are subsequently processed and 

presented, usually in the form of histograms.

2.3.1.4 Data analysis system

Most modem flow cytometers contain appropriate software for the presentation of the 

digitized signals as dot plots (Fig 2.4) or histograms (Fig 2.5). They are also able to 

perform simple statistical tests (min, max, %, mean, coeficient of variation) either on 

the entire population of events included in a histogram or on subpopulations selected 

by the operator (Fig 2.6).

Gating

In most flow cytometry systems, the operator has the facility of setting "gates" i.e. 

defining the range of measurements that are allowed to be included in a histogram. 

Single parameter (e.g. FS or fluorescence) gates usually set a threshold of intensity 

which must be exceeded by a signal in order for it to be eligible for inclusion in the 

histogram. A two parameter or bitmap gate is an area defined by any two parameters 

(e.g. FS and SS) and can have any shape (Fig 2.4). The computer will compare the 

coordinate of the two parameter measurements obtained from a cell/particle to the 

bitmap coordinates and only if it falls inside the bitmap will the cell be included in 

the histogram analysis.
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FIGURE 2.4 A. Light scattering profile of a sample of dilute PRP (2xl09platelets/l). 
Dot plot of log forward scatter (LFS) plotted against log side scatter (LSS). The 
circled area ("bitmap" 1) defines the cell population for analysis. B. LFS v LSS of 
a sample of dilute whole blood (l[il blood in 1ml PBS) to show the differences in 
light scattering behaviour between platelets (bitmap 1) and red (R) cells.
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FIGURE 2.5 Single parameter histograms. Histogram of log amplified "green" 
(525nm) fluorescence of platelets incubated with (a) FITC-labelled mouse IgGl (non
human reactive) and (b) FITC-labelled murine MoAb to gp Hb-IIIa. Horizontal axis: 
channel number (obtained by digital conversion of the log amplified voltage of the 
fluorescent signal). Vertical axis: cell count.
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MIN MAI
L F L i

COUNT PERCENT MEAN SD \ HPCV
1 1.024 1023. 46126 100.0 33.21 5.70 6.62
L 1.024 30.54 23206 50.5 7.040 2.227 26.1

37.06 1023. 22811 49.5 161.8 1.9 6.62

FIGURE 2.6 Analysis of fluorescence histogram showing the presence of two cell 
populations bearing different amounts of the fluorescent probe. The areas being 
analysed are indicated with numbered horizontal bars. The statistics of each area are 
printed below the histogram. MIN, MAX: minimum and maximum channels of area; 
COUNT: absolute cell count in area; PERCENT: cell count as % of total count in 
histogram; MEAN: mean fluorescence channel in area; SD: standard deviation and 
%HPCV: half-peak coeficient of variation (i.e. the CV of the upper half of the 
frequency distribution histogram).
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2.3.2 Preparation of flow cytometer

All flow cytometric studies described here were performed using a Coulter EPICS- 

Profile (Coulter Electronics, Luton, UK) flow cytometer (Figure 2.7) equipped with 

a air-cooled 488nm argon laser. The instrument was used as supplied by the 

manufacturer, without modifications in the optical filters, which included a 525nm 

band pass filter in front of the green (F1TC) fluorescence detector. According to the 

manufacturer’s specification, the system was able to measure light scatter of particles 

ranging from 0.3 to 40p in diameter with a capacity of analyzing up to 10,000 cells 

per second. Isoton-H (Coulter) was used as sheath fluid. Instrument settings were as 

follows:

Sample volume: 100 pi 

Sample flow rate: 20-100 pl/min 

Laser power: 15mW 

Sheath pressure: 7.20 psi 

Side scatter PMT voltage: 400v

Green fluorescence PMT voltage: adjustable (around 1300v)

Before running samples, the laser beam was aligned and the photomultiplier tube 

voltage calibrated using standard fluorescent beads (Immuno-Check and Standard-Brite 

respectively, Coulter Electronics, Hialeah, FL). Cell concentration in the samples to 

be analysed on the cytometer did not exceed 5x10s per ml of suspending liquid. 

Gating on the cell population to be analysed was performed using a log forward 

scatter (LFS) versus log side scatter (LSS) histogram (Fig 2.4). Forward light scatter 

(FS) and green fluorescence (FL) signals were amplified through the instrument’s 

three-decade log amplifier and, after digital conversion, were automatically plotted as 

frequency distribution histograms on a 1024-channel scale (Fig 2.5).
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FIGURE 2.7 The Coulter EPICS-Profile flow cytometer.
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2.33 Quantitation of platelet surface glycoproteins

2.33.1 Direct method using PRP

PRP prepared as described in 2.1.4 was diluted (usually 1:10) with PBS pH7.2 so that 

the concentration of platelets was approximately 30x1071 and lOOpl of the diluted 

PRP were incubated with the appropriate volume of FITC-labelled anti-gp MoAb 

(usually 5|ll for most of the MoAbs used in these studies) for 1 hour at RT in the 

dark. FITC-labelled irrelevant MoAb or FITC-labelled non-immune mouse IgG of the 

same subclass were used as negative controls. Following incubation, the platelets were 

washed once in 3 ml of buffer (2.1.6), resuspended in 200jil PBS and analysed 

immediately in the flow cytometer.

2.33.2 Direct method using whole blood

Anticoagulated whole blood was diluted 1:10 with PBS pH7.2 and incubated with 

FITC-labelled MoAb or control Ab as described in 2.3.3.1. Following incubation, 3 

ml of wash buffer were added and the red and white cells were sedimented by 

centrifugation at 400g for 1 min. The supernatant containing the platelets was 

transferred to another tube and analysed in the flow cytometer either directly or after 

a final wash.

2.33.3 Indirect method

150p,l of PRP diluted 1:5 with PBS were incubated with anti-gp MoAb or control Ab 

as described in 2.3.3.1. Incubation was followed by one wash in 3 ml of wash buffer, 

with resuspension of the platelet pellet in lOOpl PBS. This suspension was incubated 

with 10|il of the appropriate dilution (usually 1:20) of a polyclonal FITC-anti-mouse 

IgG (usually Sigma or Coulter goat-anti-mouse, see Table 2.1) for 40 minutes in the
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dark. Finally, the platelets were washed once in 3 ml of wash buffer and resuspended 

in 200|il PBS for analysis in the flow cytometer.

Where indicated, the above labelling methods were used with washed or fixed washed 

platelets instead of dilute PRP.

2.3.4 Measurement of platelet surface-bound immunoglobulins

Platelets were isolated from EDTA anticoagulated blood samples which were kept at 

RT until the platelets were harvested, usually within 24 hours of blood collection. 

PRP was prepared as described in 2.1.4 and the platelets were pelleted and washed 

three times as described in 2.1.6 and they were finally resuspended in an appropriate 

volume of PBS pH7.2 to prepare a working suspension of 3Q±10 x 109/1. 150|il of the 

working suspension were incubated with 20|il of the appropriate dilution (see 2.4.6) 

of FITC-labelled goat-anti-human Ig polyclonal antibody for 1 hour at RT in the dark. 

Incubation with FITC-labelled non-immune goat IgG of the same IgG concentration 

as the anti-human antibody served as negative control. Positive controls consisted of 

platelets coated with IgG through preincubation (see 2.3.5 ) with anti-PLA1 serum. 

Following incubation, the platelets were washed in 3ml of wash buffer and the pellet 

was resuspended in 250jil PBS for analysis in the flow cytometer.

In cases where significant numbers of red blood cells (RBCs) were present in the PRP 

(e.g. in cases of severe thrombocytopenia or microcytic RBCs and large platelets) the 

RBCs were lysed using 1% ammonium oxalate (see 2.1.7) after the first washing 

cycle.
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2.3.5 Detection of platelet bindable immunoglobulins in serum or plasma

Control platelets were prepared from PRP of healthy GpO individuals by pelleting 

(2.1.5), washing three times (2.1.6) and resuspending in PBS pH 7.2 at a concentration 

of 150X109/!. lOOjil of this suspension were mixed with 50|il of serum or plasma 

under investigation and incubated for 1 hour at RT. Following this, the platelets were 

washed twice in 3ml of wash buffer, resuspended in PBS at a concenration of 40- 

50x109/l and incubated with FITC-labelled anti-immunoglobulin for measurement of 

surface Ig as described in 2.3.4. Sera from patients with high titres of anti-PLA1 

and/or anti-HLA antibodies were used as positive controls, whereas sera from young, 

untranfused, male, GpAB donors served as negative controls.

2.3.6 Determination of optimal antibody concentrations

In order to determine the optimal concentration of FITC-labelled anti-gp or anti-Ig 

antibody for direct platelet labelling, a range of concentrations obtained by serial 

dilutions of both specific and control antibody were incubated with the platelets as 

described in 2.3.3.1. The ratio of signal (mean fluorescence channel [MFC] of 

platelets incubated with specific antibody) over noise (MFC of platelets incubated with 

control) was calculated and the antibody concentration giving the highest signal-to- 

noise ratio was selected.

For determination of the optimal concentration of secondary FITC-labelled antibody 

in the indirect labelling methods, platelets were first sensitised with an excess of a 

unlabelled anti-gp monoclonal, washed and then incubated with serial dilutions of the 

secondary antibody and control for calculation of signal-to-noise ratios.
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2.4 PEROXIDASE-ANTI-PEROXIDASE (PAP) IMMUNOENZYMATIC 

STAINING OF BLOOD SMEARS

PAP and other immunoenzymatic methods have been used extensively for the study 

of surface and intracellular white cell markers (Mason et al 1975 and 1982, Moir et 

al 1983). The principle of the method is described in Figure 2.8

Method description

EDTA anticoagulated peripheral blood samples were routinely used. The epitopes of 

some antibodies were EDTA sensitive and in those cases citrated samples were used 

instead. Air-dried blood smears on glass slides were kept at room temperature for 

up to 5 days before staining. Some smears were stored wrapped in parafilm at -20°C 

for up to 3 months. Before staining, the smears were fixed for 10 minutes in methanol 

containing H20 2 (see appendix I) to block endogenous peroxidase activity and air 

dried. Thirty p.1 of the appropriate dilution in TBS (as determined by serial dilution 

experiments of the primary murine MoAb were applied to a coverslip and the fixed 

smear was applied to this carefully, avoiding inclusion of air bubbles. After 40 min 

incubation at RT in a moist chamber, the coverslip was removed and unbound (or 

loosely bound) antibody was washed off by three brief (10 seconds) immersions in 

TBS. A 1 in 20 dilution (in PBS) of polyclonal rabbit-anti-mouse antibody (DAKO, 

Kopenhagen) was applied as described for the primary antibody, followed by 40 min 

incubation and 3 washes as above. A third 40 min incubation was performed with 

monoclonal PAP complexes (DAKO) diluted 1 in 50 in PBS and followed by 3 

washes and a final finse in Tris-HCl. Then, the slides were flooded for 15 minutes 

with diamino-benzidine/H20 2 substrate (see appendix I), washed in tap water and air 

dried. Finally, they were counterstained for 5 minutes in Mayer’s haematoxylin, 

washed for 5 minutes in tap water, air dried and mounted.

88



1st layer: binding of primary MoAb

2nd layer: excess of rabbit-anti-mouse 
antibody (RAM) results in monovalent 
binding of RAM to primary MoAb

3rd layer: the free arm of RAM binds to 
the Fc region of the murine PAP complex

For colour development:

Px + H20 2 + DAB — -> Px + H20  + DAB-0 (brown colour)

FIGURE 2.8 PRINCIPLE OF THE PEROXIDASE-ANTIPEROXIDASE 
IMMUNOENZYMATIC STAINING METHOD

Px peroxidase PAP peroxidase-antiperoxidase complex (immune complex between 
Px and a murine monoclonal antibody raised against Px)
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2.5. PLATELET AGGREGOMETRY

Platelet aggregation studies were performed in an AGGRECORDER II four channel 

automatic aggrcgometer (Clandon, Kyoto, Japan) using PRP prepared from citrate 

anticoagulated blood as described in 2.1.4.

A platelet count was performed on the PRP and the platelet concentration was adjusted 

to 300x1071 using platelet poor plasma (PPP) prepared from the same sample after 

removal of PRP. 270|il of this diluted PRP were pipetted into each of four cuvettes 

containing magnetic stir bars and were warmed to 37°C without stirring in the 

aggregometer heating block. After calibration of baseline light absorbance using a 

cuvette containing PPP, the pre-warmed PRP cuvettes were placed into each channel 

and stirring at 850rpm with parallel recording of light absorbance was started. When 

a stable baseline was obtained in the monitor, 30jil of the appropriate dilution of 

platelet agonist were quickly pipetted into each cuvette. Monitoring was stopped when 

the aggregation trace reached a steady plateau, with no further change in 

transmittance. Representative aggregation responses are shown in Figure 2.9. 

Preparation of reagents is described in Appendix I.
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FIGURE 2.9 Normal platelet aggregation responses to ADP and ristocetin 
(turbidometric technique). The vertical axis indicates % change in light transmission 
through the PRP (increasing when platelets aggregate). Horizontal axis: Time in 
minutes (arrows indicate point of agonist addition).
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2.6 RADIOIMMUNOMETRIC ASSAY (RIA) FOR QUANTITATION OF 

c7E3 BINDING SITES

The number of platelet surface sites available for binding chimaeric 7E3-IgG (c7E3- 

IgG) was measured by the following assay employing 125I-labelled-c7E3-IgG. All the 

RIA measurements were performed by the staff of the Haemostasis Research 

Laboratory at UCH, under the direction of Professor S.J. Machin.

PRP was prepared as described in 2.1.4. and the PRP platelet count was measured. 

350|il of PRP were incubated in a 1.5ml microfuge tube with a near saturating amount 

of 125I-labelled c7E3-IgG (final concentration of antibody in incubation mixture 0.018 

mg/ml) for 30 minutes at room temperature. After the incubation, lOOjil of the mixture 

was carefully layered on top of 200|il of 30% sucrose in each of three 0.4ml 

microfuge tubes and the platelets were sedimented through the sucrose by microcentri

fugation a t  12,000g for 4 minutes. Following this, the platelet pellet was separated 

from the supernatant by cutting off the bottom of the tube and radioactivities of pellet 

and supernatant (triplicates) were counted in a gamma counter. The fraction of radio

labelled antibody that became platelet-bound was calculated from the formula:

Y ftig) = [P/(P+S)] x 1.8 

where P = radioactivity of pellet measured as counts per minute (cpm)

S = radioactivity of supernatant (cpm) and 

1.8 = amount of antibody (in fig) added to PRP.

The number of IgG molecules in 1 fig of antibody can be calculated from Avogadro’s 

Number (6.022x1023 = number of molecules contained in 1 Mol) and the molecular 

weight of IgG (approximately 150,000) and is approximately 4xl012. Therefore, the 

number of 125I-7E3-IgG molecules bound per platelet was:

X (molecules/platelet) = [Y x 4xl012]/C 

where C = the number of platelets in lOOpl of PRP (i.e. the volume of PRP incubated 

with the radiolabelled antibody).
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2.7 ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) FOR HUMAN 

ANTI-CHIMAERIC ANTIBODIES

Assays for human IgG antibodies to the chimaeric 7E3-fab were performed at 

Centocor Inc. using a standard ELISA method. Briefly, various dilutions of sera under 

investigation were incubated for 1 hour at 45°C in microtiter wells that had been 

coated with c7E3-fab and blocked with bovine serum albumin. After washing, the 

wells were incubated with a horseradish peroxidase-conjugated goat anti-human IgG 

followed by treatment with substrate (O-phenylenediamine and hydrogen peroxide for 

colour development. Colour intensity was reported as the difference in absorbance at 

490 and 650nm on an automatic microplate reader. A normal range was created by 

analysing sera from people who had never received murine or chimaeric monoclonals. 

Patient samples showing reactivity above the normal range, were subsequently retested 

to demonstrate inhibition of binding to the plate in the presence of fluid-phase c7E3- 

fab, which was a requirement for classification of the response as positive. Serial 

dilutions of samples with positive responses were subsequently tested to establish the 

maximum serum dilution giving a positive response.
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Appendix to Chapter 2 

REAGENTS

All reagents were supplied by the Sigma Chemical Co., Poole, Dorset or by British 

Drug Houses (BDH), Poole, Dorset and were made up in distilled tap water (DW).

1. Formulation of phosphate-buffered saline (PBS) pH 7.2

NaCl 4.5g/l

NaH2P 0 4.2H2 2.8g/l

NajHPQj 8.1g/l

2. Formulation of CPD-A1

Trisodium citrate dihydrate 26.30g/l

Citric acid monohydrate 3.27g/l

HjPC^ monohydrate 2.22g/l

Dextrose 31.85g/l

Adenine 0.28g/l

pH adjusted to 5.6

3. Formulation of PBS-EDTA platelet wash buffer

Disodium EDTA 3.35g/l

NaCl 4.10g/l

Na2HP04 (anhydrous) 3.75g/l

Bovine Serum Albumin 0.1% (w/v)

pH 7.0
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4. Formulation of ACD pH 4.9

Trisodium citrate dihydrate 

Citric acid monohydrate 

Dextrose

22.0g/l

8.0g/l

24.5g/l

5. Formulation of citrate-PGEj acidified platelet wash buffer

Hepes (free acid) 4.76g/l

8.77g/l

0.90g/l

0.05mg/l

NaCl

Dextrose

PGEj

ACD (see 4 above) 10% (v/v) 

pH adjusted to 6.5 with 1M HC1

6. Preparation of platelet fixative

A 4% (w/v) solution of paraformaldehyde in PBS was heated to 70°C with 

occasional stirring and when this temperature was reached, 1M NaOH was 

added dropwise under continuous stirring until the solution was clear. An equal 

volume of PBS was added so that the final concentration of paraformaldehyde 

was 2% (w/v), the pH adjusted to 7.2 with IN HC1 and the solution stored at 

4°C in the dark and used within 6 weeks.

7. Platelet aggregation reagents

ADP (Sigma): lOmM aliquots made up in isotonic saline were kept at -70°C. 

Shortly before use, an aliquot was thawed and 200, 100, 50, 25, 10 and 5 |iM 

dilutions were made and placed on ice.

95



Ristocetin (Lundbeck Ltd, Luton): Aliquots of 12.5mg/ml in isotonic saline 

were kept frozen at -70°C and thawed shortly before use.

8. Reagents for PAP method:

i. Tris-HCl buffer:

250ml Tris(hydroxymethyl) aminomethane (24.23g/l)

39ml IN HC1 

D W to 1L 

adjust pH to 7.6

ii. Tris buffered saline (TBS):

Tris-HCl (above) diluted 1 in 10 in Normal Saline

iii.Fixative:

lml 10vol.(30%) H20 2 + 99ml methanol

iv. Diaminobenzidine tetrahydrochloride (DAB) stock:

50mg DAB (Sigma) is dissolved in 10ml Tris-HCl and 

lml aliquots dre frozen at -20°C until required.

v. Substrate for colour development (to be made up immediately before use):

(a) lml of stock DAB is made up to 10ml with Tris-HCl

(b) 0.1ml of a 1 in 15 dilution of lOvol H20 2 in Tris- 

HCl is added to (a).
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Chapter 3

IM M UNOENZYM ATIC LABELLING OF SURFACE AND 

INTRACELLULAR PLATELET GLYCOPROTEINS  

IN WHOLE BLOOD SMEARS:

Its use in com bination  with flow cytom etry

3.1 B A C K G R O U N D

A s ign if ican t part o f  our understand ing  o f  p la te le t  func tion  orig inates  

from the study of c lin ica l d isorders  caused  by de f ic ien cy  o f  p la te le t 

g lycopro te in s ,  like G lan zm an n ’s th rom basthen ia  (GT) and Bernard- 

S ou lie r  syndrom e (BSS). The m olecu la r  study o f  g lycopro te in  (gp) 

abnorm alities  was fac il i ta ted  by the developm ent of po lyacry lam ide  gel 

e lec tro p h o res is  techn iques  enab ling  high reso lu tio n  separation  of 

g lycopro te ins  (gps) from p la te le t  lysa tes  (Laem m li 1970). Topographic  

d is tr ibu tion  o f  the various gps has trad it iona lly  been studied  with 

im m uno-e lec tron  m icroscopy, whereas the b inding  to p la te le ts  of 

rad io lab e lled  anti-gp M oAbs has been the m ost p opu la r  m ethod for gp 

quan tita tion . D esp ite  the progress  that has been m ade in the study of 

p la te le t  gps, a num ber o f  im portan t questions  rem ain unansw ered ; one of 

them concerns  the in trace llu la r  loca liza tion  o f  the m ajor p la te le t 

m em brane gps lb and I lb -IIIa .  The sm all ce ll size w ith  overlapp ing  

in trac e l lu la r  s tructures  p roh ib its  accurate  loca liza tion  and the presence 

o f  the su rface-connec ted  cana licu la r  system  (SCCS), w hich is thought to 

rep resen t m ultip le  invag ina tions  o f  the p lasm a m em brane m akes the 

d istinc tion  between "surface" and " in trace llu lar"  loca liza tion  particu larly
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d if f ic u l t ,  even  when EM is em ployed. M oreover, ac tiva tion  or damage 

du ring  p rocess ing  may resu lt  in red is tr ib u tio n  o f  m any g lycopro te ins .

3.1.1 Flow cytometry and its lim itations in the study of platelet 

proteins.

M ost o f  the investiga tions  described  in subsequent chap ters  o f  th is  thesis 

are based on the use o f  f luo rescence  flow cy tom etry  (FC) to study 

p la te le t  surface an tigens. In the study o f  p la te le t  su rface  gps, FC has 

ce rta in  advantages over m ethods based on m easurem ents  o f  the average 

o f  a cell popu la tion , the m ost im portan t being that it p rov ides q u a n ti ta t

ive in fo rm ation  on the d is tr ibu tion  o f  an tigens, thus enab ling  detection  

o f  pheno typ ica lly  (and possib ly  also func tiona lly )  d is t in c t  su bpopu la 

tions (F ig .3.1, F ig .3.2 and see Jennings et al  1986, M ichelson  1987, 

M arti et al  1988, G eorge et al  1986, Shattil  et al  1987, G insberg  et al 

1990, Abram s et al 1990,). A d isadvan tage  o f  FC is that, although 

m easurem ents  are made on indiv idual ce lls ,  the cells  them selves  are not 

v isua lised  and li ttle  in fo rm ation  is ob ta ined  about ce ll-ce ll  in te rac tions ,  

w hich can be re la ted  to the express ion  o f  specific  an tigens. A nother 

l im ita tion  o f  FC is re la ted  to the d iff icu lty  in s ta in ing  in trace llu la r  

an tigens o f  ce lls  in suspension  w ithout s ign if ican t d is to r t io n  o f  cell 

s tructure . A lthough flow cy tom etric  detec tion  o f  in trac e l lu la r  gps after  

p erm eab il iza tion  of the p lasm a m em brane has been repo rted  (H ourdill6  

et al  1990, M ichelson  and Barnard  1990 and see 5 .4 .7 ) ,  the a u th o r ’s 

experience  using a num ber o f  m ethods is that perm eab il iza tion  generally  

resu lts  in s ign if ican t s tructural dam age and increases  non-spec ific  

an tibody up take, which lim its  the sensitiv ity  o f  de tec ting  low density  

an tigens (F ig .3 .3a).
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FIGURE 3.1 Example of quantitative detection of platelet surface 
glycoproteins by flow cytometry. Platelets labelled with a FITC-conjugated 
a n ti- IIb - IIIa  MoAb (7E3-Fab) as described in 2.3.3.1. Over this range of 
fluorescence intensity, the Mean Fluorescence Channel number (MFC) on 
the 1024-channel log fluorescence scale of the instrument used can, for 
practical purposes, be considered as a linear function of the number of gp 
molecules on the platelet surface.

a: GT homozygote, MFC=2.9 
b: GT heterozygote, MFC=41 
c: Normal control (brother of b), MFC=80

The shaded histogram represents background fluorescence (platelets incubated 
with FITC-conjugated, non-immune mouse IgG).

Flow cytometric measurement of platelet surface gps enables easy detection 
of the heterozygous state. Platelets of heterozygotes have approximately 507c 
of the I lb - I I Ia  content of matched normal controls (see also Wautier & 
Gruel 1989).
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FIGURE 3.2 The ability of FC to detect phenotypically distinct 
subpopulations of platelets: Patient with GT and gastrointestinal haemorrhage 
treated with platelet transfusions. Platelets in PRP have been labelled with 
FITC-7E3-Fab as described in 2.3.3.1. The transfused platelets are easily 
distinguishable and constitute approximately 20% of the circulating platelet 
population. The shaded histogram represents background fluorescence 
(platelets incubated with FITC-conjugated, non-immune mouse IgG).
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FIGURE 3.3 A Fluorescence histogram of paraformaldehyde-fixed normal 
platelets incubated with FITC-conjugated. non-immune mouse IgG before 
(shaded histogram, MFC=2.2) and after (open histogram, MFC=5.4) 
treatment with 0.1% (v /v  in PBS) of the non-ionic detergent Triton X-100 
(TX-100) for 10 minutes. TX-100 permeabilization resulted in significant 
increase of non-specific fluorescence.
FIGURE 3.3 B Flow cytometric measurement of g p IIb -IIIa  in fixed 
normal platelets incubated with FITC-7E3-Fab before (shaded histogram. 
MFC=87) and after (open histogram, MFC=127) TX -100 permeabilization. 
Even after subtraction of the increased non-specific fluorescence (shown in 
Fig.3.3a) the I lb - I I Ia  amount detectable after permeabilization is significantly 
incresed (by 43.5%). It should be noted, however, that the method provides 
little  information regarding the possible location of this additional pool of 
I lb - I I Ia  (see discussion of this chapter).
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3.1.2 Rationale and aims of immunoenzymatic labelling of platelets.

The l im ita tions  o f flow cy tom etric  m easurem ent o f  p la te le t  g lycoprote ins  

cou ld  be partly  com pensa ted  for i f  a m icroscopy-based  m ethod were used 

in pa ra lle l  with FC. E lec tron  m icroscopy  (EM) is not p rac tica l  for 

ro u tin e  screening  o f  large  num bers o f  sam ples. F luo rescen t m icroscopy 

(FM) is lim ited  by the necessity  to label the cells  as soon as possible  

a f te r  sam pling (to avoid  the non-specific  f luorescence  o f  dead  cells) and 

the rap id  fad ing  o f  f luorescence  in tensity ,  w hich m akes long-term  

s torage o f  labelled  p repara tions  im possib le . A dded to these lim ita tions  

is the poor v isua liza tion  o f  cell m orphology, espec ia lly  o f  negative  cells, 

by FM.

Im m unoenzym atic  s ta in ing  o f  haem ato log ica l sam ples, usually  em ploy

ing perox idase  or a lka line  phosphatase  conjugates  o f  an tibodies, has 

been ex tensive ly  used since the early  seventies, m ain ly  in the study of 

w hite cell m arkers (M ason et al 1975, M oir et al  1983). B lood smears 

can be stored for long periods before and af te r  s ta in ing  and surface as 

w ell as in trace llu la r  an tigens can be de tec ted  using  sim ple light m ic ro 

scopy. It is more sensitive  than FM and coun te rs ta in ing  with conven 

tional reagents  allow s m orpho log ica l assessm ent o f  the en tire  cell 

popu la tion , while sites o f  an tibody b inding  are id en tif ied  by insoluble  

co lour products  genera ted  by the action o f  the an tibody-bound  enzyme 

on a appropria te  chrom ogenic  substrate .

In o rder  to explore  the po ten tia l  usefu lness  o f  im m unoenzym atic  

s ta in ing , p la te le ts  of healthy  ind iv iduals  and pa tien ts  with various 

p la te le t  d isorders  were exam ined with both FC and a peroxidase-
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an tip e ro x id ase  (PAP) b lood sm ear s ta in ing  techn ique  fo r  de tec tion  of 

m em brane  and in tra c e l lu la r  p la te le t  an tigens. There  w ere two main aims:

-To assess  the perfo rm ance  o f  PAP in de tec ting  in trap la te le t  an tigens and 

com pare  the ir  s ta in ing  patterns  with those o f  p la te le t  surface  antigens.

-To obta in  in fo rm ation  about the d is tr ibu tion  o f  the m ajor p la te le t 

m em brane gps lb  and I lb -IIIa .  The la tte r  con ta ins  the ep itope of the 

M oAb 7E3, the therapeu tic  use o f  which is the sub jec t o f  the studies 

d escribed  in chap ters  5 and 6.

3.2 M A T E R IA L S  AND M E T H O D S

The PAP s ta in ing  techn ique  and flow cytom etric  m easurem ent o f  p la te le t 

gps have been desc rib ed  in chapter 2.

P la te le ts  s tud ied  were from normal con tro ls  (section  2 .1 .1) and patien ts  

w ith BSS (n=3), GT (n=2), possib le  he terozygotes  for GT (n=4), m yelo 

p ro life ra tiv e  th rom bocy thaem ia  (n=3), a -g ra n u le  defic iency  ("grey 

p la te le t  syndrom e", n = l ) ,  genera lised  ar te riopa thy  with subacute 

syn thetic  a r te r ia l  g raft  occlusion (n=2) and recen t (<24 hours) 

card iopu lm onary  by-pass (n=2). The d iagnosis  o f  BSS and GT had been 

m ade by aggregom etry  and flow cy tom etry  and that o f  grey p la te le t 

syndrom e by e lec tron  m icroscopy , m easurem ent o f  6-TG and PF4 and 

aggregom etry  (see 1 .2 .4.1).

The sources o f  the various  MoAbs are given in Table  2.1. MoAbs used 

were against G P -IIIa  (Y 2/51), G P-Ib (M M 2/174 and A N /51), G P-IIb-IIIa  

(J15), th rom bospond in  (F T 1 /7 ,10,52,85 and P12) and G M P-140 (S12). 

A nti-H LA -D R  served  as non-p la te le t-b indab le  con tro l MoAb.
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3.3 PAP STAINING PATTERNS OF SURFACE AND 

INTRACELLULAR PLATELET GLYCOPROTEINS

3.3.1 Specificity .

No sta in ing  of p la te le ts  was observed  when an irre lev an t (anti-H LA -D R ) 

f irs t  layer  MoAb was used (F ig .3.4) or when the f irs t  layer  was om itted . 

The M oAbs ra ised  against p la te le t  gps d id  not c ro ss -reac t  with o ther 

b lood cells . The only exem ption  was S12 (an ti-G M P-140 , M cEver and 

M artin  1984), w hich show ed a strong reac tion  w ith neu trophils  and a 

weak one with the m ajority  o f  lym phocytes (F ig .3 .11). This was not due 

to non-specific  uptake because eosinophils  and m onocytes were negative.

3.3.2 Membrane antigens.

Stain ing  with MoAbs d irec ted  against the m ajor p la te le t  surface gps (lb, 

I lb -IIIa )  resu lted  in a periphera l s ta in ing  pattern  with a "h a iry ” outline  

(F ig .3.5), which was thought to be charac te r is tic  o f  p lasm a m em brane 

antigens. The centre  o f  the cell was usually  c lear. Some p la te le ts  showed 

a m ixed pattern  with periphera l as well as cen tra l s ta in ing  (F ig .3.6). The 

"m em brane" pattern  was absent and the p la te le ts  were u sua lly  com plete ly  

negative  when smears from patien ts  with GT (F ig .3.7) and patients with 

BSS (F ig .3.8) were s ta ined  with an ti-gp IIb -IIIa  and an t i-g p lb  resp ec tiv e 

ly. In te res ting ly ,  in a case o f  BSS d iagnosed  by aggregom etry  and FC, 

an ti- lb  p roduced a w eakly  positive , hom ogenous s ta in ing  pattern  

(F ig .3.9) con trasting  with the typical periphera l "m em brane" pattern seen 

in the same p la te le ts  when they were s ta ined  with an ti-I Ib -IIIa .
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FIGURE 3.4 Use of an irrelevant (an ti-H LA -D R ) first layer MoAb as 
control, to assess non-specific staining in the PAP method. The platelets are 
negative, while a monocyte visible in the same field is -as expected- 
positive.

106



FIGURE 3.5 PAP staining of normal blood smear with an anti-gplb 
MoAb (M M 2/174). Membrane staining with characteristic "hairy' outline. 
The cell centre is clear. The same pattern was seen with anti Ilb-TTTa and 
an ti-IIIa  MoAbs.
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FIGURE 3.6 PAP staining of a normal blood smear with an an ti-IIIa  
MoAb (Y 2/51) showing two platelets with "mixed" (membrane and central) 
staining pattern. The white cell included in the field is negative.
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FIGURE 3.7 PAP staining of thrombasthenic platelets using an ti-gp llla  
MoAb (Y 2 /51). Patient with GT receiving platelet transfusions. Many 
negative platelets arc visible. The two positive (transfused) platelets act as 
positive controls. The percentage of transfused platelets estimated from the 
PAP stained smear was the same as that measured by FC (Fig.3.2).
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FIGURE 3.8 PAP staining of platelets in a case of BSS with severe 
thrombocytopenia.
LEFT: A n ti-g p Ilb - II Ia  (J15) gave typical 'membrane" staining of the large 
BSS platelets (two are visible in this field).
RIGHT: Platelets were negative (arrow) when stained with anti-lb
(M M 2/174).
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FIGURE 3.9 PAP staining of platelets in a case of BSS diagnosed by 
aggregometry and FC. The latter had failed to detect any gplb on the 
platelet surface. The weak, homogenous staining pattern obtained with anti
lb (right) contrasts with the characteristic "membrane" pattern obtained with 

a n ti-IIb -H Ia  (left).
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In co n tra s t  to flow cy tom etry  (Fig. 3.1), PAP s ta in ing  d id  not enable  

re l ia b le  d isc r im ina tion  of GT heterozygote  from norm al p la te le ts .

3.3.3 Intracellular antigens.

M oAbs to  th rom bospondin  (TSP) produced  a coarse  g ranu la r  or hom o

genous cen tra l s ta in ing  pa tte rn  w ithout a "hairy" m argin  (F ig .3.10). A 

s im ilar  pa tte rn  was ob ta ined  with M oAbs to G M P-140 (F ig .3.11) but it 

was no ticed  that TSP often  gave coarse granules or clum ps o f  an tigenic  

ac tiv ity ,  a pattern  not seen with G M P-140 (F ig s .3.12, 3.13). This 

" in trace llu la r"  pattern  was eas ily  d is t ingu ishab le  from the "membrane" 

pa tte rn  ob ta ined  with an ti-g p Ib /IIb -IIIa  s ta in ing  (F ig .3.14). TSP stain ing 

showed a broad  spectrum  o f  in tensity  with a high percen tage  o f  negative 

p la te le ts  in a case o f  m yelop ro life ra tive  th rom bocy thaem ia  associa ted  

w ith m ultip le  throm botic  phenom ena and a case of severe generalized  

a r te r io p a th y  with subacute occlusion  of a syn thetic  fem oropop litea l 

graft. This last pa tien t also showed m arked E D T A -dependent p la te le t 

sa te ll i t ism  res tr ic ted  to TSP positive  p la te le ts  and has been reported  

e lsew here  (C hris topoulos  and M attock  1991). In a case o f  grey p la te le t 

syndrom e there was decreased  but not absent TSP and GM P-140 

reac tiv ity .  No abnorm al sta in ing  pa tte rns  were seen in two patien ts  post 

ca rd iopu lm onary  by-pass.
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3.4 D ISC U SSIO N

A lthough  ex tens ive ly  used in the study of w hite cell m arkers , there  are 

few  reports  describ ing  the use o f  im m unoenzym atic  b lood sm ear s ta in ing 

in the in ves tiga tion  o f  p la te le t  d iso rders . Pub lished  ev idence  suggests 

tha t it can be usefu l in the d iagnosis  o f  gp defic ienc ies  (Tooze et al 

1990) and the de tec tion  of p la te le t surface im m unoglobulins  (Schm id t et 

al 1980). So far, the ab ili ty  o f  these technique to d if fe ren tia te  between 

m em brane and in trac e l lu la r  p la te le t  antigens has not been s tudied .

The resu lts  p resen ted  here dem onstra te  that with PAP s ta in ing  o f  whole 

b lood sm ears it is possib le  to make the d is t inc tion  betw een in trac e l lu la r  

and surface  p la te le t  an tigens. The s ta in ing  pa tte rns  ob ta ined  w ith an ti-lb  

and an t i- I Ib -IIIa  M oAbs suggest that the bulk o f  these g lycopro te ins  is 

a ssoc ia ted  with the p lasm a m em brane. To in te rp re t  these appearances , 

one should  keep in mind that the M oAbs are applied  to p la te le ts  adhering 

to g lass. E sco la r  et al  (1990) have shown that evag ination  o f  the SCCS 

onto  the p la te le t  surface  occurs  during  p la te le t spreading. It  is possib le  

that the long, s lender p ro jec tions  that s ta ined  with an ti- lb  and anti-IIb- 

IIIa  rep resen t ex te r io rized  channels  o f  SCCS. This is fu r th e r  supported 

by the fact that these p ro jec tions  fa iled  to stain with the M oAbs to a -  

g ranu le  p ro te in s ,  which gave a sm ooth, round, cell ou tline . The "m ixed1' 

(m em brane and in trace llu la r)  pattern  seen in some p la te le ts  s ta ined  with 

an ti-Ib /I Ib - II Ia  was p robably  due to s ta in ing  o f  gps assoc ia ted  with non- 

evag ina ted  m em branes o f  the SCCS.

W oods et al (1986) using  im m unofluorescence  have dem onstra ted  the 

p resence  of a cen tra lly  located , su rface-connec ted  com partm ent 

co n ta in ing  a large pool o f  gpIIb -IIIa  w hich, in res ting  p la te le ts ,  was 

access ib le  to some but not o ther  ex trace llu la r  p ro te ins  and could be
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ex te r io r iz e d  upon throm bin  s tim ulation . S im ilar  f ind ings  w ere reported  

by W encel-D rake  et al  (1986) who em ployed im m unofluorescence  and 

im m unoelec tron  m icroscopy to show the p resence  o f  gp lb  and I lb -IIIa  

in  in tra c e l lu la r  m em brane-bounded  vacuo lar  s truc tu res  that were 

in access ib le  to an tibody (IgG) or chym otrypsin  in f ixed  res ting  p la te le ts .  

The sam e group (W encel-D rake 1989) have since prov ided  evidence o f  

cyc ling  betw een  surface and in trac e l lu la r  pools o f  I lb -IIIa .  This gp 

com plex  has also been de tec ted  in the m em brane o f  a -g ra n u le s  (G ogstad 

et al  1981, W encel-D rake et al  1986, W encel-D rake  1989, Cram er et al 

1990). In the p resen t study, sta in ing  with m onoclonal an ti-I Ib -IIIa  or 

a n ti-I I Ia  an tibodies  re su lted  in a "m embrane" pa ttern  assoc ia ted  with a 

c lea r  cen tre  in the m ajority  o f  p la te le ts ,  which is against the p resence of 

s ign if ican t am ounts o f  this gp com plex in the a -g ra n u le s .  This was not 

due to a r te fac tua l loss o f  in trace llu la r  o rganelles  because the same 

p la te le ts  gave strong cen tra l s ta in ing  with an tibodies  to a -g ran u le  

p ro te ins . The absence of cen tra l s ta in ing  with M oAbs to I lb - I IIa  is not 

surpris ing . C onsisten t labe lling  o f  this gp in the a -g ra n u le  m em brane has 

only  been ach ieved  with polyclonal an tibod ies , w hich presum ably  

recogn ize  m ultip le  ep itopes  on the I lb - I I Ia  m olecule  (W encel-D rake et 

al  1986, C ram er et al  1990); W encel-D rake et al  (1986) fa iled  to label 

the a -g ra n u le  m em brane with six d iffe ren t an ti-I Ib -IIIa  M oAbs. These 

reports  are in agreem ent with the im m unom orpholog ic  appearances seen 

in the p resen t study and suggest that only a m inute p roportion  o f  total 

p la te le t  I lb - I IIa  resides  in the a -g ra n u le  m em brane. It therefore  seems 

that the s ign if ican tly  increased  am ounts o f  I lb - I I Ia  de tec tab le  by FC 

af te r  perm eab il iza tion  o f  the p lasm a m em brane resu lt  mainly from 

labe ll ing  o f  gp in the SCCS, which is inaccessib le  to the f luorescen t 

p robe in in tac t res t ing  p la te le ts  (F ig .3 .3b).
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G ly co p ro te in  lb  has not been de tec ted  in the a -g ra n u le s  but o therw ise  its 

d is tr ib u tio n  is s im ila r  to tha t o f  I lb - I I Ia .  Several groups have reported  

in tra c e l lu la r  lo ca liza tio n , p robab ly  in the SCCS (W encel-D rake et al  

1986, M ich e lso n  et al  1988, H ourdill6  et al  1990, C ram er et al  1991) and 

in c o n tra s t  w ith I lb - I I Ia ,  there  was no ev idence  o f  cycling  between 

surface  and  in trap la te le t  stores (W encel-D rake 1989). The findings o f  the 

p resen t study  are com patib le  w ith  p redom inan tly  p lasm a m em brane and 

SCCS lo ca liza tio n  fo r the reasons d iscussed  in the prev ious paragraph. 

The f ind ing  o f  g p lb  p os it iv ity  in a case o f  BSS is not su rpris ing , as it is 

know n tha t re s id u a l am ounts of  lb  can be de tec ted  in the p la te le ts  of 

some o f  these  pa tien ts  (F inch et al  1990); the m ainly  in trace llu la r  

s ta in ing  pa tte rn  in the absence o f  any f low -cy tom etr ica lly  detec tab le  

surface lb  ra ised  the ques tion  o f  a defec t in the m echanism  of  surface 

exp ress io n  o f  the g lycopro te in , which m ight be p lay ing  a ro le in the 

pa thogenes is  o f  some cases o f  BSS.

The f req u en tly  observed  coarse  g ranu lar  sta in ing  pa tte rn  ob ta ined  with 

an ti-T SP  M oA bs (F ig .3.12) was thought to re f lec t  the a -g ra n u le  lo c a l iz 

ation o f  this large  adhesive  m olecu le . This was supported  by the finding  

o f  w eak, d iffu se  " in trace llu la r"  s ta in ing  when the same MoAb was used 

to s ta in  a -g ra n u le  d ef ic ien t p la te le ts  (grey p la te le t  syndrom e). The 

f ind ing  o f  a h igh percen tage  o f  TSP negative  p la te le ts  in some m y e lo 

p ro life ra t iv e  th rom bocy thaem ias  could  be due to p rim ary  TSP d efic iency  

o f  the abnorm al (c lonal)  p la te le ts  or to the p resence  o f  "exhausted" 

p la te le ts ,  i .e . p la te le ts  that are rec ircu la tin g  fo llow ing  in v ivo activation  

and re lease /ag g reg a tio n  (B oughton  et al  1977). A lthough abnorm alities  

o f  the TSP m olecu le  have been described  in these d isorders  (Booth et al 

1984) the la t te r  appears to  be a more p lausib le  exp lanation , as s im ilar  

appearances  were seen in a case o f  severe a r te riopa thy  with strong
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c lin ica l  ev idence o f  in v ivo  p la te le t  ac tiva tion . The fact that s ta in ing  

with an ti-G M P-140  produced  pa tte rns  w hich, w hile  genera lly  s im ilar  to 

those ob ta ined  with an ti-TSP , showed less coarse  g ranu la rity ,  m ight be 

re la ted  to the d ifferen t loca liza tion  o f  the two pro te ins  w ith in  the a -  

granule  (TSP conta ined  in the granule , G M P-140 em bedded  in its 

m em brane). The specific  s ta in ing  o f  neu troph ils  ob ta ined  with the S12 

MoAb (anti-G M P-140) was an unexpected  f inding; i t  was p robab ly  due 

to c ross -reac tion  with an ep itope shared w ith some o ther, s truc tura lly  

re la ted , cell adhesion m olecu le  that m ight be p resen t in neu trophils .

It should , of course, be acknow ledged  that im m unolabelling  methods 

based  on m icroscopy are non-quan tita t ive  and only a lim ited  num ber of 

cells  can be exam ined. D espite  these lim ita tions ,  the use o f  PAP 

im m unoenzym atic  s ta in ing  of m em brane and in trace llu la r  p la te le t 

g lycopro te ins  in whole b lood smears made availab le  new imrauno- 

m orpholog ic  in form ation , w hich was usefu l in the d iagnosis  o f  throm bo- 

cy topath ies  and could  con tr ibu te  to a be tte r  understand ing  o f  p la te le t 

pathophysio logy . F ina lly , it  is no tew orthy  that the ab ility  o f  PAP 

s ta in ing  to d iscr im inate  betw een m em brane and in trace llu la r  antigens 

could  be useful in the screen ing  o f  new an ti-p la te le t  MoAbs.
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FIGURE 3.10 PAP staining of normal control platelets with anti-TSP 
MoAb (P12): Central, homogenous or "patchy" staining pattern with 
smooth edge. A negative white cell is visible in the left lower corner.
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FIGURE 3.11 PAP staining of normal control platelets with anti-G M P- 
140 MoAb (S12): Staining pattern similar to that obtained with TSP 
(Fig.3.10). There is a strongly positive neutrophil. The presence of a 
negative eosinophil in the same field confirms the specificity of the stain 
(i.e. the positive reaction given by the neutrophils is not due to incomplete 
blocking of endogenous peroxidase activity).
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FIGURE 3.12 PAP staining of platelets with an anti-TSP MoAb (FT 1/7) 
in a case of myeloproliferative thrombocythaemia with marked platelet 
anisocytosis shows clumps of "intracellular" antigenic activity.
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FIGURE 3.13 PAP staining with anti-GMP-140 (S12) in the same case 

shows a more homogenous pattern.
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FIGURE 3.14 The same myeloproliferative platelets stained with an anti- 
gplb MoAb (M M 2/174) give the characteristic "membrane" pattern. 
Compare with the "intracellular" pattern of Figs 3.12 and 3.13.
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Chapter 4

A FLOW CYTOMETRIC APPROACH TO QUANTITATIVE 

DETECTION OF PLATELET-SURFACE IgG

4.1 INTRODUCTION

Increased  p la te le t  associa ted  immunoglobul in  (PAIg),  most  commonly 

IgG, appears  to be a cardinal  feature  o f  thrombocytopenic  s ta tes  where 

immune m echanisms are thought to be operat ing ,  l ike acute  and chronic  

id iopathic  th rom bocytopenic  purpura  (ITP),  pos t - t ransfus ion  and 

neonatal a l lo immune thrombocytopenia  (TCP) and TCP assoc ia ted  with 

drugs,  SLE and o ther  collagen disorders ,  human im m unodef ic iency  virus,  

lymphoid neoplas ia  and certa in  infect ions .  The nature  and cl inical  

s ignif icance of e levated  PAIgG in ITP are far  f rom well  defined 

(Muelle r -Eckhardt  et al  1980, Kel ton et al  1982, Shulman et al  1982, 

George 1990). Never theless ,  a test  for  de tec t ion  of  inc reased  PAIgG is 

commonly per form ed  as part  o f  the diagnost ic  work-up  of  th rom bo

cytopenic states and occasionally  when, despite  a normal p la te le t  count,  

the presence of  compensated  immune des truc t ion  or  an antibody 

in terfer ing with pla te le t  function is suspected .

4.1.1 Historical  background.

Since the dem onstra t ion ,  in 1951, by Harr ington  and co l leagues  of a 

thrombocytopenic  factor  in the blood of  pat ients  with ITP and the 

subsequent  local iza t ion  (Shulman et al  1965) o f  this fac tor  in the gamma 

globulin f raction of  serum, a large number  o f  methods for  detect ion  of
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"p la te le t  an t ibodies"  have been developed (for  review see Kelton 1983 

and Schwar tz  1988). Early methods were based on the measurement  of  

secondary  phenom ena  like aggregat ion ,  re lease  and lysis resu l t ing  from 

the b inding o f  im munoglobul in  to the p la te le t  surface.  The ir  sensi t ivi ty ,  

spec if ic i ty  and reproduc ib i l i ty  were very l imited  and they have largely 

been abandoned.  In 1975, Dixon and col leagues  publ ished  a method for 

quan t i ta t ive  de term ina t ion  o f  p la te le t  bound ant ibody in ITP and in the 

fo llowing  ten years a large number  of  a l ternat ive  methods,  all based on 

im m unolog ica l  recogni t ion  o f  the PAIg, were developed.  Some of  these 

methods were measur ing  total  (surface  plus in tracel lu lar)  p la te le t  IgG 

and it is now thought  that  e levat ion of  in trap la te le t  IgG, which is mainly 

loca ted  in the a lpha-granules  and cons t i tu tes  the majori ty  o f  total 

p la te le t  IgG, merely indicates  increased  pla te le t  turnover ,  whereas  

e levat ion  of  surface bound IgG (PSIgG) is more  likely to re f lec t  the 

presence  of  a p la te le t  ant ibody (George 1990). I f  a method  is to be useful 

in the invest iga t ion  o f  im mune-media ted  p la te le t  d isorders  i t  should be 

able to measure  PSIgG excluding  contr ibut ions  from in t race l lu la r  IgG 

but,  even when this requ irem ent  is fulf i l led ,  there are wide d ispar it ies  in 

the es t imates  of  PSIgG of  both normal and ITP p la telets  when dif ferent  

methods are used (Rosse et al  1984, Blumberg et al  1986).

F luorescence  flow cytometry  (FC) has emerged in the last decade as a 

powerfu l  tool for  the study of  cell  membrane antigens  using f luores- 

cently  label led  antibodies  (Garrat ty  1990). It is fast,  object ive,  requires  

minimal  sample manipula t ion  and avoids  the problems associa ted  with 

the use of  rad io iso topes .  It has the unique advandage that,  a l though cells 

are not v isual ized,  measurements  are made on individual  ce l ls,  so that a 

phenotypic  profi le  based on examinat ion of  a large cell  popula t ion  is 

obtained,  enabl ing re l iab le  detect ion o f  subpopula t ions  bear ing different
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amounts  o f  antigen.  The main appl icat ion o f  FC in haem ato logy  has been 

the  study o f  white cell  markers  but  p la te le t  FC is being increas ing ly  used 

for  the s tudy o f  p la te le t  membrane  g lycoprote ins  (Jennings  et al  1986, 

M iche lson  1987, Marti  et al  1988, Abrams et al 1990). D e tec t ion  o f  PSIg 

us ing  FC has been the subject  o f  several  reports  (Corash and Rhein- 

schmidt  1986, Lazarch ick  and Hall  1986, Rosenfe ld  & Bodens te iner  

1986, Rosenfe ld  et al  1987, Heim and Petersen  1988, Ault 1988) and the 

general impress ion  is that  f low -cy tometr ic  methods are d iagnost ica l ly  

useful  in the setting o f  im m une-m edia ted  th rom bocy topen ia  a l though 

objec t ive  def in i t ion  of  their  sensi t iv i ty  in terms o f  numbers  of  IgG 

m olecules  detec table  on the p la te le t  surface is not avai lable .  This is 

because  the results  o f  PSIg es t imat ion  by FC are expressed  e i ther  

qua l i ta t ive ly  or  as arbi trary  units based on f luorescence  in tens i ty  which 

makes  comparisons  between samples  d iff icul t ,  e specia l ly  when,  as usual ,  

the f luorescen t  signals  are scaled af ter pass ing  through logar ithmic  

amplif ie rs .

In this chapter ,  a flow cytometr ic  PSIg es t imat ion  method des igned  for 

use in a c l in ical  service  labora tory  is presen ted  together  with a novel 

approach to quant i ta t ion  o f  PSIgG measured  by FC. This is based on 

ca l ibra t ion  curves  generated  by measur ing  the f luorescence  of  p la te le ts  

that  have been coated with known amounts  o f  IgG, through incubat ion 

with a chimaeric  monoclonal  antibody,  which binds with high affini ty  to 

the glycoprote in  I lb - I I Ia  complex.  The resu l t ing  es timates  of  IgG 

amounts  on normal p la te le ts  and p latelets  f rom pat ien ts  with immune and 

non- immune thrombocytopenias  are in agreement  with reported  data  

ob ta ined  using dif fe rent  methods and demonstra te  the sensi t iv i ty  of  FC 

in detect ing PSIgG.
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4.2 DESIGN OF THE FLOW CYTOMETRIC METHOD FOR 

MEASUREMENT OF PSIgG

The fo l lowing were considered  essential  features  of  the method:

- Reproducibi l i ty .

- Abili ty  to def ine its sensi t iv i ty  object ively ,  i .e.  by detect ing known 

amounts  o f  IgG on the p latele t  surface ra ther  than by es timating the f re 

quency of  abnormal  resul ts  in pat ients  with c l in ical ly  d iagnosed  immune 

TCP.

- Applicabi l i ty  in the set ting of  profound TCP (pla te le t  counts < 2 0 x l 0 9/l)  

and small sample volumes (e.g. paediatr ic  and fetal samples).

4.2.1 Preparation of platelets and flow cytometry

The procedure for measurement  of PSIgG was as described  in sect ion

2.3.4. To increase  pla te le t  recovery from profoundly  thrombocytopenic  

samples,  centr i fugat ions  at 2000g were pro longed to 8 minutes  resu l t ing  

in £80% recovery after  three centr i fugat ions .

Cytometer  preparat ion and gating on the pla te le t  popula t ion  was 

performed as described in 2.3.2. Logar i thmica l ly  amplif ied  f luorescent  

signals from fifty thousand platelets  were usual ly  analysed in each test 

and the Mean F luorescence Channel (MFC) number on the 1024-channel 

scale of  the instrument was recorded.  The MFC numbers obta ined with 

the FITC-label led  anti- IgG and FITC-label led  non-immune IgG o f  the 

same species were used as arbit rary units of  specific (SF) and non

specific  (NSF) f luorescence respect ively .
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4.2.2 Feas ib i l i ty  of PSIgG detect ion  by FC.

Isola t ion o f  adequate  numbers of  platelets  for  PSIgG quant i ta t ion  was 

possib le  even when the p la te le t  count  was as low as 2 x l 0 9/l  a l though in 

cases of  such p rofound  thrombocytopenia  a compara t ive ly  large volume 

o f  blood (e.g. 20ml)  was used to harvest  adequate  numbers o f  p la te le ts .  

The test  was per form ed successfu l ly  on several  very small (c a . 0.5ml) 

thrombocytopenic  ( 1 4 -3 0 x l0 9/l) samples obta ined by cordocentesis  of  

pregnant  women with a history of  al lo immune neonatal  thrombocytopenia  

complicat ing  previous  p regnancies .  There were no instances of  failure 

to complete  the test due to technical  problems.  A batch o f  e ight  tests 

( including controls)  could be completed in 2% hours.  Standing o f  EDTA 

samples at RT for  up to 24 hours d id not affect  the results.  

Sensit izat ion o f  pla tele ts  to serve as posit ive controls  was achieved as 

described  in 2.3.5, using serum from patients  with high ti tres of  anti- 

PLA1 antibody. Figure  4.1 shows typical his tograms of  NSF (with FITC- 

non-immune goat  IgG) and SF (with a polyclonal  F ITC-goat-ant i-human 

IgG) of  normal  control  platele ts  before and af ter  sensi t iza tion.

4.2.3 Selection of fluorescent probe.

The following FITC-conjuga ted  ant i - immunoglobul ins  were assessed as 

probes  for  detect ion  of  PSIgG (see Table 2.1):

-Monoclonal  ant i -human IgG (Fc-specific) .

-Polyclonal  goa t -an t i-human IgG (y-chain specific).

-Polyclonal goat-an t i-human IgG (Fc-specif ic) .

-Polyclonal goa t-ant i-human IgG,IgM,IgA (polyvalent) .
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FIGURE 4.1 PSIgG detection: Normal control platelets (PLA1 positive) 
incubated with FITC-conjugated non-imrnune goat IgG (shaded histograms) 
and FITC-conjugated goat-anti-human IgG (open histograms) before (A ) 
and after (B) sensitization with anti-PLA1 serum.
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The optimal  concentra t ion  of  the various  FITC-label led  ant i - immuno- 

globulins  was determined by incubat ing control  platelets  before  and af ter 

an t i -PLA1 sensi t izat ion with serial dilut ions of  the an t i - immunoglobul ins  

and se lecting the concentra t ion  that gave the best  pos i t ive-negat ive  

separa t ion (highest  s ignal- to-noise  rat io,  Fig. 4.2).

As shown in Fig. 4.2, the polyc lonal  an t i - immunoglobul ins  gave a much 

higher  s ignal- to-noise  rat io than the monoclonal .  This was presumably 

due to the polyclonal  recogniz ing  more than one epitope on the IgG 

molecule  and suggested that,  as PSIgG is normaly a low densi ty  antigen, 

its flow cytometr ic  detection using MoAbs might have an unacceptably  

low sensi t ivi ty .  This was subsequent ly  conf irmed when the monoclonal 

ant i-IgG fa i led  tq de tect  ra ised PSIgG easily  detectable  by the polyclonal  

in pla te le ts  coated with several  thousands IgG molecules  during 

calibra tion exper iments  (4.2.4).  Fur thermore,  the polyclonal  ra ised to the 

whole gamma-chain  bound more an t i - immunoglobul in  molecules  per  

p latelet  than the one directed  against  the Fc region of IgG. The p o ly 

clonal  FITC-conjugated  anti-IgG (y-chain specific) was therefore 

selected  for  PSIgG quant i ta t ion  studies.  Comparable  sensi t iv i ty  was 

obta ined with the polyclonal  polyvalent  (ant i- IgG,IgM,IgA) which might 

be preferable  for routine d iagnost ic  use because of  the theoret ica l ly  

reduced probabi l i ty  of  miss ing cases with isola ted e levat ions  of  PSIgM 

or PSIgA in the presence of  normal PSIgG (Nel et al 1983).

4.2.4 PSIgG in normal controls.

The method was applied to measure  PSIgG in EDTA-ant icoagula ted  

samples  from 71 healthy individuals  (2.1.1).  There was a comparat ively  

weak (r=0.46) but s ta t is t ica l ly  s ignif icant  (PcO.OOl) correlation between

h
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FIGURE 4.2 Fluorescence histograms of anti-P I.A1-sensitised platelets 
incubated with optimal concentrations of FITC-monoclonal anti-IgG (Fc- 
specific) (B), FITC polyclonal anti-IgG (Fc-specific) (C) and FITC 
polyclonal anti-IgG (gamma-chain specific) (D). The respective mean 
fluorescence channels (MFC) were 28, 80 and 138. Flistogram A (shaded) 
represents the background fluorescence (noise) which was obtained by 
incubating the same platelets before sensitisation. Background fluorescence 
was standardised at MFC=4 for all three antibodies by appropriate 
adjustment of the photo-m ultiplier tube voltage. The optimal concentration 
for each antibody was the one that gave the highest signal-to-noise ratio. 
LFL1: Logarithmic scale of green fluorescence.
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SF and NSF in the normal controls .  To compensate  for  this,  resul ts  of  

PSIgG detect ion  tests were expressed  as Rela t ive  F luorescence  Intensi ty  

(RFI)  def ined  as the ratio  SF/NSF. There  was no corre la t ion  between RFI 

and NSF (r=0.08) whereas  there was s ignif icant  (PcO.OOl) s trong co r 

re la t ion  ( r=0.92) between RFI and SF. The indiv idual  resu l ts  of  SF, NSF 

and RFI in the normal controls  are given in Table  IV. 1 (Appendix  to 

Chapter  4); their  s ta t is t ical  analysis  is included in Table  4.1.

In normal control  p la te le ts  the SF was always h igher  than the NSF 

(RFI>1,  PcO.OOl, mean RFI=1.63)  despite  us ing iden t ica l  concentra t ions  

o f  F ITC-ant i - IgG and FITC-contro l  IgG with the same F/P ( f luorescein  

to pro te in )  ra t ios .  Moreover ,  as can be seen in Table  4.1 , the coeff ic ien t  

o f  var ia t ion (CV) o f  the SF was h igher  than the CV of  the NSF. These 

dif ferences  suggest  that the s ignal obta ined  with the FITC-ant i - IgG 

re f lec ted  e i ther  specif ic  detec t ion  o f  var iab le  amounts  of  surface  IgG in 

normal pla te le ts  or p la te le t -bound  immune complexes  resu l t ing  from the 

reac t ion  o f  the f luorescent  probe with free IgG in the suspension.  This 

free IgG could  be the resu l t  o f  re lease  from in t rap la te le t  stores caused 

by act ivat ion or damage dur ing p la te le t  prepara t ion  (Pfue l le r  and David 

1986, George 1990).

4.2.5 PSIgG in thrombocytopenic patients.

The m ethod was applied  to measure  PSIgG in 87 pat ients  with th rom bo

cytopenia  (pla te le t  count  < 1 5 0 x l 0 9/l).  Among them were occas ional  

pat ien ts  who, despite  p la te le t  counts  within the normal range,  had 

impaired  pla te le t  funct ion o f  suspected immune aet io logy or  had shown 

only part ia l  recovery  from an acute ep isode o f  thrombocytopenia .  The 

pat ients  were d ivided in three groups:
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"Posi t ive  c l in ica l  controls" :  S ixteen pat ients  with a p re -es tab l ished

cl in ica l  d iagnosis  o f  imm une-m edia ted  TCP (7 acute  ITP, 6 chronic ITP, 

1 SLE, 2 o ther  connect ive  tissue  d isorders) .  D iagnoses  were based on the 

h is tory ,  presence  o f  megakaryocyt ic  hyperp las ia  and c l in ica l  course 

inc lud ing  response  to t reatment) .  This group had  a mean p la te le t  count  

o f  3 6 . 6 x l0 9/l  ( range 2 - 1 2 5 x l0 9/l).

"Negat ive  c l in ica l  controls" :  Nine pat ients  in whom an immune aet iology 

o f  TCP was cons idered  unl ikely  (4 chem otherapy  re la ted ,  3 previously  

untransfused myelodysplas t ic  syndromes, 1 thrombotic thrombocytopenic  

purpura ,  1 microangiopa th ic  haemolyt ic  anaemia) .  This group had a mean 

p la te le t  count  o f  5 2 .1 x l 0 9/l  (range 9 - 1 3 8 x l0 9/l).

"Unknown aet io logy":  Samples from 62 pat ients  with TCP or a suspicion 

o f  im m une-m edia ted  d isorder  o f  p la te le t  funct ion  in whom a c l in ical 

d iagnosis  was d i ff icu l t  to make were tested prospec t ive ly  (mean pla te le t  

count  83.6, range 2 to 1 9 0 x l0 9/l) .  In this group, 31% cons is ted  of  cases 

o f  incidental  TCP in o therwise  healthy indiv iduals  or  pat ients  with 

d isorders  not known to be assoc ia ted  with TCP (n=19). Other  subgroups 

inc luded p regnancy-assoc ia ted  TCP (n=8), TCP associa ted  with deranged 

l iver  funct ion  (n=4), lym phopro l i fe ra t ive  disorders  (n=3),  G a u c h e r ’s 

d isease (n=3), probable  d rug-induced  TCP (n=3),  rheum ato id  ar thri t is  

(n=2), sarcoid (n=2) and TCP associa ted  with m orpholog ica l  abnorm al

it ies of  megakaryocytes  suggest ive  of  myelodysp las ia  in the p resence  of  

essent ia l ly  normal myelo-  and ery thropoies is  (n=6). Pa t ien ts  inc identa l ly  

d iscovered  to have unexpla ined  low pla te le t  counts  and normal  bone 

marrow appearances  were not  c lass i f ied  as chronic  ITP because  the latter  

implies  immune aetiology.
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The SF, NSF and RFI resul ts  o f  the pat ients  s tud ied  (Tables IV .2 and 

IV .3, Appendix  to Chapte r  4) are compared  with those of  normal controls  

in Table 4.1. The d is t r ibut ion  o f  PSIgG (expressed  as RFI) in the above 

pat ient  groups is presented  in Fig. 4.3. It can be seen that  the RFI of  the 

majori ty  (75%) of  the immune th rom bocy topen ia  controls  was above the 

upper  l imit  (mean + 2SD) o f  the normal range (mean difference  4.74,  

PcO.OOl) and this percen tage  d id  not change when the upper  l imit  of  

normal was ra ised to 3 SDs above the mean. Seven o f  the 9 non-immune 

thrombocytopenia  controls  had  RFI within the normal  range,  while in the 

remaining  two the RFI was between 2 and 3 SD above the mean o f  the 

normal controls .  From the prospec t ive ly  s tudied  group of  62 TCP 

patien ts  with no es tab l ished  aet io logy,  22 had increased  RFI and their  

individual results  and c l in ical  deta i ls  are shown in Table  4.2.

4 .2 .5 . I  The  d is tr ibu t ion  o f  PS IgG .

In cases of  ra ised PSIgG, the d is t r ibut ion  of  IgG in the p la te le t  p o p u la 

tion was usually normal,  a lbei t  of  vary ing  width. Occas ional ly ,  two 

dist inct  popula t ions ,  one with high and one with normal levels  o f  PSIgG 

were present .  This was usually  but not exc luss ive ly  seen in the setting 

of  severe thrombocytopenia  and has also been repor ted  by other  

investigators  (Ault 1988). S ta in ing of  these samples  with ant i -p la te le t  

glycoprote in  MoAbs (Fig. 4.4) showed that  both popula t ions  cons is ted  

of  p la te le ts ,  thus excluding the presence o f  "non-p la te le t  par t ic le s"  e.g. 

red cell f ragments  commonly found in severe  ITP (Zucker-Frankl in  and 

Karpatk in  1977) co-purify ing  with the p la te le ts .  It  appears  that,  at least 

in some cases,  this phenom enon is ar te fac tua l  as it was seen in only  one 

of  three samples  taken from the same pat ien t  within  24 hours.  What  is
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MEAN SD CV(%) RANGE

Normal NSF 3.22 ’ 0.36 11.3 2 .74-5 .05
controls SF 5.27 1.47 27.9 3 .13-10.5
n=71 RFI 1.63 0.40 24.5 1.04-3.03

Im m une NSF 3.44 0.61 17.8 2 .65-4 .75
th r /p e n ia SF 22.6 16.9 75.0 4 .07-67 .2
n=16 RFI 6.37 3.97 62.4 1.09-14.2

N o n - im m u n e NSF 3.19 0.53 16.6 2.51-4.31
th r /p e n ia SF 6.62 1.55 23.5 4 .07-9 .58
n=9 RFI 2.09 0.43 20.4 1.46-2.59

T h r/p en ia NSF 3.44 0.49 14.2 2 .46-4 .87
?cause SF 10.8 13.7 127.6 3 .16-86 .8
n=62 RFI 3.03 3.42 112.9 1.01-19.2

TABLE 4.1 Summary statistics of Non-Specific (NSF) and Specific (SF) 

fluorescence and Relative Fluorescence Intensity (RFI) of the 158 samples analysed. 

SD: standard deviation of the mean. CV: coefficient of variation.
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FIGURE 4.3 Results of PSIgG detection expressed as Relative 
Fluorescence Intensity (RFI) in normal controls (n=71), patients with 
previously diagnosed immune (n=16) or non-immune (n=9) 
thrombocytopenia and prospectively studied patients with thrombocytopenia 
or platelet dysfunction of unknown aetiology (n=62). The normal’ range is 
depicted as mean ±  2SD of the group of 71 normal controls.
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FIGURE 4.4 A: Bifid fluorescence histogram suggesting the presence of 
two platelet populations bearing different amounts of PSIgG in a case of 
acute thrombocytopenia. B: Staining of the same sample with an anti- 
g p llla  MoAb (section 2.3.3.1) demonstrates that practically all the analyzed 
cells are platelets.
The shaded histograms represent background fluorescence obtained by 
incubating the platelets with irrelevant, FITC-conjugated IgG of the same 
species as the specific fluorescent probe.
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the mechanism account ing  for the loss o f  p la te le t -bound  IgG from only 

a p roport ion  of  the pla te le ts  in a sample is d if f icu l t  to postu la te .

4.2.6 Detection of  platelet-bindable immunoglobulins in 

serum/plasma.

Throughou t  this thesis ,  the term "pla te le t -b indable  immunoglobul in"  has 

been used instead o f  "serum ant i -p la te le t  antibody" because  the fact that 

an Ig binds  to p la tele ts  does not necessar i ly  mean that  this Ig represents  

a specific  an t ibody to a p la te le t  antigen.  Non-specif ic  b inding to the 

p la te le t  Fc recep tor  or  o ther  components  of  the p la te le t  membrane  is 

a lways a possibi l i ty .  Moreover ,  recent  s tudies  have ident i f ied  in t r a 

ce l lu la r  and cy toske le ta l  p la te le t  prote ins  that  bind normal serum 

immunoglobul ins  and na tura l ly  occur ing ant ig lobul ins  (Reid et al 1990, 

Pfuel le r  et al  1990).

The reported  frequency of  demonstra t ing  p la te le t -b indab le  Ig in ITP sera 

is very var iable  - 26% (Faig and Karpatk in  1982) to 65% (von dem Borne 

1980) - and a pos i t ive  resul t ,  especia l ly  o f  low titre ,  is of  l imited 

diagnost ic  help compared  to the f inding o f  ra ised  PSIg. Never theless ,  in 

cer tain  c l in ical  settings (e.g. a l lo immune neonata l  TCP, pos t- t ransfus ion  

purpura ,  re frac tor iness  to p la te le t  transfusions ,  d rug-dependent  TCP) the 

diagnosis  depends on the abil i ty  to demonstra te  the presence o f  serum Ig 

that  can, under  certa in  condi t ions,  bind to in tact  pla te le ts .

Flow cytometr ic  de tec t ion  of  p la te le t -b indable  Ig was per form ed by 

incubat ing  test serum/plasma with control GpO pla telets  as descr ibed  in

2.3.5. Figure  4.5 shows an example o f  resul ts  ob ta ined  when this method
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F IG U R E  4.5 N eonatal allo im m une th rom bocy topen ia .  O n-ca l l  flow cy tom etric  
investigation of platelets and p lasm a (from a ED TA  sam ple)  of a m o th e r  who had just 
delivered a severely  th rom bocy topen ic  baby (platelet count l l x l 0^/1).
A. PSIgG of contro l GpO, P L A '-p o s i t iv e  ( A l / A l )  platelets incubated with a serum
contain ing high titres of a n t i -P l .A1 IgG (open histogram) or  se rum  from  a GpAB, 
previously untransfused male (shaded histogram).
B. PSIgG of m o th e r 's  platelets incubated with the sam e sera. The v e ry  low level of IgG 
binding to  her platelets indicates that she is P L A1 negative . P latelets of P F A ' 
he terozygotes  (A 1 /A 2 )  bind ca. 507c of the am ount of IgG bound to  platelets of 
hom ozygotes  ( A l / A l )  upon incubation with strong an t i -P I .A ' se ra  and give MFC values 
app rox im ate ly  507c of those obta ined with A l / A l  platelets (see calibration curve in Fig. 
4.9).
C. PSIgG of control P L A '-p o s i t iv e  platelets incubated with m o th e r 's  P P P  (open 
histogram) or  control serum (shaded histogram) dem onstra tes  that her plasma contains
high titres of IgG bindable to  P L A '-p o s i t iv e  p la telets  (com pare  with A). It was later
shown that her husband and the new born were P LA '-p o s i t iv e .
D. PSIgG (expressed as RFI)  of washed m o th e r 's  platelets. O pen  and shaded histograms 
represen t f luorescence obta ined with F IT C -con jugated  g o a t -a n t i -h u m a n  IgG and n o n -  
im m une goat IgG respectively. The absence of eleva ted  PSIgG in the p resence of high 
plasm a titres of IgG bindable to  heterologous p la telets  is against au to im m une aetiology of 
the neonata l TCP.

In panels A to  C the m ean f luorescence channels (no ted  by the h istograms) of platelets 
incubated with polyclonal. F ITC-con jugated  g o a t -a n t i -h u m a n  IgG are used as a measure 
of PSIgG.
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FIGURE 4.6 Detection of PSIgG in platelets from GpO (A ) and GpA 
(B ) healthy donors that have been incubated with serum from a GpO 
individual containing anti-A  IgG. The broad-based fluorescence histogram in 
B indicates heterogenous distribution of the GpA antigen in the platelet 
population.
Open histogram: Fluorescence obtained with FITC-conjugated goat-anti- 
human IgG.
Shaded histogram: Fluorescence obtained with FITC-conjugated non-immune 
goat IgG.
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FIGURE 4.7 Detection of PSIgG in control GpO platelets incubated with 
a serum containing high titres of an ti-H LA  antibodies. Histogram 
appearances can be indistinguishable from those given by IgG bound to 
high density platelet-specific antigens, as platelets can be bearing high 
numbers of H LA  antigens (see section 1.6.6.2). Open histogram: Specific 
fluorescence obtained with FITC-goat-anti-human IgG. Shaded histogram: 
Background fluorescence obtained with FITC-goat IgG (non-immune).
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was app l ied  to invest igate  a case o f  a l lo immune neonata l  TCP due to PLA 

incom pat ib i l i ty .  F igures  4.6 and 4.7 show resul ts  ob ta ined  with Ig 

b indab le  to p la te le t  surface antigens  less uniformly  d is t r ibu ted  than 

those  o f  the PLA system. Sera giving s trong label l ing  o f  contro l  pla te le ts  

cou ld  be seria l ly  d i lu ted  to determine the h ighest  t i t re  giving pos it ive  

resu l ts .

4.2.7 A calibration system for quantitation of PSIgG.

A model of  pla te le ts  with p rede te rm ined  amounts  of  IgG on their  surface 

was crea ted  by coat ing pla te le ts  in vitro with a chimeric  monoclonal  

an t ibody to gpIIb-II Ia .  The murine MoAb 7E3 binds with high affinity 

to the gpIIb-II Ia  complex (Col ler  1985). A ch imaer ic  cons truc t  (c7E3- 

IgG) cons is t ing  o f  human IgG with murine  7E3 hypervar iable  region (see 

5.1) was generously  p rov ided  by Centocor  Inc.,  Malvern,  PA. The 

p la te le t  b inding charac ter is t ics  o f  the ch imaer ic  molecule  were very 

s im ilar  to those  of  the murine antibody (Centocor ,  data  on file).  

Chimaeric  IgG concentra t ion  in the s tock ant ibody solution was 1.37g/l 

as de termined by spec t rophotometry  fo l lowing u l t racen tr i fugat ion  at 

lOO.OOOg for  30 minutes.

4.2.7.1 Coating platelets with c7E3-IgG.

Because the epitope o f 7E3 is EDTA sensitive (C oller 1985), c itrate  or CPD-A1 

anticoagulated  p late le ts were used for this purpose. P la te le ts washed as described in 

2 .1 .6  were resuspended in PBS pH7.2 at a concentration o f 2 0 0 -300x l09/l and incubated 

with a range of concentrations of c7E3-IgG at room tem perature for one hour, follow ing 

which they were washed tw ice in citrate-PG E! and resuspended in PBS. As shown in
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FIGURE 4.8 Mean platelet fluorescence (MFC: mean fluorescence 
channel) after incubation of 25xl06 platelets with increasing amounts of 
c7E3-IgG in a total volume of lOOfJ, followed by washing and labelling 
with FITC-goat-anti-human IgG. Each point is the mean of duplicate 
experiments.
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Fig. 4 .8 , flow  cytom etric m easurem ent o f PSIgG in p late le ts  that had been incubated 

w ith increasing concentrations o f c7E3-IgG gave a dose response curve typical of 

sa turation  k inetics. To sim plify calcu lations it  was assum ed that, at subsaturating 

concen tra tions, practically  all the c7E3-IgG became p late le t-bound. This assum ption 

was based on binding studies with rad io labelled  ( l25I) chim aeric IgG (C entocor Inc., 

m ethod described in 2.6) showing that, at <30% saturating  antibody concentrations, 69- 

75% o f added rad ioactiv ity  becam e p latelet-bound. As rad io iodination  resu lts in 

inactiva tion  of a fraction of the antibody, the percentage of unlabelled antibody (used 

in the calib ration  studies) that would bind to the p late le ts under the same conditions 

should be h igher, probably >80%. The num ber o f chim eric IgG m olecules bound per 

p la te le t at subsaturating concentrations o f clgG was calculated  by d iv id ing  the total 

num ber of m olecules added (estim ated from the concentration of IgG in the stock 

antibody solution, the m olecular w eight o f IgG and A vogadro’s Num ber) by the number 

o f p la te le ts  in the incubation m ixture.

4.2.7.2 Estimation o f  the number o f  IgG molecules per  p la te le t .

It was assumed that,  in view of  the very slow off-ra te  o f  p la te le t -bound  

7E3 (Col ler  1985), c7E3-IgG levels  on the p la te le t  surface remained  

stable  throughout  the assay. Cal ibra t ion curves  (Fig. 4.9) were created 

by measur ing  PSIgG on pla te le ts  coa ted  with various amounts  of  c7E3- 

IgG and plo t t ing  pla te le t  f luorescence  agains t  the es timated  number  of  

c lgG molecules  per  p la telet .  The best curve fit was given by the 

fo llowimg second degree polynomial :

MFC = 3 + 1.534 x Mols + 0 .014 x (M ols )2

where MFC is the mean f luorescence  channel  number  and Mols the 

number  of  c lgG molecules  per  p la te le t  (xlO*3). When MFC=3 (i.e. the 

approximate  MFC obta ined  with the non- immune IgG as measure  of
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FIGURE 4.9  Reference curve generated by plotting the mean fluorescence 
channel (MFC) of c7E3-IgG-coated platelets incubated with FITC-anti-IgG 
against the number of c7E3-IgG molecules per platelet. Each point 
represents the mean of two independent experiments. To minimize the 
contribution by native PSIgG, only platelets which in preliminary flow 
cytometric screening had practically undetectable native PSIgG were used 
for c7E3-IgG coating.
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background  f luorescence)  then Mols=0 (i.e.  no IgG is being detected) .  

When the MFC is known,  the number  o f  IgG m olecu les  per  p la te le t  can 

be ca lcu la ted  from the formula:

m ols /p la t  (xlO '3) = (V 0 .056  x MFC + 2 .1 8 5  - 1 .534)/0 .028

As the hypervar iab le  reg ion  o f  c lgG is o f  murine  or ig in ,  i t  is possible  

that the po lyc lona l  ant i-IgG recognizes  more  epi topes  on a human than 

a ch im aer ic  IgG molecule  and therefore ,  with this ca l ib ra t ion  method,  it 

is l ikely  to overes t imate  ra ther  than underes t imate  the num ber  of  IgG 

molecu les  per  p latelet .  Such overes t imat ion  is unl ikely  to be s ignif icant  

because  (a) the cons tan t  region is respons ib le  for  most  of  the 

an t igen ic i ty  o f  the IgG molecule  and (b) epi topes  in the hypervar iab le  

region are l ikely to be inacess ib le  when the IgG is spec if ica l ly  bound to 

its target  ant igen.

By coat ing  control  p la te le ts  with known numbers  of  c7E3-IgG molecules  

it was shown that,  at low levels  of  PSIgG (2-3 ,000 molecules  per  

p la te le t ) ,  the method was able to d iscr iminate  between p la te le ts  dif fer ing 

by an es t im ated  500-600 molecules  of  PSIgG (Fig 4.10) .  Less  marked 

d if ferences  could  not be de tec ted  re l iab ly  with the m ethod  and ins tru

ment used.

Applicat ion  of  the above formula  to the sample of  71 normal controls  

gave an average o f  1,463 (SD=927,  range 85 to 4 ,693) molecules  per  

p latele t .  The negat ive  control sample o f  non- immune TCP had a slightly 

h igher  mean at 2,309 molecules  per  p la te le t  (SD=965,  range 689 to 

4.133) while in the immune TCP group the mean was 11,535 (SD=8,561,  

range 690 to 32,328).  In the more heterogenous  group of  62 prospective
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FIGURE 4.10 Platelet fluorescence (MFC) after FITC-anti-IgG  incubation 
of normal platelets (0) and the same platelets coated with increasing 
amounts of c7E3-IgG (see section 4.2.7.1 for technical details). Means of 
triplicate tests are shown with standard deviations represented by thin 
vertical bars. Mean differences were significant by Student's t-test (PcO.Ol).
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ly inves t iga ted  pat ients  the mean was 4,855 (SD=6.613,  range  101 to 

40 ,032)  and 20 were above the upper  l imit  (mean+2SD) o f  normal as 

opposed  to 22 when the resu l ts  were expressed  as RFI (see Table  4.2 for 

indiv idual  detai ls) .  When the cu t -o f f  point  was p laced  at  3SD above the 

mean only  14 cases  o f  ra ised PSIgG could be iden t i f ied  with e i ther  way 

o f  resul ts  express ion ,  i .e.  in 6 out  o f  20 cases  the e levat ions  o f  PSIgG 

were margina l .

4.2.8 Comments on patients with elevated PSIgG.

From the prospect ive ly  s tudied group o f  pat ients  with TCP or  impaired  

p la te le t  function of  unknown cause,  those who were  found to have 

e leva ted  PSIgG levels  are d iscussed  below.

4.2.8.1 Incidental  thrombocytopenia.

Pat ien ts  with inc identa l ly  d iscovered ,  usually  mild  TCP (p la te le t  count  

below 1 5 0 x l0 9/l  on at least  two occas ions)  in the absence o f  associa ted  

d isorders ,  cons ti tu ted  the main subgroup of  cases  s tudied.  These  pat ien ts  

are l ikely to represent  a heterogenous  group. A specif ic  d iagnosis  was 

d i f f icu l t  to make, main ly  because o f  the f requent  absence of  rem arkable  

m arrow changes  and lack o f  p la te le t  survival  studies.  O f  19 such pa t ien ts  

(mean p la te le t  count  9 3 . 7 x l 0 9/l ,  range 35 to 1 4 2 x l 0 9/l ) ,  f ive had ra ised  

PSIgG but in only three o f  them was the e leva t ion  greater  than 3 SDs 

above the normal mean. This  f inding was suggest ive  o f  chronic  immune-  

media ted  pla te le t  des truc t ion  and d irected  the d iagnosis  away from other  

poss ib i l i t ies  (e.g.  ear ly  myelodysp las t ic  syndrome which can presen t  as
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TABLE 4.2 Clinical presentation and individual results of prospectively investigated patients 
found to have elevated PSIgG. These represent 35.7% of the group of 62 patients with 
thrombocytopenia (TCP) or platelet dysfunction of unknown aetiology.
NR: normal range (defined as mean±2SD of 71 healthy controls). RFI: Relative Fluorescence 
Intensity (see text for definition).

CLINICAL FEATURES
PL. COUNT 
(xlO-TL-1)

RFI
(NR:0.83-2.43)

MOLS IgG/PLATELET 
(NR:<3330)

Mild thrombocytopenia 
during pregnancy per
sisting 5 months post- 
delivery.

Early CLL, normal mega
karyocytes in marrow.

Pregnant thrombocytopenic.

Incidental thrombocytopenia. 
Normal megakaryocytes.

Incidental thrombocytopenia. 
Normal megakaryocytes.

Gaucher’s disease. Old sple
nectomy. Mild bleeding ten
dency; defective platelet 
responce to ristocetin.

18 months old. Leucopenia- 
thrombocytopenia. Marrow 
morphology within normal.

Sarcoidosis, on prednisolone 
5 mg daily. Pregnant

Probable heparin induced 
thrombocytopenia.

Incidental thrombocytopenia. 
Normal megakaryocytes.

Mother of severely thrombo
cytopenic newborn.

Incidental thrombocytopenia.

Incidental thrombocytopenia. 
Normal megakaryocytes.

Chronic liver disease.
Portal hypertension. Positive 
antimitochondrial antibodies.

98

111

42

32

110

140

31

47

53

70

180

142

80

106

2.71

3.84

2.93

2.82

3.63

4.29

3.81

9.04

4.18

4.96

2.66

2.48

4.12

19.2

3,614

5,014

4,073

3330

5,846

7,484

6,025

17333

7,976

7.828

4,107

3,450

4.828 

39,050
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Chronic thrombocytopenia fol
lowing glandular fever. Normal
marrow morphology. 115 2.74 3,440

Age 72. Acute onset TCP.
Absent megakaryocytes; normal
erythro- and myelopoiesis. 2 14.52 25,289

Pregnant thrombocytopenic. 40 3.91 4,873

Age 73. Chronic severe TCP.
No bleeding. Refused B/Marrow
examination. 6 3.85 8,034

Chronic thrombocytopenia re
fractory to immunosuppression.
Plentiful megakaryocytes with 
dysplastic changes. Normal
erythro- and myelopoiesis. 13 16.32 27,814

African. Kaposi’s sarcoma.
TCP refractory to standard Rx.
HIV-negative. 19 2.46 3,320

Incidental thrombocytopenia.
Normal B/Marrow. 70 2.48 3309

Pregnant thrombocytopenic. 51 6,05 8,976

isolated TCP) with different  prognosis  and management .  Pat ien ts  with 

chronic stable TCP who are asymptomatic  and usually  maintain pla te le t  

counts > 5 0 x l 0 9/l on no treatment,  appear  to cons t i tu te  a good prognosis  

group and are usually  found to have normal levels  of  PSIgG (LoBuglio  et 

al  1983).

4.2.8.2 Pregnancy-associated TCP.

Eight patients with incidentally  discovered, pregnancy-associated  TCP were studied. This 

sample (median platelet count 78 .5x l09/l) was not representative o f the degree of TCP seen 

in pregnancy (platelet count usually > 10 0 x l0 9/l) , as a resu lt of referral bias. Four of these 

8 women were found to have elevated PSIgG with the level being higher than 3 SDs above 

the normal mean in two. The latest evidence suggests that incidentally  discovered TCP of
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pregnancy is, in the vast m ajority of cases, a benign condition (Samuels et al 1990,  

B urrow s  and  K elton  1990),  which is best managed conservatively . The apparently  higher 

incidence o f TCP in the pregnant population m ight sim ply reflec t a state o f com pensated 

consum ptive coagulopathy occurring in pregnancy (Tygart et al 1986). The nature of 

elevated PSIgG found in some of these cases is unclear and neither this nor the m aterm al 

p la te le t count and, probably, not even the presence o f circu lating  p late le t-b indable  IgG 

appear to p red ict the developm ent of fetal/neonatal throm bocytopenia (H art et a l  1986, 

Aster 1990)

4.2.8.3 Other disorders.

One of 2 patien ts with sarcoidosis was found to have m arkedly raised PSIgG (17,500 mols 

per p late le t); e levations of PSIgG associated with this disorder have been reported  by 

o th e r s  (S e m p le  197 5 , L a w re n c e  and  G re e n b e rg  1 9 8 5 ). A u to im m u n e  T C P  in 

lym phoproliferative d isorders (One of 3 early chronic lym phocytic leukaem ia cases had 

raised PSIgG) is also well recognized (Kaden e t  a l  1979).

Very high levels of PSIgG (39,000 mols per p latelet) were seen in one of the four cases of 

TCP associated  with im paired hepatic function. This patien t had cirrhosis w ith portal 

hypertension and positive antim itochondrial antibodies. Raised PSIgG appears to occur 

commonly in chronic liver disease and does not correlate  with the p late le t count (Landolfi 

et al 1979, Barrison et al 1981). In B arrison’s study (1981), from a total of 25 patients with 

chronic liver d isease, the only one with positive antim itochondrial antibodies had also the 

highest levels o f circulating immune com plexes in the series. P latelet-bound immune 

com plexes could be the reason for the unusually high levels of PSIgG in the cirrhotic 

patient reported in the present study.

One case of TCP that had been ascribed to heparin was associated with significantly  raised 

PSIgG. K elton’s group (1988) have provided evidence that heparin-induced TCP results 

from the binding to the p late le t Fc receptor of complexes formed between heparin and an ti

heparin antibodies.
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4.2.8.4 Impaired ristocetin response'associated with raised PSIgG:

A case of "pseudo-pseudo Bernard-Soulier syndrome"?

Qualita tive  p late le t abnormalities are not uncommon in patients with past or present 

immune-mediated TCP (Clancy e t a l 1972) or simply elevated PSIgG without evidence 

o f  an immune disorder involving the platelets (McGrath e t a l 1979). The qualitative 

defect is usually manifested as hypoactivity but autoantibodies resulting in clinically 

s ignificant p late le t hyperactivity have also been described (Pfueller et a l 1990). The 

following is a case o f  isolated loss o f  the p latelet agglutination response to ristocetin 

in a patien t with raised PSIgG:

A 45-year-old female with G aucher’s disease and previous splenectomy being investi

gated for a bleeding tendency and a normal platelet count of 140x l09/l was found to 

have severely impaired platelet agglutination response to ristocetin not correctable by 

porcine Factor VIII or cryoprecipitate (Fig. 4.11). These abnormalities were unchanged 

on re-testing 4 months later. Responses to other agonists were normal. She had a recent 

history o f  blood transfusions complicated by the development of  red cell and HLA anti

bodies and was also found to have a polyclonal B-cell lymphocytosis. Flow cytometric 

analysis o f  her platelets revealed high levels of PSIgG and serum IgG bindable to 

heterologous GpO platelets and also to platelets from a patient with Bernard-Soulier 

syndrome (BSS), the level binding to BSS platelets being higher than that to normal 

plate le ts  (probably as a result of steric factors and the larger size of BSS platelets). On 

follow-up it was seen that the response to ristocetin returned toward normal in parallel 

with amelioration of the bleeding tendency and normalization of the PSIgG, while there 

was no appreciable change in the levels of serum platelet-bindable IgG (presumably 

anti-HLA). Platelet surface gplb levels were normal by FC. Normal control platelets 

incubated with plasma from the patient showed normal response to ristocetin. 

In terestingly, absent response to ristocetin was seen in a second patient (19-year-old 

female) with G aucher’s disease, previous splenectomy and recent blood transfusions 

complicated by development of anti-HLA antibodies, in association with mildly 

impaired liver function, hypergammaglobulinaemia and raised PSIgG. A third female 

patient with long standing Gaucher’s disease, borderline p latelet count and previous 

splenectomy but without recent transfusion history or anti-HLA antibodies was 

subsequently investigated and showed normal response to ristocetin , normal levels of 

PSIgG and no platelet-bindable immunoglobulins in her serum.
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FIGURE 4.11 Absent ristocetin (1.25mg/ml) agglutination response in a 
patient with Gaucher's disease, excessive operative bleeding, multiple red
cell alloantibodies and anti-HLA antibodies, polyclonal B lymphocytosis and 
elevated PSIgG. The ristocetin response returned toward normal 
simultaneously with normalization of PSIgG.
Horizontal axis: Time in minutes. Vertical axis: Light transmission through 
PRP (as % of transmission in PPP). The only important assessment of 
"aggregation" to ristocetin (which is really an agglutination of platelets) is 
the angle of the initial slope and not the hight of maximal response (see 
Yardumian et al 1986 for review of platelet aggregometry).
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Although the Bernard-Soulier-like abnormalities observed in the above cases appear to 

be immune-mediated, the available data are not sufficient to determine the underlying 

pathogenetic  mechanism. The fact that the p latelet-bindable IgG present in the serum 

o f  these patients gave a stronger reaction with BSS than normal platelets questions (but 

does not exclude) the possibility that the abnormal ristocetin  response was due to an 

antibody binding to gplb. This mechanism has been suggested in both cases of immune- 

mediated or "pseudo-" BSS reported so far in the literature (Strieker et al 1985, Devine 

e t al 1988). It  is possible that IgG binding to some other component of the platelet 

membrane might also interfere with ristocetin response; the term "pseudo-pseudo BSS" 

was coined to describe this hypothetical situation. The failure to reproduce the 

abnormality in vitro by incubating normal platelets with patient sera suggests that 

factors intrinsic to the membrane of Gaucher’s p latelets (probably related to the 

accumulation of sphingolipid) might also be playing some part. It is conceivable that 

abnormal p latelet function could be contributing to the bleeding tendency which is often 

disproportional to the TCP in patients with Gaucher’s disease. Platelet antibody produc

tion could have been the result of  an abnormal immune response of these splenect- 

omised patients to the antigenic stimulation by the recent blood transfusions.

4.2 .8 .5  A m eg a k a ry o c y t ic  acu te  ITP.

A 72-year-old male presented with purpura of sudden onset and was found to have a 

p latelet count of 2 x l0 9/l. He had no other illnesses. Bone marrow examination revealed 

absence of megakaryocytes. Flow cytometric analysis showed markedly raised PSIgG 

(ca . 25,000 IgG mols per platelet). The possibility  of an autoimmune mechanism 

involving immune destruction of megakaryocytes was considered. The patient showed 

a delayed, partial (platelet count reaching 7 0 x l0 9/l after 6 weeks) response to steroids. 

When reduction in the dose of prednisolone was attempted, the platelet count fell 

rapidly and the patient became anaemic with no evidence of bleeding but with a 

strongly positive direct Coombs. Thus, the subsequent development of autoimmune 

haemolytic anaemia provided evidence in support of an autoimmune mechanism for the 

amegakaryocytic TCP at presentation, as had been suggested by the flow cytometrically
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detected elevation in PSIgG. In view of the paucity of megakaryocytes, which is very 

unusual in ITP, this case was labelled as "atypical Evans* syndrome”.

4.3 D IS C U S S IO N

Techniques  for  detect ion o f  IgG bound to the p la te le t  surface were 

publ ished  as ear ly  as 1961 (Dausset  et al  1961, Van de Wiel  et al  1961). 

The firs t  methods to quant i ta te  PSIgG in normal  and ITP pla te le ts  

(McMillan et al  1971, Dixon et al 1975, Cines and Schre iber  1979) were 

cumbersome and therefore unsuitable  for  routine use in a cl in ical  

laboratory . Results  o f  PSIgG in normal controls  were sometimes 

unreal is t ica l ly  high, e.g.  >106 IgG molecules  per  p la te le t  (Dixon et al 

1975). Nevertheless ,  these quant i ta t ive  methods were shown to be 

sensit ive and reproducib le  and con tr ibu ted  s ignif icant ly  to the s tudy of  

immune thrombocytopenias .  Modif ica t ions  of  D ix o n ’s or ig inal  c o m p le 

ment  lysis - inhib i t ion  assay y ie lding more real is t ic  PSIgG es t imates  (e.g.  

Kelton et al 1980) became es tablished  in many research  labora tor ies .

PSIgG measurement  was greatly fac i l i ta ted  by the in troduct ion ,  in the 

late sevent ies ,  o f  comparat ively  s imple d i rec t  tests em ploying  labe l led  

anti - immunoglobul ins .  Cines and Schre iber  (1979) incuba ted  washed 

platelets  with 125I-label led  polyclonal  rabb i t -an t i -human IgG and 

compared pla te le t  rad ioac t iv i ty  with the rad ioac t iv i ty  of  red  cel ls  which 

had been coated with known amounts o f  IgG pr ior  to incubat ion  with the 

radioact ive probe. Their  es timate  was of  an average 2,400 IgG molecules  

per normal  p la te le t  whereas 90% of  ITP pat ients  showed ra ised PSIgG 

ranging from 5,000 to 48,000 molecules  per  pla te le t .  A large num ber  of  

sensi tive quant i ta t ive  assays employing rad io labe l led  or enzym e-l inked
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po lyc lona l  an t i - immunoglobul ins  have since been in troduced;  they 

usua l ly  de tec t  several thousands of  IgG molecules  on normal p la tele ts  

and  up to severa l  tens o f  thousands on pla te le ts  of  pa t ien ts  with immune-  

m ed ia ted  th rom bocytopenia  (Kel ton 1983, Schwartz  1988). Some 

inves t iga to rs  (Leporr ier  et al  1979, B lumberg  et a l  1986) using p e rox id 

ase or  a lkal ine  phosphatase  label led  po lyc lonal  an t i - IgG and making a 

num ber  o f  s to ichiometr ic  assumptions ,  have ca lcu la ted  a much lower 

num ber  (c a . 250) o f  IgG molecules  on the surface o f  normal subjects* 

p la te le ts ,  which is at var iance with the es t imates  usually  ob ta ined  using 

po lyc lona l  probes . In 1983, LoBuglio  and co-workers  pub l ished  a simple 

PSIgG detec t ion  method based on the use o f  an 125I-ant i -human IgG (Fc- 

spec if ic )  monoclonal  ant ibody.  Making s to ichiometr ic  assumptions ,  they 

es t im ated  the average number  o f  IgG molecules  on normal p late lets  at 

169 (SD=79) which was at least  10 times less than the numbers reported 

by most  methods using polyclonal  ant ibodies .  Very s imilar  es timates  

were subsequent ly  publ ished  by o ther  groups (George and Saucerman 

1988, Kelton et al 1989, Tijhuis  et al  1991) using the same or slightly 

m odif ied  methods.  Al though these es timates  appear  to be gaining general 

acceptance ,  there is evidence that they might  be underest imat ing  PSIgG. 

Us ing  the MoAb employed in L o B u g l io ’s or ig inal  report ,  Rosse  and 

col leagues  (1984) found that only 60% o f  the IgG molecules  present  on 

the p la te le t  membrane could  be de tec ted  and that,  at any given level of  

m em brane-bound  IgG, a 125I-label led  polyclonal  anti -IgG bound more 

m olecules  per  pla te le t  than the MoAb. This can be expla ined by the fact 

that  MoAbs recognize  only a single epi tope on the IgG molecule ,  which 

may not always be access ib le  in the case of  p la te le t-bound  IgG due to 

ster ic hindrance.  Polyc lonal  ant ibodies  might be more pract ica l  tools in 

this se tting as they have an increased  p robabi l i ty  of  b inding one or  more
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an t ibody  molecules  per  molecule  o f  p la te le t -su r face  IgG through 

recogn i t ion  o f  mult ip le  ep itopes.

A num ber  o f  methods for  PSIgG detect ion  using f luorescent  probes - 

u sua l ly  FITC-con juga ted  antig lobul ins  - have been developed,  the most 

popu la r  being the p la te le t  suspension im m unof luorescence  test,  a rapid 

and techn ica l ly  s imple m ethod  for  qual i ta t ive  assessment  of  PSIgG 

in t roduced  by Von dem Borne in 1980. Quant i ta t ive  immunofluorescen t  

techniques  based on f luorom etry  have also been descr ibed  (Van Boxtel 

et  al  1975, Sugiura  et al  1980) and using such a method Sugiura  and co- 

workers  (1980) es timated  an average binding o f  3,100 (SD=800) anti-IgG 

m olecu les  per  p la telet .

F low cytometry  entered the scene o f  PSIg detect ion  methodology in the 

m id-e ight ies  with a number  of  p re l iminary  results  presented  mainly  as 

symposia  abstracts .  Several  more de ta i led  method reports  have been 

pub l ished  in the last five years (Corash and Rheinschmidt  1986, 

Lazarch ick  and Hall 1986, Rosenfeld  et al  1987, Heim and Petersen 

1988, Ault 1988) and their  main technical  character is t ics  are summarized 

in Table  4.3.

There  is no consensus regard ing  the advantages  o f  p la tele t  f ixa tion pr ior  

to PSIgG measurement ,  the only obvious  one being that it allows the 

tes ts  to be done in batches  at a convenient  t ime, which is important  when 

f low cy tom eter  avai lab i l i ty  is l imited. The au th o r ’s opinion and that of  

o thers  (Lazarchick and Hal l 1986) is that  f ixa tion should  be avoided i f  

possib le ;  it tends to al ter  s ignif icant ly  the light scat te r ing behaviour  of  

the pla te le ts  (personal observat ions)  which ref lects  s tructural  changes . 

In view of  the very low p la te le t  counts  often encountered  in these 

invest iga t ions ,  a single ("one layer")  s ta in ing  step using a FITC
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c o n juga ted  ant i - immunoglobul in  appears  to be the only pract ica l  

approach .  Most  invest iga tors  have used the F ( a b ’)2 f ragment  of  a goat  

p o lyc lona l  and a l though the whole molecule  goa t -an t i-human IgG 

p e r fo rm ed  well  in the presen t  study,  i t is possib le  that  the use o f  F(ab*)2 

f ragm ents  cou ld  reduce in terference  from Fc recep to r  binding. 

Incuba t ion  with F ITC- labe l led  non- immune goat  IgG in para l le l  with the 

specif ic  ant ibody appeared to offer  a good index o f  non-specif ic  an t ig lo

bulin  adsorp t ion  which tends to be increased  in immune TCP, presumably 

as par t  o f  the general  tendency o f  these p la te le ts  to non-spec if ica l ly  

adsorb  i r re levan t  p lasma prote ins  (Kelton and Steeves  1983, Hotchkiss  

et al  1986, Rosenfeld  et al  1987).

Corash and Rheinschm id t  (1986) s tudied  171 patients  with 

th rom bocy topen ia  or a c l in ical  suspicion of  a qual i ta t ive  pla te le t  defect  

and repor ted  that  flow cytometr ic  measurem ent  of  PSIgG had a 93.8% 

sensi t iv i ty  and 94.5% specif ic ity  in de tec t ing  those with a cl inical  

d iagnosis  o f  im m une-m edia ted  p la te le t  disorder .  Rosenfeld  and co l 

leagues  (1987) in a s tudy o f  102 pat ients  reported  a 75% sensi t ivi ty  

r is ing  to 91% when PSIgM was m easured  in addit ion to PSIgG. Ault 

(1988) reported  increased  PSIg in 63% of  299 pa t ien t  samples  tested 

(c lin ica l d iagnoses  were not  stated) and found that  separa te  assessment 

o f  PSIgG, PSIgM and PSC3 had no pract ical  advantage over  a single test  

us ing a pan-specif ic  (an t i- IgG,IgM,IgA )  antibody.  He was also the first 

to report  the occas ional  presence of  two p la te le t  populat ions  bear ing 

d if fe ren t  levels  o f  PSIgG, usually  in the sett t ing of  recovery  from acute 

ITP. Holme and col leagues  (1988) used flow cytometry  to demonstra te  

that ra ised PSIgG in thrombocytopenic  pat ien ts  involved  proport ional ly  

all size c lasses  o f  p latelets .

In the present  study, a method for  of  flow cytometr ic  PSIgG detect ion 

was appl ied  to a control  group o f  25 patients  with c l in ica l ly  def ined
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immune or  non- im mune th rom bocytopenia  as well  as a group o f  62 

pa t ien ts  with th rom bocytopenia  or  impaired  p la te le t  funct ion  in whom it 

was d i f f icu l t  to make a c l in ica l  d iagnosis .  Retrospec t ive ly ,  the finding 

o f  a ra ised  PSIgG in 35.5% o f  the la t te r  group, espec ia l ly  when the rise 

was cons ide rab le  (more than 3SD above the mean o f  the normal con 

tro ls),  w ou ld  have been o f  potent ia l  help in their  c l in ica l  management .  

In many o f  these cases,  an immune aet io logy was fu r ther  supported  by 

the c l in ica l  course and/or  response  to t rea tment.  It  should  at this point  

be s tressed  that,  fa ilure  to detect  ra ised PSIgG, i r respect ive ly  o f  the 

method used, can not  exclude the d iagnosis  o f  im m une-m edia ted  TCP, 

one possib le  reason  being the wide d is t r ibu t ion  o f  PSIgG levels  in 

heal thy indiv iduals  (Tijhuis  et al  1991) al though o ther  possib i l i t ie s ,  e.g 

" w a s h in g -o f f1 o f  low aff in i ty  ant ibodies  dur ing p la te le t  preparat ion  

should  also be considered.  It is, o f  course,  possib le  that the pa thogenes is  

of  some cases  o f  immune TCP does not involve s ign if ican t  increases  in 

pla te le t  surface im m unoglobul ins  and this is why the las t  few years have 

witnessed the developm ent  o f  more "dynamic"  assays  focusing  on 

monocyte-p la te le t  in teract ions  ra ther  than the "stat ic"  measurement  of  

PSIgG (Saleh et al  1989, Hymes et al 1990). These  comments  no tw i th 

standing,  s imple  and re l iab le  methods for  PSIgG m easurem ent  will 

continue to be essent ia l  tools for  the invest iga ton  of  p la te le t  disorders .

It is logical  to argue that  the sensi t iv i ty  and specif ic i ty  of  any new 

method for  PSIgG detect ion should refer  to its abil i ty  to reproducib ly  

detect known amounts  o f  IgG on the p la te le t  surface ra ther  than the 

com patib i l i ty  o f  its resul ts  with the subjective c l in ical  d iagnosis  o f  ITP 

which, af te r  all, is a he terogenous  enti ty  and a d iagnosis  of  exclusion.  

This issue was addressed  by using the flow cytometr ic  method to
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m easu re  PSIgG in p la te le ts  bear ing known amounts  o f  chimeric  IgG 

bound  to the gpIIb-II Ia  complex.  This  g lycoprote in  complex  contains the 

m ost  f requent ly  ident i f ied  target  for  p la te le t  au toant ibodies  (Van 

Leeuw en  et  al  1982y Beards ley  et al  1984, McMillan  et al  1987, 

Berch to ld  et al  1986) and it was cons ide red  that  this model  offered an 

accep tab le  s imulat ion o f  the in vivo p la te le t  membrane  m ic roenv iron

m ent  in cases  of  im m une-m edia ted  p la te le t  d isorders  where specific  

b ind ing  o f  monomeric  IgG occurs  and less so in d isorders  associa ted 

with the binding  of  immune complexes  to p latelets .  The data  presented  

here  show that  FC gives  reproducib le  results  over  a wide range o f  PSIgG 

levels  and is sensit ive enough to de tec t  d ifferences  o f  a few hundred IgG 

m olecu les  at low PSIgG levels.

To date,  there have been no publ ished  flow cy tometr ic  estimates  o f  

numbers  o f  IgG molecules  de tec tab le  on the p la te le t  surface  of  normal 

and thrombocytopenic  subjects .  Es t imat ions  o f  the number  of  b inding 

sites for  the major  p la te le t  membrane glycoprote ins  have been a ttempted 

us ing  reference curves  ob ta ined  by measuring  the f luorescence  of  beads 

coated  with known numbers of  F ITC molecules  (Tschoepe et al  1990).  

There  are many d iss imilar i t ies  between synthet ic  f luorescen t  beads and 

live cells bear ing f luorescen t  probes,  mainly  in terms o f  size d is t r ib u 

tion,  shape,  interna l  complexi ty ,  au tof luorescence  and signal quenching.  

The ideal ca l ibra t ion  s tandards  should  cons is t  of  cells or b iological  

mater ia l  identica l to those being inves t iga ted  by a par t icu la r  technique 

and the use of  c lgG coated  pla te le ts  to create  ca l ibra t ion  curves  for  

PSIgG es t imat ion represents  a step in this d irect ion.  The est imate  o f  the 

average number  of  IgG molecules  detec table  on the surface of  normal 

p la te le ts  (c a . 1500 mols per  p la te le t)  is in good agreement  with 

publ ished  data  (Kelton 1983, Schwartz  1988) ob ta ined  with ent ire ly
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dif fe ren t  methods also em ploying  polyclonal  ant ibodies .  It should  be 

noted however ,  that  when Kelton and col leagues  (1989)  com pared  four  

methods  d if fe r ing  widely  in their  es t imated  number  of  IgG m olecules  per  

normal  p la te le t  (86 to 10,850 mols)  they found that  all  four  o f  them had 

com parab le  sensi t iv i ty  and specif ic i ty  in the sett ing o f  c l in ical ly  

d iagnosed  immune or non- immune thrombocytopenia .  The results  o f  the 

p resen t  study indicate  that,  a l though useful  for  research  purposes ,  the 

express ion  o f  resul ts  as IgG molecules  per  p la te le t  has no prac t ica l  

cl in ical  advantage over  the use o f  arbi trary  units (Table  4.2.).

In conclus ion ,  FC was found to offer  an ef f ic ien t  means  o f  quant i ta t ive  

PSIgG es t imat ion for  both research and cl in ical  service  purposes .  

Objective  comparison o f  its performance  with that o f  rad io iso top ic  or  

ELISA methods current ly  in use should be the subject of  fu ture s tudies .
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Appendix to Chapter 4

lase
No NSF SF RH

Case
No NSF SF RH

1. 2.745 4.308 1.56 37. 3.169 6.803 2.15
2. 2.795 4.106 1.47 38. 3.194 5.836 1.83
3. 2.812 4.962 1.76 39. 3.198 6.349 1.98
4. 2.821 3.516 1.25 40. 3.207 3.771 1.17
5. 2.845 3.134 1.10 41. 3.216 3.967 1.23
6. 2.857 4.038 1.41 42. 3.216 5.444 1.69
7. 2.869 3.208 1.12 43. 3.219 6.834 2.12
8. 2.872 4.505 1.56 44. 3.222 5.060 1.57
9. 2.878 4.907 1.70 45. 3.232 6.238 1.93

10. 2.895 4.870 1.68 46. 3.250 5.370 1.65
11. 2.816 3.215 1.14 47. 3.259 5.871 1.80
12. 2.910 8.043 2.76 48. 3.261 5.079 1.56
13. 2.921 4.496 1.55 49. 3.273 4.568 1.35
14. 2.922 5.949 2.03 50. 3.280 3.410 1.04
15. 3.926 3.843 1.31 51. 3.285 9.884 3.01
16. 2.930 4.976 1.70 52. 3.314 4.396 1.33
17. 2.939 4.907 1.67 53. 3.325 4.802 1.44
18. 2.951 3.766 1.27 54. 3.377 6.262 1.85
19. 2.954 4.627 1.57 55. 3.414 4.474 1.31
20. 2.965 5.413 1.82 56. 3.414 5.225 1.53
21. 2.989 3.593 1.20 57. 3.428 6.079 1.77
22. 3.043 4.860 1.59 58. 3.438 4.659 1.36
23. 3.047 4.905 1.61 59. 3.464 10.510 3.03
24. 3.057 4.684 1.53 60. 3.534 7.064 2.00
25. 3.062 3.834 1.25 61. 3.550 5.590 1.57
26. 3.085 4.774 1.55 62. 3.553 8.586 2.42
27. 3.091 4.963 1.61 63. 3.613 4.453 1.23
28. 3.092 5.542 1.79 64. 3.617 4.490 1.24
29. 3.102 5.752 1.85 65. 3.670 5.656 1.54
30. 3.109 4.523 1.45 66. 3.732 8.329 3.23
31. 3.129 3.988 1.27 67. 3.774 5.283 1.40
32. 3.131 6.920 2.20 68. 3.851 6.744 1.75
33. 3.133 4.901 1.56 69. 3.944 5.991 1.52
34. 3.133 5.143 1.73 70. 4.048 6.604 1.63
35. 3.155 3.405 1.08 71. 5.056 7.460 1.47
36. 3.165 4.733 1.49

TABLE IV .l. Non-specific (NSF) and specific (SF) fluorescence and Relative 
Fluorescence Intensity (RFI=SF/NSF) of platelets from 71 healthy subjects. The Mean 
Fluorescence Channel (MFC) numbers obtained with FITC-goat IgG (non-immune) 
and FITC-goat-anti-human IgG were used as arbitrary units of NSF and SF 
respectively.
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A. IMMUNE

Case
No NSF SF RFI

Case
No NSF SF RH

1. 3.250 5.730 1.76 9. 3.070 15.440 5.03
2. 3.699 4.068 1.09 10. 4.089 33.510 8.20
3. 4.032 6.066 1.70 11. 3.618 38.030 10.51
4. 3.032 24.620 8.44 12. 2.880 12.390 4.30
5. 3.035 25.380 8.56 13. 3.256 16.660 5.12
6. 2.924 4.688 1.60 14. 4.753 67.510 14.20
7. 2.960 37.930 12.81 15. 3.372 19.820 5.88
8. 2.684 13.450 5.07 16. 4.500 35.700 7.93

B. NON-IMMUNE

Case 
No NSF SF RFI

Case
No NSF SF RH

1. 3.688 9.582 2.59 6. 2.927 6.529 2.23
2. 3.229 5.797 1.79 7. 2.781 4.067 1.46
3. 3.057 6.053 1.98 8. 3.139 7.960 2.58
4. 2.508 5.738 2.29 9. 4.315 6.556 1.52
5. 3.071 7.300 2.38

TABLE IV.2 Results of NSF, SF and RFI obtained from 25 patients with pre- 
established clinical diagnosis of immune-mediated (n=16) or non-immune (n=9) 
thrombocytopenia (see legend of Table IV. 1 for explanation of units and abbrevi
ations).
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Case Case
No NSF SF RH No NSF SF RH

1. 3.153 4.861 1.54 32. 3.610 7.819 2.17
2. 3.300 3.754 1.13 33. 3.485 13.290 3.81
3. 3.461 56.500 16.32 34. 3.139 4.583 1.46
4. 2.651 3.158 1.19 35. 3.952 6.489 1.64
5. 2.895 5.240 1.81 36. 3.971 10.580 2.66
6. 2.760 10.810 3.91 37. 3.421 8.321 2.43
7. 3.952 7.719 1.95 38. 3.565 4.087 1.15
8. 3.621 5.325 2.02 39. 3.919 35.410 9.04
9. 3.258 3.681 1.12 40. 4.183 17.480 4.18

10. 3.139 4.033 1.28 41. 3.548 7.922 2.23
11. 3.050 4.632 1.51 42. 3.042 4.345 1.43
12. 2.936 6.859 2.33 43. 4.867 8.912 1.83
13. 4.209 16.230 3.85 44. 4.345 6.278 1.44
14. 2.967 17.960 6.05 45. 3.509 4.937 1.41
15. 3.000 5.663 1.88 46. 3.351 8.250 2.46
16. 3.588 4.486 1.25 47. 3.256 16.160 4.96
17. 3.360 6.740 2.00 48. 3.915 3.685 1.26
18. 3.399 4.837 1.42 49. 2.669 4.454 1.67
19. 3.543 7.985 2.25 50. 3.773 4.745 1.26
20. 3.366 9.118 2.71 51. 3.690 7.044 1.90
21. 2.823 10.850 3.84 52. 3.256 6.286 1.93
22. 3.368 9.876 2.93 53. 4.733 6.583 1.39
23. 2.818 3.734 1.32 54. 3.728 9.232 2.48
24. 2.861 4.234 1.48 55. 2.465 10.150 4.12
25. 3.066 8.660 2.82 56. 3.753 7.293 1.94
26. 3.461 5.308 1.53 57. 3.324 8.232 2.48
27. 3.914 5.119 1.31 58. 4.523 86.850 19.20
28. 3.618 13.130 3.63 59. 3.030 4.480 1.48
29. 3.754 16.120 4.29 60. 3.253 4.170 1.28
30. 3.586 7.907 2.20 61. 3.083 8.452 2.74
31. 3.642 3.670 1.01 62. 3.550 51.550 14.52

TABLE IV.3 Results of NSF, SF and RH  obtained from 62 consecutive patients with 
thrombocytopenia of unknown aetiology (see legend of Table IV. 1 for explanation of 
units and abbreviations).
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Chapter 5

FLOW CYTOMETRIC OBSERVATIONS IN HUMANS 

RECEIVING INFUSIONS OF Fab FRAGMENTS OF A 

CHIMAERIC MONOCLONAL ANTIBODY TO PLATELET

GLYCOPROTEIN Hb-IHa

5.1 INTRODUCTION - CHIMAERIC 7E3

M onoclona l  ant ibodies  to the gpIIb-II Ia  complex  are the m ost  potent  

an t i -p la te le t  agents  ever  descr ibed  (see section 1.5.5.2 and  F i tzgera ld

1989). Among them, the most ex tens ive ly  tested is 7E3,  a m urine  Ig G l  

m o n o c lo n a l  p ro d u ce d  by B .S .C o l le r  (1985) .  As d i s c u s s e d  in the 

i n t r o d u c t i o n ,  m u r in e  m o n o c l o n a l s ,  b e in g  f o r e i g n  p r o t e i n s ,  a re  

im m unogenic  and this l imits their  potent ia l  therapeut ic  usefu lness .  

Production  of  human monoclonals  is stil l very imprac t ica l  and therefore,  

in an ef for t  to reduce the immunogenic i ty  o f  murine MoAbs,  "chimaeric" 

(murine /human)  MoAbs have been developed.  These are cons truc ts  in 

which,  through genet ic  engineer ing,  the ant igen b inding  region of  a 

murine  monoclonal  has been inser ted  into the molecule  o f  human IgG 

(see section 1.5.6). Such a chimaeric construct,  consis t ing of  murine 7E3 

hypervar iab le  region (the specific com plem entar i ty  de te rm in ing  region)  

inser ted  into the f ramework of  human IgG, has recen t ly  been developed 

by Centocor  Inc. and is currently  undergoing  evalua t ion  in ear ly-phase  

trials .  F igure  5.1 shows a d iagramatic  representa t ion  o f  the molecule  of  

ch imaeric  7E3.
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FIGURE 5.1 Schematic representation of chimaeric 7E3-IgG. The 
specificity-determining hypervariable areas ( b l a c k  ) of the variable region 
are of murine (7E3 MoAb) origin, while the rest of the molecule is normal 
human IgG. The Fab fragments of this molecule (obtained by papain 
cleavage at the sites indicated by broken line) were infused into stable 
angina patients.
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Before  c l in ica l  studies o f  c7E3-Fab administra t ion were undertaken,  in 

v i t ro  s tudies  (Centocor ,  data on file) had shown that the b inding affinity 

o f  the ch imaer ic  ant ibody and its Fab f ragments  to isola ted  human 

p la te le ts  was comparab le  to that  o f  the murine ant ibody and that,  at 

sa tu ra t ing  ant ibody concentra t ions ,  it p roduced  comple te  aboli tion of 

A D P- induced  p la te le t  aggregation.

5.2 P H A S E  I S T U D IE S  O F  C H I M A E R I C  7 E 3 - F a b  (c7E 3-F ab)  

IN F U S IO N S  IN P A T IE N T S  W I T H  S T A B L E  A N G IN A

The major i ty  of  the observat ions  described  in this chap ter  were made on 

pa t ien ts  with stable angina  receiv ing  trial  infus ions  o f  c7E3-Fab at 

Nor thwick  Park Hospita l ,  London, U.K..  The main aims of  this trial  were 

to de termine  the safety of  c7E3 administ ra t ion and compare  (with ex- 

v ivo s tudies)  its f ib r inogen recep tor  blocking and p la te le t  aggregation 

inh ib i t ing  ef fect  to that of  murine 7E3-Fab (m7E3-Fab).  The original  

design of  the trial  did  not include flow cytometr ic  invest igat ions;  these 

were under taken  while the trial  was in progress ,  in an effor t  to elucidate 

the pa thogenes is  o f  th rombocytopenia  occas ional ly  associa ted with 7E3 

adm inis t ra t ion  and obtain more information about  the pharmacokinet ics  

of  c7E3-Fab. Although a general overview of  the trial  is given below, the 

resul ts  presented  here re fe r  excluss ively  to the group o f  trial  pat ients  on 

whom flow cytometr ic  studies  were performed.
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5.2.1 B r ie f  d e sc r ip t io n  of c7E 3-Fab  t r ia l  p ro toco l

5 .2 .1 .1  S tudy  popu la t ion

The s tudy was approved by the local e th ical  commit tee  and written 

in form ed  consen t  was ob ta ined  by all par t ic ipa t ing  pat ien ts .  Patients  

between the ages o f  18 and 75 years were enrol led ,  exc luding  females  of  

ch i ld -bear ing  potential .  The d iagnosis  of  ischaemic hear t  d isease was 

documented  by a typical  his tory of  angina pectoris  and/or  ar teriographic  

evidence o f  >50% stenosis  o f  at  least  one coronary  ar tery  and/or  

previous  m yocardia l  in farc t ion  conf i rm ed  e lec t rocard iographica l ly  and 

biochemical ly .  Patients  with a h is tory of  throm bocytopenia ,  hyper ten 

sion, recent  (8 weeks or less) surgery, CNS diseases ,  immune disorders,  

in su l in  d e p e n d e n t  d ia b e te s ,  s ig n i f i c a n t  a b n o r m a l i t i e s  on ro u t in e  

haematologica l  and b iochemical  screening and a personal  or  family 

history o f  haemorrhag ic  d iathesis  were excluded.  Pat ients  who had 

received  thrombolyt ic  therapy within 4 weeks or  an t ip la te le t  agents /  

an ticoagulants  within 7 days o f  entry were also excluded,  as were 

pat ien ts  on m edica t ion  known to cause  th rom bocy topen ia ,  people  

previously  trea ted  with murine monoclonal  ant ibodies  and unstable  

cardiac pat ients  with a high l ikel ihood of  requir ing  invasive  procedures  

or emergency an t icoagula t ion / th rom bolys is .  All s tandard antianginal  

trea tment (beta-b lockers ,  calcium antagonis ts ,  n it ra tes)  was cont inued 

during the study.
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5 .2 .1 .2  Adm in is t ra t ion  o f  c7E3-Fab and monitoring  o f  an t ip la te le t  

act iv i ty

Par t ic ipa t ing  pat ients  were hospita l ised dur ing and for  48 hours af ter the 

infus ion  and were carefu l ly  moni to red  for  ev idence o f  b leeding.  c7E3- 

Fab fragments  were supplied  by Centocor  Inc. as a steri le,  preserva t ive  

free solut ion o f  2mg/ml o f  0 .15M NaCl and 0.01M sodium phosphate ,  pH 

7.2. The f ragm ents  had  been prepared  by papain d igest ion  o f  c7E3-IgG 

fo l lowed by ex tens ive  pur if ica t ion  to ensure  the absense o f  res idual  IgG 

molecules  or Fc fragments.  All patients received a I.V. loading c7E3-Fab 

dose of  0 .25mg/kg,  which was shown in previous  studies with m7E3-Fab 

to comple tely  inhibi t  pla te le t  response to phys io logical  agonists through 

near saturat ion b lockade o f  gpIIb-IIIa  receptors  (Machin et a l  1990). 

This was fo l low ed  by cont inuous  I.V. infusion o f  5pg /m in  for  24 hours 

(5 pat ients) ,  or  lOpg/min for  48 hours (7 pat ients) ,  72 hours (6 pat ients)  

or 96 hours (1 pat ient) .  P la te le t  response  to ant ibody adm inis t ra t ion  was 

m oni to red  by base l ine ,  dur ing  and pos t- in fus ion  m easurem ents  of  

p late let count,  b leeding  time (Simplate  II),  p la te le t  aggregat ion  and 

number  o f  available  7E3-binding  sites on pla te le ts  (see section 2.6).

5.3 FLOW CYTOMETRIC STUDIES IN PATIENTS RECEIVING  

c7E3-Fab INFUSIONS

5.3.1 Rationale for using flow cytometry to monitor platelet-surface  

c7E3-Fab.

The studies of  in vivo administ rat ion of  anti -gpIIb-IIIa MoAbs published 

so far have used rad io im m unom etr ic  assays (RIA) to m onitor  avai lab le

168



an t ibody-b ind ing  sites;  the amount o f  p la te le t -bound  ant ibody has been 

in fe r red  by subtraction of  the number  o f  b inding sites from that  of  

base l ine .  The number  o f  avai lable  b inding sites re turns  gradual ly  to 

normal  fo l lowing the infusion.  RIA studies give average numbers of  free 

b ind ing  sites per  p la te le t  but  do not give any information  about  the 

d is t r ibu t ion  o f  these  sites in the p la te le t  popula t ion .  One could  assume 

that ,  as new pla te le ts ,  presumably  not exposed to 7E3,  are re leased  into 

the b lood stream following the infusion,  two d is t inc t  subpopulat ions  

(7E3-pos i t ive  and 7E3-negat ive)  will  coex is t  unti l  the 7E3-coa ted  

p la te le ts  are c leared  from the c irculat ion.  The rate o f  c learance  o f  these 

p la te le ts  would  be expected to corre la te  with the rate  o f  normaliza tion  

o f  p la te le t  function parameters  (aggregat ion,  b leeding time)  and could 

be inappropria te ly  increased in pat ients  develop ing  th rom bocytopenia  

dur ing  or  af ter  the infusion.  As shown in Chapter  3 (Fig. 3.2),  flow 

cy tometry  o f  p la telets  label led  with ant i-gp antibodies  can be used to 

reveal  the presense o f  pla te le t  subpopula t ions  bear ing  d if feren t  amounts 

o f  a par t icu la r  gp. It was therefore  thought that,  by applying flow 

cytometr ic  analysis  to platelets  incubated  with a F ITC-labe l led  ant i-7E3 

ant ibody at various time points  before, during and af ter  c7E3-Fab 

infusion,  useful information might  be obta ined to improve understanding 

o f  the in vivo c7E3-Fab k inet ics .  It should  also be noted that,  direct  

q u an t i ta t ion  of  p la te le t -bound  7E3 us ing  an an t i -7E3  an t ibody  is 

theore t ica l ly  preferable  to the indirec t  quant i ta t ion by subtrac t ing  p o s t 

infusion from basel ine free 7E3-binding  sites,  as the la t ter  ca lcu la t ion  

is based on the assumption that  the total number  of  gpIIb-II Ia  molecules  

on the pla te le t  surface remains  constant.  This assumption  is cha l lenged 

by evidence for  the p resence o f  an in trap la te le t  pool  o f  gpIIb-II Ia  with 

recycl ing  of  gp between this pool  and pla te le t  surface (Wencel-Drake

1990).
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5.3.2 M o n ito r in g  p la te le t- su r fa c e  c7E 3-Fab

An F ITC-con juga tcd  polyclonal  rabb i t -an t i -m7E3 (Centocor  Inc.) c ross 

reac t in g  with the var iable  region o f  the chimaeric  7E3 was used to label 

p la te le t -b o u n d  c7E3-Fab (Fig. 5.2a).  S tock antibody concentra t ion  was 

2 .2m g/m l  and the f luoresce in- to -pro te in  ra tio  1.8:1. Labe l l ing  was 

pe r fo rm ed  using di lute  PRP (see 2 .3 .3 .1)  prepared  from c i t ra te -an t i 

coagu la ted  whole blood within  3 hours o f  venesect ion.  In v iew of  the 

sens i t iv i ty  o f  the epitope o f  7E3 to EDTA (Coller  et al  1986),  ci t ra te-  

P G E t (Appendix  to Chapter  2) was used  to wash the pla te le ts .  Figure  

5.2b shows f luorescen t  h is tograms ob ta ined  with p la te le ts  labe l led  at 

base l ine  and 30 minutes  af ter the onset  of  a c7E3-Fab infus ion,  by which 

time, as evidenced by the f luorescence distribution, the entire circulating 

p la te le t  popula t ion  was uniformly  coated  with antibody. The mean 

f luorescence  channel (MFC) number  was cons idered  to be direct ly  

p ropor t iona l  to the amount of  c7E3 on the pla te le t  surface; this is in 

agreement  with the calibrat ion curve presented  in Fig. 4.9, showing that,  

over  the range of  f luorescence in tensi t ies  encountered  in these studies,  

the MFC on the 1024-channel  scale of  the cy tometer  is, for  pract ica l  

purposes ,  a l inear  function of  the number  of  FITC-label led  antibody 

m olecu les  bound to the cell  surface (see also 5.3.5.1 below). In o rder  to 

cons ide r  the MFC as a l inear  function o f  the amount of  p la te le t -bound  

c7E3,  one also needs to assume that  the number  of  f luorescent  ant ibody 

molecules  binding per  molecule  o f  c7E3-Fab is the same at high and low 

levels  of  p la te le t-bound c7E3-Fab,  i.e. ignore  the possib le  role o f  steric 

hindrance. Figure 5.3 shows fluorescence histograms obtained at baseline 

and at various time points  af ter  the end o f  a 48 hour  infusion.  It is 

obvious  that,  contrary  to what  was expected,  the dis t r ibut ion  o f  p la te le t-  

bound 7E3 remained  unimodal  at all t ime poin ts  pos t- in fus ion ,  i .e.  no
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1: gpIIb-IIIa

2: c7E3-Fab

3: FITC-conjugated rabbit-anti-7E3 
antibody 
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FIGURE 5.2 a. Labelling of platelet-bound c7E3-Fab with fluorescent polyclonal 
probe; b. Representative fluorescence histograms obtained at baseline (upper panel) 
and 30 minutes into the infusion of c7E3-Fab (lower panel).
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FIGURE 5.3 Fluorescence histograms obtained by incubation of platelets 
at the end of a 48-hour infusion and various time points thereafter with 
FITC-conjugated rabbit anti-7E3.
MFC: Mean fluorescence channel.
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dual  (negat ive-pos i t ive)  populat ions  were present  as a resul t  o f  re lease  

o f  new, unexposed  to 7E3, p la te le ts ,  in any of  the pat ien ts  invest iga ted .  

Moreover ,  the ent ire  p la te le t  popula t ion  was bear ing surface-bound  7E3 

at a t ime (2 weeks)  well  beyond the l i fespan  (10 days) o f  the pla te le ts  

or ig ina l ly  exposed  to the ant ibody.  This  means that,  in some way, 

t ransfer  o f  an t ibody to the newly re leased  pla te le ts  was taking place.

5.3.2.1  2 4 -hour in fusions

Five pat ien ts  rece ived  a loading dose o f  0 .25mg/kg  fo l lowed by a 24- 

hour infusion of  5pg/min .  Table 5.1 shows the levels  o f  p la te le t -bound  

c7E3-Fab measured  at baseline (just p r ior  to the loading dose) ,  30 

minutes  in to the infusion,  end of  infusion and at various  pos t- in fus ion  

times. Dif ferences  between duplicate  measurements  on the same sample 

were cons is ten t ly  <2.5% and therefore  s ingle  m easu rem en ts  were 

routinely  performed.  The fall  in absolute  levels  (expressed  as mean 

fluorescence channel [MFC]) of  c7E3-Fab pos t- infusion is shown graphi

cally in Fig. 5.4, whereas Fig. 5.5 shows c7E3-Fab levels  expressed  as 

% of  the levels  at the end of  the infusion.  In two patients  (nos 1 and 2), 

no samples were avai lab le  for  flow cytometr ic  analysis  before  48 hours.  

In the rem ain ing  three pat ients ,  the time needed for p la te le t -bound  

antibody to fall  to 50% of  the level achieved at 24 hours was about  4 

days (Fig. 5.5).
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TIME

1

PATIENT

2

NUMBER

3 4 5

Baseline N/A N/A 2.0(4.0) 1.9(3.5) 2.0(5.0)

30 minutes N/A N/A 70(145.0) 44(76.0) 33(84.5)

24 hours N/A N/A 48(100.0) 58(100.0) 39(100.0)

48 hours 41 55 36(75.0) 49(84.5) 36(92.0)

72 hours 32 44 35(73.0) 35(60.5) 25(64.0)

5 days 30 41 24(50.0) 25(43.0) 21(54.0)

7 days 19 25 16(33.5)+ 22(38.0) 19(49.0)

14 days 5.5* 2.5* 5.7(13.0) 6.5(11.5) 6.7(18.0)

28 days 2.3 1.9 2.2(4.5) 2.1(3.5) 2.2(5.5)

+ 8 days, * 16 days, * N/A: sample not available

TABLE 5.1 24 hour infusions: Mean fluorescence channel (MFC) of platelets 

incubated with FITC-conjugated rabbit-anti-7E3 at various time points. The numbers 

in parentheses are MFC numbers expressed as % (0.5% approximation) of the MFC
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FIGURE 5.4 Post-infusion fall in absolute levels (expressed as MFC) of 
platelet-bound c7E3-Fab in 5 patients given 24-hour infusions. The 
horizontal dotted line represents background fluorescence.
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FIGURE 5.5 24-hour infusions (n=5). Mean post-infusion levels of 
platelet-bound c7E3-Fab expressed as % of the level attained at the end of 
the infusion. The thin vertical bars represent SD of the mean and the 
horizontal dotted line mean background fluorescence.
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5.3.2.2 4 8 -hour infusions

Seven pa t ien ts  rece ived  a 0 .25mg/kg loading dose fo l lowed by con t inu

ous infusion of  lOpg/min  for  48 hours.  The resul ts  o f  p la te le t -bound  

c7E 3-Fab  measurements  are summarized  in Table  5.2. F igure  5.6 is a 

graph ica l  representa t ion  o f  the pos t- infus ion  fall  in absolu te  levels  of  

p la te le t -bound  antibody (expressed  as MFC) in indiv idual  pat ients .  

F igure  5.7 shows the clearance rate  o f  an t ibody expressed  as % o f  the 

level  that  had  been achieved at the end o f  the infusion.  The average 

"halv ing-t ime" of  p la te le t -bound  ant ibody in this group was ca.  5 days.

5 .3 .2 .3  72 -hour infusions

Six pat ien ts  rece ived  a 0 .25mg/kg loading dose fo llowed by continuous 

in fus ion  of  lOpg/min for  72 hours.  The results  o f  m onitor ing  c7E3-Fab 

levels  are summarized in Table  5.3 and represen ted  g raphica l ly  in 

F igures  5.8 and 5.9. It  can be seen from Fig. 5.9 that  the halv ing- t im e of 

p la te le t -bound  antibody in this group o f  pat ients  was about  6 days.

5 .3 .2 .4  96-hour infusion

One pat ien t  rece ived  a loading dose of  0 .25mg/kg  fo l lowed by co n t inu 

ous infusion of  lOpg/min for  96 hours.  The measurements  ob ta ined  in 

this case  are given in Fig. 5.10.
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TIME PATIENT NUMBER

6 7 8 9 10 16 18

Baseline 1.7 1.8 1.9 2.0 2.2 2.0 2.1
(3.0) (2.5) (3.0) (3.5) (3.5) (3.5) (4.0)

30 minutes 46 59 53 54 59 52 43
(78) (82) (79) (95) (89.5) (91) (82.5)

24 hours 53 63 54 61 71 54 51
(90) (87.5) (80.5) (107) (107.5) (95) (98)

48 hours 59 72 67 57 66 57 52
(100) (100) (100) (100) (100) (100) (100)

72 hours 52 62 60 50** 48** 47 46
(88) (86) (89.5) (87.5) (73) (82.5) (88.5)

5 days 35 46 36 43 48 30~ N/A
(59.5) (64) (53.5) (75.5) (73) (52.5)

7 days 34 35 33 32 30+ 36 26
(57.5) (48.5) (49.5) (56) (45.5) (63.0) (50)

14 days 13 13 N/A 13 12 6 8.2s
(22) (18) (23) (18) (10.5) (16)

28 days 2.3 N/A 3.1* 2.3 2.1 2.1 2.1
(4.0) (4.5) (4.0) (3.0) (3.5) (4.0)

* 21 days, ** 60 hours, + 8 days, ** 4 days, $ 11 days, N/A: sample not available

TABLE 5.2 48 hour infusions: Mean fluorescence channel (MFC) of platelets 

incubated with FITC-conjugated rabbit-anti-7E3 at various time points. The numbers 

in parentheses are MFC numbers expressed as % (0.5% approximation) of the MFC 

at 48 hours.
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FIGURE 5.6  Post-infusion fall in absolute levels (expressed as MFC) of 
platelet-bound c7E3-Fab in 7 patients given 48-hour infusions. The 
horizontal dotted line represents background fluorescence.
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FIGURE 5.7  48-hour infusions (n=7). Mean post-infusion levels of 
platelet-bound c7E3-Fab expressed as % of the level attained at the end of 
the infusion. The thin vertical bars represent SD of the mean and the 
horizontal dotted line mean background fluorescence.
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TIME PATIENT NUMBER

11 12 13 14 15 17

Baseline 1.8 2.0 2.1 1.8 1.8 2.0
(3.5) (3.0) (3.5) (3.5) (3.0) (3.5)

30 minutes 56 52 ' 49 41 50 41
(110) (84) (80.5) (74.5) (77) (69.5)

24 hours 49 59 57 45 56 51
(96) (95) (93.5) (82) (86) (86.5)

48 hours 56 56 49 53 66 59
(110) (90.5) (80.5) (96.5) (101.5) (100)

72 hours 51 62 61 55 65 59
(100) (100) (100) (100) (100) (100)

5 days 37 50 49 48 49 53*
(72.5) (80.5) (80.5) (87.5) (75.5) (90)

7 days 36 26** 35** 38 42 40
(70.5) (42) (57.5) (69) (64.5) (68)

10 days N/A N/A N/A 25 26 25

(
(45.5) (40) (42.5)

14 days 9.1+ 5.5+ 9.3+ 17.1 13.9 11.6
(18) (9.0) (15) (31) (21.5) (19.5)

28 days 2.0 2.1 2.0 2.9 2.4 2.2
(4.0) (4.0) (3.5) (5.5) (4.0) (4.0)

♦ 4 days, ** 8 days, + 15 days, N/A: no sample available

TABLE 5.3 72 hour infusions: Mean fluorescence channel (MFC) of platelets 
incubated with FITC-conjugated rabbit-anti-7E3 at various time points. The numbers 
in parentheses are MFC numbers expressed as % (0.5% approximation) of the MFC 
at 72 hours.
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FIGURE 5.8 Post-infusion fall in absolute levels (expressed as MFC) of 
platelet-bound c7E3-Fab in 6 patients given 72-hour infusions. The 
horizontal dotted line represents background fluorescence.
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FIGURE 5.9  72-hour infusions (n=6). Mean post-infusion levels of 
platelet-bound c7E3-Fab expressed as % of the level attained at the end of 
the infusion. The thin vertical bars represent SD of the mean and the 
horizontal dotted line mean background fluorescence.
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5.3.3 Platelet-bound c7E3-Fab levels versus number of free binding 

sites.

The num ber o f  available binding sites for 7E3 on the p la te le t surface was 

rou tine ly  m onito red  using rad io labe lled  c7E 3-IgG  as described  in 2.6. 

Ind iv idua l patients* m easurem ents  perfo rm ed  s im ultaneously  with flow 

cy tom etric  p la te le t-bound  c7E3-Fab es tim ations  are g iven in Table  V .l  

(A ppendix  to C hapter  5). F igure  5.11 shows that the rate  o f  recovery  o f  

free b ind ing  sites post in fusion  was s im ilar  (para lle l lines) in the three 

groups o f  pa tien ts .  It can a lso  be seen that, the percen tage  o f  b inding 

sites b locked  at the end o f  the 24hr in fusion  was s ign if ican tly  low er 

com pared  with that o f  the 48 and 72hr in fusions, due to the low er 

infusion  dose o f  7E3 used in the fo rm er group (the loading  dose was the 

same in all groups).

There was a generally  good negative corre la tion  between absolu te  levels 

o f  p la te le t-bound  c7E3-Fab (PS7E3) m easured  by FC and free b inding 

sites for c7E3 es tim ated  by RIA (BS-RIA ). F igure  5.12 shows PS7E3 

p lo tted  against BS-RIA on day 7 o f  all three infusion  groups (r= -0 .666, 

PcO.OOl). In F igure  5.13, the pos t- in fus ion  fall o f  PS7E3 m easured  by 

FC has been p lotted  against the increase in BS-RIA in individual patients 

(those on whom at least 4 sim ultaneous FC/RIA assays were perform ed). 

There was generally  a very strong corre la tion  between ra te  o f  fall of 

PS7E3 and increase  in BS-RIA.

Although the num ber o f  free b inding  sites had re tu rned  to baseline 

(m ean=103.7% , SD=16%) on day 7 in the pa tien ts  who rece ived  24hr 

infusions, in the same group o f  patients the levels of flow cytom etrica lly  

measurable c7E3-Fab on the pla te le t surface were 40% (SD=8%) o f  those
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FIGURE 5.11 Recovery of c7E3 binding sites (as % of baseline) estimated 
by RIA following 24, 48 or 72-hour infusions of c7E3-Fab. The thin 
vertical bars represent SD of the mean.
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at 24 hours . F ou r  days post in fusion , free b ind ing  sites and 7E3 levels  

w ere respec tive ly  73.8% (SD=21.7%) and 49% (SD=5.5%). This suggests 

th a t  the p la te le ts  m igh t be express ing  more surface  gp IIb -IIIa  post 

in fu s io n  com pared  with baseline . In the groups who rece ived  longer and 

h ig h e r  dose  in fus ions ,  th is  apparen t d iscrepancy  betw een  recovery  o f  

f ree  b ind ing  sites and am ount o f  p la te le t-bound  7E3 was less m arked. In 

the 4 8 h r  in fusion  group, b inding  sites on day 7 had re tu rned  to 64.9% 

(SD=32.8% ) o f  baseline, while p latelet-bound 7E3 was 52.8% (SD=6.1%) 

o f  the level ach ieved  at 48 hours. In the 72hr in fus ion  group, binding 

sites  four  days post infusion  were 51.1% (SD =19.9% ) o f  baseline and 

7E3 levels  61.9% (SD =10.8% ) o f  those at the end of the in fusion .

5 .3 .4  c 7 E 3 -F a b  b in d in g  s i te s  by flow  c y to m e try

U sing  incubation  with c7E3-IgG  to es tim ate  ava ilab le  b inding  sites 

fo llow ing  adm in istra tion  o f  c7E3-Fab has the theore tica l d isadvantage 

o f  overes tim ating  the true num ber o f  free b inding  sites due to d isp lace 

m ent o f  p la te le t-bound  cFab during  incubation  with c lgG . F urtherm ore , 

Fab fragm ents  could  have better  access to b inding  sites located  in the 

su rface-connec ted  can a licu la r  system (W oods et al  1986). In o rder to 

assess  the e fficacy  o f  FC in m onito ring  free c7E 3-Fab b inding  sites in 

p a ra lle l  with p la te le t-b o u n d  c7E3-Fab, p la te le ts  were labe lled  with 

F IT C -con juga ted  c7E3-Fab at baseline and at various tim e points  during  

and af te r  the infusion . The an tibody concen tra tion  (stock) was 0.8m g/l 

w ith  a f luorochrom erpro te in  ra tio  o f  5.1:1. L abe lling  was perform ed 

using  d ilu te  PRP as described  in 2.3.3.1 and a sa tu ra ting  final FITC- 

c7E 3-Fab concen tra tion  o f  10pg/m l. The fina l wash was in c itra te -PG E , 

buffer . R epresen ta tive  h istogram s are shown in Fig. 5.14.
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FIGURE 5.14 Flow cytometric estimations of c7E3-Fab binding capacity 
of platelets at various time points of a 72-hour c7E3-Fab infusion. 
Fluorescence histograms were obtained by incubation with FITC-conjugated 

c7E3-Fab.

72 hours 
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BASELINE 
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The resu lts  ob ta ined  in the six patien ts  who were s tudied in this way are 

shown in Table 5.4 both as absolu te  f luorescence  levels (expressed  as 

MFC) and percen t o f  baseline  fluorescence. All patients  had rece ived  a 

loading dose o f  0 .25m g/kg at time zero, fo llow ed by continuous infusion 

of 10ng/m in for 48 (n=2), 72 (n=3) or 96 (n = l)  hours. At 30 m inutes, the 

7E3-b ind ing  capacity  had fa llen  to 6.8% (SD=0.7% ) of baseline . At the 

end of the infusion it was 7.7% (SD=2.6%) compared to 8.7% (SD=2.3%) 

estim ated  by RIA. In the three 72hr-in fusion  patien ts  s tudied , the free 

b inding sites on day 7 were 50.5% (SD=9.5% ) by FC and 61.2% (21.3% ) 

by RIA. As shown in F ig .5.15, there was usually  an excellen t corre la tion  

between the rate  of post infusion  recovery  o f  b inding sites es tim ated  by 

FC and that estim ated  by RIA.

Five pa tien ts  had 7E3-b ind ing  capacity  m easured  by FC on day 28. As 

shown in F ig .5.16, antibody binding at that point was 134.2% (SD=17%) 

o f  baseline.

5 .3.5 T h e  p h e n o m e n o n  o f  7 E 3 -F a b  t r a n s f e r  be tw een  p la te le t s

As described  in 5 .3 .2 , c7E3-Fab was p resen t on the surface o f  all 

c ircu la ting  p la te le ts  at time points well beyond the life  span o f  the 

p latelets  o rig ina lly  exposed  to the an tibody. This was not due to 

prolonged survival of 7E3-coated  pla te le ts  because antibody d istr ibu tion  

in the p la te le t popula tion  was always unim odal. One or more o f  the 

fo llow ing m echanism s could  be responsib le :

- Transfer of antibody betw een recep tors  as p la te le ts  come into contact 

(i.e. "jumping" of 7E3 to unoccupied binding sites; a simple com petition 

m echanism).
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TIME PATIENT NUMBER

14* 15* 16** 17* 18** 19+

Baseline 94.6
(100)

81.0
(100)

91.1
(100)

86.9
(100),

84.0
(100)

110.0
(100)

30 mins 6.1
(6.5)

5.8
(7.2)

7.1
(7.8)

6.0
(6.9)

5.8
(6.9)

6.1
(5.5)

24 hours 12.3
(13.0)

11.7
(14.4)

8.7
(9.5)

8.8
(10.5)

5.4
(4.9)

48 hours 12.1
(12.7)

11.0
(13.5)

11.1
(1*2.2)

7.8
(9.0)

4.8
(5.7)

5.1
(4.6)

72 hours 8.5
(9.0)

6.6
(8.1)

30.1
(33.0)

5.5
(6.3)

26.4
(31.4)

7.6
(6.9)

96 hours 60.6
(66.5)

17.2
(19.8)

5.5
(5.0)

day 5 34.1
(36.0)

32.8
(40.5)

14.0
(12.7)

day 7 50.7
(53.6)

47.1
(58.1)

69.0
(75.7)

34.6
(39.8)

64.3
(76.5)

29.0
(26.4)

day 10 74.2
(78.4)

62.7
(77.4)

54.0
(62.1)

87.3s
(103.9)

42.0
(38.2)

day 14 74.8
(79.5)

65.6
(81.0)

84.4
(92.6)

87.1
(100.2)

86.3
(78.5)

day 28 111.0
(117.3)

97.1
(119.9)

118.0
(129.5)

130.0
(149.6)

130.0
(154.7)

* 72hr infusion, ** 48hr infusion, * 96hr infusion, * day 11

TABLE 5.4 Mean fluorescence channels (MFC) of platelets incubated with FITC- 
conjugated c7E3-Fab before (baseline) and at various time points during and after 
c7E3-Fab infusion. The numbers in parentheses are MFC expressed as percent of MFC 
at baseline.
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PATIENT No 14
MA-MHQINO SirCS/PLATCLET (THOUSANDS)

too

•0
•0
40

20

0
to2 120 C4

TIME IN DAYS 

— — n o w  c n o i i m r r  —•— m a

PATIENT No 16
MA—WNQ1NC S1TES/PIATCLET (THOUSANDS)

i:
II

10 20 25 301550
TIME IN DAYS

PATIENT No 15
MA-MMMMO M TES/PU TCLCT (THOUSANDS)

15 2010 2ft 200 ft
TIME IN DAYS 

—  f l o w  c r r o y n r r  m a

PATIENT No 17
MA-WHPINO S i r tS /P U T O E T  (THOUSANDS)

3013 20 25100 5
TIME IN DAYS

FIGURE 5.15 Parallel flow cytometric and RIA estimation of c7E3 
binding capacity of platelets at various time points of three 72-hour and 
one 48-hour (patient No 16) infusions. There is an excellent correlation 
between the two methods with an average linear correlation coefficient of 
r=0.97 (SD=0.028).
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FIGURE 5.16 Comparison of flow cytometrically estimated c7E3-Fab- 
binding capacity (expressed as % of baseline) at various time points during 
and after the infusion. The numbers given are means of the 5 patients who 
had this measurement performed on day 28; the thin vertical bars represent 
SD of the mean.
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- Exchange o f  antibody-carrying receptors between platelets.

- A ntibody b inding  to m egakaryocytes  or o ther sites (e.g. endothelia ) ,  

w ith  subsequent inco rp o ra tio n /tran sfe r  to newly re leased  p la te le ts .

In order to investiga te  the f irs t  two possib il i t ie s ,  the fo llow ing  ex vivo 

and in v itro  m ixing experim ents  were perform ed:

(a). PRP was made from c itra te -an tico ag u la ted  blood samples obtained 

at baseline  and during the c-7E3-Fab infusion  and the p la te le t count 

ad justed  to 3 0 0 x l0 9/l. Equal volumes o f  the two PRPs were m ixed in 

po lypropy lene  tubes and incubated  at room  tem perature , s tanding or on 

a ro tary  m ixer. P la te le t-bound  7E3 was m easured by FC (5.3.2) im m edi

ately after m ixing and at in terva ls  during  the incubation . The results  o f  

a representative experim ent are shown in Fig. 5.17. Two distinct p latelet 

populations, a negative  (baseline) and a pos itive  (7E3-coated) were 

present im m ediate ly  after mixing. W ith tim e, the f luorecence of the 

positive  popu la tion  decreased  and tha t o f  the negative  increased , 

eventually  resu lting  in com plete m erging o f  the two populations. The 

mean fluorescence at equ ilib rium  (the po in t were only a single peak was 

visible in the fluorescence  h istogram ) was about 50% of the orig inal 

f luorescence of the 7E 3-coated  p la te le ts .  E qu ilib r ium  was usually  

reached w ithin  18 hours. Continuous m ixing had no appreciab le  effect 

on the time needed to reach equilibrium .

(b). PRP from  normal volunteers  was incubated  with 5fXg/ml c7E3-Fab 

for 30 minutes and, following 2 washes in citra te-PGEj the platelets  were 

resuspended in autologous PPP. M ixing with an equal volume of PRP 

which had not been exposed  to 7E3 and m easurem ents  of  p la te le t-bound
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FIGURE 5.17 Fluorescent histograms showing the distribution of platelet- 
bound c7E3-Fab at various time points following mixing equal numbers of 
c7E3-Fab-coated and non-coated platelets.
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7E3 were perform ed as in (a). Again, a gradual transfer o f  antibody from 

pos itive  to negative  cells  was observed. The rate of transfer  varied 

betw een ind iv iduals  but, as with the ex vivo m ixing, equ ilib rium  was 

usually  ach ieved  w ithin 18 hours. The same pattern  of an tibody transfer 

was observed  when the Fab fragm ent o f  m urine 7E3 was used instead  of 

ch im aeric  7E3-Fab.

(c). W ashed p la te le ts  (in c itra te -PG E j) were incubated  with a saturating  

concentration  of c7E3-Fab and, fo llow ing a further wash, were resuspen 

ded in PBS and m ixed with an equal volum e of washed, non-7E3 coated 

p la te le ts  from  the same donor. There was no d ifference in the pa ttern  of 

antibody transfer com pared to p latelets  suspended in autologous plasma.

(d). The above experim ent (c) was repeated using washed platelets  which 

were fixed (paraform aldehyde 1%) p rio r  to 7E3 coating. T ransfer  of 

antibody to non-coated , non-fixed  p la te le ts  took p lace  at an increased  

rate, probably  re flec ting  low er a ffin ity  of 7E3 for the f ixed receptor.

(e). Experim ents  (b) and (c) were repeated  using an excess of  the whole 

m olecule o f  c7E3-IgG  (instead  of its Fab fragm ent) to coat the p la te le ts .  

In this case no s ign ifican t antibody transfer  from  positive  to negative 

p latelets  took place (Fig. 5.18). This suggests that 7E3-IgG binds to the 

I lb -IIIa  receptor with s ignificantly  h igher affin ity  than its Fab fragm ent. 

This is m ost likely  due to b ivalen t b inding, i.e. each Fab arm of the 7E3- 

IgG m olecule binding to a d ifferent I lb -IIIa  m olecule, even in conditions 

of large antibody excess.

(f). c7E3-Fab-coated platelets  were mixed and incubated with non-coated 

p latelets  whose I lb -IIIa  com plexes had been d issocia ted  through

200



A
c 7 E 3 - F a b

Log FL

B
c 7 E 3 - I g G

1 10 100 1000
Log FL

FIGURE 5.18 The distribution of platelet-bound c7E3 five hours after 
mixing platelets coated with c7E3-Fab (A ) or c7E3-IgG (B) with equal 
numbers of non-coated platelets (see also Fig. 5.17).
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trea tm en t w ith  lOmM EDTA at 37°C and pH 8.0 for 1 hour (P idard  et al 

1986, Zucker & Grant 1978). In this case, antibody transfe r  a f te r  24 hr 

incubation  was neglig ib le .

5.3.5.1  Use o f  the 7E3-Fab trans fer  phenom enon  to cal ibrate  the f l o w  

cytometer

By m ix ing  know n p ro p o rt io n s  o f  7 E 3 -F ab -co a ted  and n o n -co a ted  

platelets  and incubating until equilibrium  is reached (i.e. all the p latelets  

in the m ixture carry the same num ber of 7E3-Fab m olecu les) ,  it should 

be possib le  to create  suspensions o f  p la te le ts  with known ra tios  of 

surface-bound 7E3-Fab. L abelling  of these p la te le ts  with a FITC- 

conjugated  an ti-7E 3-Fab  w ould give a range o f  f luorescence  in tensit ies  

which could  be p lo tted  against the percen tage  of 7 E 3-F ab -coa ted  

pla te le ts  in the orig inal m ixture (d irectly  p roportiona l to p la te le t-bound  

7E3-Fab a f te r  equ ilib rium ). In this way, cy tom eter ca lib ra tion  curves 

could be generated, enabling quan tita tive  com parisons betw een different 

samples.

To confirm  this, w ashed p la te le ts  w ere incuba ted  w ith sa tu ra ting  

concen tra tions  of c7E 3-Fab  and, a f te r  fu r th e r  w ash ing  to rem ove 

unbound antibody, they were suspended in PBS, counted  and m ixed with 

known numbers of iden tica lly  trea ted  p la te le ts  from  the same donor, 

which had not been exposed to c7E3-Fab. When equilib rium  was reached 

in all m ixtures as jud g ed  by the p resence of a single h istogram  on 

labelling  with F IT C -rabb it-an ti-7E 3 , the mean fluorescence  channel 

(MFC) was recorded  (results  of dup lica te  experim ents  shown in Table 

5.5) and p lo tted  against the percentage o f  c7E 3-coated  p la te le ts  in the
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Ratio of c7E3-Fab- 

coated/non-coated platelets 

in mixture (%)

Mean fluorescence channel 

experiment 1 experiment 2

0/100 1.77 1.75

25/75 12.81 11.56

50/50 22.59 23.77

75/25 37.66 36.44

100/0 51.39 52.60

TABLE 5.5 Mean fluorescence channels at equilibrium, obtained by FTTC-rabbit-anti- 

7E3 labelling of various mixtures of c7E3-Fab-coated and non-coated platelets.
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FIGURE 5.19 A five-point calibration curve for the flow cytometer based 
on the results of the two independent mixing experiments presented in 
Table 5.5. Each point represents the mean of two independent 
measurements.
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m ixture  (Fig. 5.19). A lthough the best curve fit was given by a 2nd 

degree po lynom ial,  for p ractica l purposes, the MFC on the 1024-channel 

log fluo rescence  scale could  be cons idered  a l inear  function  o f  the 

num ber o f  7E3 m olecules  on the p la te le t  surface.

5 .3 .6  L a b e l l in g  o f  c 7 E 3 -F a b  a f t e r  p la te le t  p e r m e a b i l iz a t io n

The f luorescence  o f  in tac t p la te le ts  incubated  with F IT C -con jugated  

anti-7E3 reflec ts  the am ount o f  surface-bound antibody. It is possib le  

that some o f  the p la te le t-a sso c ia ted  c7E3-Fab becomes in te rn a lized  and 

therefo re  inaccess ib le  to the f luorescen t probe. To investiga te  this 

poss ib il i ty ,  p la te le ts  from  3 patien ts  who were on day 7 of a 72 (n=2) or 

96-hour (n = l)  in fusion  were labelled  with F IT C -conjugated  rabb it  anti- 

7E3 before and after  p la te le t m em brane perm eab iliza tion  with the non 

ionic de tergen t Triton  X-100 (TX-100). P erm eab iliza tion  was ach ieved  

by fixing washed p latelets  with 1% paraform aldehyde (section 2.1.8) and 

then incubating  for 10 m inutes w ith 0.1% (v/v) TX-100. Fo llow ing  two 

w ashes, labe ll ing  w ith the f luo rescen t an ti-7E3 was perfo rm ed  as 

described  in 5.3.2 above. Normal p la te le ts ,  not exposed  to 7E3, were 

used as con tro l to estim ate  non-specific  f luorescence.

There was a s ign ifican t increase in non-specific  f luorescence  after 

perm eab iliza tion  but, even when this was allow ed for, there  was a 

m arked increase  (55-64% ) in the am ount o f  de tectab le  c7E3-Fab in the 

TX-100 trea ted  p la te le ts  com pared with that o f  f ixed  but not TX-100 

treated ones in all three patien ts. The resu lts  of a rep resen ta tive  

experim ent are shown in Fig. 5.20.
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6 0
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NO T X -1 0 0 T X -1 0 0

FIGURE 5.20 Fluorescence of platelets isolated from a day 7 sample of a 
96-hour c7E3-Fab infusion and incubated with FITC-rabbit-anti-7E3 (A) 
and of control platelets (B) incubated with the same fluorescent probe. The 
measurements were performed before and after permeabilization with T X - 
100. "Specific" fluorescence (C) is calculated by subtraction of B from A. 
MFC: Mean fluorescence channel.
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5.3 .7  C orre la tions  betw een aggregation  responses to ADP and 7E3 

b ind ing  sites or p la te le t-bound  c7E3-Fab.

Table  V.2 (Appendix to Chapter 5) shows p la te le t aggregation responses 

to 5 and 20 p.M ADP at baseline  and up to  day 7 in the 24, 48 and 72 

hour in fusion  groups. In some pa tien ts ,  aggregation  studies were also 

p erfo rm ed  on days 10, 14 and 28 (resu lts  not shown). In the 24hr 

in fus ion  group (5fig/m in), aggregation  responses  at the end o f  the 

in fus ion  were 32.5% (43.8% ), SD 5.3% (9.3%) of baseline (the firs t 

num ber refers  to 5|iM  and the num ber in parenthesis  to 20(iM ADP). 

These had re tu rned  to the p re-in fusion  levels by 72 hours. In the 48hr 

in fusion  group (10p,g/min), the responses to 5 and 20[iM ADP at the end 

o f  the in fusion  were 5% (7.5% ), SD 6.6% (8.3%) of baseline and had 

re tu rned  to 89.3% (93.6% ), SD 35.8% (28.3% ) by day 7. In the patien ts  

who rece ived  72hr infusions (10pg/m in), the responses to 5|iM  (20|iM ) 

ADP at the end o f  the infusion  were 7.9% (11.1% ), SD 7.5% (6.7%) of 

base line , with recovery  to 86.5% (99.4% ) by day 7.

There was a very strong pos itive  co rre la tion  (Fig. 5.21 & 5.22) between 

aggregation  response to ADP and the logarithm  of  the num ber of free 

7E3 b inding sites on the p la te le t surface es tim ated  by FC (r=0.84 [0.92] 

for 5 |iM  [20(xM] ADP). For practical purposes, the aggregation response 

to ADP could  be cons idered  a linear function  (Fig. 5.21) o f  the num ber 

o f  free 7E3-binding  sites from the onset o f  the infusion  until the num ber 

o f  b inding  sites had re tu rned  to about 55% of baseline . From that point 

until  the num ber of free b inding sites re tu rned  to p re-in fusion  levels 

there was no co rre la tion , suggesting that approxim ate ly  ha lf  of the 

ava ilab le  gpIIb-IIIa  receptors  can be b locked w ithout appreciab le  effect 

on p la te le t responsiveness to ADP as assessed by standard turbidom etric  

m ethods.
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FIGURE 5.21 A logarithmic curve gives the best fit when ex vivo 
platelet aggregation responses to 5 and 20^M ADP are plotted against the 
amount of residual 7E3-Fab binding sites measured by FC. The continuous 
and dotted line refer to 5 and 20fiM ADP respectively.
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FIGURE 5.22 Same data as in Fig. 5.21 after logarithmic transformation 
of the amount of residual binding sites. Aggregation to ADP is a linear 
function (r=0.9, PcO.OOOl) of the logarithm of available 7E3 binding sites 
(i.e. fibrinogen receptors).
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A similar  p ictu re  was obta ined  when aggregation responses  were p lo t ted  

agains t  the amount  o f  p la te le t -bound  c7E3-Fab (expressed  as percent  of  

the amount bound at the end of  the infusion).  A strong negative l inear  

correla t ion (r=-0.83 [-0.81] for 5p.M [20|xM] ADP) was present  only until 

c7E3-Fab levels  fell  to 40-50% of  those achieved at the end o f  the 

infus ion  (Fig. 5.23).  From that point  until  the point  when p la te le t -bound  

7E3 was no longer  detectable ,  there was no correla t ion between levels 

o f  antibody on the pla te le t  surface and aggregat ion response to ADP.
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FIGURE 5.23 Ex vivo platelet aggregation responses to 5 (open squares) 
and 20yM (open triangles) ADP are plotted against the amount of platelet 
surface-bound c7E3-Fab (expressed as % of the level reached at the end of 
the infusion) measured by FC. There is a strong linear correlation between 
aggregation response and amount of platelet-bound antibody until the 
level of the latter falls to 40-50% of that measurable at the end of the 
infusion.
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5.4 CONCLUSIONS

The studies described in this chapter  represent  the f irs t  publ ished  

application of  flow cytometry  to monitor  the plate let surface in the 

sett ing of  therapeutic  administ ra t ion of  an t i -p la te le t  MoAbs. The results  

of  flow cytometric monitoring of  platelet-bound c7E3-Fab and c7E3-Fab- 

binding sites were consis tent  and corre la ted  well with the resul ts  of  RIA 

and aggregometry .  Moreover ,  important  new information was obta ined.

An unexpected f inding was the unimodal  d is tr ibution of antibody in the 

platelet  populat ion at all time points following the infusion of  c7E3-Fab. 

This,  combined with the fact that pract ica l ly  all platelets  were bearing 

ant ibody at pos t- in fus ion  times exceed ing  the l i fespan o f  normal 

platele ts ,  clear ly  suggests  that, in some way, transfer  of  ant ibody to the 

newly re leased  platelets  had occurred. The ex,vivo and in vitro mixing 

studies described in 5.4.5 showed that t ransfer  of  c7E3-Fab or m7E3-Fab 

could take place from antibody coated platelets  to plate lets  bearing no 

antibody or, following the di rect ion of  the concentra t ion gradient ,  

between two pla te le t  populat ions  bear ing d ifferent  levels of  ant ibody,  

eventual ly  resu l t ing  in normal dis tr ibution of  p la te le t-bound 7E3-Fab in 

the mixture.  The occurrence of  this phenomenon in platelets  which had 

been fixed pr ior  to being coated with 7E3-Fab and the failure to t ransfer  

ant ibody to p la telets  whose 7E3 epitopes  had been destroyed through 

t reatment with EDTA, suggest that exchange of  receptors  was not 

responsib le  for antibody transfer  between platelets.  Fur thermore,  the 

lack of  antibody t ransfer  from platelets  coated with c7E3-IgG instead of  

c7E3-Fab suggests that the transfer  is made possible by lower affinity of  

the Fab fragment for the receptor  compared to that of  the whole IgG 

molecule,  probably due to bivalent binding of  the latter.  Bivalent binding
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is supported by the findings of  Jordan et al  (1991) who showed that 

platelets  from the same donor bound ca.  80,000 molecu les /p la te le t  of  

radiolabelled  7E3-Fab or a heterobifunct ional  F ( a b ' ) 2 f ragment  (con

structed by chemical ly  linking a 7E3-Fab with the Fab of  an i r re levant  

MoAb) but only ca. 40,000 molecules /p la te le t  o f  7E3-F(ab*)2 or 7E3- 

IgG. This suggests  that the number of  I lb - I IIa  receptors  per  p la te le t  is 

closer to 80,000 rather  than the generally quoted 40,000,  the discrepancy 

having presumably  arisen from the common use of  the whole molecule  

o f  anti -g lycoprotein antibodies  for receptor  quant i ta t ion studies.  

Although simple competi t ion for  7E3-Fab binding between available  

receptors  explains  the antibody transfer  seen in the ex vivo and in vitro 

mixing studies ,  the contr ibution of  o ther  mechanisms in the ant ibody 

transfer  observed in vivo cannot be excluded.  Megakaryocytes  express  

I lb-IIIa  on their  surface (Berridge and Ralph 1985, Breton-Gorius  and 

Vainchenker  1986) and binding of  7E3 with subsequent  incorporat ion 

into platelets  should be considered.  The fact that,  Fab fragments ,  due to 

their smaller size, might  have better access to bone marrow extracel lu lar  

matrix compared to IgG or F (a b ’)2 could also be p laying a role.  Another  

theoret ical ly possible  scenario might involve binding of  7E3-Fab to 

endothel ia ,  with subsequent transfer  to c ircula t ing platelets.  Indirect  

evidence suggests that binding of  7E3 to endothelia l  cells does occur  

(Charo et al 1987, Mart inez et al  1989).

As a result  of  c7E3-Fab transfer  to new platelets,  a s ignif icant amount 

of  antibody {ca. 25% of the level reached at the end of  the infusion) was 

still detectable  on all c i rculating platelets  (Fig. 5.24) 10 days af ter  the 

infusion had finished, i.e. at a t ime when very few of  the platelets  

or iginal ly  exposed to the antibody would be expected to have survived.
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FIGURE 5.24 Comparison of the rate of clearance of platelet-bound 
c7E3-Fab in the 3 main groups of patients studied (24, 48 and 72-hour 
infusions).
BG: level of non-specific (background) fluorescence.
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The possib le  implicat ions  of  this p ro longed  c ircula t ion of  the an tibody 

are d iscussed in Chapter  7.

In general ,  the c learance of  p la te le t  surface-bound c7E3-Fab  (PS7E3) 

pos t- infus ion  followed an exponent ia l  model  (Fig. 5.25) .  The initial  

pos t- infus ion  el imination rate of  PS7E3 (expressed  as "halving time") 

appeared to be fastes t  in the 24-hour infus ion  group and s lowest  in the 

72-hour  group (Fig. 5.24), al though the small number  of  pat ients  in each 

of  the three main groups did not allow s ta t is t ica l  s ignif icance  to exceed 

the 5% level.  It is possible  that,  ant ibody infusion of  h igher  dose or 

longer  durat ion (or both) results  in increased  binding of  7E3 to sites 

other  than the p latele t  surface (e.g. in trap la te le t  I lb - I I Ia ,  m egakaryo 

cytes ,  endothel ia)  with subsequent  transfer  to the pla te le t  surface , thus 

slowing down the clearance o f  p la te le t -bound  antibody. Harr ison  et al 

(1990) , s tudying pat ients  receiv ing  murine  or  ch imaer ic  7E3-Fab,  

reported  detect ion of  antibody intracellularly.,  probably  in the open 

canal icu lar  system, which suggests that  an t ibody-bear ing  I lb - I I Ia  can 

shift  from the surface to the in ter ior  of  the cell .  Shift  in the opposite  

direction is also conceivable as part of  the I lb- I IIa  pool cycl ing (Wencel- 

Drake 1990).

In te rnal isa t ion  of  other  MoAbs bound to the I lb - I I Ia  complex  has also 

been described  (Santoso et al 1986, Isenberg et al 1990) and it has been 

suggested  that sequestrat ion of  antibody-bearing  I lb - I I Ia  in to  the SCCS 

might  be responsib le  for the result ing refractor iness  to aggregation by 

p la te le t  agonists .  The results  of  flow cytometr ic  monitoring  o f  platelet 

surface-bound 7E3 presented here show that  this mechanism is not 

p laying an important  role in 7E3 induced refrac tor iness ,  because, 

a l though ant ibody-receptor  complex in te rna l iza t ion does seem to occur, 

large amounts  of  antibody are present  on the surface (presumably
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blocking the f ibr inogen receptor)  while the response to ADP is absent,  

and there is a strong negat ive corre la t ion  between levels  o f  surface-  

bound 7E3 and response  to ADP following the infus ion .  The shift  o f  

some c7E3-Fab to areas accessible only af ter disrupt ion of  the cont inuity 

o f  the p la te le t  membrane is supported by the s ign i f ican t  increase  in 

ant ibody detec table  by FC fol lowing t rea tment  of  the p la te le ts  with TX- 

100 al though it is d iff icul t  to make assumptions  regard ing  the locat ion 

of  the addi t ional  7E3 measured in this way. As pur i f ied  Fab fragments  

o f  the chimaeric  ant ibody were used in the infus ions ,  c ross l ink ing  of  

receptors  through bivalent  binding of  antibody and Fc b inding to the 

FcyRII receptors  (Spycher and Nydegger  1986) can be d iscarded  as 

possib le  m echanisms mediat ing  in terna l iza t ion  o f  an t ibody-I Ib -I I Ia  

complexes .

The f inding that the number of  free 7E3 binding sites on the p latelet  

surface could return to the pre-infusion levels while a s ignif icant amount 

o f  antibody remained  surface-bound (5.3.3) suggests  that  in t race l lu lar  

I lb-IIIa ,  not exposed to the ant ibody,  had become ex te r io r ized  or/and 

that  p la te le ts  bear ing  h igher  levels  of  I lb - I I Ia  had  em erged .  The 

observat ion that,  in 5 pat ien ts  who had c7E3-Fab-b ind ing  capacity  

measured by FC on day 28, this was signif icantly  increased  compared to 

basel ine (p<0.02 by pai red  t-test ,  Fig. 5.16),  raises the poss ib i l i ty  that 

some form of  up-regulat ion of I lb - I I Ia  receptors  might  be taking place 

as a response to the blocking ef fect  of  7E3. In view o f  the small number 

of  patients  studied, this needs further  invest igat ion in fu ture  studies.

Finally ,  the correlat ions  of flow cytometr ic  measurements  of  pla telet-  

bound c7E3-Fab and free c7E3-Fab binding sites with the simultaneously 

assessed responsiveness  to ADP confirmed the previously  observed
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re la t ionships  between blockade of  f ib r inogen receptors  and impairment  

of  p la te le t  funct ion.  The best corre la t ion was between logar ithm of  

avai lable  binding sites and aggregation response  to 5 or 20[iM ADP 

(r=0.9, PcO.OOOl). This is in agreement with the f inding that  the 

logar ithm of  the bleeding time was inverse ly  proportional  (r=0.73) to the 

residual  I lb - I IIa  receptors  in pat ients  given  bolus in ject ions of  7E3- 

F ( a b ’)2 (Gold et al  1990). It appears that about  half  of  the I lb - I I Ia  

receptors  on the pla te le t  surface must  be b locked before any appreciable  

effect on aggregabil i ty .  This is cons is ten t  with the typical  lack of  

demonstrable  aggregation abnormalit ies  in heterozygotes  for Glanz- 

m a n n ’s thrombasthenia ,  whose platelets  bear  about  50% of  the normal 

number  of  I lb - I I Ia  molecules .  There seems that gpIIb-II Ia  is present  in 

"excess" o f  that necessary for haemostasis  but whether  reduct ions  in the 

number  of  receptors  to levels not affect ing s tandard p la tele t  function 

tests afford any long term protect ion against  thromboembolic  disease 

remains  to be investigated .
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Appendix to Chapter 5

PATIENT c7E3-IgG BINDING SITES (THOUSANDS)
No

b/line 24hrs 48hrs 72hrs 5 days 7 days 10 days

24hr infusions

1 37.82 7.50 25.42 25.17 35.63

2 51.70 6.15 20.89 35.71 30.21 50.61

3 47.30 12.98 26.69 25.09 34.58 41.42*

4 34.55 21.11 17.84 18.83 20.69 44.20

5 28.89 15.06 16.08 20.56 32.16 32.13

48hr infusions

6 36.42 4.59 9.92 9.67 18.27 19.05

7 50.15 3.71 3.74 11.44 16.61 11.60

8 37.86 4.51 4.71 9.89 15.72 18.00

9 38.81 7.78 10.04 11.36 22.88 35.67

10 40.06 14.20 5.08 9.35 22.14 30.39

16 55.38 3.85 4.39 8.93 17.27 24.60

18 29.92 3.58 1.92 1423 13.62 35.77 18.40+

72hr infusions

11 44.70 7.78 6.81 5.95 14.97 19.24

12 53.64 7.42 5.83. 6.35 15.54 13.36*

13 46.04 5.54 4.66 4.26 11.28 25.41

14 37.92 4.06 3.98 3.17 14.09 22.67 34.22

15 25.44 5.89 3.70 2.97 10.64 21.19 26.66

17 36.05 3.01 3.26 2.35 9.01 14.65

* day 8, * day 11

TABLE V .l RIA estimation of available c7E3-IgG binding sites on platelets at 
baseline and various time points during and after c7E3-Fab infusions.
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PATIENT Response to ADP 5pM/20|iM

No (as percent increase in light transmittance of PRP)

b/line 24hrs 48hrs 72hrs 5 days 7 days

24hr infusions

1 69/72 22/30 46/66 60/69 68/76 74/85

2 76/86 21/38 48/74 70/97 90/85 82/87

3 87/89 36/44 .64/65 61/69 43/88 86/86*

4 68/66 22/36 62/78 90/82 81/70 59/81

5 48/64 14/19 27/44 32/58 48/54 61/65

48hr infusions

6 70/85 9/14 6/12 30/49 47/62 40/49

7 66/74 7/10 7/8 43/71 56/73 >100

8 62/85 10/13 10/18 29/56 63/90 45/74

9 78/92 10/6 0/6 18/39 44/60 66/77

10 56/75 0/7 0/0 15/35 36/58 26/49

16 51/69 0/0 0/0 30/65 41/60 58/80

18 70/83 0/10 0/0 32/56 55/ND 70/93

72hr infusions

11 85/98 ND 0/0 13/17 58/82 56/87

12 61/96 10/9 4/7 7/9 46/66 84/96*

13 45/71 6/7 7/8 2/IQ 29/55 53/80*

14 83/84 7/18 5/7 0/7 44/70 67/77

15 60/73 7/16 0/6 10/13 40/66 81/90

17 84/97 0/0 0/0 0/0 29/57 54/91

* day 8, ND: not done

TABLE V.2 Aggregation responses to ADP at baseline and various time points after 
c7E3-Fab infusion.
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Chapter 6

PLATELET SURFACE IgG IN PATIENTS RECEIVING 

INFUSIONS OF CHIMAERIC 7E3-Fab

6.1 INTRODUCTION

Reductions  in the c ircu la t ing  pla te le t  count  have been observed  in 

associa t ion with anti-gpIIb-IXIa MoAb administ ra t ion to animals  and 

human volunteers.  Hanson et al  (1988) reported  a dose-dependent  

reduct ion  (20-46%) in the pla te le t  count over  24 hours fo llowing IV 

injection of  the whole IgG or F (a b ’)2 fragments of  MoAb AP2 but not LJ- 

CP8 (another  an t i -gpIIb-I I Ia  MoAb) in baboons. Gold et al (1990) noted 

a 16±10% reduction occurr ing within 1 hour  fol lowing in ject ion of 0.2 

mg/kg 7 E 3 -F (a b ' )2 in humans,  with the counts  normaliz ing by 24 hours.  

Although Takami et al (1987) reported  that whole IgG and F(ab*)2 

f ragments  but not Fab f ragments  of  a MoAb to I lb- I I Ia  (PP3-3A) caused 

thrombocytopenia  in pigs,  ep isodes of  asymptomatic  thrombocytopenia  

(pla te le t  count  <50% of  baseline)  have been seen following single 

in ject ions  or continuous infusions of  Fab fragments  of  both murine and 

chimaeric  7E3 to humans (Machin et al  1990 and 1991 and Centocor ,  

data  on file).  Throm bocytopenia  usually  occurred early (within a few 

h o u r s )  and  r e s o l v e d  s p o n t a n e o u s l y  o v e r  a few  days  f o l l o w i n g  

d iscont inuat ion  o f  exposure  to 7E3. As with all cases of  acute drug- 

induced thrombpcytopenia ,  an immune ae t iology was considered.  While  

s imple agglut inat ion through bridging of  I lb-IIIa  molecules  on n e igh 
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bouring p la tele ts  could be a possible  mechanism in cases o f  whole  IgG 

or F ( a b ' ) 2 administrat ion,  this mechanism could not be operat ing  in 7E3- 

F ab -a sso c ia ted  th rom bocy topen ia .  F u r the rm ore ,  h u m a n -a n t i -m u r in e  

antibodies  (HAMA), which could  theoret ica l ly  induce immune d es t ru c 

t ion of  7E3 coated p latelets ,  could not be detected  by ELISA in pat ien ts  

who developed th rom bocytopenia  fo l lowing murine 7E3-Fab or  7E3- 

F ( a b ' ) 2 adminis tra t ion (Centocor,  data on file).

The purpose  of  the studies described in this chapter  was to use the 

experience gained from the application o f  flow cy tometr ic  analysis  in 

thrombocytopenic  states (Chapter  4) in an ef for t  to e lucidate  the 

under ly ing mechanisms in 7E3-assoc ia ted  thrombocytopenia .

6 .2  F L O W  C Y T O M E T R I C  M E A S U R E M E N T  O F  P S I g G  IN  

P A T IE N T S  R E C E IV I N G  IN F U S IO N S  O F  c 7 E 3 -F a b .

While using FC to assess c ross-react iv i ty  o f  a polyclonal  ant i -IgG with 

the human portion of  the p la te le t-bound  Fab f ragment  in two pat ients  

receiv ing  synchronous infusions  o f  c7E3-Fab,  it was noted that  the level 

o f  IgG detectable  on the platelets  of  one of  these pat ients  was s ign if i 

cantly higher  compared to that of  the other.  The pat ient  with disproporti -  

onal ly  raised PSIgG had shown a s ignif icant  fall  (>50% of  basel ine)  in 

his pla te le t  count ,  which had occurred within 2 hours after  the onset  of  

the infusion and had led to its ear ly termination according to the trial 

protocol.  This finding raised the possibi l i ty  o f  IgG recru i tment  onto the 

p la te le t  surface in some pat ients  t rea ted  with c7E3-Fab and flow 

cytometr ic  measurements  of  PSIgG at basel ine and various time points 

during and following the infus ion were under taken.
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6.2.1. M ethod

Measurement of  PSIgG was performed as described in 2.3.4 but exposure 

o f  plate lets  to EDTA was avoided in order  to prevent  d isp lacement  of  

p la te le t -bound  7E3-Fab from its epi tope.  For this reason,  PRP was 

prepared  from c i t ra te -ant icoagula ted  blood and all washes  were in 

c i t ra te -PGEj buffer.

Monoclonal  and polyclonal  antibodies  directed against the Fc region of  

human IgG (Sigma,  Table 2 .1)’were assessed. For the reasons described  

in section 4.2.3 (significantly higher sensitivity),  the polyclonal ant i-IgG 

(Fc-specific)  was selected.  PSIgG was expressed as Relat ive  F lu o r 

escence Intensi ty  (RFI) as def ined in Chapter  4 (sect ion 4.2.4).  In 

selecting the FITC-conjugated anti-IgG to use in this application, a basic 

requirement  was that it did not react  with the human Fab of  the chimeric  

7 E 3 -F ab  c o a t in g  the p la te le t s .  Lack  o f  such c r o s s re a c t iv i ty  was  

conf irmed with the following exper iment:

Platelets isolated from citrate-anticoagulated blood from normal volunteers were 

washed three times in citrate-PGE! buffer and, after resuspension in PBS pH 7.2 at a 

concentration of 300x l09/l, were incubated for 45 minutes with saturating concentra

tions (lOpg/ml) of either c7E3-Fab or c7E3-IgG. After two further washes, saturation 

of c7E3-binding sites was confirmed by incubating the platelets with FITC-c7E3-Fab 

which resulted in the same degree of minimal uptake of fluorescence by both c7E3-Fab 

and c7E3-IgG coated platelets, compared with the uptake by the same platelets before 

c7E3 coating (Fig. 6.1). The so coated platelets had their PSIgG measured using the

FITC-conjugated, Fc-specific anti-IgG. Washed platelets from the same donor that had*
not been coated with c7E3 served as control. The results of a typical experiment are 

shown in Fig. 6.2 and demonstrate the lack of crossreactivity of the anti-Fc probe with 

the Fab fragment.
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F I G U R E  6.1 Uptake of  FITC-c7E3-Fab by platelets  before  (broken 

line) and af ter (solid line) saturat ion with c7E3-Fab (A) or  c7E3-IgG 

(B). Mean f luorescence channel numbers  are noted by the his tograms.

224



1 10 100 1000 
Log FL

F IG U R E  6.2 Measurement  of PSIgG in control  platelets  before (sol id 

line) and after  coat ing with c7E3-Fab (broken line) and c7E3-IgG 

(shaded histogram) to demonst rate lack of crossreact ivi ty of the ant i-IgG 

(Fc-speci f ic)  probe with the Fab f ragment  of  chimaer ic 7E3.
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6.2.2 R esu lts
4

Nine consecut ive  patients  receiving 48, 72 or  96 hour infusions were 

studied.  The results  of  PSIgG detec t ion  (expressed as RFI) at baseline ,  

24 hours into the infusion and on days 7, 14 and 28 are shown in Table  

6.1. Resul ts  of  a number  of  random PSIgG measurements  performed on 

these and other  pat ien ts  at various  t ime points  are not shown; they were 

all cons is tent  with the results  p resen ted  here.

There  was a s ta t is t ical ly  s ignif icant  e levat ion  of  PSIgG at 24 hours with 

a mean RFI of  2.73 (SE=0.48)  com pared  to 1.56 (SE=0.12) at basel ine 

(PcO.Ol by W i lco x o n ’s signed rank test,  P=0.042 by S tuden t ’s paired t- 

test). The mean RFI on day 7 had r isen  to 3.88 (SE=0.51) ,  which was 

s ignif icantly  higher  compared to the RFI at 24 hours (PcO.Ol by 

W ilcoxon’s signed rank test or P=0.03 by Student’s paired t-test).  By day 

14 the mean RFI had fallen to 1.88 (SE=0.1),  which was not signif icant ly 

d if fe ren t  from the basel ine and by day 28 PSIgG had re turned  to the 

basel ine level (mean RFI=1.53,  SE=0.12).  The results are presented  

graphically  in Figs.  6.3 and 6.4.

As can be seen from Fig. 6.4, one o f  the pat ien ts  studied (No 12) showed 

a much more marked rise in his PSIgG compared to all the rest.  The 

levels  of  PSIgG in this pat ient  were s ignif icantly  higher  than 3 s tandard  

deviat ions  above the mean of the remain ing  eight pat ien ts  at both the 24 

hour and day 7 time points.  While his basel ine RFI was normal,  a marked 

elevat ion of  PSIgG was already presen t  in a sample taken 30 minutes  

af ter the onset  o f  c7E3-Fab infusion.  The time course  of  PSIgG and 

p la te le t -bound  c7E3-Fab (PS7E3) levels  in this pat ient  is shown in Fig.

6.5. It can be seen that f luc tua tions  in PSIgG are in the same direct ion 

as f luctuations  in PS7E3 up to day 5 but,  on day 8, the level of  PSIgG 

has remained high despite a fall in PB7E3 to <50% of the level reached
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PATIENT RFI

No INF.

baseline 24 hours day 7 day 14 day 28

11 72 1.89 3.12 2.62 2.43 2.21

12 72 1.80 6.47 7.97 1.66 1.37

13 72 1.90 2.73 3.53 2.20 N/A

14 72 1.28 1.59 3.74 1.75 1.81

15 72 1.13 2.07 3.90 1.80 1.73

16 48 1.10 1.25 3.35 1.59 1.21

17 72 1.15 3.12 4.15 1.64 1.12

18 48 1.89 1.96 2.88 N/A 1.29

19 96 1.91 2.23 2.83 N/A N/A

INF.: Infusion duration. N/A: Not measured

TABLE 6.1 PSIgG levels expressed as Relative Fluorescence Intensity (RFI) before, 
during and following infusion of chimaeric 7E3-Fab.
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FIGURE 6.3 Mean PSIgG expressed  as RFI (Relative F luorescence 
In ten sity  as defined in C hapter 4) a t various time points of 48 
(n=2), 72 (n=6) or 96 (n=l) hour infusions of c7E3-Fab.
The th in  vertical b ars  re p re se n t SD of the  mean. See also Fig. 6.4.
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FIGURE 6.4 F luctuations of PSIgG m easured by a FITC-conjugated 
polyclonal goat-an ti-hum an  IgG (Fc-specific) in  9 consecutive 
patien ts  given c7E3-Fab infusions. P atien ts No 11,12,13,14,15 and 
17 received 72-hour infusions; pa tien ts  No 16 and 18 received 48- 
hour infusions and patien t No 19 received a 96-hour infusion.
RFI: Relative F luorescence In tensity .
BL: Baseline sample, h: hours, d: days.
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FIGURE 6.5 P latelet su rface IgG (PSIgG) and c7E3-Fab (PSc7E3) 
levels expressed  as Relative F luorescence In ten sity  (RFI) and Mean 
F luorescence Channel (MFC) respective ly  in  the patien t who 
showed a m arked, in fu sio n -re la ted  elevation of PSIgG.
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at the end o f  the infusion. Using a formula  der ived  as described in 

Chapter  4 (section 4.2.7.2),  it was es timated that, on day 8, this pa t ien t ’s 

p la tele ts  were bearing ca. 12,000 IgG molecules  on their surface (mean 

b a se l in e  leve l  = 1570, SE=128) ,  w hereas  the m a g n i tu d e  of  PSIgG 

elevat ion seen at the same time poin t in the other  pat ients  was of  2 to 3 

times the basel ine level.

6.2.2.1 Correla t ion o f  PSIgG with the clearance rate o f  p la te le t -bound  

c7E3-Fab

In Fig. 6.6 levels  of  p la te le t -bound c7E3-Fab (measured or es timated 

from the indiv idual  clearance curves  shown in Chapter  5) 10 days after 

the end of  the infusion have been plot ted  agains t levels of  PSIgG at 24 

hours.  It can be seen that the pat ien t  (No 12) who showed marked early 

recru i tment  of  IgG onto his plate lets  had the lowest  levels of p la te le t-  

bound c7E3-Fab on the 10th pos t infusion day. (more than 2 s tandard  

deviat ions  below the mean of the remain ing eight patients).  This was not 

due to r es t r ic ted  access of  the f luorescent  probe to p la te le t-bound c7E3- 

Fab through steric h indrance by PSIgG, because the level o f  the latter 

was no longer  increased at that point.  An identical  picture was seen when 

the ef fect  of  day 7 PSIgG on the clearance o f  p la te le t-bound c7E3-Fab 

was examined.

6.2.2.2 P la te le t  counts

None of  the 19 qonsecutive trial patients on whom serial flow cytometr ic 

studies  were performed showed reductions  in the c ircula t ing p la telet
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FIGURE 6.6 L ev e ls  o f  p la te le t  s u r fa c e  c7E3-Fab (PS7E3) on the  
10th p ost  in fu s io n  day  (e x p r e ss e d  as % o f  the  le v e ls  reach ed  at the  
end  o f  th e  in fu s io n )  p lo tted  a g a in s t  le v e ls  o f  PSIgG (e x p r e s s e d  as  
RFI) at 24 h ou rs.  The p atien t  w ho show ed m arked e lev a t io n  of  
PSIgG is  r e p r e s e n te d  b y  an op en  tr ia n g le .  The d otted  l in es  
r e p r e s e n t  th e  ra n g e  (mean ± 2SD) d e f in ed  by  the  rem aining 8 
p a tien ts  (open  sq u a r e s ) .
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count greater  than 30% of baseline. There was no detectable  correlat ion 

between f luc tua tions  in platelet  count  and levels  of  PSIgG including the 

case of  pat ient  No 12 who showed marked e levat ion of  PSIgG (but see 

Appendix  to this chapter).

6.3 R E C R U I T M E N T  O F IgG TO c 7 E 3 -F a b  C O A T E D  P L A T E L E T S  - 

IN V IT R O  S TU D IE S

The results  of  ex vivo flow cytometric  analyses presented  in the above 

sect ions suggest  clearly  that in vivo recru i tment  of  IgG onto platelets  

coated with c7E3-Fab through I.V. infusion of  the antibody is f requently 

taking place. The timing of  IgG recru i tment  suggests the pre-exis tence,  

in the majori ty  of  pat ien ts,  of  immunoglobul ins  bindable  to the surface 

o f  p latelets  coated with c7E3-Fab.  The data presented so far  do not 

provide  much information regarding specific i ty  of this IgG for the 

chimeric  Fab. The in vitro studies that follow were performed in order 

to:

a. Es tab l ish  the f requency  with which such im m unoglobu l ins  are 

expected  to be found in a group of  patients  comparable  to that analysed 

in the c7E3 infusion study.

b. Examine the specificity of  these immunoglobulins  for platelets  coated 

with the chimaeric  Fab fragment.

6.3.1 P a t ien ts  and  m ethods

Samples from 21 patients (13 males, 8 females, median age 64 years) with ischaemic 

heart disease admitted to The Middlesex Hospital for coronary angiography were
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investigated. None of them had a history of  previous treatment with murine or 

chimaeric MoAbs. These patients had been adviced to avoid taking aspirin one week 

prior to catheterization but continue their cardiac medication. The tests described here 

were performed on an anonymous basis using surplus blood from samples sent to UCH 

Coagulation Laboratory for routine clotting screen and, as any results could not 

conceivably affect patient management or prognosis, no patient consent was sought.

C itrate-anticoagulated blood was spun for preparation of PPP which, after removal of 

the volume required for the requested clotting tests, was frozen at -20°C until used 

(within 3 weeks off sampling). Washed control platelets were prepared from GpO 

donors as described in the general methods chapter (section 2.1.6, using citrate-PGE1 

to wash the p latelets) and were divided into three aliquots: Aliquot A ("plain" platelets 

) served as control. Aliquots B and C were incubated for 45 minutes with saturating 

concentrations (10ng/ml) of murine and chimaeric 7E3-Fab respectively. Following two 

further washes of all three aliquots in citrate-PGEj buffer, the platelets were 

resuspended in PBS pH 7.2 at a concentration of 150xl09/l. Maximum saturation of 7E3 

binding sites was demonstrated as described in 6.2.1. Testing of the plasmas for the 

presence of platelet bindable IgG was performed as described in 2.3.5, using the FITC- 

conjugated, Fc-specific, polyclonal goat-anti-human IgG to label platelet-bound IgG 

(see 6.2.1). All the intervening washes were in citrate-PGEi.

6.3.2 R e su l t s

The mean f luorescence  channel  (MFC) number  ob ta ined  with the 

f luorescent  Fc-specif ic  probe was used as a measure  of  IgG recrui ted  

onto the surface of  control  plate lets  (plain or coated  with either  murine 

or chimaeric  7E3-Fab)  following incubat ion with the under investigat ion 

plasmas.  The results  were also expressed as ’’Fab-specif ic  f luorescence" 

(FabSF), def ined as the rat io of  MFC obta ined with the 7E3-Fab-coated  

control  pla te le ts  over  the MFC obta ined with the plain control platelets.
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The results  o f  the 21 patient  samples tested are shown in Table 6.2. A 

p lasma was c lass if ied  as posit ive for IgG bindable  to 7E3-Fab-coated 

pla te le ts  when the level of  IgG recru i ted  onto 7E3-Fab-coated  control 

p latele ts  incubated with it exceeded the upper  l imit  (mean+2SD) of  the 

"normal" range defined by the PSIgG levels  o f  plain control  platelets  

incubated  with each of  the 21 test plasmas .

Only one (pat ient  No 3) of  the 21 plasmas showed clear  reac t iv i ty  with 

m 7E3-Fab-coated  platelets.  It is worth noting that,  when this single 

sample was excluded, the average IgG recruitment  onto m7E3-Fab-coated 

p late lets  was less than that onto plain  plate lets ,  although the d if ference 

did not reach sta t is t ical ly  s ignif icant  levels (0.05<P<0.1 by W i lc o x o n ’s 

signed rank test).  This probably  ref lec ts  reduced non-specif ic  uptake of 

p lasma IgG and/or  the f luorescent  probe, resul t ing from steric hindrance 

by the m7E3-Fab. Therefore , in vit ro recrui tment  of  IgG onto m7E3-Fab- 

coated pla te le ts  which is clear ly in excess  of  that  b inding to plain 

platelets  is l ikely to represent  true react iv i ty  ra ther  than non-specif ic  

uptake.

In contras t  to the m7E3-Fab-coated  platelets ,  14 of  the 21 plasmas 

conta ined  IgG bindable  to c7E3-Fab-coated  platelets  (Fig. 6.7). The 

increased  IgG binding was highly s ignif icant  (PcO.OOl by S tu d en t ’s 

paired  t-test  and W i lco x o n ’s signed rank test), compared to the binding

to plain platelets.  In only two of  them were the resul ts  borderl ine
>

(between 2 and 3 standard  devia t ions  above the mean of  the "normal" 

range) .  Comparat ive results of individual  patients are shown graphical ly 

in Fig. 6.8.
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PATENT SEX/ MFC FabSF- FabSF-
No AGE MUR. CHIM.

PLAIN MUR. CHIM.

1 M/56 4.69 4.16 12.96 0.89 2.76
2 M/74 4.16 4.25 20.03 1.02 4.81
3 M/59 2.42 28.42 11.70 11.74 4.83
4 F/70 3.16 2.60 3.55 0.82 1.12
5 F/75 5.51 3.39 4.16 0.62 0.75
6 M/55 4.06 ’ 5.62 4.92 1.38 1.21
7 F/61 5.51 3.12 9.10 0.57 1.65
8 M/64 2.71 2.75 16.01 1.01 5.91
9 M/54 4.35 3.49 15.72 0.80 3.61
10 F/67 2.91 3.10 16.72 1.07 5.75
11 M/27 3.10 3.07 6.86 0.99 2.21
12 M/64 3.04 3.10 5.88 1.02 1.93
13 F/60 2.60 2.63 4.12 1.01 1.58
14 M/66 2.98 2.86 3.09 0.96 1.04
15 M/64 2.65 2.66 8.98 1.00 3.39
16 M/51 3.54 3.48 5.77 0.98 1.63
17 F/75 3.33 3.53 30.14 1.06 9.05
18 F/58 3.15 3.27 25.55 1.04 8.11
19 M/79 2.69 2.62 4.56 0.97 1.70
20 M/39 2.49 2.31 9.38 0.93 3.77
21 F/78 5.99 3.67 4.22 0.61 0.71

MEAN 3.57 4.50 10.64 1.45 3.22
SD 1.05 5.40 7.43 2.30 2.35

MFC: Mean Fluorescence Channel, Mur.: Platelets coated with m7E3-Fab, Chim.: Platelets coaled with 
c7E3-Fab, FabSF: Fab-specific fluorescence (see text).

TABLE 6.2 Recruitment of IgG (expressed as Mean Fluorescence Channel) onto 
plain, m7E3-Fab- and c7E3-Fab-coated platelets incubated with a range of plasmas.
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FIGURE 6.7 Levels of plasma IgG (expressed as MFC) bindable to control 

platelets before (PLAIN) and after coating with murine or chimaeric 7E3-Fab 

fragments. Plasma samples from 21 patients with ischaemic heart disease were 

studied; the experimental details and expression of results are explained in section

6.3.1 and 6.3.2.
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FIGURE 6.8 Graphical representation of the results shown in Table 6.2: 

comparison of anti-murine 7E3-Fab and anti-chimaeric 7E3-Fab activities (expressed 

as MFC) in individual patients.
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6.3.3 The specif ic ity  of IgG recruited onto c7E3-Fab-coated  

platelets.

The data presen ted  above suggest  that chimeric  but not murine 7E3-Fab 

coat ing o f  p latelets  is associated with high incidence of  IgG recru i tm ent  

onto their  surface upon incubat ion with plasmas from individuals  not 

prev ious ly  sensi t ized with e i ther  murine or  chimaeric  prote ins.  It is 

therefore  more  likely that the determinant  that attracts  the IgG is the 

chimaeric fragment i tse lf  rather  than some antigen exposed as a resul t  of  

7E3-Fab binding to Ilb-IIIa .  If the murine component of  cFab is excluded 

based on the lack of  IgG at traction by the mFab, possible  de terminants  

include:

(a) The human-murine  junct ion.

(b) The site of  c leavage of  IgG by papain.

(c) D e te rm inan ts  formed by confo rm at iona l  changes  in the Fab 

molecule ,  associa ted  with the presence of  (a) and/or  (b).

In order  to differentiate between the above possibi l i t ies,  platelets  coated 

with c7E3-Fab (containing both [a] and [b]) and platelets  coated with 

c7E3-IgG (contain ing only [a]) were used to adsorb the ant i -c7E3-Fab 

act iv i ty  from a p lasma conta ining IgG bindable  to c7E3-Fab-coated  

pla telets:

1 ml aliquots of washed platelets (300x l09/l) from a GpO donor were coated with 

saturating concentrations of either c7E3-Fab or c7E3-IgG as described in 6.2.1. The 

same platelets without c7E3 coating (plain) served as control. After two washes in 

citrate-PGEj buffer, 7E3-Fab-coated, 7E3-IgG-coated and plain platelets were pelleted 

by centrifugation and resuspended in equal volumes (200)11) of plasma. Following one 

hour’s incubation at RT the platelets were pelleted again and the upper SOpl of the
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supernatant plasma were tested for the presence o f  IgG bindable to c7E3-Fab-coated 

platelets as described in 6.3.2.

The resu lts  o f  duplicate  experim ents  are shown in Fig. 6.9. There was 

s ta t is t ica lly  s ign ifican t partia l absorption (25.8% , P<0.02 by S tu d e n t’s 

t-tes t)  by the c7E3-Fab- but not the c7E 3-IgG -coated  p la te le ts ,  suggest

ing that the an ti-ch im aeric  Fab activ ity  was associa ted  with the papain- 

c leaved  region o f  the chim aeric  m olecule  ra ther  than the hum an-m urine 

junc tion .

6.3.4. E ffec t of an ti-c7E 3-F ab  IgG on the b ind ing  of c7E3-Fab to p la te le ts .

Washed GpO control platelets were resuspended in S plasmas containing anti-c7E3-Fab 

activity (within th^ range of the 21 samples reported in section 6.3.1) and 5 plasmas 

with no detectable activity. All plasmas had been preincubated for 1 hour with the same 

concentration of FITC-conjugated c7E3-Fab (subsaturating for the final concentration 

of platelets in the suspension). There was no significant difference in FITC-7E3-Fab 

binding between high and low anti-c7E3-Fab activity plasmas. The same results were 

obtained when FITC-7E3-Fab and control p la te le ts  were added to the plasma 

simultaneously (i.e. without preincubation of the plasma with FITC-c7E3-Fab).

6.3 .5 . C o m p a r iso n  of E L ISA  a n d  FC assay s  fo r  d e te c t io n  of h u m a n -  

a n t i - c h im a e r ic  a c t iv i ty  in s e ru m /p la s m a  (H A CA ).

A sm all num ber of c lin ica lly  s ign ifican t samples from patien ts  who had 

taken part in ea r l ie r  stages of the chim aeric  7E3-Fab tria l were tested  

w ith both the ELISA assay described  in 2.7 and the flow cytom etric  

m ethod described  in 6.3.1. C lin ical inform ation  and resu lts  are given in 

Table  6.3. A lthough the apparent h igher pick up rate of FC m ight simply 

be due to the d ifferen t defin ition  o f  normal range, the flow cytom etric

240



M
FC

4 0

3 0
2 6 . 9 8

2 5 .0 2

20.01
20

10

4 .5 4

0
CONTROL NON-ABS. cFab  ABS. clgG ABS.

FIGURE 6.9 Adsorption of anti-c7E3-Fab activity from plasma (see section 6.3.3 

for experimental details). MFC is the mean fluorescence channel of control platelets 

labelled with FITC-anti-IgG (Fc-specific) following incubation with:

CONTROL: PBS (negative control).

NON-ABS: Plasma containing anti-c7E3-Fab activity (positive control).

cFab ABS: The same plasma after adsorption with c7E3-Fab-coated platelets.

clgG ABS: The same plasma after adsorption with c7E3-IgG-coated platelets.

The thin vertical bars represent SD of the mean.
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TABLE 6.3 Some results of HACA detection obtained with ELISA and FC.

THROMBOCY- TIME OF SERUM/PLASMA HACA
TOPENIA SAMPLE

ELISA (TITRE) FC (MFC)
N.Range < 20 N.Range < 6.7

Mild. Platelets fell 
to 44% of baseline 
4 hours after onset of 
c7E3-Fab infusion. 6 weeks < 2 0 12.2

Severe. Platelets 
35.6% of baseline at 
2 hours falling to 
10% at 12 hours after 
bolus c7E3-Fab. b/line < 2 0 26.8

Mild. Platelets 
42.6% of baseline 
2 hours after bolus 
c7E3-Fab. b/line >800 48.2

None 6 weeks 800 65.1

None 4 weeks 100 19.9

None b/line 200 51.1

HACA: Human-anti-chimaeric ’'antibodies*', MFC: Mean Fluorescence Channel.
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m ethod is theore tica lly  more physio log ica lly  re levant,  as it employs 

c7E3-Fab coating  in tact p la te le ts  ra ther  than m icro tite r  wells.

6.4 CONCLUSIONS

The ex vivo m easurem ent of PSIgG before, during and fo llow ing I.V. 

infusions  o f  c7E3-Fab showed that, in the m ajority  of the patien ts  

studied, the in fusion  resu lted  in rec ru itm en t of variab le , usually  small 

(2-3 times the baseline level), amounts o f  IgG to the p la te le t surface. 

The increase in PSIgG occurred  early  (in less than 24 hours), which 

suggests  the p reex istence  in the patients* serum of an IgG bindable  to 

c7E 3-Fab-coated  p la te le ts .  A lthough this recru itm ent o f  IgG depended 

on the presence o f  c7E3-Fab on the p la te le t surface, the post infusion 

course of PSIgG levels did not para lle l that of p la te le t-bound  chim aeric  

Fab (exponentia l fa ll)  as PSIgG reached  its  m axim um  several days after 

the end o f  the infusion . This tim ing is rem in iscen t o f  an anam nestic  

immune response and weakens the possib ili ty  that the observed  IgG 

recru itm en t was due to non-specific  binding o f  serum IgG or c ircu la ting  

Fc fragm ents  to p la te le t-bound  chim aeric  Fab.

In v itro  flow cytom etric  studies dem onstrated  that IgG bindable to c7E3- 

Fab- but not m 7E3-Fab-coated  p la te le ts  occurs com m only in the p lasm a 

of  ind iv iduals  not p rev iously  exposed to ch im aeric  Fab. This is co n s is t

ent with the results of ELISA assays (R Jordan, personal communication) 

showing the presence of IgG that binds specifica lly  to chim aeric  Fab in 

the serum  of at least 13 of 40 subjects. P re lim inary  adsorption  ex p er i

ments suggested  that the an tigenic de term inan t a ttrac ting  the anti-c7E3-
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Fab ac tiv ity  was exposed as a resu lt  o f  the enzym atic (papain) cleavage 

o f  the human com ponent of the ch im aeric  IgG m olecule .

A ntibodies  against the Fab region of IgG were firs t described  by Oster- 

land Harboe & Kunkel (1963) who reported  that sera from rheum ato id  

arthritis  (RA) patients contained antibodies to F(ab*)2 fragm ents derived 

by pepsin  trea tm ent of  IgG. These antibodies became known as "serum 

agglu tinators" . In contrast to the anti-Fc antibodies (rheum atoid  factors) 

which are alm ost always IgM globulins and b ind to both iso la ted  Fc 

fragm ents and the Fc region of in tact IgG, serum agglutinators are almost 

always IgG and only bind to Fab or F (a b ’)2 fragm ents  p roduced  by 

enzym atic  c leavage o f  the IgG m olecule. Anti-FAB (anti-Fab  or anti- 

F (a b ’)2) spec ific ity  was found to depend on the enzym e used for 

hydro lysis  (papain , pepsin , trypsin etc.). Such anti-FA B activ ities  were 

detec tab le  in most healthy ind iv iduals  and it was reported  (W aller et al 

1971) tha t an ti-Fab  titres  were usually  stable  over many years but could 

rise  in response to certa in  in fections . Normal ind iv iduals  were found to 

d iffe r  in their  patterns and titres o f  anti-FAB (O sterland  et al  1963, 

K orm eier et al  1968, W aller et al 1968).

Those f irs t  assays for anti-FAB detec tion  were based on the ability  of 

pos itive  sera to agglu tinate  sensitized  cells  (Rh positive  red cells  coated 

with FAB fragm ents  of an anti-Rh IgG). More recen tly , o ther in v es t ig a 

tors em ploying  ELISA assays have confirm ed  the ex istence  of anti-FAB 

an tibod ies, often in the form  of  immune com plexes , in the clin ical 

settings of RA or o ther autoim m une d isorders, in fections , post im m uniz

ation and also in normal subjects (Nasu et al  1980, Ling and D rysdale  

1981, Heim er et al  1982, Davey and Korngold  1982, B irdsall and Rossen 

1983). Persselin  and Steven (1985) reported  that when anti-FAB IgG was 

found in normal sera, this was usually  of the IgG4 subclass. The same
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group o f  w orkers (H unt-G erardo  et al  1990) have repo rted  s ign ifican t 

heterogeneity  in the determ inan ts  o f  the FAB m olecule  that could  be 

recogn ized  by d iffe ren t anti-FAB; m oreover, some anti-FA B antibodies 

could  also react with the Fc region of IgG.

A lthough the b io log ical function  - if  any- of these an tibod ies  rem ains 

unknow n, binding  o f  naturally  occurring  anti-Fab IgG to the human 

com ponent o f  the ch im aeric  7E3-Fab fragm ent appears to be a p lausib le  

explanation for the elevations in PSIgG frequently  associa ted  with c7E3- 

Fab in fusions. The fact that these e leva tions  are u sua lly  m ild  is 

cons is ten t with the low titres of anti-Fab usually  p resen t in normal 

subjects .

The observation  that the patien t who showed the most m arked elevation 

in PSIgG was also found to have the fas tes t c learance o f  p la te le t-bound  

c7E3-Fab suggests the possib ili ty  of increased  p la te le t  tu rnover  induced  

by accelera ted  rem oval from the c ircu la tion  of IgG -coated  p la te le ts .  The 

plasm a of this patient and of all three patients with a h istory of c7E3-Fab 

re la ted  th rom bocytopenia  conta ined  anti-Fab IgG detec tab le  by FC. It 

has been known for a long time that small (e.g. a few hundred molecules) 

increases in PSIgG can cause throm bocytopenia  in certa in  settings 

(Shulm an 1964) but, beside the amount, o ther charac te r is t ics  o f  the 

PSIgG (e.g. subclass) could be im portan t in de term in ing  developm ent of 

this com plication . F inally , the f inding o f  much low er incidence of 

naturally  occurring antibodies to the murine 7E3-Fab might be the reason 

for the apparently  low er frequency of th rom bocytopenia  in patien ts  who 

rece ived  infusions o f  m 7E3-Fab (Machin 1991, C entocor, data on file).
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A ppendix to Chapter 6

6 .A c7E3Fab/EDTA-DEPENDENT PSEUDOTHROMBO

CYTOPENIA

P la te le t counts o f  patients pa rtic ipa ting  in the c7E3-Fab infusion  trial 

were rou tine ly  m onitored  using fresh ED T A -an ticoagu la ted  samples. 

D uring contro l experim ents aimed at optim izing  the m ethod for PSIgG 

m easurem ent in the trial setting, it was observed  that an EDTA sample 

taken 30 minutes after the onset of  the infusion showed a tim e-dependent 

fall in the p la te le t count, w hereas the counts of  the baseline EDTA 

sample rem ained  stable (Fig. 6.10). Exam ination  of blood films made 

from the 30min EDTA sample revea led  the p resence of many p la te le t 

clumps which accounted for the throm bocytopenia ; no clum ps were 

p resen t in the baseline EDTA sample. The same phenom enon was 

subsequently  noticed  in EDTA samples from several o ther patien ts  

during and up to 10 days after the infusion and soon became apparent 

that its in tensity  varied  rem arkably  between pa tien ts .  There was no fall 

in the p la te le t count o f  c itra te -an ticoagu la ted  samples but subsequent 

addition  of 5mM EDTA to those samples resu lted  in t im e-dependent 

p la te le t  clum ping. T.

Flow cytom etric  m easurem ent of PSIgG in p la te le ts  iso la ted  from EDTA 

samples of 2 patien ts  with 7E 3-Fab-re la ted  pseudo th rom bocy topen ia  

(pseudoTC P) showed sign if ican t,  t im e-dependen t (standing  at RT) 

increases in p latelet-bound IgG which were not present in sim ultaneously 

taken c itra te -an ticoagu la ted  samples or EDTA samples taken before the
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FIGURE 6.10 P late let  co u n ts  in EDTA- and c i tr a te -a n t ic o a g u la te d  
blood at var io u s  time p o in ts  a f te r  sam pling. The sam ple was taken  
30 m in u tes  a f te r  th e  o n se t  o f  c7E3-Fab in fu s io n  and w as k ep t at RT.
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FIGURE 6.11 PSIgG (expressed  as RFI) of p la telets isolated from 
c itra te  (A) and EDTA (B) anticoagulated  samples le ft to stand  
overn igh t a t RT. The patien t was 12 hours in to  the  c7E3-Fab 
infusion and a p revious EDTA sample had shown mild C7E3/EDTA- 
dependent pseudoTCP. The continuous-line fluorescence 
histogram s w ere obtained with FITC-conjugated g o a t-an ti-  
human IgG (Fc-specific) and the b roken-line  ones w ith FITC- 
conjugated non-immune goat IgG se rv ing  as control. RFI 
(re lative fluorescence in tensity ) is defined in  C hapter 4.
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onset o f  the in fusion  (Fig. 6.11). This suggests that IgG m ediated  

agglu tina tion  m ight be the cause of p la te le t  clum ping.

To exam ine whether ED TA-dependent, c7E3-Fab-related  pseudoTCP was 

rep roducib le  with in vitro  c7E 3-Fab-coated  p la te le ts ,  the fo llow ing 

experim ent was perform ed:

Ten weeks after a 48 hour c7E3-Fab infusion, a citrate-anticoagulated sample was taken 

from a patient who had shown c7E3Fab/EDTA-dependent pseudoTCP during the 

infusion. A synchronous (10 weeks post infusion) sample from a patient who had not 

shown this phenomenon served as control. Platelets (in PRP) from both samples were 

incubated for 40 minutes with nearly saturating concentrations of either c7E3-Fab or 

m7E3-Fab following which the platelet concentrations were measured. K3-EDTA at a 

final concentration of 5mM was added to aliquots of c7E3-Fab- or m7E3-Fab-coated 

platelets and following a 2 hour incubation the platelet counts were repeated. Only the 

c7E3-Fab-incubated, EDTA-treated aliquot from the patient with the history of c7E3- 

Fab-related pseudoTCP showed a fall in the platelet count (to 66% of baseline) 

associated with numerous platelet clumps on a MGG-stained film.

The resu lt  o f  this experim ent suggests that, at least in this pa tien t,  the 

ED TA -dependent in vitro  p la te le t agg lu tina tion  was specific  for the 

ch im aeric  Fab fragm ent of 7E3.

In te re s t in g ly ,  am ong the 19 consecu tive  pa tien ts  s tud ied  by flow  

cy tom etry , the pa tien t who showed the most m arked pseudoTCP (Fig. 

6.12) was also the one who had the highest levels of IgG recru ited  to his
• i-

platelets  in response to c7E3-Fab infusion (patient No 12, see Table 6.1). 

This is unlikely  to represen t simple co incidence (P=0.052) and suggests 

that the factor responsib le  for the increased  PSIgG (?naturally  occurring 

an ti-Fab  an tibod ies)  m ight also be part ic ipa ting  in the m echanism  of 

c7E 3Fab/E D T A -dependent pseudoTCP.
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FIGURE 6.12 Marked c7E3Fab/ED TA -dependent pseudoTCP in  a 
EDTA-anticoagulated sample taken 7 d ays a fter  the end o f a 72- 
hour c7E3-Fab in fu sion .
The p resen ce  o f p latelet clum ps is  m arked w ith (+).
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6.A.1 Proposed m echanism of c7E3Fab/ED TA -dependent pseudoTCP

The data presented above allow the defin ition of the following charac ter

istics for this new type of pseudoTCP:

a. It only occurs in the presence o f  EDTA.

b. It only occurs when the p la te le ts  exposed to EDTA are coated

with c7E3-Fab.

c. It requ ires  a fac to r p resent in the p lasm a (or on the p la te le t

surface) of  some ind iv iduals . Ind irect ev idence (e levated  PSIgG) 

suggests  that this factor m ight be IgG m ediating  the ag g lu tin 

ation o f  p la te le ts  when conditions (a) and (b) are fu lfiled .

In c lassica l ED TA -dependent pseudoTCP, in v itro  exposure o f  p la te le ts  

to EDTA induces the expression  o f  a cryp toan tigen  on the p la te le t 

surface. This is probably  fo rm ed  as a re su lt  of  d issoc ia tion  o f  the 

ca lc ium -dependen t I lb -IIIa  heterodim er through the calcium  chela ting  

effec t of EDTA (P idard  et al 1986).t The rare ind iv iduals  possessing  

an tibodies to this c ryp toan tigen  will develop p la te le t agg lu tination  in 

EDTA blood samples. The agg lu tinating  factor is usually  IgG d irec ted  

to some epitope on the I l ia  m olecule (Pegels et al  1982) but IgM (Pegels 

et al  1982, Van V liet et al 1986, Hoyt and D urie 1989) and even IgA 

(Pegels et al  1982, Imai et al 1983) agglutinins have also been described.

The mechanism of c7E3Fab/EDTA-dependent pseudoTCP observed in the 

se tting  o f  c7E3-Fab infusion is likely  to be d ifferen t from that o f  

c lassica l ED TA -dependent pseudoTCP because:

a. There is no p la te le t agg lu tination  in baseline EDTA samples of the 

same patien ts  (i.e. before c7E3-Fab coating).
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b. It is much more frequent (more than 100 tim es) than c lassica l EDTA- 

dependent pseudoTCP, the frequency o f  w hich has been reported  to be 

0.068% in a Caucasian popula tion  (V icari et al  1988).

c. c7E3-Fab coating  tends to h inder ra ther  than fac il i ta te  EDTA- 

dependent agg lu tination  of control p la te le ts  by the plasm a o f  patien ts  

with c lassica l ED TA -dependent pseudoTC P and high titres  of  IgG 

antibody to a cryp toan tigen  located  on the I lb - I I Ia  com plex (personal 

unpublished  observations). This is p robably  due to e ither  sim ple steric  

h indrance (caused by proxim ity  of the cryp toan tigen  to the 7E3 b inding 

site) or to 7E3 p a r t ia l ly  p reven ting  EDTA from sp litting  the I lb -IIIa  

com plex (and therefore  exposing the cryp toan tigen).

It is known that trea tm ent with EDTA can d isp lace  7E3 bound to gp llb -  

I l la  (C oller  et al 1986 and personal observations - see F ig .6 .13). The 

rate of  loss o f  p la te le t-bound  7E3 fo llow ing exposure to EDTA varies 

s ign if ican tly  betw een indiv iduals  and the same applies to the residual 

am ount of 7E3 that rem ains on the p la te le t after  incubation  with EDTA 

(personal observa tions).  In ED TA -anticoagula ted  b lood/PRP conta in ing  

p la te le ts  p recoated  with c7E3-Fab, the la t te r  will ex ist as both p la te le t-  

bound and free cFab fragm ents . I f  the p lasm a also contains an ti-cFab 

im m unoglobulins  (a frequent occurrence as shown in 6.3) capable  o f  

b inding  to m ultip le  epitppes on the Fab fragm ent, then long m olecu lar  

bridges (consis ting  of cF ab-an ti-cFab  com plexes) could be form ed, 

resu lting  in p la te le t agg lu tination  by binding  to residual p la te le t-bound  

c7E3-Fab and/or the p la te le t FcyRII recep tors  (1 .3.2).

W hatever its exact m echanism , c7E 3Fab/E D T A -dependent pseudoTC P 

rem ains an in v itro  phenom enon which, like c lassica l ED TA -dependent 

pseudoTC P is unlikely  to have any c lin ica l s ign ificance. Its im portance
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FIGURE 6.13 Effect of EDTA on platelet-bound c7E3-Fab: Citrate- 
anticoagulated platelets (in PRP) were incubated with saturating 
concentrations of FITC-conjugated c7E3-Fab. Addition of 5mM disodium 
EDTA resulted in time-dependent loss of platelet fluorescence (i.e. FITC- 
c7E3-Fab bound to the platelet surface), while the fluorescence of the same 
platelets not exposed to EDTA remained stable.
The means and SDs (vertical lines) of three independent experiments are 
shown.
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lies in the fact that, in the setting o f  patien ts  rece iv ing  c7E3-Fab (and 

possibly IgG fragm ents o f  o ther chim aeric an ti-p la te le t  an tibod ies)  

throm bocytopenia  in EDTA an ticoagulated  sam ples m ight be spurious 

and should always be confirm ed by exam ination o f  blood films to 

exclude the presence of p la te le t clumps and by repea ting  the p la te le t 

count on a c itra te-an ticoagulated  sample.
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Chapter 7

GEN ERA L D ISCUSSION - TH E FU TU RE

The studies  inc luded  in this thesis  have exp lored  the use o f  f luo rescence  

flow  cy tom etry  (FC) as a tool with the p o ten tia l  o f  p rov id ing  new 

in fo rm ation  about the s tructure  and function  o f  norm al and pa tho log ica l 

p la te le ts  and p la te le ts  exposed  in v ivo to the rap eu tica lly  adm in iste red  

an ti-p la te le t  m onoclonal an tibodies. To this end they have ach ieved  the 

fo llow ing:

- E s tab lished  a flow  cytom etric  m ethod for q u an ti ta t iv e  m easurem ent o f  

PSIgG . A novel approach , exp lo iting  recen t advances in m onoclonal 

an tibody  (M oAb) technology , was used to create  re fe rence  curves and 

assess  m ethod sensitiv ity . The m ethod was applied  to study PSIgG in 

norm al ind iv iduals  and patien ts  with a varie ty  o f  th rom bocy topen ic  

s tates.

- In troduced  the use of flow cytom etry  in m on ito ring  p la te le t-bound  

an tibody  and residual an tibody-b ind ing  sites in pa tien ts  rece iv ing  trial 

in fus ions  of an an ti-gp IIb -IIIa  ch im aeric  MoAb (7E3). This y ie lded  

in fo rm ation  - unob ta inab le  by o ther m ethods - that im proved  u n d e rs tan d 

ing o f  the in v ivo behav iour o f  the Fab fragm ents  o f  the p a r t ic u la r  

an tibody  and m ight prove of help in design ing  fu tu re  tria ls  o f  the same 

or s im ilar  M oAbs.

- R evea led  the ex is tence  o f  na tura lly  occurring  hum an-an ti-ch im aeric  

Fab ac tiv ities  w hich m ight have im portan t im plica tions  in the c lin ica l
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application of chim aeric antibodies in general. P re lim inary  evidence was 

provided suggesting that these activ ities  are sim ilar - i f  not iden tica l - 

to the previously  described  "serum agglu tinators" .

- Defined a new type o f  ED TA -dependent pseudothrom bocytopenia .

Flow cytometry fo r  quantitative detection o f  PSIgG.

Although there have been several reports  describ ing  the use of FC to 

detect PSIgG (Table 4.3), it is the f irs t time that a flow cytom etric  

method has been used to calculate  the num ber o f  IgG m olecules on the 

p la te le t surface of healthy and throm bocytopenic  subjects . A novel 

approach, em ploying p la te le ts  coated  with know n amounts o f  a m ono

clonal chim aeric IgG (clgG ), was used to create  re ference  curves. This 

approach bypasses po ten tia l  sources of e rro r p resen t in most other 

popular quantita tive m ethods; namely, the use o f  soluble (or bound to 

plastic) IgG standards or s to ichiom etric  assum ptions regard ing  the 

binding of the anti-IgG probe to p la te le t-bound  IgG (for review see 

Schwartz 1988). From this point of view, the model of m onoclonal clgG- 

coated platelets  em ployed in the present studies moves tow ard the ideal 

calibration  standard. The availab ility  o f  a chim aeric  MoAb to gpIIb-IIIa  

allows the sensitiv ity  o f  the flow cytom etric  m ethod - and, indeed, any 

method of PSIgG detection  - to be assessed  ob jec tive ly , by varying the 

number of IgG m olecules coating the p la te le ts .  It can thus be envisaged 

that, by using this "realis tic"  p la te le t-bound  IgG model, it will be 

possible to d irectly  com pare various m ethods curren tly  in use and reach 

defin itive conclusions regard ing  their  perform ance. A lthough there is no 

evidence that quan tita tive  PSIgG detection  m ethods have any practical
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advantages over qualita tive  ones in the routine  d iagnostic  w ork-up o f  

th rom bocytopenic  s tates, the express ion  of resu lts  as m olecules  per  

p la te le t  can be usefu l in various research  settings.

W hat then is the true num ber o f  IgG m olecules  "bound" to the surface o f  

norm al p la te le ts?

The ca lib ra tion  m ethod used in the p resen t study produced an es tim ate  

o f  ca. 1,500 IgG m olecu les /p la te le t.  This, while being in good agreem ent 

with many d ifferent methods em ploying polyclonal anti-im m unoglobulins 

(Schw artz  1988), is apparently  at variance with the estim ates of  m ethods 

based on the use o f  rad io labe lled  m onoclonal anti-IgG  (LoBuglio  et al 

1983 & m odifica tions), which usually  m easure <200 m olecu les/p la te le t.  

Why m ethods em ploying MoAbs could  be underestim ating  PSIgG has 

been d iscussed  before (section 4 .3). N everthe less , any underestim ation  

is unlikely  to be the sole reason for the 10-fold d ifference. The epitope 

of the anti-IgG  MoAb is in the Fc reg ion  of IgG and, therefore , the 

MoAb m ight have no access to it in the case o f  IgG bound to the p la te le t 

Fc recep tor.  As p la te le ts  appear to possess several thousands of Fc 

recep tors  (see section 1.3.2), it is possib le  that a s ign if ican t am ount o f  

PSIgG detectab le  by a po lyclonal an tibody, which recognizes m ultip le  

ep itopes on the IgG m olecule, could  pass undetectab le  by the MoAb. The 

same could  happen with IgG "bound to the p la te le t membrane through 

both the Fab (spec ifica lly  d irec ted  to a p la te le t  surface antigen) and the 

Fc region  (b inding to the FcyRII recep tor,  see Fig. 7.1). The la tter  type 

o f  b inding  has recen tly  been shown to be responsib le  for the p la te le t 

ac tiva ting  effect of  many an ti-p la te le t  Moabs (H orsew ood et al  1991, 

A nderson et al  1991). In view of the em erging  functional im portance of 

the p la te le t Fc recep tor,  IgG bound to the p la te le t  surface through its Fc 

region should not be simply considered  as "background" or irre levant. In
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'Platelet 
Fc receptor

Platelet-specific antigen

Epitope of anti-IgG MoAb

IgG molecule

FIGURE 7.1 Three possible ways of IgG binding to the platelet surface. 
Only IgG bound as shown in c. will be recognized by the monoclonal anti- 
IgG (Fc-specific) antibody, the epitope of which is marked as black square.
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the ligh t of these com m ents it is eas ie r  to reco n c ile  the apparently  

conflic ting  PSIgG estim ates ob ta ined  by the p o lyc lona l anti-IgG  

em ployed in the p resen t studies and those rep o rted  w ith  the m onoclonal 

(Fc-specific)  anti-IgG .

A pplication  of the m ethod to m easure PSIgG in a sm all group o f  patien ts  

with the c lin ica l d iagnosis  o f  im m une-m edia ted  TCP produced  results  

(Fig. 4.3) co rrobora ting  the recen tly  renew ed claim  (T ijhuis  et al  1991) 

that ITP w ithout de tec tab le  e levation  in PSIgG d e f in it iv e ly  exists . The 

prospective  study o f  PSIgG in a group o f  62 consecu tive  patien ts  with 

TCP of unknown aetio logy  was m ainly  aim ed at de term in ing  the 

frequency of pos itive  resu lts  that can be an tic ipa ted  in a re ferra l 

laboratory  ra ther  than at investiga ting  the b io lo g ica l  re levance  o f  ra ised  

PSIgG. In this group, the detection  o f  a s ign if ican t p roportion  o f  patien ts  

with markedly e levated  PSIgG (Fig. 4.3, Table  4.2) h igh ligh ts  the 

potentia l usefu lness  of  this m easurem ent, w hich, even if  it is not always 

helpful in therapeu tic  decis ion  m aking, can con tr ibu te  to the e lucidation  

of the factors that govern the in terac tions  o f  im m unoglobu lins  with the 

p la te le t membrane.

It is the au th o r’s view that, with the acqu is it ion  o f  u ser-fr iend ly ,  bench- 

top flow cytom eters  by an increasing  num ber o f  c lin ica l labora to ries ,  

flow cytom etric  m ethods for PSIg de tec tion  w ill gain in popularity . This 

w ill be helped by the developm ent o f  even m ore sensitive  and more 

autom ated cy tom eters. N evertheless , even with the p resen t levels o f  

sensitiv ity , the ex istence  o f  cell au to fluo rescence  - resu lt ing  in b ack 

ground "noise" - is more im portan t than in s tru m en t-re la ted  factors in 

defin ing  the low est antigen concen tra tions  de tec tab le  on the surface of 

the p la te le t (or any o ther cell) by FC. R egard ing  the au tom ation  factor,
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it should be noted that, even the la tes t  cytom eters  require  a certa in  

instrum ent-opera tor in teraction; this calls for considerable  experience  on 

the part  o f  the operator for both perform ing  and in terp re ting  cytom etric  

analyses, particu la rly  o f  low density  an tigens, as is usually  the case with 

PSIgG.

Flow cytometric observations in patients receiving infusions o f  Fab 

fragments o f  chimaeric MoAb 7E3.

The m ajor findings from the application  o f  FC to m onitor p la te le t-bound  

c7E3-Fab were long detection  times post- in fusion  (exceeding the p la te le t  

lifespan) and uniform  d istr ibu tion  o f  the antibody in the p la te le t 

population  at all post-in fusion  time poin ts; these lead to the inev itab le  

conclusion  that in vivo transfer o f  antibody to p la te le ts  not exposed  to 

it during the in fusion  was taking place. The in v itro  m ixing experim ents  

suggested  that this transfer  m ight have simply been the resu lt  of 

antibody m ovem ent between p la te le ts  in the d irec tion  of the co n cen tra 

tion gradient, made possib le  by the looser (m onovalent) binding of the 

c7E3-Fab fragm ent, as opposed to the b ivalent binding o f  the whole 

m olecule  or F (a b ’)2 fragm ents o f  the an tibody (Jordan et al 1991). 

A lthough the availab le  data do not exclude o ther factors con tr ibu ting  to 

an tibody transfe r  in vivo, they provide evidence that the in vivo kinetics  

of 7E3-Fab fragm ents m ight be s ign ifican tly  d ifferen t from those of 7E3- 

IgG or 7E3-F(ab*)2. As this was the firs t time that FC was used in this 

setting , it  w ould be in teresting  to perform  FC analyses in future  in vivo 

s tudies of 7E3 em ploying F (a b ’)2 and com pare the findings with those 

ob ta ined  with the Fab fragm ents. In the setting of trea tm ent with
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an tip la te le t  MoAbs, transfe r  o f  antibody to new ly  re leased  p la te le ts  

w ould  appear to be an undesirab le  phenom enon as:

a. It resu lts  in persis tence  o f  antibody on the p la te le t  surface  long after  

its an ti-aggregatory  effec t has ceased  to ex ist; gp IIb -II Ia  re c e p to r  

b lockade >50% appeared  to be required  in o rder to  p reven t recu rrence  o f  

ches t pain in the study by Gold et al  (1990) em ploy ing  7E3-F(ab*)2 in 

unstab le  angina. P ro longed MoAb c ircu la tion  m ight re su lt  in in creased  

im m unogenicity .

b. Exposes new p la te le ts  to the r isks  that could  be assoc ia ted  with 

an tibody coating, e.g. rec ru itm en t o f  pa tien t  IgG onto  the p la te le t  surface 

(see below).

On the o ther hand, an tibody transfer  betw een cells  m ight be a d v an tag e 

ous in d ifferent settings. In a hypothetical exam ple w here a M oAb aims 

at cell lysis , one could  consider the use o f  a b ispec if ic  cons truc t  

(Songsiv ila i  & Lachm ann 1990) b inding to the ta rge t ce ll  th rough one o f  

its Fab arms, the second arm being of irre levan t spec ific i ty  (or carry ing  

an appropriate  cy to toxic  or o ther agent); a cons tan t reg ion  w ith  the 

desirab le  b iological ac tiv ity  (e.g. regard ing  com plem ent rec ru it in g  

capacity ) could also be selected. Such a construc t cou ld  com bine the in 

v ivo kinetic  behaviour of Fab fragm ents with some o f  the b io log ica l 

e ffects  of the whole IgG MoAb m olecule.

Com bined monitoring o f  p la te le t-bound c7E3-Fab and residual c-7E3-Fab 

b inding  sites showed that the la tter  could  return  to baseline  levels while 

a s ign ifican t p roportion  o f  the form er rem ained  de tec tab le  on the p la te le t 

surface. This suggests that the num ber o f  surface I lb - I I Ia  recep to rs  

should not be cosidered  constant in a given ind iv idual.  The suggestion  

that blockade o f  I lb - I I Ia  receptors  could  lead to up-regu la tion  with 

em ergence of p la te le ts  bearing  higher concen tra tions  o f  gpIIb-IIIa  (Fig. 

5 .16) deserves fu rther  investiga tion , as these p la te le ts  m ight have
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in c reased  po tency  to aggregate; a s ign if ican t (24%) in c rease  in p la te le t  

surface  gp IIb -IIIa  (and a 39% increase  in gp lb) has been  rep o rted  in 

p la te le ts  o f  d iabe tic  patien ts  and this could  be a e t io lo g ica l ly  re la te d  to 

the increased  functiona l p roperties  repo rted  for p la te le ts  o f  such pa tien ts  

(Tschoepe et al  1990a).

The am plitude  o f  ex vivo tu rb idom etric  agg regation  responses  to  ADP 

w as shown to be a linear  function  o f  the log a r ith m  o f  ava ilab le  

f ib r inogen  recep to rs .  A lthough approx im ate  ha lv ing  o f  the recep to r  

num ber was requ ired  before any cons is ten t e ffec t on s tandard  aggrego- 

m etry , it is p robably  an over-s im p lif ica tion  to sta te  tha t f ib r inogen  

recep to rs  ex is t  in excess  of  those requ ired  for p la te le t  func tion . W hile 

it appears d iff icu lt  to d issoc ia te  the an ti- th rom bo tic  from  the a n ti

haem osta tic  e ffec t o f  recep to r  b locking  in acute th rom bo tic  phenom ena 

(see section 1 .5 .5 .2), m oderate chronic  reduc tion  in re c e p to r  num ber 

m ight have an e ffec t on the progress  o f  slow ly ev o lv ing  th rom bogenic  

p rocesses . The only  model availab le  for study o f  th is  p o ss ib i l i ty  is the 

he te rozygo te  for G lan zm an n ’s th rom basthen ia  (with g p IIb -II Ia  levels  ca. 

50% o f  norm al) and studies assessing  the incidence o f  o cc lus ive  ar te ria l  

d isease  in such ind iv iduals  m ight add to our unders tand ing  o f  the effects  

o f  chronic  b lockade o f  f ib rinogen  receptors .

The resu lts  of im m unoenzym atic  s ta in ing  o f  gp IIb -IIIa  p resen ted  in 

C hapter  3, com bined with the find ings of o ther studies  (Isenberg  1987 

and rev iew  in section 3.4) suggest that the bulk o f  this gp is lo ca ted  on 

the p la te le t  m em brane and in m em brane-associa ted  s truc tu res  - p robably  

the SCCS. A s ign if ican t increase in flow cy to m etr ica lly  de tec tab le  7E3- 

Fab binding  sites fo llow ing TX -100 mem brane p rem eab il iza tion  (F ig .3.3) 

suggests  that subm em brane gpIIb -IIIa  is not accessib le  to 7E3-Fab in 

in tac t p la te le ts  a fter  1 h o u r’s incubation  at RT. The p resence  of
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continuous cycling  of gpIIb-IIIa  m olecules  between surface and 

in trace llu la r  pools (W encel-D rake 1980) perm its  the hypothesis  that, 

with p ro longed in fusions, antibody will b ind to an increased  proportion  

of total p la te le t gpIIb-IIIa , i.e. 7E3-bearing  surface receptors  will move 

in trace llu lar ly , while in trace llu la r  recep tors  w ill be ex te r io rized  

becom ing availab le  for antibody b inding. In te rna liza tion  o f  7E3 is 

supported by the TX -100 perm eab iliza tion  experim ents  (section 5 .4 .7) 

described  here and the e lectron  m icroscopy studies reported  by H arrison  

et al (1990).

Combined FC m onitoring  of p la te le t-bound  antibody and residual 

an tibody-binding  sites during and fo llow ing infusions o f  an tip la te le t 

MoAbs is technically  simple and provides novel in form ation  u n o b ta in 

able by o ther m ethods; the author believes that it should be used in all 

future therapeutic  tria ls  of an ti-g lycopro te in  MoAbs.

'Naturally occurring ant i -ch imaeric  Fab act ivi t ies

Flow cytom etric m onitoring  of PSIgG in patien ts  rece iv ing  infusions o f  

c7E3-Fab revea led  an in fus ion -re la ted  recru itm en t of IgG onto  the 

surface of c7E 3-Fab-bearing  p la te le ts .  This, com bined with the d em on

stration in the p lasm a o f  normal subjects  o f  IgG bindable to c7E3-Fab- 

coated pla te le ts  in v itro , suggests the possib ili ty  of  an immune m echan

ism to explain  the th rom bocytopenia  reported  in some patien ts  rece iv ing  

c7E3-Fab in fusions. It also predicts  that this com plication  is likely  to be 

seen with o ther ch im aeric  an tip la te le t MoAb fragm ents . A lthough 

charac teriza tion  o f  this naturally  occurring  activ ities  was outside the 

scope of the p resen t studies, p re lim inary  experim ents  suggest that they 

are specific  for the chim aeric  Fab and are d irec ted  to some d e te rm i

n a n t s )  in the area of papain cleavage o f  the parent ch im aeric  IgG
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m olecule; this is probably  why, at least at the concen tra tions  tested , they 

did not appear to in terfere  with c7E3-Fab binding  to p la te le ts  (i.e. with 

the function o f  the m urine com ponent o f  the fragm ent) . The specific ity  

and frequency of these ac tiv ities  strongly  suggest that they are caused 

by "serum agglu tinators"  (d iscussed  in secton 6.4). T herefo re , while (as 

d iscussed in section 1.5.6) ch im aeric  an tibodies  appear to have less anti- 

murine im m unogenic po ten tia l than the ir  parent m urine M oAbs, the 

chim aeric Fab - or o ther p ro teo ly tica lly  derived  fragm ents  - are 

theoretica lly  more likely  than their  m urine counterparts  to resu lt  in 

imm ediate recru itm ent of  IgG onto the surface o f  the target cell.  This is 

supported by the low incidence of natura lly  occurring  an ti-m urine-Fab  

activ ities observed  in the present study (1/21) com parable  to that (1/16) 

reported  by Gold et al (1990) for the F(ab*)2 fragm ent of m urine 7E3. It 

would be advisable  for fu ture  c lin ica l tr ia ls  involv ing  fragm ents  o f  

chimaeric MoAbs to assess various enzym atica lly  derived  fragm ents  and 

select those with the lowest IgG -recru iting  po ten tia l  - if such an effect 

is undesirable - before em barking on in vivo adm inistra tion . Flow 

cytom etric analysis  of cells coated  with the under investiga tion  

fragm ents offers perhaps the most physio log ica lly  re levan t m ethod for 

assessm ent o f  such activ ities.

Epilog

The developm ent of new an tip la te le t agents is an area o f  rapidly  

expanding research . In teres t in this research  is fuelled  by the p u b l ic ’s 

hope for e ffective  treatm ent of "the sudden throm bosis and the slowly 

hardening artery" and by the pharm aceutical in d u s try ’s an tic ipa tion  of 

big profits, guaran teed  for any new agent with wide app licab ili ty  in the
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clin ical setting o f  coronary or cereb rovascu la r  d isease. Progress  in 

MoAb technology and genetic engineering  is making available "designer" 

MoAb m olecules com bining  pow erfu l an tip la te le t  effects  and reduced 

im m unogenicity . The observations  described  in this thesis  in troduce 

additional variab les, that are likely  to p lay  a part in decid ing  w hether 

and in which form will anti-gp M oAbs become acceptable  therapeutic  

agents.
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