X
\)
Y

N

Original Article

Iranian J Publ Health, Vol. 41, No.2, Feb 2012, pp.53-62

| dentification and Char acterization of Anti-Platelet Antibodies
in Idiopathic Thrombocytopenic Purpura Patients
*N Aghabeigi *, N Lindsey %, A Zamani *, B Shishaeyan *
Dept. of Immunology& Hematology, Faculty of Medicine, Hamadan University of Medical Sciences and Health
Services, Hamadan, Iran

*Dept. of Biomedical Science, School of Life Science, University of Bradford, UK

(Received 25 May 2011; accepted 12 Jan 2012)

Abstract

Background: The autoimmune disease known as Idiopathic (immune thrombocytopenic purpura thrombocytopenic
purpura (ITP) is clinicaly defined by a low numbers of platelets in the circulation blood. This study aimed to isolate
autoantibodies made against the platelet glycoproteins using platelets from hedthy volunteers, to determine their
specificity and further ducidate their effects on platelet function.

M ethods: This study used a phage display system to recognize Fab anti-platel et antibodies. Anti-platel et After isolation,
the anti-platelet Fab-expressing phage was characterized by ELISA and Western blotting. The Fab-bearing phage pool
obtained from five rounds of panning was analysed in order to determine its anti-platelet reactivity. Of the phage
colonies obtained, 100 colonies of different sizes were randomly selected for reaction with whole platelets, using M13
phage as a negative control .

Results: Twelve colonies of them had strong reactions against the whole platelet preparation, but only four colonies
showed substantial reactivity against the lysed platelet preparation (lysate). Three of the four colonies showed three
bands representing proteins with different molecular weights. The fourth colony showed only a single band. The final
experiment to characterise the protein isolated from the phage library was aDNA gd agarose test.

Conclusion: Each colony showed a DNA band that corresponded with the molecular size marker for 5.4 kbase pairs,

and this suggested the presence of heavy and light antibody chainsin the phage.
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Introduction

Idiopathic (immune) thrombocytopenic purpura
(ITP) is an autoimmune disease that involves the
development of autoantibodies against platelet
cellsin the blood, which play an essential rolein
the haemostatic control of bleeding. There are
estimated to be 10 to 125 new cases of ITP per
million of the population every year (1). In the
USA, annual rates for adults are approximately
66 cases per million and for children are gpprox-
imately 50 cases per million. There are about 10
cases of chronic refractory ITP per million per
year. Figures from outside the USA show
approximately 10-40 cases in children per mil-

lion per year in Denmark and the UK and
approximately 125 cases per million per year in
Kuwait (2). In areport which added to evidence
obtained since the 1960s that the proportion of
black people with ITP was lower than the
proportion of black people in the genera
population of the United States, and that the
worldwide occurrence of ITP is rare among
black Africans and people of African ancestry
(3-8).

Around half of the 50-100 new cases seen per
million people per year are in children, and this
tends to be the acute form (platelet counts of less
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than 27,000 per pl), especidly in children
younger than 10 years old. The chronic form
(platelet counts of over 27,000 per pl) is gener-
aly seen in older patients (9). There was only a
dight difference between boys (55%) and girls
(45%) (10). Age over 10 yearsisarisk factor for
developing the chronic form of the disease (11).
Thrombocytopenia refers to low levels of plate-
lets in the circulation, from any cause. A normal
(healthy) count is somewhere between 150,000
and 450,000 platelets per pl of blood.

The main clinical sign of ITP is purpura. The
bleeding tendency in ITP is caused by a platelet
disorder (12). Because it involves a platelet dis-
order, ITP is known as a thrombocytopathy (13)
and because it involves a decrease in platelet
function it is aso known as athrombasthaenia
ITP is characterised by the premature immune
destruction of platelets, with production of
autoantibodies against platelets, specificaly
against the glycoprotein complexes in the plate-
let membrane, such as GP IIb/Illa or GP Ib/1X.
The glycoprotein complexes are physiologica
receptors that mediate interactions between
platelets and vascular subendothelium in injured
blood vessels. By their adhesion and aggregation
activities, the platelets arrest haemorrhaging
from lesions in the blood vessel wall, and any
disruption to their membrane glycoproteins
leads to platelet dysfunction and destruction, and
causes the bleeding disorders seen in ITP. Our
understanding of the autoimmune nature of the
destruction of periphera platelets in ITP dates
back to the 1950s (14-15), but to appreciate this
complex phenomenon the functioning of the im-
mune system needs to be explained fully. This
study aimed to isolate autoantibodies made
against the platelet glycoproteins using platelets
from hedthy volunteers, to determine their
gpecificity and further elucidate their effects on
platelet function. As there is no accurate
diagnostic test for ITP, new evidence about
these autoantibodies may be of great value in the
future.

M aterials and Methods

Sixty milliliter anti-coagulated (ACD) blood,
prepared from healthy volunteer (PhD student)
was centrifuged at 200 g for 20 minutes at room
temperature (15-22 °C). After which the platelet
rich plasma (PRP) was removed. 1 pg/ml diluted
prostaglandin (1 in 4 in ethanol) was added and
the PRP re-centrifuged at 1200 g for 12 minutes.
After washing the sedimented platelets four
times with isotonic citrate buffer, the platelets
were resuspended in 1ml isotonic buffer
containing 10%  dimethylethyl  sulfoxide
(DM SO) and diquoted at a concentration of 10°
mi™ and stored at —20 °C. The thawed platelets
were washed with isotonic citrate buffer before
use. The concentrated platelet proteins were ex-
tracted from Purified whole platelets. Monoc-
lonal antibodies anti human CD41 (GP lib/Il1a)
and anti human CD-61 (GPIlla) (Novacastra
Company Ltd) were used to detected platelet
membrane glycoproteins by ELISA method
(Novacastra Company protocol). Preparation of
electrocompetent Escherichia coli (K12) from a
glycerol stock and then adding the commercial
helper phage (VCSM13; Stratagene) to prepare
M13 helper phage were done by using standard
culture media and method (Stratagene). Alkaine
lysis releases plasmid DNA from bacteria and
ribonuclease A (RNase A) removes al the RNA
in the lysate. Plasmid DNA is purified using
HighPure™ plasmid isolation kit. 100l of
electrocompetent Escherichiacoli cells (K12)
were inoculated into a pre-chilled tube with 5 pl
of plasmid DNA (from a phage library contain-
ing DNA of the heavy chain domains VH and
CH1, and light chain domains VL and CL, of the
antibodies in PAK100 vector, constructed using
MRNA obtained from splenic lymphocytes of
one patient with idiopathic thrombocytopenic
purpura (ITP) and systemic lupus erythemato-
sus (the phage library was a gift from Dr Lynda
Partridge at the University of Sheffield). To con-
firm whether the DNA of the heavy and light
chains had been inserted into the plasmid DNA,
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the DNA was cut with restriction enzymes to
isolate the insertion. For each sample, three
Eppendorf tubes were prepared: one for the
heavy chain digest, one for the light chain digest,
and one for the undigested DNA. Then 25m
DNA was added to each tube, along with 2 m of
the restriction enzymes.BstX! (10 U/nl) and
Xhol X1 (10 U/m) were used for the heavy chain,
2m of Xbal (10 U/m) and 2 m Sacl (10 U mi-1)
were used for the light chain, and 2 m of Nehl
(10 U/m) was used for the undigested sample.

The use of the polymerase chain reaction (PCR)
to produce a large number of identica copies of
DNA sequences is useful for amplifying the
gene segments encoding the V domains of anti-
body (16). The gene to be replicated is inserted
into copies of a plasmid containing genes that
make cells resistant to particular antibiotics and
a multiple cloning site. The plasmids are then
inserted into bacteria by a process called
transformation. When the bacteria are exposed
to particular antibiotics, only the bacteria that
take up copies of the plasmid survive, because
the plasmid makes them resistant. The protect-
ing genes are expressed (used to make a protein)
and the expressed protein breaks down the
antibiotics. In this way the antibiotics act as a
filter to select only the modified bacteria (17).
These bacteria can be grown in large amounts,
then harvested and lysed (often using the aka
line lysis method) to isolate the plasmid of inter-
est. Antibody specific for a particular antigen
can be selected from the library by panning. The
phage that binds is recovered and amplified
through used to infect fresh Escherichia coli.

A single-chain variable fragment (scFv, 5x10°)
phagemid library of human immunologlobulin
light (L) and heavy (H) chains was constructed
in this study. The mRNA from the splenic
lymphocytes of a patient with ITP in the vector
PAK 100 was used (18). This patient suffered
from both SLE and ITP. The phage library was a
gift from Dr Lynda Partridge from the Univer-
sity of Sheffield. Glycoproteins that recognise
the phage can be isolated by sequential panning
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of the library with whole platelets. The phage
display system enables the production of large
quantities of human Fab fragments.

Results

Specificity of the | solated Phage

A hundred individua colonies isolated from the
phage pool obtained after five rounds of panning
were examined for reactivity against platelet
proteins using the whole platelet ELISA. These
colonies of phage isolated from the fifth round
of panning were randomly selected and 10° co-
lony forming units (c.f.u.) of phage were added
to each well. The anti-phage antibody was em-
ployed to detect the binding of this phage to
platelets. Of these hundred colonies, just twelve
reacted with whole platelets. These were S1, S2,
S3, S5, S7, S8, S9, S11, S12, S14, S18 and S20.
Fig. 1 shows that the amount of reactivity of the
12 colonies for binding with whole platelets.
M13 (helper phage) was used as a negative con-
trol and anti-CD41 as a postive control. PBS
was the blank. Most of the colonies had absor-
bance between 0.5 and 0.6, with the highest
reactivities against whole platelets being seen
around absorbance of 0.6.

Binding of Isolated Phage from Biopanning
against Platelet Lysate

The twelve colonies that showed strong reac-
tions against whole platelets were analyzed to
determine their degree of binding to the lysate
rather than the platelet. Microtitre plates were
coated with 100 pl of the platelet membrane ly-
sate at a concentration of 200 pg/ml, and 100 pl
of phage was added to each well. Anti-phage
antibody was used to detect the degree of bind-
ing to the platelet lysate. The results showed that
only four colonies from 12 colonies, which re-
acted with whole platelets, showed substantial
reactivity against platelet lysate. S7 showed
highest binding to both platelet lysate and whole
platelet (Fig. 2).
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Reactivity of Phage Isolated from ITP Library
against Purified Platelet Glycoprotein 11b/l11a
Complex

The most likely candidate for the antigen recog-
nized by the Fab bearing phages is the platelet
glycoprotein GP I1b/llla complex. The colonies
that showed strong positive reactions against
platelet antigens (S2, S7, S8 and S9) were aso
used to determine their specificity against
GPIIb/llla. Each well of microtiter plate was
coated with 100 yl of purified glycoprotein
GPlIb/llla at a concentration of 2 pg/ml. Then
100 pl of 10° of Fab-bearing phage was added to
each well with anti-phage antibody to detect
their specificity. The results show that the se-
lected colonies reacted strongly with the
GP I1b/llTa complex compared with the negative
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control (M13 helper phage), with S7 having the
highest reactivity, and S2 the least.

DNA gel agarose

In order to determine that heavy and light chains
were present in the phage, DNA of the four
phage colonies with stronger reactions to plate-
let protein were analysed. Again these were the
colonies 2, S7, S8 and S9. A plasmid isolation
kit was used to isolate DNA from phage grown
in Luria broth. The purified DNA from each
phage colony was cut with a restriction enzyme
and loaded onto an agarose gel before undergo-
ing electrophoresis. The results demonstrated
the presence of a DNA band of 5.4 kbp (base
pairs) in size. The figure shows the presence of
library phage DNA of the correct molecular
weight (Fig. 3).
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Fig. 1:Whole-platelet binding activity (absorbance) of 12 colonies isolated after five rounds of panning, plus a
negative control (M13), a positive control (anti-CD41) and ablank (PBS). In this experiment, 100 pl of whole
platelets (107 /well) was used (section 11.7). Data represent the mean (= SE) absorbance of two experiments. Two
wells were used for each experiment.
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Fig. 2: Reactivity (absorbance) against platelet lysate of phages from four colonies isolated by biopanning. In
this experiment, 100 pl of platelet protein (200 ng/ml) was used (section 11.5). Anti-CD41 and M13 were used as
control positive and negative respectively. Data represent the mean (xSE) absorbance of three experiments. Two

wells were used for each experiment.

5 dkbp

Fig. 3: Purified DNA of the four the phage run on a 1% agarose gd. Thefour indicated bands (S2, S7, S8, and
$9) co-migrated with the 5.4kbp DNA molecular size marker

Discussion

The thrombocytopenia in ITP is characterized complexes, located on the externa membrane of
by the destruction of platelets in the circulation platelets, which are the focus of the present
by antibodies. These antiplatelet antibodies react study.

with various autoepitopes on the glycoprotein
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ELISA of antiplatelet Antibodies

In the initia stages of the study, a quick and
sensitive ELISA assay was developed for
analyzing whole washed platelets and frozen
platelet lysate from healthy volunteers, in order
to identify and quantify the binding of antiplate-
let antibodies relevant to the disease ITP. All the
glycoprotein subunits on platelets can act as
antigens to autoantibodies, but the complexes
commonly affected in chronic forms of ITP are
the highly immunogenic GPIIb/llla and
GPIb/IX complexes (19-22). Around 75% of
antiplatelet antibodies in ITP are against anti-
gens on the GP Ib-X complex, and anti-
GPlIb/llla autoantibodies occur in approxi-
mately 15% of ITP patients (23). It was ex-
pected during this study that any antibody
reactivity would be directed against one of these
types of glycoprotein receptors.

The initial ELISA studies focused on the adhe-
sive protein receptor complex known as
GPIIb/111a, which is associated with two anti-
gens, namely the CD41 antigen and the CD61
antigen. The GP 1lb complex is the CD41 anti-
gen and the GPIlla complex is the CD61. A
reaction was only obtained for anti-CD41, so the
subsequent experiments were based on the use
of anti-CD41 as control positive. Throughout
this discussion, antibodies against the GPIlb
complex will be referred to as anti-CD41.

The GP I1b/ll11acomplex is of particular signific-
ance in ITP asit is aso the fibrinogen receptor,
which is essentid for maintaining norma
haemostatic functioning of the body (24-25).
Circulating platelet counts decrease through au-
toantibody-mediated  destruction when the
glycoprotein receptors are seen as antigens, and
disruption of this complex also aters the platelet
response to injury. The overal result is the
development of bleeding disorders such as pur-
pura and prolonged bleeding time, as seen in
ITP.

Having established the presence of glycoprotein
antigens in the human platelet samples, various
parameters were investigated for optimum per-
formance in the ELISA experiments. These in-
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cluded the choice of blocking buffer. Different
kinds of blocking buffers were investigated to
find the most appropriate one for use in subse-
guent ELISAs experiments. The buffer which
gave greatest absorbance difference between
positive and negative control was 5% dried milk
in PBS.

The platelets from the healthy volunteers were
prepared in two ways —as a whole platelet
preparation or as a lysed platelet preparation.
The amount of protein contained in the lysate
was determined using a modified Bradford assay
(26). Every ml of lysate was found to contain
1400 pg protein. The value of 200 pg protein
per ml was used in al subsequent experiments,
which it is the same amount of protein of 10’
whole platelet per well (27). This protein would
have included antigens such as CD41 and other
glycoproteins, as well as other non-glycoprotein
proteins.

ELISA of Antiplatelet Fab Antibody Frag-
ments

ELISA was aso used to detect potentially Fab-
binding platelet glycoproteins phages. This is
because antibody binding to glycoprotein com-
plexes in platelets can be Fab-mediated (28),
whereby the Fab-binding part of the glycopro-
tein binds to the Fab region of the paratope on
the antibody.

To detect these platelet Fab-binding glycoprote-
ins, it was necessary to quantify the optimum
concentrations of anti-CD41 antibody to use in
the ELISA experiments. The optimum
concentration was therefore determined using
mouse monoclona anti-CD41 antibody and
washed whole platelets. It was found to be 10°
Zug/ml.

Then the optimum concentration of whole plate-
lets to use in ELISA experiments was found.
Whole platelet preparations in a range of
concentrations were tested against anti-CD41
antiplatelet antibody, and a maximum reaction
was observed with 10" platelets per well. This
whole-platelet concentration was used in dl
subsequent ELISA assays.
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The optimum concentration of platelet lysate for
detecting anti-CD41 was determined to be
1400 pg/ml that it was used a 200 pg/mi
throughout the study.

These optimum concentrations of whole plate-
lets and lysate were used to determine whether
whole platelets or lysate were more suitable as a
substrate in the binding assays of antibodies and
platelet antigens. Whole platelets were expected
to adsorb more antibodies against glycoprotein
complexes, not least because antiplatelet antibo-
dies can only attach to cation-dependent epi-
topes on the GP Illa component if the complex
is conformationally intact (23), or because the
complex on the platelet surface may undergo a
conformational change that causes it to be dis-
played differently on activated platelets and ex-
press new epitopes (29).

In the ELISA analysis of the platelet glycopro-
tein llb/llla complex, using monoclona anti-
CD41 antibodies, the anti-CD41 antibody re-
acted most strongly against CD41 antigen in the
whole platelet preparation, as expected, com-
pared with the antigen in the lysate preparation.
The reaction of the lysed platel ets was only 70%
of that seen with the whole platelet preparation.
There may be several reasons for this. First, the
amount of CD41 antigen may have been greater
in the whole platelet preparation because there
may have been different amounts of protein in
the two kinds of samples. Only the protein con-
tent in the lysed preparation was determined in
this experiment. The protein content of the
whole platelet sample may have been different,
which meant the two samples could not be di-
rectly compared and no assumptions could be
made about the amount of CD41 antigen they
contained. As a consequence, any differences in
the reactivity of the samples in this study had to
be treated with caution.

Second, the differences obtained with the differ-
ent preparations might have arisen because of
changes occurring during the preparation of the
lysed platelets. Lysis may release non-mem-
brane proteins and expose new antigenic epi-
topes. The glycoprotein complexes may remains
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intact on the surface of the platelet, and some
become detached from the platelet membranes
and undergo some conformationa change. Evi-
dence suggests that some complexes are better
recognised by antibody when they are still in
situ on the surface of the platelet (23). For
example, It was showed that antiplatelet antibo-
dies only attach to cation-dependent epitopes on
the GP Illa component when the whole GP
[1b/111a complex is conformationally intact.

| solation of Antiplatelet Fab Fragments
Antiplatelet Fab fragments specific for the
glycoprotein complex were isolated from a
phage library by a procedure known as biopan-
ning, which involves several steps. The biopan-
ning experiments used whole platelets, rather
than lysed platelets, largely because the response
of autoantibody in ITP is against several glyco-
proteins or antigens on the surface of the platelet
(30).

First, a phage display library was prepared from
a Fab-expressing phagemid library of human
immunologlobulin light and heavy antibody
chains on the V domain, constructed from the
MRNA from the splenic B lymphocytes of a pa-
tient with ITP, using cDNA encoding for immu-
noglobulin mostly 1gG. 1gG is associated with
the chronic form of ITP (15, 31-33), and 1gG-
specific autoantibodies can be detected in as
many as 60% of ITP patients (34) with levels of
platelet-binding 1gG being shown to increase
(33,35)

In this study, PCR-amplified gene segments for
the antibody domains which were cloned into
PAK100 vectors (18). The desired gene seg-
ments were inserted into the phagemid of the
Escherichia coli and the gene product was dis-
played on the surface of the bacteriophage. Dur-
ing the capturing step, the phage library was
conjugated to the desired target, so that only
specific peptides presented by bacteriophage
were bound to the target. The bacteria that took
up copies of the plasmid became resistant to cer-
tain antibiotics, and on exposure to a particular
antibiotic, the resistant bacteria survived. These
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bacteria were grown, harvested and lysed to iso-
late the plasmid of interest. Any phages that did
not bind to the solid surface are washed away,
leaving phages with strong binding affinity. The
more times the preparation was washed after
each round of panning resulted in the remova of
more unbound phage, without significant loss of
gpecifically bound phage.

The library underwent sequential panning with
whole platelets from the heathy volunteers, and
resulted in the isolation of glycoproteins that
recognized the phage specificaly. Phage-recog-
nizing platelet antigens that bound the Fab frag-
ments were isolated and the attached phage was
recovered and amplified and used to infect more
E. coli. The more times this was done, the
stronger the affinity of the binding peptides to
the target.

In order to isolate maximum numbers of poten-
tially anti-platelet antibodies, the biopanning
procedure was carried out under different condi-
tions, with either incubation or shaking imme-
diately after adding VCSM helper phage, and
with different numbers of washes after each
round of biopanning. This study revealed that
the number of colonies obtained was maximal
with incubation rather than shaking and with
five washes after each round of biopanning.

Five rounds of biopanning were carried out.
Each round produced higher numbers of en-
riched antiplatelet antigen-specific Fab-bearing
phage. The amount was quantified as colony-
forming units (c.f.u.). The first round of panning
produced only three clones from a 10° c.f.u./ml
phage suspension. After five rounds there were
237 colonies. The quantity of starting phage was
not significant.

It was expected that these increasingly large
numbers colony-forming units would have in-
creased levels of anti- Fab- bearing phage. The
specificity of the enriched phage in each round
of panning was therefore tested for reactivity
against platelet protein. ELISA was used to
confirm that the amount of phage potentially
bearing anti- Fab increased after each round of
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panning, reaching a maximum after the five
rounds.

The reactivity of a number of colonies after five
rounds of panning was investigated next. A hun-
dred colonies were isolated from the phage pool,
which randomly were selected. From each of
these, 10° c.f.u. of the phage were added to a
well with anti-phage antibody and examined for
reactivity against platelet proteins using the
whole-platelet ELISA. Twelve of the hundred
colonies showed reactivity against whole plate-
lets. All of the twelve reacting colonies showed
a high level of reactivity with whole platelets
compared to the negative control M13 phage.
The same study showed that 23 out of 40 ran-
domly selection colonies reacted with GPIIb/Il1a
that their inhibition studies using murine mAb
against various epitopes suggested that binding
epitopes of phage antibodies were |ocated within
the GPlIb/Illa complex. They used the phage
display approach to isolate Fab antibody frag-
ments recognizing native GPIIb/II1aA library
from a human donor immunized with Rh* red
blood cells was panned with freshly washed
platelets (36).

This study used a random selection of phage li-
brary colonies to produce Fab antiplatelet
antibodies that showed reactivity for certain
antigens on the surface of human platelets. This
phage library was derived from a patient with
the autoimmune disease ITP. ELISA was used
to show that the isolated Fab fragments reacted
with antigens on the platelet surface. Future stu-
dies could be conducted to isolate additional Fab
antibody fragments. Further analysis and
modification of the fragments isolated in this
study, and other Fab fragments isolated in the
future, will improve our understanding of the
platelet antigen—antibody interaction in the au-
toimmune disease of ITP.
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