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THE MEASUREMENT OF PLAnLET-ASSOCIATED IgG USING 
A N  IMMUNORADIOMETR I C  ASSAY 

John G. Kel ton ,  Greg Denomme, C h r i s  Walker, Peter Horsewood, 
Jack  Gauld ie  

Departments of Medicine and Pa thology,  McMaster Medical Centre 
and Canadian Red Cross Blood Transfus ion  S e r v i c e .  Hamilton Centre 

ABSTRACT 

The amount o f  IgG on t h e  s u r f a c e  o f  washed p l a t e l e t s  from 
h e a l t h y  i n d i v i d u a l s  v a r i e s  accord ing  t o  t h e  a s say  u s e d .  An 
immunoradiometric a s say  (IRMA) f o r  IgG was developed ,  v a l i d a t e d  
a n d  u s e d  t o  m e a s u r e  p l a t e l e t  a s s o c i a t e d  IgG.  The  
p l a t e l e t - a s s o c i a t e d  IgG (yg$gG) on washed p l a t e l e t s  was allowed 
59 r e a c t  with excess  I - l d e l l e d  anti-IgG. The unbound 

*I-anti-IgG was then  q u a n t i t a t e d  by t h e  a d d i t i o n  o f  sepharose  
t o  w h i c h  IgG had  b e e n  c o v a l e n t l y  b o u n d .  The  

'"~-~nti-IgG/IgG-beads were s e p r a t e d  from t h e  p l a t e l e t  
suspension by passage  a c r o s s  a d e n s i t y  g r a d i e n t .  The mean amount 
o f  IgG p r e s e n t  on washed p l a t e l e t s  from h e a l t h y  i n d i v i d u a l s  was 
0.8 f g  I g G / p l a t e l e t ,  or approximately 4,000 molecu le s  of IgG per 
c e l l .  I nve r se  Sca tchard  a n a l y s i s  confirmed t h e  v a l i d i t y  o f  t h e  
a s say  c a l i b r a t i o n  and i d e n t i c a l  results were ob ta ined  when f i v e  

-anti-IgC t o  p la te le t -bound IgG was complete by 30 m i n ,  bu t  
non-spec i f ic  b inding  o f  r a d i o a c t i v i t y  cont inued  t h e r e a f t e r .  Th i s  
non-spec i f ic  binding occurred n o t  on ly  wi th  anti-IgG but wi th  a l l  
a n t i b o d i e s  tested and could g i v e  e l eva ted  e s t i m a t e s  of PAIgG i n  
d i r e c  t bind ing a s says  . 

anti-IgG a n t i b o d i e s  were used .  The s p e c i f i c  b ind ing  o f  

INTR ODUC TION 

The development o f  t e c h n i q u e s  f o r  q u a n t i t a t i n g  IgG on t h e  
s u r f a c e  o f  p l a t e l e t s  h a s  aided i n  t h e  i n v e s t i g a t i o n  o f  i d i o p a t h i c  
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66 KELTON ET AL. 

thrombocytopenic purpura ( I T P )  and provided i n s i g h t  in to  i t s  

pathogenesis. Depending upon the assay u s e d ,  t he  mean amount of 

IgG on the surface of normal washed p l a t e l e t s  has been reported 

to  range from 2 to  11 fg  IgG per p l a t e l e t  ( 1 - 4 ) .  One explanation 

for  t h e  var ie ty  of normal ranges is the  tendency fo r  p l a t e l e t s  to  

non-spec i f i c a l l y  adsorb pro te ins ,  including those i n  assay 

reagents,  and a s  a r e s u l t ,  some techniques could overestimate the 

amount of plate1 et-bound immunoglobulin. To overcome t h i s  

d i f f i c u l t y ,  some inves t iga tors  have used paraformaldehyde 

f ixa t ion  of t e s t  p l a t e l e t s  (51, o t h e r s  have used two-stage 

procedures such a s  the  an t ig lobul in  consumption assay ( 1 , 6 ) ,  and 

s t i l l  o thers  have solubi l ized t h e  p l a t e l e t s  and measured IgG i n  

the  lysa te  (3,4,7). 

In t h i s  report  we descr ibe an immunoradiometric assay ( I R M A )  

fo r  quant i ta t ing IgG on p l a t e l e t s .  Studies  were performed using 

t h i s  technique to  def ine  poss ib le  reasons f o r  t h e  varied normal 

ranges. 

METHOE 

Pat ients  and Controls. A l l  p a t i en t s  had idiopathic 

t h r o m b o c y t o p e n i c  p u r p u r a  ( I T P ) .  T h i s  was d e f i n e d  a s :  

( a )  isolated thrombocytopenia; (b )  normal or  increased bone 

marrow megakaryocytes; and ( c )  no other  serological  o r  c l i n i c a l  

evidence of  a secondary cause for  the thrombocytopenia such a s  

systemic l u p u s  erythematosis or hyperspl enism. 
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PLATELET-ASSOCIATED IgG 67 

The cont ro ls  were heal t h y  non-thrombocytopenic laboratory 

personnel . 
Preparation of Test  P l a t e l e t s .  Twenty m l  of whole blood was 

col lected i n t o  3.3 m l  of acid c i t r a t e  dextrose ( A C D )  using a 

p l a s t i c  syringe. The p l a t e l e t  r i c h  plasma was separated by 

centr i fugat ion a t  260g for 10 minutes. A p l a t e l e t  p e l l e t  was 

obtained by fur ther  centr i fugat ion a t  2000g for 15 minutes and 

the p l a t e l e t s  were washed three  t imes w i t h  0.015M EDTA and 

resuspended i n  veronal buffered s a l i n e  (VBS), pH 7.4. Di lut ions 

of the p l a t e l e t  suspension were made i n  VBS and counted i n  a 

Coulter-S-Counter (Coulter Electronics ,  Hialeigha, Fla . ) .  

Lymphocytes and granulocytes were separated *om whole blood from 

healthy donors and 2 x lo7 c e l l s  incubated w i t h  100 u C i  o f  

51sodiun chromate (New England Nuclear, Lachine, Quebec), and 

then washed. To determine the  number of leukocytes  contaminating 

the p l a t e l e t  pellet ,  varying concentrat ions of r a d i o l b e l l d  

lymphocytes o r  granulocytes were added to  f resh  whole blood 

specimens, and the p l a t e l e t s  isolated a s  described. The 

lymphocyte and granulocyte contamination i n  the  p e l l e t  was 

determined by r e l a t ing  the r ad ioac t iv i ty  of  t h e  p e l l e t s  t o  the 

spec i f ic  a c t i v i t y  of  each leukocyte preparation. 

Measurement of Plate1 et-Assoc iated IgG ( P A I g G )  

A. The Antiglobulin Consumption Assay. Platelet -associated 

IgG was measured u s i n g  the ant iglobul in  consumption assay 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



68 KELTON ET AL. 

(1,6,8). I n  t h i s  assay,  sheep erythrocytes  coated w i t h  hunan IgG 

are  lysed by anti-IgG and complement. The l y s i s  can be 

quant i ta t ively inhibited by pr ior  incubation of the  anti-IgG w i t h  

washed t e s t  p l a t e l e t s  or known concentrat ions of I&. The number 

of p l a t e l e t s  tha t  causes 50% inhib i t ion  of erythrocyte l y s i s  i s  

related t o  the concentration of IgG standard tha t  produces the  

same i n  h ib  it ion. 

B. The Immunoradiometr ic  Assay ( I R M A ) .  The pr inc ip le  of 

t h i s  assay is i l l u s t r a t e d  i n  Figure 1 .  Varying d i l u t i o n s  of 

washed t e s t  p l a t e l e t s  o r  known amounts of IgG standard are  

incubated w i t h  a fixed concentration of r a d i o l z b e l l d  anti-IgG. 

The unbound anti-IgG i s  reacted w i t h  an excess of IgG-coated 

beads. The label led anti-IgG t h a t  b i n d s  to  the IgG-beads i s  

counted a f t e r  separation of t he  beads from the  p l a t e l e t s  by 

passage across  a densi ty  gradient .  

Preparat ions of anti-IgC. Anti-human IgG was raised i n  

sheep by t h e  inject ion of pooled human IgG purif ied by column 

chromatography (DEAE-cellulose and Sephadex G-200, [Pharmac ia 

Chemicals, Dorval, Quebec]). The s p e c i f i c i t y  of t he  anti-IgG, 

confirmed by immunodiffusion and immunoel ectropheresis ,  was 

directed to  the Fc fragment of human IgG. The antibody was 

p a r t i a l l y  purif ied by 33% ammonium su l f a t e  prec ip i ta t ion  and the 

p rec ip i t a t e  redissolved i n  0 . 1 9 ,  pH 7.4 phosphate buffered 

sa l ine  (PBS) , dialysed for  12 hours a t  4OC agains t  P B S  and stored 

a t  -7OOC. The anti-IgG. prepared a s  described, together w i t h  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



PLATELET-ASSOCIATED IgG 69 

four  commercial an t i - I@ reagents  (At l an t i c  Antibodies,  

Scarborough, ME; Bek ing  Diagnost ics ,  Montreal, Quebec; Meloy 

Laborator ies ,  Spr ingf ie ld ,  VA; and Cedarlane Labora tor ies ,  

Hornby, Ontar io)  were l abe l l ed  wi th  12510dine using the  

chloramine-T method (91, and the  rad io labe l led  pro te in  s e p r a t e d  

from the  iod ine  by passage through a Sephadex G-75 column. The 

RADIOACTIVE ANTI-IgG* 
BINDS TO PLATELOS IgG 

UNBOUND ANTI-IgG* 
BINDS TO IgO COATED BEADS 

FICOLL- HVPAQUE SEPARATES 
ANTl-lgG*BOUND TO BEADS 

FIGURE 1. A schematic r e F e s e n t a t i o n  of  t h e  p r i n c i p l e s  of 
t h e  immunorad i o m e t r i c  a s s a y  f o r  q u a n t i t a t i n g  
p l a t e l e t - a s s o c i a t e d  I g C . .  A f i x e d  c o n c e n t r a t i o n  o f  
r a d i o l a e l l e d  anti-IgG (*’ i s  incubated wi th  varying 
concent ra t ions  of washed t e s t  p l a t e l e t s  ( ) or known 
amounts of hunan I&. IgG-beads ( 0 are added t o  t h e  
mixtwe and the rad io labe l led  anti-IgG bound to the  
IgG-beads i s  measured a f t e r  cen t r i fuga t ion  o f  t h e  suspension 
across  a Ficoll-Hypaque dens i ty  gradient .  
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KELTON ET AL. 70 

r a d i o l a b e l l e d  an t i se rum was d i l u t e d  i n  PBS con ta in ing  5% normal 

sheep  serum and s tored  a t  -7OOC. 

P repa ra t ion  of IgG-beads. Human IgG (Cohn 11, Sigma 

Chemical Co., S t .  Louis,  Mo.) was cova len t ly  l i n k e d  t o  Sepharose 

beads Sephasorb HP-ul t ra f ine ,  104'3 micron [Pharmac i a  F i n e  

Chemicals, Dorval , Quebec] us ing  carbonyl-diirnidazole (10) .  One 

gram o f  d r i e d  beads was mixed f o r  30 m i n u t e s  wi th  10 m l  of 

dioxane (1,4 dioxane ,  EP)H Poole,  England) and 0.48 g of 

1,l-carbonyl-diimidazole (CDI) was added and incubated f o r  15 rnin 

a t  22OC. The beads were washed with dioxane followed by 0.1M 

bora t e  bu f fe r  (pH 8.5) and m i x e d  w i t h  2 7  mg o f  s o l u b l e  IgC f o r  12 

hours  a t  4 O C .  The beads were washed once  with 1 M  NaCl and tw ice  

wi th  PBS before  resuspens ion  t o  a f i n a l  coun t  of 10 beads per 

100 u l  i n  PBS con ta in ing  0.1% sodium az ide .  "Control" beads were 

subjec ted  t o  t h e  same procedure except  t h a t  b u f f e r  rep laced  t h e  

IgG s o l u t i o n .  

6 

---- Imnunoradiometr ic Assay. 100 u l  of 1251-anti-IgG con ta in ing  

40,000 cpm was incubated f o r  30 min  a t  370C with 100 u l  of a 

series of d i l u t i o n s  of washed p l a t e l e t s  suspended i n  VBS. One 

hundred microlitres of IgG-Sephasorb beads (10  beads)  was added 

and incubated a t  3 f C  f o r  30 m i n .  Four m l  of 5% normal sheep  

serum was added t o  the  t&es  and t h e n  1 m l  of Ficoll-Hypaque 

6 

(6$:105),  was c a r e f u l l y  l aye red  below the  mixture using a 20  

guage need le  and t h e  beads sepa ra t ed  Prom t h e  p l a t e l e t s  by 

c e n t r i f u g a t i o n  f o r  2 m i n  a t  260g. The s u p e r n a t a n t  was decanted ,  
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PLATELET-ASSOCIATED IgG 71 

t h e  beads  were washed once more i n  5% normal s h e e p  serum, and 

t h e i r  r a d i o a c t i v i t y  measured i n  a gamma c o u n t e r  (Amersham, 

O a k v i l l e ,  O n t a r i o ) .  A s t a n d a r d  c u r v e  was  prepared  u s i n g  a 

similar p r o t o c o l  e x c e p t  t h a t  i n c r e a s i n g  c o n c e n t r a t i o n s  of human 

IgG s t a n d a r d  were u s e d .  Maximal i n h i b i t i o n  was d e t e r m i n e d  u s i n g  

a 3 u g / t u b e  IgG s t a n d a r d .  Maximum b i n d i n g  (Bo) of r a d i o l a b e l l e d  

p r o t e i n s  to t h e  b e a d s  was de te rmined  by s u b s t i t u t i n g  b u f f e r  f o r  

t h e  IgG s t a n d a r d .  

The b i n d i n g  of t h e  1251-anti-IgrJ t o  t h e  IgC-beads was 

p l o t t e d  a g a i n s t  t h e  l o g a r i t h m  p l a t e l e t  c o u n t  ( t e s t  c u r v e )  and 

a g a i n s t  t h e  l o g a r i t h m  o f  c o n c e n t r a t i o n  of IgC ( s t a n d a r d  c r u v e ) .  

The amount of  IgG which produced 50% o f  Bo b i n d i n g  was r e l a t e d  to 

t h e  number of t es t  p l a t e l e t s  t h a t  caused s imi la r  i n h i b i t i o n  and 

i n  t h i s  way t h e  amount of IgG p e r  p l a t e l e t  was c a l c u l a t e d .  

- V a l i d a t i o n  o f  t h e  T e c h n i c a l  A s p e c t s  of t h e  Method. To 

d e t e r m i n e  t h e  number of I&-beads  r e q u i r e d  t o  b ind  e s s e n t i a l l y  

a1 1 1 2 5 ~ - a n t i - ~ ~ ,  100 u l  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  

IgG-beads were i n c u b a t e d  f o r  30 m i n u t e s  a t  3 f C  w i t h  a f i x e d  

d i l u t i o n  o f  1251-anti-IgG. The b e a d s  were s e p a r a t e d  and washed 

a s  b e f o r e  and t h e  r a d i o a c t i v i t y  c o u n t e d .  

The time r e q u i r e d  for  t h e  b i n d i n g  of t h e  1251-anti-IgG t o  

r e a c h  e q u i l i b r i u m  w i t h  t h e  washed p l a t e l e t s  was  de te rmined  by 

i n c u b a t i n g  p l a t e l e t s  f rom ITP p a t i e n t s  and from h e a l t h y  c o n t r o l s  

w i t h  1251-anti-IgG for 30, 60,  90,  120 and 240 min. The PAIgC 

was t h e n  de termined  a s  d e s c r i b e d .  
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72  KELTON ET AL. 

To measure t h e  c o m p l e t e n e s s  of s e p a r a t i o n  o f  t h e  I&-beads 

from t h e  t e s t  p l a t e l e t s ,  p l a t e l e t s  from h e a l t h y  i n d i v i d u a l s  were 

washed and 3 x lo7 p l a t e l e t s  were i n c u b a t e d  w i t h  100  uCi of 

51sodiun  chromate,  and washed a g a i n .  The I R M A  a s s a y  was 

performed a s  d e s c r i b e d  e x c e p t  t h a t  u n l a b e l l e d  a n t i - I g C  was used 

i n  p l a c e  of t h e  1251-anti-IgC. The p l a t e l e t  c o n t a m i n a t i o n  i n  t h e  

s e p r a t e d  bead f r a c t i o n  was c a l c u l a t e d  u s i n g  t h e  s p e c i f i c  

a c t i v i t y  o f  t h e  p l a t e l e t s .  

To v a l i d a t e  t h e  a s s a y  c a l i b r a t i o n  t h a t  u s e s  IgG i n  free 

s o l u t i o n ,  i n  c o n t r a s t  t o  t h e  s o l i d  p l a t e l e t - b o u n d  I&, inverse 

S c a t c h a r d  a n a l y s i s  was performed on t h e  b i n d i n g  o f  a n t i s e r u m  to 

t h e  IgC s t a n d a r d  and t o  t h e  tes t  p l a t e l e t s  ( 1 1 ) .  

The Binding of  R a d i o l a b e l l e d  S p e c i f i c  Antibody and O t h e r  --.--.-__ 

-- P r o t e i n  to P l a t e l .  To measure t h e  p l a t e l e t  b i n d i n g  of 

r a d i o l a b e l l e d  s p e c i f i c  a n t i b o d y  and o t h e r  p r o t e i n s  p r e s e n t  i n  t h e  

a n t i s e r u m ,  100  u l  of t h e  f i v e  d i f f e r e n t  r a d i o l a b e l l e d  a n t i s e r a ,  

d i l u t e d  i n  PBS,  were i n c u b a t e d  w i t h  p l a t e l e t s .  The d i l u t i o n  o f  

e a c h  a n t i s e r u m  was a d j u s t e d  so  t h a t  80 ng per 100 u l  o f  IgG 

s t a n d a r d  bound 50% of t h e  a n t i - I & .  T h i s  d i l u t i o n  was i n c u b a t e d  

f o r  30, 60 ,  120 ,  240 and 360 m i n u t e s  a t  37OC w i t h  t h e  washed 

p l a t e l e t s  from a s i n g l e  h e a l t h y  donor .  After t h e  i n c u b a t i o n  and 

c e n t r i f u g a t i o n  a t  2000g f o r  10 m i n u t e s ,  t h e  s u p e r n a t a n t s  were 

removed and saved and t h e  p l a t e l e t  pe l l e t s  washed twice w i t h  PBS 

and t h e i r  r a d i o a c t i v i t y  measured.  The s u p e r n a t a n t s  c o n t a i n i n g  

1251-anti-IgC n o t  bound t o  p l a t e l e t s  were i n c u b a t 4  w i t h  100 u l  
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PLATELET-ASSOCIATED IgG 73 

6 o f  I&-beads (10 ) for  30 m i n  a t  3 f C .  

twice and t h e  amount of a n t i - I &  bound w a s  measured.  

The IgG-beads were washed 

To i n v e s t i g a t e  whether  r a d i o l a e l l e i  p r o t e i n s  o t h e r  t h a n  t h e  

s p e c i f i c  ant i - I& had bound t o  p l a t e l e t s ,  washed p l a t e l e t s  were 

i n c u b a t e d  wi th  '*%-anti-IgG d e p l e t e d  antiserum. The anti-IgG 

was removed from t h e  a n t i s e r u m  by i n c u b a t i o n  for  30 m i n  a t  3 f C  

w i t h  l o 6  I&-beads. The a n t i s e r u m  was s e p a r a t e d  from t h e  

I&-beads by c e n t r i f u g a t i o n  a t  260g x 2 min and 100 u l  of t h e  

s u p e r n a t a n t  was i n c u b a t e d  w i t h  100  u l  of a washed p l a t e l e t  

s u s p e n s i o n  for 30 min a t  3fC. A s  a c o n t r o l  for t h e  r e m a i n i n g  

a n t i - I & ,  a n o t h e r  103 u l  a l i q u o t  of t h e  s u p e r n a t a n t  was i n c u b a t e d  

f o r  30 m i n u t e s  a t  370C w i t h  100 u l  (10 1 IgG-beads. Both t h e  6 

p l a t e l e t s  and t h e  IgG-beads were washed twice i n  5% normal s h e e p  

serum and t h e  r a d i o a c t i v i t y  c o u n t e d ,  

C o m p a r i s o n  o f  t h e  I m m u n o r a d  i o m e t r i c  A s s a y  a n d  t h e  

Antig1obulJ.q Consumption Assay.  Doubling d i l u t i o n s  of t h e  

12%-anti-IgG were i n c u b a t e d  w i t h  e i t h e r  t h e  IgC l a b e l l e d  s h e e p  

e r y t h r o c y t e s  or t h e  I&-beads.  The amount o f  an t i - IgG bound t o  

- ___.- ._ - -. - -__ 

e i t h e r  t a r g e t  was measured a s  t h e  r a d i o a c t i v i t y  o f  t h e  IgG-beads 

a f t e r  w a s h i n g  o r  t h e  a m o u n t  o f  h e m o g l o b i n  r e l e a s e d  b y  

complement-mediated l y s i s  o f  t h e  s h e e p  e r y t h r o c y t e .  

The p r e c i s i o n  of e a c h  a s s a y  was a s s e s s e d  by measur ing  t h e  

c o n c e n t r a t i o n  of IgC s t a n d a r d  r e q u i r e d  t o  p r o d u c e  50% i n h i b i t i o n  

of b i n d i n g  (IRMA a s s a y ) ,  or  l y s i s  ( a n t i g l o b u l i n  consumption 

a s s a y s )  o n  d e t e r m i n a t i o n s  performed on 1 7  d i f f e r e n t  days .  
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7 4  KELTON ET AL. 

RESULTS 

The Immunoradiometr -. ic Assay ( I R M A )  fo r  Plate1 et-Assoc iated 

I g C :  V a l i d a t i o n  o f  Methodology.  Less  t h a n  2% of  t h e  

lymphocytes and l e s s  than 0.1% of the  granulocytes i n  the whole 

blood specimen were recovered i n  the washed p l a t e l e t  sample. 

-__-- 

Non-specific adsorption of r a d i o l z b e l l d  pro te ins  to  the beads 

was minimal and l e s s  than 2% of the 1251-antibody preparation 

bound t o  control beads. Fewer than 2% of the p l a t e l e t s  crossed 

the Ficoll-Hypaque gradient.  

No measurable 1251-anti-IgG remained i n  the  aqueous phase 

6 a f t e r  adsorption by 10  IgG-beads. 

A l l  measurable platelet-associated I& (PAIgG)  on i n t a c t  

p l a t e l e t s  c o u l d  b e  measured a f t e r  30 m i n  i n c u b a t i o n .  

Progressively increasing the  length of incubation to s i x  hours 

d i d  no t  increase the amount of PAIgG t h a t  could be measured. 

Inverse Scatchard analysis  ( 1 1 )  was used t o  evaluate the 

appropriateness of ca l ibra t ion  of the  assay (Figure 2) .  When 

d i lu t ions  of aqueous IgG standard and d i l u t i o n s  of p l a t e l e t  

suspension were incubated w i t h  fixed amounts of 1251-anti-IgG, 

the dimensionless r a t i o  of binding capacity to  r e c i p o c a l  

equilibrium constant was ident ica l  fo r  both sets of reactions.  

Since the concentration of antibody binding c a m c i t y  is common to 

both s e t s  of d i lu t ions ,  t h e  equi l ibr iun  constants  of reaction of 

antibody w i t h  aqueous IgG and w i t h  platelet-bound IgC m u s t  be 

ident ica l .  Equality of equi l ibr iun  constants between standards 
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-150 -100 -50 0 50 100 150 200 250 300 

Lw2 
STANDARD IgG (ngl 

I 1 

-150 -100 -50 0 100 200 300 400 500 600 

CONCENTRATION OF PLATELETS ( x  lo3 per PI) Lw2 

IGURE 2.  Inverse Scatchard ana lys i s  of the  binding of the 
l2'1-anti-IgC to washed t e s t  p l a t e l e t s  (upper f igure  1 )  or  to 

the IgC standard (lower f igu re ) .  The dimensionless r a t i o  of 
b i n d i n g  capaci ty  (Ab) to  the reciprocal  equilibrium cons tan t  
(K) was ident ica l  for  both react ions.  W = ( 1  - Ab/B) where 
Ab = maximum counts capable of being bound t o  beads and 
B = counts bound a t  varying concentrat ions of standards or 
pl  ate1 ets .  
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I I I I 

30' 60' 120' 240' 
TIME OF INCUBATION IMinutesl 

3. The re la t ionship  between the duration of 
incubation (absc issa) ,  and the amount of plate1 et-bound 
r a d i o x t i v i t y  expressed a s  a percent of the r ad ioac t iv i ty  on 
the p l a t e l e t s  a f t e r  30 minutes of incubation for f ive  
d i f f e ren t  anti-I& reagents (9----9), (ord ina te) .  The 
anti-I& reagents used include: ( 1 )  Betring Diagnostics; 
(2) our own ant i - I&;  ( 3 )  Meloy Laboratories;  (4)Cedarlane 
Laboratories ; (5) Atlantic Antibodies. The ac t m l  amount 
of anti-IgG not  associated w i t h  I&-beads i s  s h o w n  a s  
(o--o). Although the p l a t e l e t  r ad ioac t iv i ty  continued t o  
r i s e  w i t h  progressively longer incubtions,  t he  actual  amount 
of anti-IgG bound d i d  not  change a f t e r  the f i r s t  30 m i n u t e s  
of incubation. 

and unknowns is a prerequis i te  for  paral le l ism of ca l ibra t ion  

curves. 

The Bind ing  of Radiolabelled A n t i - I g G  and Other Non-Immune 

Proteins  to the P la t e l e t s .  The amount of platelet-bound 

rad ioac t iv i ty  was proportional t o  t h e  duration of incubation of 

the radiolabelled antiserum w i t h  the t e s t  p l a t e l e t s  f o r  each of 

the  f ive d i f f e ren t  an t i s e ra  (Figure 3 ) .  For ce r t a in  an t i s e ra ,  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



PLATELET-ASSOCIATED IgG 77 

t h e  p l a t e 1  et-bound r a d i o a c t i v i t y  was  t h r e e - f o l d  h i g h e r  a t  4 h o u r s  

of i n c u b a t i o n  compared t o  t h e  r a d i o a c t i v i t y  p r e s e n t  a t  30 min 

( F i g u r e  3 ) .  This increase i n  r a d i o a c t i v i t y  was due to t h e  

b i n d i n g  o f  r a d i o l & d l e d  p r o t e i n s  o t h e r  t h a n  t h e  an t i - IgG s ince 

t h e  r e s i d u a l  1251-anti-IgG measured by t h e  b i n d i n g  t o  t h e  

I g C - b e a d s  d i d  n o t  c h a n g e  a f t e r  t h e  f i r s t  3 0  m i n .  T h e  

non-spec if ic b i n d i n g  was re1 a ted  to  t h e  p u r i t y  o f  t h e  a n t i s e r u m ,  

I t  was lowest for an a f f i n i t y  p u r i f i e d  ant i - IgG from A t l a n t i c  

A n t i b o d i e s .  I n  t h i s  p r e p a r a t i o n  30% o f  t h e  t o t a l  p r o t e i n  had 

ant i - IgG a c t i v i t y .  I t  was  h i g h e s t  f o r  t h e  B e t r i n g  D i a g n o s t i c  

p r e p a r a t i o n  i n  which less t h a n  1% of t h e  p r o t e i n  had ant i - IgG 

a c t i v i t y .  The u s e  o f  e i t h e r  n o n - r a d i o l a b e l l e d  normal s h e e p  serum 

a s  a n t i s e r u m  d i l u e n t  or t h e  a d d i t i o n  of a d e t e r g e n t  ( T r i t o n  X100) 

reduced but  d i d  n o t  e n t i r e l y  e l i m i n a t e  t h e  non-spec i f ic  b i n d i n g .  

The p r o p e n s i t y  of t h e  non-ant i - I& p r o t e i n s  t o  f i r m l y  b ind  

t o  t h e  p l a t e l e t  m e m b r a n e  w a s  c o n f i r m e d  b y  t h e  u s e  o f  

r a d i o l a b e l l e d  a n t i s e r u m  b o m  which  a l l  ant i - IgG had been removed 

by p r i o r  a d s o r p t i o n  w i t h  I&-beads.  After 30 m i n u t e s  o f  

i n c u b a t i o n  o f  p l a t e l e t s  w i t h  t h e  an t i - IgG d e p l e t e d  a n t i s e r u m ,  t h e  

p l a t e l e t - b o u n d  r a d i o a c t i v i t y  was  40% of  t h e  r a d i o a c t i v i t y  

a s s o c i a t e d  w i t h  t h e  o r i g i n a l  a n t i s e r u m .  I n  c o n t r a s t ,  b i n d i n g  of 

t h e  an t i - IgG d e p l e t e d  an t i s e ra  to IgG-beads was less t h a n  2% o f  

t h e  t o t a l  r a d i o a c t i v i t y .  

Comparison o f  t h e  Immunoradiometr ic Assay and t h e  S t a n d a r d  

A n t i g l o b u l i n  Consumption Assay.  The same a n t i s e r u m  was  used i n  

t h e  immunoradiometr ic a s s a y  and t h e  a n t i g l o b u l i n  consumption 
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DILUTION OF ANTISERA 

FIGURE 4. The r e l a t ionsh ip  between the d i lu t ion  of 
antiserum shown a s  a reciprocal  t i t r e  along the abscissa and 
the endpoint s e n s i t i v i t y  f o r  two d i f f e r e n t  assays used to  
measure PAIgG. The endpoint of the standard ant iglobul in  
consumption assay (-) is l y s i s  of sheep erythrocytes.  
The endpoint of the I R M A  assay (o----o) i s  the binding of 
r a d i o l a b e l l d  an t i s e ra  to IgG-beads. The same antiserum was 
used i n  both experiments. 

assay to determine the r e l a t i v e  endpoint s e n s i t i v i t i e s  of each 

procedure. Approximately a 20-fold grea te r  d i lu t ion  of antiserum 

could be detected using the I R M A  assay than t h e  ant iglobul in  

consumption assay (Figure 4). 

The between batch assay precision was determined by 

measuring the concentration of IgG standard required to  produce 

5 0 %  i n h i b i t i o n  o f  b i n d i n g  ( I R M A )  o r  s h e e p  c e l l  l y s i s  

(ant iglobul in  consumption) and was 6.3% ( n  = 18) fo r  the I R M A  

assay and 22% (n  = 17)  for  the ant iglobul in  consumption assay.  

Measurement of P l a t e l  et-Associated IgG on P la t e l  e t s  from 

Healthy Donors and Pa t ien ts  w i t h  I T P .  The amount of IgG on 

p l a t e l e t s  *om healthy non-thrombytopenic individuals  was 
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PLATELET-ASSOCIATED IgG 79 

0.8 2 0.5 (M 2 SD) fg/IgG per p l a t e l e t ,  n = 20. The amount of 

IgG progressively decreased a s  the p l a t e l e t s  were washed up t o  

three times. Further washes d i d  no t  give lower r e s u l t s .  

The mean IgG on p l a t e l e t s  from pa t i en t s  w i t h  I T P  was 8.6 fg  

IgG/platelet  and ranged from 2 to 30 fg  IgG/platelet .  

DISCUSS ION 

I t  is l i ke ly  tha t  the amount of IgG on the  sur face  of washed 

p l a t e l e t s  from h e a l t h y  i n d i v i d u a l s  measured  u s i n g  t h e  

immunoradiometric assay ( I R M A )  rep-esents  a c lose approximation 

of t h e  ac tua l  amount of IgG on these p l a t e l e t s .  Technical 

a r t i f a c t s  were carefu l ly  excluded. Any s i g n i f i c n t  contr ibut ion 

to  the p l a t e l e t  IgG by contaminating c e l l s  such a s  lymphocytes or 

granulocytes was excluded. Methodological a r t i f a c t s  were a l so  

evaluated by inclusion of appropriate cont ro ls ,  and Val idat ion of 

the method of ca l ibra t ion  u s i n g  inverse Scatchard ana lys i s .  The 

same amount of IgG per p l a t e l e t  was determined when f ive  

d i f f e r e n t  anti-IgG an t i se ra  reagents  were used. 

The mean amount of IgG on washed p l a t e l e t s  from heal thy,  

non-thrombcytopenic individuals  was 0.8 fg  of IgG per p l a t e l e t  or 

approximately 4000 molecules of IgG. Possible reasons f o r  t h e  

considerable var ia t ion i n  previous est imates  of t h e  amount of 

PAIgG on washed normal p l a t e l e t s  were also invest igated.  

Previously,  u s i n g  t h e  ant iglobul in  consumption assay,  we have 

reported tha t  washed p l a t e l e t s  from healthy individuals  had up t o  
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80 KELTON ET AL. 

5 f g  I& per p l a t e l e t .  The r e a s o n  for t h e  d i f f e r e n c e  between 

t h i s  amount and our  c u r r e n t  r e s u l t  i s  u n c e r t a i n  b u t  c o u l d ,  i n  

p a r t ,  be  related t o  t h e  i n c r e a s e d  p r e c i s i o n  of t h e  I R M A  a s s a y  

compared t o  t h e  a n t i g l o b u l i n  consumption a s s a y  (C.V. of 7 %  and 

22% r e s p e c t i v e l y )  a s  well as t h e  g r e a t e r  e n d p o i n t  s e n s i t i v i t y  o f  

t h e  I R M A  a s s a y .  

The s t u d i e s  d e s c r i b e d  i n  t h i s  r e p o r t  a l s o  demonst ra ted  t h a t  

1abe l . led  p r o t e i n s  o t h e r  t h a n  t h e  s p e c i f i c  ant i - IgG i n v a r i a b l y  

bind t o  t h e  p l a t e l e t  s u r f a c e  ( F i g u r e  3 ) .  T h i s  p o t e n t i a l  a r t i f a c t  

would o c c u r  when p l a t e l  e t -assoc  i a t e d  I& i s  measured u s i n g  d i r e c t  

b i n d i n g  t e c h n i q u e s .  Although t h e  n o n - s p e c i f i c  b i n d i n g  w a s  lower 

when p u r i f i e d  r e a g e n t s  were u s e d ,  it was s t i l l  s i g n i f i c a n t  and 

c o u l d  i n f l u e n c e  t h e  estimated amount of  p l a t e l e t - I g G .  The u s e  o f  

t h e  fttwo-stagell p r o c e d u r e  d e s c r i b e d  i n  t h i s  report overcomes t h i s  

problem s i n c e  o n l y  a n t i - I &  i s  measured i n  t h e  second s t a g e  of  

t h e  a s s a y .  

T h e  I R M A  m e t h o d  was u s e d  t o  m e a s u r e  t h e  l e v e l  o f  

p l a t e l e t - a s s o c i a t e d  IgG on p l a t e l e t s  from p a t i e n t s  w i t h  

i d i o p a t h i c  thrombocytopenic  p u r p u r a .  I n  keeping  w i t h  p r e v i o u s  

o b s e r v a t i o n s  from o u r  own and o t h e r  l abora tor ies ,  we o b s e r v e d  

t h a t  washed p l a t e l e t s  from t h e s e  i n d i v i . d u a l s  had s i g n i f i c a n t l y  

h i g h e r  l e v e l s  of  I& on t h e i r  s u r f a c e  compared t o  c o n t r o l s .  

T h e r e f o r e ,  t h i s  a s s a y  c a n  be  used i n  t h e  i n v e s t i g a t i o n  o f  

p a t i e n t s  w i t h  s u s p e c t e d  immune thrombocytopenia .  However, o n e  

must  r e c o g n i z e  t h a t  t h e  s p e c i f i c  l t y  o f  i n c r e a s e d  p l a t e l  et  bound 
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PLATELET-ASSOCIATED IgG 81 

IgG f o r  the d i agnos i s  of i d i o p a t h i c  thrombocytopenia purpura i s  

low (12.13). 
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