
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Immunoassay and Immunochemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597271

Quantitative Determination of Human Plasma Apolipoprotein A-II by a
Non Competitive Enzyme-Linked Immunosorbent Assay
P. Puchoisa; A. Kandoussia; P. Durieza; J. C. Frucharta; W. J. McConathyb; E. Korenb

a Service de Recherche sur les Lipoprotéines et l'Athérosclérose, Institut Pasteur, Lille Cédex, France b

Laboratory of Lipid and Lipoprotein Studies, O.M.R.F., Oklahoma City, Oklahoma, USA

To cite this Article Puchois, P. , Kandoussi, A. , Duriez, P. , Fruchart, J. C. , McConathy, W. J. and Koren, E.(1986)
'Quantitative Determination of Human Plasma Apolipoprotein A-II by a Non Competitive Enzyme-Linked
Immunosorbent Assay', Journal of Immunoassay and Immunochemistry, 7: 4, 285 — 307
To link to this Article: DOI: 10.1080/01971528608060473
URL: http://dx.doi.org/10.1080/01971528608060473

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597271
http://dx.doi.org/10.1080/01971528608060473
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF IMMUNOASSAY, 7(4), 285-307 (1986) 

QUANTITATIVE DETERMINATION OF HUMAN PLASMA APOLIPOPROTEIN A-I1 
BY A NON COMPETITIVE ENZYME-LINKED IMMUNOSORBENT ASSAY 

P. Puchois, A.  Kandoussi, P. Duriez, J.C. Fruchart  
Service de Recherche sur  l e s  LipoprotCines 

e t  l 'AthCroscl tkose, I n s t i t u t  Pasteur, 
1 rue  du Professeur Calmette, 59019 L i l l e  Ckdex, France. 

W.J. McConathy and E. Koren 

825 N.E. 13th Street,  Oklahoma C i t y ,  Oklahoma 73104,  USA. 
Laboratory o f  L i p i d  and L ipop ro te in  Studies, O.M.R.F., 

ABSTRACT 

A noncompet i t  i v e  enzyme-l inked immunosorbent assay (ELISA) 
for apo l ipopro te in  A - I 1  (ApoA-11) was developed. M i c r o t i t e r  p l a t e s  
were coa ted  w i t h  a f f i n i t y  p u r i f i e d  an t ibod ies  t o  ApoA-11. A f t e r  
incubat ion  with human plasma, the  amount o f  ApoA-I1 bound t o  t h e  
coa ted  p l a t e  was determined w i t h  peroxidase-labeled an t ibod ies  t o  
ApoA-11. When pure ApoA-I1 or  d e l i p i d a t e d  r e f e r e n c e  plasma was 
used as standard, a s ing le  step d e l i p i d a t i o n  was requ i red  i n  order 
t o  unmask some ant igen ic  s i t e s  o f  ApoA-11. However, t he  u n d e r s t i -  
mated ApoA-I1 va lues  i n  u n t r e a t e d  samples were shown t o  be 
corrected by using i n t a c t  reference plasma as secondary s tandard .  
The average concentrat ion o f  ApoA-I1 i n  normolipidemic plasma was 
0 ,376  g / l .  

(KEYWORDS: Noncompet i t  i v e  enzyme-l inked immunosorbent assay - 
Apo l ipopro te in  A - I 1  - Human plasma) 

INTRODUCTION 

Measurements o f  t he  apo l ipopro te in  A - I 1  (ApoA-11) concentra- 

t i o n  i n  human plasma a re  performed by var ious  t y p e s  o f  immunoas- 
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286 PUCHOIS ET AL. 

says, i nc lud ing  r a d i a l  immunodiffusion ( I ) ,  electroimmunoassay (2,  

3 ) ,  immunonephelometry (4, 5 )  and radioimmunoassay ( 6 ,  7 ) .  Since  

t h e  advent o f  t h e  enzyme-linked immunosorbent assay (ELISA) ( E l ) ,  

t h i s  method has been used f o r  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  a 

v a r i e t y  o f  b i o l o g i c a l l y  i m p o r t a n t  compounds. T h i s  has a l s o  

included compet i t ive enzyme-linked immunoassays f o r  a p o l i p o p r o -  

t e i n s  C - I ,  C - 1 1 ,  C - 1 1 1 ,  E and B ( 9 ,  10)  as w e l l  as ApoA-11 ( 1 1 ) .  

however, the  a l t e r n a t i v e  noncompetit ive "sandwich" ELISA seems t o  

be a more a t t r a c t i v e  v e r s i o n  ( 1 2 1 ,  s i n c e  i n  t h i s  method, t h e  

ant igen t o  be measured does no t  have t o  be labeled, which excludes 

t h e  p o s s i b i l i t y  o f  i t s  a l t e r a t i o n .  I n  add i t i on ,  ELISA uses smal l  

quan t i t i es  o f  antibody, does no t  requ i re  d i s p o s a l  o f  r a d i o i s o t o -  

pes, and d isp lays  good s e n s i t i v i t y .  

We have r e c e n t l y  described a noncompetit ive "sandwich" ELISA 

f o r  measur ing t h e  c o n c e n t r a t i o n  o f  ApoA-I, t h e  ma jo r  p r o t e i n  

component o f  human h i g h  d e n s i t y  l i p o p r o t e i n s  ( 1 3 ) .  This study 

describes the development o f  a "sandwich" ELISA for measurement o f  

the other major p r o t e i n  o f  HDL, ApoA-11. 

MATERIALS AND METHODS 

M i c r o t i t e r  p l a t e s  (96-231 1 S e r o c l u s t e r  " U t f  v i n y l )  were 

purchased from COSTAR, Cambridge, MA, USA ; h o r s e r a d i s h  p e r o x i -  

dase, protein-A-Sepharose, bovine serum albumin and ge la t  in, from 

Sigma Chemical  Company, St. L o u i s ,  MO, USA. Perox idase  c o l o r  
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HUMAN PLASMA APOLIPOPROTEIN A-I1 287 

reagent  (2.2'-azino-di-3-ethylbenzothiazoline-sulfonate) was 

purchased from K i r k e g a a r d  and P e r r y  L a b o r a t o r i e s ,  I nc . ,  

Ga i the rsbu rg ,  MD, USA. Rabb i t  serum was purchased f rom K.C. 

B io log i ca l ,  Lenexa, KS, USA. 

Plasma 

Human b l o o d  samples were o b t a i n e d  by  v e n i p u n c t u r e  f rom 

asymptomatic normolipidemic male and female donors who had f a s t e d  

o v e r n i g h t .  F o r  comparat ive purposes, a group o f  h y p e r t r i g l y c e r i -  

demic male and female p a t i e n t s  ( t r i g l y c e r i d e  v a l u e s  above 3 9/11 

was a l s o  i n c l u d e d  i n  t h i s  s tudy .  The b l o o d  was c o l l e c t e d  i n t o  

10 m l  vacu ta ine r  tubes  c o n t a i n i n g  0.5 m l  

c e n t r i f u g e d  f o r  15 min a t  2,500 rpm a t  4°C 

plasma. Plasma samples were kept a t  4°C and 

48 hours. Plasma used f o r  t h e  prepara t ion  o 

o f  5 mmol/L EDTA and 

t o  separate c e l l s  from 

a lways  t e s t e d  w i t h i n  

dens i ty  f r a c t i o n s  was 

co l l ec ted  by plasmapheresis from normolipidemic and hyper l ip idemic  

donors.  L i p o p r o t e i n s  f r a c t i o n s  were i s o l a t e d  by  s e q u e n t i a l  

u l t r a c e n t r i f u g a t i o n  (14). 

I s o l a t i o n  o f  ApoA-I1 

ApoA-I1 was i s o l a t e d  from HDL by a combination o f  DEAE-cellu- 

l ose  and g e l  permeation chromatography as d e s c r i b e d  p r e v i o u s l y  

(15, 16). The i s o l a t e d  ApoA-I1 was homogeneous by bas ic  and SDS 
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PUCHOIS ET AL. 2aa 

polyacrylamide g e l  e lec t rophores is  and double d i f f u s i o n  a n a l y s i s .  

I t  showed t h e  expected molecular weight and amino ac id  composit ion 

o f  ApoA-11. The c o n t e n t  o f  ApoA-I1 i n  t h e s e  p r e p a r a t i o n s  was 

determined by amino ac id  analyses ( 1 6 ) .  

P r e p a r a t i o n  and P u r i f i c a t i o n  o f  A n t i b o d i e s  t o  ApoA-I1 

A n t i s e r a  t o  ApoA-I1 were produced i n  r a b b i t s  by i n t r a p e r i -  

toneal  admin is t ra t ion  o f  a n t i g e n  as  p r e v i o u s l y  d e s c r i b e d  ( 1 4 ) .  

A f t e r  assessment o f  t h e  m o n o s p e c i f i c i t y  o f  a n t i s e r a  by double 

d i f f u s i o n  and by electroimmunoassay ( 2 ,  151, a f f i n i t y  p u r i f i e d  

a n t i b o d i e s  were i s o l a t e d  by  immunoaf f in i t y  chromatography using 

d e l i p i d i z e d  HDL p r o t e i n s  (Apo HDL) coup led  t o  CNBr a c t i v a t e d  

Sepharose 4 BCL, as  described prev ious ly  (13). A f f i n i t y  p u r i f i e d  

ant ibodies were s to red  as 0.5 m l  a l i q u o t s  a t  -75" C. 

P r e p a r a t i o n  and P u r i f i c a t i o n  o f  Anti-ApoA-I1 Peroxidase Conjuqate 

The a n t i b o d y  enzyme c o n j u g a t e  was p repared  a c c o r d i n g  t o  

Avraemas (17) using glutaraldehyde aa c o u p l i n g  reagen t .  Labe led  

ant ibodies were separated from t h e  non-conjugated peroxidase using 

p r o t e i n  A Sepharose column chromatography. A f t e r  p u r i f i c a t i o n  by  

p r o t e i n  A ,  perox idase- labe led  anti-ApoA-I1 was concentrated with 

dry sucrose, and s to red  as 0.5 m l  a l i q u o t s  a t  - 75'C.  
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HUMAN PLASMA APOLIPOPROTEIN A-I1 

P r i n c i p l e  o f  t h e  Assay 

The two s i t e  "sandwich"  ELISA was per formed on microtiter 

p l a t e s .  The a s s a y  c o n s i s t e d  o f  t h e  f o l l o w i n g  s i x  s t e p s  : a )  

c o a t i n g  o f  t h e  p l a t e  w i t h  s n t i b o d i e s ;  b )  b locking  o f  unreac ted  

binding sites on t h e  p l a t e ;  c )  i n c u b a t i o n  o f  a n t i g e n  w i t h  t h e  

a n t  i b o d y - c o a t  ed p l a t e ;  d )  i n c u b a t  i o n  o f  t h e  peroxidase- labe led  

a n t i b o d i e s  with a n t i g e n  bound t o  t h e  coa ted  p l a t e ;  e )  i n c u b a t i o n  

w i t h  t h e  p e r o x i d a s e  s u b s t r a t e  a n d  development  o f  c o l o r ;  and f )  

reading  o f  t h e  o p t i c a l  d e n s i t y .  

Optimizing Assay Condi t ions  

O p t i m a l  c o a t i n g  o f  m i c r o t i t e r  p l a t e s  w i t h  t h e  a f f i n i t y  

p u r i f i e d  a n t i b o d i e s  t o  ApoA-I1 was f i r s t  examined .  D i f f e r e n t s  

d i l u t i o n  o f  a n t i b o d i e s  were made wi th  phosphate-buffered s a l i n e  

0.01M, pH 7.4 or  sodium carbonate  b u f f e r  O.IM, pH 9.6 or de ionized  

w a t e r ,  and i n c u b a t e d  on p l a t e s  (50 y l / w e l l )  f o r  18 hours  a t  25°C 

i n  a humidif ied chamber. Af te r  washing, t h e  p l a t e s  were i n c u b a t e d  

w i t h  s w i n e  p e r o x y d a s e  l a b e l l e d  a n t i b o d i e s  t o  r a b b i t  immunoglobu- 

l i n s  d i l u t e d  i n  Na2HP04 0 , 1 5  M pH 7 .2  c o n t a i n i n g  1% o f  bovine 

serum ablumine f o r  2 hours  a t  25°C. A f t e r  a d d i t i o n  of  t h e  p e r o x y -  

d a s e  s u b s t  r a t e ,  t h e  measurement of  t h e  o p t i c a l  d e n s i t y  a l lowed t o  

determine t h e  most e f f i c i e n t  b u f f e r  t o  g e t  maximal  c o a t i n g  o f  

f i r s t  a n t i b o d i e s .  
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290 PUCHOIS ET AL. 

Once t h i s  above experiment was performed, these such defined 

opt imal cond i t ions  were r e t a i n e d  t o  a s c e r t a i n  wether  they  were 

a l s o  o p t i m a l  f o r  t h e  comple te  enzyme immunoassay procedure o f  

ApoA-I1 evaluat ion.  For t h a t  purpose, s e r i a l  d i l u t i o n s  o f  p u r e  

ApoA-I1 were p repared  with 0.15M Na2HP04 b u f f e r  con ta in ing  1% o f  

t h e  b l o c k i n g  agent and i n c u b a t e d  on t h e  p r e c o a t e d  p l a t e  (50  

y l / w e l l )  f o r  18 hours  a t  4°C. Then, the  p l a t e s  were washed th ree  

t imes and incubated f o r  5 hours a t  25°C w i t h  peroxydase l a b e l l e d  

ant ibodies t o  ApoA-I1 ( 5 0 ~ l / w e l l )  d i l u t e d  with the  same b u f f e r  as 

above, (1:lOOO or 1:2000 or 1:4000 o r  1:8000 o r  1:16000). 

F o l l o w i n g  i n c u b a t i o n ,  p l a t e s  were washed f i v e  t i m e s  with 

0.15M Na2HP04, pH 6.5 and peroxydase s u b s t r a t e  was added (50 

p l / w e l l ) .  A f t e r  1 hour a t  37"C, co lo r  development was monitored by 

measur ing o p t i c a l  d e n s i t y  a t  405 nm u s i n g  an  automated ELISA 

reader. 

The e f f e c t  o f  pH was establ ished by using d i f f e r e n t  pH o f  t he  

b u f f e r  ranging from 6 t o  8.5. The b l o c k i n g  e f f i c i e n c y  o f  b o v i n e  

serum albumine and non immune r a b b i t  poo l  serum were a l s o  compared 

by judging the  i n t e n s i t y  o f  background o p t i c a l  d e n s i t y .  Through 

a l l  t h e  enzyme immunoassay p rocedure ,  washing and i n c u b a t i o n  

b u f f e r s  were always i d e n t i c a l  : same pH and same b lock ing  agent. 

Standard Curves 

For t h e  c o n s t r u c t i o n  o f  s t a n d a r d  c u r v e s  d i f f e r e n t  ApoA-11 

conta in ing  preparat ions were used : 
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HUMAN PLASMA APOLIPOPROTEIN A-I1 291 

- p u r e  ApoA-I1 : i t s  apoprotein content was ca l cu la ted  from 

the  amino a c i d  composition. 

- two d i f f e r e n t  HDL p r e p a r a t i o n s  : one p repara t i on  from a 

normolipidemic pa t i en t  and one o ther  from a hyper l ip idemic  p a t i e n t  

( t o t a l  c h o l e s t e r o l  : 3.92 g/1, t r i g l y c e r i d e s  : 3.2 9/11. By 

q u a n t i t a t i v e  polyacrylamide g e l  e lec t rophores is  (1) t h e i r  ApoA-I1 

content was estimated t o  be 19.2X and 21.3% respec t i ve l y  o f  t h e i r  

t o t a l  apoprotein content (7,  11). 

- p o o l  o f  f a s t i n g  plasmas f rom normolipidemic donors : i t s  

ApoA-I1 content has been determined as above, a f t e r  i s o l a t i o n  o f  

HDL by u l t r a c e n t r i f u g a t i o n  (11). 

Treatment o f  Samples 

HDL o r  t h e  p o o l  p lasma used f o r  t h e  c o n s t r u c t i o n  o f  t h e  

secondary standard curves  as  w e l l  as  samples t o  be  t e s t e d  were 

d e l i p i d a t  ed t o  compare immunoreact i v i t y  w i t h  t h e i r  unde l ip ida ted  

s t a t e .  To expose e v e n t u a l  masked a n t i g e n i c  d e t e r m i n a n t s  o f  

ApoA-11, a conven ien t  p rocedure  was used : a d e l i p i d a t i o n  i n  a 

s i n g l e  step ex t rac t i on  by  a m i x t u r e  o f  b u t a n o l  and d i i s o p r o p y -  

l e t h e r  (18). The r a t i o  o f  20:80 ( v / v )  was choosen f o r  t h e  r o u t i n e  

ex t rac t i on  procedure a f t e r  a compara t i ve  s tudy  u s i n g  d i f f e r e n t  

p r o p o r t i o n s  o f  butanol  and d i i sopropy le ther .  Th is  method was a lso  

compared with t o t a l  de l i p ida t i on ,  whereby plasma was l y o p h y l i z e d  

and e x t r a c t e d  r e p e a t e d l y  by  a c h l o r o f o r m  methano l  m i x t u r e  as 

described e a r l i e r  (16). 
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Recovery 

PUCHOIS ET AL. 

To de te rm ine  t h e  recove ry ,  HDL w i t h  known contents o f  Apo 

A-11, were added t o  plasma samples o f  known ApoA-I1 concen t ra -  

t i ons .  These were then assayed. 

Reproduc ib i l i t y  

Three plasmas c o n t a i n i n g  h i g h ,  medium and low amounts o f  

ApoA-I1 were used. Intra-assay r e p r o d u c i b i l i t y  was determined by 

measuring the concentrat ion o f  ApoA-I1 i n  theses samples o f  t h i r t y  

t i m e s  on t h e  same p l a t e .  I n t e r - a s s a y  p r e c i s i o n  was assessed by 

measuring t h e  concentrat ion o f  ApoA-I1 i n  t h e  same plasmas f o r  6 

consecutive working days. 

S p e c i f i c i t y  

I n  add t i o n  t o  t h e  i n i t i a l  assessment o f  t he  ant bodies t o  

ApoA-I1 by electroimmunoassay and doub le  immunod i f f us ion ,  t h e  

s p e c i f i c i t y  o f  t h e  assay was a l s o  checked by  measur ing  t h e  

concentrat ion o f  ApoA-I1 i n  t h e  presence o f  t en - fo ld  excess (w/w) 

o f  p u r i f i e d  ApoA-I ( 2 ) ,  ApoE ( 1 9 ) ,  ApoB (20), ApoC-I1 ( 2 1 1 ,  

ApoC-I11 (15 )  and human albumin (Sigma, S t .  Louis, M O ) .  
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L i p i d  Determination 

293 

T r i g l y c e r i d e s  and f r e e  and e s t e r i f i e d  c h o l e s t e r o l  were 

measured according t o  t h e  L i p i d  Research C l i n i c  methodology ( 2 2 ) .  

High  d e n s i t y  l i p o p r o t e i n  cho les te ro l  was determined as descr ibed 

by Warnick and Albers ( 2 3 ) .  

Electroimmunoassay (EIA) 

The concentrat ion o f  ApoA-I1 i n  normolipidemic and h y p e r l i p i -  

demic plasma samples was a l s o  measured by EIA (2) i n  o r d e r  t o  

compare bo th  methods. 

RESULTS 

Optimal Assay Condit ions 

Op t ima l  c o a t i n g  o f  f i r s t  a n t i b o d i e s  on t h e  p l a t e s  was 

obtained w i t h  concentrat ion above 0,5 pg /we l l  and when d i l u t i o n s  

were made i n  desionized water (F ig .  1 ) .  

With d i l u t i o n  1/4000 o f  a n t i  ApoA-I1 p e r o x i d a s e  l a b e l e d  

an t i body ,  response curves for pure ApoA-11, as Ag, y ie lded  a good 

slope from 10 t o  100 ng /ml .  The e f f e c t  o f  pH on t h e  b i n d i n g  o f  

a n t i g e n  t o  t h e  a n t i b o d i e s  coated p l a t e  i s  shown i n  f i g u r e  2 .  The 
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13 

1 

0.1 

FIGURE 1. E f f e c t  o f  d i f f e r e n t  b u f f e r  on the  ant ibody coat ing  t o  
the  p l a t e  : 0-0 desionized bu f fe r , -  phosphate bu f fe red  s a l i n e  
0.01M pH 7.4,m-j sodium carb0nat.e b u f f e r  0.1M pH 9.6. 

opt imal b ind ing  occured between pH 6.0 and 7.0. I n  c o n t r a s t  t o  

ApoA-I enzyme immunoassay p rocedure  descr ibed e a r l i e r  (131,  no 

d i f fe rence was found f o r  the  b l o c k i n g  e f f i c i e n c y  between bov ine  

serum albumine and non immune r a b b i t  serum. For economy, p rec i s ion  

and i n  an e f f o r t  t o  use same c o n d i t i o n s  than  f o r  ApoA-I assay 

( 1 3 ) ,  t h e  f o l l o w i n g  c o n d i t i o n s  were r e t a i n e d  f o r  t h e  t y p i c a l  

enzyme immunoassay o f  ApoA-I1 : pH 6.5 f o r  the b u f f e r ,  non immune 
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I 
I I 1 I 02 10 50 100 ng/ml 

FIGURE 2. The e f f e c t  o f  pH on t h e  s l o p e  o f  a p r i m a r y  standard 
curve. ApoA-I1 was used as a standard a t  pH 6.0 (I), 6.5 ( 2 1 ,  7.0 
( 3 ) ,  7.5 (4), 8.0 (5) and 8.5 ( 6 ) .  I d e n t i c a l  e f f e c t  o f  pH was 
observed when reference plasma was used as standard. 
Pe rox idase  l a b e l l e d  a n t i b o d i e s  ApoA-I1 were d i l u t e d  1 :4000. The 
t y p i c a l  standard curve was constructed with 5 d e t e r m i n a t i o n s  f o r  
each po in t  on the  same p l a t e  (bars i n d i c a t e  standard dev ia t i on ) .  

r a b b i t  serum as b l o c k i n g  agent .  F o r  t h e  measurement o f  ApoA-I1 

content i n  unknown sample, two d i f f e r e n t  d i l u t i o n s  ( 1  :5000 and 

1:15000) o f  t he  sample we done and tes ted  i n  dup l i ca te  on t h e  same 

p la te .  

Standard Curves 

Using 1-500 ng/ml o f  pure ApoA-11, t he  b ind ing  curve showed a 

s igmoid  fo rm c h a r a c t e r i s t i c  o f  t h i s  t y p e  o f  immunoassay. The 
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FIGURE 3 .  Standard curves obtained w i t h  pure ApoA-I1 ( I ) ,  d e l i p i -  
dated HDL p r e p a r a t i o n s  ( I ) ,  r e f e r e n c e  plasma d e l i p i d a t e d  w i t h  
butanol-diisopropylether ( I ) ,  unde l ip ida ted  HDL preparat ions ( 2 1 ,  
undel ip idated reference plasma ( 2 1 ,  reference plasma d e l i p i d a t  ed 
w i th  chloroform-methanol ( 3 ) .  

r e g i o n  o f  t h e  c u r v e  c l o s e l y  f i t t i n g  a s t r a i g h t  l i n e  ( f rom 10 t o  

100 ng/ml) was selected as the  primary standard curve ( F i g .  2 ) .  A 

no rmo l ip idemic  f a s t i n g  plasma se rved  as secondary standard. As 

shown i n  F igure  3 ,  plasma de l i p ida ted  with e i t h e r  b u t a n o l - d i i s o -  

p r o p y l e t h e r  or  ch lo ro fo rm-methano l  m i x t u r e s  d i s p l a y e d  s l o p e s  

i d e n t i c a l  t o  t h a t  o f  t h e  ApoA-11, wh ich  a l l o w e d  i t s  use as a 

secondary standard. 

D i l u t i o n s  o f  u n d e l i p i d a t e d  and de l i p ida ted  reference plasma 

o r  HDL p r e p a r a t i o n s  produced c u r v e s  c l o s e l y  p a r a l l e l  t o  t h e  
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p r i m a r y  s tandard  th roughou t  must o f  t he  range o f  t he  assay, but 

d e l i p i d a t i o n  s h i f t e d  the  curves s i g n i f i c a n t l y  t o  t h e  l e f t  ( F i g .  

3 ) .  

E f f e c t  o f  Treatment o f  Samples on ApoA-I1 Concentrat ions 

To expose epitopes o f  ApoA-11, plasma samples from normol ip i -  

demic and h y p e r t r i g l y c e r i d e m i c  s u b j e c t s  were d e l i p i d a t e d  by a 

m o d i f i c a t i o n  o f  the procedure described by Cham and Knowles ( 1 8 ) .  

Using the de l i p ida ted  reference plasma t o  cons t ruc t  the secondary 

s tandard  cu rve ,  d e l i p i d a t i o n  o f  unknown samples w i t h  the mix tu re  

butanol-diisopropylether (20 :80)  y i e l d e d  s i g n i f i c a n t l y  h i g h e r  

va lues  ( T a b l e  1A) (0.410 g /1  i n s t e a d  o f  0.351 g/1 f o r  normol i -  

pidemic subjects,  0.380 g / l  ins tead o f  0.328 g/1 f o r  h y p e r t r i g l y -  

c e r i d e m i c  s u b j e c t s ) ,  l e a d i n g  t o  an  u n d e r e s t i m a t i o n  o f  ApoA-I1 

concentrat ions i n  untreated plasmas. However t h e  ApoA-I1 v a l u e s  

f o r  unknown plasma samples were c o r r e c t e d  when t h e  r e f e r e n c e  

plasma was used untreated f o r  the c o n s t r u c t i o n  o f  t h e  secondary 

s tandard  curve (Table 16).  This f i n d i n g  t h a t  some an t igen ic  s i t e s  

o f  ApoA-I1 were masked i n  unde l ip ida ted  plasmas were c o n f l i c t i n g  

w i th  a p rev ious ly  described enzymeimmunoassay ( 1 1 ) .  Also we tes ted  

the e f f e c t  o f  t h e  non i o n i c  d e t e r g e n t  Tween 20 on t h e  immuno- 

r e a c t i v i t y  o f  ApoA-I1 i n  plasmas, which i s  usua l l y  included i n  

t h i s  l a s t  assay b u f f e r .  Inc lud ing  Tween 20 a t  a f i n a l  concen t ra -  

t i o n  o f  0.05% ( 1 1 )  i n  a l l  t h e  b u f f e r s ,  t h e  secondary standard 

curve obtained w i t h  unde l ip ida ted  and de l i p ida ted  reference plasma 
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TABLE 1 

PUCHOIS ET AL. 

The E f f e c t  o f  D e l i p i d a t i o n  on t h e  Concent ra t ions  o f  ApoA-I1 i n  
Normolipidemic and Hyper t r ig lycer idemic  Plasmas, u s i n g  D i f f e r e n t  
Proport ions o f  Butanol  and D i isopropy le ther .  

Butanol/Diisopropylether Normolipidemic Hyper t r ig lycer idemic  
Subjects (n=9) Subjects (n=9) 

(T r ig l yce r ides  : (T r ig l yce r ides  : 
r a t i o  (v /v )  0.93 2 0 2 9 3  g/L) 3.68 2 1.07 g/L) 

(Cho les tero l  HDL : (Cho les tero l  HDL : 
0.531 2 0.093 g/L) 0.513 5 0.078 g/L) 

O/O* 0.351 + 0.075** 0.328 + 0.044 
10/90 0.321 0.048 0.318 z 0.059 

A 20/80 0.410 + 0.090 0.380 + 0.052 
40/60 0.323 0.042 0.325 0.052 
60/40 0.319 + 0.036 0.317 2 0.045 

0.312 + 0 .O41 80/20 0.281 - 0.032 - 

0.378 + 0.055 - 8 O/O* 0.413 2 0.078 

* unde l ip ida ted  plasma 
** mean 2 SD o f  concentrat ions o f  ApoA-I1 (g/L) 

A : The s t a n d a r d  c u r v e  was c o n s t r u c t e d  u s i n g  t h e  d e l i p i d a t e d  

8 : The s t a n d a r d  c u r v e  was c o n s t r u c t e d  u s i n g  t h e  d e l i p i d a t e d  
reference plasma 

reference plasma 

were i d e n t i c a l  and superimposable. I n  these cond i t ions  no e f f e c t  

o f  d e l i p i d a t i o n  with the mix tu re  butano1:diisopropylether (20/80) 

on ApoA-I1 values was found (Table 2). 
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The E f f e c t  o f  Tween 20 (0.05%) on the  Concentrat ions o f  ApoA-I1 i n  
De l ip ida ted  and Undel ip idated plasma. 

no Tween 20 Tween 20 

Normolipidemic unde l ip ida ted  0.351 + 0.075* 0.411 5 0.098 
sub jec ts  ( n  = 9) d e l i p i d a t e d  0.410 5 0.090 0.413 5 0.097 

Hyper t r ig lycer idemic  unde l ip ida ted  0.328 2 0.044 0.379 + 0.057 
sub jec ts  ( n  = 9) d e l i p i d a t e d  0.380 - + 0.052 0.380 5 - 0.055 

.................................................................. 

* mean 5 SD o f  concentrat ion o f  ApoA-I1 (g/L) 

The standard curve was constructed using the d e l i p i d a t e d  reference 
p 1 asma 

I n t r a -  and Inter-Assay Prec is ion  

I n t r a  assay p rec i s ion  I n t e r  assay p rec i s ion  ................................................. 
Mean (g/L) SD CV (X) Mean (g/L) SD CV (X) 

High concent ra t ion  0.441 0.017 3.9 0.436 0.027 6.2 
o f  ApoA-I1 

Medium concentrat i o n  0.382 0.01 2 3 .I 0.386 0.020 5.1 
o f  A P o A - I 1  

Low concentrat ion 0.247 0.008 3.2 0.259 0.011 4.2 
o f  ApoA-I1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



PUCHOIS ET AL. 300 

Recovery, R e p r o d u c i b i l i t y ,  S p e c i f i c i t y  and S e n s i t i v i t y  o f  t he  

Assay 

ApoA-I1 was f u l l y  recovered (96.9% - 101.05%) when added i n  

the  form o f  HDL t o  s e v e r a l  p lasmas. The i n t r a - a n d  i n t e r - a s s a y  

c o e f f i c i e n t s  o f  v a r i a t i o n  o b t a i n e d  f o r  t h e  t h r e e  plasmas w i t h  

high, medium and low amounts o f  ApoA-I1 were acceptable (Table 3 ) .  

The cross r e a c t i v i t y  with p u r i f i e d  ApoA-I, ApoE, ApoC-111, ApoB or  

human serum albumin was, i n  a l l  cases, l e s s  than 0.5%. The lowes t  

amount o f  ApoA-I1 t h a t  could be detected by t h i s  assay was 0.5 ng. 

Concentrat ions o f  ApoA-I1 i n  HDL subf rac t ion  

To assess whether t h e  h i g h e r  l i p i d  content o f  HOL2 than o f  

HDLj could a f f e c t  t he  measurement o f  A-11,  q u a n t i t a t i o n  o f  A - I 1  i n  

HDL sub f rac t i ons ,  HDL2 ( d  = 1.10-1.21) and HDL3 ( d  = 1.063-1.10), 

from t h r e e  n o r m o l i p i d e m i c  s u b j e c t s  and h y p e r t r i g l y c e r i d e m i c  

s u b j e c t s  was compared t o  an independent es t imat ion  o f  t h e  apopro- 

t e i n  by q u a n t i t a t i v e  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  (PAGE) 

( 1 ) .  

The c o n c e n t r a t i o n  o f  ApoA-I1 by our assay was comparable t o  

t h a t  ob ta ined  by t h e  PAGE procedure For HDL3 f r a c t i o n s  as w e l l  as 

HDLz f r a c t i o n s  (Table 4). Thus t h e  accuracy o f  t h e  measurements o f  

ApoA-I1 i n  HDL subf rac t ions  i s  appeared t o  be adequate. 
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TABLE 4 

ApoA-I1 Content i n  HDL Subfract ions,  Comparison o f  PAGE with ELISA. 

APO A- I I ( 9/11 

ELISA PAGE 

N* 0.058 0.056 
N 0.044 0.040 
N 0.048 0.048 

HDL2 H 0.038 0.039 
H 0.049 0.047 
H 0.036 0.034 

N 0.201 0.197 
N 0.181 0.182 
N 0.222 0.208 

H 0.190 0.168 
H 0.223 0.225 

........................................... 

HDL3 H 0.171 0.182 

* N : normolipidemic sub jec ts  
H : hyper t r ig lycer idemic  subjects 

Concentrat ions o f  ApoA-I1 i n  Plasma 

The average l e v e l  o f  ApoA-I1 i n  plasma o f  normol ip idemic  

subjects, determined by ELISA was 0.376 g/1 and is comparable t o  

t h e  most f r e q u e n t l y  reported concentrat ions o f  ApoA-I1 (5).  Mean 

va lues  f o r  female and male  s u b j e c t s  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  ( T a b l e  5 ) .  There was a s i g n i f i c a n t  c o r r e l a t i o n  between 

ELISA and E I A  ( T a b l e  6 ) .  The average c o n c e n t r a t i o n  o f  plasma 

ApoA-I1 i n  a group o f  20 h y p e r t r i q l y c e r i d e m i c  p a t i e n t s  ( w i t h  

average t r i q l y c e r i d e  c o n c e n t r a t i o n  o f  2.08 5 0.38 9/11 was 
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TABLE 5 

PUCHOIS ET AL. 

Concent ra t  i o n s  o f  ApoA-I1 ( g / l )  i n  t h e  Plasmas o f  Normolipidemic 
and Hypertr ig lycer idemic Subjects. 

Normolipidemic Subjects Hyper t r ig lycer idemic  Subjects 
Males Females Males end Females 

( n  50) ( n  = 5 0 )  ( n  = 20) 

0.375 + 0.092* 0.377 + 0.088 0.359 + 0.111 - 
(0.514 - + 0.098)*  (0.531 5 - 0.119) (0.508 5 - 0.095) 

* mean 5 SD 
** (cho les te ro l  HDL : mean 2 SD g/L) 

The d i f f e r e n c e s  between t h e  t h r e e  groups o f  sub jec ts  were not 
s i g n i f i c a n t .  

0.359 g / l  wh ich  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from normol i -  

pidemic p a t i e n t s  (Table 5). 

DISCUSSION 

The noncompet i t  i v e  ttsandwicht' ELISA for t h e  q u a n t i f i c a t i o n  o f  

ApoA-I1 d e s c r i b e d  h e r e  i s  a p r e c i s e ,  s p e c i f i c  and r e l a t i v e l y  

s imp le  p rocedure  which can be automated. When us ing  pure ApoA-I1 

o r  t h e  d e l i p i d a t e d  r e f e r e n c e  plasma as secondary s tandard ,  

d e l i p i d a t i o n  o f  plasma us ing  t h e  mix tu re  o f  bu tano l  and d i i sopro-  

py le ther ,  proved bo be a va luab le  step i n  t h e  m i c r o  ELISA p roce -  

du re  f o r  ApoA-11. However, t h e  proper choice o f  organic solvent 
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TABLE 6 

C o n c e n t r a t i o n  o f  Apo l ipopro te in  A - I 1  i n  Plasmas as Determined by 
ELISA and E I A  

E I A  ( n  = 52) ELISA ( n  52) 
mean 2 SD mean 2 SD 

0.378 + 0.095 - APO A - I 1  ( g / l )  0.351 5 0.111 

Regression l i n e  : y = 0 .915~  + 0.057 
R 0.928 ( p  < 0.001) 

mix tu re  seemed t o  be important. While the  use o f  i n t a c t  r e f e r e n c e  

plasma as secondary s tandard  made t h i s  d e l i p i d a t i o n  step o f  t he  

plasma samples unnecessary.  t has  been repor ted  r e c e n t l y  t h a t  

d e l i p i d a t i o n  o f  plasma d i d  v i r t u a l l y  n o t  appear t o  expose a d d i -  

t i o n a l  a n t i g e n i c  de te rm inan ts  o f  a p o l i p o p r o t e i n  A - I 1  (11).  We 

t r i e d  t o  exp la in  these c o n f l i c t i n g  r e s u l t s  by t h e  use  i n  b u f f e r s  

o f  t h e  non i o n i c  d e t e r g e n t  Tween 20. Indeed Tween 20, usua l l y  

included i n  the  b u f f e r  t o  avoid non-speci f ic  b ind ing  o f  an t ibod ies  

or  a n t i g e n  t o  t h e  assay p l a s t i c  s u r f a c e ,  has been shown i n  our 

study t o  expose more an t igen ic  s i t e s .  The p o s s i b l e  mechanism by 

wh ich  Tween 20 exposes the  an t i gen ic  s i t e s  can be t rouqh dissoca- 

t i n g  a p o l i p o p r o t e i n s  f rom l i p o p r o t e i n  p a r t i c l e s  ( 2 4 ) .  Thus 

i n c l u d i n g  Tween 20 i n  assay bu f fe r ,  new d e l i p i d a t i o n  step d i d  not 

a f f e c t  the  amount o f  immunoassayable ApoA-I1 i n  human plasma. As 

a l r e a d y  demonst ra ted  f o r  ApoA-I determinat ion (251, present data 

i nd i ca te  tha t  secondary standards and unknown samples must be i n  a 
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s i m i l a r  phys icochemica l  s ta te .  Under t h a t  cond i t ion ,  t h e  ant ibo- 

d ies  have equal recogn i t ion  o f  an t igen ic  s i t e s  on b o t h  s tandards  

and unknown samples. 

Severa l  r e p o r t s  have been pub l i shed  on t h e  r e l a t i o n s h i p  o f  

plasma apo l ipopro te in  l e v e l s  t o  co ronary  a r t e r y  d i sease .  ApoA-I 

and ApoB have been shown t o  be u s e f u l  i n  d i s t i n g u i s h i n g  p a t i e n t s  

w i th  coronary heart  disease (26, 27, 28, 29) whereas discrepancies 

e x i s t  about c l i n i c a l  s ign i f i cance  o f  apo l ipopro te in  A - I 1  (28, 29, 

30, 31, 32). To e s t a b l i s h  i t s  d e f i n i t i v e  c l i n i c a l  v a l u e ,  more 

exper ience is r e q u i r e d  and i n  comb ina t ion  w i th  t h e  prev ious ly  

described "sandwich" ELISA f o r  ApoA-I (13 )  and ApoB (331, t h e  

enzyme l i n k e d  immunosorbent assay o f  ApoA-I1 should be u s e f u l  i n  

l a rge  c l i n i c a l  and/or epidemiological  studies.  
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