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ABSTRACT 

.. 
• 

The technique of immunonephelometry was evaluated 

for the quanti tation of serum apoprotein B. The 1; ght 

scatteri ng characteri s tics of low density li poprotein 

apoprotein Band anti-low density lipoprotein antibodies 

were evaluated, and ;6propriate working conditions for 

the immunoassay are descri bed. Perfonnance character- ( 

istics including, specificity, sens'itivity, and intra-

p,.nd interassay variability were assessed,' and found to 

satisfactory for apoprotein B meastlrement. Parameters 

affecting the accuracy and sensitivity of the assay, such 

as the selection of a primary standard, are discussed. 
v 

The quanti tati on of apoprotei n B was optimi zed by the 

addition of lipoprotein-free serum to the low density 

lipoprotein standards. Under these conditions, the 
" 

èstimates of apoprotei n B in the dens ity > 1. 020 grams/ 
.... <..rJ, 

'ml serum fracti on by immunonephelometric and radi al 

immunodiffusion methods agr'êeu~Uite well." :rhe values 

found ; n who 1 e serum by immunonep lometry were si gnif-

icantly higher than those found by e same method in 

fracti onated s.erum, and by the refere ce method in 'whole 

serum. The factors contributi ng to th se differences 

were evaluated, and are also discussed. 
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R~sumé 

L'éfficacité des techniques imrnunon~phêlométriques face â la quant­

ificat.i on de l' apoprot~ine B du sérum a été ~va l u~e. Les propriétés de 

dispersion de lumi~re des l iRoproteins légères (LOL), de l'apoprotêine B 
, ' 

et de l'anticorps aux Hpoprotêines LDL ont été estimées, et les conditions' 

nécessaires au bon fonctionnement du immuno-titrage sont décrites. Les 

..caracteristiques de fonctionnement telles que la spécificité, la sensibilité 

et la variabi 1 ité entre les titrages et al' intérieur d'un même titrage ont 
~ 

~tê déterminées et jugées adéquates pour la quantification de l'apoproté,ine 

B. Les paramètres pouvant influence la précision et la sensibilité du 

titrage tels que la sélection du standard primaire 'y sont discutés. La 

quantification de "apoprotéine B a été maximisée par l'addition d'un séNJm 

dépourvee de lipoprotéines aux standards des li poprotéi nes LDL. Dans de 
1 . -

, telles conditions les calculs pour l'ap6protéine B du sérum faisant partie 

de la fracti on de dens Hé > 1,020 grammes pa r mi 11 il itres obtenus tant par 

les techniques immunonéph~lométriques qu~:'par la méthodes 'd'immunodiffusion 
, v 

radicale corespondaient avantageusement. Des valeurs obtenues par l'immuno-
1 

néphélométrie celles du sérum entier étaient plus élevées que celles du 

sérum fractionné (de façon s..,i gnificati.~e). De pl us en 'ce qui a trait au 

sérum entil, la .technique immunonêphélométrique fournie dès valeurs plus 

é1evées (de façon significative) que la mêthode de rHérence. Les facteurs 
" 

pouvant contri buer a ces di f~rences ont été détenu; nés et sont présentés. 
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The expe1'iments desoribed in ~his thesis wepefionducted 
/ 

between 1979-1981. Many of the findings repOl'ffî/ere stU l 

pe Zative ly opigina l at the time. On ly a poption of the lab-

ol'atory ùJork ad.tualLy, conducted by the authol' is presented 

in this report. 
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.', Lipids' fonn a major component 'Of human plasma. Because of their in-

solubi'lity in .water and most biologicall fluids, plll.sma lipids do not ci'r-
'y u { 0 '" 

dO.. ~ ~. (1) b-

tulat;e ln their free foYm. Rather, these substance's are transported in 
J ~ .\) Il q... , 

the ,fom of i ipid-proteig complexes call'ed li,poproteins 0·7). These 
Ge.... '" 

, 
"{) ~ , ,! 

water soluble, macromolecular cotnplexes are composed,;of various kinds of 
, 

lipids, chiefly triglyceride and'cholesterol, and one or more proteins 
, 0 

1] li _ (J ~ 

cal"led apolipoproteins or simply ap"oproteins, (8-9). The plasma lipo-
• , c 

proteins were initia;ly'rrfor:e inle,nsively 'studied in te~s of their'lipid 

~han pr?tein moieties, b'ecause at the time, 'the avaihbfe met~odology for 

0:', protein analysis'was cumbersome, time conS'uming and applic"able to a rel-", 

o , 

, 0 

, ~ ":l '.l 

atively sma"ll number of samples ~10-13). Recently, sinfPler assays capable 
1) 1 ~ (J 

" ~foomeasurîng plasma apoproteins have be'come Q~vail'abl~' ('1"4--33). With the 

<4) adven~ of spec~i fic i'mmun~assaysO Jor detecti n~, ~nd' qüa~'ti ;~ing aJop~otei ns', 
" 0 

th~ physïological roles of the lip~prote.ins :jn no'mal and abno al lipid 
,1> ,'~ 

, 
transport hpve become more ful,ly' el ucidated (,'8,34-4'0). 

a 

Th~ 11 pi q-free protein cq~p'onents' of l i'popro~~i ns are obta i ned by 
() 0 ,,~ 0 r) 

'trea~;jn~ intact li~oproteins ~ithp Org;niC splvents, ,detergents, or chao-
o D P 

q " 0 

troptec agents. The,ap9P'ro
o
teins are-,usually classifoied accordil)9 to the 

alphabetic (AI?C etc.) nomenclélture~ sugge~ted by Alaupovio (~l).c,· At the 
) (1 1.> u u ) (l~ , 

présent toime, thêr~, arr seven w~ll.::def~ned apoproteio spec)es 'çlesign~ted 
'l'\J C' 

~po A-l, apo A,-II"apo B, apo C-I, apo C-II, aP9 C'-'III and',apo E. The 
t, 

'0 

apoproteins are widely ~istribute? :~roug~out the entire ",ipoprotefn 
, ù 

spectrum alt"~ough each dass;bf lipoproteins has a more or,l,ess ty'pical 
o 

apoprotef~ composition ( table 1)~ Apoproteins play CP,; tical roles in· 

'" l " 
,0 

" 
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maintaining the structural integrity of lipoprotein pàrticles, as well as 

contain1ng the reactive groups required for interaction with enzymes and 
, 

cellular receptors. These proteins therefore confer speciricity to lipo-
. 

. ) protein particles and, in effect, direct their metabolic fate within the 
& 

circulation. In this regard, specifie biological roles for sorne a~o-

protaîns have been established (8). 

Interest in' plasma 1 i-poproteins stems from the;r physiological roles 

in normal lipid transport and their pa·thophysical roles in disorders of 
o 

lipid transport, particular,ly atherosclero'sis 0-2,40,42). T~e most ob-

vious' important function of lipoproteins is to transport triglyceride and 

cholesterol through plasma {n a stable, c'ol1oldal form~ Elevation of 
, " c 

, . 
total plasma cho~esterol and the major cholesterol ,carrying °lipoprotein, 

low dens,ity lipoprotein (LDLh.are associated with an increased risk for 

coronary artery disease (44~45). The cleàrest example of the causal re- . 
, 

la-tionship ~etween cholesterol and lipoproteins in the pathogenesis of 

(1' ,atherosclerosis is'found in the hereditary lipoprotein disorder familial 

hypereholesterolemia (FH), where the 'levels of LDL cholesterol are above 

the 95th percentile for the population (46-47, 62). Aside from these . 
cases, the concentration of total plasma and LOL cholesterol'overlap con-

siderably in persans with and without coronary artery'disease. In fact, 
.' , 

it is now recognized, that many individuals with documentéd coronary 

atherosclerosis have plasma cholesterol levels within ,the normal range Q 

and by fiducial nonns, are nor:mocholesterolemic (48-49). The disease, in 

the vast majority of these, patients, however, is being 'recognized through 

.. 

--
'. , 
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t~e measurements of plasma .~poprotein levels (49-56), particularly those 

associated wit~ LOL (49, 53). Recent studies (49-56) have shown that many 

coronary patients with normal plasma and LOL cholesterol levels have el­

evated levels of LOL apo B, - a lipoprotéin pattern called hyperapobeta­

li'poproteinemia by Snidennan (4~. The data also indicated that the dis-

order is frequent among coronary patients and it ~s becoming recognized 
dJ 

that plasma apo B rather th an lipid levels are the 'more sensitive param-
-

eters for separati Dg coronary from noncoronary pati ents (49-56). 

The newly'recognized association between plasma apo B.concentrations 
1 1 \ , ~ 

and coronary artery disease is expected to lead to an enormous interest 

in quantitating apo B levels, pa~ticularly for cljnical and epiderrQolog­

ical purposes. Immunoassays with a capacity ta handle a large volume of 

samples will be required to facilitate these measurements. Because of 

its technical simplicity, use of simple, stable reagents, capacity for 

automation, and other features, immunonephelometric assay (INA) appears 

. , . ideally suited for these applications '(57-58). The technique, being one 

o 

of the newer immunoassays however, is not yet fully established for this ~ 

purpose,y The aim of the present investigation therefore, was ta evaluate· 

INA as a method for the quantitation of serum apo B levels, particularly 1> 

for its use in this laboratory. 

.. 

: 
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1. Praperties of apo B and the apo B Lipaprotein~ 

Apa B is present in serum combined with lipids in the form of lipo­

proteins. The serum lipoproteins constitute a heterogeneous group of 

macromalecular complexes with varying physical properties and.chemical 

compositions. Based on their flotation rates in salt solutions (hydrated 

~ t density), the plasma lipoproteins are usually separated into four or five 

distinct classes called'chylomicron~, very low density lipoproteins (VlDL), 

intermediate density lipoproteins (IOL), LDL, and high density lipoproteins 

(HDL). Apo B is an abligatory s'tructural component of chylomicrons, VLDL, 

!DL, and LDL, com·prising respectivelY"'~pproximately 20%,40%,60% and 90% 
\ 

of the total protein mass of these par~i.S,les (table 1). It is pot a normal 
.. ' t'",.:" .~,' 

constituent of HDL. 

The physiochemical characteristics of apa B are still incompletely 

understood owing to technical difficulties involving dissociation and sol-
.,' 

" ~ 

ub;ilization of the protein. Nevertheless, evidence for apo B hèterogeneity 

has been emerging from analysis of the protein in both rat (59) and human 

serum (60). One series'of proteins found in human plasma LOL, is repre-

/sented by species of mole~ular weight 549,000 (B-100), 407,000 (B-74), and 

126,000 (B-26) daltons (60). Based on their size and amino acid ~omposition, 

the B-74 and 8-26 subspecies appear derived from the predominant 8-100 form. 

A distinct second type of apo B (B-4~), that is a major component of chylo­

microns, and which is not found in LOL, has a molecular weight of 265,000. 

IThis species is probab1y analogous to a 248;000 molecular weight protein 

~\' , 

.,' 
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~laborated by rat intestine (59). The chylomicron and LDL species of apo 

B are probably under separate genetic control, and a disorder characterized 

by the selective absenc~ of the B-48 form and chylomicrons has recentiy 

been described (38). The complete absence of apo B from serum is found in 

" the rare'autosomal recessive disorder known as abetalipoproteinemia (61). 

The two forms of apo B are believed to have distinct immunological prop­

erties (38). However, the 8-100 and B~48 protein peptides appear to share 

common subunits as demonstrated by their partial immunological crossreact­

ivity with antisera raised against chylomicron and LDL apo B (38). 

The apo B content of VLDL, IDL and LDL appears to be constant and 

independen.t of particle weight and lipid and protein constituents (8). In 

contrast, the li~id components of these lipoproteins are quite variable 

(8). Apo 8 is evidently an obligatory structural component of chylomicrons 

and VLDL, being necessary for the synthesis and secretion of these lipo­

protein species (61). Ta date, only the absorptive mucosal cells of the 

small intestine and the parenchymal cells (hepatocytes) of the liver have 
1;\> 

been demonstrated to synthesize apo B (2). T~ese organs, therefore, appear .-
to be the exclusive sources of nascent lipoproteins (1-2). In vivo, 

chylomicrons, containg the B-48 protein, are metabolized ta fJrm chylo­

micron 'remnants', which are th en rapidly removed by the l;ver (167-168). 

VLDL, contain;ng the 8-100 prote;n, are released from the liver and metab-
A . 

olized ta LOL through the metabolic cascade that first=generates IOL (168-

169). Apo B ;5 not an exchangeable protein and remains as an obligatory 

structural component of triglyceride rich lipoprotein particles during 
J 
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'" catabolism. In normal subjects the turnover of apo B in VLOL, IOL and LOL 
, " 

are virtually identical; implying that all LDL originates in, VLOL, and both 

VLOL and IOL are quantitatively converted to LDL (168-169).' The major 
~ 

role of LOL involves the delivery of cholesterol to a number of extra-

hepatic cells (62). This function is accomplished "through'< uptake of intact 

LDL particles by a receptor mediated process termed the LOL pathway'(62). 

Apo B seems critical to the receptor mediated uptake of LOL".,since chemical 
-

modification of i~s arginine or lysine residues abolishes binding and up~ 

take by both fibroblasts (63) and hepatocytes (64) in vitro. \In normal 

subjects, the serum level 'ai apo B is ultiniatèly determined by the balance 

between three sequential, multistep processes involving; (1) production 

of VLOL, (2) conversion of VLOL to LOL, and (3) clearance of LOL . 

. f 
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II. J Immunol ogi'ca l Quantitati on of Serum apo B Concentrati ons 

Although proteins can be quantitated colorimetrically and gravimet-

rically, for routine clinical measurement immunoassay is the preferred 

method. Ouring thf last 10-12'years, manY,different im~unological tech-

, . niques have been util ized for the development of immunoassays for specifie 

apoproteins. The concentration of apo B in plasma and serum has been most 
, " . 

often quantitated by (1) radioimmunoassay ({RIA}, 14-20), (2) radial immuno-

diffusion (RIO) assay (21-23,. 67-68), (3) electroimmunoassay ({ElA}, 24-26, 

69-72), (4) enzyme-linked immunosorbent assay ({ELIS~), 27-29,76) an'd (5) 
-

immunonephelometric assay ({INA}, 30-33, 57-58, 73-75) . 

\. 

. Lees et al (22) in 1970 using Mancini 's (171) RIO technique, developed 

one of the first quantitative immunoassàys for plasma apo B. Several in­

vestigators, beginning with Curry et,al (25), subsequently used the rocket 
Q " 

immunoelectrophoresis method of Laurell (77) to quantitate apo B by ElA. 

The double-antibody RIA procedure was initially applied by Eaton and Kipnis 

(78)"to quantitate beta-lipoprotein in the serum of rats. Subsequently, 

RIAis for apo B in human serum were described sèparately'by Schonfeld, (14), 

Bautovitch (15) and Albers (17), in the mid 1970 1 s. The ELISA technique has 

been successfully developed for quantit~ting apo B, but this method has so 
\ 

far received limited application (27-29). Newer assays for apo B, based on, 

immunoneph el ometry, have been recentl y deve l oped ,( 30-33) as an extens i on of 

~arlier attempts to quantify proteins by automated immunoprecipitan (AIP) 

methods (79-84).1 This method is becomming increasingly more popular~ partic-

- \ 

\ 
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\ ) 

ularly in the clinical settirig (58)., commerlial plates for use in RID 
1 • 

are also available (85) and one manufacturer is currently developing an 

assay kit for INA (86). 

Total serum apo B concentratiqn is the sum of the apo B present in 
; 

':1 , 

the individual lipoprotein subfractions including chylomicrons, VlOL, lDL 

and LDL. By using fasting serum ,samples, the contribution of chylomicrons 

to the measurement is removed, s nce; these particles. are normally absent\: ' 

from serum after a 12-~4 hour fa t ~87,)'3 Experiments compari ng apo B 
1 

\ .. 
concentratiùns before and after a fàtty meal, howev~t~;';"have shown only a 

'.; 

negligible difference in\apo 8:';leJels ;n fastin~ and non-fast,in,g serum 

(20, 33). The large size of these particles interferes with 1he perform-

an ce of some immunoassays (15,17), and for this reason, fasting serum is· 

generally preferred for the analysis of serum apoproteins., The measure­

ment of apo B in individual lipoprotein subfractions requires preliminary 

lipoprotein separation by preparative ultracentrifugation (88) or pre-

ci pi ta ti on (89). The conte~,~ of apo B can then be determi ned bye> immuno­

a~say or colorimetrically (95) after pre,~iminary extractjion of ihso~ub~e 

protet' b.y tetramethyl urea (TMU) (90) or' i sopropanol (91' 92). One assay 

(21) -has been developed ta selectively measure LDL apo B in w~ole serum. 
1 1 

Rec/nt data (67) suggests that ~his assar may be more sensitive to seru~, 

VLD(,than shawn originally by th~ authors. 

Most assays lutilize a narrow band of LOL (d=1.020-1.050) for prepar­

;ng the LDL apo B assay stan~ards and for the raising of anti-LDL anti-

) 

" 
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serum. LDL in this density range'consists ~lmost exclusively of apo B, 
, 

with only trace amounts of apo A and apo C (93-94). . . Thes~n-
, 

tities are insufficient to generate significant levels of antibody under 
" 'J 

the existing experimental conditions (93). With the exception of RIA, most 

methods us~ intact rather than delipidated LD~ partic1es for preparation 

of the standards. The protein concentration in LDL 4s estimated col or-

imetrically, by the method of Lowry et al (95), using bovine serum albumin 

(B~A) as the protein standard. Sorne workers use a chromogenic correction 

factor (0.77 in 14, 16, 22, 29; 0.82 in 17; and 0.90 in ~5 'and 93), to 
, 

correct for differences in the absorption of the two proteins. _ At the pre-

~~ sent time, there is no international standard for LOL apo B, and therefore 
~ . 

ri universally recognized reference value exists for the purpose of stand-

ardi ation of methods. Differences in the preparation of LDL standards and 
" standa:rdization procedures, is expec-ted ta result in sorne variation, perhaps 

the levels ~f apo B quantitated by different methods (25). 

A requirement of any immunoassay, is that the antigen 

occur wit identical physical properties (eg., molecular size and charge) 

in the sta dards and samples (77, 97). The quantitation o~ apo B in 

or erum is complicated by vifë~ue of the presence of this protein 
, ... ~~ 

s having a wide range of pnysical properties including size, 

composition (7). For practica~ reasons, isolated LDL is gen-
'. " 

erally used·as the primary standard for the quantitation of' ap9 B in 
",~ 

w ole serum and isolated lipoprotein fractions, eg., 'VLDL and LOt.. Because 
\ ' .~ ~f differences in t~e phy1ical properties of,the vario\s.Classe~Of à~~ 

. . ~ " \ 

\ 
\ 
1 
1 
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B lipoprote;~it_ is feas;bl~ th~t the immunoreactivity of LDL and VLDL, ' 
------' 

for example, may not be identical. If these differences in lipoprQtein 

immunoreactivity were quantitatively significant; th en the measurement 
j 

of apo B byèertain immunological methods could be potentially u~reliable. 
< 

The measurement of VLDt. apo B level$ both in is'olated lipoprotein 

fractions and in whole'~erum, have been problematic for some.immunoassays . ~ , 

(17, 20). The quantitation of apo B in VLOL by chemical methods, for , 

example, colorlmetry and gravimetry after extrac;ion of insoluble protein 

by TMU or isopropanolol, has peen shown to prôduce similar results (90-94). 

These chemicaLmethods. may then beo.used for the evaluation of irrun'unological 

techniques. Calvert et al (98), measured VLDL apo B by ETA and RIA and com-

~ pared the values found by the immunoassays ta those found by chemical ex­

traction with TMU. The values found by the ElA and TMU methods were very 

similar, whereas the yield by RIA &ompared to TMU was about 50% lower. 
6 

Albers et. al ("17), also found the RID and RIA estimates of d<1.006 g/ml apo 
'" 

B to be nearly 50% less than 'the mu estimate. Curry et al (25), on the 

other hand, found the EIA~ RIA ind ~ID methods t6 compare well with the 

'gravimetriC' determinàtion of apo B in the d<l.019 lipoprotein fraction in 

normolipemlc serum. In hypertrig~yceridemic serum, where the content of , ' 

apo B in this fraction is increased, the estimatiQ~ of apo B by the RIA an~ 

RIO methods were nearly 50% lower than ElA, which still compared well with 

the gravimetric estimate. Franchisini (99),'found slightly higher levels 

of VLOL apo B by ElA compared to'the TMU method. Taken toget~er, these ex-
~ 

periments show that the sensitivities'of sorne qssays for apo B in VLOL may 
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quite di fferent. 

Recent evidence has shown that the quantitative differences in VLDL 
, 

apo B may be relate~ to differences,in the' i'mm~noreactivity of lipoprotein 

particles. Schonfeld (100), found differences to exist in' the immuno­

reactivity of VLOL before and after in vitro lipolysis .. In these exper­

iments, the immunoreactivity of VlOl was assessed by RIA and by obs~rving 

the interaction of VLDL with LDL receptors in cell culture. The hydrolysis 

of VlDL lipid was açcompanied by increases in the cell reactivity and 

immunoreactivity of these particles. These changes were postulate~ to 

result from exposure of apo B antigenic sites on the surface of the par­

ticles, that were unmasked following the removal of lipid. Patton et al' 

(101), however found the opposite effect, namely a loss of immunoreactivity 

of VlOL treated by lipases. Oecklebaum (102-103), described a procedure 

for the in vitro production of LDl-like particles from VLDL using lipase 

enzymes. Reardon et al (104)~ applied this technique for the quantitation 
, / 

- of VLOL, IOl and LOL apo B in a modified ElA. Before assay, the isolated / 1 

lipoprotein particles were subj,ected to inlvitro 'lipolysis. Treatment of 

VLOL and IDl particles resulted in a 100% yield in the apo B content quan-

titated by immunoassay compared to protein'determined by TMU extraction 

procedures. In contrast, LDL apo B values were not significantly changed 

by the enzyme treatment. These findings indicate that the quantitation 
~~~ } 

of iriglyceride rich particles by conventional immunoassays including 

EIA~ may well result in an underestimate of VLDL, IDL and hence total 

serum apo B values. Differences such as these may also contribute to 
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the variation in apo B levels found by different immunoassays (see next 

section). It is clear that factors such as the choice of the apo B 

standard and the treatment of the plasma samples are critical for the 

outcome of the assay. There is not yet a consensus of opinion as to 

which assay performs the best. The ideal immunological method should be 

capable of measuring the concentration of apo B in all lipoprotein particles 

relative to the actual mass of apo B prote;n present. Curry et al (25) 

have suggested that the ElA method most closely approaches this ideal at 

the present time. 
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III. , ' 
Serum apo B Levels in H~alih and Oisease 

" . 
Tables ~ and 3 compare thé mean levels- of apo B measured in hea,lthYi 

, 0 

populations of adult men and women by various invnunological methods. ' The 
, ' 

, " 
ra~ge of mean values is wide, varying between' 70 and 130 mg/dl ~,,,aïthough 

_most of the means fall between 80 and 120 mg/dl. The standard deviations 

of most means is of the order of 15-30 mg/dl of-apo B. Tot~l serum apo 
\ 

B levels tend to be skewed to the right as is the"d;str;butio~ of t~tal 

_ serum cholesterol (14, 17, 177). In general, the mean values are lower 

f.or those samples measured by RIA and RIO, and higher for those measured 

by ElA and INA methods. At the present time, there ar~ no uni~ersally 
, , " 

, 
accepted population norms for apo B analogous to those established; by th~ 

LRC program for serum li pi ds. The someti mes wi de vari a"ti on ; n apo B" 

levels as found by different mejhods, ma~es the interassay cpm~arison of 

va 1 ue~ more ëI iffi cu lt. In lieu of an internationalJy acc"epted standard " 
ct c ~ U 

for LOL, apo B, the relation between apo B values measured by, th~ sa~e 

method :in different laborato~ies, and by different methQds in° the same ' 
- Or () <l Q 

and, dffferent laboratories, must be established for these comparisons to 
0" 1 _ C l" 

be meaningful. In not a11 instances have the"se ,relationships been (de,ar-
" ' 

ly established'. Factors contributing to the interass'ay va'Y';ation ,in apo 
, Q 0 Q 

B values include differences related to the p~~paratio~ o~ standards," 

~nd standardizatiori procedures, differences in the sensitiv~ties ot the' 
" 0 "b CJ 0 

o methods for'quantita~ting apo B in the various liPoprotein,fraC:ÙoQs, 'alld" 
. " 

differences related to the c~aracteristic~ of the pbpulatiprs studied' "11 

(s~e bel ow) ; 
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n. j, Table 4. shows the. distribut!on of apooB among the variotlS classes, 
o 

of serunf 1ipoprotéins in norynolipemic serum. Most of the ,apo B is con- , 

fined to,the LDL (d=1.020-1.063 gm/m1) Hpoprotein fraction, averaging 
, . 
o (1 

a~out 90% of the total amoùnt for the data considered in table 4. LOL 
" Q 

• > 

apo B is.highly correlated with serum and LDL cholesterol (14-15). Apo B in " , 
Il') Q 

d~1.020 gm1ml fraction accounts for between 5 and 15% of the(total, with 
rl 

o most of this beinOg present in VLOL. As mentioned earlier, the apo B in 
,'~ ) 

o this,fraction tends' ta be underestimated by sorne methods. A few studies " , 
, ' 

(15, 24-25), have shown a small amount9 of apo B in the HOL den~ity fract- , .,' 

"ion.' This probably represents LDL 'with a higher than average density, 

and emphasizes the heterogenei ty of the density distribution of these 

par~i cl es (181)'." 
" " 

vev 0 

~ , 

Most stud'ies report s 1 i ghtly higher l~vels of total and LOL 'apo B 

,in males than fèmales; the differences usually amounting ta between 5 
o 0 ' 

o 0 -
and 15 m~/dloof apo E (17,19,24,57,73,105). Sorne studies have fQund , , 

~ ~ ~ !1 

no differencesv(~06), whjle others (17,73), have foun& ~lightly higher 
1 

levels in ~omen, particularly when comparisons involve the later decades/ 
, 8 

, • 0 

of 'life. Apo B leveJs,are hi)gher in older than younger subjects (105-
,n Q 

, l> 

'106), sorne oo~ing a ,,coritin"uo,us age related increase (17, 105), and others, '-. 
, u 

a peak in the 5th or 6th decade followed by a decline thereafter (73). 
, li 

'/l .:: " 'p 

, Albers et al (17),0 for example, found a 10 mg/dl diofference between sub-
G , 

, 
,je.cts i~ the 3rd and 7th decades, while Avogaro (lOS), found a difference 

f 

of W",mg/dl in a"s;milar comparison. These comparisons are derived from 
o 

ttoss sectional measurements, and longitudinal changes are less clear. 

-
o 

-, 

":, 
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Apo B levels are low in the newborn child (20-30 mg/dl), but inerease 

dramatieally in the first week of life with the initiation of oral milk 

feedings 008-112). By the end of the first month of life, apo '8 \levels 

are already 70-80% of eompa~ative adult values (109-111), Further in­

creases during the first year of life are small. One study (112) following 

apo B levels ~ongit~dinally, found no differenees between'the values 

" meê!-s ured a t six months, and one and two years of 1 i fe. The compos i ti on 

of the neonatal diet has been shown to imfluence the initiar increase 

in apo 8 levels (111). Several studies h~ve recently evaluated the use 

of apoproteins to sereen for dyslipoproteinemia at birth (58, 113-114). 

A lipoprotein pattern resembling that of hyperapobetalipopràteinemia 
, > .. H ~ no 

has beeri described in infancy (58).' Studies of apo B levels in cllildren 

and teenag~s are sti 11 very seant (11~ " 
1 ~ 

. , 
,1. ' 

The composition of the diet has beèn shown to have major effee~s 
o ,4 

'.Ori the sèrum levels of apo B. Vegetarians have lower le.vels, of apo B, 

chole'sterol and tri glyceri'de , eompared ta in~ividua"'slcons,uming a mo~.e" 
~ 

typical North American diet (116). Substituting a vegetarian diet in a 

non-vegetar;an~ results in a lowering of LOL apo B and cholesterol levels. 

These changes are reversible when the ad lib diets are resumed (117-119). 
. Q 

Ingestion of diets hi~~h in "total'fat, (120), and cholesterol (120-122), or 

low in the ratio of polyunsaturated to saturated fats (120-122) are~ac­

companied',by increases in the levels of LOL apo B and cholesterol. The (. 

converse dietary changes produces the opposite effects (117-120). The 

effects of diet on the levels of LOl may have important implications for 

'" , ~ 
, \~ 

, ,{ 
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the prevention of coron~ry artery disease (1P?). 

The effects of other parameters commonly associ at&l wi th da; ly 

li vj_ng, for examp le, tobacco and' al coho 1 cons umpti on, e~erc i se and 
. . 

drug ingestion, on the levels of apo B, are still largely unexplored. 
o 

One study (125), recently reported a 7% higher level of apo B in smokers 

than non-smokers. The effects of alcohol consumption in individuals un­
D 

affected by liver dise~se are unclear. ' Both higher (123), and lower 

(124), levels of apo B have' been reported in alcoholics compared to can-
o {;. 

trols./ The effects pf moderate alcohol consumptio;.are not known. Both .. 
, acute (126), and chroni c (127), exerci se were not associated with any 

sigrllificant changes in apo B levels, in the two studies considering this 

o parameter. The effects of estrogen-progesterone containing oral contra­

cepti ves on serum apo B 1 eve l s has a 150 produced confl i cti ng fi ndi ngs. 
1 -. ' 

One study (128) ;'showed lower levels of apo ~ in users of oral contra-

ceptives compared to controls,"while a second (129), showed signifiéant-. 

ly higher levels in users compared to'former 'Users and non-users. In , , 

the second study, the increase in LDL apo B was not accompanied·by an 

;ncrease in LDL cholesterol indicating a relative enrichment of·LDL by 

apo B reminiscent of hyperapobetalipoproteinemia (49). Apo B le.}'els 

have also found to fluctuate in women during the menstrual cycle (130). 

The effects of various physiological and drug related factors on the 
Q 

levels of apo B are important to document, and more studies are needed 

to establish these relationships. 
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Q • 
The levels of apo B are elevated in a number of disordèrs of lipo-

prq,tein metabolism. The highest levels of apo"B are found in the homo­

zygous, form of famil ial hypercholesterolemia (FH), where values in the 
o ' 

200-300 mg/dl range have been reported (1~I)" This disease is due to 

a deficiency or'qefective function of LDL receptors, and is characterized 

biochemically by gross elevations in serum and LDL cholesterol, enrich-, 
1 

ment of LOL parti"cles by cholesterol, an an increase in the LOL cholesterol . 
ta apo B (C/B) ratio (46-47). The levels of apo B ar:e somewhat less elev-

ate4. in the hèterozygous form of FH (15), atild in ~ype lIb, hyperlipoprotein-
\\ 

em'ia (15, 24). ~The elevation of apo B is more yari,able in type IV hyper-, 

• lipoproteinemia (endogenous hypertriglycerid,emia) where VLDL are increased 

(14, 17, 24, 55). In thi s di sorder, the apo B in VLDL may account for 

,20-50% of the total in moderate to severe hypertriglyceridemia. In sorne 
o 

individuals with this disorder, LDL is also elevated, and these individ­
(1 

uals ma,y be mare prone to atherosclerosis (55). Total apd B levels are III 
1 

increased i~ type III hyperlipoproteinemia (familial dysbetalipoprotein- <l ' 

em;a) owing to an increase in IDL (24-25). Several years ago, it was 

suggested that the"cholesterol and protein content of LDL may vary in-
. ~ 

dependently of one another (22). A number of studies have now shown . 
, 

that ~o B levels are increased in a ,significant number of patients 

with coronary artery disease (49-56), c'haracterizing particularly, 

a subset of coronary patients with nonnal plasma and LDL cholesterol 

levels (49?. Ill'hyperapobetalipop~oteinemia (49), LDL are enriched in 

'il 

1; apo B and the LOL C/B rati 0 i s decreased. In mos t studi es , apo B • 

has discriminated the coronary fram the nan-coronary patients better 

• j'" , 
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tha-h most other parameters tested, and therefore apoprotei n B appears 

.to be' an important new risk marker for atherosclerosis. Apo B levels .. 
are càmmonly e1evated in poorly controllad diabetics, usually in pro­

portiqn to the degree. of hyperl ipemi~ (131-132). Improvement in dia-
, 

. betit" control is as~ociated with a lowering of apo B levels (131-132). 

Various disorders of liver function including fatty liver, alcoholic 

hepatitis, acute infectious hepatitis and hepatocellular carcinoma 
, 

a're associated with high apo B levels (123, 133). Apo B levels are 

',a1so increased 1~"patients with the nephrotic syndrome (134). The 

lp(a}. lipoproteih (65), which a1so contains' apo B, is found in the HBl 

density range and only rarely contributes significantly ta total serum 
1 

apo B concentrations (66). Apo B 1evels are reduced in the uncommon 

disorder hypobetalipoproteinemia (1,2), and absent from serum in the 

rare autosoma l recess i ve di sorder abeta li poprotei nemia (61). 
4 
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IV. Principles of Nephelometry and Immunonephelometric Assay 

Nephelometry is defined as a met~od of detecting light energy scatter­

ed or. refl ected toward a detector whi ch i s not in the di rect payh of the 

\ transmitted light (135). A suspension of particles in solution can be re­

garded as a light scattering system. If this suspension behaves as an 

immunological system, then the principle of molecular light scatter can be 

utilized for the detection of antigens and antibodies. Both qualitative 

(presence or absence) and quantitative (concentration) 'detenninations can 

be made. 

The technique of laser nephelometry is based on the principle that 

a monos pecifi c anti serum reacts to fo~, immune comp l exes with a s pecifi c" 

antigen (135). The formation of immunocomplexes in this system is meas­

ured by passing a collimated monochromatic beam of light through a sol­

ution containing the reactants. Antigen-ant;body complexes in solution 

scatter light and the intensity of light scatter is measured by a photo­

detector (135). The output signal from the photodetector, corresponding 

to a change in voltage, is displayed as relative ,light scattering units 

(RLS) by the instrument (136-137). -- The intensity of light scatter is a 

function of both the number and size of the solute particles in solution, 

the wavelength of the incident -light and other factors. These relations 

are defined by the equation (138): 

C = f . N • 71' • d2 , 

where C is the int,ensity of scattered light, N ;s the number of small 

, , . 

C> 
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scattering particles with a diameter d,and f is a Tactor of proportion-
\ 

ality for the f.ixed conditions of the nephelometer. For miel scatters 
• 

such as immune complexes, the relation between the size of the particle 

and the i ntens; ty of 1 i ght scattering i s more comp l ex (-135). Because 

the scatter ir:ltensity of such particles increases considerably in the 

direction of the axis of the incident light, differences in intensity 

as a consequence of differences in particle size are even more pronounced 

for measurement at low angle (135). For hyperl iPoproteinelni c serum samp­

les, additional effects, caused by non-specifie light ~cattering must also 
-

be taken into account (139). However, in the design of these instruments, 

the optimal angle fo~measuring light scatter produced by the antigen-
1 

antibody éomplexes has ,been detennined and incorporatedjto maximize the 

effect of forward light scatter for the reactions and to selectively min­

imize forward light scatter produced by potentially interfering substances 

(135-137). Thus for the fixed conditions of nephelometry, and under 
, 

appropriate immunological relationships, the photodetector output (inten-

'" sity of light scatter) is propartional ta the conce~tration of the anti-

gen in the test solution (135)~\/ The antigen concentration\ for unknown 

samples is found by comparing ~LS from a reference to that measured for 

the unknown. \ 

o 

, 
Immunoneph el orlletry has been successfully appl i ed for detenni nation 

of various serum proteins including immunoglobulins (141-143), rheumatoid 
1 

factor (144), complemeht factors (142-143), and lysozYme (145). Many 

assay kits are availabl; for the cl~nical application o~, system. 
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From a practical point of view~ the technique seems superior to other 

immunological methods for seve~Îl reasons (135). Immunonephalometry is­

both specifie and sensitive an; its precision for quantitating most pro­

tei ns i s comparable to other methods. The procedures i nvo 1 ved are tech­

nically quite simple and therefore less laborious. Incubation times are 

relatively short, results are rapidly available ana' the method is less 

time ·consuming. The reage,nts are inexpensiv,: an/ there are no radioactive 

materials involved. Finally, the method is als{capable of handling large 

numbers of sampl es and can be automated. These features of the assay make 

it especially suitable for clinical and epidemiologic applications. 

Tre method has al so been i nvestigatect for the quantitati on of serum 

apoproteins including apo A (76~ 146:148). and apo B_ (30-33). For this 

purpose however, the procedure,. i s more c01Pl ex than that i nvo 1 ved for 

detenninati on of other serum proteins. Apoproteins are present in serum 

in the form _of li poprote in. comp 1 exes, and these comp 1 exes are di stri buted 

over vari ous li poprotei n cl asses. The concentration of apoproteins vary 

among the lipoprotein classes, as does the size of the lipoprotein part­

ic1es. These considerations are particularly relevan.t to the quantitation 

of apo B by this method, since apo B is present in most density classes of 
/ 

lipoproteins, and differences in the size#ôf li-p(l.Q[~tein particles is 

maximal between VLOL and LOL. The larger VLDL particles present in whole 

serum or isolated lipoprotein fractions maY,cause non-specifie light 

sca tteri ng (32). Such an effect woul d be expected to alter the propor-

tionality betw,een intensity of light scatter and concentration of antigen, 
/ 
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.1 

thereby potentially leading to an overestimate of serum apo B levels (32). 
\ 

This effect would be magnified in hyperlipoproteinemic serum samples (32-33, . 

74). 

\ , 
çj 

\. 

\ 

\ 

.. 

.. 

, \ 
/ 

( 

! 
1 , 
! 

1 



,} 

(~ 

/ , ' 
! 

• 

" ')\ 
-25-

V. Quantitation of Serum apo B by INA 
ç 

Analysis of li poprotei n concentrati on by li ght' ,sca tteri ng techni ques 
, 

was first described by Stone et al (79), who"used a m,icronephelometer to 
, 

estimate the concentration of serum LDL and triglycerides. Subsequ,ently 

Kahan et al (80-81), and Ritchie et al (82-84) described the use of an 
\ ' , 

automated light scattering technique (AIP) to quantitate LDL protein 

immunochemi ca 1 \y. These earl ier attempts to measure apo 8 uti 1; zed i n-
\ 

struments, wi th la low i ntens ity 1 i ght source and measurements of protei n 
\ , ' 

- concentration suffered from a lack of serisitivity. These problems re-

, 
sulted from a low serum to blank ratio caused by non-specifie light scat-

tering (84). In the last 5-6 years, a new generation of nephelometers 

has emerged contai ni ng a laser 1 i ght ?ource, and these instruments have 

greatly improved the sensitivity and preci,sion of serum protein analysis. 
\\ 

Consequently, many new studies have undertaken to evaluate this method 

for the quantitation of serum apo B (30-33). 

/ 
-Ballantyne et al (31), were one of the first to use laser nephelo-

metry forj;he quantitation of apo B in serum. In this study, 87 nonno­

and hyperlipemic samples of plasma were analyzed by INA, AIP and RIA meth­

ods. The mean levels of apo 8 found by INA were significantly higher 

'than those found by AIP and RIA (table 3). The correlation between the 

INA and AIP (r=0.79) and RIA (r=0.70) methods were only fair. The mean 

va lue found; n a subset of 35 normo 1; pern; c subj ects by the INA method 

was al 50 more than twice that found by RIA (159 vs 71 mg/dl). Estimat; on 

\ 
\ 
\ 

1. l , 
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of apo B in the d>l.006 fraction resulted in a 'better correlation than • 

found in plasma, indicating that the high plasma estimate may have been 

due ta non-spe~ifie light scattering 9f the d<1.006 lipoproteins. QHow­

ever, the total apo B concentration found by combining the values found 

separately in the",d<1.006 and d>l.006 fractions, agreed well with the 

-"whole plasma estimate. Further" the ~IA and INA methods gave closely 
'~ 

similar estimates for d<l.006 apo ,indica"ting ·that the non-specifie 

light scattering effect may not have be excessive. The three methods 

also gave di fferent estima tes of apo B in 0 commerci al LOL standards 

used for calibration.· Aga;n, INA produced hi her, and RIA lower estimates, 

50 that the sensitivities of the two assays for apo B appeared ta be diff­

erent, but consistently so. Bal1antyne (149), recently reported a much 
/ 

lower mean value for a group of 24 normolipemic subjects (table 3). No 

modifica~ions of the procedures used in the first study were aeseribed to 

exp 1 a in the lower val ues found in the second. 

Fievet-Desremaux et al (30), eompared the levels of apo B measured 

by INA, ElA and enzyme immunoassay in 31 subjects, and found no si9nif-
t, 

icant differences in the values by the three methods. However, the mean 

values were very high (table 3), and it is unclear from the report ex-
• 

actly what ki nd of subjects were used for these compari sons. Oedonder-
. " 

D~coopman et al (57), in a large series, reported 'I)lean apo B levels of 

129 mg/dl and 120 mg/dl in 206 and 271 normolipemic male and female sub­

jects respectively. These values tend to be somewhat higher than the 

total serum apo B levels found when similatly large groups have been 

, ' 
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o , 

studied-by'othe'romethods (table 2). Other investigator~ have des~ribed' 

1 ower, .mean .. Va lues for nor,mo 1 i pern; c sampl es ana lyzed by the INA met,hod. , d, 
0' , 

Heuck ~t al (32), reported a 1llean apo B level of 82 mg/dl in 68 n<:>rmo-
1 0 ( ,0 , 

\,' lipemic'subJects, witl1 a correlation'of 0.97 betwe,en this method and an 
• ' ? 

o 

, 

: RIb assax! ' Heuç~ (75), 'recently updated 'hîs series reporting a mean value, 
" f r' (1 

"'of,ld~ mg/dl for apo B in' 432 ~onTIo1ipem;'c sub,jeets. ' Rosseneu ,(33), corn-: 
" ) l' 

o '~ , ( 

~ 1} ~' " 

0" 'Pared the' INA metnod wHh ElA' uhder a number of experimental conditions.' o ~ , 0 \ n 
o a ut " _ ,CI 0 l' 

Ou> Thîs s"tudy empha'sized the n~ed',t9 have closely simi,lar candirions present' 
" ' o ,,- , ,,~ J' , 

in th'e primary LOL,;;tandards an"d th~ s~rumos?lmples, in o~der ta elîm'inate: 
" ' 

the teride~cy foro ttie metRo,d ~o overe,s'timate apo B ~evels that"may ~~en ~~ 

occur in normolipemic serum samploes. D~ Backe~ et'al (56), recentlY'COm-
a '" ,,~ , 

Cl ~ v,.J ~ i 0 c , 

pared apo B levels' in 70,nonnolipemiç s'ur.vivors of my?cardÙl infarctipn," 
, 

l ' ' 

,and a similar number of nonnoluipemirÇ. controls: The mean value found by 
~ .... , ," Q.<.J - ,II , : .- r.' ç"' -p~ 

INA in the ischemic patients was significantly higher than tha't found in 
'1 (J ~ ~ , ' 

" the control subjects (143 vs 113 mg/dlo). This finding- i 11 \,lstrates that ' 

differences in the characteri stics'· of 'the popul ati on may al one a~~oun't 
, , 1 

for a significant amount of the variation- in,apo B level s obser:~ed for 
~ 

comparisons between this and other methods. " 
\' "' 

" , 
, r 

The INA method has also been used to measure the 1 ev el" of apo B in" , 
, 

the serum of newborn infants. Van Biervliet et al (llO),"foundoa mep.n 

, ' , 

, 
L 

\. ,~ > ---- o ' 

cord serum value of 24 mg/dl in 30 newborns, whieh agrees wel} with the 

values found by other methods (108-109). Since the concentration" of 

VLDL ;s very low in newborn serum (150-152), non-specifie light scatter-
o " 

" ing ;5 'not'a problem for measurements made on cord samples. Van Bi'er-

", , . 
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, . 
., 

vliet (58), recently desèribed a modificati on of the ori ginal INA tech-
, . 

nique, and this was applied to screen 1500 infants for dy~lipoprotein-

" emia at birth. The method i nvolved the coll ecti on of b 1 ood ob ta i ned 

. by heel prick, and adsorbed onto fi 1 ter paper. The b l ood spots were then 

eluted I)y detergent, and the apo B was quantitated by INA. The apo B 

va lues found by the e1ut . on of b l ood spots corre 1 a ted we 11 with the 
,,," 

va lues obtained by measur e~t in serum (58). Brews,ter et al (85), 

compared INA with ElA for the quantitation of beta-lipoprotein concen­

" trati on in the cord serum-of 232 newborn infants. The mean l eve l S of 

apo' B found by the two methods were 54 and 50 mg/dl respectively. ,The 
. . \ 

sma 11 differenée between the values was not si gni fi cant. but the mean 

1eve1s are near1y twice as high as those found for newborns in most other 

studies (108-110). The difference was probably accounted for by.the use,: 

. ' 

8 , 

, " 
; 0, 

o ' 0/, ,"li 

of'a comm~rci al be,ta-l; POpr=otëi n standard for cali brati arr' of apo B. These, ''','' .:_ 
, .' 

.' "(!Om~ercial standards have resulted in higher estimates of ap'o B in other 0 

! ' • 

. stCIdies (113-114). 0,' >l 

" 

.. ' I~llJ~onep'he l ometr,~ has been more: prob l emati c for th~ ~uanti t~ti on' 0/' 
~ ,. 0' 1) (>:; ~' ('-" ' , ~, 

, ,_apo"Bo leveh .. ,.:Ih hyper1ipemic· s'e<t'um, particularly in'the pr_esel,lce'o,f hy~er,.c 
, ,1, r' "u 

? Q t' 

triglyceridemia", whereothe tendency for overeQstiqiate is much greater (32-
. " 

'3~,o~4r.,The oyerestimate, 1n hyperlipem,ic serum js cal.lsed by non~specffic 
, , 

'a "0-' "~, Il '-", \ p 'Tf1 ' ~ '(1 1 ) 1 , 

light scatte,ring of. the larger VLDL parti,cles (3,?, 74). oTh,e_eff~ot in ,,' 
1 L (] " " \ 

, hypertri glyceridemi~ serum i5 magni fteq, because" both theo cQncentration 

, '( 14, 17), and si'ze' (153) of the VLOL partic1es is" increased. How~ver, 
!J '", 

Q , " , 

" 
the.'p!,oblems ,ëre&ted -by VLDL in: hy'perlipemic s.~rum have ;b~en largely sur-
~ fJ ~ 0 'g (, , ' 

" " o Q 
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" 
,nïounted by the incubation of the serum samples in ·the pres,ence of ~:ipases 

Q \) (\ il 

a'n"d d~tergents (32.3},' 74,). Under tfle6e condi'"tion~, \hê oas~ay has" been" tJ 
" ,1 ,q ~ J ~ 7 ,~J l 'i ,I-j 

fatrly well standardized'for the quantitati,o'n of, a!30 B in 1=hese samples. 
!) Il, 0 J 

~ 

Hy-p~rHpoprote;nem;c s"erl,lm ha's '"êilso been a problem for/the quantitat'ion , ' 
'~ l j 0 f, • G Q u \ ù. j {) 1} 0 ~ 

-ôf'_othe'r- apoptoteins by thfs (75) and other (22,'77), methods,DaiJ
s well. 

~' 'i ( , \ <), u () co" l (J 

..., " ~'J Il' 

" ~ 0 

.. ' Il U 0 1.1 <;) <J l) l' \! '. 

" " 0 ~ ~ 
,""In summa'ry-, many studies 'hav~"recently evaluated"th~ lNA'method for 

.l 0 [ ,Il ~ ~ 

~.. <JI <~ D 1) 

the" quanti tqti on caf sè~um apo B., 0 In sorne s tudi es, the values found by 
( " , " {) j!;l J 

c- ,: '." ' ,,,' INA ha~e been sjgnifica~tly highOer, ~han thg~e r~ported t1y most other, '; 
t :y "c~ 0:' u.,· I~ ~'" Il ~,; " t [I:l' ~ Il \ "'0 0 
f) .. ~, ,lo 0 G q lJ J <j 

O' • methbqsoO' In other instances, the levels found by-different'llletjIJpds have - ~ * ; , , 

r ~ 11 ; • 

. . 
o , -

'() ,~ , 0 J ~ 0 J 1) (" 0 ù ~ 

.J q
" :~,,'o. agreedquit.ewel/l. In Dotall'cases, were th,è working conditions of Othe 

, 0 1) 1) '<-
'li ' {J, ~ ~ (, U fi ~ il. 

,,:,,'assay d'escribed." ft ts therefore difficult tooassess th~ exte'nt ta which 
t ç" ," 0.1) Q "p n (J '1) '\) 0 

, ,0 :"~ ;',' , , / Pr:c~t~d~ra) dif,f~rences cgnt~i bU,te t~ the va ri ance of the fi ~dings. The (! ) 

0 0 heterogeneity' of apo' B 1'€vefs.in the population may p(\artially explain 

, 1 , , , 
" [ ~ ~ 
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o o ,) 11 

, " 

"' c; 

l} 
, 0 

) 1 ~. 

, 0 

u 
p' r fi 

, 0 

Gu ,0 !),,, " 

Il 1) 0 0 Il J 

'sorne ot' the doif,ferences as well. The odata i ndicates that the method pot-
J ÇI 'l I.l t, y 

o ~ 

'" enti ally perfonns well ,fJJr the anal ys i s of apo B, a ltho~gh t"he exact ,con-
"D 0 M 

~ditions necessary for'theGthe optimal' perfonnance of tne assay are not 
Cl \) 1) l 

, . .) 

enti rely cl ear'. It seems impor'tcmt, therefore, for each l aboratory 
, , 

-
consideri ng using the method, to "ev a l Uélte the worki ng condi 1:;; ons and 

o (j lf , 
establish the re1~tionshiR for serum apb B quantitated by th'e new and 

establi~h~d prdçedu~es. 
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I. Introduction 
" .' 

The purpose of the present investigàtion was to evaluate immunonep-
,. '" ~ 

halometry as a method for the quantitation of serum apo B. In the de-
' .. 
~~~ 

velopment of an i'?1T1unoassay, there are fou'r essential parameters t,Q,. be, -. . 

evaluated. These include (1) spe,cificity, (2) sensitivity, (3) pr~cisi?n,. 

and (4) validation. As well, any'potentially interfering variables must 
.... " 6r' 

also be recognized and evaluated. 

, .. 
, ' -. 

Firstly, the assay must be speci'f.ic for the antigen in question'" In 

immunoassays, ,this requ,\rement is satisfied by raising a moriospecific 

antiserum to the protein antigen. Secondly, the in vitro sensitivity of 
~ , 

the assay must be adequate for detecting the,in vivo concentrations of the 

'antigen. If the antigen ·exists in mg/dl units of measureinent, trien an 

assay with a corresporiding ~ensitivity level ,will be satis,factory for 
, , 

-~uantitation. Thirdly, the precision characteristics lnvolve assessment 

of the intra- and jnterass~y variabiljty. !f,these are reasonably low, 

then the measurements sh'ould be reproducible ando the ~ethod relia~le'f~r 

quantitating the antigen accurately. Fourthly, the assay must be stand­

ar:dized, ideally in the laboratory of eventual use, against a reference 

method established for the quantitation of the antigen. In the course of 
- ~ ~ 

> ./'0/ 

the validatioon proce~ure, interfering factors -must be sought ,and a~1s~ 
, "~ 

ed for their pptential to affect the perform~nce of th,e system':"----. 

. 
'The present method was 'evaluated with these principles in .mind. To 

, 
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" 

validate the method, compar;sons were made w;th an RIO a$say, which ;s the 

stand~rd method used for quantitating apo B in th;s labaratory. The RIO 

method, however, was not entirely satisfactory for this purpose as QWt­

lined in the text. Nevertheless, it proved ta be adequate for establish-
~ 

ing the fundamental principles of INA for the qu?ntitation of serum apo B 

and in identr'"fying those areas requ;rin~ !urther evaluation. ln this 

sense, the present study represents a preliminary evaluation of ;mmurto­

nephalometry as an assay for serum apo B quantitation. 

o ~ 

- The research will be present~ in the following fo~. In the initial 

section, the general procedures used throughou~ the study.are described. 

Preliminary experiments dealing with the characterization of the precip-
~. 

itan curvè and establ i shment of working condi tions for the ;mmunoassay 

are presented next. The performance characteristics of the assay are then 

described. The vàlidat;on procedure ;s then detailed in four separate 

parts. Final1y, a general discussion 'of the "experime,tltal work is pre­

sented, follow,èd by a summary of the major f;ndi.,ngs and conclusions. , 
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(a) Isolation of.LDL !po 8 l(d=1.020-L050 gm!ml) , 

, 

~ ~ 
A narrow band of LDL (d=1.020-1.050 gm/m1) w~s isolpted from serum 

by conventional methods (88). This fraction has been shown ta contain apo 
-

B virtually uncontaminated by other protein (93-94). Briefly, blood was 
~ ~ 

collect d in vacuum packed tubes by antecubital venipuncture from-fasting 

00-14 healthy, normolipemic donors, and allowed to clot for 1-2 
'li 

hours tempera ture. 
~ 

Serum was separated by low speed centrifugat~ 

ion (2SÔO g) for 20 minutes at 4°C. The serum was pooled and the density 

adjusted to 1.020 ~ml by the addition of NaCl-KBr solution. The pooled 
Il 

serum was then fract.ionated by preparative u.1tracentrifugation for 20 
, \ { • 1 

~ hours at 10S,000-g,-4°~ in'~ Beckman mOdel L2-65.untracentrifuge ~sing a 
; .. 

Ti-50 rotor. At the end of 20 hours, the tQP 2-3 ml cpntaining the d<1.020 

lipop~otein fraction,was removed by pas~eur pipette and discarded. The 

infranatant, éontaining the d>1.020 serum fraction was removed by a èlean 

pipette and transferred to a graduated cylinder. The vol ume of the 1. 020 

bottom fr~ction was measured and the density adjusted ta 1.050 gm/ml by 

the addition of NaCl-KBr solution and ultracentrifuged for 24 hours-at 

105,000 g, 4~C. The supernatant containing the d=1.020-1.050 gm/ml lipo-
'. 

_ protein fraction was remov~d and 'washed ' using d=1.050 gm/ml NaCl-KBr by ~ 

an additional ultracentrifugation for 24 hours. The top 1-2 ml containing 

" 
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LDL, d=1.020-1.050 grn/ml, was removed by pipette a~d transferred to a 

cleaR container •.. 1 

(b) Preparation of LDL apo B Reference Standards 

After isolation, LOL (d=1.020-1.050 gm/ml) was dialyzed in the dark -. 
J'; .. 

qvernight vs normal saline (d=1.006 gm/ml, 0.195 M, pH=Z~40) containing 

1 mg/ml disodium EDTA as preservativ'e. The dialyzed lippproteins we~e 

then filtered through a 0.24 vm (average pore size) fitter (Millipore 

Corporation, Bedford, Ma) into sterilized tubes. This constituted the 

'stock' LOL apo B solution. Contamination of stock,LOL by albumin or 

soluble apoproteins was ruled out by Oucherterlony immunodiffusion. The 

concentration of protein in the stock LOL was determined colorimetrically 

by the method of Lowry et al (95) "us i ng bovi ne serum a 1 ~lumi n (BSA) as th,e 

pro\e~n standard. 

LOL apo B values. 

No chromogenic correction factor was used to correct 

Reference LO~ standards were then prepared by serial 

uilution of stock LOL with filtered (0.24 ~m, average poré size) salt 

solution (d=1.006 gm/ml, 0.195 M, pH=7.40). A range of standards were 
\ 

prepared (20-200 mg/dl apo B). The concentration of .ap9 B protein in each 
0, 

standard so prepared was determined by the Lowry method: Al1 LDL stand-
.... 

J ~ 

ard~ were stored at 4°C in sterilized test tubes until utilized. 

(c) Preparation of Anti-LDL Antiserum 

Antiserum to LDL apo 8 was prep-ared in' rabbits. A total of 1.0 mg' 

6 

, 
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• o..f LDL (d=1.020-1.050 gm/ml) emulsified in -Freunds 1 complete .adjuvant 

1:1 (v/v) was given subcutaneously to rabbits in five divided doses at 

weekly intervals. The animals were bled at six weeks. Antiserurn was ob­

tained by-low speed centrifugation. The separated se~a was filtered twice 

through a 0.24 ~m Millipore filter and stored at -20°C with 0.02% sodium 
, 

azide added as preservative. The specificity of the antiserum for LOL apo 

B was determined by the Ouchterlony immunodiffusion technique and imrnuno­

electrophoresis. Wh en examined ty the Ouchterlony technique: there was no 
J 

reaction of the antiserum against HOL~ albumin or the d>1.050 infranate. 

Only a ~ingle precipitan ~rc was seen by immunoelectrophoresis against 

whole plasma and LOL. 

,,( 

(d) Preparation of Diluent 

For all nephalornetric procedures, dilutjons of antigén and antise~um 

were made in phosphate-buffered saline ({PBS}, 0.01 M in phosphate, ~.15 

M, in NaCl, pH=7.40). The selection of this particular buffer is discussed 
\ 

els~where (154). The diluted buffer was twice filtered th,1oUgh a 0.24 ].lm 

Millipore filter and stored at room temperatureo~, Periodic refiltering of 

the buffer was necessary to reducé extraneous lignt!cattering caused by , 

dust particles. 

(e) Preparation of Lipoprotein-Free Serum (LFS) 

Serum was co 11 ected from hea 1 thy; nohno 1 i perni c don ors . The dens i ty 

( 
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of the pooled serum was adjusted ta d=1.0250 by the addition of NaCl-KBr. 
. '. 

The pooled serum was then fractionated by preparative ultracentrifugation 

for~24 hours at 105,000,9 and 4°C. At the end of 24 hours, the top 3-4 ml 

éontaining the d<1.250 supernatant was removed by pasteu,r pipette. The 

infranatant, containing the d>1.250 gm/ml LFS was washed using d=1.250 . ~ 

gm/mJ NaCl-KBr by a~-additional ultracentrifugation for 24 hours. Af~er 

the second 24 hour run, the top 3-4 ml was removed. The infranatant was 

, removed and dialyzed back ta the original serum density (d=1.006 gm/ml) 

,over three days against d=1.006 gm/ml NaCl containing 1 mg/ml EOTA, with 

a minimum of two changes of d'ialysate per day. The d=1.006 gm/ml LFS 

was then twice filtered througn-a~, 9.24 ~m Millipore fil ter. The immuno-
,\ \ 

reactivity of the LFS for apo B was ch~cked by Oucherlony immunodiffusion 

and immuneelectrophoresis and found te be negative. T.he protein concen-
o 

tration of the lFS, determinep by the 19wry method, was p.O gm/dl. The 

serum was stored in sterile plastic tubes with 0.02% sodium azide added 

as preservative and frozen at -~oC until needed. 
'. 0, ' 

(:D- Preparati on of LOL apo B Reference Standar,ds in LFS 

Stoc'k LOL was serially diluted by pipette with LFS to prepare a range 
~ î 1 

Q 

of LOL standards. The apo B concentration in each standard was th en ver-
! ~ '. ~. , ' 

il) , • , 

ified by radial immunodiffusion as?~y (21). A11 standards were stored 

in sterile tubes at 4°C· until needed. 
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(9) Preparation of d<1.020 (top) and d>1.020 (bottom) Serum Samples 

1 1 

Serum was obtained_from fasting, normolipemic subjects. Two mls 

of serum was placed in an 8.0 ml cellulose nitrate tube. The density of 

the serum was 'adjusted to 1.020 gm/ml by the addition of NaCl-KBr solution. 

The volume was then raised ta 8.0 ml by the addition of d=1.020 gm/ml 

NaCl-KBr. Ultracentrifugation was performed at 105,000 9 for 20 hours at 

4°C. The 'tapi fraction, containing d<1.020 gm/ml lipoprotein, was re-

moved by pasteur pipette and transferred to a gtaduated test tube. The 

Ibattom' fraction, containing d>1.020 gm/ml serum, was similarly removed 

and transferred to a second graduated test tube. The volume of the top 

and bottom fractions were measured separately. The combined volume for 

all samples was always within 0.1 ml of the arigi~al volume (8.0 ml), so 

the loss of lipaprateins by this method was negligible. The lipoproteins 

were then transferred to sterilized test tubes and stored at 4°C until 

processing. 

(h) Preparation of d<1.006 (top) and d>1.006 (bottom) Serum Samples 

An aliquot of serum from fasting, normolipemic donors was used for 

this purpose. VLOL (d<1.006 gm/ml) was removed.by preparative ultracen-

tr;fuga~ion as follows. 2.0 ml of serum was placed into an 8.0 ml cel-
-

lulose nitrate tube, overlayed wi~h 6.0 ml of d=1.006 gm/ml, NaCl (0.15 M), 

and ultrac~ntrifuged at 105,00 9 for 20 hours at 4°C. The top 2-3 ml 

" containin~ d<1.006 gm/ml lipoproteins JVLDL) was removed by pasteur pip-
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ette and transferred to a graduated test tube. The bottom fraction was 

similarly removed and the volume of each fraction was determined separ­

ately. The lipoproteins were then t1ansferred to sterilized test tubes 

and stored at 4°C until processing. 

(i) Quantitation of apo B in the d<1.020~ d<l.ODa (VLDL) and d=I:006-
1.020 (IDC) Cipoprotein Fractions 

Apa B in the d<1.020~ d<I.006 (VLDL) and d=1.006-1.020 (IOL) lipo­

pratein fractions was estimated colorimetrically (95) following extraction 
-

of ap? B according to the isopropanol technique of Holmquiest et al (91-92). 

The d<1.020 and d<1.006 gm/ml top lipoprotein fractions were isolated by 

,ultracentrifugation as previously described. 0.5 ml of 1.020 or 1.006 
\ 

top lipoprotein was mixed with 0.5 ml ~f isopropanol (Sigma Chemical Com-

pany), vortexed for one minute, and allowed ta stand for 15 minutes at 
\ 

room temperature. The soluble prot~in was se arated from insoluble, pre-

cipitated apo B by centrifugation for la minut 5 at 12,000 g. The clear 

supernatant containing the soluble prote;n was remaved for quantitation. 

Protein determination was performed by\ the Law y method. VLDL apa B was 
1 ' 

estimated by subtracting the quantity of solub e protein in the 1.006 top 

fract; ~n from the tota l prote'; n con~; ned in the 1. 006 top fract; on. The 

differ~nce,repres~nting isopropanol irSOluble protein, is an estimate of 

VLOL apo ,B. !DL (d=1.006-1.020 gm/ml r apo B was estima~~d' by subtracting 

the apo B faund,in VLDL from the total apo B contained in the 1.020 top 

fraction. ' 

,1 ,. 
f 
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2. Specimens 

0 

B100d samp1es for 1 i poprotei n ana1ysis wefè obta i ned from fasting, 
.' 

hea1thy, nôrma1ipemic donars, mast of wham were medical students. The age 

of the subjects ranged between 18 and 40 years. 

3. Instrumentation 

Light scattering was apa1yzed using a Hy1and laser nepha10meter 

(Hy1and Divisinn, Travenol Laboratories, Costa Mesa, Ca) accordi~g ta the 

manufacturers' recommended procedures (137). 

4. " Ana1ysis of Data' 

Lipid and apoprotein measurements were ana1yzed using 1inear regres­

sion ana1ysis. The statistical significance of mean data was determined 

using the paired, two-tailed Students' t-test. 
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III. Cnaracterization of tne Precipitan Curve for LDL apo B-Anti-LDL 

1. Introduction 

\, . 
Of primary importance to the de~elopment of an immunoassay in aqueous 

solution, is the characterization ofothe ~irecipitan curve for the antigen­

antîbody system in question. In these e~eriments, various concentrations 

o of LDL apo B were allowed to react with different concentrations of anti-

LDL apo B antibodies, and the resulting light ~cattering from the format­

ion of immune complexes was ana]yzed with the nephelometer. The purpose 

of this study was to define appropriate cQnd~tio~s for the construction 

oi a reference curve for theoimmunoassay. 
" 

2. Materials and Methods 

The antigen (Ag) and antiserum (As) werè prepared ~s previously des-

cri bed. 
<> 

Five different concentrations of Ag, corresponding to 32, ~2, 57, 
o 

99, and 143 mg/dl of apo B, were selected for study. The choice of these 

particular concentrations of LOL standards was somewhat arbitrary, but 
o . 

tended to span the normal range of LOL apo B found in serum. In exper-

iment A, 0.025 ml J25A) of each concentration of Ag was allowed to react 

with fourodifferent~dilutions of antiserum (1:20, 1:4Ô, 1:80, and 1:100). 

In experiment B, 0.005 ml (5A) of each concentration of Ag was added to 

the same dilutions of antiserum. The final dilution of the Ag in exper-
. 

iment A was == 1:40 and ,=1:200 in experiment B. Antiserum was prepared by 

Q 

'. 
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dilution in PBS. For.immunoassay, 25'1.. or 5>.. of Ag was adde,d to, â 10 by 75' 
, 0' 

mm disposable glass tube. 

this constituted time zero. 

1.0 ml of diluted antiserum, was th~n add~d, and 
• 0 

Tubes containing the Ag-antibody ~Ab) mixture~ 

were prepared in dupli~ate. 
l '1 

Each tub~ was gently mixed by inversion and 

allowed to react at room temperature. The following 'blanks'\wer~ ·also 
, ' 

prepa~ed; (1) a b~ffer blank, containing 1.0 mi of PBS, whiçh ~as used to 
o . 

calibrate the instrument; (2) an antiserum blank, whi,ch contained 1.0 ml ' 

of diluted antiserum; (3) an antigen' bl~nk, prepared by d,iluting'25À or 
() v 'Ii, 

5>.. of each standard in 1.0 ml of buffer. All ~eagents wer~ dispensed by , , , , 

fixed volume Eppendorf pipettes. Lighn scatterlng of thë free a~d combin-

ed complexes was analyz·ed by nephelometry after eqUîlibrca i"on had b;ee'n' 
\ " 

reached for a 11 reacti on mi xtures (;: two hours) ~, The se ectfon o'f thi s 
o 

endpoint for measurement is considered 'in the next secti n of'tne papet. , 

" 3. Results 
, , 

" 
, 

(a) CaÙulat:ion of net Relative Ltght Scattering (ilRLS) 

, ô ~ fj 

~RLS, is defined as the light scattering attributable to the form-

• ation of Ag-Ab immune comPle~ This was calculated by subtracting th~ 
RLS produ~ed by the baCkgrOU~~-~and As blanks) from the total RLS pro-' 

a duced by the immune compl'exes and b~grOUnd combined: 
, 1 

~R~S = Total RLSo- Background RLS 

~RLS - RLS {(Ag-Ab)+(Ag)+(As)} - RLS {(Ag)+(As)} 

where Ag-Ab, represents t immune complexes, Ag, the free antigen~ and 
c. 

, , 
-' 
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o • 

" As,Othe antiserum. T~e mean Ag-Ab value fro~ two separateodeterminatio~s 
o " 

wa~ used for the calçulation. t 

1 \ 1:> Q Q 

(b) Contribution of t~e Backg~ound to ~RLS 

TaMés 5 and 6 sliow, respectively, the light s-cattering'produced by , 
. _ 0 

the Ag' and As in solution alone. " Inspection of Ea,ble 5 shows that the 

light scatter;ng produced by 25X of Ag ;s greater than that produced by 
o 

o 

, 5À of Ag for each concentration of LD~ standard considered. Light scat-

tering ~ends ta decrease wfth decreasing concentration of LDL apo B. Table 
• 

6 shows the light scattering caused by the antiserum diluted in buff~r·. 

" 
~he light scattertng is highest with the 10west dilution of a.fltiserum~ 

and decreases with tncreas i ng dil uti ons ol anti serum. The to,ta 1 back­

ground was highest in the reaction mixtures containing~high concentrations 

of Ag and low dilutions of As. For the conditions tested in these exper­

, iments, the As tended to c,ontri bute more to the total background count 

'than the Ag, particularly .where low concentrations of Ag were involved. 

However, the baékground in all nearly all the reaction mixtures was small 

in comparison to the light scattering produced by the immune c~mplexes, 

usually amounting ta between 2-4% of the total RLS. When the conditions 
" , , 

- were such that there were very low concentrations of Ag and low dilutions 

of As, for example, 5À of 23 mg/dl of Ag and a 1:20 dilution of As, the 

background seemed to con~ribute disproportionately to the total RLS. This 

was due to the seant amount of light scattering produced by the immune 

complexes under this condition (table 7). 
'd \ 
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(c) Precipitan C~ve for LOL apo B-Anti LOL 

~~c~~" ( 
'Table 7 shows the ~RLS for each reaction mixture considered and fig-

ures"! and 2 illustrate the data plotted graphically,. ln the figures, the 

ordinate represents the ~RLS after equilibrium was achieved between the 

various concentrations of Ag mixed with various dilutions_of As. The ab­

scissa shows, the concentration of the Ag (mg/dl) in the reaction mixture. 
t... " 

Wh en incubation of 25À of Ag was carried out in a 1:100 dilution of 

As, light scattering was observed to decrease with stepwise ;ncreases 1n 
0, , 

.t 

Ag concentration ~figure·I). With lower,dilutions of As (1:80, !:40), 

RLS increases, then decreases with increasing concentration of Ag. With 

a 1:40 dilution of antiserum, the peak RLS occurs at a higher Ag concen­

tration than with the 1:80 mixture. Finally, at a 1:20 dilution of As, 

light scattering increases fairly linearly over the entire range of Ag 

concentra.ti ons. 

In figure 2, the 'results of èxperiment, B are illustrated. In this 

experiment 5À of Ag was added to each reaction mixture instead of 25À., 

The concentration of Ag in each reaction mixture was therefore five fold 

less in experiment B than in experiment A. Inspéction of figure 2 shows 

1 that light scattering increases over the entire range of Ag concentrations 

for all dilutions of Âs used. TRe ~RL? at comparable Ag concentrations 

is higher with each stepwise decre?se i"n As dilution-,--'crHhough the differ-

( , ences in light scattering were -greater at the higher than lower antigen 
"-
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concentrations. There was a tendency for the lowet, end of the precipitan 

'curv~s to 'fal1 in the mlxtures containing low dilutions of As. Light 
- . 

,scattering appears to be linearly related to Ag concentration for the 

reaction mixtures contain~ng the highest dilutions of As. 

4. Discussion 

In these experiments, the, immunoreactivity of LOL apo B-anti LOL was 

evaluated in a light scattering system. The aim of these'experiments was 

to define the conditions necessary for the produc~ion of a linear precip-' 
~I"""" ~ 

" 
itan curve. A linear reiationship indi'cates that the" Àg/Ab ratio is op-

tima l for the range of reference concentrati ons cons i dered.- A wi dé range 
, -

of Ag and Ab concentrations with varying Ag/Ab ratios was'used for,~his , 
\ " , 

purpose. 

" . 
In experiment A, 25A of Ag was used in each reaction mixture: Using 

a 1":100 dilution of As resulted'in aidecrea'se in light scattering'with 
\ . 

i ncreas i ng Ag concel')tra tians (fi gure., 1) • Th; s i ndi ca tes 0 a s ta te, of Ag 

excess where the concentration of Ab is insufficient relative to the 

concentratio~ of A~ (136). Anti body , in this case combines with Ag in 

such a way as to hinder the formation of a lattic~ nefwork of insoluble 

Ag-Ab complexes (155). The Ag molecule with many binding sites combines 

with the Ab to form relatively small soluble complexes, inhibiting the 

formation of a lattice (155). These small soluble complexes may not be 
o 

detected by nephalometry~(136). 
/' 

Anti gen excess fa'n occur whenever the 
v . 
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concentr'ation of Ag exceeds .the capacity of the As to form an insoluble 

lattice. As the ratio of Ab/As is increased, accomplished in this exper­

iment by decreasing the djlution of As, the 'point of equivalence shifts 

toward higher concentratiôns of Ag. Ali point~ up to 'the point of equiv­

alence are in Ab excess (155). Finally, increasi-ng the Ab/Ag ratio still 

further (i :20 diluti on) shifts the highest Ag' concentration to thé Ab 

excess side of the curve. The Ab excess side is the analytical working 

range of the prec.ipitan curve since light scattering u,nder this co,n­

dition iS.proportional to the concentration of Ag in the test soluti~n 

(136). 

'"" " I.n expe~;ment B, the Ag concentration of each LDL standard added was 

~ five fQld less tnan the concentration used in experiment A because of a 
~ ,; '" ,. 

five fold re~uction in the volume of the Ag used (5À vs 25À). Under these 

conditions, light scattering wa~ observed to increase with stepwise in­

creases in LOL concentrations for all dilutions of As used. However, 

only the precipitan curve~e~ using the higher dilutions of As !1:80 

and 1:100), appeared to be, linear (figure 2). Samples with low concen­

trations of Ag 1n the reaction mixture (high Ab/Ag ratios) may also pro­

duce soluble complexes W\\Ch cannat 'be accurately quantitated Iby nephalo­

metry (136). In this instance, the Ab may block all of the reactive sites 

on the Ag thereby preventing lattice formation (155). The tendency ~or 

the low end of the precipitan curve under conditions inv~lving low dilut-
" 

ions_of As ta fall 'off (figure 3), may be reflec~ing this charact~ristic 

of the immunaprecipi,tan reacti on. 

-------------------~-~ --' ._-'--
\~ .' 
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•• 

Clearly, there is an optimal ratio of Ag and Ab for each range of 

LDL standards considered. This ratio can only be determined empirically 
" 

from experiments such as these. For "the conditions tested in these 

'experiments, a 1:20 dilution of As for 25>- of Ag'and a 1:100 or 1:80 dil-

ution for 5>- of Ag seemed to represent appropriate relationshi~s as judged < 

by the linearity observed between light scattering and Ag concentt~~ion 
\ ' 

for the range of LDL standards used. In fact, the preci pi tan curves pro-
'8 

duced under the 'conditions involving 25À, 1:20 and 5>-,1:100 mixtures are 

virtually superimpos;ble (figure 3). This finding ;s expected s;nce the 

ratio of Ag/Ab in thesertwo instances is identical. Thus, a five fold 

l higher Ag concentration requires a five fold higher Ab concentration as 

one fifth the concentration of Ag and Ab. The response, of course, is a-

five fold, increase in light scattering. This means, therefore, that be­

tween the two conditions shown here, appropriate Ag/Ab rat,ios should 

result in the production of ~inear precipitan curves. 

The range of the standard curve considered for this system is pred-

icated on a number of factors. Firstly, the~range of the standards should 

correspond to the range of the Ag concentrations found in vivo to min­

imize the error associated with excess concentration or dilution of se~um 

samples. Secondly, the dilution of the As should be as high as possible 

for maximal conservation of this reagent. Thirdly, the sensitivity of 

measurement ;n this system ;s to sorne extent dependent on the range of 

the standard curve. This is so because the number of RLS units is fixed 

for any"given sensitivity setting of the instrument2 • A narrow range 

\ . 

'CI 
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standard curve would theoretically'increa~ the sensitivity of measure-

~ ment by maximizing the ratio of RLS/Ag units. Lastly, the error of meas­

urement. associated with pipetting is potentially greater with 5À than 25À 

of sample given that the fixed error of the 'pipettes is the same. 

A consideration of these factor~ resulted in the following decisions 

concerning thé construction of the standard curve. A range of LOL stand-, 

ardsJbetween,approximately 20 and 100 mg/dl of apo B was selected. The 

volume of Ag in the standards and,samples would be 5À. These conditions 

. ~S':'~~d to be' a reasonable compromise of all the factors. This wou19 all'bw 

for maxim~l conservation of As and a 1:1 dilution of the serum samples 

prior to immunoassay would ensure that all but the extremes of serum Ag " , 

concentrations, would fall on the standard curve. Antigen concentrations 
.. " 

beyond the upper limit of the standard curve (i.e. greater than 200 mg/dl), 

are easi1y detectable during immunoassay (137). The hi'gher Ag concen­

trations would be further diluted. Moreover, the maj~ity of the points 

"wo'u1 d tènd to fa 11 on the mi d porti on ~f the curve where the err0r of 

measurement is the least. A narrow' range of standards wou~d also aim at 

keeping the sensitivity of measurement high. Finally, in direct testing, 

the pipeiting error using 25À of A~ was cpmparable to'that of 5À, and in 

Jboth cases represented a neg1igible source of error (data not shown). 

Although light scattering ~roduced by Ag-Ab complexes has been shown 

to conform to a thirdor'der polynomial equa~i_on (156), it hp.s ats..o been 
\ 

demonstrated t~at data analyzed by manual and polynomial curve fitting 
\ 

\ 

" 
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\ IV. Time Course of LDL apo B~Anti-LDL Immunoreactivity 

1. Introduction 

! 
This exp~riment was undertaken to characterize ïmmunoreactivity of-

LOL apo B-anti-LDL over time. In particular, the a~m of the study was 

to determine an end-point in time for measurement of light scattering. 

2. Materials and Methods 

The Ag and As were'prepared as previously described. Six different 

LOL standards correspondi ng to 20,"\ 40, 61, 80, 91 and 104 mg/dl apo B were 

selected for study. Three serum samples corresponding to high, medium and 

low apo B concentrations, relative to those of t~e standards, were a~so 

evaluated. The concentration of apo B in the serum samples was determined 

• by a RIO assay as previously described (21). Standards and samples were 
• 

immunoassayed according to the protocol outlined in table 8. Light scatter­

ing was measured at 15 minute intervals for the first two hours of reaction, 

and at 30.minute intervals for an additional tWQ hours. ~RLS was calcul­

ated as previously described. 

3. Results 

The resul.ts of these expetiments are shown in fi gures 4 through 6. 
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Figure 4 shows th~ light sc~ttering for the six LDL standards over . "' 

time .• The rate of change of light scattering (dC~dt), is m~st rapi_dôd~~­

ing the fi rst 15 mi nutes of reacti on, parti~ul arly Tor the LOL standards 
(l ~ ~ , 

~ontaining high concentrations of Ag. For the reà~tion mixtures contain-

.., 
" 

ing lower Ag concentrations, the ,initial dC/dt ;s less'o~ Lig,ht sc~tt~ri'~g' ';' 
1/ t i ,-

tends ta become constant after about 45 minutes for ,the higher Ag concen\-
o {) c ur { 

tratiorrs, and 75-90 minutes for the' lower Ag concentrations." The steadt 
~ , ; 

state is then maintained over the next 2-3 hours. There does not appe~r 
• '1 

\i 
to be more variability in light scattering for the higher or lower, com-

pared to the middle Ag concentrations. 

\ 

T~e eharacteri s tics of the li ght scatter; n9 ~ver< time ro,r. (th,e three, " 

serum samples is essential1y the same as that seen-for the'LOL st&ndards 

(figure 5). , ' 

4. Discussion 

, ,-
Quantitative measurements of specifie protyeins by 1,ight scattering 

v 
techniques generally involves two methods,; rate or kinetic, and en~-point 

" 

or equilibrium nephelometry (172). In the kinetic model, the initial 

rate of Ag-Ab complex formation in solution is monitored for the measure­

ment of Ag concentrations. For various reasons that are discussed else-
~ 

where (165, 172), this method was not employed here. The end-point method 

" ' involves a single measurement when the de/dt is small, that is, when the 

steady state is reached. The aim of this experiment, therefore, was to 

, '\1' 
v~~ 
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-detennine an end point in time fot the measurement of 1 i ght scattering. 

, Under the Ag-Ab conditions tested here, the reaction mixtures con­

taining higher concentrations 'of Ag demonstrated a higher de/dt and appear-

ed to reach equilibrium sooner th an those mixtures containing lower con-

çentrations of Ag. The difference in the initial rate of immune complex 

formation is presumably a function of the Ag concentration since the dil­

ution of antiserum was held constant for all the reactions. Indeed, at 

a constant Ab concentration, the rate of increase in complex number and 

size is directly proportional to the Ag concentration throughout a range 

of moderate Ab excess {172). Thus with high concentrations of Ab, the 

random co11is;ons between the solute part;cles are more frequent and this 

resurts in an enhanced rate 'of immune complex fonnation. As the corbining 

sUes on the Ag and Ab mo'lecules become saturated~ the formation of immune 

complexes slows although' light scattering continues ta increase mainly due 

to i ncreas'es ; n the si ze of the comp l exes (172). At équi 1 i bri um, the . , 

,.' 'de/dt is very'~mall' as any further increase in the size of the complexes 

, ~ s 5ma 11. . In thi s sys tem, equi l i bri um was \reached for a 11 the reacti on 

mixtu~es after approximately 75-90 minutes; thereafter, the steady state 
, 

",'co'ndition was maintained fdr at least another 2-3 hours. This was assessed 

by the visual inspection of the da~a, and by observing that the equations 

fO,t- the regression.lînes calculated at the ~various time inter:vals were 

: Virtually the same between 90 minutes and four hours (data not shown). 

The inimunoreacHvity'of the serum samples and LOL standards over 
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time appeared",to'be very simi1ar. As well, there was no significant 

change in the Ag or As blanks over time. The regression equations for 

the preci pitan curves became constant after 75 mi nutes. The concentrati on 

of apo B in the serum samples tested catculated fram the standard curves 

" showed on1y minor' variation after 75 minutes (data not shown). Hence, the 

light scattering properties of the immune complexes and the conditions of 

the immunoassay appear to be relative1y constant after about 75 mlnutes 

remai ni ng 50 for at l east another 2-3 hours. Therefore two hours was 

selected as the end-point for measurement of 1ight scattering. This allow­

ed for a relatively short incubation period, but at the same time pennit­

ted considerable leeway in the actual time of measurement without any 

e(fect on the accuracy of quantitati on. An examp 1 e of the preci pi tan 

curve constructed after -two hours of reaction is shown in figure 6. 

The major advantage of end-point nephelometry is its simplicity. ' 

However,with a single-point measurement, the Ag and As·blanks must be 

measured as we 11 to correct for non-specifi cl; ght scatteri ng. Further, 

a ~mall error in the 1ight scattering measurement of 2-3% can be ex­

pected due to variation in the disposable tubes used. This aspect ;s 

cons i dered furthQt i ~ the next secti on. 

, 

) 

• 
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v. Perfonnance Characteri sti cs 

1. Speci fi ci ty 

The specifi city of' the immunoassay 

i ng a monos peei fi c ant i serum to the Ag. 

____ ~_~ .... _:;4_~ ___ A __ ~~"' __ .... "'Or~._.. 

.. 

for apo B was guaranteed by rais- / 

When examined by the 'Ouchterlony/ 
/ 

technique (170), there was no reaction of the antisera against HOL, albumin, . 
or the d>1.050 infranatant. Rabbit anti-LDL serum produced only a single 

,1 

precipitan line against whole serum or LDL on immuno~lectro_~horesis in,,:,,: 

agarose gel (175) • 

2. Sens i t i vi ty 

/ 

The conditions of the immunoassay were ,selected for the measurement 

of serum levels of apo B. The lower limit ~f detectable Ag concentration 

in direct testing was 5-10 mg/dl (data not' Jhown), which was well in excess 

of that required to measure apo B in serum. The minimal detectable Ag 

concentration ~1:ainable was not detennined, but the assay was probably 

more sen:,tt4 than r,~ported here. Indeed, the system has been used to 

me7{.s li.ttle as 5-10 "g~ml of Ag (172). In a separate experiment 

(see section IX), in which 11.5 mg/dl of LOL apo B was added ta a series 
/ 

of d1.02 bottom serum samples, the recovery of the added apo B was high, 
\ 

averaging 97% of the expected value. Jh well, the correlation between 

the observed and expecfed values was high, r=O.98 (see table 30 and figure 

18). Thus, the a'ssay was extremely accurate for discriminating 10 mg/dl 

\ 
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i ncrements of apo B: 
o 

3. Preci sion o 

o 

Within-run and between-run precision was evaluated by analyzing a 

control specimen of serum containing nonnal concentrations of apo Band 

1 ipids. 

o 

(a) Ma-terials and Methods 

The within-run precision was determined using-a serum sample with 

a mid range concentrati on of apo Brel ative te that of the reference 

curve. The ape B concentr~tion of the ,serum sample (90 mg/dl), was det­

ermined by the RIO assay as described elsewhere (21). Samples were dil­

utèd 1:1 in buffer, prepared in duplicate and assayed according to the 
, 

protecol established for the immunoassay. A total of 16 paired aliquots 

wer~ prepared for analysis. L ight scattering was measured after two 

hours of reaction. 

Ta evaluate the day ta day precis~on, the same control serum specimen 

was assayed in duplicate in 14 separate runs o'-'er a two week. per;od~ 
\ . 

(b) Results 

Table 9 shows the mean apo B values of paired sera for the 16 al-
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iquots of serum determined during the same assay. The mean values range 

between 139 and 152 mg/dl with an overall mean of 146 mg/dl. The intra­

assay coefficient of variation was 4%. 
> ' 

Table 10 shows the mean apo B valu~s of paired sera determined by 

14 separate immunoassays. The values range between 140 and 149 mg/dl 

with an overall mean of 144 mg/dl. The interassay coefficient of var-

;ation was 3 ,%. 

- (c) Discussion 

The within-run coefficient of variation was slightly higher than the 

between-run coeffi ci ent of vari a ti on a lthough both were wi th; n the range 

of those reported by others using the saf!)e (86) and,other (17, 20, 2!5) 6' 

methods for apo B analysis. The combined intra- ~nd inter~ssay coefficient 

of variation was about 7% which is lower than that found by most other 

methods (16-17,20, 25). Rosseneu (33), recently reported a combined 

coefficient of variation of 6-7% for her INA method.' These results 'in-' 

1 dicate that measurements of apo. B by this method are highly reproducible, 

and -the method therefore appears reliable for this purpose. 
~ 

4. Qua 1 i ty Co'ntro 1 

The control serum was run in dllplicate with each assay. The mean 

value" should be within ±7% of the mean interassay value to be accepta~le. 
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VI. Quantitation of Serum apa 8 by INA --Part 1 

1. Introduction 

The next series.of experiments represents an initial evaluation of 

INA as a method for the quanti tati on of serum apo B. To val i date the 

assay, serum apo B levels quantitated by INAwere compared to those meas­

ured by a reference method, RIO. Si nce 1 i ght sca tteri ng i s dependent on 

particle size as well as the concentration of the Ag, it was anticipated 

that the larg~r VLOL particles in serum might interefere with, the perform­

ance of the immunoassay. Thus, in addition to whole serum measurements, 

serum in which VLDL was first removed by ultracentrifugation was,also 

analyzed and compared. 

2. Materials and Methads 

Blood was collected from 12 fasting, healthy volunteers by antecub­

ital venipûncture and serum was obtained by low speed centrifugation. An 

al iquot of serum WaS fracti onated by preparative ultracentrifugation to 

remove VLDL, as previously descrjbed. The concentration of apo B in the 

dl.006 top lipoprotein fraction was estimated colorimetrically after ex­

traction of the insoluble protein by the isopropanol method (91-92) as 

described earlier. INA of whole serum and dl.006 bottom serum fraction 

wasperfonned according to the established protocol. The dl.006 bottom 

sampl es were assayed without pri or di 1 ut'i on. RIO assay of the serum 

, - ...... , "-
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samples was perfonned as des-cribed elsewhere (21). All samples were 

- stored at 4°C and all assays were perfonned within two weeks of the col-

lection of samPlï\~_, 
\0 
\' 

3. Results 

" 

The results of these experiments are shown in tables,'ll and 12, and 

figures 7 through 9. 
\ 
! , 

Table 11 compares the results of the immunoassays perfonned on the 

12 serum samples. The data presented is the mean values for two separate 

determi nations. The mean total serum apa B concentration for the 12 sam­

ples estimated by INA was 156 mg/dl. This value was significantly high-

er (p<.005) than the value found by RIO assay of whole serum (108 mg/dl) 

and -INA of the d1.006 bottom serum fraction (130 mg/dl). The'mean value 

found by INA on the d1.006 bottom~fraction was also significantly high­

er (p<.005) than the mean value found on whole serum by RIO assay . 
. , 

r' The corre 1 ati on between the serum values by the two methods was good 

(r=O.90), as was the correlatiolJ between the dl.006 botto,m serum samples 
, , 

assayed by INA, and the whol e serum samples measured by RIO (r= 0.82). 

The whole serum and d1.006 bottom samples assayed by INA correlated"'less 

well (r=O.63), figures 7-9. 

Cl 

Table 12.shaws the indiv-idual and ~ean values for VLDl apa. B esti-

.' 

.. 

• 

• 

.- . 
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" mated on a subset of 9 samples. The mean VLOL apo B level was 7~6 mg/dl. 

4. Di scussion 

" 
These exper;men~s were undertaken as an initial evaluation of immuno­

nephelometry as a- method for the quantitation of ser~m apo B concentrat-
~ 

ions. For the purpose of standardization; an RIO assay was used as the 

reference method for comparisons. The mean level of apo B was sign;fi-

cantly higher using INA, although the two methods appeared t9 .corr~late 

1 fa;r~y well., There are sev"eral exp~"anations for these findings. Firstly, 

the RIO methoc1 as developed and routi nely used, in, this labora;ory, ~ 

!airly specifie for apo B in the d>1.020 seru!11 fraction (LDL)....-rtis , 

much less accu rate in quantitating apo B in the d<1.020 fraction and is 

r~latively insensitive to apo B contai'1~d in VLDL (d<l.006), (21). On 

the ôther hand, INA mea"sures the total serum apo B concentration (VLDL+ 

IDL+LDL). Although most of the apo B in serum is contained in LDl (table 

4), a significant but variable amount ;s also contained in the IDl and 

VLDL Jractions. In nonnolipemic"subjects, the amount of apo B 1n the· 
i 0 

d<1.020 l ipoprotein fraction r~presents between 5-15% of the total or 

5-15 mg/dl of apo B. However, the cQncentrati,on ,of apo B in this fract-' 

ion may increase consid'orably particularly in hypertriglyceridemia (VLDL), 

(14, 17, 24, 55), and type III hyperl i poproteinemi a (rDL), (24). A lthoygh 
" , /~ -

.... serum li pi d meas urements were not made in these subj ects, a 11 were young 
-

and healthy individuals, and it ;s extremely unlikely than ar:ly of"them 

would have dispTayed significant hyperlipemia. For these reasons, the 
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estimates of serum apo B 1 eye 1 s by the ~wo methods would be, expected ta 

differ by perhaps 10-20% or an amount equivalent to the concentration of 

apo B present in the d<1.020 lipoprotein fraction. However the concen­

tration of apo B measured by INA was found to be nearly 50% higher than 

the value found by the RIO method. This suggests that oth~r, and possibly 

, . more important factors, were resP9nsible for the differences observed. 

\ 

Because the size of·IOl and particularly VlOL are mu~h larger than 

~DL particles (79, 153), the larger VLDL part,icles in serum may have caused 
Q 1 

non-specifie light scattering. This effect wO,uld tend ta falsely increase 

the estimate of· apo B by the INA method. That this effect may have con-, 

tributed to the higher serum values, is suggested by the significantly 

lower mean value observed for the d1.006 bottom sè~rum")'fraction"~f the 

same samp 1 es, wher'e the effect of VLDL was removed -by ul tracentri fugati on. 

~.owever, ev en wi th the remova 1 of VLDL, The mean value found for the 

d1.006 bottom samples was still significantly higher than .ihe,mean sèrum 

estimate--found by RIO assay. To dE;tennine the rel'ative contribution of 

VLDL apo B versus VLOL particle~s,ize to the large' (26 mg/dl) difference 

exi sting between the fractionated and unfractionated serum estimates by 

INA, the content of apo B was quantitated in a su~t of 9 samples. The 

mean apo B value found in these samples was 7.6 mg/dl, whic~ agrees well 

with the estimate of apo B found in this fraction in other studies (table 

4). Adding the amount of apo B contained in VLDL ta the amount present 

in the d1.006 bottom serum fraction,"gives an approximation of the total 
, 

apo B content in serum. For the nine samples cons i dered , th; s amounted 

(If ~ , ' , 
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to 136 mg/dl (table 12). Table 12 also shows the whole serum estimate .. 
for thé same samples m~asured by the INA method (156 mg/dl). The differ~ 

en ce between the two values, amounting ta 20 mg/dl, was significant'(p<.OI). 
, ' 
l 

The higher estimate,found in whole serum may to sorne extent be explained 

by the non-specifie light scattering caused by the larger VLOL particles 

present in the serum samples. The experimental destgn, however, did not 

allow for further exploration of this effect. 

Still other factors were tho~ght to be responsible for the higher 

serum values found by INA as exemplified by the unexpected large differ­

ence in mèan values observed between the serum samples measured by the 

RIO assay, and the dl.006 bottam samples measured by the INA method. The 

difference between these tW9 values was 22 mg/dl, which is similar to that 

observed between the whole serum and dl.006 battom values. In theory, one 

would expect the difference between the serum RIO and dl.006 bottom INA 

values to be much smaller if the contribution of IOl to these estimates 

were significant, since bath the concentration of apo B and the size of 
/ 

~he particles are less than that of VLOL (93, 178). One exp1anation-for 

the large discrepancy between the values, and 'serving to explajn the pre­

vious difference as well, may have been, related to a difference exist,ing 

between the LOl standards and ~he serum samples. The' LOl standards used 
• for c_libration of the INA precipitan curve were prepared by dilution of , 

stock tOl in serum-free salt solution, which i~ the usual practice in­
..... ~ 

volved for preparation of the standards used in the RIO assay. One wonders 

if the absence of serum in the lOL standards might have led to differences 
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in the formation and light scatterjng of the immune complexes in these 

solutions. For'example, if the LDL standards~produced less light scatter­

ing than the serum samples, for equi~alent concentrations of apo B, then 

the level of apo B would terd to be overestimated' if calculated from 

such a standard curve. The differences in immune-complex formation and 

.light scattering is presumably relatèd ta a difference in the protein con­

centration,' which was nearly an arder of a magnitude less in the standards 
o 

compared ta the samples. The effect of prote;n, thruugh protein-protein 
(' 

interactions, may be more important to the formation 'lbf immune complexes 

in aqueo,us solution compared to semi-solid media. The necessity of having 
- " 

standards and samples under closely similar conditions has been emphasized 

,by others (20,77,176). 

Another factor contributing ta the differences seen, may have been 

rel~ted to protein losses encountered during the processing of samples, 

particularly with ultracentrifugation. In previous exp~riments (49), 

using similar techniques, the recovery of apo B in the dl.006 top-:'-and 
- , 

bottom fractions, compared to apo B contained in the unfractionated serum 

was 95% or greater. Thus handling losses, which in these experiments, 

was not directly estimated, might have been expected to ~ccount for a 
. 

,5-6 mg/dl difference in values. The lower corre,lation found between the 

. ~erum and dl.006 bottom values by the RIO and INA methods respectively, 

compar~d td the whole serum estimates by RIO and INA, suggests that the , -

technièal error may have been significant, sinc~;ne expeG:ted finding 

would be an improvement in the corr~lation with the removal of VLOL • 

• 
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On the other hand, a signif~cant~loss of protein from the dl.006 bottom 

samples would have had the effect ofnreducing the difference between the 
-

RIO and INA values. The fac't that the difference between these two means 

was so large, argues against significant protein 1055 through handling. 

Although the effect of handling lasses to these diff..~rences are not ,clear, 

they are probably tao sma~ll to be of major importance. 

/ ~ 

Finally, consideration must be givén'to the methods themselves, since 

they rely on differènt principles for the quantitat;~n o,f ptotein. INA 

depends on the random interaction of Ag and Ab mixtures in aqueous sol­

ution, whereas RIO. involves the' diffusion of Ag from a well into agarose 

gel impregnated with Ab. The formation of the immune complexes are then 
, 

detected by different techniques in the two methods. In the aqueous s-ys- '. , , , -
tem, the immunocomplexes scatter light, which ;s detectable in a matter 

of minutes. In the gel medium, the formation of immune complexes leaas 

to a. visible precipitan ring only after several hours. (lIt is not known, 

for example, if the antigenic sites of LDL or its immunorea~tivity ~e 

the same or different for the conditions of the two ass~ys. Differences 
, 

in the behavior of the reactants at the molecular level may lead to diff-

~rent quantitative estimates of apo B for an equivalent mass of protein. 

If the relation between the two methods fo\ the quantitation of apo B 
, . 

, \ 

was significantly different from 1:1; then'such an effect would also 
" 

serve to explain the differences found here. j 

In summary, the Mean serum levels of ap~ B were significantly high-' 

-', 
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er when estimated by,the INA eompared to the RIO method. The estimates 

of apo B in the dlœ006 bottom fraction was also sjgnificantly higher 
1 

than the serum estimate found by RIO, and significantly lower than the 
1 

whole s'erum estimate found by INA. Even thou9h the' sarnple number was 

'smal1 due to logistical constraints, the differences th~t existed seemed 

clear. What was uncJear, however, wasQthe exact reasan for these differ-

ences. The various factors that may have been involved were diseussed. 

It is probable that a combination of factors are operative. The exper­

imental design did not allow for a specifie analysis of these factors. 

The extent ta which sorne of these variables were involved was therefore ex-

amined in _the next series of experiments. 

• , ' 

<, 

, 1 
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VII. Quantitation of Serum apo ~ by INA - Part 2 

~ 1. 

~ 
Introduction 

\ 

In the prev;ous experiments, various factors were postulated to 

account for the higher levels of apo B found by INA compared to the RID 

method. These parameters included; (1) differences existing between the 

LOL standards and the serum samples, specifically related to the absence 

of serum in the LOL standards, (2) the presence of apo B in the d~20 

fraction of serum, (3) non~spec;fic light scattering caused by tne 

larger VLDL particles in serum, (4) excessive error associated with the 

the handling of the samples, and (-5) inherent differenc'es in the sensi­

tivities of the two methods for the detection of apo B. The following 

experiments were designed to further evaluate the contribution of these 

factors. 

2. Materials and Methods 

Serum and plasma s~les were collected from 15 healthy, fasting 

normolipemic vOluntee~and processed according to the following pro­

tocol: 

A. Plasma samples 

(a) apo B quantitation ~ 

i) INA 

1 
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. 
Sèrum sampl es B. , 

(a) 

(b) 

1 --1 

Lipid analysis 

;) 
i i ) 

apo 

1. 

2. 

cho les tero l levels 
triglyceride lévels 

B quantitation 

Whole serum 

i) INA 
i;) RIO 

dl.020 bottom serum 

i) INA 
i i) RIO 

fraction 

1-
3. dl.020 top lipoprotein fraction 

i) COlorimetric protein determination 

4. dl.006 bottom serum fraction 

i) INA 
i i) RID 

5. dl.00~top lipoPfotein fraction 

i) Colotimetric protein determination 

\ 

~ 

Serum cholesterol levels were estimated according to the method of 

Abell et a1 (157) with the calor reagent ,of Zak et al (158)~ Serum tri­

glyceride levels were estimated according to Carlson (159). Lipoprotein- 1 . 
free serum was prepared as previously described. Details of the serum 

... 

dl.020 and dl.006 lipoprotein fractionation were also described previous­

ly. The concentration of apo B in the dl.D20 and dl.006 top fractions 

was ~etermined colorimetrically after extraction of insoluble protein with 

isopropanol as described earlier. INA of the serum samples was p~rform-
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ed according to the protocol outlined previously. The dl.006 and dl.020 

bottom samples were assayed without prior dilution. Estimation of apo B 

by RIO assay was performect as described elsewhere (21). All samples were 

,stored at 4°C until used, and all assays were pe~formed within two weeks 

of the collec~ion of s~mples. 

3. "Res u l ts. 

The results of this series of experiments is shown in tables 13 
~ r 

through 27 and figures 10 through 17. 

Il 

In table 13, the individual and mean cholésterol and triglyceride 

levels are presented for the 15 subjects. The mean cholesterol and tri-
. . 

glyceride levels were, respectively, 197 mg/dl and 106 mg/dl. All the 

individual values were below the 95th percentile (177), although in one 

subject (number 5), the Serum triglyceride·approached this level. 

Table 14 shows the light scatte~ing for comparable sets of LDL 

standards prepared separately in LFS and serum-free salt solution. Light 

scattering is significantly higher (p<O.005) for each of the standards 

prepared in LFS compared to serum-free salt. The increase in light 

scattering was greâter for the lower th an the higher concentrations of apo 
- , 

B. Figure 10 shows the standard curves produced after plotting the data. 

Although the two curves are linear anq nearly parallel, the precipitan 

curve for the LFS-LDL standards is shifted considerably ta the left of 
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the curve for the serum-free LDL standards. This means that for any RLS 

value, the calculated apo B concentration would be lower when derived from 

the LFS-LDL standard curve. 

In tables 15 and 16, the individual and mean apo B levels ar~ shown 

- for the dl. 020 bottom sampl es assayed by the INA and "RIO methods. In 

table 15, the values ... ~h.OWn represent the actual apo B concentration in the 

sample. For the INA method, the indieidual and mean ipo B levels are ~ 

si9Dificantly lower (p<0.005) when calculations are made using the LFS-LDL 

~\standard curve (62 vs' 80 mg/dl). The mean value found by the INA method 

using the LFS-LDL standard curve is very close to the value fo~nd by RIO 

assay (62 vs 60 mg/dl, p>0.05). The values found by the two methods are 
~ 

also highly correlated (r=D.97, figure Il)., The corresponding serum values 
;;, 

for apo B in the d1.020 bottom fraction measured by RIO and INA u5ing the 

LFS-LDL standard curve for calculation, are a150 very similar (112 vs 115 

.. 

mg/dl, p>0.05) and wefl correlated, r=0.97 (see table 16 and figure 12). >--'~ 

Tables 17 and 18 compare tll.e individual and mean concentrations" of 

apo B ln the d1.~06 bottom fraction measured separately by the two methpds 3 • 

. , 
The values obtained by the INA method are significantly higher (p~0.005), 

but correlate well (figure 13). 

Table 19 and figure 14 compare the individual and mean levels of apo 

B measured in whole serum by the two~ethods. The mean value for the INA 

method is significantly higher (p<0.005), although the values tended to 
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correlate well (r=O.95). 

Table 20 compares the estimates of apo B in serum and plasma found ~ 

by the INA method. The'serum value was slightly higher than the plasma 

, value (138 vs 135 mg/dl), although the difference was not significa~t. 

.. 

The correlation between the values was high (r=O.99). 

In table 21, the individual and mean apo B values found in the­

d1.020 land d1.006 top lipoprotein fractions is presented. The mean­

apo B value found in the d1.020 top fractio~was 13.5 mg/dl. The mean 

. content of apo B in the dl.006 top fraction was 8.3 mg/dl. Subtraction 

of the d1.006 from the dl.020 top values, gives an estimate of apo B in 

the d=1.006-1.020 lipoprotein fraction (IOl). The mean val~e found in 

the present study was 5.2 mg/dl. The correlation between VLDl apo B 

an~ total serum triglyceride was good (r=O.82, figure 15 and table 27). 

"'" 
, 

No~w~rthy of the sample population studied, was the finding of 

hyperapobetalipoproteinemia in 5 (33.3%) of the subjects. 

4. Discussion 

In the previous study, the estimate of apo B found by the 

was significantly 

were discussed as , 

ameters included; 

higher than that found by the RIO assay. Fi e factors 
1 

possibly accounting for these differences. rheSe par-

(1) differences existing between the lDL tandards and 
, 1 

/ 

, c 
, . 

-' 

J 
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the serum sarnples, (2) apo B present in the d1.020 top frac~n, (3) -

non-specific light scattering caused by the larger VLOL particles, (4) 
, , 

error associated with the processing of the samples, and (5) inherent 
o 

differences in the sensitivities of the two assays for quantitjating apo 

B. The present series of experiments was therefore designed th shed sorne 
\ 

light on the relative importance of sorne of these variables. 

(a) The effect of LFS-LOL standards on the quantjtation of'apa B 

The first issue to be resalved, was whether differences existing 

between the LOL standards and the serum samples contributed to the higher 

estimate of apo B found by the INA method. The data presented in table 

14 and figure 10 appears to answer this question. Table 14 shows that 

light scattering was greater for comparable concentrations of standards 
. 

prepared in LFS compared to serum-free salt solution. A difference in the 
1., 'jl 

concentration of comparable LOL standards was not responsible for these 
, , 

findings since the estimate of apo B'in each standard was checked by RIO 
, . 

assay and found to be identical. As well, the LFS was verified to qe 

free of apo B by testing in the RIO, Ouchterlony, and INA methods. For 

these reasons, the difference in light scattering was therefore presumed 

to be related to the presence of serum,in the LFS-LDL standards. 

-

F~gure 10 shows the standard curves produced by manually plotting 

the data. Both curves are linear over the range of concentrations used. 

The two curves are almost parallel to one another, although the LFS-LOL 
, ,../ 
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standard curve is shifte~ tc',the left. In table 15, the apo 8 values 

for the r dl .... 020 bottom samples calculated from the two standard curves are 

compared. The apo B values are'significantly lower when calculated from 

the LFS-LDL standard curve. In the same table" the apo B values for, the , . . 

same samples quantitated by -the RIO assay are shown. The values found by 

INA using the LFS-LOL standards, and, the RIO method are very s;milar and , 

highly corre1ated (figure Il). The dl.020 bottom fraction was initia1ly 

used to compare the two methods, since this fraction contains a single 

class of 1ipoprotein containing apo 8, LOL. These comparisons are ~here~ 

r fore free from the i nfl uence of other factors such as di fferences in the 

size of ~articles, and the presence of apo B in lipoproteins that are 

poorly measured by the RIO method. The close agreement of the apo B :' 

values found under these conditions by the two methods leads to the fo1-
-

lowing conclusions. 

Firstly, preparation of the LDL standards in LFS would,appear to be 

_ a necessary condition for the staridardizati on of the assay. Th,i s rèqui re-
" 

ment ;s nct surprising, since of fundamental importance to an immunoassay, . 

is for the antigen in the standardS and samples to exist und~r similar 

conditions (77). The addition of LFS to th~ LDL standards ensur~s that 

this requirement is satisfied. A mixture of LDL plus LFS appears there-

-- fore as a suitable standard for apo B quantitation by this technique, 

as its composition and beha~ior closely resemtiie those of native serum. 

The reason for the increase in light scattering with the addition of' 

serum is unclear. e difference is presumably related to the effect of 

" 

; 

" 

. " 

, < 
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- , . 
pr.otein. T.he antigen and "antibody particles in solution ar~,s!rongly 

i'~ 1 .t1." • : I, ~, 

- dependent upon, protëin''-protein interacti,9n, and the ,inè-r~ased prot~jD 
.. , rJ . . . 

concentration may enhance the fonnation and/or ;ncrease the s;ze of . . . . 
• 

~he-lmmune complex~5. In these experiments, the concentration of pro-

~ein in the LFS' was 6 gm/dl and thïs approxîmates the honnal serum 
~ . 
~rotein concentration of the .samples. The close agreement of the d1.020 

val~es by the two metnod~ suggest~ that the concentration of-protein 

added 'ta the LDL standards' i s optima l fo~ the performance of the immuno­

assay. Nevertheless, it would bè of inter~st tô'establish the relatian­

ship between the concentration of serum protein in the LDL standards,and 

the resultant li~ht scatteri~g. A differenti~l effect of protetn con-
o, .. ~. tl 

centration could potentially affect the quantitation of apo B. Clearly, 

thi s rel at;'on needs cita be exami ned further. 

, 
The é~~parable mean values for the d1.020 bottom serum samples 

'found by the two methods also suggests that the sensit;'1~ties of the 

.twa assays for th~ quantitation of LQL apa B are the sam~and roughly· 

1:1. However, the sensitivities of'the two methods for quantitating' 

d<1.020 apo B are quite different {see Jater} . 

.. , . 
, The data presented here al sa suggests that thé pr,oftei n-protei n .' 

interaêtion, }eeminglY essential for the performance .of the-light scatter­

;i n9 ~et,d, ; s of. only m; ~,o,r. consequ~nce, tq t~he quantita ti on of apo B 
\ 

by the RID assay. Thi's .point is illustratéd by the faèt that concentra-
I 

-tians, of apo. B were identical for comparable' LFS-LDL and serum-f~ee LDL 
'--~ .. , '0' ,'\ 

" " 

of " '" " 

" 

~. ' 
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standards ca'l i brated by the RIO method. The perfonnance of other methods 

for example, ElA, have been shown to be dependent on the presence of pro­

tein in thè LDL standards (33; 77), suggesting that the RIO method be 

more closely examined as well.' 

"In Summary, the use of LFS-LDL standards appears necessary for the \ 

standardization of the ;mmunonephalometric aS5ay~ lndeed, a recent re­

Jort by Rosseneu e~ al (33), who also compared the effects of LFS-LOL . ) 
and serum-free LOL standards on the 'quantitation of serum apo B, showed 

s;milar findings. In ;-he present~UdY, using, the LFS-LOL standar,ds 

. resul ted in a better agreement of apo B values by the two methods. The 

targe d'ifferenc-e ~n"the values by. the two methods in the previous' study 

are explained ta some extent, by the uS,e of' different LOL standards to 

calibrate the reference curve. As detailed below, there are other reasons 

for these differences as well. However, because of the improvement in 
• 

the standardization of the assalwith the LFS-LOL standards, alJ subsequen't 
1l ~ ,J 

assays use9 these standards for càlibration' of the precipitan c~rve. 

(b) 'Effect of handling lasses 
J 

" 

• 
, ... 

, t Û 0 ~ , 

In the, prevlous" study, the qùestion of handling losses was raised as 
as a factor contri buting, $a thè higher estimates of "apo B found' by the' 

INA method. It was therefare important ta determine if this variable 

was involved or not in the present study. That there was no excessivé 1 
error asspciated with the processing of the samples jn the present ex~ 

c' - (" • 

, " 

, . , 

, " 

\ 
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periments, was verified by comparing the estimates of a,po B by RIO assay, " 

in whole serym, and the serum dl.006 a.nd 1.'020 bottom s-6mp1es. Inspection 
'~ 

~ . 
of table 22; shows only minor differences in the mean values found fÇlr 

the fractionated and unfractionated samp1es. With a significant 10ss of , ~ 

l1poprotein through ultracentrifugation, the values in the fractionated 

samp1es wou1d be expected to be low compared to the unfractionated value. 

The close a,gr.eement of the vé!lueçsuggests that the recovery of apo B in ,. 

" the fractionated samples was 'near1y complete. In addition, the data a1so 

1"1::-'\', 'suggests that the RIO assay does not acêurat,ély quan'tita~e oapo B in the 

, , 

o 

.. 

, . , 
-d-::1.020 serum fradion, with the assumption that there is a significant , 

. arriount of protefn present in thi s fract; on for detecti on. In thi s study, 

estimation of apo B in this fraction by an independent method, revealed 
,~ 

c. that",there wàs a significant amount of,protein present (table 21), suggest-

f 

" 

\ .-
1 

ing that the RIO assay was insensitive for qU,antitating d<1.020 apo B 

protein. _ Indeed, this was an intentional i.~ature of this assay as it. was 
t. 

originally developed (21). In view of the ,relative insensitivity of the 
,0 ' 

RIO assay for d<1.020 apa B', coup1ed with the close agreement between the 

fractionated and unffactionated serum values, further proves that the 
-:. 9 ' 1 <. (. ~ 

recovery of apo B.in the fractionated samples was high. Thé~~fore excess-
u 

,ive handlion'g lasses secondary to the prçcessing of samples, would not 
l ' ... "l 

appear to explain any differences found in" the present study. 

(ëJ The effect of other factors on the guantitation of aPi! 

Immunoassay of the dL006 bottom serum sampl es produced somewhat . 
<6 ~ ~ .... 

.. 

... ( ,~I 

Q 
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different findings as compared to the immunoas~aysûperfonmed on the 

dl.020 bottom samples. The values obtained by the INA method were" 

significantly higher than those found by the.RIO assay, although the 

co~relation between the two methods remained high (tables 17 and 18, 

and 'figure 13). The diffèrence in the mean values found by the two 

methods amounted to 10 mg/dl of apo B. However, this is considerably 

less than the 22 mg/~l difference~d in the pr,evious study (table 11) 

and probably reflects the different curves used to calibf'ate the a,ssays. 
o ; 

There are three p~ssib1e explanati~ns for the diffe~ence found in this 
! 

study; (1) the presence of apo B in the d=1.006-1.020 1ipoprotein (IDL) 
1), 

fraction, ~2) insensitivity of the RIO mèthod for the quantitation of 

d<1.020 apo S, and (3) non-specifie light scattering eaused by the larger 
~ 

IOL particles. A11 three factors Were thought to play a role ta a var-
/./"" 

iab1e degree'. 

Firstly, inspection of table 22, which compares the apo B values 
" found by RIO assay on the unfractionated and fract; onated serum samples, 

, . 
shows that the values agree" very clo~e1y. With the understa~di,ng that 

the 10ss of lipoprotein through the processing of~amp1es w~~-~egligible, 
then thé expected finding should have been a stepwise increase in the con-

centration of apo B through the dl.020 bottom, d1.006 bottom and who1e 

serum fracti onslo T~is is anticipated from the knowledge that each of these 
1 

fractions contains successively more lipoprotein containing apo B. Thi~ 

was not the resùlt however, indicating that the RlP method did not accur-- , . 
" , 

ately,quantitatè apo S in the dl.020 top fraction. For this reason alone, . 

\ 
.. '.~ 



J • 

-75-
J 

/ 

the mean dl.OOG value quantitated by the two methods, should differ 

by an am6unt, equal to the concentration of apo B actually present in the 

IOL fraction. The ~igher value is therefore partly explained by IOL apo, 

B, presumably better measured by the INA method. 
1 

.." " , 

The estïmate of apo B in the IDL fraction was determined by an in­

dependent chemical method. In this study, however, the d=1.006-l.020 

lipoprotein fraction was not isolated directly. Rather, the apo B in 
\ . 

IDL ~as estimated indirectly by subt~acting the a~o~nt present in ~h~ 
, "-'> 

d1.020 top from the d1.006 top fraction. ' The di~ference in these cal-

cul ations, is an estimate of IDL apo B, and should on1y be c"onsidered as 

an approximation because of the ;ndirectness of the methods used for 

determining this value. Table 21 shows the estimates of apo B found in 

the dl.020 top, dl.OO& top, and d=1.006-1.020 lipoprotein fractions. The 

mean IOL 'apo B concentration was 5.3 mg/dl. When the apo B found in lOLo 

\\ ; s added to the amount measured in the dl. 006 bottom fraction by the RIO 

method, the combined value compares well with 

found by INA (table 23). The small difference remaining b 

values was not significant (p>0.05). Thus, much of the difference exist-
1 

ing between'the dl.006 bottom RIO and INA values is expla.ined by the 

presence-of of IOL'apo B, which was not accurately quantitated by th& 
1 

. RIO methbd. On the other hand, the INA method does appear to be more 

accurate for the qu~ntitation of IOL apo B, and this point is illustrated 

by the findings presented in table 24. This table shows that the com-
, 

b;n~d dl.O~O bottom (INA) and IDL estimate of apo B compares wel1 with 

"~ 

.. ,. 

• , , 
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the estim'ate found by INA in the dl.006 bottom fraction. The small" :: 

. difference. between .the two values is not significant, and therefore, 

most of the differenee between the values by the INA method on the 

. dl. 020 and d1.006 bottom samples, is due to I.DL apo 8 which is included 

in the d1.006 bottomt!rneasurement •. The small rel1Jaining difference is 

within the rang.e of methodological variability, but may also be partly 
• 1 

~xplained by non-specific lig~t scatter,ing caused by the larger IOL 

partic1es. 
\ 

In' these expèriments, the light scatter'ing eharaeteristics of the 

different classes of lipopratein partieles was not direetly compared. 

The 1 arger VLDL and IDL partiel es, however, are potenti al sources of 

non-specifie light scattering. If this effect was' significant, it would 

tend to affect th~ quantitation of serum apo B in the direction of an 

overestimate. Non-specifie light scattering may provide an explanation 

for the' fi ndi ngs presen ted in tab le 25. 
1 

In this table, the apo B values 

determined ,in the d1.020 Dtop fraction are 'added to the corresponding 

values found in the dl.020 botto~ fraction. The eombined values are an 
, 'i.7 

estimate of the total serum apo B concentrations. The mean value found 

for the samples in this study was 128 mg/dl and this may be compared with 

the mean whole serum value of 143 mg/dl found by the INA method. The 
, 0 

difference between the·two values, amounting to 15 mg/dl, is significant 

(p<O.005). It is plausible ta attribute at least part of this difference 

ta non-specifie light scattering caused ~y the larger VLDL and IDL part­

iel es present in serum.· The effect .of VLDL partiel e size' 

.... 

.. 

-."- .. "" .. I .. ~,. 

.. 

., 
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is further i1lustrated, by the findings presented in table 26. ' In this 

case, the apo B estimated in the d1.006 top fraction br chemical deter-
, . , ~ 

mination is added to the apo B found in the d1.006 bottom fraction by INA • 
. 

The mean level of VLDL ap~ B found for the sam~les in this study was 
\ 

8.3 mg/dl, which is very close to the value found in the previous study 

(table 12). The combined mean total apo B value is 133 mg/dl. The total 
G 

4 ~ 

serum apo B level found by the INA method is also significantly highèr- , 

'" (p<O.025) than this value. Once again, the most plausible explanation 

. for this difference "is the non-specifie light scattering caused by the 

larger VLOL particles. Comparison of tables 25 and 26 also suggests that 
o 

the contribution of VLDL to this effect is at 'least twice that of IOL~ 
~-

which is consistent with the differences in the re{âtive size of these '-

particles (178) as well _as thetr concentrations, as found in this study 

(table 21). Two additi-onal fin~ings point toward the effect of VLOL. 
~. '1 

'> '" Firstly, the whole serum estimates found by INA, were higher than the 

combined d1.006 top and bottom values in all but four of the 13 samples, 

and those with the higher VLDL apo B levels, tended to have larger differ­

erices. Moreovèr, the VLOL apo B levels· correlated positively (r=0.82) 
<' 

with the serum'triglyceride levels (figure 15), which in turn, are ~e-

lated tO,the siz,e of the VLDL particles (153). It is therefore reason­

able to suggest that the larger VLOL particles, through an effect of 

non-specifie li9~t scatte"ring, were responsible for the small (8-10%) over-

estimate of serum apo B values associated with the INA method. It 

should b'e mentioned, however, that because the sample number was rel-
'J 

atively small, a relative1Y large effect produced in a few samples 

t • 

, ' 
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would contribute disproportionately to the overall effect seen for the 

whole group. The mëan apo B value found on whole serum bj the INA method 

may be higher than the combined estimate, for this reason alone. With a 

larger sample number, a relatively large effect observed in a few sera, 

would much less affect the whole groûp, result. Clearly, more work, is 

needed to clarify thès'e relationships. 

(d) Summary 

To summarize, the INA method under optimal working conditions com-

pares well with the RIO assay for the measurement of apo B in the dl. 020 

- bottom- serum fracti on. The add i ti on of LF.S to the LDL s tanda rds seems 

necessary for the performance of the immunoassay, although the relat'ion­

ship between the concentration of $erum protein added and light scatter­

ing 'is not e'stablished. The estill)ate of apo B in the d1.006 bottom 
/' 

serum fractfon by the INA metho,4 ~greed well wi th the combined d1.020 
'-, 

bottom (INA) and !DL (chemical) esÙmates.' The estimates of apo B in 

the dl.006 bottom serum fraction and in whole serum were significantly 
o • 

higt)er by the INA coÎnpared ta the RIO method. A major reason for these 
( , 

di fferences was rel a ted to the presence of apo B in the, dl. 020 top 
- , 
lipoprotein fraction, which was not accurately quantitated by the RIO 

method. However, the whole serum apo B estimate was also significantly 

higher than the'd1.006 bottom ,serum estimate uSin~ INA for quantitation. ~ 
A part of 'this difference may be explained by the non-specifie light 

" ' 
Q , 

scattering caus~~ by the VLOL particles in serum. The magnitude of this 
/ 

j':; , , 
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(~ 
effect was obscured by the small sample number involved. 
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VIII. Comparison of VLDl and LDL Light Scattering Cnaracteristics 

1. Introducti on 

In the previous experiments, the higher estimate of apo B found in 

whole serum by the l,NA method, compared to the estimate based on the com­

bi nati on of. immunoassay and col orimetri c methods, was thought to be a 

consequence of non-specifie 1 ight scattering caused tiy the larger VLDL 

particles present in serum. The purpose of these experiments was to com­

pa re' the 1 i ght s ca tteri ng cha racteri 5 tics of i sola ted VLDL and LDL, and, 
{iJ 

if found to be different"to detennine the extent that non-specifie light 

scattering might have contributed to the overestimate of serum apo' B 

levels found in the previous study. 

2. Materi al sand Methods 

VLD/[.?was i solated from serum by preparative ul tracentrifugation as 

previously outlined. An aliquot of VLDl from each of the 13 samp1es was 
'f? 

used to prepare a pool ed VlDL fracti on. The concentration of apo B in 

the pooled VLDL estimated by the Lowry method, was 11 mg/dl. An LDL 
" . 

sta~dard was pre'pared to approximate the concentration of apo B in the 

pooled VLDL fraction, and this corresponded to 11.5 mg/dl of LDL apo B. 

1 n the fi rst experiment, the 1 i ght sca tteri ng of i sol ated VLDL and lDL 
\"" 

were compared over time by il')cubatihg, in triplicate, solutions contain-_ 
" .. 

ing 25~ of VLDL or lDL in a 1:30 cliluti'on of antiserum. In a' second 



.. Y 

.. 

l 

-81-

experiment, 5À of VLDL cpntaining 11 mg/dl apo B was added to an equaL 

vol ume each dI.020 bottom serum samples at the ti~ bof, âssay by INA. 0 

o 

A second phase of this experiment involved the addition of 5À of LOL 

'.(11.5 mg/dl) ta an equal 'volume of each of the 13 d1.020 bottom serum 

samples. Immunoassay was then performed as previously outl i1ed. 
1\.-

ç.! 

3. Resul ts 
... ,~'~' 

, 

The results of the present seri~es of experiments' are shown in tables 
.' 

28 through 30, and figures 16 through 18. 

Table 28 compares the light scattering" resulting from the VLOL and 

~\~ 'LOL A,g blanks. The VLDL blanks produce"considerably more lig~t scatter-

· jng than the LOL blanks, but even the higher VLOL values do not signif­

icantly affect the calculation of ilRLS. 
" 

F,igure 16 illustrates the light scattering c.:haracteristics of VLOL ' 

and LOL over time. The figure shows that the initial de/dt is less for 
: 

the reaçti on mi xture5 contai ni ng VLDL than LOL. The V~QL reacti on al 50 

requ1J'~s more .time to achieve equilibrium. After equilibrium is reached, 

(=90 minutes), VLOL produces approXima~ly 2.5 times as much ligh1: scat-
~ 

tering as LOL for equivalent concentrations of apo B. Doubling the con-
~ . 

centration of LOL, resul ts fn roughly 90% as much- li ght scattering as one . . 

half the concentration of YLDL. Conversely, halving the concentration of 

Vt.OL results in sljghtly mqre light scatter than double the concentration 

"1 .' 

iii "~-, _ 
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, " 

of LOL. 

Table 29 presents the data for the individual and mean estimates 

of apo B in the d1.020 serum samples b.êf..ore and after the addition of 

VLDL. The mean concentration of apo B for the 13 sampl,es was 62 mg/dl'. 

The mean value after the addition of VLOL was 79 mg/dl or about 6 mg/dl 
. -- \. 

or 8% higher than the expected mean,value of 73 mg/dl . 

In table 30, the individual and mean data for apo B ~efor.e and after­

the addi ti on of LOL i s shawn. The mean value found after the addi ti on of 

11. 5 mg/dl LDl was 71 mg/dl, s 1 i ght 1 Y 1 ess than the expected mean val ue 

" of 73.5 mg/dl,. The recovery of the added LDL was about 97%. The obser-

ved and e?<pected yalues~correlated \'1e11 (r=O.'98, figure 18). 

4. Discussion 

This ser-ies of experiments was specifically designed to compare VLOL 

aOd, LD~ 1 ~ ght sca tte~i ng .!.Fp~rti es. B:cause they were found ta be sa 

Elifferent, an attempt was made to estimate the ,magnitude of the non-spec­

ifie light scattering effect in ,the serum samples. 

In the first experiment, the l ight scattering of VLDL apd Li1 \*Iére 
" 

compared over time. The VLDL 'particles scattered more than twice as much 

light as the LOL particles, for equivalent concentrations of apo B. The 
- ) 

proportionality between 11ght scattering and particle sizè was roughly 
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malntained when the concentratjon of VLOL was halved or LOL doubled, 

indicating a fairly constant relationship between particle s1ze and 

light scattering under these conditions. The greater light scattering b~ 

VLOL was expected since the diameter of these particles ;s more than 

twi ce as 1 a rge as LOL (178), and the surface a rea of the i mmunocomp 1 exes 

50 formed, would ~e larger as well. Thùs, under conditions involving eq­

uivalent concentrations of apo B, the non-specific light scattering caused 

by the larger VLOl particles is substantial.' The light scattering is 

non-spec;ftc, in the sense th~:t it is dispr9portional to the light scatt­

,eri ng produced by LOL apo B. The effect of thi's 1 i ght sca tter woul d be' 

to cause an overestimate of apo B levels. Since the relative concentra­

tions of VLOL and LOL in nonnal \serum are substantially different from 

the 1:1 ratio examined here, the effect produced by VLOL in serum would 

presumably be smaller. 

The lower initial dG/dt and ,the longer time required to reach equil­

'..,ibrium for VLOL compared to LOL, confirms a previous finding (32). These 

char.acteristics may be reflecting the lower immunoreactivity of the part-

icles as shown in other studies (100). 

The data presented in table 29, which summarizes the results of the 

second experiment, suggests that the non-specifie light sc~tt~ring of 

VLOL particlei may well result in an~6~~restimate of serum apo B values. 

T~i~ theme)was explored by adding a fixed concentration ~f VLOL to the 

dl.0~~O~ serum samples. The observed values were significantly 
\, ' . 

, 
'" ~ _ ... ~.~ ~)~~:'" .: 
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-higher (p<O.005) than the expected values, calc~lated on the basis of thé 
Î 

concentration of apo,B added. The difference in the two values, repre-
ç - ., , - '. 

senting an overestimate,of the <lctual concentration, wa,s small, amounting' 

ta 8%. This d-ifference is most 1ikely explained by non-specifie light ' 
3 
~ 
~ 

,~ . , ~ 

scattering resulting from the larger VLOL particle size. Since the ob- j 

served and expected values for ~OL correlated 50 }'tell Ctable 30? fig~~e 18.), ,",_: --.:J 
the d,ffer,ence-s-eenJor VLDL is unlikely tobe explained by'methodologtca1 

var'iables. ' 
. _. ---. -" ~- -~, ~~-' - -~-l. 

The extent of the overestimate produè'ed by' the non,.specifiç li 9ht'( 

scattering effect of VLDL, ;s probably pro~ortjOhal to the 'rat~o 'of VLO , 
J , / 

ta LO( faund in serum. When isolated VLOL .and LDL were compared at a' 1:1-

ratio, the effect was substantial,_and non-specifie ligh~scattering 

causect'" a two fold overest';mate of apo B. In the 'second ~xperiment, where 

the relative concentration of VLOL and LDL averaged about 1:6, the resu~t-

ing overestimate was much less, and under this condition amounted to about 
'.' JI 

8%. In the previous experiment the relat,ive ratio of VLOL/LDL in the 

serum samples averaged 1:14. T~e overestimate found there a1so amounted 

to 8% ;50 it i s ev; dent tha t the proporti ona li ty between VLOL and LOL 

concentration, is but one of several variables involved. Another factor 
if ~ 

to consider is the size of the VLOL particles which are much' less homo­

geneous in their size than LOL. tt should be stressed, however, that the 

differences observed in the previous study, were produced by re1atively , 
1 

few sera where the effec't was large. The overall effect observed for the. '1 
, ' . 

group may have been exaggerated for this reasan alone. Nevertheless, the .' 
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findings prese.ntea here iFldicate tha.t non-speci scattering by 
. , 

1 

VLpL i s' :a ,Dona -Jl de effect tha t may ~e 11 c 
-' ' ,,, ~ . 

o 

ribute to an overestimate 
1.. " • ' ~ ~.. <) 

of the serum conc~ntrati on of apo B. The magni tude of the effect in . . 
,nonnol1pemic se'r'um samp1es i's not clear, but it is probably not large. 

The effeèt' woul d presumably be greater in hyperl i pemi,c serum where both 
, , 

, , , 

the'conçentr,atioh (14, lz) and size (153) of VLDL are. increased. 

, Q, 

In sum_m~!,y, these experiments sh?w that f~>r equiva lent concentrati ons' 
, ., 

of: apo B, VLDl particles scatter significant1y more l.ight than LDL plirt-
D , 

'. ie-1es' .. The non-sp~cific 1ight scattering ~aused by the VLDL partic1es 

1 eac!' to a sma 11, but signi fi cant overestimate of apo B concentrations for 

the conditions examined ;-n this study. 'The overe~timate of serum apo B' 

levefs seen in the previous study may be explained by a similar effect, 

although the relationship in ,that case is less clear. One approach to 

reducing the non-specifie light scattering of VLDL particles is consider-' 

ed in the last phàse of this research. 

. ' 

'-
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'IX. Reduction of Non-specifie Light Scattéring of VlOL by Oetergents_ 

1. Introdueti on 
... 

In the previous experiment, the ,light scattering characteristics' 'of , 

VLOL and LOL were shown to be different. More specifica 11~, VLOL s,catter-
, , 

ed more than twice as-nIDch light as LDL, for comparable concentrations of 
, '-- 4' 

apo B. The non-specifie 1ight scattering effëct of VLOL, resulted in an 

overestimate of serum apo B -levels. In 'the presen~ study, the light 
n ~ ~ ,. -' 

scat:JIing proper:ties of VLOL and LOL are compared in"the pf\esence of det-

ergents. It was hypothesized that treatment with detergents woul d prove 
'"' to be effective for reducing the non~specific li,9ht scatt~ring caused by 

the 1 a rger VLOL part i cl es. , 

2. Materials and'Methods 

, ,-:J ~ 1 

VLOL and LOL containing respeetively, 11 an5i 11.5 mg/dl apa B; were 

, allowed to react with antiserum -in solutions containtng various concen-. ' . 
trations of deterge~'t~ (0.0001-1.0%). The follo~ing detergents' were tesf-' 

ed; (1) Tween 20 (Sigma Chemical Company), (2) 1&iton X-IOO (Sigma Chem­

ical Company), and (3) o.ctadecenylamine-polyoxyet~ylene (ODA-POE) t gen­

erously suppli; ed by BASF 'company, Montreal. Detergents were prepared by 
• ' r ~ " 

dilution in filtered PBS. Antiserum' was added to PBS-detergent sqlutions, 

to achieve ~ final antiserum diluti,on of"1:30. All reaction mixtures were 
, d 

prep~red in tri pl, i-eate. 1I1IJ1unoassay was performed ~ccordi ng ta the, proto-

',.1 

.l 

.' 

J 
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:col outlined J?r.eviously with the modifications described in the.y"rev;ous 

experiment for isolated VLDL and lOlo Light scattèr;ng was measured at 

30 minute intervals over a "three hour period.,-
'" 

. 3. 'Results. 

1.. 

• 9 • 

'The results of t~se experiments are pr~sented in table 31 and fig-
.1 

. ures 19 through 21. 

- . 
') Figure 19 is representat~ve of the effect of the detergents on the 

:, 'lÏght"'Scattering of the free VLDL and' LO[;-particles. For VLOL, the Hght' 

scattering tends to decrease with increasing ~tergent cancentration, 

while for LOL, no comparabl~ ch~nge ;s ob~~rved.' 

\ 

Fi gure,?20 shows t'he irrmunoreactivity of VLli and LOL ill the presence 

of detergent 'containing solutions over tjfQ..e. The time course oQserved in ' 
. 

the presence of detergents ;s similar to that seen previou~ly for the iso-
, 1 

1 ated 1 i poprotei ns (fi gure 16) . 
. 
" 

Table 31 and figure 21 sUl111lar;ze 'the 'effects of the three detergents 

on the l,ight scattering of VLOL and LOl. The data in the table represents 

the % of the correspondi n9 RLS val ue- found for the' VLDL and LDL reacti on 

occurring in buffer alone. Inspection of tabTe 30 and figure 21 revea1s' 
") 

that" the 0.001.% concentration of tween 20 and .tr;iton X-lOD had no effect 
" . 

on the light scattering of VLOL and LOL. ,"A 0.001% concentration of 

o 
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ODA..;POE al so ha4 1'10 'effect on the H'ght scat:terin~ ~()f LDl, but decreased 
.. ..i' ,\1" 

the~Hgtt~ scattering of VLQL by about 45%. Incubation-' in 'an '0.01% Goncen-
09 '"1 \ ... f 

tration of all three detergents .reduced VLDL 'light'scattering considerab']Yt 

\~ith th.t of OIlA-POE sho~in~ the gre.test e:fect.,; A O.OU ~oncentr.tion' • _ .' 

~f both tween 20 and,triton X~100 had no effect" o~ LDL.bu~ the same can-
, -

centf'ation of ODA-POE decreased the light.scatteri"n~·of .L0L by about 10%. 
:: 

Tge 'reducti on in li ght scatteri ng of VLDL in the presence of a 0.1,% con-, , 
• ~) • - \...1. 

centrati on of t~e detérgents, ranged b~tween 75% to 85%. At thi$. concen. 
~ ~ 4. ~ 

tratio~ of detergent, thè reduètion in the' i'i~ht~ scattering of LDl..' was 

-also significant, with, the greate~t effect seen for triton X-100. ~iè 
, , 

effect of light scattering of a 0.0001% concentration of detergent was 
.. ... t .. , 

, Cl .' 1)" 

no different than the effects producerl by a 0.001% Concentration (data 
i .> .. t ·.c.:?e 

.... ~ (\ <' 

not shown), with the exception of a 10% r~duç:,tl0,1t:--.9f VLDL far OOA-POE. 
T ' ,.., 1 

However",' using a 1.0% concentration of detergent caused a furth~r clecrea~e . . , 

in light scattering for both VLOL and LDL" ~eyond that geen with" a :0.1% 
.... 

concentra t ion. 
, " 

.~ 

4. Discussion J 

» 
Thes e exper,i~ts .we re de,s i gned ta ana 1 ~zé the 1. i g ht, 5 c;tteri n 9 ôf 

tbe isolated VlD~ {and LDL particles in ,the presence of detergents. In 

th es e' exper'imenis, the isolated lipoproteins were allowed to react· ~i'th 
~ 

antiserum in Solutions containing various con~centrati"or\s 'of det~rgents 
1 

/ ~ ~ 

"(O.eOOl-1.q,X). -The range of .detergent concentrat,ions used was wide and 
14 ' 

corresponded to a 10,000 fold change: L ight scattertng -in the presense 
... ;0 ~ 1 

4, 
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ç 
:"", of detergents was compared to the li ght scatteri n9 of li poprotei ns • i n, 

f 

,the ab~ence of dete~gent. 

", 'At l ow concentrations of detergents (0.0001-0:001%), the light 

scattering of LDL "las un~han·ged. Mixtures '~onta~ing tween 2à and tri­

ton X-lOO at these concentrations, also had no effect on the"light scat-

\, tering of'VLDL. In the O.OOOl%'and O.OOU-solutions containing ODA-POE~ . 
the light scattering was reduced by about lO%.and 4.5% respectively. Thus 

for ODA-POE at these concentrations, there appears ta be a differential 
, 

effect on the light scattering of VL~L an~ LDL particles. This'suggests 

that the detergent iS,samewhat more selective for VLDL. With a 10 fold 

-- increase in ~etergent concentration ta O.Ol~, the effect of ODA-POE is 
. 

augmented, b.ut its specificity for VLOL may be l~st as judged by the 

small (10%) reduction in the light scattering of LOL. At this con.centrat-. . '. . 
, ion, the tween and tri ton detergents al so decreased the li ght sca tteri n9 . 

. ' of VL~L with 'minimal effect on LDL. With a further 10 fold increase in 

.. 

. detèrgent concentration to 0.1%, the, 1 i ght scattering of LDL now decreases 

significantly. At a 1.0% concentration, the'li~ht scattering of VLOL 

and LOL undergo a further small reductian. The major effects of these 

detergents on V~DL and LDL are therefore seen 'over a 100 fol d concentra-
I 

tion range, cartesponding to 0.001-0.1%. 
1 

1 

The three 1on-i.on~è detergents examined, here, are all derivatives of 

polyoxyethylene (160). The differences among thèse are related ta the 

,polar groups of the JIIo1ecules. The polar moieties in tween, triton, and 
1 

. ;,,~., 

-. o 
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ODA-POE are, 'respectively, sorbital esters, p-t-octyl ~henol, and alkyl­

amines (160). The detergent properties of~e~e surfactant molecules a~e ,/ 

related.to their ability to solubilize lipid. In solutions containing 
1 • ~ 

lipoproteins, these molecu1es presumably cause a dispersion df lipid 

fram the lipoprotein particle which is fthen solubinzed by the formation 

.. of mixed micelles (160-161). The effe'ct 'prod~ced in diÙerent lipoprotei'n 

particles, is probab~y re1ated to ~ariOus physical properti~s such as, 

~ lipid content and composition, a~d the mo1ecular st~bility of the par­

ticle. In vivo (7) and in vitro (102) treatment of triglyceride rich par­

tivles with-)ipolytic enzymes resul,ts in the removal of' lipid, accompan­

ded by changes i~ the 'physical characteristics of the part;c~es including 

size and électrophoretic mobility. The trea'tment of 1ipoproteins with 

detergents may produce simi1ar changes. Indeed, earlier experiments in-

'\' vo 1 V;"9 \he . trea tm_n t of 1; popro te; ns) v; tro with tween an d tri ton 

detergents, resulted in significant alterations in the physical proper~ 

ties of the partic1es as evidenced by the finding of significant çhanges 
~'-

in the ultracentrifugal flotation pattern and electrophoretic mobility of 
l , 

the particles so treated (161-163). At lpw concentrations, non-ionic 

detergents do not seem to cause desaturation' or indu.ction of conformat­

iorlal changes in proteins that woùld lead to 10ss of bio1ogical activity, 

incl uding immunor~actwity (164). At hi gher concentrations, the enti re 

particle may become structurally unstable, re-sulting in 10ss of biolog.i­

ca 1 activi ty (164). Because of d ifferences in the surface membrané com­

position of' VLDL and LD~, the affinities of the detergents for,thes.e par-
.. 

ticles may also differ. Such a specificity \.S like·ly impartE~d thraugh_ 

1 
l' 
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. . 
the. pol!r gr:oup of the dete~gent molecu1e interacting with a specifi~ 

configuration of membrane components (32, 68}. 

The properties of the ,detergents and their actions on the lipopro­

teins outlined above, )l1ay provide a plausible explanation for the data 

ôbserved in this study. There are three basic ways that the detergents 

'might have produced a reduction in light scattering; (1) by a reduction' .. , 
in the size of the particles and the immunocomplexes formed, (2) by alter-

ing (decrea~ing)·the immunoreactivity of the Ag, or (3) bya combination 

of·these mec'hanisms. Since LDL was 1ess like1y ta undergo Cl change in 

particle size without a concomitant 10s5 oT immunoreactivity, any sign1f­

icant change in the 1ight scattering of~LOL was interpreted as evidence 

for 10ss of immunoreactivity. Therefore any change in VLDL light scatter­

ing without an accompanying 10s5 of LDL light sca.ttering under the 5ame 
-\ 1 

conditions, was interpreted as a reduction in particle size. The VLDL 

particles with a larger size, higher 1ipid content, and l'ower structural 

stabi1ity', relative ta LOL, was af~ected by the detergents ~t lower con­

centrations. Moreover, at the lower concentrations, the detergents 

and in particular, OOA-POE, seemed ta have a selectivé effect. The sel­

ectivityof this effect may have been related to·the pho~pholipid compos­

ition as shown by Heuck (32). As the concentrati on of the detergents , . 
is increased, The selectively of action for VbOL is lost as the 1ight 

scatterihg of LOL becomes significantly decreased. The resulting 105s 

of ilTlI1unareactivity likely results from a change in protein conformation 

or surface antigenic components, secandary ta structural alteratians 

, 
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l' 
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.. 
of the pa'rti cl e. Such effects are known consequences of detergent 

action (164). Al~hough the changes in light scattering were specuiated 

t'a result from changes in particle size and immunoreactivity, thèse 

effects could be specifically tested through various devices, including 
<J' 

electron microsc9py of the lipoprotein particles and by observing 

the li ght sca tteri ng of a control immu'.jloreaction • for example, IgG-anti-
, 

IgG where the reactants possess a homogene~us size. These experiments, ~" 

however, were beyond the scope ,of the present study. 

The important observation in these experiments was the rel ative 

effect of the detergents on-the light scattering of VLDL and LOL. In 

these exp,eriments, the concentrati Qn of ,a po B in VLOL and LOL were the 

same. The previous experiment demonstrated. that for equal concentrations 

of apo B, VLOL scattered more than twi ce as much li ght as LOL. The 

difference in light scattering is non-specific, in the sense ~hat it is 
, " 

urlre la ted ta LOL apo B. Thi s li ght tsfi~t~ ng i 5 important, however:, , tj 
since it tends ta falsely increase the estimate of apo B. The aim of 

-' 

" these experiments was to iden~;,fy those conditions that would reduce the 

li~ht scattering of VLOL relative to LOL, by about 50%. This wouJa then 
( 

elil)1inate or at least reduce non-specifie light scattering of VlDL and 

minimize the tendency of this effect to cause an overestimate of apo B. 

In,the present experiments; the conditions approaching this situation 

involved a 0.01% concentration of tween 20 or triton X-lOO, or better, 

a 0.001-0.01 concentration of OOA-POE. These concentrations would rep­

resent guidelines for 'the testing of detergents in whole serum. 

" 
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Various techniques have been tested for their ability to reduce the 

size of VLDL particles and produce particles having a unifonn size. 

Deckleba~m (102), descr; bed a method for the producti on of LOL-,l i ke­

particles from VLOL by in vitro incubation of lipoprQteins in :th&,pres­

ence of liptse enzymes. Reardon (104), then applied this principle to 

develop a modified ElA, as described prev-iously. Non-specifie l ight 

scattering is recognized as problematic for the es:timation of serum apo B 

lev~ls by the JNA method (32-33, 74). H'euck (32) recently de-scrib~d, 

a seri es of experiments, whi ch showed the effectiveness of lipase "enzymes 
'. ( 

for decreasing the non-specifie light scattering of VLDL. Detergents 

also appear to be similarly effective (32, ",74).' In a second report (74), 

involvi ng simpl i fied procedures, Heuck dem~nstrated the eflectiveness 

of OOA-POE in reducing the overestimate observed in hyperlipemic samples. , 
rln this regard, the detergent was effective in the 0.005-0.2% concentra-

tion range which compares well with the results of this study. Similarly, 

Rosseneu et al (33), tested the effects of various detergents includ,ing 

tween 20, triton X-100, OOA-POE and Apovax. Bath Apovax and ODA-POE at 
v 

a concentration of 0.01% produced a better agreement of serum apG B values 

measured by INA and ElA methods, particularly in the.setting of hyper­

Hpemic serum samples. 

In summary, incubation of VLOL in the presence' of detergents in the 

0.001-0.01% concentration range was effecti'Jl'e in reducing the non-specifie 

li ght sca tteri ng of these partiel es. The results of' these experiments 

should serve as guidelines for the evaluation of detergent effects in 

'-
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It is anticipated, that at approprlate concentratiQns, , 
1 

the overestimate of apo B levels that were observed 
;1 

uS,i ng the INA 

method for quantitation, will be'minimized. 
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The present study was undertaken as a prel iminary evaluation 'of im-
, 

.. : munonephelometryas a method for the quantitation of serum apo B. The 

principle'f)f nephelometry involves'the detection of light scattering of 

illll1ut"e compl.exes formed between antigElns and antibodies in solution. For 

the fix~d conditions of nephelometry, and under appropriate immunological . . 
relationships, the intensity of light·scatter is proportional to the con­

centration of the antigen, and therefore, the arotigen is quantifiable. 

The method, a priori, appeared suitable for' the quantitation of apo B. 
, 

For this purpose howe'Ver, the procedure is potentially more complex than 
, .. 
that i nvol ved for the dete~i nati on of other serum protei ns, s; nce 'the 

" ! ' 
antigen, apo B, is present in serum in the fonn of lipoprotein particles. 

In 50 far as the size of the lipoprotein complexes containing apo B is 

variablè, and since the intensity of light scatter 'S further related to 
-" 

the size of the antigen and immune complexes fonned, the -effect of dispro-
-. \ 

portionate light scatter caused by the larger lipoprotein'particles pres~nt 
\ 

in serum, was of special concern to the per!onnance of the\immUnOassay • 
~ \ 1 , 

In the development of an ;mmunoassay, there are four ;~portant par­

amet~rs to be evaluated. These include; specificity, senSit~vity"pre-' 
l . \ ' 

c;sion, and validation. As well, any potentially interfering' factors must 
\ 

'v also be recognized and evaluated. The present a.ssay, based on the tech-
il"?'-~ ~\'. 

nique of immunonephelometry, was developed with these considerati'ons in' 

mind. 
1 d 

. . ..,. 

The initial experiments were undertaken to eS,tablish the basic work­
J 

j 
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ing conditions for the assay. Th,e specificity of the immunoassay for 

apo B was guaranteed by ra; sing a monospecifi c anti serum to the, anti g~n. 

The characteristics of light scattering for thè LDL.2Po B-anti-LDL system 

were demonstrated in pre1iminary experiments' by allowing various concen­

trati ons of LDL apo B to react with vari ous dil utions of anti serum. Under 
'" appropriate conditions, a precipitan curve,was constructed which was 1in-

ear over a wi de range of LDL apo B concentrati ons. An end-poi nt for the 

measurement of immunocomp1ex l~ght scattering, was established Py fol10w­

ing the immunoreactivity of the reactants over time. The relatively short 

incubation period required (two hours) is a timesaving feature of this 

method. The in vi tro sens Hi vi ty' of the assày f5Jr the anti gen correspond-
, ~ 

ed to the leve1s of apo B found in serum, and therefore, only a minimal 

dilution of the samp1es was necessary for immunoassay. The lower lim{t 

of',apo B detection was 5-10 mg/dl, and this is well in excess of that re­

quired to measure apo B in serum (tables 2 and 3). The minimal detectable 

anti gen concentrati on atta i nabl e was not detenni ned but i t i s probab ly P 

more sensitive than reported, here (172).' The assay was a 1so 'shown to be 

very sensitive to 10 mg/dl differences in apo B concentration. The pre­

cision of the assay fOr measuring apQ B was studied, and the combined 

intfa- and interassay coefficient of variation was about 7%. This value 

tends to b~ lower than that reported by most other methoQs (16-17, 20, 25): 

and the reliability of the assay for apo B measurement was judged to be 

high. 

"~ " With the wqrking conditions and perfonnance characteristics of the 
, 1 

\ 
\ 
\ 
\ 
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~ . 
assay establish~d, the next phase of dE:velopment involved the'validation~ 

(1 ~ n 

proced~res. The val i,dation of the assay was somewhat hirldered due to t!1e 

lack of a reference method at the time, fot: measurin.9 .total serum apo B·' 

·levels. The immunoassay' used for standardizatiol1. purposes"was ~ RIO me~h-' 
, 0 ~ 

.od, used routi nely in this 1 abora"tory for-the quantï'tati on of àpo B~ The 

RIO assay was designed, to selectively measure LDL apQ.B in plasma, and is' 
1 . , ' " ' " , > ' 

therefore not.accurate for the,quàntitat·ion of apo B in t;he d<l
c
.020 lipo-

protein fraction (21). This 'finding was al,so conffrm~d ,in the present, 
0> DO 'b0 

study. For thi$ reason, the apo B in the ~<l.020: l"ipoprotein fraction 

was esti'mated by an independent me"thod: Thus thev referenc,e'~~~hod for 
, ~ , ", . 

measuring tota.l serum a'po B concentrations inv?lved combining theo,separate , 
c : 0 (1 

estimates for d<l.020· and d>1.020 apo B by the chemical and immunoassays. 0 

'0 ' 

The fact that an a lter:n~tiveO immunoassay· for tota i a~o B, was unavai lab 1 ë: 
made t~e vandation procedure more tedious. At~the ~ame ti'me, t:lOwever,' 

it fostered a more thorough analysis of the light scattering methad. 
.-
Ln-

, ' 
deed, one of~ the p\,j.rposes for developin,,9 thi s nieth?d, wa~ to have, avail able 

an assay for .. total apo B. . 
6 

o 

01 ~ 0 a 

Si nce li ght scatteri ng i s dependent on' the '5 tze as we 11 as ·the "can-, 

centration of the antigen (138), and because apo, B is pres~nt in lipoprQ-

tein particles of vario~s sizes, the quantitation of apo B by this ·~ethod· 
, o. 

was patentjally more complex. It was anticipated that the laf',ger VLOL 
ù 

particles might interfere with the p'erfo~ance oT the immunoassa,y, ,by 
O' 

causing disproportionate,light scattering. 

an overestimate of serum apo B levels. ' 

Thi s effect potenti a 11 y" cause 
, o. 
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'0 I.n the in; tial experim~nts dea 1.i"ng wi th the' val idati on of the pro-

~edur~,' 'significantly higher, serum a~o B "lev~ls were'fouhd with the INA .. 
" [J '" ..,., 

lb • 

cq,mpa'red to" the RID method: üThree J!lajor parameters were postul a ted ta 
o 

acco'unt Jor this difference; !1) di fferences e~isting between the LOL 
• 9 ' • , 

'standar'ds and the serum sampJes, ('2) apo B contained in the d<1.020 lipo-, , 
,. 

protei,n .. fraction inaccurately measured by the RIO assay, and (3) non-
• 0 

() 0 0, 

~pecific ljght scattering caused by the'larger'VLDL particles present'in 
," 

" . 
~erum .. ,The next series of""e~perfmentsOthereTore evaluated the contribut-

i 011 of these factors. 
o 

• Q 

,,., '1;. 0 ., ~ 

A fundamen'tal requi~ement of ~1;l"immun9assay, {s. tha'f 'the anti'gen 
'u 0 1 tI v \" 1 

~ in t1he ostandards ,an? the' sôJnp.l es exi st u~d~r ~'ldSe1y" simi 't~r èondit'ipns. 
" 4f 1) C L ,(l u 

This means, for examp1e, that thlij,~prop,erties, of, the antigeQ, sûch as 
U Cl u ... 0 c 0 0 ' 

molecular size' and surface char!le, be simtlar~" Surface 'charge seems ta 
o 0 

o 

be an importa,nt consiCteration ,for ElA techniques (77}., Si'ze differences 
o t () () J .. 

. " " 0 - Cl 0 n 

be equa lly important v~ri~bl ~s for ,t,he perfonnqnce of other seemo to 

methods 
lJ "\ J [; ~ 

(17, ~1"22, 32, 10,4)" 0 Of eqûal impo,rotancepis,/or the standard 
" .. 

. al1d' samp le ant i gens ta be present i.n "? simil a r bac kground medfum, as we 11 • 
.l 1 Il il 0 ,) 0 0 

,,(\ , , 'r:or ~he" initia"l standarët,i~ation pr;cedure, the LDL s~andard'S wer~ pre-

pared. in s~rum:;"free salt solution, since this has 'been the/lproc.edure for 
fl ) ( 

, ' 

preparationo of the' LbL si:tandards 6useci'-for the RIO method. B,ecause th~ 

: overestimate ,of "ap,o B val~' by the INA method s~eméd' excessive, one 
t 

wondered" if a 'fundamenta 1 :difference ~xisti eg between othe sampl es ana the 
fi C 

" 
'. ostandards w~s ,partly,'responsib)"e. The subsequent comparisonoqf the light 

l ' 
scatteri ng' oV,he' ,LFS-LOL and serum~freè LDL standards, and the resultant 

?? ., - f -(')'\ fi .J .. 
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, J differen<;es in the levels of apo 8 calculated from tl1.~ -two standard curves'~ 
• /J) 

seemed to demonstrate the requir~ment for serum in the lDL s~n'dard sol-

utions". By adding LFS to the LDL standards, the conditions for the anti-
, . , 

g~n in the standards and t~e samples became'more similar and the standard-
~ 

ization of the method was improved as illustrated by the close agreem~nt 

of apo B values in th~ d>1.020 serum samples measured by the INA ~nCtRID 
-

assays. In contra,st, this requirement did not,seem particularly~ucial 
\~I:\.. 

, for the perf?,\')11ance of ;he RID" metho~ as ,11~ded ta earl,;er. Rosseneu " 

~ (33), has recently observed effects similar to those shown,here., In that 

... Il' ',. r 

:r • 

",.' .. 

. 0 
study, the levels of apo 8 measured by the INA method using serum-free LDL 

, 
" ' 

standards wer.e signific~ntly highèr than those found'hy EIA,(123 vs 71 

mg/dl). Addition of LFS to the LDL standards resulted in a 'better agree­

. ~ ment of the values (95 vs 85 mg/dl). It js also' of interest to noté that 
> l ' 

1 

the additi on of LFS pl"oduced' oppos i'te ef~ects in the two assay systems • 

Jhe concentration of serum protein used 'in the study by Rèsseneu, was 4.7-
, " . , 

. gm/dl compared to the 6 gm/dl used in these experiments. These values 

are both within the nonnal range of serum protein concentrations. Al-, 

thoug~ ~h:- standardization of the assays in these experiments seemed op­

timized by the concentrations of serum protein used, it is still of im-
, / 

portance to the'se methods to clarify the relation'ship between serum pro-
\, • Q. 

tein concentration and the light scattering 'of LDL. 
, ' ' 

- In these experiments, the reference method for detènl1i ni ng tota 1-

serutrr apo B levels.,- involved combin,ing th,e ~eparate est;imates f9und in 

the d'<1;020 fraction'by c;olorimetr'is assay" ~nd d>h020 ~'fraction by,Ri"'D 

" 

, 

\ 
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,assay. The mean value found,by this method was 128"f11g/dl. The mean 
'> , ' 

value found by the RIO method,was 110 mg/dl. Th~ difference between 

the two values was due to the presence of d<1.020 apo B poorly quantitated 

by the RID method. The,apo B level found in whole serum by the INA ~eth­

od, was 143 mg/d). The difference between the estimates of total ~po B 

found by t~e reference and,INA methods was partly accounted for by the 
<l 

flon-specific light scattering effect of the VLDL particles in serum. 

Whereas the extent of the effect was somewhat unclear, the existence of 
\' 

the effect and its potential for causing an overestimate, were proved 
, 

through the following observa~ions. Firstly, when the light scatterfng 

char~cteristïçs of fsolated VLD~, and LOL pa'rticles were compared, the 

larger VLOL particles scattered more than.twice as muéh light ~s th, LDL 

particles, for equivalent concentrations of. apo B. This finding is in 

agreement with Heuck et al (32), who also compared the light scattering' 

0T isolated lipoprotein particles. Secondly, when VLOL was added to the 
. 

d>1.020 serum samples; the observed apo B value was significantly high-

o 

er than the expected apo B value. It seemed clear, that the dirferenee 

in the values resulted From the non-specifie light scattering of the 

VLOL particles. Although the overestimate was small (8%), and quan-

'. , ~ , , 

',titatively similar to the differenee found for apo B measured in serum 

, by the referenee and INA methods, i t seemed pl aus i b le tha t the latter 

overestimate may have resulted From a similar effect qS welle However~ 

as mentioned earlier, the small sample number may have eontributed to 

ta there being a greater difference than aetually pre$en~. 
l 

, 
" . 

," 
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_ Il111)u~onephe 1 o~e,tY'i c assays have recently been deve1-o'f:led 'in a number . 
of different laboratories ior the qua~titation of.serum apo B (table 3).· 

, 4' 

Ballantyne~et al (31), were one of the first to evaluate the laser method 
) , 

for th1S purpose.
o 

The mea~ value found by the method in a 'group of 35 
, . 

- 1 " " nonnol i p'emi c subjects 'was 157 mg/dl. Thi s value was .twi ce as hi gh as' tha t . . 
, , 

found by RIA. Unfortunately, ,the calibration of their standard curve was 

~not describé~ and it'is therefore not'possible to compare the working 

, con'diti ons of the two methods. In a more recent report (149), Ba 11 antyne 
/ 

• observed ~~mean apo B'level of 100 mg/dl by this method in a group ot 24 
, ;. f 

.no~olipemic SU~jects. _.ooce.again, it is fot clear if methodological 

factors are re.sponsible for this differ:ence. F.urther, th-e small sample 
" . . 

numb~rs used in these studi,es may not be reflective of actual population 
, 

norms. Dedonder-Oecoopman et al (57), in a series involving a large 
, '. . , 

number of, subjects~ reported mean apo B values of 129 and 120 mg/dl in 

,,20'0 and 271 maie and female tWrmolipemié subjects. These values tend to' 

be highe~ than t'hose found in similarly large gro .. ups of subjects. by other 
.. methods (table 2). On the other hand, others using t~is method have 1 

D -found lower mean apo B values, that tend to agree better with those found 

,~ by conventional methods. Heuck et a'l (75) very recently updated his-
! 

seri'es and reported a mean apo B· value of 103 mg/dl for quantitations 
.. ..". 

,-- made in 4Jf normolipemic subjects. Rosseneu et al (33) also reported 

values that were favourable to other estimates. Rosseneu also showed 
1 .... 

the conditions necessary for these measurements as discussed earlier. 
- ~ 

Debac~er (56), recently compared the levels of apo B measured by INA in 

70,normolipemic post myocardial su~jects and a similar number of normo-

, " 
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lipem;c controls. The values-found in the coronary patients were s1gnif­

icantly' higher than tho;e found in the controls (143 vs 113 mg/dl), and 

this shows that heferogeneity of the population studied may alone a,ccount. 

for a significant amount of variation seen for apo B levels. The levels 

of apo 8 measured in cord serum by INA (58, 110-111), also compare well 

'to those found by other methQds (108-109). These studies show that the 

method tends to be fairly well standardized for the quantitation of apo 

B in normolip.emic ser~, although the exact conditions und~r which the 
- p , 

c ·s~andardizat;on was accompli~hed, is not çlear in all cases. The tendency 

for the method to overestimate the level, of apo B in normolipemic samples 

may notbe great, and this corroborates the ob?ervations of the present 

study. The higher values found in sorne cases mayas well be a reflect­

ion of the heterogeneity of the population studied. 

The standardiiation of the assay for the purpose of quantitating 

apo B levels in hyperlipemic serum seems to require sorne specific pro-' 

cedure's (31, 33, 74). Wi thou4t these procedures ~ the l eve l s of apo B 

tend to be significantly overestimated (33). The overestimate found 

,in hyperlipem;c serum is caused by the no~-specif;c light scattering 

of VLDL as shown by Heuck et al (32, 74). The effect in hyperti~glycer­

idemic serum is magnified owing to~n increase in both the size (153)­

and concentration of the particles (14~ 17). Short of removal of these 

particlès by ultracentrifugation, there are two possible ways of red-

'ucing light dispersion caused bYolarger lipoprotein particles; (1) by hy-
~ .. ~ . 

drolosis,of lipid of intact li~opro~eins with lipase 'enzymes, or (2) 

:,,- ... ' ~ ... ~ ~{ .. ,~ .. ~~~ -,. ,,', $' , . 
. ! -
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by'adding detergents. Heuck et al (32), showed tpat the non-specifie 

,light scattering of VLOL could be eliminated by allowing the particles 

to react in the presence of triglyceride. lipases. When the effects 

observed in the isolated lipoproteins were tested in whole serum, the 

estimates of apo B were found to be lower and the results correlated 

" better with those found for the control method. Subsequently, certain 

detergents were shawn ta produce similar effects in isolated lipoproteins 

~nd hypertr;gly~eridemic serum samples (32, 74). Solutions containing 

OOA-POE in the 0.005%-0.02% concentration range were shawn to be partic~ . 
ularly effective (74). Rosseneu et al (33), also compared the effects of 

various detergents including GOA-POE and Apovax and fo'und bath useful, 

although Apovax at a concentration of 0.01% was superior at reducing non-_ 

specifie light scattering in'typ~ lIb serum samples. The present study 

also demonstrated the efficacy of detergents, including ODA-POE, for re- . 

ducing non-specifie lig~t dispersion of isolated VLOL, but fell short of 

extending the findings to whole serum samples. Since the use of approp~ 

riate detergents appear ta praduce comparable results ta those seen for 
a> 

enzYmes, but on the whole involve simpler procedures, detergents appear 

ta be the method of choice for the standardization of the assay where 
, 

hyperlipemic samples are involved. It would be of in"terest to also esL 

tablish the mechanisms by which detergents produce these effects. Non-" 

specifie light soatter has also been a problem for the quantitation of 

other proteins by this method (75, 146). 

, 
Many different immunological methods are now available for the quant-

. , 
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itation of serum apo B. These include, RIA f14-20) , RIO (21-?3), ElA 

(24-26) and enzyme immunoassay (27-29). The most recent addition, in­

volves the method of immunonephelometry. There are certain features that 
\J 

make this technique attractive, partieularly for clinieal and epidemi~l-

ogieal purposes. These charaeteristies were diseussed earlier. To be 

reliable, however, the 'method must prove itseJf accurate for its partie­
l ,J - } . 

ular measurement. These properties ean onl~ be established through ex-
f 

periments s~milar ta those considered heré. 
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The main findings of this study may be summarized 'as follows: 

1. 'The light scattering characteristics of LOL apo B-anti-LDL were 
evaluated under conditions involving different Ag/Ab ratios. 

2. Appropriate conditions were described for the construction of a 

~3. 

4. 

\ 

linear precipitan curve. 

The time course of LDL apo B-anti-LDL was evaluated to determine , 

an end-point in time for measurement (two hours). 

Performance characteristics of the assay including specificity, 
sensitivity, and intra- and interassay variability were evaluated. 

"> 

5. Light scattering of the LDL standards prepared in serum-free salt 
solutions and LFS were shawn ta be differ.ent. In particular, the 
light scattering of comparable concentrations of LOL standards was 
greater in. LFS. 

6. The standardization of the methad was improved by the addition of 
LFS to the LDL standards.~ This was assessed by ~omparin~ the es­
ti~ates of apo B in the d>1.020 serum fraction using serum-free 
and LFS-LDL standards. The measurements found by the INA method 
usin'g the LFS-LDL standards agreed wel1 with those found by RIO 
assay. 

7. The estimates of apo B found by INA in the d> 1. 006 serum fracti on 
compared well to thase found by combined IDL (chemical) and d>1.020 
(INA) estima tes. 

,8. The estimate of apo B found in who,le serum and in the d>l.006 
serum fraction were significantly higher than those found by RIO 
assay. 

9. A __ major reason for these differences was related to the presence of 
a significant amount of apo B in the d<1.020 lipoprotein fraction, 
that was not quantitated by the RIO method. 

'( 
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10. The whole serum estimate of apo B was significantly higher than 
the d>1.006 and d>1.020 serum estimates~ A si~nificant differ­
ence remaîned after d<1.006 and d<1.020 lipoprotein were added 
to these fractions. These differences may be partly explained 
by non-specifie light scatteri~g c~used by the larger VLDL par­
ticles. 

Il. For comparable concentrations of apo B, VLOL partic1es scatter 
more than twice aS,much light as LOL particles. 

12. When VLDL was added to the d>1.020 serum samples, the obser~ed' 
apo B values were si~nificantly higher than the expected values. 
The difference in the values resulted from the non-specifie 
light scattering of the larger VLDL particles. 

13. In the appropriate concentration range (0.001%-0.01%), tween 20, 
triton X-100, and OOA-POE were all effective in reducing the non~ 
specifie light scattering of isolated VLDL particles. 

14. The'mean level of apo B found in plasma and serum samples of the 
same subjects was not significantly different. 
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In conclusion, imm~nonephelometry appea~ to be a promising new 

method for the quantitation of serum apo B., In vi:ew of the newly rec-, , 

ognized association between serum apo B levels and coranary heart disease, 

the measurement of serum apa B concentrations is g01ng to become ever so 

increased in the futur~. Methods with both diagnostic, and epidemfologic 

capabilities, such as INA, will be invaluable for facilitating these meas~ 
-

urements. Further work is needed, however, before the assay can be con~ 
# 

sidered fully validated. In my opinion, more work .is neèded in the follow~ 

ing areas: 

1. 

2. 

The re-l ati ons hi p be.tween the serum protei n concen'trq,ti on added ta 

the LOL standards and the light scattering of LOL needs ta be clar­
ified, since differences found here could potentially affect the 
quantitation of apo B. 

.. r ~ _ f~ 

Ideally, the standardization of the assay snould be approached by 
us-ing a recognized reference standard for LDL apo B. Because s"uch 
a. standard is not likely to be forthcoming in the immediate future, 
an alternate reference method capable of measuring total apo B levels, 

"\ ' ' 

should be u5ed for comparison studies. ElA would probabl~ represent . 
a suitable method, since it appears ta be reasonably accurate for 
quantitating total apô B. This method has also been used by others 
for the standardization of INA, and therefore the results forthcom­
ming from the different studies may b,~' more compar.able. The relation 
between ElA, RIA and INA would need to be established in a prelimin­
ary experiment. 

3. :'A much larger number of s~mples, probably involving a hundred or 50, 

'It sh'oul d used for these compari sons. 
" 

,4. The oversetimate of apo B by the ~NA method in normolipemic samples 
needs to be confirmed. This, tendency may become smaller, or disap- .. 

: 
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pear wh en a larger sample number ;5 te5ted. 

The extent of the non-specifie light scattering effect in hyper-. . 
lipemic serum samples needs to be established. 

The effectiveness of detergents, for example, Apovax and DDA-POE, 
, for redup,ing non-specifie light scattering, needs to be demonstrated 

in whole serum. Detergents seem preferable for this purpose, be­
cause of the simplieity of the gro~dures involved. The meehanislÎl 
of the detergent action responsi1>fe for these effects, would be in­
teresting to examine as well. 

. 
These would seem to be the minimal additional requirements necessary 

to complete the validation of the method. '. . 
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mass, (dry weight).' TG~trfglyceride, CE=cholesterol ester, FC=free 
ch~lesterol:' PL=.phQsph61 i pi d ~ tr=trace. Adapted fram references 1-7. 
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Table 2. lev~ls of apo ~ in' nonnolipemic subjects measured by' iJllTlun9assay , , 

1 

subjects, apo B (mg/dl) 'cholesterol (mg/dl) 
1. 

r! ,se~e8 total (SDJ. LDE total LDL-C me,thod. .A-n 
Cj> 

~ , 

349 189 
·81 ' 7Z( 19), i20 RIA -A1bers (17) " Ibn" 1 

"" 128 
. 60 

81(30) 24'0 , RIA Sèdford (16) 
" '69" .... 

., 
33 " , " 

82 90(24) 85(18) 190 112 R'IA Bautovitch (15) 19" " 

42 83(16) , 213~ RIA Schonfe,l d (14) 

42 20 ,93(25) , RIA Katan (l9) ,j ~ '9"0"(18) 

256 
·114 103 

.r • 
220 -RIA Al'bers (l06)' 112" TITI"- .. m 

25 94(38} 86 RIA Thompson (18) .. 
71(36) 

. 
Ba 11 antyne (31) 35 ' 220 RIA 

64 52 91(16) 184 RIA' Durrington(20) '12" 
·4 

209 89(23) 193 RIO Heuck (68) 
" 

32 
- , 

64 !2" '83(25) .. 140 RIO Lees (22-) 

34 97(22) RIO Havekes' (~7) 
f, - , 

31 82 
' ~ 

168 112 ' RIO Snidennan (49) ~ . 

29 ' , 
72(16) ELISA Holmqui st (29) 

, 100 99(17) 210 
• --> 

, 200, m V2'(l5) $ ElA Avogaro (105) , 
.~'-

116 
65 ' n(l8} 74 

. EIAt Qnitiri (24) 'IT . b9" ' 
, 

38 20& r,--. 
74 98(20} ElA C~rry (25) ~ 1]0 , 

t 
, 

~ , , ., 
146 98(19) 202 ElA Frucha"t (50) • 

, " , - 0 .. 
" . . 76 113(20) 223 ElA ~agar (180) 

î: ' 34 105(28) ElA avekes (67) . 
, .,. ~ 

'./ 
. 

60 117(35) , -' 197 - -
106 " 

- nA Whayne (53) 10 m(~4) 1 ID 
'c' - . 

, , "" • 1 
; 

, 
J . 
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-, 
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'Table 3. Comparison of apo B Values Quantitated by INA 

" 
Subjects apo B (mg/dZ) 

n 

(, 81 

35 NL 

27 Post MI 
24" NL -

31 

477 ~206ct 
m~ 

68 NL 
14 IIa 
15 IIb 
22 IV 

432 NL 

10 NL (AC) 

10 NL (PC) 

~l lIa 

30 lIb 

, • 1,2 IV 

70 Post MI 
70 control 

30 cord 
7 days 
30 '(1ays 

232 cord 

tQta~ 

173 
134 

91 ' 
159 

.112 . 
71 

114 
100 , 

196 
193 -

. '211 
129 
m·' 

82 
190 
179 
116 

103 

90 
85 • 
93' 
82 

139 
150 
146 
155 
102 
98 

143 
113 

24 
,67 
70 ' 

-54 
50 

.. 

Li pi ds t (mg!'aZ) 

ahoZ TG LDL-C method 

259 236 

220 .' 105 

197 
373 
342 
246 

195 

181 

178 

291 

306 

219 

254 
242-

, 65 
108 
114 

;.. 

29 
58 

_ 59 

INA 
AIP 
RIA 
INA 
AIP ~ 
RIA 

INA 

INA 
ElA 
E~IS-A 

INA 
.. ,-
INA 
INA 
INA 
INA 
INA, 

INA 
ElA 
INA 
ELA 
INA 
ElA 
INA 
ElA 
INA 
EIK 

INA 
INA 

INA 
I~A 1 

lM 

INA 
ElA 

, 
series 

Bal1antyne (31) 

Ba 11 antyne (149) 

Fievet-Desreumaux 
(30) 

Dedonder-Decoop­
man (57) 

Heuck (32) 

Heuck (75) 

Rossene~ (33) 

DeBacker (56) 

Van Biervl iet (110) 

Brews ter (85)Q 

NL=nonnolipemic, *=VLDL+LDL cholesterol, A1t=fasti'1'lg, PC=~ter fatty meal 
t 1 mg/dl cholesterol=O.02586 nunol/L, 1 mg/d.l triglyceride=O.1665 ~l/L, 
MI =myocardi al infafction. 
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" 

, , subjeèts , , 
n . .. 

t 

.349 NL 
20 lIa 
14 IIb 

7 ·III 
59 IV 

- 17 NL 

18 NL 
'15 IIa 
·5 lIb 

" , 6 IV 

43 NL· 

20 NL 
~ 

'1 " 

. " 
., 

~, " l 

. "'; . 
( ", 

l, 

. ~ 

Distribution of apo' B in Human Serum 

apo B 
totaZ . VLDL tDL HDL ~ method 

, .' 
'8~'" 

83 

'. 92 

~ 

, 
.8<1 . 
9 

16 . 
34 
14. 

5 

5 
1 

14 
30 

2 
5ô , 

72 B RIA 
118 RIA 
l'30 RIA 
72 RIA 
88 RIA 
83B RIA, 
83Y ~ RIA 

206 RIA 
235 RIA 
"160 ,,' RIA 

8SY 3 RIA 
83E: ElA 

• 

90 

89 
/ 87 

// 87 
6 
6 

79 RIA 
80, RIO 

15, HT 

12 "'NL 

30 NL 
~ 

'\. 8 NL 

10' NL 
12 NL-P~D 
10 HT 
8 HT-PVD 

~ 

128 
113 
113' 
93 

77 

92 
87 

23 
13 
15 . 
8 
6e! 
!~ 

4 
3<1 
6 

13 
21 " 

100 ElA 
92 RIA 

103 RIO " 76(JJ ;- 9 ~ ElA 
74Y 12 ElA b9" TI" 
888 fotJ iRIA 
89 ElA 
81 . ElA 
88 ElA 
95 _ ElA 

A l bers (17) ~ 

( 

Schonfeld (14~', 

Durrington (179) 

Bautovi tch (15) 
Curry (25) 

Onitiri (24) 

Thompson (18) 

Franceschini (99) 

o a = TMU insoluble protein 

.. 
" . 

.8 = d>1.006 gms/ml 
y = 1.006-1.063 gms/,ml 
ô = <1.019 gros/ml . 
e: = >1.019 gms/ml-
(JJ = 1:01Q-1.063.gms/ml 1% . 

NL=normolipemic, HT=hypertriglyceridemia" PVD=per;pher~l vascular 
di sease " '~ 
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RLS"of Ag Blank 

Ag 25X 51.. 
(mg/dl), 

. 
143 4.2 'LI 

99 3.2 . . . 0.9 

.57 
h 

1.8 . t' .0.'4 

42 0.7' ,0.4 

23 0.6 ' 0.1 

Table 5. Comparison of Light Scattering 
(RLS Uni ts) for the Ag s.:J anks 

, . 

, . , 

" 

" .. 

"" 

, , 

. 

~ 
< • 

- ~ 



.. , 

" r
; 

'" f -,' 
t, " .. ' 
: ~, 

~ . ~ 
1-
/, 

l, 

> 

1 

.f 

, 
• 1 . ; 

" 

,., 

c 
,\ 

J' 

" ~ 

/" >, 

Antiserum dilution RLS 

1:20 6."4 

1:40 4.5 ... 

1:80 2.9 

1:100 2.0 

Table 6. Light Scattering (RLS Units) 
for the, Anti serum B1 anks 
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' . 
- .. As 1:20 1:40 1:80 1:100 

Ag 5>- 25>- 5>- 25>- 5À 25À 5;\ 25>-
(mg/dl) 

23 13 205 35 138 35 93 34 82 

42 94 265 77 204 56 146 49 63 

56 121 305 106 234 76 38 60 14 

1 99 217 435 161 92 113 11 85 4 j 

143 26;3 630 190 67 143 7 121 3 

!\. 

Table}. Compari son of lIRLS for the Di fferent Rea,ction 
Mi xtures. 1:20 etc., corresponds-to the dil-
ution of As used (see text for details) . 
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Tab le 8. Protoco l for Rauti ne Immunoassay 

1. Each serum sampJe ;s initially diluted 1:1 with PBS. 

2. 0.005 (5)-) of diluted Ag is added ta a clean 10 by 75 mm disposable 
91 ass tube. 

3. 1.0 ml of buffer (PBS) containing 0.0125 ml of As (final dilution 
1:80) is added next. 

4. Each tube is gently mixed by inversion and allowed to react at t'oom 
tempera ture for 2 hours. " 

5. All standards and samples are prepared in duplicate. , 

6. For' each immunaassay, one Ag and one As b l arïk are each prepared by 
dilution with 1.0 ml of PBS. 

7. Proir ta determination of RLS, each tube is gently mixed and wiped 
cl ean wi th l ens paper. 
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n Apo B 
(mg/dl) 

1. 146 
2. 149 

~. 146 
4. 140 
5 . 150 
6. 147 
7. 139 

~ 

8. 152 
9. 150 

10. il 146 ' ' 

11. 151 
12. 141 
13. 144 
14. 145 
15. 149 
16. 140 

mean 146 .. 

• 
Table 9. Apo B Levels Calculated in 16 Aliquots 

of a Control Serum dur; ng the same Assay. 
The within-run Coefficient of Variation 
was 4%. 



n Apo B • 

~ 
(mg/~Z) 

-

L 144 ) 
"i. \ 2. 147 

\ 

\ 
3. 140 1fJ 

.. 4. 145 
\ 5 .• 146 

\ 6. 140 
7. 141 
8. 148 
9. 144 

r 

10. 142 
Il. 1'46 
12. 143 
13. 147 
14. 147 

, 

mean 144 

Table 10. A~o B Level s Detenni ned in a Control 
Serum in 14 Separate Assays. The 
Between-run Coefficient of Variation 
was 3% . 
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no. 

1.-

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

,10. 

11. 

12. 

mean 

Table 11. 

~-~- ~ ~-~-~------._--------,-., ... , 

1.006 bottom serum INA serum RIO 

f 
162 213 156 

165 201 141 

158 165 131 

88 103 70 

125 ].50 , 104 

125 129 95 

114 100 76 

142 146 98 

105 176 88 

118 IBO 86 

131 ' 163 113 

121 198 134 

130 156 108 

Individual and mean values for a!' B 
(mg/dl) in 12 Sampl es measured by INA 
and RIO methods. 
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Table 20. CompariSon of Total apo B Levels (mg/al) ( 
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Table 21.Apoprot~in B (mgjcl!1f in the d 1.02" cl L006, 
and d 1.006-1.02 ser~m fractions determined 
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Table 22. Values for apo B (mg/dl) measured by RIO assay 
in fractionated and unfractionated serum. 
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Table 23. Individual and mean values for apo B (mg/dl.) in 
the 1.006 bottom serum fraction (RIO) and IOL 
(chemical) fraction. The combined value is lower ' 
than the estimate by INA of the 1.006 bottom serum 
fraction but the difference_is not significant. , 

/-

~, 



, .. 
• 

~ 

Q 

no • 1.02 bottom IDl total 1. 006 bottom 
... " 

1. 131 6 137 135 
• 

2. 84 5 89 94 

3. 124 5 129 151 

4r 91 2 93 88 

5. 124 8 132 127 
<> 

" 6. 146 8 152 160 

7. 122 6 128 138 0 
1> 

8. 93 3 96 91 " 
4'i 

9. 121 4 125 121 

10. 110 5 115 117 a. 

11. 131 4 135 135 
-

12. 133 7 140 -152 

13~ 90 5 95 112 
<) 

me an 115 + 50.3 = 120.3 vs 125 

r 

Table 24. Individual and mean values for apo B (mg/dL) in 
the 1.02 bottom serum fractiqn and IOl. The 
combined value is-not significantly different 
from the 1.006 bottom serum estimate . 
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Table 25. °Comparison of indivjdual and mean values for 
total serum apo B (mg/dl) by combined and 
whole serum estimates. 
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Table 26. Comparison of individual and mean values for \, 
.' total 'serum apo B (mg/dl) by combined 1.006 , '\ 

bottom and 1.006 top al1d whole serum estimaeeS\~ 
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Table 27. Comparison of individual and mean VLOL apo B 
and Serum triglyceride revels. 
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Table 28. light scattering of VLDL (25~) 
and LOL (25~) blanks. 
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Table 29. Comparison of expected and observed apo 8 values 
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the 1.02 ottom serum samples ~ 

c 

. 
". 

: 
..e-

(' ~ 

\) 

QI ... " ... 

-' 1 ~ 
" \ 

, ; ~ 

U 
" " 

'" cJ ' 

, . . , . K~{~"~~""'~ .• "~ .. U:~.L;:;·,, .. ~ .• hA..t~ .. , _.J ."} •••... , •••. ~: ._Ji"' .... ~ ,." "- "' . 



,,,,., -- . \ , 

(. 
"t "\ 

, 1. 

. \ 

j . 
1 

1 
i 

. . ~ 

no. 

, f 

, 

~ 

1. 
2 • 

. ~. 
4. 
5., 

6 • 
" ~ 7. 

8. , 

9; 
10. 
11. 
12. 

. 13. 

mean 

Table 30. 

1 

, 

---, 

: 

~, , 

1~02 bottom 1.Q2 bottom 
+ LOL 

e:r:pected 

68 79.5 
44 55.5 
60 71.5 
45 56.5 

/ 90 101.5 . 
75 â6.5. 

63 74.5 
,41 52.5 

67 78.5 
". 

53 64.5 
• 

66 77.5 
80 91.5 

50 61.5 
~ 

62 73.5 

1.02 bottom 
+ LOL 

obs'e:rved 

80 
-: 51 

71 
57 

104 
79' 

70 . ' 

51 
79 

trcl!F' 65 
• 69 

88 
59 

i
ll .. 

Compar::,i son of expected and observed 1 apo B values , 
(mtJ/dl.) with the addition of LOL (11.5 mg/dl) ta "--~-,. 
the 1.02 bottom serum samples. 
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1. A primary characteristic'~f a particle with regard ta its light 
scattering properties, is the ratio of its size to its wavelength of 
illumination, À. For small particles with a diameter (d) < 0.1, the 
angular distribution of'scattered light is syrnmetrical about the 90° 
axis, and forward scatter is equal to backward scatter. The scatter­
ing exhibited by particles of this size is known as Rayleigh scatter­
ing. ~lbumin (d/À=0.02), HDL (d/À=O.03), LDL (d/À=O.06), and IgG 
(d/À=O.07), are examples of this pattern of scattering. As the part­
icle size increases relative to the wavelength of illumination, the 

. intensity of light in the forward direction in~reases over that scat­
tered in the backward direction, making the ,diss)~etry ratio (inten­
sity of forward light 'scatter/intensity of backward light scatter) 
greater than unity. This form of scattering where d ~ À is known 
as Rayl ei gh-Debye. ~1any of the sma 11 aggrega tes formed as a resul t 
of immunological reactions are typical examples. Mie scattering 
occurs ~hen d > À; for such large ~articles, Most of the scattered, 
light is concentrated within a narrow angular region in the for­
ward direction. Bacteria, blood cells, dust particles and immuno­
complexes fonned with lipoprotein particles are representative of \ 
particles whose d > À. I~ mie scattering, the potential interfer­
ing effects of small particles such as Rayleigh scatterers is in­
creased because the particles May reach a point of observation in 
phase and add, producing an, intensity maximum, or out of phase and 
cancel (either partially or completely), producing an intensity . 

. minimum. (For a more complete discussion, please refer to ref-
erence 135). " . 

! 

2. The instrument is equipped with a sensitivity setting which is used 
to increase or decrease the electronic signal of the photom~ltiplier 
tube. For any given s'epsjtiv;ty settimg, the maximum number of RLS 

, uni ts dis P l ayed i s 200 (see reference 137). 

3. Henceforth, the LFS-LDL standards were used for all apo B determin­
ations made-by INA. 
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