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- ABSTRACT
The technique of 1'mmunonephe'1ometry was evaluated
for the quantitation of serum apoprotein B. The Tight
scattering characteristics of low density lipoprotein
apoprotein B and anti-low density Tipoprotein antibo;ﬁes
were evaluated, and appropriate working conditions for
the immunoassay are described. Performance character-
istics including, specificity, sensitivity, and intra-
and interassay variability were assessed, and found to
satisfactory for apoprotein B measurement. Parameters
éffecting the accuracy and sensitivity of the assay, such
as the selection of a primary standard, are discussed.
The quantitation of apoprotein B was optimized by the
addition of lipoprotein-free serum to the Tow density
lipoprotein standards. Under j:hese conditions, the
:e:stimates of apoprotein B in the density >1.020 grams/
‘ml serum fraction by immunonephelometric and radial
immunodiffusion methods agréd quite well.: The values
found in whole serum by immunonephelometry were sigm’f--
icantly higher than those found by the same method in

fractionated serum, and by the reference method in -whole
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Résumé I

L'efficacité des techn‘iéues immunonéphé&lométriques face a la quant- K
ification de 1'apoprotéine B du sérum a été évaluée. Les propriétés de
dispersion de Tumigre des Tipoproteins 1égeres (LDL), de 1'apoprotéine B
et de T1'anticorps aux lipoprotéines LOL ont 6&t& esfimées, et 1les conditions’
nécessaires au bon fonctionnement du immuno-titrage sont décrites. Les
caracteristiques de fonctionnement teIHes gue la spécificité, la sensibilité
et la variabilité entre les titrages et a 1'intérieur d'un meme titrage ont
éte déterminées et jugées adéqu/ates pour la quantification de 1'apoproté&ine
B. Les parametres pouvant influence la précision et la sensibilité 'du
titrage tels que 1a sélection du standard primaire-y sont discutés. La
quantification de 1'apoprotéine B a €té maximisée par 1'addition d'un sérum

dépourvee de lipoprotéines aux standard; des lipoprotéines LDL. Dans de

*

- telles conditions les calculs pour 1'apdprotéine B du sérum faisant partie

de la fraction de densité >1,020 grammes par millilitres obtenus tant par

-

les techniques immunonéph&lométriques qué:'par la méthodes -d'immunodiffusion

radicale corespondaient ayantageusement. Des valeurs obtenues par 1'immuno

néphélométrie celles du sérum enrtier 8taient plus élevées que celles du
sérum fractionné (de facon significative). De plus en'ce qui a trait au
sérl;m entil, la -technique immunonéphélométrique fourn{e des valeurs plus
élevées (de facon significative) que la méthode de référence. Les facteurs

pouvant contribuer a ces diffi€rences ont été déterminés et so/nt préséntés.

& N /
J

PR




ORI e R

)

‘ ACKﬁONLEDGEMENTS h s

) _
A pro,jegt suéh as this one, is always greatly in- ‘
fluenced by the individuals mbs_t closely 7involved. It
is a pleasure to gratefully écknowledge the special con-
tribution of three \[1'rid1'v1'”dua]s. |

Fir;st1y, I am ‘;/ery grateful to Dr. Allan Sniderman

for giving me the opportunity to conduct this research.

As a supervisor, Dr. Sniderman was stimulating, encour-

aging and very supportive. Dr. Sniderman first intro-
duced me to the subject of Tlipoprotein physiology in

1975, and since that time, he has had a major influence *

.over the shape and direction of my career. [ sincerely

appreciate all his kind deeds. -
Secondly, I am indebted to Babie Teng, for teaching

me the technical skills uses for Tipoprotein analysis,

and applied throughout this research. i’l\s Teng also

performed some of the RID measurements and lipid analyses,

She .was a constant source of inspiration and a pleasure

to work with. Her high standards no doubt.improved the

quality of this work.
Thirdly, I would like to extend my thanks to Dr.

_ Nobby Gﬂmore,'for his numerous he'lpfu]h suggesfions,

particularly during the early stages of the project.

#




R I

: ‘ - Notice '
& :

8 . ‘ . - -

:;5‘ H

bo® h The experiments described in this thesis were eonducted

} /

k o : .

i between 1979-1981. Many of the findings report’é(i were still

A b’

: relatively original at the time. Only a portion of the lab-

oratory work aétually. conducted by the author is presented

in this report.

T sk




M

Rt sl

e hd -

TABLE OF CONTENTS .
LN

J,/ Part One -.Introduction ...,..eeeiiieeeiineeeneiiieseasiicnacesianns 1
Part THo - Review Of the LIteratule - e.eeeeeeenseennenresnsnneseesnnns 5
I, AP%perties of apo B and the apo B Lipoproteins ......vvvvvnn.. 6
I1. Immunological Quantitation’ of Serum apo B Concentrations ..... 9
ITI. Serum apo B Levels in Health and Disease ............cvvvuenen 15
IV. Principles of Nephelometry and Immun%nephe]ometri’c Assay ..... 21
V. Quantitation of Serum apo B by INA ...iiieiiiiiiiiiiiiinnnnn, 25
Part Three - Experimental ......... . e P R R TP P PR 30
I: Introduction .o.ovivveeeiileneennnnnn.  eeeeeeee e ieeaaaaa, 31
11, éener‘a1 Procedures ... iiiii e ettt ittt ataie e 33.
) v 1. Laboratqrwethods e 33
2.  SPECTMENS 4uuirirenenresnoesesonossssasanssssossssesonnnse, 39
) 3. Instrumentatic;n .......................................... 39
i 4. Analysis of Data v.veveieneenrn... v ST 39

I11. Characterization of the Precipitan Curve for LDL apo B -
) Anti-LDL ot e e 40
IV. Time Course of LDL apo B - Anti-LDL Immunoreactivity ......... 49
V Performance Chara:teri stics veenninnn ..... erieseettirenoens 53
) 1. Spéciﬁ'city ...... T ittt e atiaieanatte ettt e 53
2. Sensitivity civveeeeiineeanniiinns M eirsessiicanaciesreenas 53
i 3. PreCiSTon tuiiiiiieriaiineeariiicecettsesetieresasasenonnns 54
7 4. Quality Control ..eeeiiieeeriinoceanesanessrsoonssssnansss 55
VI. Quantitation of Serum apoB by INA - Part I .................. 56




VII. Quantitation of Serum apo B Levels by INA - Part II ........... 64
VIII. Comparison of VLDL and LDL Light Scattering Characteristics ... 80

poavh)

] o IX. Reduction of Non-specific Light Sc‘ta\tt"ering of VLDL
by Detergents «.eeierieneiirienreriireaciernetatianennnirannnns 86
Part Four - GeneraTJDiscussion ............................ Cevesireene .. 95
; ~ Part Five - Summa\:'y of The Major Findings ....ocvevrininniiinniiiaeaen, 106
r lsart Six - Conclusions and Recommendations for Further Stud} ......... .. 109

- Appendix I - Tables

Appendix II - Figures
Appendix III - Endnotes
“ Bibliography ‘ * 1

e e ey et e AR, T R VT P B




B EIGETGID  n amrgy — " |
. Ad Tr I, = (e e ’ ‘
) , © o g -
! ' u r |
a ’ >~ o | " ’ ‘
+ ¢ ; ' ’ ’
[ ‘o K4 a ) ’ ' ’ ' I >
v ° ’
o n [ : ’ ) | :
. P D |
- u
\ o
il e " ‘
°
. " . o
» e a |
, - o ’ i
12 J |
r, o | |
| ]
| . v 7 ¢
v p
Q - ’ * ° ’ )
’. q u . \
14
B .
| ‘ . . . -
; | | | |
. . ‘ " 4 ‘ |
| | | o . o
| .
[ " - ‘ “ - |
’ .
B ¢
- . ¢
Al 1 | |
B 1 l‘é
o
o - ‘ |
s . v
' s
o v '
. J :
~ ’ ' ! S B
c i .7 |
| .
— , v |
> - ’ ’ h
7" N
B ) ) |
| ; - © !
| ' ) . o 5° B
* . |
. Ll - i ’ ’ | 0
- | |
il ’ a - *o ° . ’ ’ ! ) )
| ¢
' ’ ’ u L
. o ° N | |
* ) ‘
r )
. ( 7 p |
« J ' a ' u 0
- o - 3 . v n . i ‘ > ’ ’
h ) . ,
- ’ u
"
o
.y - ‘ I )
o : :
1 ¥
el -7 "
o N u 5 U
N ’ - : g | n “ |
B ’ L
. ( : | |
M % @ b )
.o ro ° - - ¥ ) ’
| . o ]
o | |
D | i . .
. . © o o ’ r
| ‘ - r o o '
- ) ) 0
i s - . v o o ‘ ) o a
) 5
.. § ) o
’ - * ’ b J D v | |
& e ] C J - fa
¢ u 0
4 ‘ - | |
e .
ﬂ B
GP | ’ ' l , H -
£3 a ° [ : o p
4 v D
R PART ONE Q
. .
. N !
“ a
- ' ] : 0 |
. : | |
9 y | q
L , - INTRODUCTION h .
, . 2o - - ’
2 » Y ’
:
l .
K
L7 Y ° ¥
. | |
| l . c o .
a d | o )
D 3 - i V ‘ 1
g |
) .
| , R o v '
v < ° ’
. —_ n a |
. :
.
| . o o “
a D 0
4 o
- ) © v o ’ ‘ N :
. , ) . . ¢
* ! ‘ ’ ) u
. . .
n | N o 0 ’
. / : ’l
of ¢ ‘
o
| B y . . )
2 . * ’ ‘ o 1
n s
E o i
. ‘ d | | |
‘ o
B
* “ ° '
- ) o
.
0 ¢ h
o
| . ’ ) u - —
. ° o —
N g ~ ¢ u
€ ' - | | |
I3 ¥ ° ’
o
o
2 * ’ ) ’)
a p ’ )
+ : l
o ) -
. B ‘ |
1
)
s h
-, ‘ Cow ’ 0 n
LI '
1 4 ‘ ’
. %
"
I i ‘ v |
,
.
- - a “
- « g
- * "
. | t |
- o °
- - ’ I ‘ O
. v’ o u ? ’
h .
‘/ ] .
¢ r n
.0 B
. » @ ~



e S i
<
IS

AEale Nl
°
§ %+
P
© o
s

San el
Q

el
<

o, G E

e
o
°

Lo s i
B <
2]

acy

. e b

_atively small number of samp’]es (10-13).

ofumeasurmg plasma apoprotems have become avaﬂab]e (14 33).

apoprofgﬁm composition ( table 1)

o o ¢

?

»  Lipids form a major component of human plasma, Because of their in-
‘solubﬂity in water and most biological, fluids, plesma lipids do not cir-

‘tulate in their free form. Rather, these substances are transported in

u
g

¥

the Fform of fipid-proteig cgmplexés called lipoproteins (1-7). These
water- so]ufﬂe, macromolecular compiéxes are ‘combosedu,;of vam‘ous kinds of
hp1d$, ch1ef1y triglyceride and’ cho]estero] and one or more proteins
called apohpoprotm ns or s1mp1y apop?otems (8 9). The plasma lipo-
proteins were initi aHy mgr;e mte,nswe1y stud1edu in terms of their'h'pid

than protein moieties, because at the time, 'the availabie methodology for

. protein analysis" was cumbersome, time consuming and apph'c“able to a rel-,

) Recent]y, smfp1er assays capable

¥ 8

With the

advent of spec1f1c 1mmunoassays for‘ detectmg and quant1 fying ap}oprotems,
] &
the phys1o]og1ca1 roles of the 11poprote1 ns .in norma] and abnormal lipid

o

transport have become more Hquy elutidated (8,34-40). | "

-4

¢
0 ~ U

The 1p1q fr'ee protem Components of 11popro§§1ns are obtained by

‘ otreat1 ng intact 11poprote1ns with, orgamc solvents, detergents, or chao-

q E

trop'i»c agents. The- apoprotems are “usually c]ass1f1ed according to the
alphabetic (ABC etc.) nnomendq’cureﬁ sugge_sted by Maupovw (41:):; At the
present time, there, are sevegluw;e11fc}efﬁned apoprotein species ”d;s‘ignqated
apo A-1I, aE;) A:II,oapd B, apo C-I, apo C—IIU, apo C-1II and-apo E. The
apoproteins are widéTy d;istr{buteg ctahrougrbout the entire Ljpo;;i*otefn'
spectrum a]tﬂhoug'}h each class of lipoproteins has a more orfjaess typical

Apoproteins play critical roles ine

w " , u“ - @
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maintaining the structural integrity of lipoprotein particles, as well as
contain%ng the reactive groups_required for interaction with enzymes And
cé11u1ar receptors. These proteins therefore confer specificity to Tipo-
protein particles and, 12 effect, direct their metabolic fate hifhin the
circulation. In this regard, specific biological roles for somé apo-

proteins have been established (8). o

o
Q

Interest 1n‘p1asma.}ipoproteins stems from their physiological roles
in normal 1ipid transport and their pathopﬁysica] roles in disorders of
lipid transport, particularly atherosclerosis (1-2,40,42). %ge most ob-
vious’impoftant function of lipoproteins is to transport triglyceride ahd
cholesterol through p]gsma i} a stable, colloidal form, Eleyation of
total p]ﬁsma cholestero] and the maj&r cho]esfero],carrying°1iéopr6tein,
‘1ow density 1ip9protein (LBL),are associated with an increased risk for
coronary artery disease (44-45)., “The clearest example of the causal re-.
lationship between cholesterol and lipoproteins in the’pathogenesis of
.atherosclerosis is'found in the hereditary lipoprotein disorder familial
hypercholesterolemia (FH), where the levels of LDL cholesterol are aboVe.
the 95th percentile for the population (46-47, 62). Aside from 1?ese
cases, the concentration of total plasma and LDL cho]estero]‘o&er1ap con-
siderably in persans with and withéut coronary artery‘d{segse. dIn fact,
it is now recognized, that many individuals with documentéd coronary
atherosclerosis have p]asmaacho1estero1 levels within ‘the normal range
and by fiducial norms, are normocholesterolemic (48-49). The disease in

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

-~ A}

—
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the measurements of plasma %poprotein levels (49-56), particularly those
associated with LDL (49, Sé). Recent studies (49-56) have shown that many
coronary patients with normal plasma and LDL cholesterol Tevels have el-
evated levels of LDL apo B - a Tipoprotéin pattern called hyperapobeta-
lipoproteinemia by Sniderman (49). The data also indicated that the dis-
order is frequent among coronary patients and it ds becqming recognized
8

that plasma apo B rather than lipid levels are the more sensitive param-

eters for sepafating coronary from noncoronary patients (49-56).

The newly recognized association between p1asma apo B. concentrations
and corona;y artery d1sease is expected to 1ead to an enormous interest
in quantitating apo B ]eve]s, pa%t1cu1ar1y for c1}n1ca1 and epidemjolog-
ical purposes. Immunoassays with a capacity to handle a large volume of
samples will be required to facilitate these measurements. Because of
its teéhnica] simplicity, use of simple, stable reagents, capacity for

automation and other features, immunonephelometric assay (INA) appears

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

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

purpose, The aim of the present investigation therefore, was to evaluate -

INA as a method for the quantitation of serum apo B levels, particular]y6

for its use in this laboratory.
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I. Properties of apo B and the apo B Lipoproteins

X
1
w7,

)

Apo B is present in serum combined with Tipids in the form of lipo-
proteins. The serum Tlipoproteins constitute a heterogeneous group of
macromolecular comﬁ]exes wjth varying physical properties and.chemical
compositions. Based on their flotation rates in salt solutions (hydrated
density), the plasma lipoproteins are usually separated into four or five
distinct classes called chylomicrons, very low density 1jpoproteins (VLDL),
1gtennediate density lipoproteins (IDL), LDL, and high density lipoproteins
(HDL). Apo B is an obligatory structural component of chylomicrons, VLDL,

' IDL, and LDL, coﬁbrising respective]y,i?bproximate1y 20%, 40%, 60% and 90%
of the total protein mass of these pa;gig1es (table 1). It is pot a normal
— ( é

The physiochemical characteristicé of apo B are still incompletely

constituent of HDL.

~

undefstood owing to technical difficulties involving dissociation and sol-
ubilization of the protein. Nevertheless, evidence for apo B héterogenéity 3

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

serum (60). One series-of proteins found in human plasma LDL, is repre-
“sented by species of molecular weight 549,000 (B-100), 407,000 (B-74), and
126,000 (B-26) daltons (60). Based on their size and amino acid composition,
the B-74 and B-26 subspecies appear derived from the predominant B-100 form. ,ﬁi ;
A distinct second type of apo B (B-48), that is a major component‘of chylo- \
microng, and which is not found in LDL, has a molecular weight of 265,000.

'This species is probably analogous to a 248,000 molecular weight protein
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elaborated 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 absence of the B-48 form and chylomicrons has recentTy
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 B-100 and B-48 protein peptides appear to share
common subunits as demonstrateﬂ 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 Eonstant and
independent of particle weight and 1ipid and protein constituents (8). 1In
contrast, the lipid components of these Tipoproteins are quite variable
(8). Apo B is evidently an obligatory structural component of chylomicrons
and VLDL, being necessary for the synthesis and secretion of these lipo-
protein species (61)..’To date, only thé absorptive muco;a1 cells of the
small intestine and the parenchymal cells (hepatocytes) of the liver have
been demonstrated to synthesize apo B (2?. Iheée organs, therefore, appear
to be the exclusive sources of nascent lipoproteins (1-2). In vivo,
chylomicrons, containg the B-48 prote}n, are metabolized to fJnn chylo-
micron 'remnants', which are then rapidly remoxed by the liver (167-168).
VLDL, containin% the B-100 protein, are released from the Tiver and metab-
olized to LDL through the metabolic.cascade that first~generates IDL (168-

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

structural component of triglyceride rich lipoprotein particles during

1

2
5
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catabolism. In normal subjects the turnover of apo B in VLDL, IDL énd LDL
are virtually identical, implying that 513 LDL originates in VLDL, and both
VLDL and IDL are quantitatively coﬁverted to LDL (168-169). The major
role of LDL involves the d;aivery of cholesterol to a numbér of extra-
hepatic cells 262). This function 1is accomplishéd“throughyuptake of intact
LDL particles by a receptor mediated pr;cess termedrthe LDL pathways(ﬁz).
Apo B seems critical to the receptor mediated uptake of LDL,.since ghemical
modification of its arginine or lysine residues aboTishes biﬁding and up-
take by both fibroblasts (63) and hepatocytes (64) in‘vitro. In normal
subjects, the serum level ‘of apo B is u]tiﬁaté1y determined by the balance
between three sequential, multistep processes invo1viqg; (1) production

of VLDL, (2) conversion of VLDL to LDL, and (3) clearance of LDL.

/
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II. Immunological Quantitation of Serum apo B Concentrations

Although proteins can be quantitated colorimetrically and gravimet-
rically, for routine clinical measurement immunoassay is the preferred

method. During th% last 10-12 years, many different immunological tech-

.. niques have been utilized for the development of immunoassays for specific

apoproteins. The concentration of apo B in plasma and serum has been most
often quantitated by (if radioimmunoassay ({RIA}, 14-20), (2) radial immuno-
diffusion (RID) assay (21-23, 67-68), (3) electroimmunoassay ({EIA}, 24-26,
69-72), (4) enzyme-linked immunosorbent assay ({ELISA}, 27-29, 76) and (5)
immunonephelometric assay ({INA}, 30-33, 57-58, 73-75). ‘
AN

Lees et al (22) in 1970 using Mancini's (171) RID technique, developed
one of the first quantitative immunoassays for plasma apo B. Several in-
vestigators, beginning with Curry et.al (25), subsequently used the rocket
1mmunoe1gc£robhoresis method of Laurell (77) to quantitate apo B by EIA.
The double-antibody RIA procedure was initially applied by Eaton and Kipnis
(78)° to quantitate beta-lipoprotein in the serum of rats. Subsequently,
RIA's for apo B in human serum were desc}ibed separately by Schonfelds (14),
Bautovitch (15) and Albers (17), in the mid 1970's. The ELISA technique has
been successfully developed for quantitating apo B, but this method has so
far received limited application (27-29). Newer assays for apo B, based on,
immunonephelometry, have been recently developed (30-33) ;s an extension of

earlier attempts to quantify protein§ by automated immunoprecipitan (AIP)

methods (79—84).r This method is becomming increasingly more popular, partic-

[y
LN
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ularly in the clinical setting (58). Commercial plates for use in RID -

|

are also available (85) and one manufacturer is curren%]y developing an

assay kit for INA (86).

«.
~

M
ey

Total serum apo B concentration is the sum of the apo B present in
!

@

Yo
the individual lipoprotein subfractions including chylomicrons, VLDL, IDL

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

+

. . vt
to the measurement is removed, sjnce, these particles are normally absent

from serum after a 12-14 hour fast (87). Experiﬁents comparing apo B ‘}1

¥

concentrations before and after a fdtty meal, howevgg?whave shown only a \\*\\\\\%
negligible difference in\apo nge¢e1s in fasting and non-fasting serum |

(20, 33). The large size of these particles interferes with the perform-
W\

ance 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-

cipitation (89). 'The content of apo B can then be determined by. immuno-
assay or colorimetrically (95) after preliminary extraction of ihsoluble
p}oti7ﬁ by tetramethylurea (TMU) (90) orﬁisopropanol (QIZQZ). One asséy

has been developed to selectively measure LDL apo B in whole serum.

(21) -
/
Recent data (67) suggests that this ass%# may be more sensitive to serum
VL%L_than shown originally by the authors.
/

Most assays jutilize a narrow band of LDL (d=1.020-1.050) for prepar- |

ing the LDL apo B assay standards and for the raising of anti-LDL anti- )

Ny

sty e
’




(“ i serum.h LDL in this density range ‘consists -almost exclusively of apo B,
with only trace amounts of apo A and apo C (93-94). Thesi/trace\ggiﬁ-
tities are insuff{cient ?P generaté significant 1eve]s of antibody under
the existing experimental conditions (93). With the exception of RIA, most
methods use intact rather than delipidated LDL particles for preparation
of the standards. The protein concenfration in LDL s estimated color- o’
imetrically, by the method of Lowry et al (95), usjng bovine serﬁﬁ albumin
(BSA) as the protein standérd. Some workers use a Ehromogenic correction
factor (0.77 in 14, 16, 22, 29; 0.82 in 17; and 0.90 in Zé‘and 93), to

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

\\\ sent time, there is no international standard for LDL apo B, and therefore
\\ ’
universally recognized reference value exists for the purpose of stand-

ardization of methods. Differences in the preparation of LDL standards and

standardization procedures, is expected to result in some variation, perhaps

in the stapdards and samples (77, 97). The quantitation of apo B in

erally used-as the primary standard for the quantitation of apo B in
L

whole serum and isolated lipoprotein fractions, eg.,‘VLDL and LBE.\‘Because

‘ N
of differences in the physical properties of the vario sﬁc]asseS\?f apo

.y s “ )
. b v
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B Tipoprotein it is feasiblé that the immunoreactivity of LDL and VLDL,
for example, may not be 1dentica1. If these differences in lipopratein .
immunoreactivity were quantitatively significant, then the measurement )

of apo B by certain 1mmuno]ogicaf methods could be potentially unreliable.

J

EL S

\

N

" The measurement of VLDL apo B levels both in isolated lipoprotein

fractions and in whole‘serum, have been problematic for some.immunoassays

‘(17, 20). The quantitation of apo B in VLDL by cﬁemical methods, for

example, colorimetry and gravimetry after extraction of insoluble protein

~ by TMU or isopropanolol, has been shown to produce similar results (90-94),

These chemiga]wmethods may thén be used for the evaluation of immhno]ogical
techniques. Calvert et al (98), measured VLOL apo B by EIA and RIA and com-
pared the va]ges found by the immunoassays to those found by éhemica] ex-
traction with TMU. The values found by the EIA and TMU metﬁbds were very
similar, whereas the yield by RIA c¢ompared to TMU was about 50% Tower.
A]bbr; ef,al %17), also found the RID and RIA estimates of d<1.006 g/ml apo
B to be nearly 50% Tess than the TMU estimate. Curry et ai (25), on the i

other hand, found the EIA, RIA and RID methods to compare well with the

‘gravimetric determindtion of apo B in the d<1.019 lipoprotein fraction in

normolipemic serum. In hypertriglyceridemic serum, where the content‘of
apo é in this fraction is 1nc;;ased, the estimation of apo B by the RIA and
RID methods were nearly 50% lower than EIA, which still compared well with
the gravimetric e;timate. Franchisini (99),1foupd slightly higher Tevels
of VLdLvapo B by EIA compared to‘the TMU method. Taken toge;per, these ex-

per{Eents show that the sensitivities 'of some assays for apo B in VLDL may

U

ES
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quite different.

Recent evidence has shown that the quantitative differences in VLDL
apo B m}y be related to differences.in the: immunoreactivity of”1ipop;otein
pariicles. Schonfeld (100), found differences to exist in the 1mmﬁno—
reactivity of VLDL before and after in vitro lipolysis. " In these exper-
iments, the immunoreactivity of VLDL was assessed by RIA and by observing
the interaction of VLDL with LDL receptor§°ih cell culture. The hydrolysis
of VLDL Tipid was accompanied by increases in the cell reactivity and
immunoreactivity of these particles. These changes were postu]ateq to
result from exposure of apo B éntigenic sites on the surface of the par-
ticles, that were unmasked fb]1owing the removal of lipid. Patton et al-
(101), however found the opposite effect, namely a Toss of immunoreactivity
of VLDL treated by Tipases. Deckiebaum (102-103), described a procedure
for the in vitro production of LDL-Tike particles from VLDL using Tipase

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

: /\
~of VLDL, IDL and LDL apo B in a modified EIA. Before assay, the isolated /

Tipoprotein particles were subjected to 1n3vitro‘1%po1ysis. Treatment oﬁ/
VLDL and IDL particles resulted in a 100% yield in the apo B content quan-
titated by immunoassay compared to protein' determined by’TMU extraction
procgdures. In contrast, LDL apo B values were not gignificantly changed
by the enzyme treatment. These findings indicate that the quantitation

of f}iglyceride 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 protein present. Curry et al (25)

have suggested that the EIA method most ¢losely approaches this ideal at

the present time.

— o
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III. Serum apo B Levels in Health and Disease o

Tables 2 and 3 compare the mean levels of apo B measured in ﬁeéﬂthy;”

popu]at1ons of adult men and women by various 1mmuno1og1ca] methods. The

range of mean values is wide, varying between 70 and 130 mg/d1, a1though y

°

‘most of the means fall between 80 and 120 mg/d1. The standard deviations

of most means is of the order of 15- 30 mg/d1 of apo B. Tdﬁa]rserum apo
B levels tend to be skewed to the r1ght as is the, d1str1but1on of total

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

In general,
for those samples measured by RIA and RID, and higher for those measurgd
by EiA and INA methods. At the present time, there’aré ﬁo uniVersally
accepted population norms for apo B analogous to those estab11shed by the
LRC program for serum lipids. The sometimes wide var1at1on in apo B.
Tevels as found by different methods, makes the 1nterassay comparison of

values more difficult. In lieu of an internationally acééptgd standard

for LDL apo B, the relation between apo B values méasured“by)thg same
method “in different laboratogies, and by différgnt methods in the éamen u
anq,df$ferent laboratories, must be established for thq§e‘comparfépns to
b; meaningful. n
ly establ{shed: Factors contributing to the interassay va?igtiopajn apou
"B values include differences related to the p?éparatibh of standatd%," .
‘and standardwzat1on procedures, d1fferences in the sens1t1v1t1es of the

: methods for quant1tat1ng apo B in the various 11poprote1n fractfons hnd

differences related to the character1st1cs of the popu1at1pps stud1eq . ?’

(see below). B . BRE L

In not all instances have these relationships been @Tear;r

o
2

¢ o
[
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‘n.h Table 4 shows the, distribution of apo, B among the various classes

b

of serum“11poproté1ns in normo]1pem1c serum. Most of the apo B is con- .

fined to-the LDL (d=1. 020 1.063 gm/ml) 1ipoprotein fraction, averaging

about 90% of the tota} amount for the data considered in table 4. LDL

’

o

. apo B is highly correlated with serum and LDL cholesterol (14-15).

d<1.020 'gm#m1 fraction accounts for between 5 and 15% of the,total, with

; most of this being present in VLDL. As mentioned earlier, the apo B in

oqgh;sofrqction tends’ to be underestimated by some methods. A few studies
(15, 24-25), have shown a small amount, of apo B 1in fhe HDL dengity %fact—“

jons  This prﬁﬁab1y represents LDL with a higher than average density,

and emphagkzes the hetegpgeneity of the density distribution of these

particles QlSlff

o
L. 3

(b D ('7
Most studies report slightly higher levels of total and LDL ‘apo B

in males than females; the differences usually amounting to between 5

so’

and 15‘mngloof apo B (17, 19, 24, 57{_73, 105). Some studies have found

no differencesv(L06) whj]e others (17, 73), have found sTightly higher
Tevels in women part1cu1ar1y when comparisons involve the later decades,/

of Tife. Apo B 1eveﬁs are hxgher in older than younger subjects (105-

‘IOé), sém; noting a .corfftinuous age related increase (17, 105),
a peékbiq the 5th or 6t; decade followed by a decline thereafter (73).
' @lbéig et al (1%),°for example, found a 10 mg/d1 difference betweeh sub~
oseéts in the 3rd and 7th decades, while Avogaro (105), found a difference
of 20+mg/d1 in a’similar comparison. These comparisons are derived from

¢toss sectional measurements, and longitudinal changes are less clear.

Apo B in

and others, &

o £




-17- PR

%

Apo B levels are Tow in the newborq child (20-30 mg/d]), but increase o
dramatically in the first week of Tife with the initiation of oral milk
feedings (108-112). By the end of the first month of life, apo B Jevels
are already 70-80% of compa;ative adult values (109-111), Further in-
creases during the first year of life are small. One study (112) following
apo B levels longitudinally, found no differences between the values .
measured at six months, and oné‘and two years of life. The composition
of the neonatal diet has been shown to influence the initial increase

in apo B Tevels (111). Several studies have recently evaluated the use

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

A Tipoprotein pattern resembling that of hyperapobetalippprbteingmia . a

-

has been described in infancy (58). Studies of apo B levels in children

. Sy L)
and teenagers are still very scant (1155% .
| . °
. ”»

The composition of the diet has been shown to have major effects N

' o . 4
. on the serum Tevels of apo B, Vegetarians have lower levels.of apo B,

1]

cholesterol and triglyceride, compared to inqividuaTS/consuming a more -
‘%ypica] North American diet (116). Substituting a vegetarian diet in a
non-vegetarﬁan, results in a lowering of LDL apo B and cholesterol levels.

-

These changes are reVersib]e when the ad 1ib diets are resumed (117-119).

Ingestion of diets high in %ofgl'faﬁ‘(IZO), and cholesterol (120-122), or
Tow in the ratio of éolyunsafurated to saturated fats (120-122) are®ac-
companied by increases in the levels of LDL apo B and cholesterol. The
conversq_dietarx changes produces the opposite effects (117-120). The

effects of diet on the levels of LDL may have important imp]icétions for

)
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the prevention of coronary artery disease (1¥7). : ~

- The effects of other parameters commonly associatéd with daily -9
11VJng, for example, tobacco and alcohol consumpt1on, eéerc1se and
drug 1ngest1on on the 1evels of apo B, are still ]arge]y unexplored.
One study (125), recently reported a 7% higher Tlevel of apo B in smokers
than non-smokers. The effects of a]coho& consumption in individuals un-
affected by liver disease are unclear. - Both higher (123), and Tower

(124), levels of apo B have been reported in a]coho]1cs compared to con-
trols. l The effects of moderate alcohol consumpt1onoare not known. Both
. acute (126), and chronic (127), exercise were not associated with any

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

* parameter., The effects of estrogen-progesterone containing oral contra-

3
ceptives on serum apo B levels has also produced conflicting findings. - = %@”*

One study (128),“showed Tower levels of apo 8 in users of oral contra-

ceptives compared to controls,”while a second (129), showed significant-, g

ly higher levels in users compared to” former users and non-users. In

the second study, the increase in LDL apo B‘was not accombanied«by an

increase in LDL cholesterol indicating a relative enrichment of -LDL by
apo B reminiscent of hyperapobetalipoproteinemia (49). Apo B leyels
have also found to fluctuate in women during the menstrual cycle (130).
The effects of various physiological and drug related factors on the

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

to establish these relationships. o ©
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The levels of apoﬁB are elevated in a number of disordérs of lipo-

protein metabolism. The highest 1e9e]s.of apo*B are found in the homo-

zygous. form of familial hypercho]estero]%mia (FH) , where values in the
200-300 mg/d1 range have been reported (1§Q.' This disease is due to

a deficiency Br“Qefective function of LDL receptors, and is characterized
biochemically by g;osé elevations in serum and LDL cho]esterg], enrich-.
ment of LDL particles by cholesterol, an an increase in the LDL cholesterol
to apo\§ (C/B) ratio (46-47). The levels of apo B are somewhat less elev-
ated, in the heterozygous form of FH (15), and in type IIb, hyperlipoprotein-
emia (15, 24).‘5Thg elevation of apo B is mére,variable in type IV hyper-

Tipoproteinemia (endogenous hypertriglyceridemia) where VLDL are 1ncréaséd

(14, 17, 24, 55). In this disorder, the apo B in VLDL may account for

20-50% of the total in moderate to severe hypertriglyceridemia. In some

individuals with this disorder, LDL is also elevated, and these individ-
uals may be mare prone to atherosclerosis (55). Total apo B levels are
increased 13 type III hyper]ipoproteinemga (famiTial dysbetalipoprotein- "
emia) owing to an increase in IDL (24-25). Several years ago, it was
suggeéted tpat the cholesterol and protein content of LDL may vary in-
dependenf]y of one another (22). A numbér of studies have now shown

that &po B levels are increased in a significant number éf patients

with coronary artery disease (49-56), characterizing partiku]ar]y,

a subset of coronary patients with normal plasma and LDL cholesterol

levels (49?.’ In\hyperapobetal1popgote1nem1a (49), LDL are enriched in

apo B and the LDL C/B ratio is decreased. In most studies , apo B -

has discriminated the coronary from the non-coronary patients better

b
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thah most other parameters tested, and therefore apoprotein B appears
to'be'an important new risk marker for atherosclerosis. Apo B Tevels
are commonly elevated in poorly controllad diabetics, usually in pro-

portion to the degree of hyperlipemia (131-132). Improvement in dia-

* betit control is assbciated with a Towering of apo B levels (131-132).

" Various disorders of liver function including fatty liver, alcoholic

hepatitis, acute infectious hepatitis and Hepatoce]1u1ar carcinoma

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

"also increased in-patients with the nephrotic syndrome (134). The A

1p(a) Tipoprotein (65), which also contains apo B, is found in the HBL

A d

density range and only rarely contributes significantly to total serum
!

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

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

rare autosomal recessive disorder abetalipoproteinemia (61).

-3
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V. Principles of Nephelometry and Immunonephelometric Assay

Nephelometry is defined as a method of detecting 1ight energy scatter-
ed or reflected toward a detector which is not in the direct path of the
transmitted 1ight (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 Tight scatter can be
utilized for the detection of antigens and antibodies. Both qualitative

(presence or absence) and quantitative (concentration) determinations can -

' be made. . |

The technique of Tlaser nephelometry is based on the principle that
a monospecific antiserum reacts to form immune complexes with a specific.
antigen (135). The formation of immunocomplexes in this system is meas-
ured by passing a collimated monochromatic beam of light through a sol-
utioq containing the reactants. Antigen-antibody complexes in solution
scatter light and the intensity of Tight scatter is measured by a photo-
detector (135). The output signal from the photodetector, corresponding
to a change in voltage, is displayed as relative .1ight scattering units
(RLS) by the %nstrument (136-137).  The intensity of light scatter is a 5
function of both the number and size of the solute parfic]es in solution,
the wave]engtﬁ of the incident Tight and other factors. These relations
are defined by the equation (138):

C=Ff-N.n-d2,

where C is the intpnsity of scattered light, N is the number of small

'3 b
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scattering qufic]es with a diameter d,and f is a factor of proportion-
ality for thévﬁixedrconditions of the nephelometer. For mie® scatters
such as immune complexes, the re]a}ion between the size of the particle
and the intensity of 1ight scattering is more complex (135). Because

the scatter intensity of such particles increases considerably in the
direction of the axis of the incide;E light, differences in intensity

as a consequence of differences in particle size are even more pronounced
for measurement at low angle (135). For hyper]ipoproteingnic serum samp-
les, additional effects. caused by non-specific light scattering must also
be taken into account (139). However, in the design of these instruments,
the 0pt1ma1nangle for: measuring light scatter produced by the antigen-
antibody éomp]exes has been determined and incorporated]to maximize the
effect of fgrward light scatter for the reactions and to selectively min-
imize forward 1ight scatter produced by pbtentia]]y interfering substances
(135-137). Thus for the fixed conditions of nephelometry, and under
approprfate immunological relationships, the photodetector output (inten-
sity of 1ighé scatter) 1is proportional to the concentration of the anti-

.

gen in the test solution (135)1 The antigen concentration for unknown
1

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

the unknown. \

°
1

»

immunonephe]ometry has been successfully applied for determination
of various serum proteins including immunoglobulins (141-143), rheumatoid

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

g

assay kits are available for the c]inical application oi/ftjﬁ system,

[} 9
.
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From a prachtica1 point of view, the technique seems superior to other
immunological methods for several reasons (135). Immunonephalometry is -
both specific and sensitive and/ its precision for quantitating most pro-
teins is comparable to other methods. The procedures involved are tech-
nically quite simple and therefore less laborious. Incubatign times are

| relatively short, results are rapidly available and the method is less
time consuming. The reagents are inexpensivci and there are no radioactive
materials involved. Finally, the mefhod is a]s‘ “capable of handling large
numbers of samples and can be automated. These features of the assay make
it especially suitable for clinical and epidemiologic applications.

~ The method has also been investigated for the quantitation of serum
ap&ob}*'éteins including apo A (76, 146-148). and apo B. (30-33). For this
purpose however, the procedure,is more corﬁfﬂex than that involved for
determination of other serum proteins. Apoproteins are present in se';t{m
in the form of lipoprotein complexes, and these complexes are distr'ibuteid
over various lipoprotein classes. The concentration of apoproteins vary
among the lipoprotein classes, as dge; the size of the/Hpoprotein part-
icles. These considerat‘ionsrare particularly relevant to the quantitation
of apo B by thi}s method, since apo B is present in most density classes of
1ipoproteins, and differences in the size-of T"rpo,qutein particles is ~
maximal between VLDL and LDL. The Targer VLDL particles present in whole
serum or isolated lipoprotein fractions may cause non-specific light

scattering (32). Such an effect would be expected to alter the propor-

tionality between intensity of 1ight scatter and concentration of antigen, )
‘ /
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thereby potentially leading to an overestimate of serum apo B levels (32).

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

4).
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V. Quantitation of Serum apo B by INA - \\

Analysis of 1%poprotein concentration by Iightlgcattering techniques
was first describe; by Stone et al (79), who.used é Qjcronephe]ometer to
estimate the conéentratidh of serum LDL and triglycerides. Subsequently
Kahén et al (80-81), and Ritchie et al (82-84) described the use of an
automated ]igﬁt scattering techﬁique (AIP) to‘quantitate LOL proteiﬁ
w//‘ immunochemica]\y. These earlier attempts to measure apo B utilized in-

struments, with a Tow 1ntensi;y.1ight source and measurements of protein
‘ K -'concentration suffered from a lack of sensitivity. These problems re-

<

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

Gtering (84). In the last 5-6 years, a new generation of nephelometers
has emerged containing a Taser 1ight source, and these instruments have

greatly improved the sensitivity and precision of serum protein analysis.

N ~

Consequently, many new studies have undertaken to evaluate this method

-

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

- . - /
- f -
- .

—Ballantyne et al (31), were one of the first to use laser nephelo-
metry for:the éuantitation of apo B in serum. In this study, 87 normo-
and hyper1i§em1c samples of plasma were analyzed by INA, AIP and R;A meth-

. ) ods. The mean levels of apo B 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
value found in a subset of 35 normolipemic subjects by the INA method

( by was also more than twice that found by RIA (159 vs 71 mg/d]).’Estimation
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of apo B in the d>1.006 fraction resulted in a better correiation than ’
found in plasma, indicating that the high plasma estimate may have been
due to non-specific light scattering of the d<1.006 lipoproteins. "How-
eJer, the total apo B concentration found by combining the values found

separately in the-d<1.006 and d>1.006 fractions, agreed well with the

~whole plasma estimate. Further, the BIA and INA methods gave closely

N

similar estimates for d<1.006 apo B indicating -that the non-specific

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

5

also gave different estimates of apo B in two commercial LDL standards

used for calibration. Again, INA produced higher, and RIA lower estimates,

so that the sensitivities'of the two assays for apo B appeared to be diff-

erent, but consistently so. Ballantyne (149), recen§1y reported a much
lower mean value for a group of 24 normolipemic subjects (table 3). No
modifications of the procedures used in the first study were described to

explain the lower values found in the second.

Fievet-Desremaux et ai (30), compared the Tevels ofﬁapo B measured
by INA, EIA and enzyme immupoassay in 31 subjects, and found no signif-
icant differences in the values by tﬁe three methods. However, the mean
values were very high (table 3), and it is unz1ear from the report ex-
actfy what kind of subjects were used for these comparisons. Dedonder-
Dgcéopman et al (57), in a large series, reported mean apo B levels of
129 mg/d1 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 similarly large groups have been

-~
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studiedﬁby*dthénumethods (table 2). Other inVestigators have described:
1ower .mean. Va]ues for nonnb]ipemic samples analyzed by the INA methbd
Heuek et al (32), reported a mean apo B level of 82 mg/d1 in 68 normo—,

: 11pem1c subgects, w1th P correlation of 0.97 between this method and an
RIb assay,
1 of 103 mg/d] for apo B in 432 nonn011pem1c subjects.

pared the INA method with EIA under a number of exper1menta1 cond1t1ons.

]

Heuck (75), 'recently updated ‘his ser1es reporting a mean value -

' Rosseneu (33), com-

o This s%udy emphas1zed the need to have c1ose1y s1m11ar cond1t1ons present( ’

in the primary LDL. standards and the serum samp]es, in order to e11m1nate:

‘s

the tendency for, the me%hod to overest1mate apo B 1eve1s that may even ni

occdr in normolipemic serum samp]es

o A 3

pared apo B 1eve15 in 70 normo11pem1c survivors of’myocard1a1 1nfarct1on,u

.and a similar number of nonno]wpem1c contro]s The mean va?ue found gy

% ] (

INA 1n the ischemic patients was s1gn1f1cant1y h1gher than that found 1n

the control subjects (143 vs 113 mg/d}). This finding illustrates that .

differences in the characteristics of the population mayké1one aéeountl °

n

for a significant amount of the variation in.apo B levels obseryed for

comparisons between this and other ‘methods . “d o .

e a

The INA method has also been used to measure the level’of apo B 1naj

Van Biervliet et al (liO),°

the serum of newborn infants. found- a mean

cord serum value of 24 mg/dl in 30 newborns, which agreesrwe1b with the

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

VLOL is very low in newborn serum (150-152), non-specific light scatter-

ing is 'not'a problem for measurements made on cord samples. Van Bier-

b

De Backer et al (56) recently com- .

s o
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vliet (58), recently des¢ribed a modification of the original INA tech-

. nique, and this was applied to screen 1500 infants for dyslipoprotein-

Teon U TNRAELE WY

o emia at birth. The method involved the collection of blood obtained
by heel prick, and adsorbed onto filter paper. The blood spots were then
. ) eluted by detergent, and,the apo B was quantitated by INA. The apo B

: el values found by the elutfon of blood spots correlated well with the

B

values obtained by measur ent in serum (58). Brewster et al (85),

_ compared INA with EIA for the quantitation of beta-lipoprotein concen;

i B . tration in the cord serum of 232 newborn infants. The mean levels of

; .. apo B found by the two metheds were 54 and 50 mg/d1 respectively. The
small difference between the values was not sign}ficant, but the r’nean”
1eve]s are nearly twice as hf‘gh as those found for newbor‘ns in most other
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I. Introduction

” -

The purpose of the present investigation was to evaluate immunonep-
halometry as a method for the quantiéhtion of serum apo B. In the de-

velopment of an immunoassay, there are four essential parameters tgQ be.

evaluated. These include (1) épepificity, (2) sensitivity, (3) precision,.

and (4) validation. As well, any’potentially interfering variables must
. N 3{

o : also be recognized and evaluated.
_— l ) ‘ ‘ ‘ ‘:' R
Firstly, the aséay must be specific for the antigen in question.’ In
immunoassays, this requirement is satisfied by raising a monospecific

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/dl1 units of measurement, then an
iSE " ' assay with a corresponding sensitivity 1eve1:w111 be satisfactory for
i ‘waquantitation. Thir&ly, thé'precision characteristics involve aésessment
of the intra- and jnterassqy variability. If.these are reasonably low,
then the measurements should be reproducible andQZhe method re]idb]ehfbrl

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

ardized, ideally in the laboratory of eventual use, against a reference

method established for the quantitation of the antigen. In the couréeJof !_

ed for their potential to affect the performance of the system..— -

: (:‘ oo " The present method was -evaluated with these principles in.mind. To

4
¥

the validation procedure, interfering factors must be sought .and apﬂ;gﬁsé:lg
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validate the method, coﬁbarisons were made with an RID assay, which is the
standard method used for quantitating apo B in this laboratory. The RID
method, however, was not entirely satisfactory for this purpose as Qgt-
lined in the text. Nevertheless, it proved to be adequate for establish-
ing the fundamental principles of INA for the quantitation of serum apo B
and in identT?ying those areas requiring further evaluation. In this
sense, the present study represents a preliminary evaluation of immufo-

nephalometry as an assay for serum apo B quantitation.

: The resegrch will be pre;enteg in the following fomn. In the initial
section, the general procedures used throughouf the study are described.
Preliminary experiments dealing with the characterization of the precip-
itan curve and establishment of working conditions for the immunoassa;M‘
are presented next. The performance characteristics of the assay are then
described. The validation procedure is then detailed in four separate
parts. Finally, a genefa] discussion of the”experimeg;a1 work is pre-

sented, fo][pwéd by a summary of the major findings and conclusions.

2
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[I. General Procedures -

8

i)

‘ ¢
1. Laboratory Methods

s

(a) Isolation of LDL &po B /(d=1.020-1.050 gm/ml)

13

‘ D D)
A narrow band of LDL (d=1.020-1.8§0 gm/m1) wgs isolated from serum
by eonventiona] methods (88). This fraction has been shown to contain apo
B vin}uai]y uncontaminated by other protein (93-94 ), Briefly, blood was
collected in vacuum packed tubes byaantecubita1 venipuncture from fasting
(10-14 hours) healthy, normo?ipemic donors, and allowed to clot for 1-2

9
hours at room temperature. Serum was separated by Tow speed centrifugat-

ion (2500 g) forw;O minutes at 4°C. The serum was pooled and the density
adjusted to 1.020 gn/ml by the addition of NaC1-KBr solution. The pooled
s%:wn was then fract1onated by preparat1ve ultracentrifugation for 20

hours at 105,000 g, 4 C in a/Beckman m0de1 L2-65 wuntracentrifuge us1ng a
Ti-50 rotor. At the end of 20 hours, the tap 2-3 ml cpntaining the d<1.020
Tipopnotein fractionvwas'removed by pasgeur pipette and discarded. The
infranatant, containing the d>1.020 §erdm fraction was removed by a clean
pipette and transferred to a graduated cylinder. The volume of the 1.020

bottom fraction was measured and the density adjusted to 1.050 gm/ml by

‘the addition of NaC1-KBr solution and ultracentrifuged for 24 hours -at

. 105,000 g, 4°C. The supernatant containing the d=1.020-1.050 gm/ml 1ipo-

protein fraction was removed 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 gm/ml1, was removed by pipette and transferred to a

clean container.

(b) Preparation of LDL apo B Reference Standards

—nt

— e

After iso&ation, LDL (d=1.020-1.050 gm/m1) was dialyzed in the dark
qd%rnfght vs normal saline (d=1.006 gm/m1, 0.195 M, pH=7.40) containing _
1 mg/ml disodium EDTA as preservative. The dialyzed lipoproteins weaf ‘
then filtered through a 0.24 um (average pore size) filter (Millipore

4Corporation, Bedford, Ma) into sterilized tubes. This constituted the
'stock' LDL apo B solution. Contamination of sFockéLDL by albumin or
soluble apoproteins was ruled out by Oucherterlony immunodiffusion. The
concentration of protein in the sppck LDL was determined colorimetrically
by the method of Lowry et al (95) using bovine serum a]ghmin (BSA) as the
pro{fin standard. No chromogenic correction factor was used to correct
LDL abo B values. Reference LDL standards were then prepared by serial
dilution of stock LDL with filtered (0.24 um, average pore size) salt
solution (d=1.006 gm/ml, 0.195 M, pH=7.40). A range of stapdards were
prepared (zo-ébo mg/d1 apo B). The concentration of apg B protein in each
_Ftandard so prepared was determined by the Lowry metggag Q]] LDL stand-

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

(¢) Preparation of Anti-LDL Antiserum

Antiserum to LDL apo B was prepared in rabbits. A total of 1.0 m§

1
hY
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of LDL (d=1.020-1.050 gm/m1) emu]sified,in_Freunds' comp1ete.adjuvant

1:1 (v/v) wa§ giVeﬁ subcutaneously to rabbits in five divided doses at
weekly intervals. The anima]s were bled at six weeks. Antiserum was ob-
tainéa by-Tow speed centrifugation. The separated sera was filtered twice
through a 0.24 um Millipore filter and stored at -20°C with 0.02% sodium
azide added as preservative. The‘specificity of the antiserum for LDL apo
B was determined by the Ouchterlony immunodiffusion techniqué and immuno-
electrophoresis. When examjned‘by the Ouchterlony techniquei there was no
reaction of the antiserum ééainsf HDL, albumin or the d>1.050 infranate.
Only a\%ing1e precipitan arc was seen by immunoelectrophoresis against
whole p]ésma and LDL.

st 2
(d) Preparation of Diluent ' (

For all nephalometric procedures, dilutjons of antigén and antiserum
were made in phosphate-buffereq saline ({PBS}, 0.01 M in phosphate, 0.15
M. in NaC],'pH=7.40). The se]ectipn of thig particular buffer is discussed
elsewhere (154). The diluted buffer was twice filtered thfbugh a 0.24 um
Millipore filter and stored at room temperature” Periodic refiltering of
the buffer was necessary to reduce extraneous 1igﬁt,gcatter1ng caused by

dust particles.

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

v

N

Serum was collected from hea]thy;‘noLmo]ipemic donors. The density
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of the pooled serum was adjusted to d=1.0250 by the addition of NaCT-KBr.
The pooled se}um was then'fractiénated by preparative ultracentrifugation
for«24 hours at 105,000 g and 4°C. At the end of 24 hours, the top 3-4 ml
dontaining the d<1.250 supernatant was removed by pasteur pipette. The
infranatant, containing the d>1.250 gm/m1 LFS was washed using d=1.250
gm/m] NaC1-KBr by an-additional ultracentrifugation for 24 hours. After

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

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

'over~three days against d=1.006 gm/q} NaCl containing 1 mg/mi EDTA, with
a minimum of two changes of dia]ysate per day. The d=1.006 gm/ml LFS
was then twice filtered througﬁ‘ag 0.24 ym Millipore filter. The immuno-
reactivity of the LFS for apo B wal checked by Oucherlony immunodiffusion
and immunoe]ectrqphoresis and found to be negative.l The protein concen-
tration of the LFS, deterﬁined by the Lowry method, was 6.0 gm/dl. The

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

as preservative and frozen at -20°C until needed.

G
¥ a, )

(i)- Preparation of LDL apo B Reference Standards in LFS

&

Stock LDL was serially diluted by pwpette w1th LFS to prepare a range
of LDL standards. The apo B concentrat1on in each standard was then ver-

ified by radial immunodi ffusion assay ( 21). A11 standards were stored

in sterile tubes at 4°C.until needed. o

]
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(g) Preparation of d<1.020 (top) and d>1.020 (bottom) Serum Samples

Serum was obtained_from)#astin&, 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/ml1 by the addition of NaCl-KBr solution.
The volume was then r;ised to 8.0 ml by the addition of d=1.020 gm/mi
NaCT1-KBr. Ultracentrifugation was performed at 105,000 g for 20 hours at
4°C. The 'top' fraction, containing d<1.020 gm/ml Tlipoprotein, was re-
moved by pasteur pipette and transferred to a graduated test tube. The
'bottom' fraction, ca;taining 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 m1 of the original volume (8.0 m1), so
the loss of lipoproteins by this method was negligible. The ]iboproteins
were then transferred fo sterilized test tubes and stored at 4°C until

processing.

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

v

- An aliquot of serum from fastiné, normolipemic donors was used for
this purpose. VLDL (d<1.006 gm/ml1) was removed. by preparative ultracen-
trifugation as follows. 2.0 ml of serum was placed into an 8.0 ml cel-
lulose nitrate tube, over]ayed_‘with 6.0 ml of d=1.006 gm/m1, NaC1 (0.15 M),
and ultracentrifuged at 105,00 g for 20 hours at 4°C. The top 2-3 ml

— N
containing d<1.006 gm/ml lipoproteins (VLDL) 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 Tipoproteins were then transferred to sterilized test tubes

and stored at 4°C until processing. o

(i) Quantitation of apo B in the d<1.020, d<1.006 (VLDL) and d=1.006-
1.020 (IDL) Lipoprotein Fractions \

Apo B in the d<1.020, d<1.006 (VLDL) and d=1.006-1.020 (IDL) 11po-
p?otein fractions was estimated colorimetrically (95) fo]iowing extraction
of apo B according to the isopropanol technique of Holmquiest et al (91-92).
The d<1.020 éad d<1.006 gm/ml top lipoprotein fractions were isolated by
,u]tracenfrifugation as brevious]y described. Q.5 ml of 1.020 or 1.006
top lipoprotein was mixed with 0.5 ml of 1SOpTOEanO] (Sigma Chemical Com-
pany), vortexed for one minute, and allowed to stand for 15 minutes at
room temperature. The soluble Lrot@in was separated from inso]ub]e,‘pre-
cipitated apo B by centrifugation for 10 minutes at 12,000 g. The clear
supernatant containing the soluble protein was|removed for quantitation.
Protein determination was performed by the Lowny method. VLDL apo B was
est1mated by subtracting the quant1ty of soluble protein in the 1.006 top
fract1on from the total protein con€a1ned in the 1.006 top fraction. The 4
difference,representing isopropanol 1¥solub1e protein, is an estimate of ) i

VLDL apo B. IDL (d=1.006-1.020 gm/m1P apo B was estimated by subtracting
the apo B found in VLDL from the total apo B contained in the 1.020 top

fraction."
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2. Specimens

[

_ Blood samples for lipoprotein analysis wer® obtained from fasting,
healthy, normolipemic donors, most of whom were medical students. The age

L4

of the subjects ranged between 18 and 40 years. .

3. Instrumentation

Light scattering was apalyzed using a Hyland Taser nephalometer

(Hyland Division, Travenol Laboratories, Costa Mesa, Ca) accordifg to the

manufacturers' recommended procedures (137). e

4, Analysis of Data?

Lipid and apoprotein measurements were analyzed using linear regres-
sion analysis. The statistical significance of mean data was determined

using the paired, two-tailed Students' t-test.
ke . - <

<
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III. Characterization of the Precipitan Curve for LDL apo B-Anti-LDL

1. Introduction

\

‘of primary importance to Fhe development of an immunoassay in aqueous
solution, is the characterization ofvthe_ recipitan curve for the antigen-
antibody system in question. In these ef%ériments, varioﬁs concentragions
of LDL apo B were allowed to react with different concentrations of anti-

LDL apo B antibodies, and the resulting light scattering from the format- -

jon of immune complexes was an;Jyzéd ;1th the nephelometer. The purpose

of this study was to define appropriate conditions fbr the construction -
of a reference curve for the’immunoassay.

o

2. Materials and Methods

-

i
1
The antigen (Ag) and antiserum (As) wert prepared .as previously des- ) ?

cribed. Five différent concentrations of Ag, corresponding to 32, QZ, 57,

[

99, and 143 mg/d1 of apo B, were selected for study. The choice of these -

particular concentr;tions of LDL standards was somewhat arbitrary, but
tended to span ghé normal range of LDL apo B found in serum. In exper-
iment A, 0.025 ml (25A) of each concentration of Ag was alflowed to react
with four°différentwdi1utions of antiserum (1:20, 1:45, 1:80, and 1:100).
In experiment B, 0.005 m1 (51) 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

[3
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1

dilution in PBS. Forpimmunoassay, 25X or 5 of Ag Qgs added to\é 10 by 75
mm disposable glass tube. 1.0 ml of diluted antiserum was then addea, and
this constituted time zero. Tubes containing the Ag-anfibbdy tAb) ﬁi;tdrés
were prepared in dup]iqaté. Each tubE'was gent]y’mixed byginversioﬁ and
allowed to react at room temperature. The following 'blanks':were also
prepared; (1) a buffer blank, containing 1.0 ml of PB%,‘which was used Eo"
calibrate the instrument; (2) an antiserum blank, which cénfained 1.0 ml .
of diluted antiserum; (3) an antigen blank, ﬁrepa%ed by diluting 25X or )

9

5X of each standard in 1.0 ml of buffer. All Feagents were diépensed by

9

ed complexes was analyzed by nephelometry after equﬁ]ipfé ion had been’

reached for all reaction mixtures (= two hours){v The se ecfﬁbn of this

endpoint for measurement is considered ‘in the next sectipn of the pgpe%.

" 3. Results

‘e

(a) CaTcu]atﬁon_of net Relative Light Scatterihg (ARLS)

0

ARLS, is defined as the light scattering attributable to fhejfo;m-v
“ation of Ag-Ab immune complexed\ This was ealculated by subtracting thé~
RLS produced by the backgraund (Aghand As blanks) from the to}a] RLS pro-°

duced by the immune compTéxes and b;ékground combined:
N ARLS = Total RLS. - Background RLS

ARLS ¢ RLS {(Ag-Ab)+(Ag)+(As)} - RLS {(Ag)+(As)}

where Ag-Ab, represents the immune complexes, Ag, the free antigen, and




As,’the antiserum, The mean Ag-Ab va]ue from two separate determinations

o . was used for the calculation. | ] )

&

o
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_ ° (b) Contribution of the Background to ARLS

9 o

¢ we

Tabﬂés 5 and 6 sfow, respectively, the 11ght scatter1ng ‘produced by

T oS T D TN
-
°

Qo

' the Ag and ﬁs in solution alone. . Inspection of tab1e 5 shows that the
1ight scattering produced by E%k of Ag is greater thad that produced by
e - . 5% of Ag for each conéentration ?f LDL standard considered. Light scat-
tering tends to decrease with decreasing concentration of LDL apo B. Table

®
Y
” o

6 shows the light scattering caused by the antiserum diluted in buffer. -

The 11ght scattering is highest w1th the Towest dilution of antiserum,

-

b e e s g
&

and decreases with increasing dilutions of antiserum. The total back- ]

v . ground was highest in the reaction mixtures containing high concentrations .

of Ag and Tow dilutions of As. For the conditions tested in these exper- 3

-

~iments, the As tended to contribute more to the totdl background count

”than the Ag; particd]ar]y_where low concentrations of Ag were involved.
However, the background in all nearly all the reaction mixtures was small
in comparison to the light scatter;ng produced by the immune compliexes,
usually amounting to between 2- 4A of the total RLS. when the eond1t1ons
were such that there were very low concentrations of Ag and Tow dilutions
of As, for example, 51 of 23 mg/dl of Ag and a 1:20 dilution of As, the
background seemed to conpribute disproportionately to the total RLS. This

. was due to the scant amount of light scattering produced by the immune

( complexes under this condition (table 7).

o s
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(c) Precipitan Curve for LDL apo B-Anti LDL

&
,‘tl

“Table 7 shows the ARLS for each reaction mixture considered and fig-
ures‘l and 2 illustrate the data plotted graphically,. In the figures, the

ordinate represents the ARLS after equilibrium was achieved between the

¥

'varibus concentrations of Ag mixed with various dilutions. of As. The ab-

'scissa shows. the concentratipn of the Ag (mg/d1) in the reaction mixture.

P4

When incubation of 251 of Ag was carried out in a 1:100 dilution of
As, light scattering was observed to decrease with stepwise increases jn

o

Ag concentration g%ﬁgure‘l). With Tower dilutions of As (1:80, 1:40),
RLS'increases, then dec;eases with increasing concentration of Ag. With
a 1:40'd11ution 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,

1ight scattering increases fairly linearly over the entire range of Ag

concentrations.

In figure 2, the -results of éxperimént,B are illustrated. In this
experiment 51 of Ag was added to each reaction mixture instead of 25a..
The Eoncentration of Ag in each reaction mixture was therefore five fold
Tess in experiment B than in experiment A. Inspection of figure 2 shows
that 1ight scattering increases over the entire range of Ag concentrations
for all dilutions of As used. The ARLS at comparable Ag concentrations
is higher with each stepwise deéregse in As dilution{;aithough the differ-

ences in light scattering were greater at the higher than Tower antigen

»
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concentrations. There was a tendency for the 1owef end of the precipitan
‘curves to fall in the mixtures containing low dilutions of As. Light
xscattering appears to be linearly related to Ag concentration for the

i -*
reaction mixtures containjng the highest dilutions of As.

L ¢

4. Discussion »

‘ In these experiments, the. 1mmunoreact1v1Ty of LDL apo B-anti LDL was
evaluated in a 1ight scattering system. The aim of these’ exper1ments was
to define the fqnditions necessary for the produc;uon of a linear precip-
itan curve. A linear refationship indicates that the‘Ag/Ab ratio is op-

timal for the range of reference concentrations considered. A widé range

of Ag and Ab concentrations with varying Ag/Ab ratios was used for this _
y 7o

1

purpose. 4

In experimeﬁt A; 25x of Ag was used in each reaction hixturef Using
‘ a 1i100 diTution of As resuited in agdecreise jn light scattering'with
increasing Ag concentr;tions (figureil). This indicatééoé state of Ag
excess where the céncentration of Ab is insufficient relative to the
concentration of Ag (136). Antibody, in this case combines with Ag in
such a way as to hinder the formation of a lattice network of insoluble
Ag-Ab complexes (155). The Ag molecule with many bihding 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

deteé%ed by nephalometry(136). Antigen excess fah occur whenever the
Ny .
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“concentration of Ag exceeds the capacity of the As to form an insoluble

Tattice. As the ratio of Ab/As is increased, accomplished in this exper-
iment by deﬁreasing the dilution of As, the point of equivalence shifts
toward higher concentrations of Ag. A]f point§ up to the point of equiv-
alence are in Ab excess (155). Finally, increasing the Ab/Ag ratio still
further (1:20 dilution) shifts the highest quconcent}atiod to thé Ab
excess side of the curve. The Ab excess side is.ghe analytical working

range of the precjpitan‘curve since Tight scattering under this con- ‘

dition is .proportional to the concentration of Ag in the test solution

(136).

- In experiment B, the Ag concentration of each LDL standard addéz was
five fold Tess tEan the concentration used in experiment A because of a
five fold reduction in the volume ofwthe Ag used (5& vs 251). Under these
conditions, 1ight scattering waé observed to insrease with stepwise in- ‘
creases in LDL concentrations for all dilutions of As used. However,
only the precipitan curveé/g;;;;;éd using the higher dilutions of As {1:80
and 1:100), appeared to be linear (figure 2). Saﬁp]es with low concen-
trations of Ag jn the reaction mixtﬁre (high Ab/Ag ratios) may also pro-
duce soluble complexes w%%ch cannot be accurately quantitated by nephalo-
metry (136). In this instance, the Ab may block all of‘the reactive sites
on the Ag thereby preventing lattice formation (155). The tendeﬁcy for
th Tow end of the precipitan cuypve under conditions invq}ving low dilut-

ions_of As to fall-off (figure 3), may be reflecting this characteristic

0

of the immunoprecipitan reaction.
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A

Clearly, there is an optimal ratio of Ag and Ab for each range of
LDL standards considered. This ratio can‘pnly be determined empirically
from experiments such as these. For %he conditions tested in these

“experiments, a 1:20 dilution of As for 251 of Ag-and a 1:100 or 1:80 dil-

ution for 51 of Ag seemed to represent appropriate re]ationshi}s as judged

by the Tinearity observed between light scattering and Ag concentration
1y H
for the range of LDL standards used. Inafact, the precipitan curves pro-

duced under the conditions involving 25), 1:20 and 5x, 1:100 mixtures are

virtually superimposible (figure 3). This finding is expected since the

ratio of Ag/Ab in thesetwo instances is identical. Thus, a five fold

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 Tight scattering. This means, therefore, that be-
tween the two conditions shown here, appropriate Ag/Ab ratios should

°

result in the production of 1inear precipitan curves.

The range of the standard curve considered for this system is pred-

ijcated 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 serum
samples. Secondly, the dilution of the As should be as high as possible
for maximal cdnservation of this reagent. Thirdly, the sensitivity of
measurement in this system is to some extent depehdent 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

( @

s
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standard curve would theoretically increage 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 51 than 25

of sample given that the fixed error of the pipettes is the same.

A consideration of these factors. resulted in the following decisions
concerning the construction of the“standard curve. A range of LDL stand-
ards,between:approximately 20 and 100 mg/dl of apo B was selected. The -
vo]uTe of Ag in the standards and samples would be 5. These cqnditiong

+ X geemed to be a reasonable compromise of all the factors. This Woulq allow
fof maximal 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

cquentrations, would fa]len the standard curve. Antigen concentrations I

beyond the upper 1imit of the standard curve (i.e. greater than 200 mq/d]),
are easily detectable during {mmunoassay (137). The higher Ag concen-

trations would be further diluted. Moreover, the majgrity of the points

“would ténd to fall on the mid portion of the curve where the error of

mgasurement is they1east. A narrow range of standards would also aim at
keeping the sensitivity of measurement high. Finally, in direct testing,
the pipeftiné error using 251 of A% was comparable to‘that of 5A, and in
' 'both cases represented a negligible source of error (data not shown).
Although light scatteriné producea 6y Ag;Ab complexes has been shown
to conform to a third order polynomial equation (156), it has also been

' \
demonstrated that data analyzed by manual and polynomial curve fitting
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correlate highly ({56). It therefore seemed reasonable to use the ;imp]er
hand drawn reference curve for the analysis of data.

.. The backgraund light scatter produced by the free Ag and As particles
was small relative to that produced by the immune complexes. However, it
is tﬁé usual practice in end-point nephalometry (136) to measure the 1ight
scatter from both the serum and antiserum, each diluted to the final work-
ing conditions, to establish a background value. The blank values are then
subtracted from the tota]ulight scattering of the reacted samples to yield
the value of light scattering by the Ag-Ab complexes (ARLS). This practice
was followed for the calculation of ARLS in all ‘subsequent experiments.

It should be noted that because the Ab titer tends to vary from batch
to batch of antiserum, each new batch ofantiserum was tested to determine
tﬁe appropriate dilution for use‘in the immunoassay. The dilution of As
used throughout these experiments ranged between 1:80-1:100. J

The prbtoco] for routine immunoassay, of serum saﬁp]es formulated by
the principles established in these experjmgnts<is showﬁ in table 8. Un-

7 —

less otherwise stated, thi§/pnocedﬁFé was followed for immunoassay in all
—_——— / .

subsequent experiments.

13
ad
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"IV. Time Course of LDL apo B-Anti-LDL Immunoreactivity

1. Introduction

|
This experiment was undertaken to characterize immunoreactivity of

LDL apo B-anti-LDL over time. In particular, the ayn of the study was
to determine an end-point in time for measurement of 1ight scattering.

2. Materials and Methods

The Ag and As were prepared as previously described. Six different
LDL standards corresponding to 20, 40, 61, 80, 91 and 104 mg/d1 apo B were
selected for study. Three serum samples corregponding to high, medium and
low apo B concentrations, relative to those of the standards, were also
evaluated. The concentration of apo B in the serum ;amp1es was determined
Qy a RID 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 two hours. ARLS was calcul-

ated as previously described.
- 3. Results

The results of these expeliments are shown in figures 4 through 6.
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Figure 4 shows the 1ight scattering for the six LDL étan&ards over
time. The rate of change of light scattering (dC/dt), is mgst rapid;duﬁ- Y
ing the first 15 minutes of reaction, partigulariy for the LDL standa}ds

containing high concentrations of Ag. For the reaction mixtures contéﬁn-

8

ing 1ower Ag concentrations, the inmitial dC/dt is 1e55\ Light' scatter1ng Iy
tends to become constant after about 45 minutes for the h1gher Ag concen»

tratjoris, and 75-90 minutes for the lower Ag concentrat1ons The steady’

state is then maintained over the next 2-3 hours. There does not appear

. \ /
to be more variability in 11ght scattering for the higher or ]ower com-

&

pared to the middle Ag concentrat1ons. - . ‘ v

v

\

,” '“ H
The characteristics of the Tight scattering over: time for the three .

serum samples is essentially the same as that seen for the ‘LDL standards

(figure 5). : t

4. Discussion

\

Quantitative measurements of specific proteins by 1jght'scatteri£§
techniques generally involves two methods; rate or kinetic,‘and end-poinf
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. DThe end-point méthod
involves a single measurement when the dC/d% is small, that %s, when the

steady state is reached. The aim of this experiment, therefore, was to

)




| centfations of Ag. The difference in the initial rate of immune complex
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-determine an end point in time for the measurement of Tight scattering.

. Under the Ag-Ab conditions tested here, the reaction mixtures con-
taining higher concentrations of Ag demonstrated a higher dC/dt and appear-
ed to reach equilibrium sooner than those mixtures containing lower con-
formation is presumably 5 function of the Ag concentration‘since the dil-
ution of antiserum was held constant for all the reactions. Indeed, at
a constant Ab concentrat%on, the rate of increase in complex number and
size is direcf]y proportional to the Ag concentration throughout a range
of moderate Ab excess (172). Thus with high concentrations of Ab, the
random collisions between the solute particles are more frequent and this
results in an enh;nced rate 'of immune complex formation. As the corbining

sites on the Ag and Ab molecules become saturated, the formation of immune

. complexes s]ows,although‘light scattering continues to increase mainly due
‘to increases in the size of the complexes (172). At equilibrium, the
" dC/dt s vefyxémalT as any furthér\increase in the size of the complexes

"js small. "In this system, equilibrium was\reached for all the reaction

mixtures after approximately 75-90\m1nutes; thereafter, the steady state

- condition was ﬁaintained for at least another 2-3 hours. Thjs was assessed

by the visual inspection of the data, and by observing that the equations

for the regression. lines calculated at the Vvarious time intervals were

.j virtually the same between 90 minutes and four hours (data not shown).

The iﬁmunoreactivity’of the serum samples and LDL standards over
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time appeareé*to'be very similar. As well, there was no significant
ch;nge in the Ag or As blanks over time. The regression equations for

the precipitan curves became constant after 75 minutes. The concentration
of apo B in the serum samples tested catculated from the standard curves
showed only mino}‘variation after 75 minutes (data not shown). Hence, the
Tight scattering properties of the immune complexes and the conditions of
the immunoassay appear to be relatively constant after about 75 minutes
remaining so for at least another 2-3 hours. Therefore two hours was
selected as the end-point for measurement of light scattering. This a]]oQ-
ed for a relatively short incubation period, but at the same time permit-
ted considerable leeway in the actual time of measurement without any
effect on the accuracy of quantitation. An example of the precipitan
curve constructed after -two hours of reaction is shown in figure 6.

. o .
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 well to correct for non-specific light scattering. Furth?r,
a gma]] error in the 1ight scattering measurement of 2-3% can be ex-

pected due to variation in the disposable tubes used. This aspect is

considered furtheg in the next section.
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V. Performance Characteristics s
1. Specificity °

The specificity of the immunoassay for apo B was guaranteed by rais-
ing a monospecific antiserum to the Ag. When examined by the'Ouchter]ony/

u

/
technique (170), there was no reaction of the antisera against HDL, albumin,
or the d>1.050 infranatant. Rabbit anti-LDL serum produced only a single
precipitan line against whole serum or LDL on immunoelectrophoresis in.=

agarose gel (175). N N
BN
N

2. Sensitivity

The conditions of the immunoassay were .selected for; the measurement
of serum levels of apo B. The lower 1limit of detectable Ag concentration .
in direct testing was 5-10 mg/d1 (data not\ Ahown), which was well in excess
of that required to measure apo B in serum. The minimal detectable Ag
concentration attainable was not determined, but the assay was probably
more s:yihv/e than reported here. Indeed, the system has been used to

mezy\c
/

&see section IX), in which 11.5 mg/d1 of LDL apo B was added to a series

as Tlittle as 5-10 ugim] of Ag (172). In a separate experiment

of d1.02 bottom serum samples, the recovery of the added apo B was high,

\
averaging 97% of the expected value. As well, the correlation between
the observed and expected values was high, r=0.98 (see table 30 and _figure
18). Thus, the assay was extremely accurate for discriminating 10 mg/d]

/

/

/
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E 3. Precision °c

b ° |

§ °

L Within-run and between-run precision was evaluated by analyzing a |
! @

: control Specimen of serum containing normal concentrations of apo B and

- K

; lipids. ’ .

, (a) Materials and Methods -

The within-run precision was determined using-a serum sample with

. a mid range concentration of apo B reﬁtive to that of the reference

curve. The apo B concentration of th‘e,serum sample (90 mg/d1), was det-
ermined by the RID assay as described elsewhere (21). Samples were dil-
uted 1:1 in buffer, prepared in duplicate and assayed according to the

protocol established for the immunoassay. A total of 16 paired aliquots

were prepared for analysis. Light scattering was measured after two

hours of reaction.

To evaluate the day to day precisﬁon, the same control serum specimen

_was assayed in duplicate in 14 separate runs ower a two week. period.
' (-

(b) Results

y

k ! Table 9 shows the mean apo B values of paired sera for the 16 al-
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2

iquots of serum determined during the same assay. The mean values range
between 139 and 152 mg/d1 with an overall mean of 146 mg/dl. The intra-

assay coefficient of variation was 4%.

Table 10 shows the mean apo B valuds of pairéd sera determined by
14 separdate immunoassays. The values range between 140 and 149 mg/dl
with an overall mean of 144 mg/d1. The interassay coefficient of var-

iation was 3 %.

- (c) Discussion | .

The within-run coefficient of variation was slightly higher than the
between-run coeﬁficient of variation although both were within the range
of those reported by others using the sampe (86) and other (17, 20, 25) #
methods for apo B analysis. The combined intra- and interassay 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 ;f 6-7% for her INA method.' These results in-
dicate that measurements of apo B by this method are highly reproducible,
ipd'the method therefore appears reliable for this purpose.

~

4. Quality Contro]

The control serum was run in dup]icate with each assay. The mean

value should be within 7% of the mean interassay value to be acceptable.

3N
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VI. Quantitation of Serum apo B by INA --Part 1

1. Introduction

The next series of experiments represents‘an initial evaluation of
INA as a method for the qqutitation of serum apo B. To validate the
assay, serum épo B Tevels quantitated by INA were compared to those meas-
ured by a referencé method, RID. Since Tight scattering is dependent on
particle size as well as the concentration of the Ag, it Was anticipated
that the larger VLOL particles in serum might interefererwith'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 Méthods

Blood was collected from 12 fasting, healthy volunteers by antecub-
itaa venipuncture and serum was obtained by Tow speed centrifugation. An
a]iquo% of serum was fractionated by preparative ultracentrifugation to
remove VLDL, as previously described. Thé concentration of apo B in the
&1.006 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 d1.006 bottom serum fraction

was performed according to the established protocol. The d1.006 bottom

samples were assayed without prior dilution. RID assay of the serum

e

"
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samples was performed as described elsewhere (21). All samples were

stored at 4°C and all assays were performed within two weeks of the col- -

Tection of samples.. ’
e
N
i v
3. Results

[,

The results of these experiments are shown in tables ‘11 and 12, and

figures 7 through 9.
\

3
! [

Table 11 compares the results of the immunoassays performed on the
12 serum samples. The data presented is the mean values for tweo separate
determinations. The mean total serum apo B concentrativon for the 12 sam-

ples estimated by INA was 156 mg/d1. This value was significantly high-

o,

er (p<.005) than the value found by RID assay of whole serum (108 mg/d1)
and {NA of the d1.006 bottom serum f’raction (130 mg/d1). 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 RID assay.

/

r The correlation between the serum values by the two methods was good

(r=0.90), as was the correlation between the d1.006 bottom serum samples
assayed by INA, and the whole serum samples measured by RID (r= 0.82).
The whole serum and d1.006 bottom samples assayed by INA correlated Tess

well (r=0.63), figures 7-9.

@ . o

Table 12 .shows the indiv-idual and mean values for VLDL apo B esti-

- & N N . A d e e emn e o L
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mated om a subset of 9 samples. The mean VLDL apo B level was 7.6 mg/dl.

\

a N '

4. Discussion
i 101

These experiment$s were undertaken as an initial ;ava1uat1'on of immuno-
nephelometry as a meth(;d for the quaﬁtitatio'n of: serum ap6 B8 éoncentrat—
ions. For the purposé of standardizeation,“ an RID assay was used as the
reference method for comparisons. The mean level of apo B was signifi-
canlﬂy higher using INA, although the two methods appeared to lcorrg]ate

"fairay well., There are several explanations for these findings. Firstly,
the RID method as developed and routinely used in\this laboraltory, is
fairly specific for apo B in the d>1.020 seru;nq' fraction (LDL). ’{,
much less accurate in quantitating apo B in the d<'1.020 fraction and is
relatively insensitive to apo B contairied in VLDL (d<1.006), (21). On

the other hand, INA measures the t(’)tal serum apo B concentration (VLDL+
IDL+LOL) . Although most of the 'apo B in serum is contained in LDL (table
4), a significant butlvariab1e amount is also contained in the fDL and -
VLDL nfra;tions. In} normolipemic subjects, the amount of apo B in the -
d<1.020 Tipoprotein fraction "rgpresents between 5-15% of the total o:

5-15 mg/d1 of apo B. However, the cgnc'eptratigon,of apo B in this fract-
ion may increase considovrably particu]ariy in hypertriglyceridemia (VLDL),
(14, 17, 24, 55), and type III h)/-peeroprote‘inemia (IDL), (24). Althoygh
serum 1ipid measuré&rénts were’ A;t _made in these subjects, all were young

and healthy individuals, and it is extréme]y unlikely than any of " them

would have dispTayed significant hyperlipemia. For these reasons, the




S ¥
estimates of serum apo B levels by the fwo methods would be- expected to

differ by perhaps 10 20% or an amount equivalent to the concentration of
apo B present in the d<1.020 Tipoprotein fraction. However the concen-
tration of apo B measured by INA was found to be nearly 50% higher than

the value found by the RID method. This suggests that other, and possibly

"more important factors, were responsible for the differences observed.

(ﬂ ’ 2
B
Because the size of -IDL and particularly VLDL are much larger than

LDL particles (79, 153), the larger VLDL paftjc]es in serum may have caused

'non-specific Tight scattering. This effect would tend to falsely increase

the estimate of-aéo B by the INA methoq. That this effect may have con-\‘
tributed to the higher serum values, is ;uggesfed by the significantly
Tower mean value observed’for the d1.006 bottom sérum fractionof the

same samples, wheré the effect of VLDL was removed bylultracentrifugatioh.
However, even with the removal of VLDL, Thé mean value found for the
d1.006 bottom samples was still significantﬁy higher than the mean séer
estimate-found by RIb éssay. To dgtermine.the relative contribution of
VLDL apo B versus VLDL particle size to ghe large (26 mg/d]j difference
existing between the fractioﬁated and unfractionated serum estimates by
INA, the content of apo B was quantitated in a suggﬂt of 9 samples. The
mean apo B value found in these samples was 7.6 mg/dl, whicp 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 to the amount present
in the d1.006 bottem serum fraction,”gives an approxjmation of the total

apo B content in serum. For the nine samples considered, this amounted
¢ ~ *
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to 136 mg/d1 (table 12). Table 12 also shows the whole serum estimate

for the same ;amp]es measured by the INA method (156 mg/d1). The differ-
ence bgtween the two values, amounting to 20 mg/d1, was significant (p<.0l1).
The hiaher estimate. found in whole serum may to some extent be explained

by the non-specific light scatﬁering cdused by the larger VLDL particles
present in the serum samples. The experimental design, however, did not
allow for further exploration of this effect.

Stil1 other factors were thought to be responsible for the higher
serum values found by INA as exemp]ified’by the unexpected large differ-
ence 1n_méhﬁ values observed betwegl the serum samples measured by the
RID assay, and the d1.006 bottom samples measured by the INA method. The
difference between these two values was 22 mg/dl, which is similar to that
observed between the whole serum and d1.006 bottom values. In theory, one
would expect the difference Eetwegn the serum RID and d1.006 bottom INA
values to be much smaller if the contribukion of IDL to these estimates
were sigqificant, since both the concentration of apo B and the size of
the partic]és are less than that of VLDL (93, 178). 0One exp1anation~fo;
the large discrepancy between the values, and serving to explajn the pre-
vious difference as,well, may have beem related to a difference existing
between the LDL standards and the serum samples. The LDL sténdard§ used
for cRlibration of thé INA precipitan curve were prepared by dilution of
stock LDL in serum-free salt solution, which ig_the usual practice in-

. —

volved for preparation of the standards used in the RID assay. One wonders

if the absence of serum in the LDL standards might have led to differences

|

-
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" interactions, may be more important to the formation |
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in the formation and light scéttering of the immune complexes in these
solutions. For example, if the LDL standards® produced less Tight scatter-
ing than the serum samples, for equiya1ent concentrations of apo B, then
the level of apo B would tend to be overestimated if calculated from

such a standard curve. The differences in immune complex formation and
.light scattering is presumably related to a difference in the protein con-
ceﬁtration,”which was nearly an order of a magnitude 1555 in the standards
compared to the sampies. The effect of protein, thr%ygh protein-protein
%f immune complexes

in aqueous 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). )

3

b

Another factor contributing to the differences seen, may have been

related to protein losses encountered during the processing of samples,
I8

particularly with ultracentrifugation. In previous experiments (49),
using similar techniques, tbe recovery of‘apo B in the d1.006 top.and
battom 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 account for a
.5-6 mg/dl difference in values. The Tower correlation found between thé
.serum and d1.006 bottom values by the RID and INA methods respective]y,'
compéred to’ the whole serum estimates‘by RID and INA, suggests that the
techniéal error may have been significant, since the expected finding ;

¢

would be an improvement in the correlation with the removal of VLDL.

>

o

<

—

T




R

e ol e o

-

a

On the other hand, a significant»loss of protein from the d1.006 bottom
samples would have had the effect of jreducing the difference between the

RID and INA values. The fact that the difference beﬁwéén these two means

~“was so large, argues against significant protein loss through handling.

Although the effect of handling losses to theéé differences are not clear,

they are probably too small to be of major importance.

s ) “y
Finally, consideration must be givén to the methods themselves, since

they rely on different principles for the quantitation of protein. INA
depends on the random interaction of Ag and Ab mixtures in aqueous sol-
ution, whereas RID 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 Sys-

tem, the immunocomplexes scatter 1light, which is detectable in a matter
of minutes. In the gel medium, the formation of immune compiexes Teads
to a visible precipitan ring only after several hours. It is not known,
for example, if the antigenic sites of LDL or its immunoreaétivit}‘BVe
the same or different for the conditions of the two assays. Differences
in the behavior of the reactants at the molecular level may lead to diff-
erent quantitative estimates of apo B for an equiva]ént mass of protein.
If the relation between the two methods'fOﬁ the quantitation of apo B

was significgﬁtly differént from 1:1, then\§uch an effect would also

serve to explain the differences found here. !

In summary, the fiiean serum levels of ap¢ B were significantly high-- °

-

B
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- . er when estimated by the INA compared‘to the RID method. The eséimates

~ of épo B in the d1.006 bottom fraction was also sjgnjficantly higher
than the serum estimate found by RID, and significant]y Tower than the
whole serum estimatg found by INA. Even though the{sample number wa;
'small due to Togistical constraints, the differences that existed seemed
clear. What waslunclear, however, wass the exact reason for these differ-
ences. The va}ious factors that may have been involved were discussed.
It is probable phat a combination of factors are operative. The expér—

—_ *

- imental design did not allow for a specific analysis of these factors.

The extent to which some of these variables were involved was therefore ex-

amined 1in the next series of experiments.




VII. Quantitation of Serum apo B by INA - Part 2

! Introduction -
N \
In the previous experim;hts, 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 e%istiﬁg between the
LDL standards and the serum samples, specifically related to the absence
of serum in the LDL standards, (2) the presénce of apo B in the d;}fOZO
fraction of serum, (3) non-specific light scattering caused by the
larger VLDL particles in serum, (4) excessive error associated with the
the handling of the samples, and (5) inherent differences 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 samples were collected from 15 healthy, fiStihg
‘ normolipemic volunteers/and processed according to the following pro-
tocol:
A. Plasma samples

(a) apo B quantitation #

- i) INA -

]
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B. Serum samples . - SRR .
(a) Lipid analysis

i) cholesterol levels S .
ii) triglyceride levels ' '

(b) apo B quantitation
1. Whole seruﬁ

i) INA '
ii) RID

2. d1.020 bottom serum fraction

i) INA )
ii) RID
J
3. d1.020 top Tipoprotein fraction \

i) Colorimetric protein determination

- 4. d1.006 bottom serum fraction
i) INA
ii) RID 3'
- 5. dl.OOQgtop lipoprotein fraction

i) Colorimetric protein determination

Serum cholesterol levels were estimated according to the method of
Abell et al (157) with the color reagent of Zak et al (158). Serum tri-
glyceride levels were estimated according to Carlson (159). Lipoprotein- °

free serum was/prepared as previously described. Details of the serum

- d1.020 and d1.006 1ipobrotein fractionation were also described previous-

ly. The concentration of apo B in the d1.020 and d1.006 top fractions
was determined colorimetrically after extraction of insoluble protein with

isopropanol as described earlier. INA of the serum samples was perform-




of the collection of samples.

ed according to the protocol outlined previously. The d1.006 and d1.020
bottom samples were assayed without prior dilution. Estimation of apo B
by RID assay was performed as described elsewhere {21). Al1 samples were

,storeqjat 4°C until used, and all assays were peLformed within two weeks

4

3. -Results. , ‘ -

fhe results of this series of experiments is shown in tables 13
e ‘ A

through 27 and figures 10 through 17.  _

x

&

In table 13, the individual and mean cholesterol and triglyceride
levels are presented for the 15 subjects. The mean cholesterol and tri-

glyceride levels were, respectively, 197 mg/dl and 106.mg/d1. ATl the

" individual values were below the 95th percentile (177), although in one

subject (number 5), the serum triglyceride. approached this level.

[l

1

Table 14 shows the light scatfefing for comparable sets of LDL
standards prepared separately in LFS and serum-free salt solution. Light
scattering is significantly higher (p<0.005) for each of thg standards
prepared in LFS compared to serum~freé salt. The 1ncrea§é in Tight
scattering was greééer for tbe lTower than the higher concentrations of apo
B. Figure 10 shows the standard curves produced after plotting the data.
Although the two curves are linear and nearly parallel, tﬁe precipitan

curve for the LFS-LDL standards is shifted considerably to the left of

a4
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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 Tower when derived from .

the LFS-LDL standard curve.

H

In tables 15 and 16, the individual and mean apo B levels are shown
for the d1.020 bottom samples assayed by the INA and RID methods. In
table 15, the va]ues:@hown represent the actual apo B concentration in the
sample, For the INA method, the indieidual and mean &po B levels are
significantly lower (p<0.005) when calculations are made using the LFS-LDL K
5\?tandard curve (62 vs 80 mg/d1). The mean value found by the INA method .
using the LFS-LDL standard curve is very close to the value found by RID
assay (62 vs 60 mg/d1, p>0.05). The values foundlby the two methods are
"also highly correlated (r=0.97, figure 11).. The corresponding serum values
?or’apo B in the d1.020 bottom %raction measured by RID and INA using the -

LFS-LDL standard curve for calculation, are also very similar (112 vs 115

mg/d], p>0.05) and well correlated, r=0.97 (see table 16 and figure 12).

o

Tables 17 and 18 compare the individual and mean concentrations“bf

apo B in the d1.606 bottom fraction measured separately by the twb methods?.
. - The values obtained by the INA method are significantly higher (ES0.00S),
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 methods. The mean value for the INA

method is significantly higher (p<0.005), although the values tended to




correlate well (r=0.95).

L]

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/d1), although the difference was not significant.

The correlation between the values was high (r=0.99).

S

In table 21, the individual and mean apo B values found in the-
d1.020 and d1.006 top lipoprotein fractions is presented. The mean—
apo B value found in the d1.020 top fraction was 13.5 mg/d1. The mean

"~ content of apo B in the d41.006 top fraction was 8.3 mg/dl. Subtraction

of the d1.006 from the d1.020 top values, gives an estimate of apo B in
the d=1.006-1.020 Tipoprotein fraction (IDL). The mean value found in
the present study was 5.2 mg/d1. The correlation between VLDL apo B

and total serum triglyceride was good (r=0.82, figure 15 and table 27).

~———

Noteworthy of the sample population studied, was the finding of
X
hyperapobetalipoproteinemia in 5 (33.3%) of the subjects.

4, Discussion
— Sy

In the previous study, the estimate of apo B found by the INA method

was significantly higher than that found by the RID assay. Fiye factors

!
+hese par-

i
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the serum samp1es; (2) apo B present in the d1.020 top fraéz}%n, (3)
non-specific 1ight scattering caused by the larger VLDL particles, (4)
error associated w%th the processing of the samples, and (5) inherent
differences in the sensitiv?ties of the two assays for quantitating apo
B. The present.series of experiments was therefore designed t% shed some
light on the relative importance of some of these variables.

(a) The effect of LFS-LDL standards on the quantjtation of 'apo B

The first issue to be resolved, was whether differences existing
between the LDL standards anq 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 ih the

’« o

concentration of Eomparab]e LDL standards was not responsible for these
findings sincelthe estimate of apo B7in each standard was checked by RID&
assay and found to be identical. As well, the LFS was verified to ﬂé

free of apo B by testing in the ﬁID, Ouchterlony, and INA methods. For -
these reasons, the difference in 1ight scattering was therefore presumed

to be related to the presence of serum in the LFS-LDL standards.

Figure 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‘hfS-LDL

-
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gtandard curve is shifted fé'mhe left. In table 15, the apo B vg]ues

for the d1.020 bottom samples calculated from the two standard curves are
comparéd. 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 RID assay are shown. The values found by
INA using the LFS-LDL standards, and, the RID pethod are very similar and

highly corre]ated‘(figure 11). The'di.OZO bottom fraction was initially

used to compare the two methods, since this fraction contains a single

class of %#ipoprotein containing apo B, LDL. These comparisons are there-

fore free from the influence of other factors such as differences in the

o

size of particles, and the presence of apo B in lipoproteins that are

poorly measured by the RID method. The close agreement of the apo B

" values found under these conditions by the two methods Teads to the fol-

—

.

Towing conclusions.

Firstly, preparation of the LDL standards‘in LFS would appear to be
a necessary condition for the standardization of the assay. This réquire-
ment is not surprising, since of fundamental importance to an immuﬁbassay,
is for the antigen in the standards and samples to exist‘undgr similar
conditions (77). The addition of LFS to the LDL standards ensures 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 behavior closely resemble those of native serum.
The reason for the increase in tight scattering with the additionlof’

serum is unclear. he difference is presumably related to the effect of
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pg@tein., The antigen anq'antiquy partip]es in so]utjon aré,§§ronglj

- dependent upon prgtzintprotein ?nteracti;n, and the increased prbtg}g
concentration may enhancé thélfonnation and/or {qcrease the size of
FLefimmune comp1exé§. Inltﬁese expe?iments, the concentration of pro-
ﬁein in the LFS{was 6 gm/dl aﬁqhihfs approximates the normal serum
Eroteiﬁ concentration of the samples. The close agreement of the.dl.OZO
Va]yeg by the two methods suggestg that the concentration o%wprotein
addéd'to the LDL standards is optimal for the pérformance of the immuno-

assay. Nevertheless, it would be of interé%t td establish the relation-

. ship between the concentration of serum protein in the LDL standards ,and

the resultant 1ight scattering. A differential effect of protein con-

©

centration could potentially affect the quantitation of apo B. Clearly,

this relation needs sto be examined further.

\
The équarab]e mean values for the d1.020 bottom serum samples

)

'fqund by the two methods also suggests that the sensiti%éfies of the
two assays for the quantitation of LDL apo B are the sam and roughly-
1:1, However;tthe sensitivities of 'the two methods for quantitating

d<1.020 apo B are quite different (see later).

.

LS

The data presented here also sugéests that th& protein-protein
interaction, eemingly essential for the performance of the light scatter-

ing ﬁetﬁgg, is of only minor consequence to the quantitation of apo B

*

by thé RID assay; Thié.point is illustratéd by the fact that concentira-

“tions. of apo B were idgptica] for cpmparab]g'LFS—LDL and serum-free LDL
¢ ] N ' )
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standards calibrated by the RID methed. The performance of other methods

e

N

for example, EIA, have been shown to be dependent on the presence of pro- |

tein in the LDL standards (33, 77), suggestiﬁg that the RID method be

more closely examined as well.-

~

In 8ummary, the use of LFS-LDL standards appears necessary for the,

~ . ° - o - a
standardization of the immunonephalometric assay. Indeed, a recent re-

C . * .port by Rosseneu et al (33), who also compared the effects of LFS-LDL

< : »
and serum-free LDL standards on the quantitation of serum apo B, showed

simi]ar findings. In the present %fudy, using.the LFS-LDL standards
.resu1ted in a better agreement of apo B values by the two methods. The
Iarge difference 1n the values by the two méthods in the previous' study \
are explained to some extent, by the use of d1fferent‘LDL standards to
calibrate the reference curve.

&

° ‘ for these differences as well.

As detailed below, there are other reasons

However, because of the improvement in
the standardization of the assay with the LFS-LDL standards, all subsequent

| assays used these standards for ca]xbrat1on of the precipitan curve

\ a

(b)

‘Effect of handling losses .

a

- t s N
In the previous, study, the question of handling lTosses was raised as g

as a factor contributing #o the higher estimates of apo B found by the’ .

INA method. It was therefore important to determine if this variable

1

was involved or not in the present study. That there was no excessivé }

(\ ' ' error asspciated with the processing of the samples in the present ex-




_ periments, was verified by comparing the estimates of épo B by RID assay,
in whole serum, and £he serum d1.006 and 1.020 bg}tom samples. Inspection
of tablé 22, shows only minor differences in the mean values found for

the fractionated and uqfractionated samples. With a significant loss of
lipoprotein through ultracentrifugation, the values in the fractionated‘
samples would be expecteﬂ to be Tow compared to the unfractionated value.
The close i@neemént of the values’suggests that the recovery of apo B in
the fractionated samples wascnear1y complete. In addition, the data also
’éqggestg that the RID assay does not qcéurately quantitate .apo B in the

I d<1.020 serum fraction, with the assumption that therevis a sigpificant

~ amount of protein présent in this fraction for detection. In this study,

© estimatjon of apo B 1in this fraction by an independent method, revealed

“thatﬁthere was a significant amount of protein present (table 21), suggest-
ing that the RID assay was insensitive for quantitating d<1.020 apo'B |

h_pfbtein., Indeed, this was an intentional feature of this assay as ig was
originally deve]éped (21). In view of the .relative insensitivity of £he
RID assay for d<1.020 apa B, coupled with the close agreement between the
fraction§§ed and uﬁf?actionated serum values, furthef proyes that the
recovery of apo B.in the fractionated samples yas‘high. Théﬁgfore excess-

+ive handling losses secondary to the prqcessing of samples, would not

appear to explain any differences found in the present study.

i

(c) The effect of other factors on the quantitation of apo B

o

h Immunoassay of the d1.006 bottom serum samples produced somewhat;




-centration of apo B through the d1.020 bottom, d1.006 bottom and whole

different findings as compared to the immunoassays .performed on the
dl.026 bottom saﬁb]es. The values obtained by the INA method were*
significantquhigher than those found by the RID assay, a;though the
correlation between the two ;ethods remained high (tables 17 and 18,

and figure 13). The différence in the mean values found by the two

" methods amounted to 10 mg/d1 of apo B. However, this is considerably

less than the 22 mg/d1 differencex ig‘d in the previous study (table 11)
and probably reflects the different curves uspd to calibrate the aésays. )
There are three possible explanations for tﬁé difference found in this
study; (1) the presence g: épo B in the d=1.006-1.020 1lipoprotein (IDL)
fraction, (2) insensitivity of thé RID méthod for the quantitation of

" d<1.020 apo B, and (3) non-specific Tight scattering caused by the larger

IDL particles. All three factors were thought to play a role to a var-

iable degree.

Firstly, inspection of table 22, which compares the apo B values
found by RID assay on the unfractionated and fractionated serum samples,

shows that the values agree’ very closely. With %he understanding that

the loss of 11poproteiﬁ through the processing of\§amp1es wég_negligible,

then the expected finding should have been a stepwise increase in the con-

t

serum fractions. Téis is anticipated fr?m the knowledge that each of these

fractions contains successively more lipoprotein containing apo B. This,
was not the result however, indicating that the RID method{did not accur-

ately guantitate apo B in the d1.020 top f}actipn. For this reason alone,

.
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. RID method. On the other hand, the INA method does appear to be more
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the mean d1.006 value quantitatéd by the two methods, sHou]d differ
by an amount, equal to the concentration of apo B actually present in the
IDL fraction. The higher value is therefore partly explained by IDL apo-

B, presumably better measured by the INA method.
£'4

The estimate of apo B in the IDL fraction was determined by an in-
dependent chem{ca1 method. In this study, however, the d=1.006-1.620
lipoprotein fraction was not isolated directly. Rather, the apo B in
IDL was estimated 1Adirect1y by subtracting the.amQunt present in the
d1.020 top from the d1.006 top fraction. ' The differé;ce in these cal-
culations, is an estimate of IDL apo B, and should only be considered as
an approximation because of the indirectness of the methods used far
determining this value. Table 21 shsws the estimates of apo B found inﬁ
the d1.020 top, d1.006. top, and d=1.006-1.020 lipoprotein frabtions. The .
mean IDL -apo B concentration was 5.3 mg/dl. When the apo B found in IDL.
is added to the amount ﬁeasured in the d1.056 bottom fraction by the RID
method, the combined value compares well with the d1.006 bottom estimate
found by INA (table 23). The small difference remaining’ggLwééﬁ/gggf/’J”/’/’4~’T/
values was not significant (p>0.05). Thus, much of the difference exist-

ing between~fhe d1.006 bottom RID and INA values is explained by the

presence -of of IDL ‘apo B, which was not accurately quantitated by the

accurate for the quantitation of IDL apo B, and this point is illustrated
by the findings presented in table 24. This table shows that the com-
bined d1.020 bottom (INA) and IDL estimate of apo B compares well with

1
. A
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the estimate found by INA in the d1.006 bottom fraction. The small-

- difference between .the two values is not significant, and therefore,

most of the difference between the values by the INA method on the

d1.020 and d1.006 bottom samples, is due to LDL apo B which is included

in the d1.006 bottom measurement. The small remaining difference is

within the range of methodological variability, but may also be partly

explained by noﬁ-spééific I%ght scattering caused by the larger IDL .

particies. - L ‘ -
\ ‘ ,

In these experiments, the 1ight sca%terﬁng characteristics of the
different c]a;ses of 1ipopr6te1n particles was not directiy compared.
QThe larger VLDL and IDL particles, however, are potential sources of
non-spec%fic light scattefing: If this effect was{significant, it would
tend to affect the quantitation of serum apo B in the direction of an
overestimate. Non-specific light scattering may provide an explanation
for the findings presented in table 25. I; this table, the apo B values
determined \in the dl.OZOé%op fraction are’added to the corresponding
values found in the d1.020 bottom frgction. The combined values are an
estimate of the total serum apo B concentrations. ??he mean value found
for the samples %n this study was 128 mg/dl and this may be compared with
the mean whole serum value of 143 mg/d1 found by the INA method. The
difference between the®two values, amounting to 15'mg/d1, is §ignificant'
(p<0.005). It is plausible tolattribute at least part of this difference
to nan-specific Tight scattering caused by the larger VLDL ang IDL part-

icles present in serum. The effect of VLDL part{cle size

v
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is further illustrated by the findings pre;ented in table 26:‘ In this
case, the apo B estimated in the d1.006 top fraction by éhemiqal deter-
mination is added to the apo B fand in the d1.006 bottom fraction by INA.
The mean level bf VLDL aao B found for the sampJesnin this study was
8.3 mg/d1, which is very close to the value found in the previous study
(table 12). The combined mean total apo B value is 133 mg/d1. The total
serum apo B level found by thelINA method is also sign%ficant]y higher - y
(p<0.025)\than this value. Once again, the most p]ausibje explanation
* for this difference s the non-specific light scattering caused by the
1arger VLDL particles. Comparison of tables 25 and 26 also suggests that
the contr1but1on of VLDL to this effect is at 1ea§§ twice that of IDL,
which is consistent with the differences in the relative size of these
particles (178) as well as the{r concentrations, as found in this study
(table 21). Two additional fi$€%ngs point toward tﬁe effect of VLDL.
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-
efices. Moreover, the VLDL épo B Tlevels. correlated positively (r=0.82)
with the serum triglyceride levels (fiéure 15), which in turn, are Tre-
lated to the size of the VLDL particles (153). I% is therefore reason-
able to suggest that the larger VLDL particles, through an effect of *
non- spec1f1c 11gé¥ scattering, were responsible for the small (8-10%) over—
estimate of serum apo B values associated with the INA method. It >
should be mentioned, however, that because the sample number was rel- .

atively small, a relatively large effect produced in a few samples




would contribute disproportionately to the overall effect seen for the
whole group. Tﬁe méan apo B va]ué‘found on whole serum by the INA method
may be higher than the combined estimate, fér this reason alone. With a
larger sample number, a relatively large effect observed in a few se;a,
would much less affect the whole group result. Clearly, more work. is |

needed to clarify these relationships.
(d) Summary

To summarize, the INA method under optimal workiné conditions com-
pares well with the RID assay for the measurement of apo B in the d1.020
bottom-serum fraction. The addition of LES to the LDL standards seems
necessary for the performance of the immunoassay, although the relation-
ship between the concentration of serum protein added and light scatter-
ing is not established. The estimate of apo B in the d1.006 bottoT
serum fraction by the INA methoq/égreed well with the combined d1.620
bottom (INA) and IDL (chemical) é;tfmates.° The estimates of apo B in
the d1.006 bottom serum fraction and in whole serﬁm were significantly
hibher by the INA cohéared to the RID method. A major reason for these
differeans was relate& to the presence of apo B in the .d1.020 top

ﬁipoprotein fraction, which was not accurately quantitated by the RID

method. However, the whole serum apo B estimate was also significantly

higher than the'd1.006 bottom serum estimate usiné INA for quantitation. « ;

A part of this difference may be explained by the non-specific Tight

scattering caused by the VLDL particles in serum. Th; maénitude of this
. ;o

{ e J




- -79- _

o

s B
: " ' i s S




e
G
gi
&
b
#
g; ()
¥
:

P T i

F T

./\

-80-

*
A"

v

o - \
VIII. Comparison of VLDL and LDL Light Scattering Characteristics

4

1. Introduction ' , ‘ -

In the previous experiments, the higher estimate of apo B found in
whole serum by the INA method, compared to the estimate based on the com-
bination of immunoassay and colorimetric methods, was thought to be a
consequence of non-specific 1ight scattering caused by the larger VLDL
particles 'p‘resent in serun. The purpose of these experiments was to com-
pare' the Tight scattering characteristics of isolated VLDL and LDL, and,
if found to be different, to determine the extent gi:hat non-specific light

scattering might have contributed to the overestimate of serum apo B

levels found in the previous study.

2. Materials and Methods

VLDEwas isolated from sert;m by preparative u]tracentﬁfugation as
previously outﬁneq. An aliquot of VLDL from ealc;) of the 13 samples was
used to prelpare a pooled VLDL fraction. The 'concentratioﬁ of apo B in
the pooled VLDL estimated by the Lowry method, was 11 mg/d1. An LDL
s'ta\ndard was prepared to approximate the concentration of apo B in the ‘\
pooled VLDL fraction, and this corresponded to 11.5 mg/d1 of LDL apo B.
In the first expsriment, the 1ight scattering of iso]ated“ VLDL and LDL
were compared over time by incubating, in trip]ica]‘;e, solutions %contain-_

ing 25) of VLDL or LDL ina 1:30 .dﬂuti"on of antiserum. In a second
\
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experiment, 5x of VLDL cpntain%‘ng 11 mg/d1 apo B w;s added to an equal.
voelume each d1.020 bottom serum sarpples at the time . of. a“sséy by INA. =
A bs'econd phase of this experiment involved the addition of 51 of LDL
(11.5 mg/d1) to an equal volume of each of the 13 d1.020 bottom serum

samples. Immunoassay was then performed as previously outh'%ed.
N .

'
!

3., Results

The results of the present series of experiments are shown in tables '

28 through 30, and figures 16 through 18.

Table 28 compares the light scattering resulting from the VLDL and
e ‘LDL Ag blanks. The VLDL blanks produce considerably more iight scatter-
°\1’ng than the LDL blanks, but even the higher VLDL values do not signif-

iéant]y affect the calculation of 4RLS.

Figure 16 illustrates the 1ight scatterir.\g characteristics of VLDL -
and LDL over time. The figure shows that the 1'n1‘t1‘a1: dC/dt is less for
the reaction mixtures containing VLDL than LDL. The VLDL reac?ion al.;,o
requjres more time to achieve equilibrium. After equih‘bt;i um is reached,
(290 minutes), VLDL produces approxima:gsw 2.5 times \as much light scat-
tering as LDL for equivﬁa]enz’z concentrations of apo B. Doubling the con-
centration of LDL,' results in roughly 90% as much 1ight scattering as one

ﬁa}f the concentration ‘of YLDL. Conversely, halving the concentratio'n of

VEDL results in slightly more Tight scatter than double the concentration
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of LDL.

Table 29 presents the data for the individual and mean estimates
. of apo B in the d1.020 serum samples befote and after the addition of
VLDL. The r}lean ‘concentration of apo B for the 13 samples was 62 mg/dl.
The mean value after the add1t1on of VLDL was 79 mg/d] or about 6 mg/d]
or 8% higher than the expected mean \>a1ue of 73 mg/dl1.

In ‘table 30, the individual and mean data for apo B before and after”
the addition of LDL is shown. The mean value found after the addition of
11.5 mg/d1 LDL was 71 mg/dl, slightly less than the expected mean value
of 73.5 mg/dl. The recovery ;f the added LDL was about 97%. The obser-

ved and é_xpected values “correlated well (r=0.98, figjure 18).

4., Discussion *

This series of experiments was specifically designed to compare VLDL
and LDL 11ght scattemng YOper‘tles Because they were found to be so
d1fferent an attempt was made to est1mate the magnitude of the non-spec-

ific light scattering effect in the serum samples.

In the first experiment, the light scattering of VLDL and LD were

compared over time. The VLDL particles scattered more than twice aso much

light as the LDL particles, for equivalent concentrations of apo B. The

N “) ’
proportionality between 1ight scattering and particle size was roughly

»

) f
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maintained when the concentration of VLDL was halved or LDL doubled,
/indicating a fairty constant relationship between particle stze and

- light scattering under these conditions. The greater light scattering by
VLDL was expected since the diameter of these particles is more than
twice as large as LDL (178), and the surface area of the immunocomplexes
so formed, would be largér as well. Thus, under conditions involving eq-
uivalent concentrafions of apo B, the non-specific light scattering caused
by the larger VLDL particles is substantja]: The light scattering‘is
non-specific, in the sense that it is disproportional to the 1ight scatt-
.ering produced by LDL apo B. The effect of this light scatter would be -
to cause an overestimate of apo B levels. Since the re1ati;;7concentra-
tions of VLDL and LDL in normal ‘serum are substantially different from

" the 1:1 ratio examined here, the effect produced by VLDL in serum would
¢ i

[y

u ‘presumably be smaller. . -

The lower initial dC/dt and the longer time required to reach equil-
aé;ibr'ium for VLDL compared to LDL, confirms a previous finding (32). These
characteristics may be reflecting the Tower immunoreacti&ity of the part-

icles as shown in other studies (100). Q

The data presented in table 29, which summarizes the results of the
second experiment, suggests that the non-specific light scattering of
VLDL particles may well result in an“dverestimate of serum apo B values.

; Thii\;fzfs>whs explored by adding a fixed concentration of VLDL to the

d1.020-bottom serum samples. The observed values were significantly
g :

i
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“higher (p<0.005) than the expected values, calculated on the basis of the

3
concentration of apo B addgd. The difference in the two vdlues, repre-

senting an overestimate .of the actual concentration, was sma]i, amounting’
to 8%. This difference is most Tikely explained by non-specific light

scattering resulting from the larger VLDL paktic]e'size: Since the 6b-_

served and expected values for LDL correlated so yell (table 30, figure 18), -

the difference seen for VLDL is unlikely to be explained by methodologi

cal

variables.

=

The extent of the overestimate produced by the non=specific 11ght‘(/

‘

sgatfering effect of VLDL, is probably proportional to the ratio of VLD
( , /
to LDﬁ found in serum. When isolated VLDL .and LDL were compared at a'1:1
ratio, the effect was substantial, and non-specific 1ightvscatterin§ '

caused“a two fold overestimate of apo B. In the second experiment, where

_the relative concentration of VLDL and LDL averaged about 1:6, the resudt-

ing overestimate was much less, and under this condition amounted go about

8%. In the previous experiment the relative ratio of VLDL/LDL in the

i

serum samples averaged 1:14. The overestimate found there also amounted
to 8% so it is evident that the proportionality between VLDL aﬁd LDL
concentration, js bu£ one of several variables invg]ved. Another faétor
to consider is the size of the VLDL particles'which are much-less homo-

geneous in their size than LDL. It should be stressed, however, that the,

 differences opserved in the previous study, were produced by relatively

few sera where the effect was large. The overall effect observed for the

group may have been exaggerated for this reason alone. Nevertheless, the

f
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cHo R R b S A it 2 BRI o s ittt SRS S b M o R e




fn

‘n
®

—

ﬁndmgs presented here 1nd1cate that non-specifAic light scattering by

VLDL is a bona ﬁde effect that may \{Jell coatribute to an overestiméte

of the serum concentration of apo B. The maénitude of the effect in

normol1pemic serun samples is not clear, but it is probably not large.

The effect would presumably be greater in hyperlipemic serum where both

the‘conceﬁﬁr@tion (14, 17) and size (153) of VLDL are increased.

4 &

In summary, these experiments show that for equwa]ent concentrations

of. apo B VLDL part1c1es scatter si gmﬁcant]y more light than LDL part-

. 1c1es. The non- spec1f1c light scattering caused by the veDL particles

lead to a small, but sigm’ficant overestimate of apo B concéentrations for

the conditions examined in this study. 'The oVeregtimate of serum apo B

'ieveTs'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-specific light scattering of VLDL particles is consider--

ed in the last phase of this research.
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" IX.  Reduction of Non—épecific Light Scattering of VLDL by Detergents

“_86_ ‘ 1
i;b ” ) °
£ | ’ ;g . .
“ie Y,

'

v

1. Introduction

In the prev;ous experiment, ‘the Tight scatter:ing cha.nacteri stjcs" of
VLOL and LDL were shown to be different. More specificaﬂy’, VLDL aspatter-
ed more than twice as7rilich 1ight as LDL for comparab]e concentratwns Of,
apo B. The non-specific light scattemng efféct of VLDL, resulted in an
overestimate of serum apo B 1 eve‘ls. In the present study, the 11ght
scatt;m ng properties of YLDL and LDL are compared in“the presence of det-
ergents. It was hypothes1zed that treatment with detergents wou]d prove
to be effective for réducing the nonfspecific light scattering caused by

o

the larger VLDL particles.

» N @

4

2. Materials and Methods

L (:\) I N N » o, l
VLDL and LDL containing respectively, 11 and 11.5 mg/dl apo B, were

allowed to react with antiserum in solutions containing various concen-

tratgons of detergents' (0.0001-1.0%). The fallowing detergents were tesm‘.-/

ed; (1) Tween 20 (Sigma Chemical Company), (2) T@iton X-100 (Sigma Chem-
ical Company), and (3) Octadecenylamine-polyoxyetHylene (ODA-POE), éen- ‘

erous]y supplied by BASF company, Montrea1 Detergents were prepar‘ed by

( dilution in filtered PBS. Ant1serum was added to PBS- detergent solutions,

to ach1eve a final antiserum dilution of 1:30. A1l reaction mixtures were

brepgred in triplicate. Immunoassay was performed according to the proto-

- . »
1




“col outlined previously with the modifications described in thayprevious
experiment for isolated VLDL and LDL. Light scattering was measured at

30 minute intervals over a three hour period.,

. 3. ‘Results. -t v
. . ° . . ' . . »
\ The resu]ts of these experiments are presented in tab1e 31 and fig-

- ures 19 through 21,

2 ' ?

a

Figure 19 is rebresentative of the effect of the detergents.on the

"Tight™scattering of the free VLDL and LDL-particles. For VLDL, the light’

scattering tends to decrease with increasihg detergent concentration, »

while for LDL, no comparab]é change is observed.

'l e
2 <

1

‘

. Figure:20 shows the immunoreactivity of VLDL and LDL in the presence
of detergent conta1n1ng solutions over t}@g. The time course ohserved in -
the presence of detergents is similar to that seen previousﬂy for the iso-

I

lated lipoproteins (figure 16). L, .
v ’ . | o,

Table 31 and figure 21 summarize ‘the ‘effects of the three detergents
on the 1ight scattering of VLDL and LDL. The data in the feble represents
the % of the corresponding RLS va]ue found for the VLDL and LDL reaction
occurr1ng in buffer alone. Inspect1on of tabTe 30 and figure 21 reveals"
that”the 0.001% concentration of tween gp and‘tniton X-100 had no effect
on the Tight scattering of VLDL and LDL. . A 0.001% concentration of

&

<@
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" ODA-POE a]sc nacj‘n'o ‘effect on the light scatte‘r"\i‘ngﬁof LDL., but decrieased

: the'ﬂ‘\gh,t scattering of VLDL by about 45% Incubation in -an 0.01% concen-
tration of all three detergents reduced VLDL ‘Tight-scatteri ng cons1der‘ab]y,
w1 th that of ODA POE show1 ng the greatest effect o A 0.01% concentratwn

\of both tween 20 and triton X 100 had no effect on LDL but the same con-
centf‘atwn of ODA-POE decreased the 11ght scattemng of LBL by about 10%.

. The reductwn in light scattem ng of VLDL in the presence of a O 1% con-
centration of the dete.rgents ranged between 75% to 85%. At th1s concen-
tratwn of detergent, the reduction in the 11ghct scattering of LDL' was
a]so significant, with- the greatest effect seen for triton X-100. 'l:é:e
ef"fect of Tight scattering of a 0.0001% concentratwn of detergent 'was

no d1fferent than the effects produced by a 0 001% COncentratwn (data
not shown), with the exception of a 10% reductwa\of VLDL fdr ODA- POE
However,- using a 1.0% concentratw_n of detergent caused a further decrease

in Tight scattering for both VLDL and LDL, beyond that $een with a:0.1%

Sy . . »
- - ® ’\a-

concentration, .
-+ R ' W ]
|
4. Discussion ] - .

v ° ' -
B s N N - e
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These exp‘erim//vts were designed to analyzeé the 1“1'ght_sc;tter1'ng of

e

the isolated \I»LDi7 ) d LDL particles in the presence of detergents. In
these expemment/s the isolated lipoproteins were allowed to react: w1th
antiserum in 501ut1ons containing var1ous concentratwns of detergents
’ (0.0001—1.0/% . The range of deter‘gent concentratwns used was wide and

corresponded to a 10,000 fold change. Light scattering «in the presence

Y ' -
o .
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of detergents was compared to the hght scattermg of 11poprote1ns in,
‘the absence of detergent

‘At low concentratwns of deter‘gents (0.0001-0 ‘601%) the Hgi\t
scattering of LDL was unchanged. Mixtures conta#nng tween 20 and tri-
ton X-100 at these concentrations, also had no effect on the"light scat-
tering of VLDL. In the 0.0001% and 0.001%-solutions containing ODA-POE,
the Tlight scattering was reduced by about 10%.and 45% respectively. Thus
for ODA-POE at these concentrations, there appears to be a differential
efféct on the light scattering of VLQL and LDL particles. This suggests
that the deterger)t is_somewhat more selective for VLDL. With a 10 fold
increase in dietergenwt concentration to 0.01%, the effect. of ODA-ROE is
augmented, but its specificity for VLDL may be r]pst as judged by the

small (10%) reduction in the light scattering of LDL. At this concentrat-

| 1‘on the tween and triton detér‘gents also decreased the light scattering

.. of VLDL with lrnmmal effect on LDL, With a further 10 fold increase in

b

. detergent concentration to O. 1% the, Tight scattering of LDL now decreases

. polyoxyethylene

polar groups of ‘

significantly. At a 1.0% concentration, the Tight scattermg of VLDL

and LDL undergo a further small reduction. The major effects of these

detergents on VLDL and LDL are therefore seen over a 100 fold concentra-
tion range, corr}esponding to 0.001-0,1%. ‘ )
The three r(on—iom'c detergents examined here, are all derivatives of

(160). The differences among these are related to the

the molecules. The polar moieties in tween, triton, and

| .
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ODA-POE are, respectively, sorbital esters, p-t-octyl ﬁheﬁo], and alkyl- -

N

amines (160). The detergent properties of \these surfactant molecules are
s

related.to their ability to solubilize lipid. AIn solutions containing
lipoproteins, éhese molecules presumably cause a dispersion 6} lipid
from the Tipoprotein particle which is #then solubilized by the formation
. of mixed micelles (160-161). The effect produced in different lipoprotein
particles, is probably related to various physical propertiés such as,
1ipid content and composition, and the molecular stébi1i£y of the par-
tic1e; In vivo (7) and in vitro (102) treatment of triélyceride rich par-
tivles with.lipolytic enzymes results in the removal 8f'11pid, accompan- |
{ed by chanéés in the‘péysica] characteristics of %he'partic]es inc]uding‘
size and eélectrophoretic mobility. The treatment of lipoproteins with
detergenps may produée similar changes. Indeed, earlier experiments in-
jfvoIving‘the treatment of lipoproteins in vitro with tween and triton
detergents, resulted in significant alterations in the physical proper-
ties of the particies as evidenced by the finding qf_significant changes
iﬁ the ultracentrifugal flotation pattern and electrophoretic mobility of
the pa;tic1e§ so treated (161-163). At Tow concentrations, non-ionic
detergents do not seem to cause desaturation or induction of conformat-

ional changes in proteins that would Tead to loss of biological activity,

including immunoreactivity (164). At higher concentrations, the entire

Bparticle may become structurally unstable, resulting in loss of biologi-

cal activity (164). Because of differences in the surface membrane com-
9
position of VLDL and LDL, the affinities of the detergents for these par-

ticles may also differ. Such a specificity is likely imparted through .

5
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the polar group of the detergen% molecule iﬁteracting with a specific
configuration of membrane components (32, 68).

The properties of the detergents and their actions on the lipopro-
teins out]iﬁed above, may provide a plausible explanation for the data
dbserveq in this study. There are threé basic Ways that the detergents
might have préduced a reduction in light scattering; (1) by a reduction’
in the size of the parti;ies and the immunocomplexes formed, (2) by a]ter:
ing (decreaging)'the immunoreactivity of the Ag, or (3) by a combination
of -these mechanisms. Since LDL was less likely to undergo a change in
particle size without a concomitant loss of immunoreactivity, any sign}f-
icant change in the light scattering of 'LDL was interpreted as evidence
for loss of immunoreactivity. Therefore any change in VLDL 1ight scatter-
ing without an accompanying loss of LDL Tight scattering under{the same ‘
Eonditions, was interpreted as a reduction in particle size. The VLDL
particles with a larger size, higher lipid content, ana Tower structural
stability, relative to LDL, wa} af§ected by the detergents at lower con-
centrations. Moreover? at the Tower conéentrations, the detergents
and in particular, ODA-POE, seemed to have a selectivé effect. The sel-
éctivity of this effect may have been related to-the phospholipid compos-
ition as shown by Heuck (322. As the concentratjon of the detergents
is increased, The selectively of action for VEDL is lost as the light
scattering of LDL becomes significantly decreased. The resulting loss
of immuaoreactivity 1ikeiy results from a changé in brotein conformation

or surface antigenic componenfs, secondary to structural alterations

3

/
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.eliminate or at least reduce non-specific 1ight scattering of VLDL and
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of the particle. Such effects are knowﬂ consequencesoof detergent )
action (164). Although the changes in light scattering were gpecuTated .
tﬁ result from changes in particle size and immunoreactivity, thtse .
effecti could be specifically tested through various devices, including
electron microscopy of the lipoprotein particf;s and by observing |
the light scattering pf a control immqnoreaétion, for example, IgG-anti-
IgG where the reactanﬁs possess a homogeners size. These experiments, - ‘\
however, were beyond the scope -of the présent study.

The imertanE observation in these experiments was the relative
effect of the detergents on-the light scattering of VLDL and LDL. In
these expgriments, the concentration of apo B {n VLDL and LDL were the
same. The previous experiment demonstrated, that for equal concentrations
of apo B, VLDL scattered more than twice as much light as LDL. The
dj%ference in Tight scattering is non-specific, in the sense that it is
unrelated to LDL apo B. This ]ighé'%ﬁgttggjng is important, howevef,

v

since it tendg to falsely increase fhe estimate of apo B. The aim of

these experiments was to 1den§iﬁy those conditions that would reduce the

light scattering of VLDL relative to LOL, by igput 50%. This would then

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-100, or bettef,
a“0.001—0.01 concentration of ODA-POE. These concentrations would rep-

resent guidelines for the testing of detergents in whole serum.
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Variaus techniques have been tested for their ability to reduce the
: : b
size of VLDL particles and produce particles having a uniform size. -

Decklebaum (102), described a metﬂhod for the production of LDL-11ike
particles from VLDL by in vitro incubation of lipoproteins in thespres-
ence of lipase enzymes. Reardon (104), then applied this principle to
develop a modified EIA, as described previously. Non-specific 1ight
scattering is recognized as problematic for the estimation of serun apo B
Tevels by the INA method (32-33, 74). Heuck (32)‘ recently described-

a series of experiments, which showed the effectiveness of lipase “enzymes -
%Br decreasing the non-specifié h'gh;: scattering of VLDL. Detergents

also appear to be similarly effective (32, 74). In a second report (74),
involving simplified procedures, Heuck demonstrated the effectiveness

of ODA-POE in reducing the overestimate observed in hyperlipemic samples.
‘In this regard, the detergent was effective in the 0.005-0.2% co;centra—
tion range which compares well with the results of this study. Similarly,
Rosseneu et al (33), tested the effects of various detergents including
tween 20, triton X-100, ODA-POE and Apovax. Both Apovax and ODA-POE at

a concentration of 0.01% produced a better ag:‘eement of serum ape B values

measured by INA and EIA methods, particularly in the,setting of hyper-

Tipemic serum samples.

In summary, incubation of VLDL in the presence of detergents in the
0.001-0.01% concentration range was effectiwe in reducing the non-specific
light scattering of these particles. The results of these experiments

should serve as guidelines for the evaluation of detergent effects in

]
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serum samples. It, is anticipated, that at appropriate concentratiaons,
| R ’
the overestimate of apo B levels that were observed using the INA
;'. &
method for quantitation, will be minimized.
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The present study was undertaken as a preliminary evaluation-of im-
munonephelometry as a method for the quantitation of serum apo B. The

principle of nephelometry involves the detection of 1light scattering of

. immupe complexes formed between antigéns and antibodies in solution. For

the fixed 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 aptigen is quantifiable.
The method, a priori, app.eared suitable for the quantitation of apo B.

For this purpose however, the procedure is potentiaHy more complex than

that involved for the detenmnatwn of other serum pr'otems, since ‘the
ant1gen apo B, is present in serum in the form of lipoprotein particles.
In so far as the size of the lipoprotein complexes containing apo B is
variab]é,/and since the intensity of light scatter ?s further related to
the size of the antigen and immune complexes formed, the effect of dispr’*o-

portionate 1ight scatter caused by the larger Hpoprotein‘par\tic]es present
* }

]

in serum, was of special concern to the performance of the\immunoassay.

|
~ Vo
v
\

In the development of an immunoassay, there are four 1'n¥portant par-

i

ametiars to be evaluated. These include; spec1f1c1ty, sens1t¥\v1ty, pre-
cision, and validation. As well, any potent1a11y 1nterfer1ng factors must
also be recognized and evaluated. The present assay, based on the tech-

nique of immunonephelometry, was developed with these considerations in '
® ] 4 .
mind. L e

i
£y

The initial experiments were undertaken to establish the basichork-

mrS B e e vy e v b )
.
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ing conditions for the assay. The specificity of the immunoassay for

apo B was guaranteed by raising a monospecific antiserum to the antigén.

_ The tharacteriétics of light scattering for the LDL apo B-anti-LDL system

wére demonstrated in preliminary exberiment§ by allowing various concen-

4 ' ‘trations of LDL abo B to react with various dilutions of antiserum. Under
appropriate conditions, a precipitan curve was constructed which was ;in-
ear over a wide range of LDL apo B concentrations. An end-point for the

ameaSUrement of immunocomplex 1jght scattering, was established py follow-

K ) - ing the immunoreactivity of the reactants over time. The relatively short .

incubation period required (two hours) is a t%mesaving feature of this

¢ method. The in vitro sensi;ivity'of the assay fér the antigen correspond-

ed to the levels of apo B found in serum, and therefore,qonly a minimal

dilution of the samples was necessary for immunoassay. The lTower Timit

ot S

of, apo B detection was 5-10 mg/d1, and this is well in excess of that re- . ;

quired to measure apo B in serum (tables 2 and 3). The minimal detectable

antigen concentration attainable was not determined but it is probably =~ ~
i more sensitive than reported here (172).- The assay was also ‘shown to be
% very sensitive to 10 mg/dl differences in apo B concentration. The pre-

cision of the assay for measuring apa B was studied, and the combined

intra- and interassay coefficient of variation was about 7%. This value

tends to be lower than that reported by most other methods (16-17, 20, 25),

4

s o et e o matone

and the reliability of the assay for apo B measurement was judged to be

A}

high. . .

( , o With the working conditions and performance characteristics of the

A
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assay established, the next phase of deve]opment 1nvo1ved the vahdatwn

procedures. The validation of the assay was somewhat hmdered due to the

“

lack of a reference method at the time, for measuring tota] serum apo B~

-levels. The immunoassay used for standard1zat1on purposes ,.was a RID meth- "

N

.od, used routinely in th1s laboratory for"’the quant1tat1on of apo B. The

RID assay was des1gned to se]ectwe]y measure LDL apa B in plasma, and is’

5 @

therefore not.accurate for the \quan:htatqon of apo B in t;he d<1‘.020 11p’o- !
protein fraction (21). This finding was zf] S0 co';lfi"rmed in the present
study, For this reason, the apo B 1in the d<1 020 11poprote1n fract1on
was est1mated by an 1ndgpeondent method: Thus theu refer‘encg method for

measuring total serum apo B concentrations 1an1ved combining thegseparate \
o ¢ ° 0 °

estimates for d<1.020'ar;d d>1.020 apo B by the chemical and 1'mmun(;assay§. ’

[}

The fact that an a]ter:nqtive” immunoassay- for total apo B,was unavailab1é,
made the va1"1'dat1'on procedure more tedious. At 'the same time, Dowever,
it fostered a more thorough analysis of the hght scattemng method In-

deed, one of. the puyrposes for deve]opmg this method was to hava ava11ab1e

¢ ° e &

an assay for, total apo B. . ‘ . . o

”
- N °
o
of P
L4 c a

Since light scattemng is dependent on’ the s1ze as well as the ‘con-

centratmn of the antigen (138), and because apo B is presept in 11popr9-
tein particles of var'ioqs sizes, the quantitation of a'po B by th1's=umethod’
was potentjally more complex. It was anticipated that the la“\jger vLoL

particles might interfere with the perfom:ance of the immunoassay, by

causmg d1sproport1onate light scattermg This effect potentially cause

x

%

an overestimate of serum apo B 1eve1s °, -
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: IS T Jﬂ [ceydure, sggmﬁcant]y higher serum epo Bﬂeve]s were“fouhd with the INA
» o B .,D céfnpa"red to the IiID method. ,Three majgr parameters were postu]ated to
’ o ”accoﬂuntafor th;s difference; (1) differences existing between the LDL
: . | “stahdar“ds annd the serum samp]es,~(‘2)iapo.8 contained 1'Ln the d<1.020 lipo- |
. T A Proteinwfqranction inaccurately meashred by the RID assay, and (3) non- |

0o spéciofic light scattering caused by the Tlarger "VLD‘L particles present’in

»  serun, ,The next series of ‘experiments therefore evaluated the contribut-
v e . ., . > K ’ a ) o
o ion of these factors. ’

° - ' * ' Fj o Y
s o n 2 !
° . .0 % T . ¢ 4 ; .
A fundamenta] requirement of an’ inmunoassay,, 1s‘tha€ the antigen

1

) in the standards and the samp]es exist under c*]dse‘ly simi Tar conditions .

Th1s means, for examp’fe that the prOpert1es of. the ant1gen, such as
] . o { I
.+~ " molecular size-and surface charge be similars Surface ‘charge seems to

o [

be an importa‘nt consideration ‘For EIA 'techn'iaues (77). Size differences

coy B

), seem to be equaHy 1mportant var1ab1es 'For the perfonnqnce of other

o " methods (17 21-522 32 104)-, Of eQUa] 1mportance,w1s for the standard

. : and samp]e anti gens to be present in a sgimilar background medwm as well.

, ) .
R . For the initial standarduat,wn procedure, the LDL standards were pre-

o o pared« in serun=free salt solution, since this has Tbeen} the"proc;ed“ure for
preparatwn of the’ LDL stahdards Ased” for the RID method. Becans;e the
L ; overest1mate of‘ apo B values by the INA method seemed excessive, one

wondered "if a f-‘undamentaLdﬁference existipg between‘the samples and the

o . ~ standards was partly-respofisibJe. The subsequent comparison of the light
a.a o o . o 3- [5) 3 ! ¢ o
, ( ) scattering of/tfhe LFS-LDL and serum>free¢ LDL standards, and the resultant
¢ 5 i D'a:&: ) 2

[




PRt

P e T3

i o

« £V

)mz
5

differences in the Tevels of apo B calculated from the ’ﬂtwo‘ standa}d curves,
seemed to demon§trate the requi&;'e_ment for serum in the LDL st.%n'dard sol-
utions. By adding LFS to the LDL standards, the conditions for the anti-
gen in the standards afid tge sal;lples became more similar and the‘standard-
ization of the method was improved as i]ﬁlustrated by the close agreement
"of apo B values in thé~ d>1.020 serum samples measured by the INA éna, RID

assays. In contrast, this requir:ement did not seem particularly &rucial

‘for the performance of the RID method as "alluded to earlier. Rosseneu

(33), has recently observed effects similar to those sho'wn'her'e.’ In that

: 0]
study, the levels of apo B measured by the INA method using serum-free LDL

_ Standards were signilficqnt'ly higher than those found'by EIA.(123 vs 71
- mg/d1). Addition of LFS to the LDL standards resulted in a better agree-

‘- ment of the values (95 vs 85 mg/d]) It is also of interest to note that

the add1t1on of LFS pr‘oduced oppos1te effects in the two assay systems.

The coﬂcentratwn of ser'um protein used in the study by Rosseneu was 4. 7

<
'

. gm/d1 compared to the 6 gm/dl used in these experiments. These values

are both within the normal range of serum protein concentrations. Al-
though 1I:hc“e~ standardization of t~he assays in these exp;erim'ents seemed op-
timized by the concentrations of serum p'rote/in used, it is'sti~;l1 of/im-— !
portance to these methclzds to clarify the re'latﬂion‘ship between serum pro-

tein concentration and i:he Tight scattering of LDL.

’

]
]

"~ In these expemments, the reference method for determmng total

serum apo B levels, mvo]ved combining the separate est1mates found in

' the d<12020 fraction by co'lorimetric:. assay. and d>1-020 ffraction by .RID

- . .
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assay. The mean value found%by this method wasF128~mg/dl. The mean

value found by the RID method.was 110 mg/d1. The 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 meth-
od was 143 mg/dl. The difference between the estimates of total apo B

found by the reference and, INA methods was partly accounted for by the
4

non-specific Tight scattering effect of the VLDL particles in serum.

Whereas the extent of the effect was somewhat unclear, the existence of

o

the effect and its potential for causing an overestimate, were proved

’ through the following obséfvations. Firstly, when the 1ight scattering

charg;terisfics of isolated VLDL.and LDL partictes were compared, the
larger VLDL particles scattered more than.twice as mséh Tight as thg LDL
particles, for equivalent concentration§ of. apo B. This finding %s in
agreement with Heuck et al (32), who also éompared the Tight scattering’
of isolated lipoprotein particles. Secondly, when VLDL was added to the
d>1.020 serum samples; the observed apo B value was significantly high-

er than the expected apo B value, It seemed clear, that the difference

" in the values resulted from the non-specific light scattering of the

VLDL particles. A]though the overestimate was small (8%), and quan-

“-titatively similar to the difference found for apo B measured in serum

- by the reference and INA methods, it seemed plausible that the latter

overestimate may have resulted from a similar effect as well. However,
as mentioned earlier, the small sample number may have contributed to

to there being a greater difference}than actually present,

¢ . %
-, .
‘ ’ N .
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_ImmunonepheTometric assays have recently been developed in a number

“\\\\-- of different laboratories for the quantitation of .serum apo B (table 3).s
. . Ballantyne'et al (31), were one of the first to evaluate the laser method
. " for this purpose.  The meao value found by the method in 3 'group of 3B -

’no}hoiipEmic Subjects'was 157 mg/d1. This Qa]ue was twice as high as-that
found by RIA. Unfortunately, the ca]ibration of their standard curve was
~not descr1beéw and it is therefore not poss1b]e to compare the working
; cond1t1ons of toe two methods. In a more recent report (1?9), Ballantyne
- ' ", observed é Jmean apo B level of 100 mg/d1 by this metood in a group of. 24
normo11pem1c SUbJeCtS Ouce again, it is go& clear if methodo1og1ca1
" factors are respons1ble for this d1fference Eurthsr the small sample
numb§rs used in these stud1e§ may not be reflective of actual popu]atioo
‘ L norms. Dedonder-Decoopman et al (57), in ; seoies involving a large /
number of subjects, reported mean apo B va1ues'of 129 and 125 mg/d1 in
- 205 and 271 mafe and fema]e ngrmolipemic subjects. These values tend toJS
be higoer than fhose found in similarly large groups of subjects, by other

methods (table 2). On the other hand, others using this method have !

D

' found 10wer mean apo B values, that tend to agree better with those found

|

, by conventional methods. Heuck et al (75) very recently updated his-

;eries and reported a mean apo B'Qa1ue of 103 mq/d1 for quaotitations

~ made in 43¢ normolipemic subjects. Rossoneu et al (33) also reported
va1ues ‘that were favourable to otheo est1mates Rosseneu also showed
the conditions necessary for these me;surements as discussed ear]ier
Debacker (56), recently compared the Tevels of apo B measured by INA in

70 normo11pem1c post myocardial SUbJECtS and a similar number of normo-

T .
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Tipemic controls. The values found in the coronary patients were signif-
icant]y‘higher than tho;e found in the controls (143 vs 113 mg/d1), and
this shows that heterogeneity of the populaiion studied may alone account.
}or a significant amount of variation seen for apo B levels. The levels
of apo B measured in cord serum by INA (58, 110-111), also cdhpare wé11

‘to those found by other methads (108-109). These studies show that the

. method tends to be fairly well standardized for the quantitation of apo

L5

B in normo]ipem%c serwﬂ; although the exact conditions under which the
-standardization was accaﬁplishéd, is not clear in all cases. The tendency
for fhe methqd to overestimate the IéVelgsf apo B in normolipemic samples
may not be greaf, and this corroborates the oB;ervations of the present
stﬁdy. The higher values found in some cases may as well be a reflect-

3

ion of the heteroaéneity of the population studied.

The standardization of the assay for the purpose of guantitating
apo B levels in hyperlipemic serum seems to require some specific pro-
cedureé (31, 33, 74). Without these procedures, the Tevels of apo B

tend to be significantly overestimated (33). The overestimate found

*in hyperlipemic serum is caused by the non-specific light scattering

of VLDL as shown by Heuck et al (32, 74). The effect in hypertirglycer-
idemic serum is magnified owing tq/an increase in both the size (153)-
and concentration of the particles (14, 17). Short of removal of these
particles by ultracentrifugation, there are two possible ways of red-
‘ucing 1light dispersion caused by -larger Tipoprotein particles; (1) by hy-

drolosis of 1ipid of intact lipoproteins with lipase enzymes, or (2)

\
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- by'édding detergents. Heuck et al (32), showed tﬁat the non-séecific
light scatter1ng of VLDL could be eliminated by allowing the part1c1es
to react in the presence of triglyceride. 1ipases. 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

¢4f£ " better with those found for the control method. Subsequently, certain

detergents were shown to produce similar effects in isolated 1ipoproteins

_and hypertriglyceridemic serum samples (32, 74). Solutions containing

ODA-POE in the 0.005%-0.02% concentration range were shown to be partic-

Q. ularly effective (74{. Rosse;eu et al (33), also compared the effects of
various detergents including ODA-POE and Apovax and fdundlboth useful,

T although Apovax at a concentration of 0.01% was superior at reducing non- _
specific light scattering ins%ypé IIb serum samples. The present study
also demonstrated the efficacy'o% detergents, including ODA-POE, for re- .

- ducing non-specific light dispersion of isolated VLDL, but fell short of
extending the findings to whole serum samples. Sinée the use of approp-
riate detergents appear to produce comparq?]e results to those seen for
enz&mes, but on the whole involve simpler procedures, detergents appear
to be the method of choice for the standardization of the assay where

hyperlipemic samples are involved. It would be of interest to also eslL

é tablish the mechanisms by which detergents produce these effects. Non-.-

specific 1light sgatter has also been a problem for the quantitation of

other prateins by this method (75, 146).

(; Many different immunological methogs’are now available for the quént-

'” L L B N N ~ .- L S L S - L o o A R L T VAT L
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itation of serum apo B. {hese include, RIA ¢14-20), RID (21;?3), EIA
(24-26) and enzyme immunoassay (27-29). The most recent addition, in-
vofves the method.bf immunonephelometry. There are certain features that
make this techﬁique attractiJi, particularly for clinical and epidemiol-
ogical purposes. These characteristics were discussed‘earlier. To be
reliable, however, the*meéhod must prove it§ejf accurate for its partic-
N :

ular measurement. fhese properties can only be established through ex-

periments similar to those considered heré. o !
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The main findings of this study may be summarized as follows:

" The Tight scattering characteristics of LDL apo B-anti-LDL were -

) evaluated under conditions jnvolving different Ag/Ab ratios.

Appropriate conditions were described for the construction of a

A

\
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. |

Light scattering of the LDL standards prepared in serum-free salt
solutions and LFS were shown to be different. In particular, the
light scattering of comparable concentrations of LDL standards was
greater in.LFS.’

The standardization of the method was improved by the addition ofu
LFS to the LDL standards.» This was assessed by comparing the es-
timates of apo B in the d>1.020 serum fraction using serum-free
and LFS-LDL standards. The measurements found by the INA method
using the LFS-LDL standards agreed well with those found by RID

assay.

The estimates of apo B found by INA in the d>1.006 serum fraction
compared well to those found by combined IDL (chemical) and d>1.020
(INA) estimates.

The estimate of apo B found in whole serum and in the d>1.006

serum fraction were significantly higher than those found by RID
assay.

A major reason for these differences was related to the presence o%
a significant amount of apc B in the d<1.020 Tipoprotein fraction,
that was not quantitated by the RID method.

?
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The whole serum estimate of apo B was significént]y higher than
the d>1.006 and d>1.020 serum estimates. A significant differ-
ence remained after d<1.006 and d<1.020 lipoprotein were added
to these fractions. These differences may be partly explained
by non-specific light scattering caused by the larger VLDL par-
ticles.

For comparable concentrations of apo B, VLOL particles scatter
more than twice as much light as LDL particles.

When VLDL was added to the d>1.020 serum samples, the observed
apo B values were significantly higher than the expeéted values.
The difference in the values resulted from the non-specific
light scattering of the larger VLDL particles. ‘

In the appropriate concentration range (0.001%-0.01%), twéen 20,
triton X-100, and ODA-POE were all effective in reducing the non-
specific 1ight scattering of isolated VLDL particles.

The -mean level of apo B found in plasma and serum samples of the
same subjects was not significantly different.
™y
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CON%LUSIONS\AND RECOMMENDATIONS FOR FURTHER STUDY
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In conclusion, immynonephelometry appeaz} to be a promising new v
method for the quantitation of serum apo B. ’In view of the newly rec-
ognized association between serum apo B levels and coronary heart disease,
the measurement of serum apo B concentrations is going to become ever S0
increased in the future. 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 fb]]y validated. In my opinion, more work .is neeéded in the follow-
’ ) !

ing areas:

1. The relationship between the serum protein concentration added to
the LDL standards and the light scattering of LDL needs to be clar-
ified, since differences found here could potentially affect the
quantitation of apo §. ‘

) 4
2. Ideally, the standardization of the éssanghou1d be approached by
usving a recognized reference standard for LDL apo B. Because such

a. standard is not likely to be forthcoming in the immediate future,

an alternate reference megpod capable of measuring total apo B levels,
should be used for comparison studies. EIA would probably represent

a suitable method, since it apped}s to'be reasonably accurate for
quantitating total apd 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 be more comparable. The relation
between EIA, RIA and INA would need to be established in a prelimin-

ary experiment. |

3. A much larger number of samples, probably involving a hundred or so,
should used for these comparisons.

. 4. The oversetimate of apo B by the INA method in normolipemic samples
needs to be confirmed. This tendency may become smaller, or disap-

B . s
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. -111- :

EY

e pear when a larger sample number is tested.

"5. The extent of the non-specific light scattering effect in hyper-
’ ”\ /; lipemic serum samples needs to be established.

6. The effectiveness of detergents, for example, Apovax and ODA-POE,
~ for reducing non-specific light scattering, needs to be demonstrated
in whole serum. Detergents seem preferable for this purpose, be-

" cause of the simplicity of the procedures involved. The mechanism ‘;
" of the detergent action respon§i le for these effects, would be in-
teresting to examine as well, L -

ES v H

These would seem to be the minimal additional requiremeﬁts necessary

°

toucomplete the validation of the method.
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Tab'le 2. Levels of apo B in'normolipemic sizbjects measured by imnunq‘asshay

4

subjects - . apo B (mg/dl)  chalesterol (mg/di)

nog total(sps:  LDL total LDL-C method . sezies
LR 81 72(19), 120 RIA Albers (17)
128" g8 87(30) .20 RIA  Bedford (16)

e 90(24)  85(18) 190 112 . RIA  Bautovitch (15)

a2 83(16) 213~ RIA - Schonfeld (14)
| 20 93(25) , ‘ L ek
26 43 18 . Z0 RIA ATbers_(106)

25 ©94(38) 86 , " RIA  Thompson (18)

< 71(36) * 220 RIA . Ballantyne (31)

64 3% 91(16) o184 " RIA*  Durrington(20)

« o
209 oo 89(23) - 193 RID - Heuck (68)

64 3 8325 o " RID  Lees (22

34 - 97(22) . RID  Havekes' (67)

3T g 82 ' 168° 112 ° - RID  Sniderman (49) . -

29" - 72(18)  _ ELISA Holmquist (29)

" 200, 360 iy & - EIA Avogaro (108)
ne & 77(18) o EIA,  Onitiri (24)

n B (200 = 2 EIA\i*4C¥rry (25)
146 98(19) 202 - EIA  Fruchatt (50)
76 113(20) .23 . EIA Eagar (180)

34 105(28) - SRR EIA avekes (67)

BRI 60 - _ 117(35) - S 197 - . -
. 106 11 B m(34) ) : 'I-g7- EIA ' Whayne (53)
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zTable 3. Comparison of apo B Values Quantitated by INA o

Subjects apo B (mg/dl) Lipids '(mgfdt) “

n ‘ total chol IG LDL~C method series
- — . o
87 . 173 259 236 INA Ballantyne (31)
134 = AIP  §
91 RIA
35 AL 159 - . 220 105 INA
SRR 112 . - AIpe
E c A 1 . . RIA |
; 27 Post MI 114 . ‘ te INA  Ballantyne (149)
: . 24 NL 100 . < Y
3 . C .31 . 196 " C INA -~ Fievet-Desreumaux
193 - e EIA (30)
. 211 ' El,ISA
-206¢ 129 138+ Dedonder-Decoop-
A7 7T T oo ™M pan (1)
68 NL 82 197 INA Heuck (32)
14 Ila 190 373 INA
15 IIb 179 . 342 INA }
22 IV 116 246 _ INA -
432 NL 103 195 INA\:  Heuck (75)
‘ 10 NL (AC) 90 181 - INA  Rosseneu (33)
i . i 85 . , EIA
k . 10 ML (PC) 93 178 ®  INA A ,
f c " 82 R EIA . '
' 21 Ila 139 291 INA
. ) - 150 EIA
! ~ 30 IIb 146 306 .- INA
, 155 - : - EIA
e .12 1V 102 219 INA
. 98 . o EIR 4
70 Post MI 143 - 254 ' IN\  DeBacker (56)
70 control 113 Youe © INA g
. 30 cord 24 - 65 29 INA Van Bierviiet (110)
- 7 days 67 108 .~ 58 INA
30 days 70° 114 .59 INA
g 232 cord .54 . INA Brewster (85)
50 . EIA

r
o

. ‘ NL=nor1noHperﬁ1'c, *=yLDL+LOL cholestero] , AB=fasting, PC=d€ter fatty meal
( L. ' + 1 mg/d1 cholesterol=0.02586 mmol/L, 1 mg/d1 triglyceride=0.1665 mgel/L,
MI=myocardial infatction. ’ .

o
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5. Table 4.

1.019-1.063-gms/ml

. s
: ‘ .
Distribution of apo B in Human Serum - :
) K:supjec'ts apo B
n’ total ' VLDL  LDL method . .8eries
349 NL . Bls 8% . 72P RIA Albers (17):
20 Ila "9 18 RIA
14 1Ib - 167 130 RIA -
7 111 34 72 RIA
59 IV 14 88 RIA ¢
-17 AL 83 ~ 5 . 83 RIA-  Schonfeld (14)
18 NL 92 5 83Y s RIA Durrington (179)
15 11a . . 1 206 RIA ,
-5 1Ib ) 14 235 " RIA
6 IV 30 160 - RIA . :
43 NL 90 -2 - & RIA Bautovitch (15)
20 NL g9 5% g83° EIA Curry (25)
<. 7 87 6 79 RIA
87 6 80, RID
15 HT 128 23 100 EIA
113 - 13 92 © RIA
113 15. 103 RID .
12N 93 8 . 76" (EIA e
6« 747 12 s -
30 NL . 77 T 4] w EIA Omtlm (24)
8N 4 ggf@ JRIA Thompson (18)
10 NL 92 3 89’ EIA Franceschini (99)
12 NL- P\(D 87 6 81 " EIA '
10 HT 13 88 . EIA
8 HT-PVD 21 - 95 - EIA
Y v .
a = TMU insoluble protein
.8 = d>1.006 gms/mil
y = 1.006-1.063 gms/m]
§ = <1.019 gms/mi
e = >1.019 gms/ml- '

NL normohpemc, HT= hypertmg]ycemdema PVD= pempheral vascular

disease ~
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RLS"of Ag Blank
- Ag 25\ 5
' (mg/dl),
-3 4.2 - 14
T e 327 0.9
.57 18" N
42 0.7 0.4
23 " 0.6 0.1
Table 5. Comparison of Light Scattering
(RLS Units) for the Ag Blanks
\J .

@

.
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Antiserum dilution RLS

| 1:20 ’ 6.4
. K | S 1:40 . - 4.5
' 1:80 2.9
L - _ 1:100 | 2.0

Table 6. Light Scattering (RLS Units)
L . » for the Antiserum Blanks
2 4 . B
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As 1:20 1:40 ' 1:80 1:100

Ag’ B 2% B 250 B 280 5y 26
(mg/di)

23 13 206 35 138 35 93 34 82
42 94 265 77 204 56 146 49 63
5 121 305 106 234 76 38 60 14
99 217 435 161 92 113 11 8 4
143 263 630 190 67 143 7 121 3

1

N 4

Table 7. Comparison of ARLS for the Different Reaction
- Mixtures. 1:20 etc., corresponds—to the dil-

ution of As used (see text for details).
!




Table 8. Protocol for Routine Immunoassay

he &

Each serum sample is initially diluted 1:1 with PBS.

0.005 (51) of diluted Ag is added to a clean 10 by 75 mm disposable
glass tube.

1.0 ml of buffer (PBS) containing 0.0125 m1 of As (final dilution
1:80) is added next. .

Each tube is gently mixed by inversion and a]]owed to react at room
temperature for 2 hours.

A1l standards and samples are prepared in duplicate.

For each immunoassay, one Ag and one As blank are each prepared by
dilution with 1.0 ml of PBS. . ,

Proir to determination of RLS, each tube is gently mixed and wipe&
clean with lens paper.
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Ap:d» B ,

n
(mg/d1)
1. 146
2. 149
3. 146
4. 140
5, 150
6. 147
7. 139 R
8. 152
9. 150
10. * 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 during the same Assay.
The within-run Coefficient of Variation
was 4%. -
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4
n Apo B -
. (mg/agl)
1. 144
2. 147
3. 140
" 4. 145
5. 146
" 6. 140
7. 141 ; .
8. 148 ‘
9. 144
10, 142
1. 146
12. 143
13. 147 \
14. 147
mean 144
Table 10. Apo B Levels Determined in a Control

Serum in 14 Separate Assays. The
Between-run Coefficient of Variation
was 3%.



no.

—
»
|

W 0 N O ¢ B W N

v

—
o
.

11.
12.

g D v R,
s

mean

1.006 bottom serum INA serum RID
v \
162 . 213 156
165 201 141
158 165 131 |
88 103 70
125 Léo \ 104
125 129 95
114 100 76
142 146 98
105 176 88
118 130 86
131 - 163 113
121 . 198 134
130 156 108

£
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. - Table 11.

Individual and mean values for apo B
(mg/dl) in 12 Samples measured by INA
and RID methods.
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.. . s .
;9 . \
c@ . , " .
D - INA T RID
: SF-LDL ' . LFS-LDL
1. 86 67 60
2. . .59 40 33
B N ‘“ . ’ : .
3. .87 ) 162 66 . .
. 4 67 48 42 Y
] 5. 107, 82 .97
6. 92 ) LT TG |
; . 7. ~80 ‘ . ) _ 61 . ’ u . l'56 h' N \1‘:‘,;
8. P65 .45 45 -
9. 86 . " 61 - 66
) . 1o, 71 51 | 51
, S § T 83 64 ¥ o6
—_— e ——— )
: ‘ 12, 9% . . 7% 72
? -~ 13. 75 56 .50
i - mean ’ 80 62 60
; ] :
; s
Table 15. Individual and mean levels of apo B (mg/dl) .
" R in the 1.020 bottom fraction in 13 subjects ’
i e measured by RID and INA using serum-free (SF)
' ) _ o and LFS-LDL standards.
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o~ 2 U no. INA RID

. : N 1. D181 - o .
T S 69
S o 3. - 124 -, s 132 . . :
. T B - 80 -
L : 5. 1 B! |
P - TAE . 146 152
T o O S - 2 § L |
L , 3
9

- - - '

SR o R S 88 L
I R o1
g . - 10. o 1o .
S 1. D &) ‘ 135 “
S 12. . . 183 . 12 .
o . T A ), ~ 80
Q mean . s o 2
< Table 16. Comparison of Individua]-énd mean apo B levels
T (mg/dl) in the 1.02 bottom serum fraction of u
B ' e ‘ 13 subjects measured by INA and RID. °* g
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: no.’ INA RID T
ﬁ - — Enamanedd ) s S———— “ B
“ 1. 63 62 ‘
2. 45 .33 X
' 3. - 73 .67 )
4, 53 - ‘ 50
, 5, g7 90 .
: ‘ 6. /A 69 _ -
’ - - T 68 ' 55 T
® 8. - 53 e 45 ~
T 9. 67 - 64T
. 10. ‘ 53 .48
1. - 67 ' 64 . .
o 7. 69 ~
. v ) 13, 57 ’ C 44
~ mean . ° T 63 ‘ 57
v 2 ) Table 17. Comparison of Individual and mean apo B levels
— "~ (mg/dl) in the 1.006 bottom fraction of 13 sub-
v . jects measured by INA and RID.
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Table 18. Comparison of individual and mean apo B levels
(mg/dl) in the 1.006 bottom sefum fraction of
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no. INA RID
1. 153 115
2. » 97 72
3. 180 131
4. 110 80
5. 185 J 145
6. 187 131
I B 142 109
8. 100 79
- 9, 155 122
. 10. 134 \ » 100
11.. 154 133
12. 150 127
13, 121 85
mean \\ 1143 110

3

Table .19. Comparison of-;erum apo B
measured by INA and RID -

¢

levels (mg/d1)




4
no. serum_ plasma
1. 153 152
2. 97 93
3. 180 o1
4. 110 110

R 185 174
6. 187 178
7. 142 140

. ! 100 101
9, 155 148
10. 134 . 114
11. 154 151
12, 150 152
13. 121 122
14. 126 128

15. 94 90 )
138 135

mean

L)

Table 20. Comparison of Total apo B Levels (mg/dZ)
in Serum and Plasma by INA. j
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1.02 top " 1.006 top 1.006-1.02 -
16 10 6 -
9 4 5
17 . . 12 5
i 8 6 2
10,26 18 8
. - L2 14 8 ’
\ 12 6 6
6 IR
T 12 S - 4
f L ; 8 0 'y /\ 5
- 14 10 - \ 4
’ gl _ 7;
13 . N: 5 {
¥ . l Co
L mean 13.5 8.3 5.2
; 3 ‘,
| Table 21.Apoprotein B (md/é%¥ in the d 1.02, d 1.006 - ‘
‘ and d 1.006-1.02 serum fractions determined
% chemically. * : i .
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C
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no. 1.020 b?fzék
i

1.“906 bottom serum

1. LY 136 115

2. C 69 n 72.

3. 132 141 131

4. 80 85 80

T s 131 135 145

6. - 152 147 131

7.7k 112 113 109

8. .78 88 T 79

9. 119 118 122

0. 110 108 100

11. 135 134 133

12. - 126 138 127

13. 80 88 85

mean 112 \ 115 110
Table 22. Values for apo B (mg/dl1) measured by RID assay

in fractionated and unfractionated serum.




no. RID ~IDL total INA
1. 136 6 142 135
’ 2. 71 5 76 94 -
3. 141 5 147 151
a, 85 2 87 88
5. 135 8 143 - 127
6. 147 -8 155 160 _
7. 113 6 119 138
8. 79 3 82 91
t 9. 118 4 122 121
10. 108 5 113 117
_ 11, 134 .4 138 138
12. }38 %67 145 152
13. 88 5 93 . 112
mean 3 115 + 5.3 = 120.3 vs 125
Table 23. Individual and mean values for apo B (mg/dl) in
the 1.006 bottom serum fraction (RID) and IDL

(chemical) fraction. The combined value is Tower ° -
than the estimate by INA of the 1.006 bottom serum
fraction but the difference_is not significant.
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no.  1.02 bottom IOl tofal ~ 1.006 bottom a
1. 131 6 137 135 o
2. 84 5 89 94
3. 124 5 129 151
4, 91 2 93 88
5. 124 8 132 127
- 6. 146 8 152 160
7. 122 6 128 138~
8. 93 3 “96 91 .
- 9, 121 4 125 121
10. 110 5 115 117 @
11. 131 4 135 135
12. 133 7 140 152
13, 90 5 95 112
mean 115+ 53 = 120.3 vs 125

Table 24. Individual and mean values for apo B (mg/dl) in
the 1.02 bottom serum fractiqp and IDL. The _
combined value is—not significantly different
from the 1.006 bottom serum estimate.
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1.020 bottom 1.020 top

total serum INA

no.
1. 131 16 . 147 153
2. 84 9 | 93 97
3. 124 17° 141 180
4. 91 8 99 110
5. 124 26 150 185
6. 146 22 " 168 187
7. 122 12 134 142
8. 93 689 100
9. 121 12 133 155
10. 110 8 " 118 " 134
11. 131 14 145 154
12. 133 12 145 150
‘13, .90 13 103 121
mean 115 13 = 128 vs 143
Table 25. °Comparison of individual and mean values for

total serum apo B (mg/dl) by combined and
whole serum estimates.
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1.006 botton  1.006 top . total , . INA fotal ..
7 ? o { %
139 0 . 149 "t 153
97 a0 aa A
183 T S U A
. .90 6 % - o
) 131 " 18 | ;451 - 88
” 164 14 e o Ll
139 : 6 ‘w1
: S 93 3 9% 100
124 8 132n° , ¢ "0 155
119 3 122~ o1
) - 141 0 15 ° 'bi54: »
ST 5 159" . 150
117 8 125 21
mean 125  + 8.3 = 1333 vs 143
* o |
Table 26. Comparison of individual and mean values for\

total serum apo B (mg/dl) by combined 1.006 .

bottom ahd 1.006 top and whole serum estimaﬁes§ ’
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no. VLDL apo B Triglyceride
01 e - % °e . ’ * o
° L 10 154 | :
2. 4 . 40 ”
Do 3. 13 117 :
: 4. L6 . .
‘5, > 18 196
6. 14 : 176
- 7. 6 - 87
8. o 84 ]
. 9, 8 © ., 143 ) '
10. 3 : 66 " )
n 11. 10 172
' 12, 5 124 '
: o 13. 71
mean 8.3 116
' Table 27. Comparison of individual and mean VLDL apo B
and Serum triglyceride levels.
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’ R
apo B . RUS
a Amg/dL)
L
11.0; 10-0 o
VLDL ; ,
: 5.5 .. 6.0
- 11.5 1.5
LDL -
23.0 2.0

Table 28. light scattering of VLDL (251)

and LDL (251) blanks.

.

Le

F2

P P

-
o
&
Y
)
by
.
5
.
©
1
3
«
¥
s
P




-y

)

(mg/dt)

the 1.02\bottom serum samples

y.

.
o
A
ne. 1.02 bottom  1.02 bottom  1.02 bottom
+VLDL *  +VLDL
’ expected observed
1. 68 79 86
2. = 44 55 62
‘% 60 71- 75
4, 45 . 56 w57
5. 90 101, 7113
6. . 75 86 91
7. 63 74 o 83
8. 41 52 62
9, 67 78 - 81
10. 53 )" 64 78
11. 66 77 ) 76
12. 80 91 95
13. 50 61 65
_mean y 62 73 { ‘79
. Table 29. Comparison of expected and observed apo B values

ith the addition of VLDL (11 mg/dl) to

‘

.




LN
, no. 1.02 bottom 1.02 bottom _ 1.02 bottom
o ' + LDL + LDL
expected obseyved
_ 1. . ¢ 68 | 79.5 80
. 2. 84 ., 55,5 51
-/ : 3. 60 71.5 7
| 4. 45 56.5 57
‘ 5. 90 101.5 104, -,
) R 75 . 8.5 719
R A . 63 74.5 70
S .8, 4 525, 51 _ -
- Y A 78.5 79
L [ ) 53 - 645 T 65
) 1. 66 ! 7.5 . - 69 :
' © 12, 80 91.5 88
~ X S5 i
mean 62 73.5 ‘n
/ s , X S
Table 30. Compam son of expected and observed'apo B va1ues .
\ ! (mg/di) with the addition of LDL (11.5 mg/d1 -
the 1.02 bottom serum samples.
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R

0DA-POE

.,/,,//fT conc. tweeh 20 triton X-100

‘ \
T 0.001% 102 100 55
VLDL  0.01% 63 Yo 30
© 0.1% 30 25 35
. 0.001% 101 104 110
L 0.01% 95 100 90
0.1% 85 65 70
Table 31. Effects of the three detergents on the

light scattering of VLDL and LDL. -The
values shown are the % of the ARLS pro-
duced by the corresponding reactions in

the absence, of detergent.
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, Figure 21, The Graphs Illustrate the Effects of the Three
. Detergents on the Light Scattering of VLDL (top)
and LDL (bottom). The Height of the Bar Repre-
(~' : sents the % of the Light Scattering of the Cor-
responding Reaction in the Absence of Detergent.
The non-detergent reaction = 100%. Tw = Tween 20,
Tx = Triton X-100 and 0 = ODA-POE.
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"minimum. (For a more comp
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A primary characteristic of a particle with regard to its light
scattering properties, is the ratio of its size to its wavelength of
illumination, A. For small particles with a diameter (d) < 0.1, the
angular distribution of -scattered light is symmetrical 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. Albumin (d/x=0.02), HDL (d/x=0.03), LDL (d/x=0.06), and IgG
(d/2=0.07), are examples of this pattern of scattering. As the part-
icle size increases relative to the wavelength of illumination, the

-intensity of Tight in the forward direction increases over that scat-

tered in the backward direction, making the dissymmetry ratio (inten-
sity of forward Tight -scatter/intensity of backward light scatter)
greater than unity. This form of scattering where d s A is known

as Rayleigh-Debye. Many of the small aggregates formed as a result
of immuriological reactions are typical examples. Mie scattering
occurs when d > A; for such large particles, most of the scattered.
1ight js concentrated within a narrow angular region in the for-
ward direction. Bacteria, blood cells, dust particles and immuno-
complexes formed with 11poprote1n particles are representative of
particles whose d > A. IA mie scattering, the potential interfer-

ing effects of small part1c1es 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 (e1ther partially 0{ completely), produc1ng an intensity
ete d1scuss1on please refer to ref-

erence 135).

The instrument is equipped with a sensitivity setting which is used
to increase or decrease the electronic signal of the photomultiplier
tube. For any g1ven sepsjtivity settimg, the maximum number of RLS
units displayed is 200 (see reference 137).

Henceforth, the LFS-LDL standards were used for all apo B determin-
ations made by INA.
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