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AB Antibtody

AB-E ~ Antibody-Enzyme
AP Alpha-foeto-protein
:AU/L‘  Arbitrary units/litre
BSA Bovine Serum albumin
CEA | Carcino embryonic aﬁtigen
CPAP - Carcino-placeﬁtal alkal:_lﬁe phosphratasé
ELISA : Eﬁzyme‘linked immunosorbent aSsay, ,“
EMIT - Enzyme multipliédjimmunoassay,technique '
FSH : follicle stimﬁléfing hormone
HCG - Humen chorionic gonadotrophin
HPL - Human placental iactogen
HRP  Horse-radish pefoxidase
HS A Human Serum Albumin
IRP International Reference Preparation
TUGR Intra uterine growth retardation
» LFD.v  > Light fofraatég.
LH 7”f'; Luféihizing horh@né
mRNA Messengef fibonucleic acid
MW Molecular weight
NIBSC . National Institute for Biological Standards and Control
- N5B Non Specific Binding
OPD - Ortho—bhenylene diamine

PAPP-A Pregnancy Associated Plasma Protein A

PES Phosphate Buffered Saline

PEG Poly-Ethylene Glycol

PIH Pregnancy Induced Hypertension
RIA Radicimmunoassay '
RID Radia; immunodiffusion
TBS Tris-buffered saline

TSH Thyroid Stimulating Hormone
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,SUMMARYj

-~

‘ Hlstorlcal aspects and general concepts regardlng the onco- _s
developmental protelns are reviewed together w1th a review of
the spec1f1c,prote1ns»studled.~
. RadioimmunoaSSays fer hPL hCG and AFP are described together"
) wlth studles of the assay parameters;'f The methods were’

shown to be sultable for use -in this the51s. ‘

General conceptsvof enzymeQimmunoassays are described. A;:
prev1ously descrlbed ELISA for SP was 1nvest1gated and further v
,sen51tlzed for use in monltorlng patlents with tumours produc1ng
»SP1.
U:Enzyme,immunoassays for PAPP-A and'CPAP‘wefe developed and o
validated'for'use in monitoring pregnant patients and-patients~.'
- with tumours-prpducing PAPP-A. Problems. specific to the'assay'i
‘of PAPP-A and'SP1 are described.

Certaln factors lnfluenc1ng ELISA are con31dered - the ch01ce

of a suitable solid phase, the leakage of antlbody from the

, solld phase and the reductlon of NSB by use of proteln or deter-l o

» gent. S

Plastic microtitre plates.were shown to be suitable as a solid
phase although antlbody leakage was confzrmed.~rlNSBﬂwas
reduced to acceptable levels. |

An antigen‘excess effect was notedvdufingetime,coupse experi-
menfs on various antigens. A_pOSSible eXplanation is provided
and’the importancevof time course studies in\assay.devlo?ment
is emphasized. =

Studies into the effects of molecular heterogeneity of’SP1eon

" ELISA Were'performed..

xii -



Methoas;of automated déta reducfion weré developéd after
investigating fﬁevkinétics of vafiousvétages of thevassays.
.'The‘tiﬁe‘coursesiwe;e shoﬁn tp-obéy breviously described mathe~;
" ‘matical relationships‘and cqmpﬁter'programs werebdévelopéd

to provide curve fitting for automating assays.

' Haviﬁg established assay conditions, the application of'fhe
meaéuremeﬁt’of these proteins to pregnéncy and oncology were
studied.> |
'Rgférence ranges of hPL, SP, and PAPP-A were ésfabiishéd‘for
the third trimester of pregnancye.. ‘Investigations into the
concentrations of these pfoteins in.patients producing a light
for dates baby, pafients with a poor weight profile during
pfegnancy; patients with pregnancy inducéd hypertension and‘].

pregnant diabetic pafients were performed.

HPL was shown to be a useful predictor of intra uterine gréwth
- retardation and conversely could_be»gsed for reassurance in
'“patientsbwitthOOr wéigﬁt ﬁfafiiéééﬁﬁB'ﬁfdducé normal weight
babies;A7 . |

Previous reports of elevated PAPP-A concentrations in patients
with hyperténsion were not confirﬁed. A possible relationship

hetween SP1 and-cérbohydrate metabolism in pregnancy was shown.

In the fieid of oncology, other than established markers such
as AFP and HCG, only CPAP was shown to be of possible use in
patients with seminoma or ovarian carcinoma. The percentage
of pétients with positive results was low however and any use

would be in a monitoring situation only.

The importance of test assessment ig discussed and possible

development of markers in the field of oncology are alluded to.

xiii



 CHAPTER 1

THE ONCODEVELOPMENTAL PROTEINS



1.1  Historical: Aspects
’ [

The‘humanifoeto-placental unit produces a wide‘variety‘of proteins.
In addition, many of these have now been found to have analogues
produced by neoplastio:cells.- Thus the term "onco-developmental -
'(encompaSSingvplacental, foetalﬁand oncological) proteins was

~ coined to desoribe'this,group.p
- The exclusive foetal; placental or neoplastic production is'nowf
open to question however (Searle et al 1978, Duberg et al 1982,

Rosen 1982). '

B Although many of fhese proteins have only been recognized in . o

| the last 25 years, one pregnancy proteln (human chorlonlc gona— :

'dotrophln) has been known for many - years (Zondek and Ascheim 1927).>

Seperal years laﬁer, in 193# an4 increase in serumvalkaline

N phosphatase in normal pregnancy was recognlzed (Coryn 1934) whlch )
- was. later shown to be of placental origin (Messer 196?). |
Some 30’years aftervAscheim's original work, the first reoordeo'u
mention of a foetal protein -.cﬂ-foeto protein is founov(Berg-hh,'
,s‘sfrand aﬁd Czar 1957}.‘ . “ o

This was followed a year later by Thornes uho demonstrated uslng
a gel dlffu51on technlque, that pregnancy <erum contalned a group
of protelns whlch were not present in serum from a non pregnant |

| populatlon (Thornes 1958), ’U51ng starch gel,electrophore81s, ‘
-’Smithies (1959)-was’able to show that-in the oC,

was a distinct band from about 10% of sera from pregnant women.

region there

He‘referred tO'fhis band as the Pregnancy 1Zone. Subsequently,
Afonzo and Farnham (1962) and Cooper (1963) were able to demon-
’strate that thls "Pregnancy Zone" proteln 1dent1f1ed by Smlthles

' waSvpresent in over 80% of pregnant subjects.
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" The 1solat10n 1n~1962 of human placental lactogen (J051mov1ch
jand Maclaren 1962) 0pened the way to the appllcatlon of cir-
A’culatlng concentratlons of placental protelns to the monltorlng
'of placental functlon.A‘.’ ‘ | v
“'Simiiariy the discovery‘of.the Regan isoenzyme ofxaikaline'nhos-

phatase (Flshman et al 1968) opened the way to the blochemlcal

| monltorlng of neoplastlc processes, w1den1ng the search for .f'
other markers, ' | | |

In 1970, T_atarinor’ and Mas_y'akema (1970, end i‘nd'ependentl‘:‘y B

in‘1971 Bohn described fhe first ofcfhe Ynew placental profeins",

v' Pregnancy Spec1flc F 1 Glycoproteln (Schwangerschafts - proteln '

1, SP ).,

ASlnce this flne con81derab1e 1nterest nas been generated in the
pregnancy-protelnss ‘ Thus in 1980 Bohn reported that 10~ protelns
were known (1980»a); Two years later ;t was twice that nnmberb
‘d‘(Klopperi1982);’ | | | s
With theuincreasing’nﬁmbervof’oncoedevelopnental proieins;dSOmed
‘form of c1a551flcatlon became necessary such as the one shown'

in . Table 1I (after Horne and lebet 19?9). However thls type
Aof classlflcatlon is not entlrely satlsfactory. ' Thus SP has
“been shown to be'produced byvflbroblastslln v1tro‘(Rosen 1982) -
L and epitnelialﬁcellsxculcared fron human amniotic‘flnid. |
‘(Heikinheimo'etnal,1980),{ 'Similarly producfion of‘pregnancy>
. associated plasma proteinf A (PAPé-A) by non frophoblastic"v
cells:in.vivo nas;beenishown;(Duberg et.al'1982).a. |
.‘éuch;ciassifications'as exist‘musi not be regarded.as rigid

| bnt'reqnire updating as knowledge increases.



1.2 The Placental Proteins

1.2.1  General Concepts |

1 lt is known that placental cells contain a wide range of

protelns and small. peptldes. Some‘are produced by thlsiorgan,'
pwhllst others appear 51mply as a consequence of  the placenta o
contalnlng a_large volume of maternal blood and.thusrreflect; :

'the general-elevationvof these proteins in‘pregnancy;

As stated before, _many placental proteins are not truly speclflc

to,the placenta. Nonetheless measurement of these may be

- relevant to studies on this organ in that:-

i). "~ . They reflect aspects of the functlon of an organ which 1si
i the only llfellne to the foetus.c
il)“'AThelr measurementbls w1dely used_as aAclinical index of
the adequacy of_tbiS'function;;
iii)p The placenta has many features 1n common w1thia w1de’

range of tumours of non-placental or1g1n.~e

1.2;2 The Slte of Productlon of Placental Protelns L

_Untll recently, 1dent1f1cat10n of the productlon 51te of
uplacental protelns was by 1mmunohlstochem1cal locallzatlon.
5» However, demonstratlon of the presence of a proteln 1n”a tissue
does not dlstlngulsh synthe51s from storage. Also, 1mmuno-g'
b hlstochemlstry is fraught wlth problems of non—spe01f1c1ty - -v
-‘a problem even more obvious when applled to the placenta

',(Gau and Chard 1976).
Nevertheless, thevsyncytiotrophoblast appears to be the
principal sitecof production in late pregnancy. It is.

',possible that in:earlyipregnancyfthe‘cytotrophoblast may




fetal capillary

| sparse : | -
'cyi’ofrophob!asf basement
| membrane
_fetal
endothelium

fetal
‘mesenchyme

thick
Syncyhofrophoblasf

= syncy‘r lo’rrophoblc st

”Flg 11 v Diagramatic representation5of-the'thcytiotrophbblaét»
and foetal caplllary show1no a thick area speclallzed for E
proteln synthe51s and a thin area:(Vasculo-syncytlal membrane)» 

'specializéd’for transfer.



also contrlbute -a theory that would be compatlble with the

fact that the cytotrophoblast is abundant and - active at th1s o
time and has a somewhat nebulous interface wlth the syncyt;um.-
McWilliems‘aﬁd-Belme“(1980) havebeenfirmed thedexcluSive sjntheslsA
A.of hPL by the sydcytlotfophoblast,7dsing an.isotepicall&dlabelled:'
lgene'pfebeeto detectlspecifie mRNA. The eiect’site_bfftrdtein o

'synthesis has been the subject ef e‘nhmber of studies. Burgos and Rod-

B rlguez (1966) observed that there are "thick" areas of syncytlo-

'trophoblast whlch are r;ch in endoplasmlc retlculumeand mlcro—5

o villi; and thin areas without microvilli which appear to be

specialized for nutrient and wastesmatetiel transport (Fig 1 i).

1.3 Production of Oncedevelopmehtal Prateins'ﬁyIthe'Normai’Adult.,
;blt;is welllreeognizedvthat norﬁal addlts proddce_the so ealled'.f-
foetal époteins dtfeetefpreteid (AFPl_end cefeinoemeryonic

antigen (CEA)’in.smell amounts.: A coﬁSidetable'body'ofleiidescel

v nOw.exists;to show'that tﬁe so called "specifieﬂ‘plecentel’
'proteins~are in fact produced‘ijnermel nenepregnent adults.“
Allusien to“SP :pfoductioﬁ b&lfibfoblasts.ln titr0~(ﬁosen‘l982)f'

has already been made. Slmllarly, hCG has been 1solated from .f

' 'norma1 testes (Braunsteln et al 1975) ‘and more recently these

. observatlons have been extended by the demonstratlon of other -
‘"placental" protelns in semlnal plasma (Ranta et al 1981 Blschof
et al 1983). i |
The seurCe'of these»froteins isvunknoﬁn; tﬁey cannot be attribdted
' to the testes or the sperm as levels are identical in vasectomlzed
v and non vasectomlzed’subgects. Agaln, the functlonal 51gn1f-

~icance is unknown.
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1.4 - Control Mechanisms for the production of placental preteins

’Few'mechanisms have been identified‘whichgcbntrql fheiproduction ’

~of placental-proteins."_Mechanisms have been proposed for the

. control of hPL release by maternal carbohydrate and lipids,

but the evidence is Subject fe'elternativeeexplenetibns’(Pavloﬁ

et al 197%2) . S L

.Cherd however has pfepesed a‘hypothesis which'aecoﬁnts for allj:.
the,ksowh faets ebout piacentsljpfoﬁein syntheSis_(Chard‘19823)g
He suggests that the potentlal for placental proteln productlon ,f’
is a dlrect functlon of the. total mass of the trophoblast that
the rate of release (and secondarlly of synthe51s) is a functlon‘e-
of the,concentratlon 1nathe maternal blood of the ;nterv1llous.
spaee sufroﬁnding-the'syneytietfophoblasteand’that this invtufn
7 depends on fhe rate ofvb1ood flowein,the intervilloussspace.v
V(Fig 1'ii). The key‘isplieatien is that the rate of plaCenfalb ‘
protein production.will be eloselj related to utereplaeeﬁtal: -
blood flow. | | s

If ma& a1so explain ehy:non-plaeestal arees of fhe tfophoblast
ie chorion produce'opiy verj‘smell quaﬁtitiesvof plaeentel" |
proteins as aedirect fesult of their_not Eeing'iﬁrcostact‘witﬁje.
. eMlarge fast flowing rool’ofrbIOOd.' o |

1.5 Production of Oneddeveiopmental'Proteins by Tﬁmours.

It is now certain that a small proportlon of adult non tropho- ;

 blaSt1C tumours secrete placental protelns 1nclud1ng hCG :

v »(Valtukatls 1977), hPL (Rosen et al 1975) and SP (Grud-

.zlnskas et al 1980 a)e Since- it is clear that "placental"

"protelns can appear in normal tlssues, these flhdangs are:
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. rather less~surpriSing - but do not of themselves explain the-
relatively high.levels‘found'in the circulationbof some patients
with tumours;

'The dlscovery of products such as AFP CEA and . ectoplcally

. ;produced hormonal products in patlents w1th various mallgnancles‘

led to the development_of:the repression - derepre851on theory :
o In essence the theory states that the abberent gene expresSion=1'

~of tumour cells is not random, but represents a reversion of

the cell progeny to a more prlmltlve, less dlfferentlated state, T

ie that genes "sw1tched off" in the dlfferentlated cell remaln
"swltched on" 1n the morevprlmltlve form.. Wlth 1ncreased'
‘assay sen51t1v1ty, -t appears that developmental genes may be

_ ,"turned on" sllghtly in the normal adult.

Chard however proposes an extension of this h&pothesis;concerning-}v
1'synthesisiin the plecente to explain'tne obseruations; : Theref
may be numerous'cells in adult tissue’capable of synthesising
’"placental speclflc" protelnstmrtthese are elther not secreted
or are only secreted in very small quantltles because they are -
pnot in contact w1th the bloodstream. In the case- of a tumour -
:‘w1th invasion of blood vessels, cells'of this type may establlsn B
dlrectncontact wlth blood and thus. form a "m1n1 placenta" (Flg '

1 iii). Thls contrasts markedly w1th the older repre551on -

g depre551on theorles of ectoch proteln productlon, and does

lnotgentlrely explaln the observed“factsveg_ln trophoblastlc -
tumours such as hydatidiform mole there‘is'a striking dise=~ -

‘ociation between the produotionvof'different placental proteins, .

By _this,being related to the degree of’malignancy (Lee et al 1981).



AL present, a0 one tneory 1415 aJ..L ne Known observatlons, out

they prov1de useful models for further 1nvest1gatlon.'

1.6i’ Review of the Proteins studied

1.6.1 Human Chorionic Gonadotronhin (nca@)
‘ The placenta is a source of various peptldes which play an active

- role in the malntenance of pregnancy.

: This concept followed the demonstration in blood and urine of
pregnant women of a gonadotrophln (Aschelm and Zondek 192‘7) . now

| v‘known to be human chorlonlc gonadotrophln (hCG).

HCG is a glycoproteln w:.th a molecular welght o’f‘ about 39000 o
(Morgan et al 1975) and a carbohydrate content of about 30%
‘The molecule con51sts of two dlss:Lm:Llar non covalently llnked
subunits de51gnated0C and B . The oC subunlt is common‘ to .
‘human luteinizing hormone (LH) follicle stlmulatlng hormone '
(FSH) and thyr01d stlmulatlng hormone (TSH) and cons:.sts of ‘
89 to 92 amino ac1d re51dues in 1dent1ca1 sequences, although
the carbohydrate moieties may be somewhat different (Horgan , .
et al 1975). | | '
- The B subunit L_confers‘ iminunological ident‘ityvnponthe molercule ,~
'and in contrast to the 70C’subunitv there' are ‘distincti've yet
_~‘~Similar amino acid sequences. :‘ Whllst there are s:.mllarltles
‘»"between the B subunit of hCG and those of FSH and TSH extens:we
”51m11ar1ty‘-ex1sts between‘ BhCG and B LH. Of the first 115 - |
amino acid residues, 80% are identical, but hCG  has an |
“additional dlstlnctlve COOH terminal 30 amino ac:Ld residues
F(B:eren and Canf:l.eld 1977).
.The”d;fference in p subunits has proved useful in rais‘ing

- . an antiserum that does not recognize LH. Either purified -



p subunit (Vaitukaitis et al 1971) or a conjugated peptide
(sjntneticdor nsturalj from the!nniqne COOH‘terminai‘ section
.(Leuvet et a1.1974) can be used es an immnnogen. o
HCG has s.strong.luteotrepic functionrin fhe numenefemele‘ahd

- plays an importantdrole in maintaining.the‘function’ef the coran'
luteum‘dnring the early‘stage of pregnancy via'sfimulation of
adenyl eyclsse activit&-'

A variety of‘uses for hCG in lsboratory dnvestigation of disease
Vhave been documented.. The detectlon of hCG appears to be a.
spec1flc 1ndlcator for the presence of v1ab1e trophoblast.

ehCG can be detected in the maternal serum as early as’6 days
vafter fertlllzatlon ie before 1mplantatlon' 'and'nroduction of‘
‘dhCG by . the blastocyst has been suggested (Saxena et al 1974).
vv‘Maxlmal serum hCG concentratlons are found between 8 and 10 weeks
‘after the last menstrual perlod,_after which concentrations
decrease by 90% andvremaindso-throughoutrthe renainder df
pregnancy. Thus hCG estimation inzmaternal nrine and'serum

has been w1de1y used as a pregnancy test and in the proan051s

of pregnanc1es w1th first trlmester bleed ng. (Van Leusden 1976).
HCG‘has proved of llttle use in monltorlng Ioeto-placental functlon

however.v

'dHCG estlmatlon 1s ‘also a sen51t1ve marker in gestatlonal tropho-
"blastic’ dlsease and is used both 1n dlagn051s and monltorlng

' »ofvpatlents'wlth the dlsease, (Lee‘et al;1982).:
“MeaSurement’of hCG is slso‘used_in diagnosis and prognosis. of

 disease in patients with a variefy of gonadal and non gonadal

'”»”tumours‘such as tumours of the stomach, liver, lung, kidney,

pancreas, ovary and testes'(Vaitukaitis et al 1976, Lange et



Human Placental Lactogen (hPL) was 1ndepmubnt1y 1dent1f1ed by o
:.Ito &:ngashl (1961) and J051mov1ch & Maclaren (1962). The -
 latter group alludeo to an 1mmunologlcal relatlonshlp betueen
'vthL and growth hormone ‘and later, sequenc1ng studles showed a-
con51derable degree of homology (85%) between the amino a01d E

sequences of humen growth hormone and hPL (Sherwood et al 1971).

HPL has a molecular weight of about 22,000 but unlike many other
trophoblast protein products contains no carbohydrate (Li et

al 1973).

‘-Using'a fluorescent_antibody technique, hPL has been localized
in the cytoplasm of the syncytiotrophoblast (Sciarra et al 1963).
HPL is detecfable inkmatefnal serum as early as 5 weeks after
conception; the coﬁoentretion'rising steadily until about 36

:weeks of gestationbafter which a plateau‘or’slight decrease .

OCCUrsS.

A number ofvbiological activities have been propoeed'for hPL
including lactogenesis, growth promotion,'effectson_ carbo-
hydrate and Iipid mefabolism, stimulation of the corpus luteum,
erythropoiesis,inhibition of fibrinolysis and immuﬁosuppresion
(Chard 1982 b). Gaede et al (1978) however argue agelns{

a vital function in pregnancy as clinically normal pregnancies
Qith no detecfable hPL have been recorded. It has thus been
suggested that alfhough various activities can be shown in
experimental systems, the placental proteins are merely waste
producis of the general activities of the placenta as as indep-

endent organism (Gordon and Chard 4679



- The problem of defining a biological role for hPL.is reflected'
By equalvdiffic&ity inrdefiningftﬁe phjsiological cqntrels?
~mechanisms. There_is'liftle e#idenee of‘eontfol mechanisms:
of’the.type which‘apply,te endocrine prodﬁefsAof the normal
adult eg'no releasing.er'inhiBiting“faCtbfsbhave been identified.‘5
The hypothes1s glven prev1ously for placental proteln productlon :
.'(1 ) suggests that ‘the potentlal for hPL synthe51s is a functlon,
‘ivof ‘the total mass of trophoblast.
‘The half life of‘hPL.in the meternei‘eireﬁlation asAestihated :
: by ifs fate of‘disappearanee sfter delivery ef the placenta_isv}
‘>31O - 20 min (Pavlou et al .972) ahdﬂif eppears tﬁat the:e is
:‘;no clrcadlan rhythm in maternal serum concentratlons. j Hdwever,'
there are rendomsfluctuetlons over'a 2# hour perlod whlch»are
greaserithan those attribﬁfable toeassey‘imprecisiona ' Thus the
jeiagnestic"siénificance ef hPL 1evels,is,enhasced‘if.sebiallresults
are availabie; = | |
v HPL concentratlons in maternal serum have been esed ln the

;1nvest1gatlon of a wide varlety of pathologlcal condltlons.

The results are frequently contradlctory having been rev1ewed '

ku»recently by Chard (1982 b). .Hewever it should be epprec;ated”i'

that,negatlve'1nformatlon_1s alse valuable and irfespebti&e*

of the-'c;f.iﬁical co'naitidn, a value in theupper end of rth:e'

hbrmal range‘indicates'a ;elati#ely~small risk'to-ihe foetus.

-7f'hPL levels are w1de1y used therefore‘as a measure of placentalj‘
:functlon and this has posed a number of - groups to questlon o

whether placental functlon testlng is worthwhlle (Gordon et :

Lal 1978 Grud21nskas et al 1981) . There is still good |

" reason for contlnulng hPL measurements but further reflnement

"in the appllcatlon of hPL values is requlred.

10
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1.6}3 Carcino Placental Alkaline PhOSphatase (CPAP) s
The occurrence of.a_piacental.aikaline phosphatase (heatfstable"
':alkaline'phosphatase) was recognized reiatively early (Coryn |
193#).}-’Houever despite a large volume. of iiterature on the
application of placental alkaline phosphatase ooncentrations

v»1n the prediction of foetal problems, controversy st111 remains
_ and the assay is little used for this purpose (Stlgbrand et

a1 1982).,

However the demonstratlon of the presence of placental alkallne'

phosphatase as an oncofoetaﬁ or carclnoplacental antlgen (Regan'

- 1soenzyme) by Flshman et al (1968) and the later descrlptlon -

. of several other tumour related forms (Nakayama 1970, Warnock i'
>1969) have led to the use of this'ennymeiin the field of tumour‘.‘
: markers. | | | |
The piacenta'is known to produce a variety of'allotypic alkaline-"
'phosphatases and 1t is now obv1ous that many tumours produce
’.plsoenzymes that share early and late placental alkallne phos-"‘
,vphatases (Flshman & Slnger 1976). ‘These alkaline phosphatase
1soenzymes in tumours are named after the patlents in whom they
were 1dent1f1ed. ,Table 1’II_shows the_character;stlcsbof
‘these isoenzjmes and‘their developnentaibcounterpartsfi
vEleuated7iereis'of-"placentalﬁ aikaline-phOSphatase have been
;reported in:atvarietyvof naiignanoies, the highest incidence
'.hbeiné‘for germ cell tumours of‘the'testes, ovary‘
:althoughvelevations’have.also been reported in tumours of the
'pancreas,'lung, breast, colon,'kidney, stomach,;bladder and
» lymphatic system (Stigbrand et ai 1982) .. One seemingly hope-
‘fuiiapplication is as a markerhfor seminoma’where alternative

_markersvsuch as hCG andvAFP are seldombof_use.

11



1.6.4  Pregnancy Specific }51-Glycoprotein (SP1)

The identification of PS p,IG" (sp )'by two groups (Tatarinov .
: 1970 and Bohn 1972) stlmulated research 1nto the "new" placental“
protelns. |
Sp, is aiglyooproteih, the’carhohydrate.cohtent of’which‘isl
iabout 28%. Early estimates of the molecular welght suggestedv
values of 90 000-120 OOO (Bohn 1972) - but 1t later became app- |
arent that SP1 was a heterogeneous molecule con51st1ng of a
number of molecular forms w1th varylng molecular welghts ‘
T(Telsner et al 1978).’__The exact 51tuatlon remalns,uncleari
and:will.be discussed later.. | | |
ImmunoreactivegSP1_with_a.molecular.weight"of 550001has‘been
tdetected:in pregnancy.urine‘and it is possib1e>that'urinaryt"
: SP; maj'be a fragment.of circulating._SP1 (Bohn_*andiKraus l977).
No definite'Physiolcgical role for SP, hashbeenldetermined.7'
Affinitf,of variouS'steroids'to SP, has been'reported (Bohn'
‘1974). It has also been suggested that SP1 may be 1nvolved :
in iron metabollsm during pregnancy (Lln et al 19?&). Other .vl'
_groups have observed an 1mmunosuppres51ve effect in v1tro
(Bohn et al 1976) and it has also been suggested that SP, may
C exert an effect on carbohydrate metabollsm (Slngh et al 1979, o
' Pledger et al 1982)‘, More recently, it has been suggested |
'that the endometrlum mlght be- the target organ for any |

' hormonal actlon thls proteln possesses (Ahmed & Klopper 1983 a).

Several reports exlst suggestlng that SP1 is also present in
,the c1rculatlon of normal males and non pregnant females

"V(Searle et al.1978, Engvall and Yonemoto 1979).

12



SP1'has been usedres at"pregnancyvtestﬂ (Ahmed‘& Klopper 1983 b) -
: and in the prognosis Qf‘petientsvwitﬁ th:eatened'abortionAand:
ectepic pregnahcy (Ho & Jones 1980). . In‘late ?reghasci'the~; 
'data is exten51ve although spec1f1c groups of cllnlcal abnor-
malltles are sparse. Associations between SP and IUGR
(Gordon et al 1977&) SP and fetal dlstress, SP and maternal
'hyperten51on or dlabetesumllltus (Grudz1nskas et al 1979)

" have been 1nvest1gated.- As no common basellne was taken in
varlous studies, it 1s difficult to form anoverall 1mpresszon T
: ofvthe psefulness of»thls test in the assessment of foetal |
welleeing.however._ | | | | | |
Sevefal‘attempts.tovutilize SPdvasra tumour market heve‘also  t
vbeenvmede,vin tuﬁoursvﬁith trephoblastie‘elements (Horne:et
sl}1977)-and in non trephoblastic tﬁmours-(Gfudiinskas ettai o
1980 a). | ‘The presence of SP1 in normal sera detracts from

the use of thls proteln in any dlagnostlc mode but there is

vﬂ st111 the p0551b111ty of use in a monltorlng s1tuat10n, where o
'other markers are of 1little  use. Wlth the dlscovery of the |
vmolecular heterogenelty of SP1 and the recognltlon of the
»components in dlfferlng assay systems, doubt has been expressed
over prev1ous work in a clinical context.__ The p0351b111ty

of assaylng SP < separately from SP P may offer w1der |

' cllnlcal appllcatlon for thls proteln.4'.,'

'1.6.5 Pregnancy Associated'Plasma Protein A (PAPP-A)

PAPP-A is evglyeoprotein with a molecular weight of about
750,000 (Lin - et al 1974) but is distinct from other high
molecular welght cC2 glycoprotelns. The'erigin of PAPP—A»
‘ffremalns 1n doubt - it is detectable in non pregnant subJects,

{jln,endometrlum and seminal plasmab(Duberg.et al 1982,



Bischof et al 1982 a,. Bischof et al 1983).‘ The sudden

- 1ncrease in PAPP-A levels in pregnancy suggests that the
productlon and/or metabollsm of this protein is hormone
'dependent and that early in’ pregnancy'some eyent-trlggers“
production. In‘contrastltO‘many'pregnancy'proteins, PAPP-A :
concentratlons contlnue to rise to term, suggestlng that
'PAPP—A productlon is not related to placental mass, or that

a source other than the placenta is respons1ble.v

"As’w1th many other pregnancy protefns;'no deflnltlve actlons

" are known for PAPP—A although a varlety of 1nterest1ng hypo- f’
theses have beencmade. ~ In v1tro, pure PAPP-A 1nh1bits the

: act1v1ty of the complement system although thls may be llnked

_ to the fact that PAPP-A blnds heparln (Toop & Klopper 1983).

Ifrthe observed in-vitro 1nh1b1tlon'of comélement act1v1ty o
has any: phys1olog1cal 1mportance, it implies that PAPP—A
’acts-as an’ 1mmnnosuppressor. Taklng all the known facts

'into accountg Bischof proposes that the‘proteln 1s.carr1ed

" by the maternal blood 'stream uhti..l it reaches the intervillous
rspace, where it blnds to the surface of the syncytlotrophoblast;
| Tlghtly bound to the m1crov1111 PAPP-A would exert its immuno-

suppress1ve effects by 1nh1b1t1ng complement act1v1ty and by

redu01ng the . transformatlon rate of lymphocytes into lympho-

f_blasts. These effects would 1ead to an 1ncreased tolerance

o of the foetal allograft by the mother through the local 1mpa1r-

.'.ment of the maternal 1mmune defences such as cell 1y51s, immuno-

adherence,‘ macrophage_recrultment and phagocyt051s.

The appllcatlons of PAPP-A measurement in pregnancy apart from

“one aspect seem at present unpromlslng. PAPP-A seems of llttle.

T
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due to the fallure to remove hyperten51ve patlents from the
‘ IUGR populatlon (Blschof et al 1980). ~ Similarly it seems of

little use in monltorlng d1abet1c pregnancies (Lin et el 197?); :

. One area whereﬁeonsiderable interest'has‘been generated is.in_'
‘pfe;eclampsia and antepertum heemerrhage. Indeed it‘has>been
suggested that PA?P—A ievels'are eievated iﬁ advance of'premature_
‘f 1abour, anfepartum haemorrhage;ane hypertension (Kiopper ef'ai
1980, Hughes et e1'1980)-'~ If these findings are'comrect, |
.then;measurement of PAPP—A wi11rpley a'cemtral roie in‘menifering

Mat risk" pregnancies.

1.6.6  Alpha Foeto Protein (AFP)
1Whilstvthe.proteinsbdiscussed so far are products of the maternal

. component,LAFP in eontrast is pfoduced”bj7fhe'foetal component
~and can be detected’esvearly as 29 days after'coneeption,:being_'

-prodﬁced by both the yolk sac and the»foetal»liver.

‘AFP is a glycoproteln composed of a 51ngle polypeptlde chaln‘b
'wlth a molecular welght of 69,000 but may exhibit heterogenelty
'(Alpe;t‘andeereneev1ch_1975).v It resembles album1n in 1ts
'amino-acid cemposition but differs in being a glycoprotein‘
contalnlng about Lg carbohydrate.v~ It is llkely that there was .
- a common ancestor for AFP and albumln. |
A'vThevmajor use:of AFP in pmegnahCy has_been in’screening pfogrammes‘
to deteci.feefél‘neural tube defeets (UK collaborative study,on »
: AFP in relatlon to NTD (1979)). ‘More recently'interest has been .
generated in applylng AFP measurements in the predlctlon of

_foetal grewth retardatlon (Wald et al 1980,,Brock et al 1982).

- In the fleld of tumour monltorlng, much use has been made of R

‘"AFP in followlng patlents w1th hepatoma. Equally‘ln conJunction
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of ovary and testeéPedersen ot a11978) However, not
all pat1ents w1th teratoma are AFP or hCG p051t1ve, and patlents
wlth seminoma are seldom marker p051t1ve. Therefore, there'

‘1s’a need for other markers;zn these.condltlons.



'CHAPTER 2

. DESCRIPTION OF THE RADIOIMMUNOASSAYS EMPLOIED"



-~

2.1 Introduction

,.The assay of protelns in body flulds has been.a subject of 1nvest-
,1getlon for many years.r Whllst chemical methods allowed quantit-
ation of-the‘major proteln fractlons and enzymes, spee1£;c protelnee
assa& wastlargely dependent upos‘the evolution of immenologieait
.',rtechniques; | | |

Ubilst "in-vivo"'asssys (bio;ssseys) were evaiiablelfor’somei
.proteins with hormonal activity,'the majority‘of proteins couid
not:be;asseyed,until suitablevis vitro‘tecbniques’became‘available. -
The’antigen—antibo&y'reaction commos'to all immunossssysvwasl

: flrst descrlbed in 1897 (Kraus) and formed the basis of a varlety

of immunoassays (Chow 19&7, Ouchterlony 1948 Oudln 1949, Felnberg :
‘,1957, Manc1n1 1965). .Extens1on of 1mmunoassay'w1th the appllcatlon
" of electrophoretlc techn1ques (Graber 1953, Laurell 1966) led

t'to a wlder usage. None of these technlques however were well =

1 su;ted to rapld, precise and sen51t1ve;assays of large numbers '

of patient specimens.

2.2 Radio-lsbelled Asssys"“V

'. The introduction‘of radioimmunoassay (RIA) (Yalow &‘Bersbn 1960)‘
therefore had an exp1051ve 1mpact upon endocrlnology and spec1f1c

proteln assay. These methods now represent a common-analytlaal

'approach to the measurement of a vast range of b1010g1ca1 substances;b."

_often present in mlnute ‘amountse.

The dlstlngulshlng concept of conventlonal RIA (Saturatlon Assay)
is that by allow1ng the substance to be measured (P) to react

with a specific receptor (Q) of llmltedicapaclty, substance P

17



v""Fig 2i The Saturation (Radioimmuno) Assay L‘
- P is the subStance»tb\be measured, and P* its radioactively‘ ‘

labelled analogué;' :Q is the‘bindihg.material. B




bytseturating;Q‘is partitioned.iuto'tuotmoieties; such. that the:‘
ratio of’theEtwo uaries as:a'function‘of theftotalramount.of Pbr
'present.‘ An unknown amount of P may thus be quantltated by
‘ >compar1ng its dlstrlbutlon wlth dlstrlbutlons ylelded by stand;
'vard amounts of P.: Identlflcatlon of the two components relles :
 on addition of radloactlve materlal (usually) 1dentlca1 to P.;-
| ‘Follow1ng phys1cal separatlon of the bound (PQ) and re51dual
- free P mOIEtleS, the partitlon of rad10act1v1ty between them th
is observed (Fig 21). Sultable receptors are often antlbodles
'and thls type of RIA obeys the general antlgen-antlbody concept.
Because of the llmlted amount of Q an alternatlve name Ior
this assay type is the Competltlve.Assay. | |
However radioiumunoassays havetproolems asSociated withfthem.'u
Disaduautages such’as‘the.use_of rsdioaotive~tracers with short =
shelf life,‘the'legai imélications_of the use of :adioactiuityyf
and thetexpensiye.oounting»equipment oftenufequiredvleditottheg'
' aetelopmeut of alternatiue,labels'fof these assay Systeus,:such_

as enzymes.

23 _The Choice af Ahalf;ticai ‘Mekthbas

The obaectlves.of the work descrlbed in this thesis were tﬁe '

t'1nvest1gat10n of foeto-placental functlon and the d1agnos1s/
monltor;ug of patients with canoer.i A number of assays connectedf

,:with this uork were eiready'available.v: Where existing radlo-:,

.:immunoassays were,available; their reaction conditions were |

re-estsblished before use for this‘thesis.

2.4 Radioimmunoassay of human Placental Lactogen (hPL)

2.ba1 Introduction and Principle

"'The radlolmmunoassay of hPL used in- thls study was that routlnely B

' 1nruse>1n the depa:tment. -The method based on that of Letchworth
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, (1971 a), had undergone'extenSive investigationvprior.to the
commencemeet of thieistudykin'an attempt_to ensure ayfrecise
and robust assay and also to standardiie the essey iﬁrterre
”.of the Ieternatienai Reference'Preparationx(IRP 73/545)-that |
was now avallable (Cotes and Das Ga1nes1978) thisvtrend '

belng encouraged by Natlonal Quality Assurance Schemes.

' Certain aspects of the routine assay were cohfirmed persbnaily
. before use as detailed below.

hPL‘lebelied with'I125 andvar.antitody raisedbagainst hPL’are'
ineutated withrstandards, quality.controlimaterial or patient's
 sera;j After equiiibrium‘ie reached, free andibound entibodyt‘z
‘are separated by selective prec1p1tat1on u51ng propan-Z-ol.‘-

The prec1p1tate is centrlfuged, the supernatant dlscarded and

the radloact1v1ty a55001ated w1th the pellet counted ona

2(counter.

2.4.2 Method of Todination

.-A solid phese-lactoéeroxidase methed was usedr(Karonen et al

1975). o e

7.33 pg ﬁPL (iedinatidn grade) , 10‘pl pH 7.4, 0.5 mol/1 phos-

phate buffer, 10 pl worklng solutlon solld phase lactoperoxldaseff-
d 10 pl (1 mCl) I 25 were mlxed gently in a small test ‘tube

‘and 5 pl of hydrogen peroxlde (104ul of 30 vol H202 diluted

s,>;n 100 mlvwater)p : After vortexlng and -incubating for 15

' minutesfat‘reom temperature,’a further S pul of hydrogeh}perexide :
was addeéd, vortexed and incubated for a further 15 minutes. |
200 pl'ofbo;o5’Mq1/1'phospha£e buffer centaining,Z.ng/l BSA

were then added.
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Table 2 T

Incorporatlon of I 25 assessed by paper electrophore51s of,:_ E

hPL 1od1natlon mixture

2

:‘}  6g%}:’

. Strip Section (cm) Counts
1 - 28545
5 O hb216
3 849483 o
4 125497 hPL
5 117252 Total counts = 1927763
6 166694 : o '
7 110783
8 61705
L _____. 23679 _
10 11530
- 19275
12 321439
13 478531 I
14 16294 Free Iodlne .
15 6474 ﬁTotal Counts = 868184
6 3570 | |
17 3369
18 1609
19 - 787
20 1973
1026'
<. Total counts = 1927763 + 86818& 2795947
% 1ncorposat10n = ggzz;sc;§n2§L~ x‘190
"GRG <



| .'6 i Coun’rs /10sec |
| (x 10

10 .
Frachon number

Flg 2 ii A Typlcal hPL Iodlnatlon Proflle

Peak (a) represents labelled hPL ‘and peak (b) is unreacted iodine.



SE &IV ML adlyulbulsr ol Lue abuLiigbion ditatule wele appiliceu Lo
a filter paper:strip ('Whatman_3.M¥)“markeddiu 1pcm sections
lfor electrophopesis'to.assess‘iucorporation; the :emaluing
iodinationomixtufe beingbtrausferredfto‘a160vcm x'1yom oolumn'
,Abf Sephadex G150, previously.equilibrated with‘o,os Mo1/1‘>

- phosphate buffer containing 2.5 g/ldBSA. " Fractions of }
i‘approx1mately 1 ml volume were collected. - |

125 hPL contalnlng the hlghest counts ‘

Two or three fractlons of T
'fpwere pooled. For use, a 50 pl allquot of this. pool was dlluted
in a sultable volume of assay dlluent to glve a count of about

12 000 counts/ZO secs/50 pl. The volume of assay dlluent requlred

was usually about 3 ml.; Bo and maximal blndlng were assessed o

for-this matefial.

27@.3-d_AsseSSment of aiTypical hPLHIodiuation»*
(i)f-‘ 'Electrophopesis of iodinatioh mi#ture
'jPapef electfophorésisfdf:the mixture wasfpeffofued on a 10 pljt‘
aliquot of‘the iodination.mixturee After drylng the paper g
strlp, it was cut 1nto 1 cm sectlons and the radloact1v1ty :
present 1n»each_sectlou‘counted,v Table 2 I shows the results
- obtained. |
»‘(iil - Gel filtration'of iodinatiou‘mixturevand assessmeut

of label dllutlon ;
Flgure 2 ii shows the proflle of counts obtalned from‘the fractlons.,

'i'collected from the Sephadex G150 column. -

Fractions‘16»and 17 were pooled, diluted to 3 ml in assaylf
~ diluent and a 50 pl aliquot df the diluted label counted.
>12,300 counts were accumulated in 20 seconds. This dilution:

'v-of label was then used for assay .«



. Table 2 IT
_Asséssment.of hPL Label Chafacteristics:

Tube No..

Counts

- Mean

O O W o

‘Descfiptioﬁ
Potal
--:Qounts

" 36‘
“'émai .

NSB

12257
12200

9792

9720

11397
11200
633

12229
o761
11299

677

% of Total

5%



vDupllcate tubes-were prepared for the followzng.
Total counts _
‘Bo
Bmax (antibody.concentrationgio'x that routinelyvused)»
NSB (no antibody) | o
» _Following the.nornal assay'protoeol, the bound‘radioactivity |
.Vin each tube was.counted and percentage Bo, Bmai'and NSB were
" calculated (Table 211).. | 5 |

2.4, h : Method'of AsSay

e SO‘pl of standard, quallty control sera or test sera’ were

" mixed with 300 pl assay diluent (barbltone buffer o 8.6)
jcontalnlng 250 mg human albumln and 50‘p1 of diluted I 125
hPL. 100 pl of anti hPL (dlluted 1/250 in assay dlluent)
'was then added the tube contents. mlxed on a vortex mlxer
~and incubated at room temperature for SO'm;nutese » Totalw
125

‘count tubes (50 1 I'“” hPL only) and NSB tubes ( no antibody)

were also prepared.
After inCubatdon,1'ml of propanszsol‘washadded_to‘all tubes o
exoept "total_counts"; mixed‘and stood’for 5 minutes,.’_The
'tubes'werefthen‘centrifuged for'10rminutes at 1106 g, the

: supernatant asplrated and the bound fraction counted on a

~,X counter., Calculatlon of test results was performed by f'
‘ comparlson of counts 1n the test samples w1th counts in the '

standards u51ng a sultable curve flttlng procedure ( Chapter 5).'

: .4.5 Investigation of Factors Affecting the Assay of hPL :

: i)A ' 4OptimalyAntiserum Dilution

Various dilutions of antiserum were prepared in assay

diluent. istandard materialshwere processed according.
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eﬁantiserum dilntions.' A plot of % B/Bo agalnst

-

'.concentratlon (logarlthmlc scale) was made.

- ii) "Optimal Precip;tant Volume

Replicate tnbes werebprepared containiné 50'p1 of eitnef
0 standard or 6.8 mlU/1 standard. IBOO‘pl of assay diluent'
and 50 ul of I1 2 hPL were added to each- tube, followed
s by elther 100 pl of dlluted antlserum or 100'p1 of diluent.
(for NSB estlmatlon). _ Followlngvlneuhatlondfor’BO v
i minntes_at'room tenpefafure, pfeodniﬁafionVWasbcarrded’
'douf nSing varying voiumes of pronan-Z-oi. ‘ Dupllcate
blndlng and NSB tubes were used for each volume of
'prec1p1tant con51dered. - After centrlfuglng and asplr-
':atlng the supernatant the bound radloact1v1ty was
| counted. A plot of % (counts/tota¢ counts)}after NSE e
" correction against‘nrecipitant'voiume'was nade;

iii) Comparison of hPL standands in horse serum and male sernm :

Standard materials were prepared in Wellcome Horse Serum.

“Ho. 3 to cover the range 0-11.% mlu/l..' Equlvalent concen-vv

“tratlons were also prepared in a‘pobl of human (male)v
serum;lr Both sets of standards were. assayed accordlng to o

’.‘the protocol given.

: *2.#.6::LCharacterlst1cs of hPL Radlolmmunoassay :

i) d Recoverz was oalculated by addlng known amounts of standard
material to horse serum.‘o‘After assay,,the hPL concentratlon
- found was expfessed as a percenfage'of,the‘theoretical

_ concentration.

ii). b.Within batch precision

' Two pools of pregnancy‘serum’were.assayed 10 times in duplicate

~ in a single assay.

22
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iii) Overall;precision
Two quality control materials_werevincluded in each assay

performedd(215 assays in total).

2.4.7 Results and Discussion
B Figure 21ii shows the curves with.varying”antiserum dilutions.
A dilution of 1/250 was chosen for tneiassay. .

- From the'precipitationiStndies (Fig 2iv).it'can be seen that at

volumes of isopropanol ofoless than 1 ml'incompiete;precipitation," -

d of the bound fraction was achieéed, shown by the increasing -

percentage counts prec1p1tated. At isopropanol volumes greater.

~ than 1. 3 ml however, the corrected counts prec1p1tated decrease

-due to an 1ncrease in the NSB component, 1e free label is be1ng
prec1p1tated-1n addltlon.to bound label. 4 The optlmum isopro-

~pano11#olume was thus defined as 1 ml.

No difference was observed between the standard curves‘prepared ‘f
in male serum and horseZSerum‘(Fig 2.v);‘, Thus measurement-of*-‘
hPL in human specimens by comparison with standards in horsev'-d_
serum is acceptable.

) Recovery~overfthe range‘of hPL concentrations commonly encountered
“in the Srd'trimester of pregnanCy’varied between:89%'and,108%.;

fW1th1n batch prec151on at mean hPL concentratlons of 3 9 -mU/1

' and 6.0 mU/l was shown to be 6 9% and 6. O% cv. respectlvely

2

whilst the CV for overall pre0181on varled between 12% at a

’ ‘concentratlon of 2.?'mU/l and 8.9% at a concentratlon of
- 6l mU/1.

The'assay‘thereforebprovidesie suitable means of measuring hPL
concentrations in the range commonly’encounfered in the third

trimester of pregnancy.



‘2.5  Radioimmunoassay of human Chorionic Gonadotrophin (hCG)

~

© 2.5.1 Introduction and Principle
The radioimmunoassay of hCG was. carried‘out'using a kif manufaetured.:

1 by NMS Pharmaceutlcals Ltd Newport Beach, Callfornla (Klt Code.'
: fNMS 1023) and supplled through RIA (UK) Ltd Washlngton, Tyne‘
and Wear. |

A fixed amount of 1abelled antlgen (IA25 hCG)'competes with the -
sample, standard or- control for a flxed number of blndlng 51tes
in a ,3 spec1f1c ‘antiserum (rabblt antl B hCG) After thls
'1ncubatlon, the bound antlgen 1s preclpltated using a second ,

125 bound

'antlbody (goat antl-rabblt gamma globulln). The I
to antl }ghCG 1s pre01p1tated and counted.v~ The‘kit is stand- |
~ardlzed agalnst the 2nd. Internatlonal Reference Preparatlon (WHO),
,Holly H111 England. -

- Before use‘in'fhis:study; certain characteriStics'of,the kit

were verified.

' 2.5.2‘  Method of Assay

| Duplicate tubes were pfepafed’oonteiniﬁg 100 Pl of’standerd or 8
‘test‘eerum. 100 pl of ant1 hCG was then added and the tubes
‘:' incubated’at room tempepature_for BQ'mln._ 100 pl of 1125 hCG o_: 

i_lwas then’eddedofo:eachvtobe; _ AllEtubes were then'lncubated
overnight,et room temperature, affer ﬁhich 200’31 of eecond
eotibodylﬁefe'aaded eod‘tﬁe tubesrinoobated'for 20 mins ao P
“room temperaﬁure;v’ Immediately priorito centrifugetionbz.o ml -
~.of -cold phosﬁhefe buffefed saiine was édded. : The tubes_ﬁere
ivthen centrlfuged at 4 c (3000 rpm) for 15 minutes. The super-

V’natant was asplrated and the bound fractlon counted. .

oy
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1)

i)

SoAnvesuiigallion Ol recnoa vnaracierlstics

-~

‘Assessment of Cross Reaction with other Peptide Hormones

-'Sfandards for follicle stimulafing hordoue‘{fSHVSd/L),’
.Vluteioiziug,hormonee(LH,81)1) and thyroid stimulatingr
" hormone (TSH 68/38) were3obtainedvfromvthevNationaikf"
vIustitute for'Biologdcal»Standards}aud Confrol,tHoliy ”
_Hili,.Londong | = o S
 Each staudard was reconstltuted accordlng to the protocols
dsupplled and further dllutlons of. thls solutlon were made

- in PBS to.glve.standard rangess: -

" FSH = 0 - 400 mU/L
. IH 0 - 500 mU/L.

-f‘TSH' 0= 75 mU/L ‘f

- The diluted standards were then assayed followiﬁg thel

routine assay protocol Supplled by the manufacturers

vlof the kit. A plot of percentage B/Bo was made.

 Limit of Detection

e This parameter was assessed by assayiug‘10 duplioate

- idi) o

:Bo's 1n 1 assay as descrlbed prev1ously (Pledger et al
'~,1981).
Precision'.. - o

Within batch and overall prec151on were calculated using

- quallty control materlals supplied in the. klt, and a

)

: pool of pregnancy serum for overall preczslon.

Normal Ranggv‘

' ;od.The normal range for hCG in a noh,preguant population

. wasaassessedvby assayiug 27 ‘male sera and 26 female

_sera drawn from laboratory staff.

>
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2.5.4 Results and Discussion

Fig qu'showsfthe.results of the cross reaction studies.

There was no significant cross reaction with any of the
‘peptide hormoﬁesiconéidered over the working rangerof_the

assay.

The limit of detectipn was assessed as'2.06.miu/ml which is .
‘.in~agreement'with the manufacturer's quoted value of 2{O;miu/ml.
- Most normaleeera‘had hCG concentrations less than the limit
of-deteetion‘of the assay, and no.sera had hCG concentrationsv'
»greaﬁer than 5 miu/hl. _ The normal range was therefore defined
as 0-5 miu/ml which is iﬁ accordance with the kit manufacturerls
estimate.:

‘The limit of detection is acceptable within this contekt_and
‘the aseay is-alSO'preeise (CV5varying between,9.4%uand‘?.0%}

at mean coneentrations‘of‘7.6e»miu/ml and 60.5,miu/ml).~'

2.6 Radioimmunoassay of Alpha Foeto Protein

© 2.6.1 . Introduction and Principle

The-assay used was that‘routinely'in’use‘in this departmeht;"

125 ‘and unlabelled AFP (standards, tests)

_AFP labelled wlth I
'together wlth an antlbody ralsed agalnst AFP are 1ncubated in .
barbltone buffer contalnlng 1. 2% polyethylene glycol overnlght

- at room»temperature.

- The following day, the tubes are centrifﬁged, the supernatant

, discardedvand.the bound radioactivity ceﬁnted..

The assay was standardlzed agalnst IRP 72/227 obtalned from

NIBSC.,

%



2.6.2">Method ofUASSayV'

-~

Dupllcate tubes were prepared contalnlng 100 pl antlbody, 100 pl
}flabelled AFP 50 pl standard, serum or quallty control, 600 Pl

'PEG.‘ The tubes were 1ncubated at room temperature overnlght ’
‘and the follow1ng day were centrlfuged at 2000 g for 20 mlnutes,.

the supernatant asplrated and ‘the bound radloactlvlty counted.»*»

| 2.6.3,,kAssay Characteristics and Discussion f

wlthln batch and overall prec1s1on were estlmated using horse .
- serum splked wlth foetal cord~serum‘t Wlthln batch prec1s1on >
was 7 9% at a concentratlon of 45. 3 u/hl and overall preclslon :

was 9% at a concentratlon of 50.0% u/ml.A o

"The llmlt of detectlon assessed by assaylng 10 dupllcate B

',Bo s in 1 assay was calculated as 1. 8 u/ml. o
‘Therassay;provides aSSuitable.method for the determination_ofﬂirf
. AFP in patients with neoplastic disease.

- The method is acceptably sensitive and precise; o



~ CHAPTER 3

DESCRIPTION OF ENZYME LINKED IMMUNOSORBENT ASSAYS EMPLOYED



/—-'Antibody'-‘ Antigén - »Ahtibodyv Enzyme - Chromogen -

g H O

\

e o '_Fd‘_h:v:fc:l 2
\ \

Fig 3i The Sendwich ELISA



5«1 Introduction

.‘Theedisadmantages of radioactive labelsyled chemists and immuno-
logists to investigate’alternative non-isonopic labels.’ Thesei
labels inciuded’enzymes (Van Weemen end Schurrs 1971); efythrof
" cytes (Adler and Liu 1971), bacteriophages (Haimovich et al |
,1970). fiuoresoent groups (Aaiberse 1973) and'sfable’free'
;‘iradlcals (Leute et al 1972). Of these labels only enzymes”
:galned rapldly in popularlty. Whether this was~due to an
exlstlng knowledve of enzyme klnetlcs, or the easily remembered
.'acronym (ELISA) Epzyme Lgnked‘Immuno§prbent-ﬁssay.001ned by
© Engvall and Perlmamn is debatable. (i972),
Enzyme immunoassays mey be classified into tﬁo main types viz '
homogeneous (exempllfled by EMIT assays) and heterogeneous
(generally known as ELISA), the dlstlnctlon being made on the:

absence or presence of washing stages.

’,Terminology stili poses a pmoblem, various acronyms having .
‘n »been used- (Van Weemen and Schurrs 1971, Pinon and Dropsy 1977,
Saunders et al 1977, Xorde et al 1976).
»lThe enzyme immunoassays conSidered in this study.mill be”classi- e
- fied as ELISA,ias thms aoronym encompasses the essential_conoepss
(Fig 39). |

3.2 Choice of Analytical Technique

i“Wheme itvwas necessary’to'esteblish assays fof placentel proteinsv
- mhich had not previously'beeniassayed on a regular basis in‘
'bthese laboratories; ELISA systems were devised. Because ELISA
has not been so widely used as RIA, factors influencing perform-
ance have not»always»been clearly defined. Thus an investi-

o gation of some of these factors was also undertaken.

8



SOLID PHASE

Blndlng of antlbody to solld phase
’ ' (overn1ght) '

, . RV o
Wash several times to remove

loosely bound~antibody'

Addltlon of standard antlgen or solutlons -
of unknown concentratlon . '

(Incubation)

o ‘ N
. R .
Wash several times to remove

" non-specifically bound serum residue-

R ‘ v T _
Addition of Antibody-enzyme (incubation)

- /g
Wash several times to remove

nonéspecifically bound Anfibody—enzyme'

H;_‘..' s V-
Addition of chromogen

(incubation) »

o v
~ Colour Development

N
Acid Stop-

R J s
Read Absorbances

Fig 3 ii Flow Sheet for Sandwich ELISA for antigen assay



%.3.1 The Options Available
A vériety of assay. types~have been described with analogues’
'1n conventlonal radlolabelled assays.r’ These have ‘been well
"Arev1ewed by a number of authors (Wisdom 1976, O'Sulllvan et .al
| '1979) and no further'descrlptlon will be given here.’
~ Sandwich ELISA offers’sensitive, specifie assayS’with-ease -
.of separatlon, av01d1ng problems sometlmes seen w1th 1nterfer1ng
E factors,ln,competltlve ELISA. Only sandwlch assays were. ut1llzed

- in this study and this assay type will be considered 1n.more'deta11."

322 Sendwich ELISA for antigen
- This prbcedure requires the_antigen to hsve at least 2 binding
. sites. "Antigen is reacbed_witb excess solid.phase sntibody
ané after incubetion.f01lowed by»waShing; the.bound antigen
is reacted with excess iabelled entibody. After'further WaShing;
‘the bound label is assayed, thus providing a direct.measure'of fhe,
amount ef antigenbpresent'(Maiolini and Messeyeff 1975).‘ Twe N
' assumptlons are made in this type of assay.__ |
e) ~ that an enzyme marker may be attached to an antlbody wlth
| retentlon of both 1mmunolog1cal and enzymlc act1v1ty.
b)-‘.that an antlbody may be linked to a solid phase carrier

"surface.

- In practiee, both of these assumptions'hold'true. The.assayr

concept is shown schematically in Fig 3 ii.

3.3.3 Immobilization of Antibodies

“ELISA is distinguished from other types of enzyme immunoassay

‘ by the immobilization of antibody, allowing rapid, simple sep-
aration of-free‘antigen and.antibody enzyme from the immobilized'

(bound) fraction.



v.,Table 3 I  v 

Criteria for Enzyme Labéis
19y Avéilability of purified low-cost homogeneous enzyme

' preparations.
2)  High specific activity. N
v3)  Presence of residues'thrbugh which the enzyme can be

_ cross-linked to other'molecules'with minimal loss of

~ both enzyme andAantibody activity.
) Stablekenzyme conjugates.
5): Enzyme absent from biological fluids. ,:‘
6) Assay method Should:be cheap, simple, sensitive, precise -
and not affected by factors present in biblogical fluids.

7)  Enzyme, substrate, co;fa¢tors etc should not pose a potential

" health hazard.



A wide variety of splid_phases havevbeenvused - PVC (Macdonald
et al 5979), polystyrene (Pledger and Bélfiéld 1983), micfo-’
crystallihe cellulose‘(ﬁaiolini and Méséeyéff 1975); nylon
(Hendry and Herrmann 1980) and ‘activated paper discs (Lehtonenl

and Vllganen 1980).,'

Most protelns adsorb to plastlc surfaces probably as a result

of hydrophoblc interaction between non—polar proteln substructures
and the non-polar proteln matrlx,v However,vas the antlbody"vr
is only physically adsorbed, loss_of”proteinbdﬁrihg‘washes ,

,an§ incubafions is poséible‘(Lehtonen'énd Viljanen 1980) . .
‘Furthermofe, adsorbed éfoteins may_undergo denatufation.with'
.loss oftimmuﬁological acfivity.‘vvFgrthef ihvestigation of these
‘factors is:wafranted; | |

3.3.4 Choice of Enzyme Label

The enzyme label forms an. 1ntegral part of ELISA and . the choice

of enzyme must therefore be made carefully.v Ideal enzyme
‘prdpérties ére.listed in Table 3 I. Few if»any enzymes-posées$;~
“all these propertles and the choice of label is thus to a |
large extent dlctated by the nature of the assay ie homogeneous |

- or heterogeneous.‘ 7 |

| Assay;sensitivity is also partially depéndent oh the enzyme

label. 'Thuslﬁhilét 1ysozyme has-béen used as a label to detect
a number of dfugs iﬁ urine at the'mg/l fange (Rubenstein et

al 1972) it would not be a suitable labei'fqr‘assajs requiring.

high sensitivity, due to its low specific activity.

The most widely used enzymes have been horse-radlsh perox1dase

‘i(HRP) ﬂ galact081dase and alkallne phosphatase.
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3.3.57l Preparaﬁlon of'Enzyme Labels

‘ A-wlde variety of chemlcal~methods for prepariog'aofibody-

eenéymeﬁoonjugefes have been.proposed. ~ Most dependvon activa;>n,.

tion of residues on the anfibody/enzyme,por cross.linking’using

"ebheterobifunctioﬁal»reagent._ The general principleslarel"

vsimilar and are shown‘oy referehce‘to fﬁo reactions (Figs

3iiii and 3 iv).v Eech methodvﬁas_points to commepd'it, bot'

_ wheh‘preparing conjugetes'of.HRP, the mosflwidely osed procedure

.':has’been,phet of Avrameas (1?69a) —rthe two step glutaraldehydev
'jprocedure;ri'Although fhe'yield is lo§,~the teohniquebis easily
;performedjend provides a-staole conjugate»with reasonebly.standard."
properties from batch to batch. | |

‘-Following‘conjugation,rseparation of thevreacfion’components'"

is effected by techniques such as gel filtration.

’Most'conjugation procedures give'rlse to high molecular weight
lcomplexes;contelninglseveral enzyme molecules bound to several_
;antibody‘molecules. In a'solid'phase assay only'one of.fhe-
antlbody molecules in such a complex w1ll be avallable to react .
‘,,W1th an antlgen. . Thus although the complex may exhlblt high'
'1,specific‘activlfy thls cannot be reallzed.lnnpractlce.» iThe
dlfferlng nature of these complexes compared w1th natural anti-

" body does not seem to present problems in ELISA, as resultsb_
iare always obtained by comparlng the unknown sample with a

standard, which w111 react 1dentlcally in a given system.

3.3.6 Detection of Ehzyme Labelled Antibody
 Detection systems used are largely dictated by the choice of .
enzyme. Many enzymes may be detected by simple}colorimetric
:‘ procedures and this meylhave been a reason for the initial -

_ rise in ELISA.
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 Table 3 II ~

’ Advantages ahd Disadvantages of Enzyme Labels.

Advantages

Y

- 2)

5

v1) :’Seﬁsitife.asséys reéult from the enzymevampiification éfféct.
2)  Heééenfs are relatively cheap and can have a loﬁg shelf life.
3) A vafietyvof enzymés can’bé.used.as labels. VvThus:;_b |
v',a), ,multiplé'simulianeous assays aré:theoreticaily poééible
'b)  labels may bé‘preparéd using a wide variéty of coh-i;
© jugation techﬁique§ >
) a number of systems for'deﬁeéting enzyme‘activitj .
i may be used | “ R
Equipﬁent céﬁ be inexpensi#e and is widelybévailable.
5): Novrédiatioﬁ hazafds oécur during 1a5ellingior disposal
- of waste. o | | | S
Disadvantages
j) Meésurement of‘enzyme activity can ﬁe more complex.than
| meésuremenf of‘the,activity of soﬁevtypes_of radioisdfopes.3  
Enzyme aé;iviti.may bé affected by plasma conétituehts;‘_'
’ 3)> '36lid fhase problens. | | |
| 4)  ﬁore stageé‘involfed;thén in.RIA;"

Interference by serum components.



"Other’techniques such as fluorespence (Katq et al 1975),  -
‘furbidity measufémentf(Rubenstein ét al 1972) and scintilen
lation counfing-(Vén der Waart'aﬁd SchuﬁrsA1975) have been‘uséd.‘
More'ﬁovei ideés havé.included the ﬁse’ofbelectrédé détectors
’.'utilizing_a thé:mistof (Mattiasson ét al i978)vand'fecen£ly
the advenfiofiluminescénce assays‘(Vélan'ahd Halmann 1978) .
offeré.the proépecﬁ‘of increased sehsitivity.‘, However thesé
' >method$ have theirioﬁn;problems iﬁ terms of‘interféring:fécfors"
- (Psuji et al 1978); =0 | |
. The pérticuiar type of appérafﬁs used is often‘dictated by the
_natﬁre of'fhe soiia phase. Thus vhilst it is’possible to
' aspifate solutibns frdm tﬁe welisvof‘a microtitré;platé for -
-',vindividual readingsjiﬁfa spectrbphdtometer,kit is éasier and-ii
quicker to ﬁse a_microtitre plate‘Reédéf; allowing theAentiferﬂ

plate to be read in about 60 seconds. -

3.3.7  Problems Associated with ELISA

Hosking (1982) has described ELISA as a "paragon of virtue".
" However, problems do ekist.z Whilst fhe use of enzyme labels
avoided some of the problems associated with radioactivevlabels,
certain disadvantages were also reéognized (TéblefB II).
Leaching-of immobilized an{:ibody has been alluded to and non -
-'specific adsofption may occur.

Whilst washing stages avoid many of the problems of intérfering
factors, difficulties have been experienced with sera containingb
‘high concentrétions of rheumatoid factor (Maiolini and Masseyeff)
 1975) and also with the complement system (Belfiéld-and Macdonald

1979) -
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It 15 hoped that the 1nvest1gat10ns carrled out for thls thesis

. will place the assays on a more theoretlcal ba51s. This will

' improve the de51gn‘and op»lmlzatlon of assays and could lead

‘to an improved laboratory,service.

f\3.h ’ Enzyme Linked ImmunoSorbent Assay of Pregnancy Specific

- }zlGlycoproﬁein_(SP1)

3;h.1.  Introduction and Principle

iThe.assay of thls protaln was based on the method dessrlbed
o by Macdonald et al (1979) follow1ng valldatlon and exten51on
lof the assay parameters. o 7 '
Antibodies to SPiiase boaad tovthe wells of plastianmicrqtif:e o
'platés. ‘ After reﬁofiag‘unboﬁnd antibody‘by‘washiag, antigen |
is:added;x After 1ncubatlon the antigen is removed and antl- s”j

body 11nked to horseradlsh perox1dase is then 1ncubated in the

wells. - Following removal of excess antibody enzyme,_chromogen~"

is added and colour allowed to develop. The reactioniis term-
11nated by addltlon of acid. Therresultlng‘coloars arelrsadfl
in a spectrophptqmeter, the absorbances compared with taase
for the standards and calculation:pf the uaknown’concentratidns

made.

'3.4.2  Materials and Methods

.Matérials as defined in Appendix I.-

'Method of.Assay VMicrotitre plates we;e’caatedfwith antiserum
%o SP1‘(dilutad 1/1200 in pH 9.6vcarbonate/bicarbohaté buffer),
qvernight‘at +QQC.’_ Prior to use, the plates were empfied aﬁdl
-washed'threaatimes with wash buffer,»following which the,platés”‘
, 'werelshaken dr&. .‘100}p1,of standards or test sera (diluted -

.. -
N . .
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1/1000 in diluting solution) were pipettgd,in duplicate‘into;;~»
wells of the microtitre plate and incubated fof 30 minutes.‘ |
~2The well,conténts were'then'aspiréted, the'plate_waéhed 3 times’
and dfied."vﬂbo;pl of antibodyfperoxidase'conjugate diluted

' 1/1000 iﬁ PBS/ZE%‘chickeﬁ sérﬁm with 100 pl ofmolar-sodium |
icitraté per 10 ml‘bfvéolutiqn, wéstipetfed'intovthe wells.
: incubatiqn.was carried out for 30~minutes foliowe& by a -
further wéshing éyble. After drying thé pléte, 100}y1

of chromogen were added and colour de#elopmént'allbﬁéd’to
proceédifor'BO minuteé,'af thé,end of whiéh timé, the reactiénvv"

. was stoppéd’by]additidn of 100 ul of 4>m61‘/1 sulphuric -acid.

.,3.4.3 . Invéstigation of Factofs affecting the assay
‘Investigation of the effect of #arying contact time ofbantigen ‘
with antibody, of antibody_enzyﬁe with antigen, the effect of
the antiserum dilution used for‘coating and the effect of
,antibody-énzyme'dilution;were assessed as described by Macdonald
(1979) «

‘ Recovérz was assessed by spiking a pool of male serum with -
known volumes of»SP1 standard.

~vPrecisionb Within batch precision was assessed by replicate
' ‘assay'of;2 serum pqols on a siﬁgle microtitre‘plate. -Overall
- precision was assessed:af two,concentrations by assaying serum

' pools on each plate.

"Paralleiism of Assay “Parallelism'was checked using a:pool_

.of pregnancy serum. Initial dilutions "(neat,%:,% . %) were
 made in pooled male serum. A further dilution of 1/1000 was
madé,in'diluting'solﬁtion. Replicate assays of each dilution

wvere performed.

R
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~Table 3 III
”Recovery of SP1Aadded to male serum', ‘

‘Theoretical . 'MeaSure.d v : , a
"~ Concentration @ Concentration - % Recovery

- mg/1 __mg/1

60 ;,"?V1;58.6 97.5
%9k 10ks
120 - 1260105

. Mean Recovery 100%



 Table 3 IV

-~ Precision Qf‘SP1'Assay

&) Within Batch

Lo

"l Mean

- n

Hi
"Concentration~(mg/l) 104 198
Std. Deviation 7.2 - 15.6
cV % 7.0 | 7.9
n 20 20
'bb)f:»Overallv‘_
1o Hi_
'Concentration'(mg/l) 107 200
Std. Deviation 13.1 32.7
cV % C12.2 16.3
. 60 64



Table 3 V-

Parallelism of SP, Assay

'SP,‘! Concentration (mg/1) after correction

~ Dilution for dilution factor (Mean &+ sSD)

=
o .
[
o+

330 + 41
322 4 b2

) 301 i, 11:.

Vla Hanloa



"From Fig 3 v, 3 vi it can be seen that increased incﬁbétionv

Av_‘times‘lead'to increased colour development and that at no

peint is equilibrium,reaehed.'_ Adequate assay sensitivity =
 for the range of SP1 concentrations seen in pregnancy are
achieved using'incubation times of 30 minutes.

»Optlmal antlbody dllutlon for coatlng the plate (Flg 3 v11)» :

was found to be 1/1200 and adequate assay sen51t1v1ty with- these
»jfactors’set was achieved with Ab-E dilutions of 1/1000 (Fig 3 .
‘viii).‘ ‘Theseifindith'are‘in agreement with'MaCdétaid's reeults‘
-(1979) except that he used a dlfferent Ab-E preparatlon. ; Vafying
Ab-E concentratlon was however found to affect non specific blnd-_'
inge. ._Thls 1s,dlscussed further in chapter 4. ' |
'bReeovery varied: between 97;5%’and 105% (Table B‘iII) so’the
method is accurate. It is also acceptably pre01se (Table 3 IV),
CV's belng in the range assoclated with many 1mmunoassays.
Parallelism was exhlblted over the range of dilutions considered
(Table 3 V); Thls flndlng is not at variance with the dlscovery
vof the heterogenelty of SP, (Towler et al 1978, Anthony et al -
19802, Ahmed et al 1982a) as there is no change in the

relative concentrationsfof the two components. _‘

The assay prov1des an -accurate, preCISe method of quantltatlng

‘SP1 in sultably dlluted pregnancy serum. - Further sensitization

would be desirable before its use in detecting SP1 in patients

~ with neoplasia however (Pledger et al 1981).

2.5 Development of ELISA with Improved Sensitivity for the

Assay of SP1 .

 3.5.1 Introduction

v jThe‘aseay was based on the principles described for the assay
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|
provide increased sensitivity as described. - Whilst the ELISA
descrlbed prev1ously is: sultable for assaylng SP1 concentratlons
r'commonly found %“in 1ate pregnancy, 1ncreased assay sen51t1v1ty

is de51rable for assay of SP1 in- patlents with neoplastlc dlsease.

3.5.2 - Method for Bemova; of endogenous SP, from male serum

‘2.5 8 of cyanogen brommde actlvated-sepharose‘mas swollen and |
d'_washed for 24 hours in 100 ml of 10 =3 mol/1 hydrochlorlc a01d
o w1th 3 changes of wash. : 10 ‘ml of sepharose were prepared and‘jd
p'to this was coupled 5 mg anti SP /ml of sepharose (proteln
content of antiserum - 25 g/1) ‘as follows. o 4
2 ml of anti SP, were equilibrated with4vmi_carbonate/bicarh-'
o onafe buffer'pH 9;6 containing O.5Vmol/l sodium,chloride (to: *"7.
- prevent prorein-protein interaction). This was‘added’to“the vij‘
sepharose‘gel also eduilibrated;'at pH 9.6 in'thersame bnfferg"
‘and mixed for 2 hours at roomvtemperaturea The gel volnme
of 0.2 mol/1 Tris buffer pH 8.0 was then'added and mixed with»
the gel at room temperature to block" any remalnlng actlve e
sites on the gel. Follow1ng centrlfugatlon, the supernatant
was discarded and the gel complex washed alternately w1th
_acetate buffer (0. 1 mol/l, pH 4.0) and borate buffer (O 1 mol/l _
pH 8.5) each w1th addltlon;of'1 molar sodium chloride, centri-

fuged and the supernatant discarded.

Efficiency of Antigen Stripping Initially a study nsing

' radloactlvely labelled SP (klndly donated by Professor K- Bag-u
: 'shawe, Department of Medlcal Oncology, Charlng Cross Hospltal)

was performed to 1nvest1gate the efficiency of antlgen strlpplng.

~ - The experlment was performed elther with or w1thout changes

" of the sepharose-ant;serum gel, mixed w1thja pool of'male

serum’spiked with”labelled.SPi;' Counting of the remaining
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. Table 3 VI

1V»Efficiency of Antigén'Removal by Sepharose-Anti SP

1

:a)_ ‘With changes'of'solid-phase (change performed at noted

1 times)
‘Time | .CountS/ZO secs’ % SP1 Removed
0 min 12,500 -
60 " 3,060 75
% " - 1,80 88
120 " 1,80 88
16 hrs 960

b) No change of solid phase .-

92

% SP1 Removed

Time ; Coﬁnts/éO secs
0 min 12,500 -
60 - 3,075 75
9 " 3,200 75
1200 3,100 . 75
16 hrs 3,100 75

Solid Phase



stages to assess the’efficiency,ofvremoval (Table 3 VI);:V'Fromg:
"~ the findings of'this experiment, the pool of male serum to be -
ﬁéed for prepa:étion of standéfds vas mixed_with'sepharose-.‘
‘antiéerum,gel for 18 hours at'rogm temﬁerawuré with'}jchangeé ‘

3.5.3 Sensitized SP, Assay Method

Anti SP, diluted 1/1200 in coativnblgr‘buf‘fér o §.6 (100 pl) was
pipetted:into the wells bf‘micrqtitré plates and ihcubated_:
ove:night atvhoc. Following washing 3,times.withvwash Buffer':
and dtying, iodnpl'of stahdérds, test sera or guality contfoi5_vy
- material was pipetted into the Qells‘in‘duﬁliCate‘aﬁd-inéubatedi,"
'at room temperature'for 75 miﬁufes,”after which the well cchteﬁtskv'
#efe aspiratéd anaithe plates washed aﬁa.dried again. Ab;E _

© ailuted 1/500 in PBS/chicken serum was then added to the wells
and incubated for 75 minufés.' Following_a:fufther_waéhing |
v'éycle, }ch‘rom’ogen was .added (100 m1) to. each well and colour  -
f'develofment:éllowed tovprdceed for 30 minutes. | The reaction was
;‘stopfed by éddition 6f71OO pl'of‘#‘ﬁol/l sulphuric’acid to eachvl

well, and the developed colour read on a Multiskan plate reader.

3;5Q4'.’invesfigatibn of Factéfs Afféqtiﬁg.the.Aésayl
wThebeffécts_of iﬁéfeéSing incubation:fimés of antigen with anti-
body and'ofkantigen with antibodf eniyme at 3 concentrations

| bf Séﬁ ﬁére inféstigated'over a‘prolonged_time;coﬁrée in é
similar1manner té that described §reviouslyi(Macdonald 1979) .
Thevoﬁtimal>dilution.of Ab-E Qas also invéétigatedvaS'described

- previously.

' The Effect of the Protein Matrix As SP, in this sensitized -
“iaSSay was to_be,assayed»in-uﬁdilﬁtéd sera as opposed to highly,';f

~

.



'.used to prepsre“stsndafdsyeas investigsted.v
:Sﬁandards of verying oonoentration wefe prepared’iﬁ 3 different
7‘ matfices.j Behrlngwerke SP standard was dlluted in elther
biPBS/01trate contalnlng 1% BSA, chlcken serum or a pool of male
serum strlpped of endogenous SP1 A_number of sera from male
- and non’pregnant female_laboratory'staff,were slso used in .
Vthese Stﬁdies. | |
The standsrdsAip PBS/citrafe and chicken serum were isvestigated
initislly.: Theselstandard~so1ﬁtions were assayed according
to the routlne assay protocol and a. graph of absorbance (cor-
rected for blank value) against concentration was made. ‘The
“seravfrom_laboratory staff vere also assayed and also a series»;
,bof;ohicken sers eontaining no‘SP1 vere assayed..
Inva'secondiexperiment, standardsbprepared in chicken serum
and SP1-freevmale;serumvwere compared.;.'Replicate male‘serums

; blanks were also utilized.

. 3.5.5. ,Assesshent of Assay Sensitivity
. Sensitivity was assessed by assaying a series of blenks according
~ to the routine” protoeol. On 1 plate Ab-E at a dilution of
1/1000 was used, on the second plate Ab-E at a dllutlon of '
- 1/500 was,used. * Assay sens1t1v1ty was calculated u51ng the
formula: -
. Sensitivity = OD blank + 2 SD
the SD being calculated from the formula

‘sp= [ Ip%

. 2N-

where D dlfference between dupllcate blank ODs

]

N Number of dupllcates
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It had been”shows previously thaf ineressing;contact time of
‘sntigen with ahfibody and‘antiquy enzyme with antigen'ied to‘
increased colour development (3.4.#), B FigseBAix,iB x sheﬁgtr
~that it is possible teVextendvfhesevincubation.times eonsider-b-*e‘
:ably and thus increase assayvsensitivity; ' Howeves’ﬁakimal -
increase indcolour isssees ovef‘the'fifst 80 minﬁtes.at eaeh'
'»1ncubat10n stage and there is llttle p01nt in extendlsg 1ncuba-’ -
'tlons beyond thls. Fig 3 xi shows ‘that decreased dllutlons
- of Ab—E leads to a more, sensztlve assay, although NSB- 1ncreases.,
- A suitable compromlse is thus 1/500 dllutlon.
“; The'assay sensitivity using'AbéE at a dilutien efj1/1060.ﬁas‘
b3 pg/1 and using Ab-E at a dilution of 1/500 was 3 pg/l.
' In;practicefhewever;tan”érbitrary'decision‘mdst be made. in |
a similarfway to'fhat'for RIA.
‘Over a number of assays, the mean practical sepsitivity‘was¢_  B
6.13 pg/lii.0.80 (sD). 1In view of the findings of‘Anthohy's
j» group (19&5a)who'fousdbvalﬁes,hplfe~6 ug/1 in’fhe normal
pepulstion, this.praetical limit of deteefion-is‘suitaﬁle._
1,The,effect ofvthe prbfein matrix upon the stasdafd’curve is
- shown in Figs 3 xii, 3 xiii. s uﬁdildted}tesi sera were
to be’assayed, it isveppa:ent‘that SP1 s?andards‘must,be
'prepared in a mele serum ?rotein.matrixdor results will»not
Be eOmparable.‘ :Furtﬁer evidencevfor this fact is;obtaihedf_
ffrom the fact~thatva number of normal sera (34%) showed
'sdetectsble levels ofFSPi‘ﬁhen'compared against a standard
“curve érepared in PBS/citrate.b ACombaringragainst a-
g standsrdicurvevprepsred‘in male serdm, onlyi1h%_ef normal
. sera were positive. This is close to the sumberefouhd"by

‘d Searle (1978) using an assay of comparéble»sensitivity.

)



Table 3 VII

'Reéoﬁery of/SP1 ﬁsing Radial Immunodiffusion Assay

:Expected
~ Concentration

~(mg/1)
90

191
. 197

‘Pable 3 VIII -

Found'
Concentration

(mg/l)

86
168
' ,168

Mean

ook

Recovery ;b

%

88
.- 85

Comparlson of SP Concentratlons obtained by ELISA with
"Concentratlons obtalned by RID v

qurelation cbefft '
Gradient _ ‘

Y Axis Intercept‘

- Std Error of Gradient
- Std Error of_Ihtercebt

10.83 (p<vo.oo1')

0.32
66.2

- 9.0



-

3.6.1 Materials and Methods

Standards .and ‘test sera (5 n1) >w_<var'e pipetted into the wells

of the RID plate. After incubatién»ét room'témperature for 2
.da$s fo allow maximum immunodiffusion,'the-diametefs of the.‘
b‘precipitin ringé wvere measured. - A étandard cﬁrve wgsvéon-

- structed using a'plot'of (diametér)2 agaiﬁét_antigen concen;
traﬁion°'. |

-Recovery was assessed by gddition of‘known voiumes of standard 
v SP1 material tp.khownvvqluﬁes of pooled male‘serum.b Witﬁin

batch precision was assessed by replicate analyses of a pool

of pregnancy serum on 1 RID plate.

3.6.2 Results and Discussion

Table 3 VII shows. the results of the recovéry experiments.
Within batch precision was 4.0% at a concentration of 164 mg/1.
Table ? VIII shows the comparison .of results obtained by RID
compared to those obtained by ELISA. Résults obtainéd by
ELISA were significantly higher when feStéd bybfhe paired |

t test. However, a significant degree of correlation exists

betweenbthe results obtained.

The finding of a lower recovery using RID may partially account’
for this and the problem may be further complicated by the

molecular heterogeneity of SP1 (Teisner et al 1978).

Whilst the precision is improved using RID,‘this is offset by
the longer turn-round time to obfain results, the decreased

working range, and the unsuitability of RID to cope with large
numbers of specimens. ELISA therefore remains the method of

choice.

Lo
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Plasma Protein A& (PAPP-A)

'3.7.1‘ :Iﬂﬁroducﬁién and Principle’

This asséy Qas baééd on annassayvin use for fhe meésu?ement,of

| SP1'(Maqdohaldiétval 1979) . Antibédies to’ PAPP-A are bound

to the wells of plastié microtitre plates. After removing

' uﬁbbund ahtibody, antigen'iS added; v'Folldwing incubation;

the antigen is removed an& éﬁtibody linkedito'hbrSeradish"
,vperoxidése'is thenvincubated in‘thevwélls.' Fqllowing removai

6f eXcess antibédj~enzym§,‘chromogen is added and,colour allawed
x'to'devélép.- Thé reaction is termiﬁatedbby addifiéﬁ_pf~a§id.
The‘résulting'colours areiféad in a spectrophotometer, the B
abéorbéncéé comparediwith those'for thg»standards aﬁd éalculafidﬁ
_of;thevunknown concentrations made.

3.7.2 Materials

PAPP-A Laboratory Standard - Sera from 50 patients'in the 3rd
frimester‘(28-46 weeks gestation) of a‘normal.pfegnancyvwgrew'
“pooled to givé a pool of 250 ml volume. vTHis pool wés aliquoted
and sto:ed‘At -20° until use. A nominal value of 1000 arbit- B
rafy unité/litre‘(AU/L) was assigned to this pool until‘célib-
ration against IRP 78/610;wa$ méde.rivDilutionsrdf this standard
p§ol wéré maderin PBS/citrate to give auréngé_of standérds_'

from 0-20 AU/L.

1 Anti-PAPPA- Peroiidase was prepared by a fwo>étep glutgraldehyde
conjugation method (Avrameas and Térnynck 1974) gS describea
.(3-7.3).f: Affer purification on a Sephécrjl'SZQO column the
coﬂjugate was‘stored at-;ZOQd. ‘For use a 1/20 dilution was

‘made in PBS/chicken serum.

A1l other materials are as described in Appendix I.

. _<r "



S Dele5  .’Lne Metnoa ol Avrameas and ‘'ernynck tor Antibody

Enzyme éonjugation

10 mg of horseradlsh perox1dase (HRP) were dlssolved in 200 yl

B of 0.1 mol/1 phosphate buffer (pH 7. 4) contalnlng 1.25%

(v/v) glutaraldehyde and mixed for 94 hours at room temp--
—erature., The solutlon ‘was then dialyzed at -# c for 24

hours against 0.9% sallne. | ‘
 The total pretein content.pf‘the PAPP-A_ehtiserum-was shown to
v be_15 g/l by the Lowry method for protein assay. 0.3 ml »"

(45 mg) of antiserum were equilibriated in.0.6 ml of carhonate/ f‘
" bicarbonate buffer pH 9.6 added to the HRP soiution,‘and reacted .
 for 2 hours - at 4°C with continual mixing. |

0.1 ml of a 0.2 mol/1 solution of lysine was then added and mixed.
for 2 hours at 4°C, to inactivate residual aldehyde.
. Dialysis was fhen performed against PBS for 24 hours.

Separation of Ab-E from unreacted components was investigated

using Ultragel ACA 34 and Sephacryl S200. .

3;7.4 _Methods.of Separation of Conjugate from Unreeetedb'
| -fComEonents o )
,i): ;“ Seﬁaratioh using ﬁltragei —.A columnimeaeuring 45~cm’x o
2.2 cm (total volume 171 wl) was packed w1th Ultragel
1hACA 3# . The vomd volume -assessed by Dextran Blue was
56.0 ﬁl. The eolumn was equll;brated u51ng a set qf
‘profein“standards purchased from Pharmecia. |

Ka§ valﬁes for these standards were estimated.using the

* formula: -
. H where Ve = elution volume
Vo = void volume -

vVt total volume

12
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' .Fig 3 xiv . Calibration line for Ultragel Chromatography‘ e

columi. The calibrating proteins'usedbwere:—

o) Chymotrypéinogeh A
'2) Ovalbumin '

.. 3) Albumin

'5)

Aldolase
Catalase'
Ferritin

Thyroglobulin
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‘ "
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o

"

"

25 000
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67 000

158 000
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. Fig 3 xvi 'Calibration_line-for Sephacryl SEOO,Chfomatq-"

graphy_ column. . The' calibrating proteins used were:-
1) Ribonuclease A MW 13 700 B

- 2) Chymotrypsiriogen A " 25000

%) Ovalbumin = " 43000

‘4)  Albumin @ : r 67 000

'5)  Aldolase © - " 158 000
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Table 3 IX -~

" Molecular weight estimates of Ab-E conjugate.and'individual S

" components using Ultragel ACA 34 and Sephacryl S200 columns

a) "Ultragel‘column

- Peak Number

'.Eiution Volume

Moleculér

~ (m1) ~' av Weight
"IT Anti PAPP-A-HRP 100 0.37 | 260,000
. III Free HRP 127 ~0.62 | 110,000 -
~b)  Sephacryl S200 column
() Conjugate Mixture |
. Peak Number Elution Volume Ka?' Molecular
' (ml) : Weight
I (Anti PAPP-A-HRP) - Void - 160,000
_II (Free Anti PAPP-A) | 19.0 0.08 | 140,000
III (Free HRP) - 22.9. 0.27 | 71,000
(ii) Free Components
vComponent Elution Volume Ka ' ‘Molecular
(m) v Weight
(45 mg) Anti PAPP-A | 20.2 0.7 | 120,000
10 mg HRP 22.5 0.25 | 76,000



Coaue uouugabc iLxLure was app.l.leu TO0 lune coiumn- ana o
eluted with PBS, collectlng 1 ml fractions. ‘ Proteim

]velutlon was monitored at 280 nm and K av values calculated.
A plot of Kav'against’log? molecular weight for the
sfandards_was made and used to cslculate molecular_

. weights for the conjugate mixtmre proteins. -

V.w,ii) | ’Separation'ﬁsing Sephacryl S200 - A column‘measuring

60 cm X 0.9 cm wes packed with Sephacryl'S2OO (total

volume 38 2 ml, v01d volume 17 3 ml). The column was

'-callbrated w1th proteln standards as before.

', VAb-E conjugate ,‘ unconjugated anti PAPP-A, and HRP
v”werevapplied in seéarate chromatographic-runs'fo‘the

column, fhe elﬁtion volumes noted,vamd molecular-weights
. estimsfed.i» o | | |
" '3.?;5 ! ﬁesulfs"

'Afigures 3xﬁ§vandv3'£v‘show‘fhe celibration line for»the ﬁlfra—v

fgel'columnband the elution profile of Ab-E conjugate on this

~ column. | Figures 3 xvi and 3 xvii show - the same details for
the Sephacryl S2CO”column. TableIB‘IX shows the molecular
weight esfimafes on the differentfcolumns. In1t1al use of
'vthe Ultragel column proved unsatlsfactory in its 1nab111ty to
'separate the conaugate from unreacted antlserum and further,
i'the estlmated molecular welght for HRP u51ng this column was

not 1n accordance w1th other workers estimates (Morlta et al

'1980) .

' U51mg the Sephacryl column 1mproved resolutlon of the components
was obtalned. Molecular welght of the antlbody was. in agreee
“mment'mifh general estimates, although that for HRP was still
""A‘higher than most estimates. This finding may be due to the

_‘v43‘



LOTY TTETS TTTOT STTIUTS S wS ST e v ssvaTHAUMMACL SUApTy lanllg
ﬁw estiﬁates-by’gel'filtratiou unreliable.

It is nbt‘possible to assign an.exactbmolecular weight to the
, AB—E conjugéte as it.eluted'iuvfhe'uoid volume.k -Avrameas and
S Ternynck (1974) felt that the molecular welght of the" conaugate L
was not in excess of 200 000 1nd1cat1ng that it con51sted of |
| one molecule of.HRP linked to 1 molecule of antlbody,and that

. the maiﬁ objectiuevof fhe tuo stege procedure had been attained.
“The major disadvanfage of fhis procedure'is its low yield"about
2% of the HRP be1ng congugated to antlbody (Nakane and Kawa01

- 197h) . Nevertheless experlence with the Avrameas technlque
1-in this laboratory_hasvshown it to be reproduc1ble in terms ofv’

the ~optimal dilutions‘of Ab-E required for assay‘purposes..

ﬁi Further Antl PAPP-A*HRP conaugates were separated on Sephacryl

SEOO for use in PAPP-A assay.:

'3.7.6 Method of Assay .
100 pl of ahtihuman PAPP-A previously diluted 1/1200 in carbonate/
blcarbonate buffer pH 9.6 was: plpetted 1nto ‘each well of a

microtitre plate excludlng the outer ‘TOWS because of prev1ously

reported "edge" effects (Burt et al 1979) .

The plates were left overnight at +4°C. 'Noispeciel methods’
'>were used to enhanoevantibody bindiug, | | .
fBefore use, the plates.were emptied by‘iuversion, washed’three
times with wash buffer andbshaken dry;

,100 yl of standard materlals or 100_p1 of test serum dlluted
. 1/100 in PBS/c1trate were added in dupllcate to the wells at
;tlmedllntervals. Incubatlon at room temperature was allowed :

to proceed for 120 mlnutes after which the‘solutlons were

by
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shaken dry.:'
100 pl- of antibody enzyme‘conjugate (diluted 1/20 in PBS contain-
»t,iﬁg 25% chicken serum) was then added to each well and incubated
_ for 120 minutes at room temperature. The solutions were then

‘ aspirated‘and»the plate washed and dried as before.

.100‘p1 of chromogen was then added to each well. -~ After 45
'mlnutes of colour development in the dark at room temperature
the reactlon was stopped by addltlon of 1004p1 of & mol/l sulphurlc

ac1d to each well.

The developed colours were read on either an Abbott ABA 100

i,bichromatic analyzer (Abbbti Laboratories Ltd,ABasingstoke,'y'
Hants) or-latterly on a Titertek Multiskan (Flow Laboratories).

To:enableycomparison of-results‘from.these_2 instruments readingsv

were converted-to absorbance values. for a 1vem'path length (A 1 cm).

' The Abbott ABA analyzer was used only durlng 1n1t1al development o
stages of this assay. All further work was performed on the

- Multiskan plate reader glVlng absorbance values dlrectly.x

Callbratlon curves of absorbance agalnst concentratlon vere plot—:p
v‘ted on semllogarlthmlc graph paper. Alternatlvelyva suitable .
curve fitting procedure may be utilizedAto’allow autodatldn
(Chapter 5) .

f3.7.7 Inrestigation of Factors Affecting fhe Assay .

i - Time course of Antibody Antigen Reaction."

.'100‘p1 efAstandard materialﬁcontaining 1 2 and 20 AU/L .
were plpetted in dupllcate into wells coated with ant1~
serum as in the routlne assay protocol. '.Prellmlnaryj

’invesﬁigation'had sﬁewn that incubation"tiﬁes of less

o than 80 mins did not give adequate sensitivity. In.

45
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v

an attempt to increase sen31t1v1ty the reactlon tlme_

~

course was 1nvest1gated between 80 and 150 mlnutes.

" The plates were. then processed as in the routlne_:

. assay.

Tlme course of antlbody-enzyme antlgen reaction.

'100 pl standard materlal contalnlng 1 2 and 20 AU/L
~ were plpetted 1nto the wells of mlcrotltre plates

-'prev1ously coated w1th antlbody and allowed to 1ncubate ‘

for_120‘m1nutes. The sera were then asplrated and the

plate washed. Dlluted Ab-E solutlon was added to each

~well and incubated at room temperature for tlmes varying

between'SO'and.1501mihutes} ~ After this incubation'fhedcwi'

»yplate was processed according to the routine assay proto-
1_ col._-
Variation of incubation time for colour development.

Antigen at concentration of 10, 100, 500 and 1000 AU/L

vas aﬁplied to microtitre plates, followed by Ab-E

according to the'roufihe asSay protoc61.- Chromogen

was then added (100_pl/well) and incubated for tlmes

~'. varying between 10 and 80_m1nutes.

Effect of antlserum dllutlon used to coat plates.

Antlserum at dllutlons varylng from 1/500 to 1/2000

- in carbonate/blcarbonate buffer was dlspensed 1nto the

wells of 5 microtitre: plates and 1ncubated overnlght

at +4° .

After washing, standards were added to each well prev-

iodsly coatedlwith antibody and processed accordiﬁg to .

- the routine assay’schedule.

k6



colour development,

'100 pl of standards were added to wells of a microtitre

. plate prev1ously coated with antl-PAPP-A at a dilution

- of 1/1200. ' After 1ncubat1ng, washlng and- drylng in

‘ the normal way,-1OO yl Ab-E atfdllutlons ranglng from

o 1/20 to 1/60 was added to each well and 1ncubated for

120 mlnutes. ' Further steps were accordlng to the

“routine protocol.

. The Effect of'haemoiysis on the assay of PAPP;A'.7

" Blood samples were collected from patlents underg01ng routlne

"‘antenatal blochemlcal monltorlng. 5 ml blood spec1mens were

”1'collected 1nto llthlum heparln contalners and mlxed well.

B On;arrival_in‘the laboratory, the specimen.wss divided intq four -

1 ml parts-and treated as follows:

_, ) part_(’!)
“part (2)
part ‘(3)}

part (4)

immediate separation of plasma from cells (fresh
plasma);'
1ncubat10n of spe01men at room temperature for 24 h-

before separatlon of plasma (1ncubated plasma)

R separatlon of plasma (haemolysed)
addltlon of‘0.5 ml 1sotonlc sallne, mixed by inversion,

separation of plasma'(non-haemolysed).

'Blood.samplesvfrdm male laboratory staff were also collected . .

" into heparinvand treated as in (3) and (4) above.

‘A1l separated plasma specimens were immediately;stored at -20°C

"until_essay. - PAPP-A and'SP1‘concentrations were assessed by

" eniyme-linked_immunoassay_described earlier and hPL by RIA.

47
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batch for each dnalyte. - Comparison of results was made by use

~ of the paired t fest..

~>1'3;7.9’, Assay Characteristics'
fiaa ‘ Tﬁe‘standard pooi of pfegﬁancy serum prepared in‘this
1aborator& was calibrated againSt IntornationallRef-
erence material 78/610 reconstifated,according to'thasf
schedule supplled. " Dilutions of the reconstifuted‘
materlal were made in PBS/cltrate to glve a range of
standards from 0 = 2.0 IU/L{Va
ii'/’: >Precision Studies - Wifhin plate précisioh_wasacalculated.':
. for three'QC joolsoprepared by diiuting a third trimester
pool of - pregnancy serum in chlcken serum. ’iPast éxper-
- ience in thls laboratory has shown that chicken serum
prov1des a sultable proteln matrlx w1thout lnterferlng

factors that may be present in human serume.

Pre0151on was calculated for each pool by runnlng 10

dupllcates of ‘each pool on one mlcrotltre plate.

‘Ovefall precision wasfestimated for three QCIPOOIS over
45vbatohes of PAPP-A aaaiyses-on'separate miofofitre"
| "plates. e
iii - 'Rocovery Studies - Dilufions'of’the'standard poolvweref
- :made in chicken serum to glve concentratlons of 9.0
- 22.5, 45 and 90 IU/L. | Allquots of a_male serum pool'
were Spiked‘with the above‘material_and fecoveries o
' ostimated.. The male pool used .showed no evidence of

 containing PAPP-A.

iv-  Limit of Detectlon - The sen51t1v1ty was assessed by

- running 20 dupllcates of OAU/L standards (blanks) on

4



Vie WALIULLLLG pLALTe PeusLLLVILY was aellnea as

that concentratlon in an.undlluted spe01men wh1ch -
correspond to an OD of the zero standard in the stand-

',Itard curve + 2 standard dev1atlons (SD) where.

8D —JDZ -
B T

leference in dupllcate

D=
.blanks
Number of duplicates

=
]

, Specificitytof Antiserum - Possible‘crosS'reactione with
 three other placental protelns were 1nvest1gated at
comcentratlons whlch may be present in pregnancy. Thesé'
"'protelns were humen-placental lactogen’(10 MU/L) , human |
_chorionicvgonadotrophin (44,000VIU/L)fahd’preghanoy '
.specific }31 glyooproteio'(705 mé/l)-preperee as follows;
,v7.3'pg iodination grade hPL (obtaihed from,NIESC)'was
 dissolved in ‘7.2>ml.-o£ diluting solution and used neat

“in cross reaction studies. The hPchoncentration'was

"~ thus 10 tlmes that routlnely encountered in the PAPP-A"

assay u51ng dlluted serume.

1 vial of hCGr(Calbiochem) was dissolred-in 0.5 ml

 of dllutlng fluld and used neat in these studles.

' SP extracted from placentae was dlluted 1/100 in :
’dllutlng solutlon to glve a concentratlon of ?OSO.pg/l._
Thls is 20 times greater than that routinely encountered o

_in the PAPP-A assay after dilution of the test serum.

3.7.10 PAPP-A Levels in Non Pregnant Subjects
* PAPP-A levelsywere‘measured in serum from laboratory‘Staff '

(29 males and 31 non pregnant females).

k9
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f 2 a 10 20
' : ~concentration(AU/L)
' F1g3 xxn ‘ ' The v:effe’ctvof. varyirig ‘a.n'_tibody-e‘nzyme
o yclzpncen’tration on .the‘ Sténdard‘ §urve foi' PAPP-A' bassa‘y."-
-Antibody énéyfne was _dilufed (0—o0) 1/2b, (8—m) 1/20,
or (6—»8) 1/50 Vin‘ PBS COhtaiﬂing- 25% éhicken serum and

1072 mole/1 citrate.
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Figs 3 #viii - XX show-the effect of'inoreasing oontactvtime'
of antlgen w1th antlbody, antlbody enzyme w1th antlgen and

: chromogen Wlth antlbody\enzyme respectlvely. Over the time
l'course cons1dered equlllbrlum was not achleved at any stage -

S of” the assay.

' Adeduate assa& senslt1v1ty was achleved by allovlng contact of
’:jantlgen wlth antlbody for 120 mlnutes and antlbody enzyme Wlth
'l_antlgen for 120 mlnutes. Wlth these parameters set, a sultable

:colour development tlme was found to be 45 mlnutes, thus allowlng

‘the assay to be completed w1th1n the worklng day.

,Flg 3 xx1 shows the effect of varylng ant1body dllutlons used
'to coat the mlcrotltre plates. The best sens1t1v1ty was achleved

!

us1ng an antlbody dllutlon of 1/1250.~

‘The influence of antibody-enzyme‘dilutions upon’final colour <

e development is shown 1n.F1g 3 xx11. A 1/20 dllutlon was found

‘_'necessary to achleve adequate sens1t1v1ty w1th1n the t1me courses:

: prev1ously set. B

vFlg 3 xxiii shows the curves obtalned for standards prepared fron
the laboratory serum standard pool and Internatlonal Reference f
Preparatlon 78/610. ' Parallellsm was exhlblted from ﬁ -2 AU/L
l'thls belng the ranve routlnely used for analy81s.‘ gIt is thus o
.valld'tO‘a551gn values to the~1aboratory standard pool based |
B onvIRP 78/610;i From these: curves, a regre581on llne was plotted ; |
N IRP 78/610 has an ass:l.gned value of 100 U/ (Bohn et al 1980b) |
‘u”and based on thls value, the undlluted laboratory pool is equlva- ?

lent to 90 IU/L (Flg 3 xx1v).
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Table 3 X

Precision of PAPP-A ASsay

- A)  Vithin batch

I (IU/L) IT (IU/L) III (IU/L)
Mean | 13.2 16.7 25.8
SD 119 1.19 1.49
CV% 9 7;1 4.2
n 10 10 10
B) Between batch (overall)
I (IU/L) II (IU/L) IIT (IU/L)
Mean 22,1 29.6 70.5
SD 2.30 - 2.62‘ 7.62
CV% 10.2 - 8.9 | 10.8
n 38 L5 L4
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PAPP—A~concentr§tibns (in terms ovaRP«?8/610)-

Fresh ~~ Incubated
plasma ' plasma .

Haemolysed an-haemolysgd

-Mean concentration (IU/L) 42;3 - 48,5 k9.6 S 33,0
'Standard,deviation 3.3 ‘j;'30.5 33.5 - - 2h.2
Number of samples . . 13 | 13 ;'31:’ i' | 3
L © Paired £ = 2.03  Paired t =43
'vp)0.0S - p<0.01 S
‘Pable 3 XII

. hPL concent:afions (in terms of IRP 73/545)

- Fresh - Inéubatedv

~ | '"' ,  v . plasma plasma Héemolysed  Non-haemolysed
Mean concentration (mU/1) 7.6 1 7.8 Coh21 - ka1
Standard deviation 2. 2.1 - 2.7 2.5
Number of samples ‘_'v13, 13 _ 0 30
I i Paired £ = 1.71 Paired t = 0.76.
py 0.1 . pY 0.1
Table 3 XIII
SP, concentrations (in terms of Behringwerke SP, standard)

1

-1

‘Fresh Incubated
. plasma = plasma

Haeholysed Non-haemolysed |

Mean concentration (mg/l) L5k HZBA

Standard deviation - 303 = 262 o
Number of samples 13 13

‘,Paired't =_1.8 ,
p» 0.05"

1ly o
16 109
28 - 28

‘Paired t = 1.1

p7 0.1




Table 3 XIV

Absorbances obtained in ELISA for PAPP-A content of

male plasma -

Haemolysed Non-haemolysed
Mean absorbance O,THH 0.078
Standard deviation 28.6 8.9
Number of sampleS 12 12

paired t = 3.6; p<0.01



No evidence ‘of cross reaction ol the antiserum with the three
 other pregnancylproteins’tested'wes observed;’ell the protein
solutions h'aving-.FODs,less than the zero PAPP-A standard.
'From Fig 3 XXV 1t can be seen that recovery erIed between 120%
and 102% Over the range 200 to 1000 AU/L of undlluted serum,
recovery did not vary 51gn1f1cantly from 100%.
VbThe,assay sensitivity was‘shownito be 7.6 IU/L in an'nndilntedi
B ;specimen 0.076 IU/ﬁ per well after 1/100ydilution of test mat-
erialo o
Comparieon of assay sensifivity'is‘difficnlt nntil‘a universaliy
‘acceptable reference preparatlon is avallable. "Thus Sinosfch:
?vreported an assay sen51t1v1ty of 2. 9‘pg/l (of pure proteln)
‘(1982) Blschof reported 32. 5 ng/ml (1981a) or by Laurell rocketf
;technlque 10 u/ml (197°b). It is not p0551ble at present'tog
relate our sen51t1v1ty in terms of IRP 78/610 to the above
flndlngs. : |
In a further immuno-enzymatic assay (Bersinger 1983) an equi#a-f'
»lent‘sensitivity was however-achieved.
Table 3vX shows that the'assayAprecision is satisfactory over
the:range of concentrations considered.
iResults_obtained in the haemoiysis studies are shown in,Tables'
3XI -'3 XIV. Only in the case of PAPP-A was a significant
dlfference in concentratlon between haemolysed and non haemolysed

spec1mens observed (t = L3 p(0.00‘I). ,

A slight 1ncrease 1n PAPP-A concentratlon in the 1ncubated
speclmens was observed but thls dlfference was not 51gn1flcant

(t = 2.03 p<o.05).

; Table 3 XIV shows the effect of haemoly51s on the male blood

speclmens.u Since the concentratlons of PAPP—A found in . the
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it.wasbnecessaribto:oompare aosorbahces obtained in ELISA rather
,than concentrations. .~ The- absorbances wlth haemolysed male -
dplasma were 51gn1f1cantly greater than for unhaemolysed specl-

mm(hﬁﬁ;pm&ﬂe.

Toop and Klopper (1983) and Sutcliffe (1982) have prev1ously |
,’alluded to the cond1t1ons under whlch specimens for pregnancy =
assoc1ated protelns are collected. " The apparent'PAPP-A con-
' centration in dellberately haemolysed spec1mens was 81gn1f1-f‘

T cantly hlgher than in non haemolysed speclmens.

::Sinee the unhaemolysed male,specimensvshowed no-evidence of -
ﬁ cohtaining_PAPP-A; fhe"appérent inoreésevid PAPP;A concen-
frafioﬁ~is‘§robably'due to a red cell component binding'fhe
 PAPP-A anfcibody non-specifically. - | |

It éppears'for therproteins.under’consideration here,"thatvthié.s
.v‘effect is specific to'PAPP-A.-' It is unlikely that thls flndlngA'
is due to the method of assay. (ELISA), since no 51gn1f1cant

B dlfference could be shown for SP1 concentrations in the same
haemolysed and non—haemolysed pregnancy spec1men pairs us1ng‘

‘a szmllar ELISA technlque.

: Slmllarly, no dlfference was observed for hPL ‘using redlolmmuno-
‘assay. The suggestlon that antl-PAPP-A blnds a component
present.ln red blood“cells would account'both for the small
increase: in concentratlon found in plasma unseparated for 24 h

and the con51derable elevatlon in concentratlon upon haemoly51s.'

Of the normal - sera from laboratory staff (male and non pregnant .
female) 28% of the male sera,and 32% of female.sera showed

»PAPP-A,concentrations,abofezthe‘limit-of detection. - This is
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perhaps not surprising with the dlscovery ‘o PAPP-A productlon
by the endometrlum (Blschof et al 1982a)and the PAPP-A content

- ofvsemlnal plasma (Blschof et al 1983).

,Previously published assays for'thiS'protein have been either
' radlolmmunoassays ;? or Laurell "rocket" technlques ':

u measurement of PAPP-A by ELISA allows results to be obtalned
within one worklng day whlch is of advantage 1n the clinical
context envisaged. -

‘The advantage'of this aseay may lie in'possible'improvement inv

VSensitivdty by prolonging»incubation times.;' The‘assayvmay“
theo find.use in the investigation of PAPP-A production in

neoplasia and in early pregnancy.

3.8  Carcino Placental Alkaline Phosphatase (CPAP)

3.8.1 Introduction =

- This enzyme Qas measured by an'immunoehzymatic assay’developed
in,this'department (Mabon et al 1984).

v Pr1nc121e - CPAP is speclflcally extracted from serum u51ng an.
1mmoblllzed antlbody raised agalnst placental alkaline phospha—
tase. The antlbody bound CPAP is then detected using intrinmsic
hydrolytlc act1v1ty to,release the yellow chromophore p-nltro-

’ phenol from p-nitrophenyl phosphate.:

‘3;8.2;’ AIRalioe Phosphatase Preparations and Ahtisera
APlacental alkaline phoaphataée was obtained commerciallj (Miies.ﬂ'
Laboratories). V:This preparation_was assayed at 37?C‘in.accord-
ance with thebrecommendationsvof,the Committee on Enzymesvof

the Scandinavian Society for Clinical Chemistry (1974) and

used to standardiae the assay. - Bone, liver»andvintestinal

. preparationarwere'made using a butanol extraction procedure

(Pledger et al 1982). -



‘,_ Antiserum to CPAP - New Zealand rabbits were injected with v

. 500 pg of placental alkaline phosphatase (Miles Laboratories)
‘in Freund's Complete AdJuvant and boosted at monthly 1ntervals
"wlth 20‘pg.f Animals were bled about 2 weeks after booster

‘ dose.

3.8.3 Method of Assay

Antiserum was'dilufed 1Iin'1COO in carboraie—bicarbonafe buffer -

‘snd 200 pl?dispensed'info-each‘of fhe‘wellsiof a microtitre

“plate (Nunc Certified Grade I). ,'After:refrigeréfion'overe:

Inight‘at 4?0 the sntiserum was.resoved and‘the ﬁells washed -

v with TBS. Sfasderdsxand test'Sera were dilufed, wherei

neoessary,_toilie within the fange'o,ﬁb 8.u/l!end incubated
at room tedperafure (18-2000) orernight'in'covered microtitre

o Pletes,-_ TheAroldme‘of stsndards-and,of serum»used in each
,:was-ZOO‘pldand eStimations\were performed in,triplicate..v
'Following,incubation.the sera were removed,ithe wells.washed 'b

- andeOO,pl of chromogen dispensed into each Well. )

‘[>0ne hour was allowed for colour development at room temperature
-after whlch the absorbance of the chromophore at 405 nm was
measured using a Tltertek Multlskan plate reader 1nterfaced -

to a Commodore PET 4016 mlcro-computer.

3.8.4 Investigation of factors affecting the assay.

Dildtioh'of antiserum - A range of dilutions ranging from 1-in -

10 to 1 in 100 000 was dsed to coat the wells of the microfitre
_plates; Pooled sera from pregnent women was used as a con-
- venient sodrce of antigenland the same volume was added to each

»»wellyand'assayed‘according to the procedure described above.

Specificity of antiserum - Bone, liver and intestinal alkaline

~ phosphatases were,dilﬁted in TBS’containingbalbumin and assayed.
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~ Time of reaction - Pooled pregnancy sera diluted to three dif-

-

ferent activities'was incubated with immébilised antibody for
“times ranging from two to 24 h. In each case colour develop- -

ment was allowed for 60 min.

Time of colour reaction - Standard sera were processed as usual
but extra measurements of the optiéél‘density of the chromdphoré
were made within and beyond the normal time allowed for colour

- development.

Concentration of albumin invthe ailuent‘-'The conceﬁtrationrof
albuﬁin necessary to prévent non—specifié adsorption onto the
.wellé of the microtitre plate was determined by stﬁdying_cali-

"brétion curvés from assays’using TBS containing 10, 50, 70

and 100 g/1 human albumin respectively.

Defectidn limit - Forty-two replicate blank determinations were

carried out and the precision of the blank determined.

Precision - Replicate measurements were made at two CPAP levels

of activity and both within-batch and overall precision calcu14

- ated.

%2.8.5 Comparison with a chemical inhibition method

Because the primary concern was fo develop a sensitive‘assay

to be used in the investigation of cancer, direct comparisons
‘with the less sensitive chemical inhibition method usihg samples
from patients with cancer was not possible. Instead, BO‘éera
from pregnant. women were assayed for placental alkaline phos-
phatase 7’, after suitable dilution, by the immunocenzymatic

assay described above.

Normal Range -~ Sera from 27 male and 29 female apparently

- healthy laboratory workers were obtained and assayed for CPAP.



Table 3 XV
" Cross reactivity of three alkaline»phbsphataées with anti-CPAP.

“Measured activity in-
immunoenzymatic -assay

‘Alkéline‘phoéphatase - Aétivity~(u/1) | system (u/1)
~ Bone ; ~ Lo 1.']550 o 1.6
 Liver | , 620 - 0.6

. Gut R 5% 33



3.8.6 Results and discussion

N Dilution of antiserum - Maximum colour development occurred at

a dilution of 1 in 1000 and thls dllutlon was therefore used
'routlnely, belng 51m11ar to that used 1n other similar systems

* (Macdonald et al 1979, Pledger et-a1.1982). .

. Specificity of antiserum - The COmmercial‘preparation ofvpla;f

cental alkaline phosphatase,was_not further_purifiedtbefore it d:“
' _ﬁas usedrto immunize the rabbits as antibodies raised to cohtam-:v
inants would not bind alkaline phosphatase,'whichvispe#entually ‘
detected_hy'its-intrinsic-euzyme_activity;x thus only CPAP
should be detected unlessaﬂj.isoenzymes have a common structure

| recognlzed by the antiserum.. In their method for CPAP,Ha13e

et al first heated thelr speclmens to 65 C for 10 m1n to destroy_"
' any 1ntest1nal alkallne phosphatase whlch cross-reacted w1th
thelr antlserum We-chose not to pre-heat samples because

~ the extent of the cross-react1v1ty ‘which we found (Table 3 XV)
e-waS“lnsufflclent to,cause.}ntegference-w1th1n»thehrangevof alk-
‘.aline”phosphatase activation encountered in normal subjects

. or at signifiCantly elevated activities.

o Concentratibn‘of albumin in the diluent'-'Increasing the alhumin“

added to TBS from 10 to 50 g/l reduced non-speclflc adsorptlon
sllghtly but between 50 and 100 g/l no additional reductlon

: occurred. Routlnely 75 g/l was used. :“

Detectlon 11m1t - The detection limit was calculated as twice

the standard dev1atlon of the blank value absorbance, vwhich was .
breferred to the standard curve and a detectlon limit of O. 12 u/lh,
founds This is qulte adequate representlng about 5% of the'

" normal range (as defined below).
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Table 3 XVI

" Stendard

Coefficient of

Number Mean deviation variation (%)
Within-batch precision Sample 1 11 . 1.02° 0.07 6.6_"'
o Sample 2 10 = 3.06 0.17 5.6
Overall precision Sample 1 21 1.05 0.16 15.5
during one month Sample 2 - 22 0.50 14.8 _

3.39
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coefficient of varlatlon of 10% obtalned by Ha13e et al (1979),,A.'
at the upper limit of" thelr normal range. (NB These workers also

used trlpllcate»measurements),

. Comparison with‘a chemical inhibition'methodiQ‘Mean activit&'
" of the 30 samples was 102 u/1 ;zith a standard‘de’vi'atlon of’_; _
66 u/1, when measured by a chemical 1nh1b1tlon method. ~'After'ﬁ
d,allowance for dllutlon the mean act1v1ty by 1mmunoenzymatlc
’.assay was 99 u/l w1th a standard dev1atlon of 60 u/l. - The ‘,'
_ paired t test revealed no 51gn1flcant dlfference between thev

"~:results obtained by the two methods.

Normal»range'--A positively skewed distribition was obtained . B

for male and female subaects. As there was no apparent seX'
dlfference the results were pooled, a. cummulatlve frequency
curve constructed‘and a medlan value of O 5 u/l and a 97. 5th.:
centile value of 2.0 u/l obtalned (Flg 3 xxv1) Ha13e et al
(1979) also falled to detect any 51gn1f1cant sex difference

“but the upper limit of thelr normal range was lower than that

B whlch we obtained. Comparlsons w1th results obtalned by other :

workers (Kellen et al 19?6 Millan and Stlgbrand 1981) are dif-

'flcult because of extenslve methodologlcal dlfferences.,:'

”The assay prov1des a sen51t1ve spec1flc method for the estlma— o
tlon of carclno-placental alkallne phosphatase in patients- w1th V

'~ .neoplastic disease.
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CHAPTER 4

 THE ASSESSMENT OF CRITICAL FACTORS WHICH INFLUENCE THE

- PERFORMANCE OF ELISA



XA AdlLL VUUL LLULL

-~

During the last two decades many of the pﬁysice-ehemical.factqfs'
»which_infiuence'radio-immunoassay have been thoroughly_iﬁVest--
igated and the design:of neﬁ*radioimmunoaseays is based}on'
eatablished scientific principies. | Radioimmunoassay sﬁfferab
“aeveral disadvaﬁtages inherenf in‘the usevof radioisofopes‘—
‘;veﬁoftvshelf iife;'health hazard,retc.'_'Theseidisadfahtages dé.
‘not apply fo enzyme labels_ahd for this reasen the new aefhods
employed’in‘this theeieiwefe based on enzyme immunoaseay.'
'Severalsversioaefof;ELISA exiet, but the ohe used here,ewhich -
s besf,suifed to the assay»of'proteins and'pepti&es iseavtwo,
‘ s1te assay and is not strlctly comparable with RIA.‘; Several o
Vfactors were found whlch 1nf1uenced the performance of ELISA-

: 1n_a}manner not’encountered in RIA.

4,2 - Characterization of Microtitre Plates used in ELISA

h,2.1 fInvestigation of ObtiCal Uniformify of Microtitre Plates

' Three tyées of mlcrotltre plate were investigated:- =

‘ a) ~ Cooke Flexlble Mlcrotltre Plates (M294) obtalned from -
’Dynatech Laboratorles, Bllllngshurst Sussex.i - 7
'b) Immulon Micro Elisa Plates (M129A) obtalned from Dynatech :

Y'Laboratorles, Bllllngshurst Sussex. |
c) ‘Nunc Micro Elisa Plates (Grade I certlfied)'eﬁtained from -
- Gibeo Eﬁrope; Paisley,vscofland. ‘

;Absorbaace values for the empty welle were read u51ng’a Multi-
" skan Plate Reader (Flow Laboratorles, Irvine, Scotland) and

- normal distribution statlstlcs calculated."'
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Table 4 I

The Optical Uniformity of 3 Types of Microtitre Plates for use in ELISA

Mean OD

Std .Deviation ‘

n -

' 99% Confidence.
Limits (3SD)

E Nunc Immuno

Cooke Fiexiﬁle

»!Dynatech

I M29A Microelisa M129A
o053 0076 0023 |
0015 -0043 .0022
96 96 6
+ L0045 + 0129 + 0066



Table 4 II

Ad Readings for Standard
Microtitre Plate. .

-

(Readings corrected for O standard)

SP, Concentration

Nunc Certificated

Cooke Flexible

Curves and Backgrounds for Three Different Types of

Immulon Rigid

(ng/1) I M29A M1294
31.25 0.067 © 0.009 0.06
. 62.5 0.269 0.151 0.039
125 0.466 0.277 . 0.060
250 0.773 0.567 0.256
500 1.043% 0.911 0.445
1000 1.252 0.918 0.507
Replicate blanks 0.118 0.150 ‘0.159
102 168 - T 135
© 113 .151 .138
2103 13k 150
.088 .156 - 139
.098 .52 40
.101 .156 . 143
.103% .157 .138
; 2113 .152 .54
112 R IXe] .151
.119 .158 151
.097 .150 143
.099 .201 22
104 k2 J142
.101 13k 129
.10k .163% 141
.115 .158 135
.109 .160 A3
.105 .53 .41
.093 .160 b2
- 17k .129
- -179 193
- 72 -
Mean Background 0.105 0.158 0.143
n . 20 23 22
Std Deviation 0.008 0.015 0.014
CV % 7.9 9.5

9.8"
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Table 4 III

- SP, Assay Precision on Various Microtitre Plates

a)  Low Pool

Mean Concentration.

Standard Deviation

n
- CV %

b) High Pool

Mean.cdnéentration
Standard Deviation
n. ’
cvVE

Nunc Certified

- M129A Immulon

M29A PVC
I Rigid Flexible
S 113.2 1 120.5 109.3 |
. 9.00 13.5 21.8
11 12 , 12
8.0 0. © 20.0
© Nunc Certified | M129A Immulon | M29A PVC
I : Rigid Flexible
U B L 13 |
10.k 8.8 23.0




L.2.2 Investigation of Assay Sensitivity and Non Specific

¢'Binding using Various Microtitre.Plates

Mlcrotltre plates (as detalled in 4. 2 1) were coated overnlght

at 4% wlth antlbody dlluted 1/1200 in coatlng buffer (Appendlx I).'_r'f

_ Before use the plates were emptled and washed three tlmes with
wash buffer. -,100 nl of standard SP1 solutlons and a serles

"of zero standards were plpetted into the wells and 1ncubated
"for 30 mlnutes at the end of Wthh the well contents were asp-

' _1rated‘and‘a further washlng cycle performed; 1 Antlbody enZyme"
| congugate (100 pl) dlluted 1/1000 in PBS contalnlng 25% chlcken~”'
serum and O. 1% cltrate was then added to each well and incubated .
for 30 mlnutes followed by a further asplratlon/washlng cycle.iﬁ
100 pl of chromogen was then added to each well and after colour .

: development for 30 mlnutes, the reactlon was termlnated by the,

: addltlon of 100 pl sulphurlc;acld. . The developed colours were
read on an Abbott ABA 100 blchromatlc analyzer and the Absorbance
leference (ad) obtalned. A

‘Assaj precisionhwas assessed_by assaying,two pools ofrpregnanoy i

serum.in replicate on each type of plate..

4;2,3 " Results and'Discussioni

kF'igval» i - iii sho;w the optical densi'tiesvofb empt'y»wens',for.'

the three types:offplate considered. = The Nnnc plateslshOWed least
1 varlatlon and the 99% confldence limits were within the rangequoted
by the manufacturer (Table b I). ‘Table h I and Figure 4 iv. show
the standard curves and background readlngs obtalned for each

‘, type of plate. : As the varlances between the backgrounds for,"'n‘
each plate;were not equal, comparison‘was nade by means of the
Wilcoxon Uvstatistic. Nunc plates gave s1gn1f1cantly lower

i:backgrounds ‘than either Immulon plates or. Flex1ble plates :

_ (p<0.01). ) Furthermore the standard curve obtalned w:.th the

- 59
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" Precision of the‘assayS'is shown in.Table.4_~III';_ Nunc plates’
and‘Immulon:Plates gave comperable preoision.whilst precision

~ using the Flexible plafes‘was deefeased. :

_These initial studies suggest thetjeither Nunclor Dynatech :
Immulon Microtitre Plates would‘provldevabsuitable basis for

. i 4.3 : Antibody Bindihg Characteristics of Plastic Microtitre

Plates, Polystyrene Beads and Nylon Beads

‘!fAntl-TSH was coupled to cellulose, the unbound antlbodles eluted
and the antlbody complex 1od1nated u51ng a Chloramlne T method.

-3

'After 1od1natlon, the complex was washed extens1vely w1th 10 mol/l

HC1l, pH 3.0. Iodlnated anti TSH was eluted from the column uSlng

10 -2

mol/1 HCl pH 2 0, followed by 0.1 mol/l sodlum bicarbonate pH 10._
The pH 2 and pH 10 fractlons were pooled and- further purlfled on ,'>

-Sepharose 6B, collectlng the . 1odlnated antlserum peak.~-
'.~Iodinated'enti—TSH was diluted 1/10 with coating buffer.
’Indiﬁiduallwells cut from’the three types of,miorotitre

plates listed in 4,2.1 werepcoated‘uSingf1QOvpl.of diluted -

anfibody overnight_at‘+4°C. | '
R Polystyrene (6 h 4.8, 3.2 mm dlameter) and nylon beads (6. 4

v3 2 mm diameter) were coated by 1mmerSlon in the dlluted anti-

o body overnlght'at +4%. The follow1ng day the antibody solu- ,f

_tion was asplrated from the: wells and beads and both were
washed 3 times with wash buf‘er, the wells drled by shaklng

and the beads by blottlng on absorbent paper.
2 Individual,wells and beads_were then counted on a X’counter“_plA

for. 75 seconds.



Table 4 IV

The Binding of Iodinated Anti~TSH to Polystyrene Beads

'-v. Bead Diameter

'4.8 mm |

3.2 mn 6.4 mm
~ Number of Beads  _f12f, : o 12 | )
‘Mean % binding iv  7-'0.88‘jf fi-1;367 2.36
Std Dé&iétioﬁ_’, 0.07 ";0;24 : ‘fogss
Goefft. of Variation | 8.28 B

17.75

FolioWing additional

48 hr incubation
Mean % binding

,=2‘6



Table 4 V -

' The Binding of Iodinated Anti-TSH to Nylon Beads

' Bead Diameter _3.2m | 6. mm
Mean % Binding | 0.3 | 1.01
SD o ; T 0.09 _'»1 0.28

ov B - S " R

a2 12 -




Table & VI

The Binding of Iodinated Anti TSE to Microtitre Plates

Nunc Immuno I

Dynatech Microelisa

Cooke Flexible

Number of Wells
Mean % binding
Variance

Standard Deviation
Standard Error

Coefft of Variation

12

7.2

2.7
1.6
0.5

9.6

12
19.4
15.2
3.9
1.1
20.1

12

23.2
0.3
0.5
0.2
2.3
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o antibodyvonCe_mo}e and;incubaﬁed for a further 48 hours,'fol-l -

f‘lowed by washing'and counting as before.r

- The total counts for the mlcrotltre plates experlment were
'avassessed by countlng dupllcate 100 pl allquots of the dlluted

'antlserum and taklng the mean value.'

For the beads, total counps were assessed by countlng dupllcate
-100 pl allquots of "the dlluted antlserum and multlplylng the'
:counts by a factor to allow for the total volume in whlch the l
’beads were»suSpended. | | | |

4.3.2 ,iResults.; "

’Tables“ﬁ IVY-;R‘VI show‘fhe'ﬁeas %'labelledvaﬁtibody:bound to
thejvarioﬁs_solid phases;-:>Comparison*of.ﬁhe/differenoes were
: maoe by,the't tesf. lhe meap binding‘on-Dyhatech Hioro'Elisa
“plates was s1gn1f1cantly lower than blndlng to ‘the Cooke Flexfri
'vlble Plates (t = 3.5 p‘<0.01). Binding to Nunc mlcrotltre

' plates was not 81gn1f1cantly lower than'oihding to Dynatech f
'plates (t 2.1 p>0.05). There was a s1gn1f1cantly lower 7
*blndlng to Nunc plates compared wlth the Cooke Flex1ble plates
(t = 1.4 p<o o1). e |
‘p#;3.3 lDiscussion~

‘fofvall 3fmicrotitre plates.invesflgated, the oapaCity tolbind"‘
antibody is‘faf in excess of the oapacity of the polfstyreﬁeli
or nylon'beads.i | | |
The‘low'bindiné.observed forvnylon'beads is perhaps not surpri-
,sihgiin view of:the ineptbna£ure of'nylon; Nonetheless, nylon-
-‘rlngs have been used in ELISA systems wlthout prlor chemlcal
;‘actlvatlon‘(Lehtonen and V113anen,1980).» ‘Hendry however (1989) ’
found ifynecessary to carrf'ouflchemical’activatiod:of_nylop'v.

6
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~ higher amonntAof trotein could be bonndvusingjthis.techniQue

hand.the‘binding‘nas stable, a.further‘stage of-reagent pre;

- paration is encountered. B = o

The:introved binding capacityhof polystyrene microtitre nlates

:vcompared with polystyrene'beads was unexpeoted.b' The'surfacev'

areas of a pollshed 4.8 mm bead (72 mm ) and a mlcrotltre

- plate well (60 mm ) are comparable. - However the‘beads used

. were matt flnlshed and thus»the practical sﬁrfade area is farvA

in:excess oflthe calonlateaﬁarearv B

The answer may lie in different strnctural_formsvofipolystyrene_ »

.:‘nsed in‘manufacture. It has been pointed out (Ratcliffe e
‘197h) that there is considerable varlatlon in sultablllty of
'polystyrene tubes from dlfferent sources and 1ndeed between

‘ dlfferent batches of tubes from the same source.

A further possibility is that the leakage of bound antibo_dvy‘
from the tlates and beads during'washing varies. ‘?roteins
| are bound to: plastlc polymer surfaces by weak phy51cal forces
H(van OSS and Slnger 1966) and ‘the stablllty of this blndlng
is uncertaln.- Thus the amount of antlbody apparently bound

‘m1ght also vary.

It was noted 1n‘4 2.2 that there was a.gradatlon of NSB (back~-
' ground) values accordlng to the type of plate used. It is |
' ejlnterestlng that those plates exhlbltlng the hlghest NSB (Cooke PVC
. plates) are those exhlbltlng the maximal blndlng capaclty. ‘ Con-
versely plates with lower b1nd1ng capac1ty (Vune Immuno I) had

'.the lowest NSB and also showed the steepest standard curve.'

Extending this conoept further; the most sensitive assays might

~ be expected with:polystyrene beads."oHowevervother problems

atl 62?.
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furthef‘in L4702, :

‘4,4 ELISA using Polyétyrene'Beads as a Solid Phase

4.4.1 Matefials and Method".

Polystyrene beads as detalled in 4.3. 1. Other ELISA reagents

. as detalled in Appendlx I.

'v Method - Antlserum to SP - was dlluted 1/1200 in coating buffer
and the beads (3 2 i, 8, 6 4 mm dlameter) coated overnlght

' at +4° C by 1mmer51on in the dlluted antlserum.

Before useé the beads aefe removed faom the>00ating mixtare,'
_Blbtted on absorbent ?aper~and washed.tﬁfee tiﬁes in wash
 buffer wiéh gentle sfirripg. V“The beadsvwere then dried‘and

plaeéd into_individual fest tubes. R .

300 pl of ‘Astandard'SP,]'solutionsi vere adde‘d in triplicate at
.’timedvinteryals, the tubesbcovered and incubated’fer 30 minutes
with gentle agifation at foomifemperatare. aAfter'incuEation,

‘ the atandardesolﬁtions:were aepirated, and each bead washed
3 times in}itsAtube ﬁith wash buffef,~using a vortex‘mixer :

to ensure adequate;waahing;e | |
,vAffer drying’the~bead3’300 pl of:antiﬁody‘enzyae diluted 1/1000 :

: in’PBS/25% Chicken serum were added to each tubeband ineubafed‘
for 30 ainuteslwith gentle‘agitation at roomvtemperafure. |
The tabe confenta were tﬁen aspirated and the beads washea  :

A aa'before. 300Vp1 of chromogea were thenvadded to each’tube

and‘celoaryalloﬁed‘to develop for 30-minu£es after whibh'the

',reaetiea was stopped'bj*addition of 300 pl of 4mol/l sulphuric
o , S _ o , ,

A parallel assay was performed u51ng Nunc Immuno Plates .

o Grade I.

. 6



L

g.=mA,A u  . ma g : —n

(
peaq. mcmuhpmhaom ww kg ( Dlllin,
A v

. _s938Td 813 T30I0TH T ouny

- ~:ageyd prTos Jo sadiy oohsv maﬁmﬁ
ds 3o <qum 103 vmsadpno SoAaNd paspuels A g A G

A_\m..o :o:o.;cmucou f w

OOOﬁ‘,‘ S - oot

R
o

.l
Q
Lo

,‘a‘auoqmsqy



. Lne colours were read on an Abbott ABA 100 bichromatic analyzer -
and results converted to absorbance for a1 cm path“length.
After correctlon for blanks, a plot of ‘mean absorbance value

agalnst'SP1 conoentratlon was made..,

. 4;4;2" Results‘and I‘JJ'hscAIJSSJ'.on'j

‘Thehstandard cdrves obtained'are sbownrin Figrhﬁv.' .ALl assaps .
yieided increasiag colour withiincreasing aatigenrconcehtration.’
The assay carrled out on the mlcrotltre plate ylelded a 51gmold :
~ curve whllst those assays utlllzlng the beads gave parabollc
curves. The-curves obtained 1n.ELISAVassays are discussed :

further.in,Chapter'S. ‘

-Although it would be possible,to use polystyrene,beads as»a SOlid
phase, it appears that the mlcrotltre plates prov1de a more sen-
‘1’51t1ve assay as ev1denced by the steeper standard curve. Thls-

might be expected on theoretlcal grounds as dlscussed in h Fe3. -

‘Furtheraore considerable»diffioulty was experienoed in‘handling
’ the beads. This, together with the less precise.coating of

antlbody on the beads (4 3. 2) may account for the greater stand-f'
ard errors observed for this solid phase. : ELISA based on beads -

: 7would requlre speolflcally des1gned handllng technlques.

By contrast, microtitre'plateSvproride‘a convenient format for '
multlple tests.- The plates are eas11y handled and plate readers
are avallable whlch obviate the problem of readlng 1nd1v1dual
tests.v | : |

pTwo commercial systems utilizing beads are now available - the
‘Quantam System (Abbott Diagnostics, Qaeensborough, Kent) and‘a‘
‘coabinedvassay‘module/spectrOphotometerk(Kone Instruments,
‘NStockport Cheshlre).' It seems'likely hbwerer that "in hodse"‘

assays w111 contlnue to be based on the mlcrotltre plate- format.

L6
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‘Table 4 VII

~ Antibody Binding to Nunc Immuno Plates I for a

1 . Variety of Antisera

| - Anti

Anti

Anti

"~ Anti

’ SP1, _hCG PAPP-A | TSH
 Mean % A S S
Binding 55.2 - 7 56.8 . 56.8 | 17.2-
SD ' 2.72 | -2;66-- 3.04 1.77
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" of Antibodies to Microtitre Plates

v;4.5.1”"Method
Anti SP1, anti PAPP-A and anti-hCG were desalted on G25 Sephadex

: ,column‘andfiodinated by a Chloramine T'techniqne. Separation

v ofjthe'iodinated immunoglobnlins from free iodine was achievedv,
on a Sephadex G25 column (Flg 4 vi)s 10 drop fractions werei

E collected and counted in a )'counter to 1dent1fy the 1od1nated
'proteln‘peak. s

»b.Antisefnm to TSH'was bound to cellulose andliodinated'as L

preiiously described.

- After iodination, a 1/10 dilution of each iodineted antiserum
was made in:carbonate/bicarbonate buffer pH 9.6; ‘ Twelve wells :
cut from the microtitre plate (Nunc Grade I) were used for each_‘
entibody investigated. 100 pl of the diluted antisera‘ were

plpetted into each well ‘and 1ncubated overnlght at 4°c. * The

‘follow1ng day. the well contents were asplrated the wells washed._:f

-3 tlmes w1th wash buffer and drled._‘ The 1od1nated antlbodyv
bound to the wells was counted in a x counter and compared w1th'
the counts glven by 100 pl of the dlluted antisera used to coat“
.the plate. o

4.,5.2  Results and Discussion

:Tne % bindings echleved for eachﬁantisennn are shown in Table

- 4 VII. There was no-significant~diffenence in binding between
anti-SP, , anti~hCG or anti~PAPP-A (p) 0.05). Similarly therev
was no dlfference in- blndlng between ant1 hCG and anti PAPP-A.
The ablllty of varlous protelns to bind bo polystyrene solld

' phases remalns open to question. Lee'et al Q974) showed that
iadsonption was denendentbon the protein'ana poljmer'used. |

S Y
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:suggested,that the binding rate was. not protein dependent and
'that all profeins bound equally well.  More recenfly Gantarero'_
‘et al (1980) have adduced further evidence in favour of Lee's

- findings‘

'”The data presented here may be 1nterpreted as evzdence that

blndlng is dependent on the partleular antlbody only when there

is a‘dlfference in purlty.- The commerc1al antlsera,were 1od1n- '

ated wiﬁhout prior pﬁrificationvwhereas.the anfi;TSH-waslinit-"
, iaily bodnd'tb'eelluiose beferekiedihation._ - |

Proteid assey‘onlthe-diluted ehtisera usedfte'coat %he Qells'b'.
".shoﬁed'that all wells'received fﬁe’séﬁevorder'ef megnitﬁde‘of B
proteln (250-500 pg)- Cantarero dlscussed a "reglon of 1ndep—_

- endence" where the proportlon -of proteln bound was 1ndependent

- of the amount added (1980)._: It is not p0551b1e to challenge :.,

vthese flndlngs on the ba51s of the data obtalned here.

rurther,‘ it is‘s'hown that the optimal antibody dilution for
the ELISA systems seems . dependent on the solid phase rather
than the antlbody. Thls 1s further ev1dence'1n favour of
‘non-Spe01f1c antlbody blndlng ie all antlbodles bind equally ff

,well when they are of equlvalent 1mmunopur1ty.

4.6 Investigation‘of Loss of Anfibedy from Wells of Microtitre -

Plates during Enzyme Immunosorbent Assay - Lt

4.6.1’ Method of AsseSSing'Optimal Dilution for Iodinated
Antibody

. In order to optimize‘the assay system fo approach as nearly as

' pbssible the antlbody dllutlon used in routlne assay, a serles

of ELISA standard curves were run wlth varylng 1od1nated anti-

‘-‘body dllutlons,‘
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PPN
=~ - - h
D "

Microtitre Plate Wells ; _ ;
Count Radioactivity (100%)

- - Wash x3

_.Countv(Stége 1)

. Add Stds in Add stds in

diluting solution - A o o " chicken serum
incubate 30 mins - o e el _incubate 30 mins
aspirate . : . ) ' S aspirate -
Count (Stage 2) R o B R L . Count'(stage 2)
v o : ' ) : ) . - S 4
- Wash x3 ; A , - . ; ... Wash x3 =
.  Count (Stage 3) v,, ' S ] Count (Stage 3)
B % : S SRR IR R v
Add AbE - - B L . L . Add AbE
incubate 30 mins , : : .. incubate- 30 mins-
aspirate = = ‘ . ‘ T aspirate
Count (Stage 4) , ‘ : - : 1’ Count (Stage 4)
Vash x3 T " Washx3
Count (Stage 5) : . | Couat (Stage 5)
'Adg’chromogen ' AR o : -Add chromagen '
incubate 30 mins : . » ... incubate 30 mins
R : AR - ‘ o .
Count (Stage 6) N - , R Count (Stage 6)

_ Fig 4 viii Flow Chart for Loss of Antibody Experiment.



- Teble 4 VIII

: %-Aﬁfibody loss from the wells of microtitre plates’ during ELISA .

Ca) iAntigen,diluted‘iz‘x PBS citrate -

. Antigen .

,'Asséy Stage R

 Overall

Conc 1 2 3 4 6
ng/1 ' % Loss
0 1509 |12 | 1.3 | 1.6 2.9 1.1 1%.0
i31.25 | 64 | 0.7 | 0.6 | 25 | 2.1 | 1.3 | w6
62.5 s |20 | 10 19 | 2.9 | 1.2 |
125 1 458 | 1.8 | 0.8 | 2.9 | 0.7 | 2.6 13.6
250 s [ 20 | 1.0 | 1.9 | 29 | 1.0 | w2
. V500 54 | 4 | o7 | 2.5 | 2.3 | 2.5 | 4.8
1000 - - 6.2 1.6 1.3 | 2.9 | 2.0 0.9 4.9
"Mean loss (%) | 5.6 | 1.5 | 1.0 | 2.3 | 2.3 | 1.5 | awa
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- b) ° Antigen diluted in raw chicken serum

% Antibody loss from the wells of microtitre plates during ELISA.
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Fig 4 ix Loss of bound iodinated antibody at
various stages of ELISA.  Antigen was prepared

in ( A—ma ) PBS/c1trate or ( ¥Y—>¥ ) raw

chlcken serum.. o '



- Todinated anti-SP1 was diluted in coating buffer pH 9.6 to -

give a range of dilutions 1/2 to 1/10. Nunc microtitre

plate wells were coated with 100 pl of these dilutions over-
vnight‘at'ko .  Standards were then assayed following the

: routinerassay‘protocol and graphs of absorbance against log
'concentfation prepared;

" 4.6.2 Results

' The standard curves obtained are shown in Figure 4 vii.
Dilutions of greater than'1/4 resulted in absorbances too low
to be measured reliably. A dilution of 1/2 was selected for

further experiments. A

4.6.3 Method of Assessing Loss of Antibody -
~ Nunc microtitre plates'(G:adeil)_Were used. ,}0thér ELISA
reagénts as detéiled in'Appendix I. |
A range of SP1istandarGwaere prepared in dilutiné solution
" or chicken serum.
Microtitre plate wells (Nunc Grade I) were incubatedAwith 100 pl
of a 1/2 dilution of anti-ﬂSP1 in coating buffer overnight at
4%,  ‘The’remaining'steps of the experiment are shown in Fig
b oviii.

‘4.6.4 Results and Discussion

Tébles‘4-ViIi; IX and Fig 4 ix show fhe.loés:of aﬁtibbdy com—'v
:pared:with‘the initia1 ahounf bound faken'as'1OQ%, for ééch’.
"standardApréparatiqﬁ at each stage 6f the‘ASSay.   Antibody
was‘lost'at7each stagévof the assay, fhe overall loss amounting..
' tp 14.4%.,fof antigen diiﬁteé in”a'ﬁon—proteih méfrix and nearly

, 31% for antigen>diluted'in ‘chicken serum.
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" The loss of immobilized protein from the solid phase has been
the subjebt of a number of investigatibns. Engvall and Perlr-
mann (1972) first noted a "hook" effect which they suggested

was due to loss of the complex from the solid phase and also

reportea a total ieakage of_20-30% of bound material. Sim-
5

‘ilarlj Lehtonen and Viljanen (1980) reported a loss of 112
labelled BSA from the walls of polystyrene puvettés. Antigen
detachment was shown to occur to a considerable deéree for up
.to 6 washes in normal saliné‘containing 6,05% Tween 20.

During a complefe ELISA; this group also found a loss of 3-8%

- of the initia1 bound antigén during serum incubation and a
loss of 7-10% at the first wash stage. -~ Total leakage over
 the assay varied between 20-29%. Similarly Hendry and-Herrn
mann (1979) reported a loss of viral antigen of up to 68%

during an ELISA.

However, Cantarero et al (1980) were unable to show loss of
complexvfrom_the solid phase, although their data did exhibit
a "hook'" effect which they suggested was due to inéufficient

reagents to develop the systém.

The results obtained here favour-the former concept ie.there
is a loss of antibody/complex from the solid phase. No
antigen concentration dependence was shown however. :fAs;the
‘élates were coated at only a single concentration 6f antibody,
it was not poésible to show the reported difference-in loss
with varying protein uptake (Lehtonen and Viljanen 1980).

The major loss of antibody occurred at the initial washing

' sﬁage (5.6%) . Thereafter, for antigen diluted in fBS/citrate,
loss at each stage was of the ordor.of oﬁly 1-2%, with a mean

~overall loss of 14.4%.
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In contrast however, when antlgen was dlluted in a proteln
matrix (chickehaserum) the results obtained differed.' Whllst

-the 1n1t1al loss during the wash stage d1d not dlffer, durlng

'antlgen 1ncubatlon a further b, 2% ant1body was lost. Thls

- was slgnlf;oantly greater than the loss occuring with PBS/cit-

shrate‘dilﬁted antigenlas assessed by the t‘test;(p;<0.001)."
'Similarlv during fhe washing.cycle‘succeeding this,stage;-a

k 81gn1flcant1y greater loss of antlbody was - observed than at

~ the same stage with PBS/01trate dlluted standards (p<(0.001).

At further stages however no dlfference was shown for antlbody

loss between the two setS'of antlgens,-

lh appears therefore that a:high.protein concentratioh leads

to veakening‘of the antibody;solid”phase bond resulting in
'greater loss of antihody at this incubafion stage and the fole:
.losinghwash stage.

Previooslj; Hendrv had:pointed‘oﬁt (Hehdry and Herrmann ﬂ980)

that ho prevent non'specificvadsorpfion, it is neeessary to

add ..;.."proteinhsolutions plus‘a non ionic detergent, but

that these ihhibitors‘caused desorptionrofdhoth adsOrbed‘anti_.l~f
gen’and ahtibody". 'The,resulfsvobtaipeddhere are in agreement

~ with this finding. | | |
These‘fihdings mayvhave important'conseouences; ldeally sera:
should be diluted'sqffioiently-in'avnoo-protein contaiﬁing»mafrix:‘
" to cut down this leachihg. ‘This however is at variancebwith» -
‘reduclhg NSB. Further,for-work‘simplification,ﬁfhe exclusion.

of a diluting step is advanfageous.l‘ | |

The difficulty ls tolensﬁre that the leaehed antibody does not
set upva competitive effect vith ‘the incubated ahtigeh, which

) w1ll lead to decreased assay sen51t1v1ty and pre0151on.; Investl—

; gatlon of the tlme course of all reactlons remalns an 1mportant
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 Teble bX

- Loss of Anti-SP, from the Walls of Microtitre Plates with Pregnancy Pooled Serum

Vk:and Chicken Serum  ;

Time

" Raw Chicken Serum

Pregnanqy.Pooled Serum
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. Heaﬂy f

“Initial | Final = | Mean = .. Final o
mins - | ~Counts Counts | % remaining Counts | Counts % remgiping‘
R - -2 R SR I -
PR (RO - B B2 SR (s Bt AR
RN B = IO R -
e | R ER | e F Al -
BT B - SR (R - R
@ | e | | e | i | | e
o | w2 | R 2 | e |
e EE I RE | e | UR R | e
o | W% | | ms | G | BE | e
e R BB e | B BB | we
RN RN R -
w || W | e e | $2 | g




o . .A »lll._r ) unIas hoqmawm&m :
- patood a0 ( o—20 v Ae?nmm ﬁmxo.Eo mea) usSTjue Oou SUTUTEB]UOD XTJJeu
‘utdjoad ® Y3TM pajeqnout sem Apoqriuy  "uoTequoul ueSTjuy JUTIND STTSM
mua.ﬁm onpﬂponoﬁs Eoum hvop.ﬁunm P338UTPOT JO mmo.ﬁ .Ho.“ 9SIN00 JWLY . X 4 3tg

L Amc_EV mi_._. , S
- ozt 01T 001 - 06 Ow_ oL Om On v O# Om ON 0T

v Y

.l, 108
o 0 TS ——- b .

N o) 06

» 00T
o m:_EoEmm

>von:c<oo,



4.7 Investigation of Time Course of Reaction BetweenuBound

labelled Antihody andbAntigen

4.7.1 Materials and Method

h'vA pool of sera from women in the third trlmester of" pregnancy

- was prepared. All other reagents were as glven~1n Appendlx I..

Wells of Nunc Mlcrotltre I plates were coated overnlght w1th
125 labelled antl-SP The follow1ng morning, the antlbody

"solutlon was asplrated the plates washed 3 tlmes with PBS

dried and counted (1n1t1al counts)."

Dupllcate allquots (100 pl) of elther the pooled pregnancy

. serum or raw chlcken serum were added to the wells and 1ncubated
:for'tlmes varying between 10 and,120 mlnutes. At'the end of

: each reaction time thelwell contents were asplrated and ‘the
.remalnlng labelled antlbody counted (Final Counts). A graph :

of % labelled antlbody remaining against tlme,was drawn. -

4.7;2A’ Results and'Discussion

Table 4 X shows the countS'and % bound antibody at»varions.
incubation'times,.and.figbk'x representS'these results graph-
ically. .A’paired‘t test was performed on the mean % antibody
remaining. V'NO'significant diffefence‘in the,remaining anti- |
| hody was demonstrated (t =QO;44 p)>0;1) hetﬁeenvthevwells_
containing pregnancy serum and those containing chickenlsenum.t
The problem of antlbody loss from the solid phaseiln relatlon
to antlgen content remains open to debate. Thus Lehtonen and
.Viljanen (1980) found detachment of coated antigen to be.indep—
endentvof‘the presence of specific antibodies.‘_ This flndlng

. was prev1ously observed by Zolllnger et al (1976).



—mmeeeves mmsw e LaGe CAEIVOL UGLL LHE LULEL leakage ol .anti-
1gen hsd taken_piace‘within 15'minutes and that after 2 hoﬁrs
incubation, almost threquuaffers of the total ieaking antigen;4
' was‘detscﬁsd (ﬁ980).‘ o

Engvall‘s sriginal'finding‘of the hook‘pheﬁsmehoﬁ is bfteﬁ
interprefed‘as evidence for loss of somplex.fromrthe adsorbing :
rsurface;_ It sssms'ﬁq#e probable howévér that this sffect .

"~ relates to profsin concentration dufing cssting ofltheisolids‘
phasé, s‘viessreinfbrced”by Cantarsro‘et'ai (1980). o
Ffoﬁ:the rssults obtained herevtherelseems'hobreassn,to disagfee
‘with thé.previous findings‘by'othsr groups of workers;‘ -Nor
differéﬁce in loss of antibody over the 2 hour insubatisn
-perlod could be observed in those wells w1th a hlgh antigen"-
 content compared to. those with no- antlgen. Thus the loss

of antlboqy from the solld phase appears ffom this experiment

~ to be-independent of antigen concentration.

Aigreater losssof antibbdy<was observed during antigsn'incubéi
‘ation compared withfthe previous éxperimént. ~Thi$ maj be
due to dlfferent batches of plates being used. Of's tofal
loss of 14-16% 4 to 6% occurred in the flrst 10 minutes of

: assay. "Lehtonen however found that more than 50% of the
total loss durlng antlgen 1ncubatlon occurred durlng the flrst
10 mlnutes. ,AIt is pos51b1e that a dlfference 1n character-

. istics‘sf the poljstyrsné solidiphase‘could sscountvfér this.
Tt iskspparént however that lqss of anfibody'does_occurbfrom
the solidﬁphass throughout’éLISA ahdbthat ideally improved
ssiid‘fhases’must be devsiopéd in qrder.to maximise the‘pot;

ential of ELISA.
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Table:h XI
'The Effect

Ab-E
pi1”

of Varying Ab-E concentration

-~ 1/2000

- 1/1000

1/500

‘on NSB.

1/100

* Mean OD

SD ;b

0.037

 0.006

1

0.048

0.0QG

,11>

- 0.057.
. 0.007°

1

04133
- 0.008

11
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Fig 4 xi - The effect of antibody enzyme
concentration on Non Specific Binding.

Ab-E was diluted as shown in.PBS/25%
-chicken serum containing 10™° mol/l citrate.
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h.8,1 Investlgatlon of the effect of varylng antlbody enzyme

concentratlon

Materlals were as given in Appendlx I for ELISA. " Four seriest

- of zero standards (SP ) were .assayed accordlng to the routlne

v protocol for SP1 assay except that Ab-E was added at dlfferent .
dllutlons to each serles of zero standards. Follow1ng colour .
’development the mean and SD for the blank standards, for each

dllutlon,of AbeE,were-estlmated.

4.8.2 Investigation of the Use'of’Albﬁmin and'Tween-EO'inl

the reduction of NSB

. The routlne protocol for the assay of SP, was followed (3 h 2) ,f
‘reagents as speclfled 1n Appendlx I w1th the follow1ng excep—.
tlons. 0 ng/1 stardards were prepared in either d;lutlng
’.solution (PBS/citrate) or in PBS'containing 1% human serum
 albumin.

Microtitre plates (Ndnc»Grade I) were washed with either PBS
;ksalineyorfwith PBSvcontaining 0.1 ml TWeen'ZO/litre of buffer -
(wash buffer).

- The effect of Tween in'the_ahtibody enzyme'stage of the assay
was investigated by{incorporating 5 pl Tween 20 into 50 ml
of_antibody'enzyme‘conjugate'prepared accordihg:to Appehdix I.
Plates were procesaed according to'the routine protocol incor-

porating the variations above as necessary.

4.,8.3 Results and Discussion
Reduction inva-a concentration 1eads to decreased‘NSB values

"(Table # XI and Flg L x1). There is a 51gn1f1cant 1ncreaseﬁ

" in NSB at Ab-E dilutions of 1/1000 1/500, 1/100,compared to



'Tﬂﬂeuxn: S f’“ o v,.; l : f-v:-ﬁ\v.
" Reduction of NSB in ELISA by use of albumln and Tween 20. - Results rep—
" resent: the optlcal den51t1es obtalned for repllcate background speclmens.

i‘0ptlcal den51t1es for the standard curve are after blank subtractlon.

| s ;’ PBS + albumin | PBS - ‘1 “PBS + albumin
o Well Wash PBS ). Wash PBS = | Wash PBS/Tween - Wash PBS/Tween -

22 | w06 | L 4107
a2 | a0 a0 - | 03
a2 | J08 08 | 097
G ST R 10 JARERRRUNEN M '} RN B I
a2 | .02 | w098 o | .098
116 | ook | a5 | 128
a1 | s | 107 A1
.23 a2 a1 | L0977
% | a2 | o.am | s
: ';_.172 o 106 - S a2 ‘119 e
1 Ak 09 | .08 ] a3
~z | .8 | .00 o s A
13 oA | oam ] a9 ] L09s
T BTV .08 20 .| .o9h
15 -] a9 | w096 L w099 | .02
16 ass | .ok 1 .05 | 03
7 A8 | w97 - w07 | 092
18 | .aw2 | w095 | .10 - | .087
9 | wam a8 | 095
20 | .108 095 0 | .z 102

V0NN -

P QR §
- O

Mean | 0.145 | o.104 - 0.3 0.103"
SD. 0.029 0.011 . | 0.0t | 0.0,
Cvg | 19.7% | 0.1 8.8% - 10.0%

STD
~ Curve -
'SP, pg/l

+31.25.0.120 . 0,113
© - 62.5 1 0.327 . 0.3%0°
125 0.473 0.460
250 . 0.563 - 0.572
7500 - 0.593 : 0.590
1000 0.62% . . 0.617
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Table 4 XIII
Effeét of Tweén 20 in antibodyfenZymé reagent on reduction
of NSB. . Results are ébsorbancé values fdf standard curve

(after blank subtraction) gnd'repligéte blank specimens. -

SP. 1 "Ab-Ein | Ab-E in PBS/chicken

Conc™ ﬁg/lr*. - PBS/chicken serum | serum + Tween 20 -
3.5 | a0 e
625 | .00 | o307
s aws | g
250 w537 | 57
500 - 573 S e
1000 581 - .582
o a3 097
") M2 © %103
o 1.097 103
0 .05 a2
0 097 R L
0 098 1 .8
0 4 a1 | 098
0 200 se
0 C 108 .06
0 .10 o S W10
o .03 .097
0 .02 | .05
Mean blank OD ~ 0.107 0.107
SD 1 7.8 8.3
V% - 73 7.8
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dilution of 1/2000 (t = 33 7, 7.7 end 5.1 p €0.01). The
_reductlon in blank values wlth 1ncrea51ng dllutlon is orobably
‘due to decreased non spe01flc blndlng of Ab—E to the poly-
styrene. The effect of 25% chicken serum at thls stage was |
shown‘to be effectlve in reduc1ng NSB (Macdonald 1979) but doeS'a
’Vnot completelj;negate the effect. Thus a 1ow concentratlon o
~of Ab-E must be used.. This however offsets gains in sensit-eld
’1v1ty p0551ble with 1ncreased Ab-E concentratlons (3 5.4) and .

a compromise is thus,necessary. |

' Table.h,XlI and Figure ﬁ xii shows theiresults of absorbahces.:
for background spec1mens (O pg/1 SP, ) w1th and wzthout albumln
~ added and .also the effect of washlng plates in wash buffer as S
.opposed to PBS alone. d | 7
Table L XIII and Figure &,xiii shows the effect on absorbance of
adding Tween 20 to the antibody enzyme coﬁjugate,reagent. '
o Incorporation of albumin into the diluent resulted in a sig-

" nificant decreaSe‘of NSB  compared with'PBS diluent alone:(t =
6.1 p<0.001). Similarly incorporation of Tween 20 intoffhe
wash buffer led to a reduction of NSB compared with PBS as a'n
dlluent (t = # 7 p<’0.001) but not when PBS-albumln was used

as a dlluent (t 0. 22 p> 0.05)

,The addition of 1% albumin to diluent caused no effect onbthel
"stahdard'curve,positionfand NSB was feduced. “Similarly ‘
addition of Tween 20 to'the antibody enzyme reagent caused

no shift in the standard curve, But neéeither was there any
reduction in non specific_binding (t = .07 p)’0.0S).

Most authors agree that'somebmeans oflreducing'non specific
blndlng and 1nterference in ELISA systems is necessary.

Hendry noted that to prevent non spec1flc adsorptlon of 1mmuno-‘d

'reagentsllt is necessary to use 1nh1b1tors such as proteln
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‘solutions plus a_non-ionie:detergent":(Hendry and Herrmann 1980).
The'stage at which fhese are used andhindeed‘Whether,hoth pro-
tein and detergents are necessary has however var1ed greatly.
HEngvall and Perlmann (1972) used only Tween 20 both in their
l sample d1lnent and oongugate reagent, as did Hevey et al (Hevey
ef al 1976);in'an assay for AFP_for’their serumvdiluent; but':
added hunan serumhalbuminfand‘Tween:to their conjugate reagent.af'
v Other:workers however have'nsedaalbuhin in'their sample diluent
andbbofh albunin and Tween in their wash‘buffer}(hinpisarn et
al 1981). Little study seems to have been carrled out on the o
'exact requlrements for reduction of NSB and as th1s can . often
be a problem in ELISA, it seems central to the concept that
;o an awareness of these condltlons is necessary. - Bullock and
'>Walls (1977)s1nvest1gated the’use of Tween 20 and BSA and
concluded thah'the addition of Tween had.liftle effect in red-
ucingiNSB when incubation.in BSA were used. - When BsA 1ncuba—:‘
tion was omitted however, Tween 20 in sallne or water was as
~efficient in NSB reduction. W1th neither BSA or Tween 20,

a weakly p051t1ve test became completely pos1t1ve.

,The results presented»here_are not affvarlanée withvthese.

: findingsfi Incorporationrof albumin into the Sanpleidiluent ,
f‘resulted in a decrease of:NSB as did use of Tween 20 When PES
alone was used as sample'diluent;' aUse_oflTween'in the wash
- bufferioonferred no‘extrabadvantage when the sample diluent

'contained albumin however. -

Use of alhumln 1n the sample diluent caused no shlft of -the

e-standard curve compared to PBS diluent after allowance for
‘blank values. Incorporatlon of albumin into the sample dllnent
: thus prov1des an effectlve means of reducing NSB. It is poss-

ible that thls may only be requlred where proteln concentratlons

7k



are low'and the practice of diluting'samples and standards-
in a serum matrlx strlpped of the antlgen belng assayed has
much to commend it. Thls is partlcularly true 1f llnearlty

) problems are observed for samples.

,This suggestion may be more pertinent kith.the finding‘by‘.
'Samake et al (1983) that dlfferent protelns may affect an
ELISA in dlfferent ways both on the malntenance of enzym— .
‘atlc actlvltyfand on the hapten—antlbody-reactlon.n
In'the reSults obtained herevthe source of protein was human
serum albnmin.‘valthongh a relatitely.expensive sourcerof‘
prbtein.pthe low ooncentration‘(1 g/l)'at‘which it is.used’
,makes this problem of less importance. | The variation of
assay results with dlfferent protelns has not been 1nvest1-
 gated as there was no ev1dence that HSA had a deter1ous effect
on any stage of the assay system. ‘
Taking these flndings into’acconnt, it is perhaps not sur;
' Vprising-that use of Tween in the antibody enayme reagent hadi'
- no effecthin‘further‘reducing NSB, sinoe the conjugate was
'_diluted in a 25% chicken serun matrix.::‘This concentration

- of chicken serum wasﬁtaken from the literature'(Macdonald et

al 1979) and further investigatidn of the'ideal.chicken serum

concentratlon was not performed as assay systems functloned '

well w1th this concentratlon.

The useiofrchiokenbserum in the sample diluent in place of
"albumln has yet to be 1nvest1gated and may prov1de a cheaper o

: alternatlve to HSA.

Although investigated,inban enzyme immunoassay System these
findings must also be taken into account‘in.solid phase'assaysv‘
*vntilizing radioaotively:labelled antibodies based.onlthevsametf
.'principles’(lRMA). -
N | 75



L.9.1 Materiais and Methods

A horseradish peroxidase conjugate of antiSerum to PAPP-A was
prepared by the method of Avrameas and. Ternynck (197#) (3.7. 3).

Other materlals as glven in Appendlx I for ELISA systems.

The,time course of the entigen/antibody reaetion for these 3
oﬁcoderelopmental proteinsvwas’inveetigated_(tﬁe‘antigens chesen
' ito_give avrange Ofimelecular Qeights - hCG 39,000 (HOrgan et’ai_
- '1974)','51?1 90,000 (Engvall 198Q)‘ and"bPAPP_-A 750,000‘(Lin et-al
v197h ). Pooled pregnancy serum was used as the.souree of anti-
‘-,géps..‘ : P S ,

v Binding pf antigeﬁe‘was meaeured,after 10;8O minutes inCubation
.aszeescribed elsewhere for:investigatiﬁg‘the time courses of
ELiSA‘systems»(3;7.7)} . Neat serum-and severai dilutions in
, either‘diluting eolﬁtion, chieken>Serum or horse serum-(ﬁell— .

come III) were utilized,

100 5l of antibody diluted 1/1200 in coating buffer was added
'totthe wells of microtitre'plates-(Nunc’Grade I) and incubated |

overnightvat QOC.  After weshing the plate with wash‘buffer

and drying, 100 pl of prevnancy serum at varlous dllutlons wasb

added and stood at room temperature for times ranging from 10—'
, 80_m1nutes; : The serum was then.asplrated, the plates washed
and dried as before. 100 ul of Ab-E (suitabiy diluted in
:'PBS/ZS% chlcken serum contalnlng 10 mmol/l c1trate) vas then |
- added to the wells and 1ncubated at room temperature for 50
mlnutes. : Follow1ng.a further aspiration/washing cycle,

‘1QO Rl of chremogen was added to the'wells and incubated for.
'60‘mingtes at room temperature, after which; 1QO,p1 of ﬁlmol/l

" sulphuric acid was added to stop the reaction. - The ebsorbance
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was measured atﬁ492.nm using a Titertek Multiskan Plate Reader
(FloQ-Laboratories,'Irvine);'
A series of experiments were also carried out adjusting the

above procedure as follows. _.L

h.9.2 'InveStigation‘of serum protein effects on the system
B Dilutions of raw:(unheated)’pregnéncy sernm‘were made in raw

" (unheated) chicken serum to investigate»the effect of other
serum proteins on the system.

4.9.3 Investigation of the effect of varying albumin content

Innesfigation ofbthe effect of decneasing aibuminvcontent
:ﬁith increasing,dilution of the pregnancy sernm was made-bj v
preparlng a 1/100 dilution of. serum in PBS/c1trate and addlng
; to aliquots of thls, sufflclent human serum albumln to glve
concentratlons of 17 g/l and 35° g/l - These concentratlons d
'correspond to the albumln concentratlons in a 1/2 dllutlon of

the pregnancy serum and undiluted pregnancy serum.

4.9.4 TInvestication of the effect of varying calcium concen—‘

tration

Investigapion of the effect of decreasing calcium concentration
-_w1th 1ncrea51ng dllutlon was made in a 51m11ar way to that for
| albumln (b). ‘A 1/% and 1/10 dllutlon of BDH Calcium Standard
for Atomic Absorptlon (10 mmol/l) was prepared in PBS to give
’ calc1um concentratlons of 2.5 mmol/l and- 1 mmol/l respectlvely..
A 1/100 dllutlon of pregnancy serum was then prepared in these
solutlons.  These ca101um concentrations correspond to those'

in a neat and 1/2 dllutlon of the pooled serum.

4.9f5vd‘Investigation of poSsible interference by the complement

’pszstem‘
Investigation-of’interference-by the.complementISystem was

7
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- Fig 4 X1V . The effect of Increa51ng concentration
of PAPP-A upon the time course of the antlgen-antlbody
- reaction.
~ Pooled pregnancy serum was used (Oﬂ——G) neat or
. diluted (&~—a) 1/2, (8—=u) 1/10, (a&—a) 1/100 in
PBS c1trate.
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Fig b xv  The effect of increasing concentration of
~SP‘I upon the time course of the antigen-antibody

- 0-g5l—

_ - reaction. o
© Serum dilutions as in Fig L4 xiv.
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. Fig bkt xvi The effect of increasing concentration

~of SP1 upon the time course of the antlgen-antlbody
reaction. : :
Serum dllutlons as in Fig 4 xiv.
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- Fig b xviii* The effect of increasing concentration
‘of PAPP-A on the time course of the antigen-antibody
reaction. | L - I
. Serum dilutions as given in Fig 4 xiv but diluted in
heat inactivated horse serum.
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~ Fig 4 xix The effect of varying calcium concentrations
on the time course of antigen (PAPP-A) with antibody.
Pooled pregnancy serum was diluted 1/100 in PBS/cltrate

(0—0) and calcium added at 1 mmol/l (0——-0) or
2.5 mmol/l (F—").-
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"Fig 4 xx  The effect of varying albumin cénééntrati'on's“
on the time course of antigen (PAPP-A) with antibody. -
- Pooled pregnancy serum was diluted 1/100 in PBS/citrate

~ (4—A) and albumin added at 17 g/l (&—=a) or 35 g/1
- (8—m), - , . .
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Fig & xxi  The effecf of reducing coating 'anitl:lbody concentratién ‘
~on the time course of antigen (PAPP-A) with antibody. The '

 antiserum concentratlon used ‘was 1/5000 instead of ‘1/1250 used ‘
~ .previously. .

Antigen was used neat (l!—l) diluted 1/2 (o0—a) or 1/10
' (A——-A) in PBS/cltrate. S ) =



- carried out by heat inactivating'both'pooled'pregnancy‘serum
and horse serumaat 56°C for 1 hour.' Dllutlons of the pregnancy

pool were then made in the horse serum.

k.9.6",Investigation of the effect of varying antibody concen-
tration

Thls was 1nvest1gated by 1ncreas1ng the dllutlon of antlbody

' ‘used to coat the plates to 1/5000.
d4.9,7 Results:
A 3 antigens in undiluted serum'showed enhanced'binding with .
:.Vlncrea51ng length of 1ncubat10n up to a maximum value, followed
by a decrease. When the serum was dlluted in PBS/01trate,‘f
‘maximum binding appeared later than with undlluted serum and
. in some instances at the highest dilutions there was no sub-
sequent decrease in the apparent bindings (Fig’k xiv - xvi).
" Similar results were obtained for PAPP-A with dilutions of
~ pregnancy serum made in raw chicken serum (Flg 4 xv11) or with .
preheated pregnancy serum dlluted in preheated horse serum
d(F1g14.xv111). o
tblncreasing the concentration of either calcium or albumin in
the 1/100 dilution of pregnancy serﬁm did’hct cause decreaaedd
colour develcpmentﬁat any time; Conrersely enhanced colour
© development with increasing albumin concentration was observed |
(Fig b xix and xx).
Whenbthe dilutidn cf ahtiserum used to coat the microtitre plates
was 1ncreased from 1/1200 to 1/5000 maximum blndlng occurred

‘ much earller than at the low-dilution (Flg 4 xx1).
4.9.8‘ Discussicn'

f The diminution of the measured antigen’binding may be due
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S4LUTL LU LUULULLLUL 04 L€ IedCllon O Tne pouna antigen with
, the-ahtibodj éniyﬁe or to detachment of immbbilized_antibody:;;iv , 
.from=£ﬁe,solidfphase..: Thé.simplest_fprm of'inhibitién envisQ
aged”ig»some'tyfe'of stéric‘hindrance'whiéh pfevents‘the anfi-
body-ehz&mélﬁonjﬁgafe gaining accéss to the.bound éhtigen, 39 

" that the améun£»o£ ant;gén:bound is uﬁdere$tiﬁated. . |
_if the stéric hindrance is dﬁé to'antigepvbdund_so cIOSelj 1

: aS toAéféQent:the aﬁfibody_eniyme éonjugatevgaiﬁingié¢cess

to iﬁmobilizedvéntigéﬁ'sifes; théméffecf should be more prb-_ -

, nouncedrwifh»larée;antigen.moleéuies." This does‘not'seeﬁ'b

'to be the Eésé‘with the antigens under in#eéfiéatiénwheré,-
for:which there was‘aA19 fold différencevin sizé,ﬁétweeh the 

: sﬁallest and largest mbieculés.k.. |

Anfalterﬁatiﬁé ¢auéevof steric hindréhcé.may be intera¢£ioné
with the C, component o‘_f the compleme‘nt.‘ ‘sy's:fem‘_ (Belfield aﬁd
Macdonald 1979)-  . This heat—laﬁilé.macromoiecule is éomposed-‘
of sqﬁunits held togethef_by éalcium ibns, ana,iﬁ vi§o is.abie
to:attachvitself to thé Fc.portiqns of Igﬂiand IgG;‘  The7imm-_
obilized antibodies'ih ELISA @ay'haye a conforhéfién‘appropriaté
,fbr feaction w%th C1_aﬁd if this-tékes-place, f.hevC1

a molecﬁlar weight of more than 500,000 daltons mayfpreveﬁt’

which has‘ 

v antigeh gaining access toithe»immdhiliZed ahtibpdy. 2 Howevef:
this reaction'depends on calcium ions.  ‘The incluéion of citrate

fin‘both séﬁple diluent;aﬁd.éntibody enzyme conjugéfe should
avoid this préblem by chelaiion of ¢aiciuma‘v The fact'thatf>

. no diminution in antigen binding couid be achievéd‘by additioﬁ '

’ of caicium té‘a diluted séruﬁ saﬁple is further efiden¢e~thatvqi

‘fﬁis effect‘is not related to the COmplement system._ ‘ |

Moredvef C1 is heat labile and the experimehts'in_Figure L xxii -
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unlikely that the complement‘system'is in&olved. .

It is also p0551b1e that displacement of 1mmobilized antibody

S may occur by relatively large amounts of serum protein. -If

this was so,»1ncreas1ng dllution of the sample in a non protein
rmatrix (PBS/citrate) would be expected to show a lessening of -
1th18 effect. 'However dilution in a,protein matrix (ohickenbih"
serum) should.cause persistence.of:this effect due to the,;

- reiatiyely cohstant protein concentration;; ‘Dilutions inl

.: {ohickeh serdm.howe#er'did:hot show accentuation‘ofithe.effect.
Similafiy when albumin at two different concentrations was’

B added to the diiuted serum specimen in PBS/citrate,-covdim-p’
'1nutlon in antigen blnding vas observed.‘ “cheed the even- “:
tual colour developed at all stages of. 1ncubation was enhanced'
'vby.this process.' This is p0551b1y due to the reduced NSB'
‘observed prev1ous1y on addition of albumin to the sample

-‘diluent ¢ # 8.

’Lehtonen and Viljanen‘(1980) reportedileakage of antigen from
the-solid phase (polystyrene andxnylon)bat all stages.of an

~ ELISA for serum antibodies but particularly during the sample o
‘1ncubat1on stage. This finding was confirmed in the experiments _
in section4§6 and34.7.-r' In contrast with the findings pre—i
sented hepe'however, their loss was less marked at high serum
.concentrations. : They concluded that serum was not an essential
. factor in this leakage and that binding of antibody to antigen

was. not respon51ble for this detachment.

‘v:The ficdings presented here are not in agreement with this;
Since the decrease in binding was‘observed only at high serum
concentratlons and hence relatively high antigen concentrations

and was more rapid when the antibody used to coat the solid
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phase was more dilute, it is concluded that it is»the,reaction.
" between antigen'and antibody which‘is responsiole for’apparenttbt
.decfease in bound antigen;’ | = |
Many years ago Dean and Webb (1926) demonstrated that an Optlmal
7 antlgen-antlbody ratio exlsts for the prec1p1tatlon of antlgens '
21n the presence of antlbodles. Their studles demonstrated that _
for a constant d11ut10n of'antlserum,'addltlon ofvantlgen in

v inoreasing diiutionsvshoﬁed~at:first'a clear nixtnre;.becoming
'opalescent as antlgen dilution 1ncreased and - flnally becomlng |
clear at hlgh antlgen dllutlons("prozone effecto -In an-

. analagou5~manner, prolonged 1ncubatlon’w1th largevamountS»ofv‘

_ antigen may solﬁbilize-the,antigen—antibody complex which is
bound to the solid phase by weak phy51ca1 forces (Marrack et.

”'kal 1951)

Howeverylt was shown in sectlon 4, 7 that. u51ng a‘ddrect measure
| of bound antlbody viz a radiolabelled antlbody, no dlfference*
in antlbody loss could be shown for wells 1ncubated with-senum
containing no antigen to those containing hign antigen concen-
trations, Taking,into account. the faot that the wells weret
counted in.awY counter for snort periods ofktime, it is ‘poss-
1b1e that no. ‘51gn1f1cant dlfference in loss was observed.
However the ampllflcatlon effect of the enzyme sjstem.ln ELISA
’.may unmask the effect.. -
:Several conclusions follow_from thesetfindings; When new
‘assais'are‘being established, investigation-ofvtne antigen; |
‘antlbody time course is essential in order to ensure that an
'optlmal antlgen-antlbody ratio 1s achleved. Improved solld
phases may need;to,be~developed w;thfhlgher antibody binding

g oapaoity; To achieve this'increased binding capacity it may
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prove necessary to_develop simple chemical methods of binding

-

: anﬁibpdies to the solid phase.

4.10 The Effect of Molecular Heterogeneity on the measurement

 of SP, by ELISA

1

- 4.,10.1 | Introducfion .

’ The initiai discovéry df $P1‘re§qrted molecule of molecular

',weight ébout 100,000. "It was latef-shown howeier_fhat SP&-
existed as'heterbgenequs forms (designafed Squl andeP1 F  5

| ‘(Teisnef et al 1978).,' This was followed by the obsefvation 
that réactidn of‘theéomponentantigens withvantiéera differed -

(qulef et al 1978, Schultz-Larsen et al 1979, Ho and Jones

1980). These p;oblems méke necessary an‘investigation'intd

- the characteristics of SP, assay by ELISA. -~ It is first‘nec- :

1
' éssary.td»obtaih.SP1oC free from SP1ﬁ' and vice versa.

4,10.2 Separation of SP, <k and SP, B bj gel filtration

Materials and Methods -~ Preliminary attempts to separate the
two componenfs were. made uéing gel filtration utilizing two -

different packings.

Chrbmatography columns»were prepared using either Ultragel
ACA34 or Sephacryl S200. - After équilibration with phosphate
.buffered saiine, the columns were calibrated with proteins

of knowmn ﬁolecular weightf Pooled pregnancy serum was then
applied to the column and eluted with PBS. The eluant

- fractions were collected and assayed by ELISA for SP1 content.

Several runs on each column were performed; fractions containing
SP1 were pooled and concentrated against PEG 6000 for further

experimentation.
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column. . The calibrating proteins used were:-

: 1)f Chymotfypsinogen A MW = ‘és-ooo.
~2) Ovalbumin S oW o 43000
3) Albunin . w o= 67 000

4) Aldolase - - " = 158 000

5) Catalase - M = 232000
6) Ferritin "= 440 000

%) Thyroglobulin S T W= 669 000
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100

| MOLECULAR WEIGHT(x10%)

- llgh xxiii Callbratlon line for- Sephacryl S200 Chromato-

graphy column.

1)
2)
SR
o
5

- Ribonuclease A

Chymotryp31nogen A
Ovalbumin

Albumin

Aldolasé

" 158 000

The calibrating proteins used were:-
MY 13 700

25000

" 43 000

"o67 000
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 4.10.3 Separation of SP1¢£ and SP113 by chromatography on

hydroxyl apatite

Maferials and Methods -« A column meésuringr150 mﬁ x 9 mm:was :
o pécked with hYdrokyl~apatite;and équilibriatéd with 0.00B,mol/l.
§otassium dihydrogén phosphate pH 6.8. 200 ml of pooled B
'pregnéncy‘sérdm was applied to the column, and eluted in theH f
same buffer. ,,?hé préteiﬁAconﬁént of the e1§éﬁt.§as'ﬁdnitoféd

'at‘280 nm and when the trace refufned to the baseline,ithe
gelﬁting_buffervwaé changedyto 0.2 M poﬁassium dihydfogen v
‘phosphate'pH'G.S and furthef protein.élutéd ffom the column. -
1 ml‘fractioqs were collected throughout and the SP{ content
ofvthése fraétions'asééssedlby“ELISA; S |

4510.4 Estimation of molecular weights of SPq'moieties

Calibratién of the gel filtration céiumnsAwas carfied out
with the use_bf a profeih calibrafion kit purchased from

: phafﬁacia Chemicals Léndqn. After aésessiné the colﬁmn void
volume by the use of Dextran>Blue 6000, the elution volume
of éach‘protein was'méasured and Kav calculated as follows:- _

_ Elution Volume - Voi'd Volume .
" Column Total Volume - Void Volume

Kav

A calibratibn,line of Kav against,logﬁo.moiecular weight Was‘
made from which the molecular weight of the SP1'moieties could .
. be estimated (Fig»#.kxii,'4,xxiii).

4.10.5 Results

Fig 4 xxiv shows the SP, elution profile from pregnancy serum
applied to the Ultragel'columh. Peaks 1 and 2 were then run |
separately on the Sephacryl S200 column for improved resolution
(Fig & xxv and 4 xxvi). The elution profile obtained when
pdoled prégnancy serum was applied to the Sephacryl column -

is shown in Fig b4 xxvii.
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Table 4 XIII

Kav Values and Molecular Weights of SP, & /P Separated on Ultragel

“ACA 34 and'Sephacryl S200 as shown in Figs 4 xxiv to b xxvii.

Material

Column Loaded - ~ Peak 1 ‘Peak 2
Kav Kav MW
Ultragel | 2ml Pooled ‘ o '
ACA 34 Pregnancy Serum 0.24 370,000 | 0.73 84,000
Sephacryl | 0.3 ml Pooled - - i
S200 Pregnancy Serum o . 0.19 . 95,000
" Peak 1 from SR |
‘Ultragel column 0.06 180,000 0.18 | 98,000
" ‘Peak 2 from - e
Ultragel column - -0.11 | 125,000




I 10 Absorbance

0005 M | o0oM

4 8 12 18 20 24 28 32°
' Frachon Number = '

Fig 4 xxviii The elution proflle of SP, from pooled "
pregnancy serum applied to hydroxyl-apatite column »
and eluted with increasing molarity buffer as shown.
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LAY MULGUVWRALGL WGLELLL ccba.mqycn»u& LUt I'edbpecCLLive peaks are .
'given in Table N XIIT.

Figure 4 xxviii shows the elution profiie of §P, from the

' hydroxy apatite column. Several’column runs were performed

" and pools of each peak prepared,

 4.10.6 Confirmation of Separation of SPié:and SP5$' -‘He€hod

Pooled fractions from the two peaks obtained byvhydrox&iapatite
:vchromategraphy.. After'concentration against PEG 6000 200 pl
' ,Of the peak mater1als were applled in separate chromatographlc
‘runs to the callbrated Sephacryl SZOO column and eluted with-
PBS.V The SP1 content of the eluant fracthns was measured e

by ELISA.

4.10.7 Results

' The results Qf the SP1 concentrations of the eluant fractions
obtained from the Sephacryl S200 column for each peoled material

- are ‘shown in Fig-h'xxix. The Kav for each peak on the Sepha-.

cryl column was calculated as follows.-

Column Total Volume = 38.2 ml

-Void Volume (assessed by Dextran Blue) = 16.5 ml

Peak 1 from hydroxyl-apatite column -

2.5 -16.5-
Kav = m . _v—'o.-18

From the calibration curve for this column, this corresponds

to a molecular weight of 98,000.

Peak 2 from hydroxyl-apatite column - eluted in the void volume -

and it is thus not possible to assign a molecular #eight»to’this:

component, other than to state that it is'in_excess of 160,000.
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Neither peak however showed evidence of a secondary SP, protein

» 1
on the Sephacryl separation. It appears, therefore, that the '
hydroxyl-apatite columh chromatography has achieved a clean

Separation of SP1

& from SP,1 g .
‘ 4.10.8 Discussion

Various methods fof the separation of,Sanf from SP1 ﬁ'have-been
proposed. Thus gel filtration using a variety.of géls has been
_desCribed‘(Ahmed and Klopper 1980, Ahmed, Toop énd5Klopper 1981,
Hindersson et al 1981)°I_VThe resﬁlté obtained here however
suggest that gel'filtration is not thé ideai metﬁodvof‘separation.
-Although the'fSCOmponentlcan be obtained apparently free from

SP1 & s the reverse is not true and the SP, &£ preparation was

1
contaminated by'.‘SP1 f as evidenced by the double peak obtained.

on further chromatography of the ACA 34  fraction.

The use of Sephécryl S200 inkthe separation of'SP1=£land P froﬁ
serum had been reported (Griffiths and,Godard 1981, Ahmed and
Klopper 1980). Ion exchange chromatogfajhy has also béenv
utilized (Ahmedlet a1:1981, Ahmed and Klopper 1980). However
a later statement by this group suggests that in fact they did
not achieve a clean éeparation by any of these techniques - in

accordance with the present findings.

'fﬁe use of hyaroxyl apatite reverts to the original work én this
protein (Bohn 1972) and was also used by Ahmed and Klopper (1982).
Using Laurell rockets as their method of monitoring;‘they sugg-
ested thié material allowed clean separation of the moieties.

This method of assessing resolution has been criticised (Teisner and
Grudzinskas ‘1982)° The vse of ELISA as a nonitor however gives
similar firdings in a more cbjective asssy. The molecular

-weight estimafes gf 96,000 and 3 160,000 are in agreement with

the known facts about these moieties. Controversy however
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exists as to the exact nature of the components. Klopper's
group suggest a single high molecular weight component (MW
430,000) (Ahmed and Klopper 1980). However Hindersson and
Teisner (1981) have adduced evidence that an intermediate
moiety exists with MW 200,000. The exact sitﬁation is not

of direct importance to the present study. The question that
remains is the way in which the various moieties are recognised

by the antiserum used in ELISA.

4.10.9 Measurement of SP1=%1 and SP1 p by ELISA - Materials

and Methods

SPH oL and f were prepared from pooled pregnancy serum on hydr-
oxyl apatite columns as previously described. Four series of

specimens were investigated:-

a) SP1aC alone in varying concentrationé. The following
volumes of SP1 (100 1, 205 pl, 300 pl, 400 nl and 600 pl)
were made up to a volume of 1000 pl with the requisite
volume of PBS.

b) SP1 p alone in varying concentrations - prepared as in a).

c) 8P, P constant at 20% of final volume and SP, & varying

1
between O and 60% of the final volume.

d) SP, & constant at 20% of final volume and SP varying

1
between O and 60% of the final volume.

The method of assay used was that of Macdonald et al (1979) as

described in Chapter 3.
4.,10.10 Results

Fig 4 xxx shows the results for SPq:i alone at varying concen-
trations, and Fig 4 xxxi shows the results for SP1 B alone.

Measurement of SP1 f# with and without SP, ot is shown in
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" Fighoox The assay of SP, ot by ELISA.
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Fig bt xxxi = The assay of SP‘I P by ELISA,
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,-Fig.liA xxxii ~ The measurement of SP, B in

. the presence of SP, R (B---8) and without
~ addition of SP, &< (m—m).
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Fig b xxxiii The measurement of SP,
in the presence of SP, # (O----O) - :
and without addition of sp, p(@—0).
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Fig It xxxii. Addition of SP, &L causes an"increaSe'in the

measured SP1. Thereiis‘a suggestion that af higher levels -

of SP1 p , the addition of SP1c£'causes a'significantly»greater

'increaSe‘in the SP1:ﬁ reading ie an apparently highef overall .

- SP total. The effect of measuring*SP1;L with and withbut-,v_f

1 .
SPd f is.shown in Fig b xxxiii.f Again this does not seem to
 be a purely additive effect ie the addition of 100 nl of SP,
'caused,an_incfease in the total SP, of 95 pg/l. However

the addition of 600 ul of SP

1% caused an increment of 140 pe/1

:in'the'gpparent'SP1btotél;

4;10.11 ' Diséﬁssibﬁ,

 1Hith the'discpveryrof the hetérogenous nature of SP{ (Teiéper
et al 1978) it hecame apparent that the reaction of these com-
poﬁéﬁts with entisera varied. Thus Towler et el reported

problems encountered in measuring urinary SP{ by RiD,

énd RIA (1978).! 7 1,Thereaftér a number of publicatiqns
followed‘along.similar-1ines (Teisner et’alvﬁ979,'S¢hultz;

~ Larsen et al 1979, Ho and'Jones'1980, Dati et al 1982, Ahmed
ét al 1982b). All authors are in agreement that the hetero-
geheéﬁs nature of SP{ is'réflegted in its aséay‘methods; | Thué |

- to visualize SP ¢ peaks on Laurell rocket electrophoresis

1 :
b‘it'is neceééary‘tohincorporate PEG 6000 into fhe,gel (Hindersson
’1981).- The problem however is complicated by the fact that é
'SP1.§ariants gife differing doseéresponse curves in RIA and
.seemito caﬁse;aftifiéiaily low SP1 levels when measured by

this technique'(Schultz-Larsen et al 1979). It is shown

'elsewhere in this study that whilst a significant correlation

1

vfhevSlope of 'the regression line was oﬁly 0.32. This difference

‘ exists bétwéen SP, concentration determined by ELISA and RID,-

8



~is perhaps explainable in the light of results obtained in these:
experiments. Ahmed et al’postulate‘that their.findings for the

dlfferlng slopes in RIA and EIA of SP are explalned by two‘

1

extreme forms w1th1n a populatlon of SP antlbodles (Ahmed et

1
al 1982). " Their explanatlon depends on both forms binding -
‘SP,l L and ﬁ but differing in thelr affinities for SP, B - |
Thus in a. competltlve blndlng such as RIA or the EIA used in

:Ahmed's wor;.the findings can be explalned.

’eHowever, the ELISA used here is not of the competltlve type.‘
: The fact that the results obtalned are 51m11ar to those of
'rAhmed suggests that the hypothe515 as glven is 1ncorrect. ‘It .
_‘;s_dlfflcult to see how.the results can be explalned 1n terms |
of displacemegt frem low affinityiantibodies as'suggesfed for
comfetitive systems. . . | | |
However it is uﬁiikely that the anfibody used‘for_coating‘the
plates is  sufficient to bin&_i all s'P,] molecules present.
'Thus a:degree of'comfetitioh may exist at this stage of _the
assay.; It remains to be seen if measurement of the'iﬁdiv-

' sldual components w111 be useful in clinical practlce.
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 CHAPTER 5

'AUTOMATED CURVE FITTING IN ELISA SYSTEMS



5.1 Introduction

bftAlthough ELISA isa versatlle technlque appllcable to measurement
- of a w1de varlety of antlgens (O'Belrne and Cooper 1979, Mac-

:l donald et al 1979, Pledger and Belfleld 1983) “to obtaln maximum’

A ‘advantage from rapld analytlcal throughput, results should be

calculated on-line. TOvachleve.thls, 1t»1s-necessary to-est—
| abllsh the mathematlcai relatiqnship befween coleﬁr‘pfoducedii_”
jahdkentigen cencentpefion.v | B
'~‘Whilstehand'drawn cﬁrves may be‘sﬁitable fef emalliameunfeﬁef~'
 ﬂ‘data, if the full potentlal of ELISA is to be exp101ted auto-_
matlon of curve flttlng wlll be necessary.:"
-efhere’are»th»stagee:ef an ELISA which involve aﬁﬁigen-aﬁtﬁbody'
*efreaetiohs; - Firstly éntigen_is incubafed in the pfeeence.of;
".iﬁmobiliSearantibody5_secoﬁdly antibody enzyme’cenjugate is
pallowed'to react with boupd eﬁfigen.'; Neither'reacﬁioﬁ-is
valleﬁed to-preceed,to‘equiliprium;‘
' .tfheeertwb feactions wefe investigaped in anvELiSA for SP1
(Macaonald'et,a1.1979). Initially an ihvestigetien.of the
reactlon between carclnoplacental alkallne phosphatase and
,elts antlbody was carrzed out.__ This is a.51mple.system to
investigate because the bound alkaiine phosphateeepretainsb
fits cetalytie activity and_no‘secqu indicator is ﬁeede&. -
_i‘Based on the experlence of these experlments,computer pro-
,grammes were desxgned to. 1nvest1gate the various methods of>

vcurve flttlng.

1 5.2 Investigation of mathematical relationships for the

antigen-antibody reaction
' 5.2.1 Materials
Antisefa - Antiserum»to‘pregnancyvspecifiC'P 1iglyeopr6teinp
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\wE g/ auu Lus cungjugale wiln norseradisn- peroxiadase, as
detailed’in Appendix I.
Antl-carc1noplacental alkallne phosphatase (antl-CPAP) ‘was

- raised in rabblts as descrlbed prevmously (3 8. 2).-

e, Antigen - A standard preparation of SP, (OTFL'OB), obtained'
- from Hoechst Pharmaceutlcals, was used:xlthe experlments
v;descrlbed below. V Pooled pregnancy serum was used as a source
of carc1noplacental alkallne phosphatase.~-_Thls'serum was -
heated to»56 C for one hour and then.assayed in aocofdaacep‘

“with the recommendations of the Scandinavian Society for

 Clinical Chemistry (1974) using reagents obtained from 

" Boehringer Corporation Ltd.

5.2.2 Time Course of antigeh-antibody reactions - Methods

e ~ CcPAP - anti-CPAP - A range of dilutions.of pooled.
ey pregnancj sera were pipetted into‘the,wells of :‘ L
’ microtitre piates (Nunc Grade I)'prefiously,coatedf
: Qith antibody. BEach dilution‘was'incubated for the
the‘same time at room'temperature and the enzyﬁe”
activity measufed using the alkaline phosphatase
'vreagents; The colour produced was measured in-a

 T1tertek Multlskan.

1) ' 8P, and anti-SP1‘-~Airange of solutions containing

varying amounts of SP were plpetted into the wells'

of mlcrotltre plates prev1ously coated wlth antl—SP
- These solutlons were'lncubated at room temperature

for tlmes ranglng from 10 80 mlnutes. After each

1ncubatlon perlod the SP, standards were replaced

1
by the ant1-SP1,perox1dase_con;ugate.and allowed to
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HMUUVLRCT UL Y WLUULED ALLEl lggupation witn uiae
, antibod}-peroxidéSé conjﬁgate,bcﬁromogen was added
 aﬁd thg colour producéd meésured in a Titertek
| ,Multiskag. |

c) Immobilised SP,-antibody enzyme - A range of SP,

'"Etandar&s were pipetted into the antibbdy coated‘
wells of microtitre platés'and inéubatéd for a
véonstanf fimé, 30jminute$. ‘ Affer incubétioﬁ the
>SP1'Solﬁtipné were repladed by anti;SPﬁ peroxidase

, coﬁjugate. The time of incubationrwith anti-SP1' '
peroxidase‘conjﬁgate was varied f£0m>10-80 minutes

1after-ﬁhich,the coiour was developed and measured

in the manner described above. ;;
5.2.3  Results

Reaction between alkaline phosphatase and its antibody - An .

apparenfly hjperbolic relationship was observed befween '
increasing'émounté of immobilised alkaline phosphatése_activity
_,and-céiou: produced (Figv5 i). When the feciprocal absorb-
'ancé,waé plotﬁed against réciprocai‘alkaline'phbééhatasé

‘ activitj a stréight'line wasApfoducedv(Fig 5 ii). |

5;2.4 Time course of'SP1-anti-SPi reaction

At all concentrations of'SP1'examined, the amount of colour
'“development incréased'with duration of incubation. A maximum
colour development was not achieved aithough the rate of increase

diminished with increasing time.

5.2.5 Reaction between éntibody bound SP, and antibody enzyme
The amount of bolour produced increased with duration of incub-

ation but again no maximum colour development was attained
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‘(Figure 5 iii). Inspection of the curves suggested an hyper-‘
bolic relationshipbbetween colour produced and'time of incubation.
A rec1procal plot of absorbance agalnst t1me revealed a family

of stralght llnes at each SP1 concentration (Flgure 5 1v)

’wlth an 1ntercept correspondlng to the reciprocal of the theo-

' retical maximum colour productlon at that concentratlon. . The

1ntercepts on the vertlcal‘ax1s were replotted against recip-
rocal concentrations and again a linear relationship.was’::
demonstrated (Figure 5 v).

' 5.2.6 Discussion

Historically, workers emoloying radioimmunoaesar”have been

' concerned with the eouilibrium between antigen'and antibody,
thelr main concern- belng to demonstrate that the behav1our .

of labelled antlgen reflects accurately that of the unlabelled
antlgen whlch is to be quantlfled. | In ELISA,~reaotlons

rarely proceed to equilibrium; careful timing of the reectionw
and a knowledge of the reaction kinetics are therefore impor4‘

-~ tant.
Consideration of the CPAP reaction is uncomplicated by the

" .need for subsequent'antibody'reactions necessary to label

‘bound CPAP so‘that'it may be detected. Orer ‘the range of

. activities. con51dered the results 1ndlcate an hyperbollc

. relatlonshlp between amount of enzyme bound (x) and colour

.produced (A):-

(A) (») X

max X + const

This equation-ie analogous to the Hill equation describing.
‘the relationship between oxygen pressure and myoglobulin

_ bound oxygen (Wharton end Eisenthal 1981).
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The SPdvassayAsXstém is morebdomplex; Ahtibddy-antigenA
‘reactlons occur in the prellmlnary capture of antlgen and
. in the subs “A_ labelling with the ant;body—enzyme,cqn-ﬂ
flaugate.i - S
‘The reciprocal‘piots (Figure Sviii) of:abso:bance against |
© time ehabié_a theorétical maximumioptic§l &§nsity of each
-‘éntigeh conceﬁtratibn‘td bé_obtained from>th¢:iﬁtercé§t-6hi“
thé vertical axis. Z'This intefcépt Qﬁen.replotted againsf
'- rec1procal concentratlon (Flgure 5 1v), conflrms the hyper- 
‘vbol1c relatlonshlp demonstrated for the CPAP-antl-CPAP reactlon
'_and demonstrate that the extent to whlch the reactlon haS'
.procegded towards equlllbrlum is 1ndependant oanntlgen |
éopdenfration.  |
Aé‘thé objecfive was to 1oék fofié simp1e numerical felation;,f
ship between antigen concentration and céloﬁr pfoduced; no
éttempt has béen made to provide a theoretical'justification
for therobéerQations;n' Over a wide range of antigen'concen-: :
trafidnsvmodifications of the:affinities of the'éntibodies‘
for the'éntigen may 6ccurAand the simple hyperbolic,relatidné L
 ship méy no longer hold. Whérevthe hjéerbolié reiationship
is obeyedj~simplé’derivativesvsuch és‘the log-logit trans-
: formation may,forﬁ the basis for oﬁ-iinevéomputation of teét

results. Cf?

5.3  Data Reduction.

5.3.1 Introduction

;BaSed‘on the investigation of kinetics carried out previously
a varlety of methods were 1nvest1gated which would allow auto-

mated curve flttlng.
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Experlence gained during this study suggests that ELISA calib-
ration curves obtalned by plottlng absorbance agalnst log ‘con-
" centration are of two main types (Flgures 5 vi and 5 v11) and

. may reflect dlfferlng optlmlsatlon of assays. Each type of

" curve was considered for a varlety of algorlthms.

The dlrect type assay of CPAP when plotted as absorbance agalnsti
concentratlon gave a stralght line and 1s amenable to 11near

regre581on technlques and will not be dlscussed further.

5.3.2 Methods

Calibration curves obtained from ELISA for SP1'and.PAPP;A and
éaiibratiéﬁ’lines obtaiged_from the immunoasSay of CPAP .were
invesfigated. , The‘ELISA syStem'consisted of a Multiskan micro-
titre ﬁlate reader (Flow’Laboraxories;ivaine, Scdtland) inter- :'
- féced.with’a TNW’ZOOOvinterfaée_to-a Commodore PET Moaei ko3z2
Qith assbciated disc drives and'printér.‘. Using a data capturé'
:system,Supplied by Flow Laborétbries_a series ‘of,“BASiCﬁ =
programmes were.developed based on this system fo ailowfcﬁrve
fitfing (Appendix 2). ‘:The followingvaigorithms were coﬂsidéred.
In»éach case the X. axis represents absorbance (A).and the Y 5 
axis concenfration (or log conéentratidn). No weighting

procedures were utilized.

- a) For.Typé I c;rvés (Sigmoid Curves) .
- i)  Hand drawn~cufve‘plqtted as absbrbance égainsf
| 1og1o‘concentration by an gxpepienced operator
using French Curves.: | |
ii)  Log-logit tramsform of the data followed by straight
v-line'fegression bfllogit A against log1o concentraQ

tion where logit A~:l

o



iii) Healy'equation’of the form Sl
o , Exp (C - D . log_ X)

Y=A+B._ :
1+Exp»(C-‘-D.logeY)

'b)  For Type II Curves (Parabolic Curves)

_‘i) v; Hand drawn: curve plotted as above.
i) Log-logit transform as above.
v iii)': Quadrati§ equation of thelform
Y=AxP+Bx+C

_iv)  Cubic equation of the form

Y #”Ax3‘+ sz +Cx+ D
v) Pdwer'curve of,thevform'

Y =Ax involving linearization to .,
log ¥ = b.log x + log A followed by "
linear regression. ' | -

Curve fitting was performed where applicablé_by sblution of
the simultaneous equations by derivation}offthe~triangulaf
matrix uéing the square root method (Kenney and Keeping 1951) ,
and the Healy equation by Newton's':eiterative process for

complex equations. -

Assessment of "goodness of fit" was made bj estimation of the

_ mean sum of residual squares (MRS) where -

_ (Calculated A - Actual A)2
= = -

>'MRS
and n is the number'bf points,inkthe_standard‘éﬁrve.
' Sfétistical comparison of goodness of fit,was made by means
of & variance ratio (F)Vtest on the MRS. To investigate the
distortion patferns génefated dﬁfing cﬁrve:fitting, absorbance
'valueslcovefing the entire rénge of é typical'caiibrafion curve |

: were‘entered manually into the various curvé'fitting progrémmes.
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Table 5 I

. The Hean'Residual Squares obtainéd from 10 assays

-~ for 5P, (Sigmoid £ype'curve)

Hand Drawn

Log logit

Healy

‘--]Asséy No | Curve ~ transform. Equation
1 1.8 x 107 2.1 x 1077 ,2,9_*'10-“;
2 8.4 x 107" 6.0 x _10,‘1+ 2.6 x 107" |

3 S 35x 1070 | 1ax 073 | 2.7 x 107
oy brx10t | 10x107 | 2.4x 107
5 x| 12x107 | 8.6 x 1077
6 6.1x 10" | 1.3%x107 | 1.5x10
7 :_ 7.2 x 107 5.3'x,1o’4, 6.9 x 1077
8 16x 107" | 9.3x107" | 1. x io“ul
9 x| 83x 0t | 7.1 1072
0 6.3x 107 | 9.2x 107" | 5.0x 107




 Table 5 II

~ The Mean Residual Squares obtained from 10 assays for PAPP-A1ﬂ 

(parabolic type curve) =

| Quadratic,

Cubic -

o Hand Drawn | Log-logit
Assay No | Curve ‘transform |  Equation ‘Equation
1 1.5 x 1()'_‘!+ 1.8 x 107 | 3.0 x 1072 9.1 x 1077
2 1.b x 1(»)‘1"r 1.1 x 1072 1.3 x 107" 5.1 x 10~
3 112107 | 1.2x 107 | w3x10™ | 1 x 10
b 22x10t | 11x103 | 1sx a0t | 3.5 x 1070
5 1.5% 107 | 1.2x107 | 2.0 x 107t | 1.3 x 07
6 1 x10 | 93x10% | 6.5x1070 | sbx105
7 k0 x 1070 | 1.1 x_1053 5.7 x 1of5./‘k 2.2 x 1072
8 3.0x 1070 | 1.7x103 7 x 107 | 4.7 x 107
9 11 x 10 | 1.1 x 102 | 4.7 x107° | 3.4« 50‘5
10 1.8 x 10‘9 1 7.0 x 107" 3.6 x,1o‘5 ' 3 x 102




Table 5 III =

Comparison of Goodness of Fit by F test foflType I Curve

CompariSon~of Goodness»of Fit by F test for

F="
Assay Log Logit/ Healy/Hand ' |  Healy/Log- |
No -Hand Drawn Drawn . logit |
1. 1.2 6.2 7.2
2 (P 3.2 : 2.5
3 3.2 13.0 p<0.01 ]
4 2.1 1.9 , 4.8
5 . 3.9 3.6 14,0 p<0.01
6 2.1 4.1 8.7
g 7 ?oLI' 1.0 : 70?
8 5.8 1.1 - 6.6
9 7.6 1.6 - 11.7
0 14.6 p<0.01 1.3 18.4 p<0.01
- Table 5 IV

bTypé IT Curve

. F=

Assay | Quadratic/ Cubic/Hand ‘Log-logit/ |
_No - Hand Drawn Drawn . -Hand Drawn
1 20.0 p <0.01 1.7 12.0 p<0.01

2 1.1 3.6 - 7.9

3 3.02 749 1.1

4 1.5 6.3 5.0

5 - 75 1.5 p<0.01 ~ 1.3

6 2.2 2.6 | 6.6

7 1.2 1.8 - 27.5 p<0.01

8 ‘1.8 1.8 - 56.7 p<0.01

9 2.3 3.2 10.0 p<0.01
10 5.0 5.3 3.9
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Table 5 V

Mean and Standard Deviation of Percentage Distortion for Sigmoid Curves from

the Distortion Patterns shown in Figure 5 yiii.

"Mean % : Standard :

of
Distortion ‘ Deviation
Healy/Hand Drawm -2.5 ' .7
Log-Logit/Hand Drawm : +1.3 ) 11.31

Range of
% Deviation

-14.6 to 9

- -15.8 to 16

(Fof the range of standards normally employed in the calibration curve)

Table 5 VI

Mean and Standard Deviation of Percentage Distortion for Parabolic Curves from

The Distortion Patterns shown in Figure 5 iy,

Mean % . Standard

Distortion v Deviation
Quadratic/Hand Drawn T+1.1 v 10.5
Cubic/Hand Drawn . +2.0 13.3
Log-Logit/Hand Drawn -6.5 11.0

Range of

" % Distortion

-28 to +9.1

-38 to +13.7

-17.3 to +19

(For the range of standards normally employed in the calibration curve)



The. computed concentratlons obtained were expressed as p051t1vei‘
or negatlve % d;v1at10n from the results obta1ned from the hand
drawn curves. The mean and SD of the percentage dev1atlons
:from the hand drawn results were calculated for the varlous
algorithms over thecrange of‘standard concentrations normally

present in the calibration curve.

Se3e3 Results and Discussion

:Tables 51 and'S II show the results of tﬁe MRS obtalned orer.

A 10:typical:assa§s forbeachtantigengand tables 5 111 and IV
ll“show the results of the F tests on the MRS between various’

A methods of flttlng. " The MRS for log-loglt versus'hard'drawh'v
curves was s1gn1f1cantly worse on one occasion (Assay 10) and
for Healy_versus hand_drawn_was s1gn1f;cantly better on one
occaSioa (Assay 3)e 'For'type II curves both quadratic
(Assay 1) and cubic (Assay 5) gave 51gn1f1cantly lower MRS
on these two assays. The power fit for type II curves prov1ded
totallylumacceptable MRS values.
bFigures'B viii and ixAshow the diStortionvpatterns generated
by application-oflthe algOritth'compared'mith the results
:obtained from‘the hand_drawn'curves and tables 5 V and VI show
~ the mean; standard deviation and range of % distortion from‘

‘these figures. ‘ For type I curves, the Healy equatlon ‘showed

o a smaller range of dev1atlon and for type II curves, the smallest

- range of deviation was observed for‘the quadratlc equatlon.

Im_order to automate ELISA-systems, it is necessary to utilize
suitable'curve fitting techniques. For small amounts of data,
it is common to use a maaual plot'of absorbance against log concen-
tratlon and thls type‘of plot is w1dely used in 1mmunoassay ‘as

it prov1des a convenient way of handllng the wlde range of

;concentratlonsuencountered.
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. a4\ appvars irom tapie. D i/11l Thav 1n terms of goodness of ‘
,.fit, thofe.is idttle‘diffepéooe in the fit'achieﬁed usingdfhe
Healy or log-logit_approach.combared;ﬁith a hand dréwn curve..
Taking the hénd dréwn'curve as a'béseline, either appfoach‘_‘
appears satisfaétory. | |

However, complex dlotortlon pattorns were 1nduced by both methods
of flttlng the curve (Flg 5 viii and ix). ' Magor dlstortlon
~in the Healy equatlon-wasyobserved only ativalues:below thosef
"normally encountered in pregnancy, and over the standafd réhge»
’ provided a reaédnable fit. Max1mal dlstortlon of the log—loglt
o'results was observed at both extremes of the standard curve,

~ but also a large p051t1ve dlstortlon at the mid p01nt of the
"curve.

Ffom tables 5 I and 5 IV it appeérs that either quadratic or
cubic'equafions may bé used to descfibe the typé II cufvé;
whilst the log—loglt approach dlffered from the hand drawn

curve ho% of the tlme.

Again considerable distortion wos engeodered‘(Fig Sliv);d'
Whilst the pattern for quadréticfandfoubic fits was similar,
'that fofithe log;logit is more complex. b_For thévpolynomiél -
fits, maximai distortion was obserﬁed'only at'lowerjstandard
‘fvaluos’whilst thefiog-logit results showéd‘disfortion éf bofh
extremes. | |
‘Tﬁe method‘dof fitting chosen thds depends on assay conditions.
Idoally the distortion imposed over o'manually plotted'curve
shouldﬂbe minimal over the concentrétion range of interest and
o particualriy at action limito, whore bias in calculating results
‘couid ha#e serioﬁs implioations; The distortion-pétfern may
: be'reducedvoj‘suitébie,Weighting factors (Frazier and Rodbard '
1973; Rodbard and Lewald 1970). ~ However, Challand points out
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LGl Gluiuvugl | WELBILLLE Will IEdule UlsStortliol arouna tne- mia-
~point of the sféndard curvé, it will not»changé the overall -
' pattern (Chaliand et al 1§76); Weighting:Wés.hot appliédf  
in the preseht study. 'The‘variation_ih distoftion pattéfns
impoées'one important cohstraint on the‘uéér,u If is‘imporfant
that once‘an.aléorithm_téldescribé the éurve‘it'decided upoﬁ, -
 that thisbméthod is‘adhéréd to. Changing methods mereiy on
the grounds of a reduced MRS‘will lead ﬁlti@ately to podr4 |
.preciéion and confusion in the results produced. 5
-’Providing thésé constfainté ére borhé in mind, simpie algérithms
1’such as thosevdécribed, may be used for databredﬁétidn iﬁ,. |

ELISA systems of,thisvtype.
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 CHAPTER 6

SERUM HPL;'SP1'AND PAPP-A CONCENTRATIONS DURING THE THIRD

TRIMESTER OF NORMAL PREGNANCY



One of the milestones of the history of medioine'has been the
breductionfof morfality and-ﬁofbidity'connecfed‘with‘pregnaACj.
With the virtual.eliminafion of maternal'moftaldfy; attention
has turned to ensufing optimum‘development.of the foefﬁs. ‘The
_Voverallbimprovemedt in maternal health haS'greatly facilitated
this. Problem pregnanc1es however still ex1st eg dlabetlc,v"
'hyperten51ve etc. The obgectlves of blochemlcal placental ,:
functlon testing are fo alert the obstetrician to the poasible'
development of problems affeoting the'foetus'of coneersely to
issue reassurance v1z.that foetal condltlons are satlsfactory.
A varlety of foetal or. placental products have been used in
this context for a number of years (Wllde and Oakey 1975) . .
»>It 1s p0551b1e that the measurement of maternal concentratlons
of the "hew" placental protelns may offer certaln advantages :
over hPL meaeurements. 'This study 1nvest1gates the use of

' SP1 and PAPP-A in certain pregnancy associated problems.

6.2 Clinical Material

The,dormal group comprised patienfs attending routineiantenatal
‘clinicsuatdthe;Royal_Mateihity Hospital. Patients_attending

these olinios prior to 25 weeks gesfation‘were admitted fo,this
'Asurvey afte: giving their informedvcooSent.,A Thereafter patients
wefe followed throughout the duration of their preghancy. Venous
blood speeimensdwere drawn at each clinic attendance.'
Followingidelivery,»the baby wasdﬁeighed and the undfainedlolacentaf
also geighed.” Retrospectiye‘classification‘info the normal group
was made with the‘aseistance'of‘the.oonsdltanf obsfetrician whose
‘clinic the pafient:attendede | o -
.Thexnofmal éroup was deflaed as patlents havdné no ev1dence of

:_pregnancy 1nduced hypertenslon (PIH), oedema or protelnurla, no
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MEAUSLLEL pauivLiugy. Gl @ BaLLSLECLOry Welgnt gain tnroughout
_ prégnancy. Theidelivered baby had ‘a birtn weight >V10th.cen- 
tile cnrracted for.maternal weight and height according'ton
‘ Thomson;s figures (Thomson et al 1968) . Ninéty;dne patients |
: v'were includéd?in tnis groun. : | |

6.3 Analyticai Methods

~ Blood specimens ere centrifuged and the serum separatedvfrom
.therclot as soon after céllection'as possibleQ‘ Seravweré stored'

at -2000 until assay. HPL, SP, and PAPP—A were assayed accord-

1
1ng to the methods descrlbed in chapters 2 and S

A1l spécimens from an‘individual'patient were asSayed in the
same batch to minimize assay variation. Specimens were assayed
inlduplicate'and the mean concentration taken.

6.4 Numerical Analysis of Data

, Standard statlstlcal analyses of placental and blrth welghts
~were made to give a mean and standard dev1at10n. Standard reg-v
ression analysis of this data was also performed. Serum protein
éoncentratidns obtained from this group of patients were usad |
lto‘construcn normai ranges.  Although more than one spec1men

was obtalned from some patlents, all data points were considered

1ndependently.

Normal ranges were prepared in two. ways.~ In1t1a11y ranges ;vv
were expressed as centiles. However, further examlnatlon of
'theidata suggested that serum SP1

positively skewed. A logarithmic‘transformation was made before

and PAPP-A concentratlons were .
mean and SD were calculated for futqré use. HPL‘fconcéntrationS’

" were nnrmally distributed and untransfdrmed data was used through-

out.
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" Table 6 I
Characteristics of theinormal.populétion

' a)  Birth weight

Cofrected for
anthropomorphic o o '
- factors = =~ | Uncorrected -
Mean o - : R B g .
Weight (kg) - 3.35 o 3.4
Std R R o , |
Deviation o 0.36 . - 0Wb2
‘Number of - ,V - : o
Patients - 91 : o n
b) ° Placental Weight
Mean Weight (g) - 66k
Std Deviation | 121 -
- Number of patients ‘ 67

c) ~ Linear Regression

Placental Weight with | Placental Weight with.

Corrected Birth Weight ‘Uncorrected Birth Weight -

Cdfreléfion T j . _ AR

Coefft. © - 0.49 (p<.001) , 0.6% (p<.001)
Gradiént_ , 162 | 185

Y Axis Int | 16 R - 27.8
SE Grad | 366 | .2

CsEmt | B ﬁ23.6. - S ok2

v jNumber of | |  =, S | o
- Patients ' 67 D , 67




. PLACENTAL
~ WEIGHT(g)
3 "1000-1_’ 

- BOO

0 . ,l -' A' o '. !‘_i
1 2 8 4 b

~ BIRTH WEIGHT(kg)

' "Fig 6 i The correlatioh between placental v}eight and
- birth weight in a normal population.



PLAGENTAL
 WEIGHT (g)
1000} ‘

- 800

O L lv n"l‘vl"
| 1 2 3 4 b5

BIRTH WEIGHT (kg)

cor reﬁf or maternal
welg t a elg

Flg 6 ii The correlation between plaéental weight
and birth weight (corrected for maternal weight and .
“height) in a normal population. : '
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~Table 6 II

The Relationship between peak hPL, birth weight;(corrépted-andf"

~ uncorrected) and Placental Weight.

: Correcﬁéd

Uncorrected

 Placental

21

Birth Weight 'Birth Weight ‘Weight
Mean hPL | 8.6 (mu/L) | 8.6 (mu/L) 8.6 (mu/L)
~ Standard Deviation 1.9 | 2.0 1.8
Standard Error 0.21 0.24 - 0.24-
' Mean Weight 3.35 (kg) - 3,042 664 (g)
Stendard Deviation 0.36 0.41 21
' Standard Error 0.0% - 0.05 15
Correlation Coefft. |  0.36 (p<0.01) | 0.3% 0.52 (p<0.07)
Gradient 2.11 | 1.66 3401
Y Axis Intercept 1.55 2.92 . 373.1
~ SE Gradient 0.66 0.56 7.0
SE Intercept - 2.22 1.93 61
. 'Number of Patients 71 67




b.5 Results’.

-

Table 6 I shows the statistical'analysis of placental weights
“and birth welghts, and Flgs 6 i and 6 ii show the regres51on"
analy51s of.thls data. There was a s1gn1f1cant correlatlon

; between both actual birth welght and corrected blrth welght

”iw1th placental welght.

' Figures 6 iii - 6 v shon the normal ranges for.the'3 proteins
expressed as'centiles._ For all 3 protelns, an increase 1n
concentratlon was noted with 1ncrea51ng gestatlon, although for
hPL and SP a plateau was noted at about 38 weeks followed by
a decrease in concentratlon.
,Figures 6 vi - 6 viii show the distributions of data points used
~to construct‘the normal rangesband'on‘which‘the logarithmic
,transformation was based. |
-Regre551on statlstlcs between placental welght foetal welght
land each of the pregnancy proteins were calculated (Table 6 II).
Only for hPL was a s;gnlflcant assoolatlon with either foetal
-or plaoental weight found; |
No correlation Betneenvthe peak concentrations (taken betweenxr
- 36 and 38 weeks gestation) of any pair of proteins;found.

6.6 Discussion

The supreme test of placental function may be regarded as the
"oirth of a welllnonrished, adequately oxygenated baby. - Since
the placenta is the organ responsible for transfer of nutrients,
' 1t seems llkely that a large placenta has a greater transfer’
"capaclty than a small placenta (Fox 1979). 'However, to what
extent,placental adequacy can be inferred from placental weight
Jissquestionable (Baird and Walker 1959; Aherne 1966, Browne 1973,

Daves 1968). In an extensive survey of births, Thomson found
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correlation coefficienté of betwéénio.s ;»0.6 indicating fhaf-
birth weight is rather:poofly'predicted by ﬁlaceﬁtal weight ‘
(Thomson et a1‘1969);‘ ' The results obtained in the present .
study although draWn_ffom'a smalleripopulation‘éc;ord Qellyﬁith

. Thomson's figures (Bifthweight meéh-}.hi kg cdmpafed with |
Thomson‘s value of 3.30 kg and’ﬁéan plécental»wéighf 664 g' 
compared wi{:_h 649 g). _Ioﬁnozzéi. and Haworth (_i969) fouvnd‘r
'similaf‘birthwéigﬁtsjbutna lover mgan‘placentél:ﬁeight.“.4This'v

v differenée may be ac§6untedrfo: by fhe thoroughness Qith whibh B
.blood and membrénés afe removed before weighing:(Gérrbw'and‘;

Hawes 1971);

The low correlation #oefficient between birth weightrand'plécehtai
Qeight is pérhaps not surprising in view of the fact thaf the
‘plécenta,has considérable functional_reser§e. ,If.foetal,groﬁth
-were rigidlyAlimited by placehtal mass, it would imply that fhe'
‘plécenta ié #ormally working at full capacity - a céncept that
apﬁears incorréct. It seems hore'probable that thé small pla-
centa ié‘small bééausé.the baby is small and plaéental function
ié therefdre adeéuate for a foefus the growth of which is_ref-
.:ardéd by extraplacentél factors. >VCorrection of}fdetal Weiéht

‘to ob#iate these maternal éffects will lower the predictive‘»u

value of placental‘weight.

The pattern of pregnancy proteln concentratlons observed for the
3 protelns under con51deratlon should be con51dered in the light

of‘previous findings.

The widé»range bf'nbrmal has been.recognized by many groups_bf
'ﬁofkers in:this-field»(Sﬁiaréa’et al 1968). ‘Many groups héve
;fgdndvékewed distributians for hPL éoncehtraiions,'(Letchworfh
: et alv19?1 Guibal et al 1980, Pluta et al 1980) although some |

have not (Janlsch and Spona 1980)
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The skewed distribution observed for SP1 is also in accordance
with other groués.and the nsrmal range is in agreement with that
previousl& obtained by this method (Plufa et a1 1979, Chard:and .
Grudzinskas'1980, Gordon et al 1977, Macdonald et al 1979 and
  Gemme11 1982)._. The median peak value also .agrees with thatA
~ of Gordos et 51 (1977) using RIA. - Otﬁer groupsAhowesef have
vfound lower peak values (Karg et al 1981 Pluta et al 1979).
These dlfferences may result from the use of dlfferent mass
standards - a problem seen with manyvof_the pregnancy protelns.‘
For SP however, the problem is even greater because of the
rmolecular heterogenelty CPowler et al 1978, Telsner et a_.1978).‘<'
Thls fact and the dlfferlng assay systems used makes- strlct
comparison of results almost 1mp0851ble. ' The.future use_of
Vah’International Reference Preparatioﬁ may obviate'this probleﬁ.,'
'Afﬂpresent the continued usé of. mass standards for SP, may be
considered aeceptable; _This problem is'discussed further in
Chapter 4. In contfasf to the results obtaised for hPL and

‘SP1; serum PAPP-A concentrations 1ncreased with advan01ng preg;
naney.ln a less marked manner, and no peak'concentratlon was
observed. A similar pattern has been observed previously
‘(Smith et al 1979, Bischof et al 1982a).

rSynthesis of hPL appears related to placental mass as shown by

the elevated serum levels foundbin pregnancies:coﬁpliCated by
‘diabetes mellitus or Rhesus isoimmunisation (Selenkow et al 1971).
The correlation of hPLsconcentrations'with placental and foefal
Qeight is not unexpected therefore, alfhough not all groups of
workers'have;found.avcorrelaeion (Grumbach et al 1968, Sciarra

et al 1968, Letchworth et al 1971b, Spellacy et al 1971).

- Similar disagreements exist over the correlation of SP1 with

placental and foetal weight, some groups‘finding a corfeiationi.
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" CBraunstein et al 1980, Vermeulen et al 1982, Gamberini et al
1977) or no cof}elation (Chapman et al 1981, Mandruzzato et
&l 1980).  The discordance of results between hPL and sP1

ﬁ may‘be expleined by-differing modes of'prodﬁctien.

TA clear ceneentratién gradient frem the retrbplacentai'blood
- to perlpheral blood has been shown for hPL (Klopper and HugheS"r

1
1ent (Smlth et al 1979, Grudz1nskas et al 1980b);, These

1978). SP, however has been shown to exhibit a reverse grad-

flndlngs led Klopper et al to hypothe51ze that very little of

- the SP1 found in thevmaternal-c1rculatlon is directly secreted

by the villous trophoblast, but rather is the effect of lysis- -~ - -

| of.the maternél tfophoblast. -If this is so, the_lackvof'
;correiafion.of maternal SP, concentration withplacentalbweighf
is hardly surprlsln " The lack of correlatlon between hPL
and SP1 concentratlons is also explalnable. |
.PAPP-A hae also been shown to exhibit a reverse concentratlon
gradlent 51m11ar to that for SP1 It is 1nterest1ng that no .
correlation between: PAPP-A and foetal or placental weight was
<found. By analogy w1th SP , thls lack of correlation can be
explained and 51m11ar1y the lack pf correlat;en between PAPP-Av >
f and fhe other pregnancy pfdteins is elSO'eXplained;
- The consistency of_cemparisens between this apd other;sﬁrveys
suggeste that although relativeiy‘émall in numbers, this normal
“g:oup‘fepresente a'éuitable'basis for construction.ef'reference 

ranges.
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CHAPTER 7

'THE USE OF PREGNANCY ASSOCIATED PROTEINS IN MONITORING
PLACENTAL FUNCTION IN LIGHT FOR DATES PREGNANCIES AND
IN PATIENTS & WITH POOR WEIGHT GAIN



7.1 The Light for Dates Pregnancy

-

711 Objectives

- The detectlon of the LFD baby and the monltorlng of thls type
' of pregnancy has been the aim of obstetrlclans and blochemlsts'”
for many years.» ‘The reasons behlnd this are several. The
' obstetrlclans concern is dlrected towards causatlon, placentaly :
fallure towards the end of gestatlon carrylng 1ntimat10ns of
.mortallty (Brook 1983). Furthermore these bables are at‘
1ncreased rlsk in the neonatal period and are . also dlsadvantagedx
' 1nto chlldhood belng less well developed both phys1cally and :
' Ilntellectually (Nellgan et al 1976)._ The cllnlcal evaluatlon j
of fetal risk due to IUGR remains dlfflcult however.-' Only the
most severe cases of poor fetal growth are llkely to be reccg~'
oized clixiioally (Ai‘okin. et al 1983). B Even the advent of
ultrasonographlc monltorlng whllst belsg an 1deal non-lnva51ve.
'technique has problems with the number of patients that.can'be‘b
'bscreened. Furthermore thls type of examlnatlon faclllty tends*

to be conflned to magor centres.

Blochemlcal methods therefore still play an 1mportant part in

- the detectlon and monltorlng of the LFD pregnancy.‘

772 Cllnlcal Material

‘Patients who delivered a baby of < 10th centile for weight
“corrected for gestational age (Thomson et al 1968) were included
in this:group. " Some pregnancies were normotensive whilst
others were-hypertensive'- all Qere considered as a single LFD

group however.

Ar 7:1.3  Analytical Methods

The assay methods given previously (Chapters 2, 3) for hPL,

: s



Table 7 I

‘Characteristics of LFD»Pregnanéies

LFD

Normal

.. 8D

 Mean Birth Weight (kg) 2.38 ©3.40 |
s o , 0.46 0.b2 t = 12.0
SE 0.07 0.05 p<0.01
no | N
' Mean Placental Weight (kg) | 464 | 632
| | o m 145t = 6.1
'SE 184 | 17.3  p<0.001.
n 35 67




Table 7 II
“'Definitions of the terms used in comparing LFD and normal
pregnancies.

True Positive (TP) -A serum pregnancy pretein'concentration

| below the dec151on threshold with subsequent dellvery of a

:LFD baby.

False Positive (FP) A serum pregnancy protein concentration
- below the decision threshold with_subsequeut delivery of a

normal birth weight baby.

 True Nevative (TN) A serum pregnancy protein concenfration |

v above the decision threshold with subsequent dellvery of a

normal blrth welght baby.

: False Negative (FN) A serum pregnancy proteln concentratlon

.above the decision threshold with subsequent dellvery of a
LFD baby.

Specificity The proportion of subjects without the disease |
v who giue a negative'result = ‘

TN
IN + FP

‘Sen51t1v1tz The’ proportlon of subJects w1th the dlsease who

give a posxtlve test result =

TP
‘TP + FN
Predictive value of a positive test result = TP
' TP + FP
Predictive value of a negative test result = TN
» | TN + TN

‘Prevalence ~ The broportion’of the population under investi-

gation who have the disease which we wish to detect.



5P, and PAPP-A were used. The weight of the baby and the weight
of the placenta were noted at delivery and the characteristics
-'Adf these pregnancies compared to the normal‘gfoup are shown in

. Table 7 I. Birth weights were not corrected for materpal weight

 and height for the reasons described previously (Chapter 6).

7;1.4"vNu@efica1 Analysis’of Data -

Comparison of the‘pregnancy protein concentrations in LFb an&

' nérmal pregnancies were made by ébmparing thé median-cohceﬁ-
tration at -each week;of’gesfatidn. For objective‘assessmenﬁy

" of thé uséfulness of ‘an individial.proteiq in detecting a LFD

. baby, ihe‘following aﬁ?roach was adopted:-' | |

A1l samples were considered independently élthoﬁgh severai
sample$ were‘65taiﬁed'from mpst patiénts throughout_gesfatioﬁ,;"
the objective being té assess'the value of an individual mea$ure-;
ment father'than a series. The serumAconcentrations'ofithe'  |
3 préteins>considered are ail dependent oh'thé duration of

k-pregnancy,'éé tﬁe de@ision~thresholds used tO'prédict TUGR were

.eipfessed as centiles of the contrblAdistfibution. 'Prédictibn
‘of IUGR maybthus be made at any Qeek ofvgestation.> Cehtiles
vere calcﬁlated‘at ééch-weéks gestation usingrstandard stati-

‘stical methods. Logarithmic transforms of serum SP and PAPP-A v

1
;concentratibns were made before calculation of the'ﬁean and SD. -

For hPL, untransformed data was used.

_After calculation of,true/false’pbsitives and negatives)sénsit;
ivity, specificity and predictive values for each test were
~ calculated in accordance with the methods described by Galen and

Gambino (1975). These parémeters are defined in Table 7 II;
7.1.5 Results

There was a significantvdifference_in'birth weights between the
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"~ Table 7 1IX

~Intersextile Ranges for Concentrations of hPL, SP1 and PAPP-A in LFD and Normal Pregnanciés '

s, mg/1  HPL miv/1

PAPP-A iu/l

LFD Group - Normal Group .
" Week of .

Gestation| Lower Sextile | Median | Upper Sextile Lower Sextile | Median | Upper Sextile |
28 3.1 k.0 4.8 3.6 5.0 6.2
29 3.2 L4 5.1 Lo 5.k 6.8
20 3.2 4.1 4.5 4.9 5.8 .75
21 L., 4.6 5.0 5.0 6.8 7.4
32 " 3.9 5.1 6.5 5.7 6.9 9.2
33 3.2 5.5 6.1 6.3 7.0 8.3
34 3.7 4.9 5.6 " 5.5 8.1 3.9
35 L.k 5.5 5.9 6.1 7.9 9.2
36 L3 5.8 6.1 6.6 8.L 9.8
37 3.6 L.7 6.6 7.0 8.7 9.8
28 3.0 5.8 7.4 6.5 8.3 10.4

-39 3.5 k.9 6.0 6.4 7.2 9.4

%) 2.3 4.0 4.3 6.4 8.9 10.4
28 75 ‘9?7 151 85 112 200
29 9% 137 179 87 152 207
20 112 171 195 107 190 230
31 109 W43 390 83 127 264
32 122 190" 219 .73 218 284
23 113 144 238 109 181 . | 282
34 111 149 208 102 167 1359
35 97 120 332 113 245 355
36 - 105 - 131 188 74 226 350
37 104 164 273 - 145 259 09
38 106 151 235 . 95 222 511
39 117 142 67 - 141 230 382
4o 95 157 167 64 185 . 331
28 32 4 122 56 86 106
29 54 89 199 55 67 107 -
30 21 70 107 T by 74 102 .
21 20 55 123 56 68 97.
22 48 72 105 41 77 145
33 Lo 124 190 sh 84 119
3. b 87 159 "~ 56 74 165 -
35 8o 128 176 62 96 128 -
26 4s 70 107 57 101 167
37 6o 127 194 68 96 154
38 57 87 110 73 109 167
39 48 87 133 51 93 141
40 14 115 191 79 123 184




o SRR, _ o “+£qeq Q4T e uT SuryInsex
KLouguFoad ( o ) ‘KoueuBosad Tewaou ( m ) = sjusryed jo sdnoxd omy ut
Lougudsad 3o J9388WTI} PATY} Y3 JUTIND UOTFBIFUIOUOD wmm uetpsl  TT 4 T4

. (sPIM)INOILY LS IO
. OF 68 88 L8 9 ¢S vg ¢€g e 1 02 68 8%

1 001




»

-£qeq Q4T ® uT SuT3TRSEL

,hoawnmmnm ( o ) ¢ fougugead Hmsnou ( r ) = sjuatjed yo sdnoad omy ‘Ut

foueudoad jo ao3sowTa) PATY3 Y3 JUTINP UOTIBIFUSOUCD Y-ddVd UWeTPOW ~TIT 4 3Td

R R C(syeem)NOILVISIO
f:.0¢ 68 88 L 98 ¢GC€ Pg €€ <& 1€ 0g 6% 8%

og

og

001



o e S ey-ddvd
(e ) _.emm.A v ) ‘14’ ( w ) sursjoad Tejusdeld 98Jay3} JI03 SOTTIUSD 8B

vmm.mo.axo PTOYSAJIY] UOTSTO9P YITM LJTATITSUSS 3533 JO UOTIRTIJIBA YL AT / Itd
914Uy
_om._mm _
; .

I T | I— T

,.O
10

T (%)kamsuss

Q
o



| “y-davd ( @ ) .Jm . )
.Es A s ) wcamuo.a Hscwow.ﬁm 99ay3 J03 moﬁ.nuqoo se vmmwwn&nm
c.ﬁozmc.ﬁu UOTSTOOD YITM hﬁoamaoomm umou JO uoTjeTIRA m:a AL BTd

| @_:._.éo;
S

S

1
110ad

001



| : _ y-dava ( © v.rmmA v )
Y (| v muamuoum Hmpsmomam mong» J0J PTOYSaIY3 UOTISTOSP Y3ITM

- 3Insaa aarjrsod e jo antes 8AT30Tpaad JO UOTIETIBA BYJ

*o_o;mo..r_._. co_m_umﬂ

TA L BT

Ipoig

Q
e
- (Z25)4insea1 @AlIsod
D JO 8n|pA ©Al4D

00T



NG 2 ) ‘Idu ( .

.<a&m<m A

| Eoﬁfi co_m_u@a,
og . eg |
Y

&= MLWMMM

00T

) .rmm

) maamaoum Hmucooaﬁm saayy J0j vaoswon:u UoTISTOapP
Y3TM uﬂzmon w>auawon @ Jo enyea o>ﬂpoaumpm JO uotrjeTaRA ana

TTA 4 8tq
3

6.

iy

Q

. -

<

®

> ™
0S o
S.

<
s
N
AN

; e’

D JO 9N|PA @Al4DIPoId



r | o . _ .<..&§ ( &)
: mw ( ) :Hmn ( @ ) mﬁmuonm ﬁmunoomam 9aay3 J0J dousTeaddd
sﬁz 3Tnsaa w>3amom © mo snfeA wbapo%m.& .Ho UoT}ETIEA BYJ  TTTA / JT4

| L sous) _o_>_m:m

og

"(%)”nsen: aA_g,!.g?sod |
D Jo enjpA 9A1431paid

001



-~ mormal and LFD _group and also in placental welghts (Table 7 I)

-

(p<0.01) .

‘HPL in the normal group. was sighificantly higher'at each week
_ of gestation than in the LFD group'(p<'o.o1) (Figure 7 i, Table
7 III)., There was no 51gn1flcant dlfference 1n SP and PAPP-A

v concentratlons (Flgure 7 ii, 7111 and Table 7 III).

Figures 7 ivv- 7 vii show the values Ior sensitivity, speeificity
‘ and predlctlve values of positive and negative results at several
v‘dec131on thresholds and Flgure 7 v111 deplcts the dependence

of predlctlve value upon prevalence of the. dlsease in the pop; |

ulation examined.-

7.1.6 Discussion

The need for objective‘assessment of prediétive placental function
‘tests has been empha51zed (Chard and Klopper 1982). All too

often a subJectlve opinion is formed based on the observatlon '

that hPL is generally higher in 1 group of patients than another; :

Three veriables:defermine the predictive value ofka‘tesf -vspeci-
vficity,Isensitivity énd.prevalence (Table 7 II).‘I Because the 1

- serum concentrations of the threeaproteins under investigatioq:—
are‘dependentson_the duration of pregnancy, deeision thresholds
heve‘been deseribed as centilesIOf the distribufion of the contrqi.
~resu1ts;v ‘Therefore specificity hss been_defined'by selection

Iof fhe decision threshold.

hPL clearly provides the most sensitive test when using this
approach. As tﬁe decision threshold approaches the.median,b
'more‘growthrretarded babies‘are includedbih the éroup es a whole
But at the cost of including a,nﬁmber of normal subjects. The
I.’veiue‘of(a test in assessing the ihdividual patient is best

described in terms of the pfevalence of the disease. Assuming :
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© piSYELTUUS UL IV3UWU PET IUU,U0U populatlon ({10%) , SP and

PAPP-A are of less value than hPL in predlctlng IUGR. '

i.For the individual'patient; hPL remains the mostzuseful of the
fregnanoy protéiﬁs undor study in. the detoction of the growth
reﬁarded‘foetuéo -Whilst hPL is clearly of uSevin*detection ofifo
the LFD foetﬁs,'if.rehains to be seen-wheoher it will bé super—x
v‘ceded by physical techniques. Whilst these_mefhods may have
‘ certain-attractions_their use at present femains limited to
.specialized oentros; Convéfsely.hPL aésayo éreveasy-éhd‘oheap'~
to pefform'and are likely fo'fomain an important‘parf of“the

‘biochemical approach to tne LFD pregnancye.

"7.2 Poor weight'profile prégnancieé B

732.1' Objectiveé

_The ﬁationt withueitheriiow weight gain‘throughoutvthé duratioh
ofvpregoanoy, or with a static weight‘for several weeks poses |
a problem for thé_obstetrician. Does this syndrome represeht
a growth retarded foetus, a‘foetus thaf'has initiall&lgrdwn at
“a satlsfactory rate and then ceased growth for some reason, or
is the foetus healthy and of good size with only a lack of
maternal weight gainbto concern the-physician? It is in this
light that ﬁonitoring should be éeen. Primarily monitoring
~-in thls 51tuat10n will be carrled out to reassure the phy51c1an

that placental functlon is proceedlng apace.‘

7.2.2 Clinical Material
A poor weight gain was defined as a static ﬁeight over a 2-3
- week period or an overall weight gain of < 8 kg throughout

| pregnancy regardless of the weight of the baby.

. 7.2.3  Analytical Methods
HPL, SP, and PAPP-A were measured by the methods described

108



Table 7 IV

 Characteristics ofvPatients'with'Poqr Weight Profile

Mean Birth
Weight (kg)

SD

n

Mean Placental
Weight (g)

SD

n

.. During Pregnancy

Poor Weight-

 Profile - Normal
3.30 341
0.5 - 0.42
18 80
654 66L
150 121
18 | 67

p70.1
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Table YA |

" Hormal Pregnancies

Week of

" - Intersextile Ranges for concentrations of hPL, SP,I and PAPP-A in Poor weight Profile andl ‘

Poor ¥eight Profile Group

Normal Group

Gestation] - Lower Sextile | Median | Upper Sextile | - Lower Sextile | Median | Upper Sextile
28 3.7 k.5 4.8 3.6 5.0 6.2
29 4.3 4.8 } 5.8 L4 5.4 6.8
- 20 3.8 4.5 6.3 5.9 5.8 7.5
o3 5.1 6.7 . 7.6 5.0 6.8 7.4
32 5.2 6.4 7.6 5.7 6.9 9.2
33 4.9 7.1 8.8 6.3 7.0 8.3
3l 5.8 7.1 8.7 . 535 8.1 8.9
35 k.9 6.7 8.7 6.1 7.9 9.2
g 36 S.b 6.7 - 7.8 6.6 8.k 9.8
5 37 5.9 7.8 R 7.0 8.7 9.8
€ 328 6.3 7.8 . 8.2 6.5 8.3 "10.%
8 39 6.3 7.5 9.4 6.4 7.2 ©9.b
=40 6.6 7.6 10.8 6.4 8.9 10.4
28 85 131 202 85 112 200
29 97 156 128 87 152 207 -
0 171 2450 277 107 190 280
31 99 128 242 83 - 127 264
32 218 255 396 73 218 284
33 133 157 313 109 181 282
3 161 250 295 102 - 167 359
35 163 227 368 A3 245 355
L 3% 128 268 351 74 226 350
D 37 139 298 350 155 259 309
S E 38 130 199 207 .95 222 b1
pr 39 153 238 L69 i 230 382
o 40 151 213 230 64 185 331
28 53 65 89 56 8s 106 -
29 27 87 91 55 67 107
30 L3 50 94 bl 74 102
21 69 69 - 142 56 68 97
32 70 108 |} 158 4 77 - 145
33 67 106 140 - sk -84 119
24 48 7 96 56 74 165
o 35 65 110 155 62 96 128 -
336 51 83 181 57 101 167
< 3 61 84 146 63 96 154
438 89 107 - 160 73. 109 167
8 39 98 112 142 51 93 144
“ e o 77 116 158 79 123 - 184




previously,all specimens_from an individual patient being assayed

-

in a single batch.

7.2.4 . Numerioalbanalysis of Dafe,i

Comparisou:of toe pregnancy charaoteristics:betweeu'the.poor :

| ueight profile end uormal_groups'was made by use of gaussiau :, '
| stetietics;-.,Uncorrected birth ueigﬁts were usedbthrougHOut.

' Comparieon of the pregnaucy-profein ooncehtratione Waermade-

by use of the medlan concentratlon at varylng weeks of gest- :

atlon, and - the Mann Wltney U test.
7.2.5 - Results

‘gThe characterlstlcs of the poor welght proflle group compared
with the normal group are shown in Table 7 IV. No 51gnlfloant
dlfference in elther placental welght or blrth welght was
 observed between the two groups (p) 0.1). = Figures 7 ix - xi
show the,medlan pregnancy proteln concentrations throughout

the 3rd'trimester of pregnency iu the two groups and'Teble 7"V,:
the inter‘sexti»_le ranges. For SP, and PAPP-A .noveignificant
'oifference in coucentretions uas obserred, whilsf for/hPL a

N eignificant‘difference'was observed onlj at 1 week (36 weeks

gestation p<.05).
:7.2.6 Discussion

Tt has been observed thet a,negative‘findiug in placental
funotion‘teSting may be as useful as a ﬁosifive'reSult (Cherd
’1982h); Thisisifuatiou‘is ideally seen in the present context -
‘reassurance ceu be issued to the‘olinician based on a normal
gthL concentraiioﬁ_in a woman with poor weight gain or static
veight. The‘poor weight group:had babies of an equivalent .
weight tovthe normal group; suggesting that?their lack of mat-

“ernal weight gain was not central to foetal grokth., The
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coroiiary o1 course 1s that a low maternal hPL concentration

in a wdman with §6of weight gain is sﬁggestive of‘placehtél
'malfﬁnCtion and reduced foetal growth. It is shown elsevhere
' fhgf SP, and PAPP-A conééntrations do qot‘cprrelate with plaf:'
’:cental or bifth.weight.v‘ Thefefofe thesé'proteins'would bé R

'»_or less use in dellneatlng the poor welght proflle pregnancy

'truly at risk as an IUGR pregnancy.
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' CHAPTER 8

THE USE OF PREGNANCY ASSOCIATED PROTEINS'iN‘THE MONITORING
OF PLACENTAL FUNCTION IN THE THIRD TRIMESTER OF PREGNANCIES .
- COMPLICATED BY PREGNANCY INDUCED HYPERTENSION OR DIABETES

MELLITUS



8.1 Hypertensive Patients

8.1.1 Objectives

Hyperﬁension in pregnancj has Beenureqognized for man& years
~ as jeopardizing the foetus. In'hypertensive~pregnancies,
’Aplaqental-function may becomé impéire& due tovpatholggical
'Aarr§wing of’the'spiral'arteriOles which supply the intef—:
villoﬁs space (Robertéén ef al 1967) and may result in reduéed
placenfal ?erfusion'by maternal blood. -This in turh may leéd
to the devélopment of a dysmature baﬁ&»or more acutely, fetal
hypoxia and &istress. Monitdring of placental funétion in
this‘disorder should therefbré be able to predict the'deQelop—
ment of these problems and varying claims have‘been made ( for
a‘review>see Curzon 1979). The possible use ofvSP

1

‘and PAPP-A
in monitoring hypertensive pregnancies is less clearly defined

although it has been claimed that PAPP-A is elevated before
" clinical signs of pre eclampsia occur (Lin et al 1977, Hughes

et al 1980, Klopper and Hughes 1980).-

8.1.2 Clinical Material

"Patients comprising’this group were drawn from cliniés held

at the Roysl Maternity Hospital and Stobhill Hospital, Glasgow.
Patients from Stobhill Hospital vwere also involved in a trial
of the drug Atenolol ( afbbloéker) in the reduction of hyper-
tension. Thus some Stobhill patients were on drug treatment
and others reéeived a placebo. Preliminary investigation
had>shown that the varying treatments did not affect the para-

meters under discussion here.

Pregnancy induced hypertension (PIH) was defined either as a
sustained diastolic blood pressure of 7 90 mulg with or with~

out evidence of cedema or proteinuria, or for Stebhill patients
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as a systolic pressure of 7 140 mmHg/diastolic'pressure of

» 90 mmHg on 2 occasions 24 hours apart.

Venous blood specimens were taken at several staées throughout_
_pregnancye.

‘Hypertensive preghancies resulting in - a lightrfef'dates baby
'YU(LFD) were excluded from this data as they will be con51dered

,elsewhere (7.1).-

2 8._1.3 Analytical Methods’ :

HPL SP1 and PAPP-A were measured by the methods glven prev1ously,' ‘
all spec1mens from an 1nd1v1dual patlent being assayed in a

single batch.

'8.1.4 - Numerical Analysis of Data
Comparison of the hypertensive pregnanéy'chafacteristics~with_

normal pregnancies was made by use of gaussian statistics.

1

skewed (Chapter 7), comparison of protein concentrations was

As the serum concentration.of>SP ‘and PAPP-A was found'to'be

~made by use of the median and Mann-Witney test.:

8.1.5 Results and;Discussioh

The hypertensive population‘eompfised a heterogeneoue group

in that some were- treated with Ateneloli seﬁe wifh placebe‘and
fsome‘wefe not‘involved in any drﬁg trial. - However no 51gn1f-
1cant differences could be shoun betWeen these groups for any -
of the parameters under‘eonelderatlon. It is thus valid to -‘v
‘eombihe fhese‘patients into a singie group; Further Sineei
many of ehe‘patients in- this greﬁp were under "shared care'
 with theif GP, if'ﬁes-not pessible to obtain the maternal weight
detaiis reQuired’to COrrect‘the baby;e birth weight. : Actuai

: birth,weights have therefore been used in thisvsection.

12



B Table 8 I
Characteristics of Hypertensive Pregnancies and Normal

Pregnancies

| Hypertensive ","Normal 

' Mean Birth L o
Weight (kg) 3.27 3.4

SD ol es 0.52 | pY0.1

Y P B

Mean Placental I o

" Weight (g) . 587 | 664
so 1 oase | 12 |

| T ’ S : - p<0.01
n SRR 76 67 '
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- 5P, me/ HPL miw/1

PAPP-A iu/1

Table 8 II

Intersextile Ranges for Concentrations of hPL, SP1 and PAPP-A in PIH snd Normal Pregnancies

PIH Group Normal Group
Yeek of : .
Gestation| Lower Sextile -| Median | Upper Sextile Lower Sextile | Median | Upper Sextile |
28 2.9 4,2 5.4 3.6 5.0 6.2
29 k.2 4.9 7.1 4.4 | 5.k 6.8
30 2.5 5.4 6.3 L9 5.8 7.5
31 4.8 5.9 6.5 5.0 6.8 S 7.
32 L.2 4,8 6.7 5.7 6.9 | 9.2
33 LN 5.4 7.3 6.3 7.0 8.3
3h 4.9 6.6 8.2 5.5 8.1 8.9
35 5.0 6.9 9.2 6.1 79 9.2
26 45 7.7 10.3 - 646 8.4 9.8
37 4.7 7. 9.8 7.0 8.7 9.8
38 L.2 7.0 8.9 6.5 8.3 10.4
39 L.0 6.3 7.9 6.4 7.2 9.4
‘Lo - 4.1 7.0 8.5 6.4 £.9 10.4
23 88 112 186 85 112 200 .
29 98 122 W49 87 152 207
0 104 161 199 107 120 280
21 103 165 298 83 127 264
32 112 195 246 73 218 284
33 96 120 256 109 131 282
34 147 225 270 102 167 359
35 116 212 275 113 245 355
36 121 214 3320 2 225 350
37 120 213 333 145 259 209
38 137 221 350 95 222 411
39 136 179 267 - W1 230 382
Lo 157 178 373 64 185 331
28 2k 56 98 56 & 106
3 Ls 79 108 55 67 107
20 10 68 131 Lh 7h 102
31 1] 86 116 s6 - 68 97
32 48 74 131 i 77 | ks
33 - 25 56 110 sl 84 119
34 41 100 119 56 7 165
35 53 90 . 128 - 62 o6 128
36 66 98 139 57. 101 | 167
37 .72 113 158 638 95 ok
38 63 114 151 73 109 167
39 71 17 170 51 93 1
Lo Ly 113 134 79 123 184




 Table 8 I shows the characteristics of the hypertensive group
compared with the normal group. Although placenfal weight'
was significantly lower in the hypertensive group, no signifi-

cant difference in birth weight was found.

A positive correlatibnvﬁetween.peak (36-38 weék)thL cdncen— v;‘
tration and birth weighf was obtained (r = 0.35 ‘ps<0.01>. 
"iﬁ =v76),’bﬁt no correlation betweeh birth weighf dr p1acental'
'_iweight and éither 5?1 or PAPP-A was found.b

'Figures 8 i - iii show the‘trehd in‘placenfal protein concen;

" tration in fhé hypertenéive group éompared-with»theAnormal
» ;popu1ation and Table 8~Ii'showé the“intersexfile rangeé.
Froﬁ.week 32 onwards, for ﬁPL fhere“was_ﬁsuélly abéignificantv
differénce,in‘concentrations bétween the two groups, th¢,hyper-
f;nsive populafidﬁ héving lower,concentfations." No differénce
,in'SP1 or PAPP-A concentrations was found‘bgtwéehvfhevgroupsf

The decreésed‘hPL concentrations in the hjpertehsiie grbup'

may be reléfed to the significantly lower piacentél mas§ observed

~for this group. As SP and PAPP-A have been shown not to

1
~ correlate with placentalbweight, the lack of difference is not
“'surprising. - However, several reports have alluded to elevated -

- serum PAPP-A concentrations‘in hypertensive patients‘(Lin et

al 1977, Hughes et al 1980, Klopper and Hughes 1980). }

"This finding is not confirmed here and is in agxeemént with
Westergaard an& Teisner (1982); The differences.gannot be

' accouﬁted‘for by the fact that some patignis were treated with
.antihyperténsivé'agents, as no differencesbin PAPP-A concen-
tratiohs'were found comparing placebo treate&'pétients with
drug treated patienté. The énswer may>1ie in the fact that

many earlier'studies'utilized plasma specimens. The observation
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that heparin levels affect the PAPP—A,cohcentrations muét cast
doubt on the original hopeful observatioﬁs regarding PAPP~A_in
'_hypertenéivevpregnanCies;“ | |
’:Ffom the fiﬁdings pfesented’hgrg it is épparenf that SP1 or ‘
‘PAPP-Algbncentratiqns have little to offer in the monitoring, 
of placental function in hypertensive pregnancies. HPLviéf'

likely tojremaiﬁ the mainstay therefore.

8.2 Diabetic Patients

8.2.1 ,kggjggjngE o

The advent of iﬁsulin therapy for diabetics meaﬁt that more
,:; diabetic women reached childbearing age. The pfegnant |
diabétic however posed ﬁany problems. _ She-Qg$ at fisk §f
déveloping ketoacidbsis,vthe foetus was at risk of~conéenital
mélformation‘or intraﬁteriné death.v If delivered suécessfuily,
kthe baby often encounteréd problems df respiratofy'disfreés
and hypoglycaemia. |
FWith_improved preparations of insulin, improvéd diétarﬁ inst-
‘ruction and obstetric care many of thesé problems-are‘no longer
as serious;v ‘Howevef most obstetriciahs still monitor fheir
prégnant diabetic patients'very'cloself.
| ~There is howevei no consensus o§inion‘oﬁ what¢1evels offhfi  v
represent “nbrmalitj" fbr'the'diébefic.  Thereihaié'also been
. links suggestéd betweentspilaﬁd cérbohydréte metaboliémi(Tatra

1976, Singh 1979).

" The pdssible use of pregnancy proteins in monitoring diabetic

pregnancies still»requires further investigation.

8.2.2 Clinical Material

.27 pregnancies complicated by diabetes mellitus were studied,
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'Characteris’t‘icsi of Patients Studied

)

Table 8 III

Diabetic patients with placental weight > ,90th centile
Placental. Corrected - . Gestation Peak hPL | Peak SP1 -} Peak PAPP-A
Weight (g) | Birth Weight (kg) | (weeks) (mu/1) | (mg/1) ' o (1U/L)
1 689 3,39 38 15.6 | 331 199
2l 800 3.27 28 12.0 S262 70 -
3 820 3.27 37 11.5 568 115 -
41 1000 - 4.18 1 38 11.2 687 . | 15k
-5} 700 L.03. 38 b4 267 68
6 730 2.64 26 11.6 392 225
71 750 3.3 26 12.8 634 164 -
8 630 2.43 37+ 12.0 - 155 55 .
91} 9% 3.74 38 6.3 486 114G
1] 860 3.63 37 10.3 527. 117
- 11 670 4.18 28 7.6 483 163
‘42 840 3.69 38+ 9.2 377 97
13 | 700 3.26 38 9.0 . 233 177.
"b)  Non diabetic controls with placental weignt ” 9(){:h centile
1 680 3.43 394+ 8.2 276 37
3 770 . 3.71 Lo . 9.7 287 90
ok ‘900 - 4.16 38 9.5 433 244
51 69 3.10 Lo 10.4 210 113
.6 775 3.17 Lo 7.7 289 - . 96
7| 765 L, 21 Loy 6.5 123 109
8 590 3.50 37+ 8.6 400 141
9 920 3.58 39+ 9.0 125 101
10 | 8oo L.o3 Lo 9.9 324 128
11 | 650 3.23 L399+ -8.0 376 - 78
12 775 3.07 R} ' 7.8 287 140
13 770 3.71 Lo - 9.7 269 88 -




Table 8 IV
‘ Characteristics' of Patients Studied -

'a)  Diabetic patients with placéntal weight £ 90th centile

Placental Corrected =~ | Gestation | Peak hPL | Peak SP, | Peak PAPP-A
Weight (g) | Birth Weight (kg) -| (weeks) . | (mu/1) (mg/1) (zo/wy
-1} 420 3.4 38 6.8 | 437 - 8h
2| k%0 3.30 . 37+ 159 130 1 78
3| 620 2.77 37+ 9.6 362 | % .
4 | 600 3.05 37 6.0 470 27
5 | 610 3,40 38 8.8 - 485 196
6 | 40 2.20 37 16.9 326 70
7 |50 3.72 38 7.8 36k 1120
8 158 3.75 138 5.1 279 129
9 | 6% 3.06 38. 5.2 555 | 9
“10 | 520 2.92 38 6.3 202 181
11 | 620 2.93 4o 9.7 ko5 | k2
12 | 640 3.59 37+ 6.8 183 g9
-13 | 530 3.13 37+ 5.3 213 122
14 | 580 3.66 ‘ 7.1 475 . 1 38

b) Non diabetic controls with placental weight < 90th centile

1| 440 3.2 - 3% _ 5.4 306 130 -
2| koo - 1 .2.72 38 8.9 145 ) 129
.3 1600 2.94 Lo 8.1 166 -1 104
{580 2.80 4o 9.3 60 | 128"
5| 600 1 3.2 38+ 6.3 175 175
6 | 470 S 2.56 37+ 7.9 261 1128
-7 1 550 | 3.04 - 9% 5.7 181 1129
8 | s4o0 - 2.96 ko - 7.7 300 124
9 | 620 3.31 iR.Te) 6.1 204 91
10 | s00 2.98 394 7.1 216 B
41 | 600 3.2k 39 5.2 243 17
12 | 650 3.43 Loy . 8.0 300 107 .
13 | 6ko 3.77 4o 7.0 125 13
1% | 590 3.64 37 5.9 235 - 80
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Figure 8 iv  Birth weight_pf babies born to diabetic mothers
with placental weight > 90" centile ( ® = ) and their non-
diabetic controls ( @ ). The bars represent mean + SE.
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" Figure 8 v Birth weights of babies born to diabetic mothers
with placental weight < 90" centile ( O. ) and their non-
diabetic controls (- O ). The bars represent mean + SE.
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~Figure 8 vi = Birth weights of babies born to diabetic mothers
~ with placental weight < 90" centile ( O ) and diabetic ‘
mothers with placental weight > 90" centile( ® ). The bars
‘represent mean + SE. '
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. Figure 8 vii Birth weight of babjges born to non-diabetic
mothers with placental weight € 90" centile.( © ) and non-

‘diabetic mothers with placental welght > 90 B centile ( e ). The

bars represent mean + SE.



all patients being insulin dependent during,pregnancy.' A1l
were‘under the care of a single consultant obstetrician and
received normal‘clinicel care associated witﬁ_this condition.
Patients wefe‘routinely admitted to hospital for stabilization

of their disbetes, and most were delifered'prior to term either

by;syntocinon’induction or by Caesarian Section (LUSCS).

8.2.3  Analytical Methods
hPL, SP1 and PAPP-A concentrations were assayed as described

previously. ‘The birth ﬁeight and placental weight were recorded

at delivery. ‘

8.2.4 Numerical Analysis of Data

After delivery, patients were allocsted into oneiof-two‘groups

oﬁ the basis of tﬁeir placental weight being greater than or

less than ‘the éoth centile for their'gestation; Each’individuai?
was matched ~as closely as possible for placental weight to a
" non diabetic control subject. - For each group of diabetic
patlents therefore there was a correspondlng control group.
Y'The characterlstlcs of these groups are shown in Table 8. IIT
and 8 IV.  All birth weights were corrected for maternal ,
vweight and height (Thomson et al 1968). The-cofrected birth
weightS'of all baties born to.the:control group were all )-10#h

“centile for weight.-

- The presence of significant dlfferences between the groups was
tested by students t test, a 81gn1f1cant flndlng being taken

as PL0.05.
8.2.5 , Results.

There was no dlfference in the placental welghts of the diabetic
patlents compared with their respectlve control groups, so the

groups were well matched. Figures 8 iv = 8 vii show the birth
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Figuré 8 viii Peak hPL'c%gcent:ationS~in diabetic mothers
with placental weight > 90" centile ( B ' ) and their non-
diabetic controls ( @ ). The bars represent mean + SE.
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.. Figure 8 ix Peak hP%hconcentrations iﬁ diabetictﬁothers with
- placental weight < 90 centile ( O ) and > 90" centile
(.8 ). The bars represent mean + SE. '
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‘Fig 8 x  Peak hPL congentrations in diabetic mothers with
placental weight < 90" centile ( © ) and their non- |
- diabetic controls ( O ). The bars represent mean + SE.
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- Fig 8 xi  Peak SP, cggcéntrations in diabetic mothers with

placental weight> 90 ceatile ( ® ) and their non-
diabetic controls.( ® ). The bars represent mean + SE.
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Fig 8 xii Peak SP, concentrations in diabetic mothers with
Placental weights € 90" centile ( O ) and their non-diabetic
~controls ( O ). The bars represent mean + SE.
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Figure 8 xiii Peak SP co%ﬁentratlons in dlabetlc mothers
. with placental weights <90 centile ( O ) and diabetic
- mothers with placental weight > 90 centile ( m ). The

bars represent mean + SE. . '
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Figure 8 xiv  Peak PAPP-A" Bncentrations in diabetic mothers
with placental weights > 90" centile ( ) and their non-
diabetic controls (- ® ). - The bars represent mean + SE.
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- Figure 8 xv  Peak PAPP-A ¢ ﬁéentrations in diabetic mothers
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non-diabetic controls { O ).  The bars represent mean + SE.



weights for dlabetlcs and controls with placental weight > 90
centlle, dlabetlcs and controls wlth placental weight <'9D

. 'centlle, dlabetlcs w1th placental welght <-9O .centlle and
‘dlabetlcs with placental.we1ght_>’90 »centlle, aﬁd non diabetic
controls with placental weights < 90th centile compared with i‘
controls‘witﬁbplécental weights > 9b#h céntile. Only in these
s 1at£er'groupsAwas a sighificant‘difference'in bifth weights |

observed.

Figﬁre 8vviii shows hPL leiels in diabetics and confrols with 
placéntal wéights > 9dth centile. HPL. was significaﬁtly'higher o
in‘thié groﬁp:of diaﬁefiCS'compared with‘their non diabetic
controls (;><O;O1). 7 |
Figure 8 ix shows hPL levels in the two diabetic gréups (piaé- :
"eﬁtai weights <'90th centile énd >j90thVCeﬁti1e).  HPL cbn- -
centrations were highér.in the diaﬁetics’with the larger
placentas (p<0.01). However there waé no-difference in hPL |
fconcentrations-between diabetics with placental weights < 9oth
~centile and their non diabetic cor‘xt‘rol'sf(Fi‘g 8 x) .
| Figures 8 xi énd 8 xii show SPd levels in diabetics‘with pléc-‘
-ental weight$'> 90th'Cenﬁile cbmpared with those in theirvnon .
diabetic controls and in diabetics withiplacental_weights'< 9oth
~§enti1e~compared Qith‘thoée in their non diabetic éontrols,‘_' 
No differéncé_in SP1:concentrations‘existed when diabetics 
o wiﬁh placental weights > 90{?h centile weré compared with diabetics.
: wi.th"placental weights < 90 centile (Fig 8 xiii).
‘ No dlfference in PAPP-A éoncentratlons exlsted between dlabetICS'
with placental welghts > 90 centlle and their controls (Fig
8 xiv),vdiaﬁetics with‘placental weights < 90 centile_and
their controls (Fig 8 xv) or between diabetics with placental ,
" weight ? 9oth‘cen£ile' and_diabetics,with placen£a1 weight"<90th centile,_j
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‘ ﬁ»8;2;6 ‘Discussion

A considerable 1iterature now exists on the use ofisernm-hPL'
measurements in the 1nvest1gatlon of pregnant dlabetlc patlents.
1bLetchworth in a review (1976) reported that some workers found
that hPL was hlgher than in normal pregnancy whereas others
have.found:normal concentrations. . The value,oferL measure-
”3.ment,in asseséingvplecental function in the oiabetic‘patient‘
"remains nncertain. The results~obtainedvherevshow no signifi-
icant dlfferences in serum hPL concentratlon between dlabetlc o"
and non dlabetlc women w1th placental welghts <'90 centile.
In thls‘type of diabetic subject, 1ow hPL concentratlone euch‘

" as those reported by Ursell et al (1973) may 1ndeed be 1nd1c- -

. atlve of poor placental functlon.v

When placental weights were‘> 90 ~ centile a difference between ’f
'diabetics and non:diabetic eubjeots became apparent, the diabetics
- as a group baving higher sernm hPL ooncentrations. | However
the'birtb weights of babies born to diabetic‘pftiente were
"_similar in the two groups irrespective'of placental size; :This,_
is in contrast to the flndlngs 1n non dlabetlc women where - the S
~ women wlth placental welghts > 90 centile gave birth to bables '
whose birth weights'were significantly larger-than‘those in
Lwomen‘with smelleriplacentae.’ This is to be expected from the

correlatlon prev1ously found between placental and blrth welght.

- It seems therefore that there are fundamental functlonal dlfferf
ences between the hypertroph1ed placenta of the diabetic patient

and the placenta of equivalent weight in the non diabetic subject.

Although clinical control of the patients as judged by blood
glucose and haemoglobln Aqg was satlsfactory and -the outcome

of. pregnancy was satlsfactory, it may ‘be that the elevated
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the elevateu:serum'hPL.levelsfreflect,poorer’coutrol.es evidenced:

by the hyper-plecehtation; rather than good-jlecentalvfunotiou.

.ln cohtrast, serum‘vSP1 concentrations in‘both groups of dia- o

- betlcs were 51gn1flcantly hlgher than those in thelr respectlve
'control groups.» However no 51gn1f1cant dlfference was - found :

- between the serum SP concentratlons in. the two groups of

";dlabetlcs._i These flndlngs suggest that the hlgher SP1 cohceue‘

'1trat10ns in the dlabetlc are assoclated w1th the d1abet1c

B prooess,rather thah placental~mass. giv

o The metabollﬂnand functlon of these protelns are not under—tﬁ
 stood. - Both are released from the syncytlotrophoblasts
~but hPL has a half llfe of 15 mlnutes whereas the half llfe

of SP 1s about 30 hours. It is known that hPL has_dlabeto-

gemc propertles (Felig 1977). . This and the short half life

argues in favour of part1c1patlon in the 1mmed1ate control ofv;”

:carbohydrate'metabollsm. .

‘The relationship between'SP1 levels and carbohydrateﬂis
fequally unclear. Tatra (1976) found elevated SP levels _
after insulin 1nduced hypoglycaemla and Slngh (19?9) found :vt‘
' SP concentratlons above the mean in a number of patlents
showlng‘abnormal glucose tolerance.tests, Grud21nskas (1979)
'however-found 821 conoehtrations‘lying between the~80%
coufideuce limits. fGemmelll(1982)gfounu a wide soatter ofv
”SPi{concentrations 74% of,results,falling within the’normal .
renge. PR | e

All these studles however plotted SP1 cohcentrations'against
| the normal range. No attempt was made “to match patlents for |

. placental welghts agalnst non dlabetlc controls. This may

account for the flndlngs in thls study. It is interesting
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vere clinicalli‘well controlled;  Further investigation:
of SP1 and hPL measurements in relatlon to carbohydrate meta—

, bollsm are necessary

’Sutc11ffe et al (1982) and Lln et al (19?7) showed PAPP-A
: levels to be sllghtly decreased compared wlth non dlabetlc
v. levels, although in the 1atter study the dlfference was not
i51gn1f;cant. Thls study does not conflrm these flndlngs.v
.e.There‘was ao sxgnlflcant dlfference in PAPP-A-concentratlons i
‘,fbetween elther dlabetlc group and thelr non dlabetlc controls._ ,
2Slm11arly there was no dlfference 1n PAPP-A levels in dlabetlcs .
':compared with the overall populatlon. PAPP-A estlmatlon 1s

t’unllkely to be of use in monltorlng dlabetlc pregnancles.

whilst the findings relating to sp Lleveis“in.pregnant dia-‘

o betlcs are of interest, a wlder study is requlred before a N

- use- for thls proteln in monitoring pregnanc1es compllcated by
, diabetes can be reoommended.' HW;th the 1mprovement 1a dlabet;c,?o
care it may be7argued.that inteasive care ofbthe jregnant
dlabetlc is now less 1mportant. ;'NOnetheless‘mostsobstefriciansl

stlll monltor placental functlon closely in th1s condltlon.::
Prov1d1ng the constraints mentloned are borne 1n mlnd hPL 1s

*llkely to remaln 1n favour as a monltor of placental functlon.;
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CHAPTER 9

USE OF THE ONCODEVELOPMENTAL PROTEINS AS INDICATORS OF TUMOUR

ACTIVITY



9.1 Introduction

-~

The,abnormal ceiluiar,fuhction seen in néoplastic‘bells is
often reflected in_the elaboration ‘of the'onqo-developménfai:
proteins bybéélls‘which do not normally pfoduce‘them (ectopic 

'pfqduction),Or inbexceSSAQuéntifies by cells ﬁormallyvproduciﬁg 
tﬁem‘(eutoﬁicfproduction).‘

'_Uéé has beeﬁ.méde of a ﬁumﬁer-bf.these’proteins iﬁ diégnosié
,‘and'moniﬁoring of_aﬂfariety of tu@ours,for ﬁanj jears,‘in
‘ipartiqularihCé for choriocarcinoma and teraiéma; AFPAfof liver
tumoﬁrs»apd CEA for ?olonic tumours. .

It is éossiﬁle'that the more recently'diS§overed.oﬁcofoefal

,~éﬁ£igené'may offer an.advaﬁtage over‘existing:markers in terms

téf éarlier bfediction of reiépsé.v'bAltérnafively the$e antigens B
ﬁéy be effective as markers‘qf tumours which are COhVentiopallyv
regar&ed as mafker,negatife. : |

JThese‘approacheévwill be studied by considefétion of tesficulgr
‘teratgmas, for which’ccﬁventional markers ahd rgcogﬁizéd therapiés '

'éxist, testicﬁlar seminomas for which novconvéntional markers
éxist but fherapy‘iSQeffective,‘and ovafian caﬁeef for which |

no conventional markers exist and therapy is often.ineffeétive.»'

© 9.2 Methods of Assay

The oncodevélopméntal proteins AFP and hCG were assayed using 
- the methods detailed in Chapter 2. = CPAP, SP1vand PAPP-A were
assayed by ELISA as detailed in Chapter 3." The ELISA for_SP1
" was sensitized as deScribed and the assay for PAPP-A was sen-
sitized in a similar manner'ie'by prolonging the incubation
times, and omitting pre-dilution of serum samples.
" Details of the assay performanCes over the period of this study

- are shown in Table 9 I.:
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Table 91

~ The Oncbdevelopmental P
Performance : -

AFP

CPAP

SP,

roteins as :Tumourv Markers: Details of Assay =

HCG ; PAPP-A
Number of Assays 30 27 2 |22 | 12
 Mean QC Con- . 50.0 - 48.1 " 1.05 55.8 71.6
centrations iu/ml miu/ml in/i | pg/l iu/1
Overall Standard " : . : RS B '
Deviation k.5 2.4 - 0.16° 3.26 8.5
Coefficient of . R R
Variation . % % 15.5% 5.8% A1.9%
Mean Detection 3.4 2.1 0.12 5.6 | 3.6
Limit iu/ml miu/ml Ciu/1 pe/1l iuw/1
Normal Range 0-15 0-5 | o0-2.0 - -
' " iu/ml miu/ml iu/1




9.3 Invéstigétion of Oncodevelopmental Protein Concentrations

in the Normal Population

Fér‘céftéin’of-the analyfeé méaSurea, knowledgé_of thg,reference
; range already existed either from.prévious‘work (eg:férvAFP).in

| 'or’from this study (eg for hCG, CPAP) (Tab1e 9 i). . Hﬁﬁevéf,
when SP1 and,PAPP-Ablévels,werevéssaygd_in sera'from“a:gréup B

_of 1aboratory staff,,many‘ﬁere found to:havg cbncénfrationSi :

. beloﬁ‘the'limit of detection of the assays; " Assignment_of

;ia reference fangevcould.theféforé not bermédejiﬁ thé ﬁsual way:.
and discussion of'coﬁCentratibns of theéé.profeihs wili Be‘

ma&eiby réfe:ence to the detection limits (Table é I).}"

9.4  Patients Studied

9.4.1 Specimens from Patients

- As the intention was-to investigate»theto¢cureﬁce ofvceftain k
6ncodeveldpmentai proteins’in neoﬁlésia only patients on Qhom 
‘pre-operatife specimens were'avaiiabigwere inciuded in this
‘studj.. On Some patieﬁts,Aserial post-opérative specimens

iwere‘also obtained. " In some instancés,iinsufficient.saﬁple ”

~existed for the assay of all proteins."

9.4.2 Patients with Testicular Teratoma .

.25 patients were.inéestigated of which'7 were classified as
stage I, 6 as Stage II,3 as stage III and 9 stage IV on histo-
logical grounds. T | L

9.4.3 Patients with Testicular Seminoma -

13 patients were investigated. All diagnoses were confirmed.

by histology.

9.4k Patients with Ovarian Carcinoma
_Pre-ope?ative-specimens wefe obtained from 29 patienfs, A1l
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concentrations in Patients with Testicular Teratoma.

L - represents the upper limit of normal -

Ny ') - represents the mean detection limit :



Table 9 IT

Occufence of Pre-operative Markefs in Patients with Testicular
Teratoma S o : . . - e .

Patients | AFP | hcG | SP, | PAPP-A CPAP | Stage

PB - . +

FMcC

+ R | III (Died)
| o ~ Sl
+ T+ I

JS¢ . R
Jst : ‘ R R | IV (Died)
Av o * + + IV (Died) .
_ , | I
I
TMcN v 1 : ' ‘ : ‘ II
JB | - . . - I
| + | | - o III
o o I
g ' o II
+ IR - IV
' | | ~ IV
I
v
E
CIT
IIT

+ 4+ + + o+
+
+
+

= &
+
+
+ 4+ + +

+ +
+

=]
=2
R IR R R
+ + + 4+




tgmours werebefamined byvthe same pathologist in Qrdef to
ensute‘éénsiStency of.diagnoéis. 1 patients-kére sﬁffefing'
‘from'poorly'differehtiafed adenocarcinoma, 9 had pabillary |

' cysfadeﬁocarcinoma,.B had édenpcarcinomafé‘df endometriéid :
4£ype and 2 were borderline. There were élso 3 individﬁél
céses,1'6f maiigha#t teratoma,1 of granuiosa éell tﬁﬁouf andb
1 mucinous cystadehocarcinﬁma.'-»in-the‘final‘bafieﬁt a full

pathology report was not available.

‘9.5 Results

"9.5.1  Normal Subjectsf

. 3/25 (12%) of normal male sera‘énd 5/33 (15%) of normal female .
" sera were found to cphtain'SP1 concentrations above the mean
detection limit (5.6 pg/1).
For PAPP-A concentrations in normal sera, the figures were 11/2h -

(56%) and 13/24 (56%) respectively. .

9;5.2 _ Patients with Testicular Teratoma

‘ ,The éanentratiéns of the»vafious oncodevélopmentél §roteiﬁs =
kfbuﬁd in this éroup of patients pre-operafively»are Shbwn‘in“l 
Figure 9 i and Tablg 9 II.  One patien£ haa an elevated CPAP

, cpncentration, 72% of patients had élevatéd AFP andi68% o
;elévated,hCG‘(Table 9 II). On combiningIﬁheséiéonventional
ﬁarkers of tépafoma, 60% of patients showed elevétion of both
AFP and hCG. : The worst detection limit achieved duringuSPd
assaj for this group of patients was 7;8 pg/l;-iho% of patients
.‘rha.d'SP1 concentrations in excess of this.‘ Similarly, for.
VPAPP—A, 30% of patients had‘concentrafions excééding,the worst
detection limit which in the presentvcontext‘is taken as the

.. decision threshold. The use of serial marker assays in the

122



i'on(l‘

Marker concentrat

og- séale

1 Patient P B
107+ chemoR, lymph = clinical
s J ) node - J remission
. : V dissection ,
105}
=)
107}
.
10
.

"Pre 0 10 20 30 40 50 60 70
_=op Week's“posf-op

Figure 9 ii  Patient PB was a 21 year old with

- teratoma of the@? testis. . Following orchidectomy

he commenced chemotherapy. He was found to have ‘
retroperitoneal metastases and underwent lymph node -
dissection. ' He is now in clinical remission and
‘remains marker free. I ' .
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- Figure 9 iii Patlent SM was a 27 year old with teratoma
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Patient JS was a 32 year old with teratoma of

the(g)testis and lymphatic spread. Post orchidectomy he
underwvent chemotherapy and XRT, followed by a further course
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patient re@mains alive and well.
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Figure 9 v - Patient FMcC was a 19 year old with teratoma of

the@ testis. Following a course of chemotherapy, there was
evidence of recurrence and a second course of chemotherapy was
commenced. However the patient's condition deteriorated and
he died 40 weeks post orchidectomy. At post-mortem examination
evidence of pneumococcal meningitis was found together w:Lth lung, :
liver, and para-aortic node metastases.
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Teble 9 IIT
AKOccurence of Pre-operatlve ‘Tumour Markers in Patlents )

with Testlcular Semlnoma

 Patient | AFP | hCG | CPAP | SP, | PAPP-A
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‘Table 9 IV.

" Occurence of Pre-operative Markers

- Patient

| AFP

hCG

CPAP

in Patients with Ovarian Cancer

PAPP-A

SP, Diagnosis
~JMceC ¢ : + . 'Cystadeno Carcmoma o :
MG . + + + Papillary cystadenocarc:.noma
© ABi B + + Papillary cystadenocarunoma
AM + + |+ ‘Endometrioid -
" GMcF + + T+ Papillary CVstadenocarc:.noma '
MG + ' + Borderline
AMcC + + Adenocarcinoma
. MMcD + -Adenocarcinoma.
EB. o ~Endometrioid’ .
AF | ~Papillary cystadenocarc1noma “
cCc . Adenocarcinoma
MSm + ‘Mucinous cystadeno‘carcinoma
MSi : - Papillary cystadenocarclnoma }
MB + o " Borderline
MP i + + Papillary cystadenocarc1noma .
- JH : " Poorly differentiated adenocarcinoma -
BB + ,  Poorly differentiated adenocarcinoma -
ABr o+ + Granulosa Cell Tumour .
. EM + + - 'Endometrioid R
1J + . + Papillary cystadenocarcmoma :
.MM + ~ Adenocarcinoma
HB + + + Adenocarcinoma
Ic ) Malignant Teratoma _
MF Papillary cystadenocarcinoma
" WS Papillary cystadenocarclnoma P
" EHi + Adenocarcinoma - )
EHu - - - - Adenocarcinoma :
MD Papillary cystadenocarcmoma s
MG - .

~ Adenocarcinoma -

S g il
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monitoring of patients during and after fherapy are shown for

L patients in Fig 9 ii - 9 v.

9.5.3 Patients with Seminoma:.-

- No ﬁatients exhibited elevated'AFP.concentrations prior to
therapy. Concentrationé of otheér opcodevelépmentai proteiﬁs
pre-operatively'areshown in Fig 9 vi and Tabie 9 III. 2%%
of patients had elevated hCG concentrations, 38% had eieVéted
' CPAP concentrations, whilst 69% and 30% respectiﬁely had

: elevatéd SP1 or PAPP-A. = Few patients ﬁad.elevated markers>
in cémbination (Table 9 II). Serial results from 4 patienté

are shown in Fig 9 vii-9 x.

9.5.4 Patients with Ovarian Carcinoma

The results obtained in this group of patienfs are shown in
Fig O xi énd Table 9 IV. No patients showed elevated hCG

concentrations and in only 2'patients'were there mild eleva-
tions of both SP, and PAPP-A and 21% glevation of both CPAP
and PAPP-A. Only 14% had a raised CPAP in conjunction with

a raised SP,l concentration.

Serial resglts from 3% patients are shown in Fig 9 xii -9 xiv.

9.6 Discussion

9.6.17 The Normal Population

The detectiqn of oncodevelopmental proteins iﬁ the sera of
normal subjects is largely due to improved assay sensitivity.
Whilst the presence of AFP, hCG and:éPAP in the. sera of normal
subjects is generally accepted (Ruoslahti and Seppala 1971,
Borkowski and Muquardt, Haije et al 1979), the situation is

less clear regarding SP1 and PAPP-A.



Detection of Sg1bin the ngn.pregpggt'sﬁbject has been reported
(Anthony et al 1980 b; Tatarinov 1982). The proportion of
subjects dependsvupon tﬁe sensiti§ity of the aSséy. In the
present study SP1 concentratlons above the mean llmlt of
detectlon ‘are found in approx1mately 12% of males and 1SA of

females.

‘Figures héveibeenireportéd‘for PAPP-A in a ﬁoﬁ pregnant pop-
Wlation. Bischof et al (1981 b)  detected PAPP-A in 100%
~of hén pregnant women.  The detection ‘rates pré§ented here‘
whilsf not és high asv£h§se of Bischof, could be consistent

- with a later ?ostulatefof éxtra;placental production (Bischof

et a1l 1982, Duberg et al 1982).

‘The fact that‘PAPPfA was detected in male serum suggests that
afsource other than decidua or eﬁdometrium is responsible for
at least a proportion of the protein.. It may be that PAPP-A.
has been fortultouslv de51gnaied as pregnancy a38001ated

rather than pregnancy specific.

9.6.2 Patients with Testicular Teratoma

L teratoma is a tumour composed.of various tissues‘chaotically
arranged aﬁd usually of the most diverse types, with no relation
‘to the site of origin (Muir 1980) .  Malignent teratoma of the
:testls accounts for 1% of all malignant tumours in males° The
incidence appears to be increasing and until‘recenyly they
renked as the most common fatal cancer in men aged 25—54‘(New~
lands at al 1983). However new chemotherapeutic regimes have
greatly improved the outlook for the patient with testicular

teratoma (Hainsworth and Greco 1983) .

The availability of tumour marker assays is regarded as an

essential component of staging workup and follow up of these
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patients (Hainsworth and Greco 1983) .  Furthermore multi-
variate analysisyhas shown that the strongest predictor of '
Asurv1val is not the cllnlcal and radlologlcal extent of the

dlsease, but the 1n1t1a1 serum concentratlon of hCG and AFP

(Newlands et al 1983).

The occurence. of elevated hCG concentratlons ln 68% ef patlents .
" and elevated AFP concentrat1ons in ?2% of patlents wlth teratoma
found in thlS study‘are in aceordance with prev1ously published

. data (Eraanstein et al 1973, Blacker,et'al 1981, Waldmar‘and"'
HcInt1re 1974)*. "Differing'positivity~ra£es Qﬁofed by varioﬁse"
groups are related to. dlfferent patlent populations and assay

'procedures.v

, Successful eradlcatlon of the dlsease results 1n decllne of these:j‘
markers to w1th1n the normal range (Patlent PB Flg 9 ii), and .ﬁ
' ethey remain normal unless there is reeurrenee of the disease -
as Qifh patients»JS ahd FMcC (Figs 9‘1& and v). On the grounds l:
-of rlslng hCG concentratlons (there was no clinical ev1dence
of tumour recurrence) Js recelved further ehemotherapy and
'eventually went 1nto remlsszon, remalnlng allve and well. In
_this case hCG estlmatlon allowed early recommencement of'treat-
ment whlch would have been delayed had the clinician walted ,
‘until symptoms ‘were apparent. These conventional marker levels
VNmust hovever be interpreted with cautien. .The‘decline in AF?
‘and hCG observed .in patient SM (Fig 9 iii) .indicaté'q that the
‘tumour had been successfullyleradicated.l However in this case
~ the terateaa had‘differentiated to form an adenocarcinoma with

no evidence of yolk sac elements and this later tumour was marker

negative for AFP and hCG;Ze
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. there is a 1ower p051t1v1ty rate for elther SP

" It is apparent-that for patients with teratoma, hCG and AFP -

are useful markers. The question remaining is whether alter-

native markers willAbe more useful. The results show that

1 or PAPP-A than

for hCG or AFP. AThus nelther SP1 or PAPP-A'are llkely to

replace conventional markers for initial disease workup. In
. . : Ty

| only 2 cases (patients 9 and 15) were SP, or PAPP-A elevated fv.‘

above.the deteotion limit without concomitant rise in hCG or

 AFP.

Concordant elevatlon of hCG and SP in patlents wlth testicular -

1

teratoma has been reported prev1ously (Blacker et al 1981 Lange .

et al 1980). - It is further reported that SP is elevated only

1

1n a small percentage of patlents who do not have elevatlon of

: conventlonal markers (Lange et al 1980). This flndlng is in

vhaccordance w;th the results obtalned in the present study.

In the patients under study who showed elevatedSP1 or PAPP-A

"levels prior to surgery, the possibility of improved lead-in

" times using these markers remains open to question; 'In most

cases neither SD1 or PAPP-A concentratlons rose 51gn1f1cantly

in advance of conventlonal markers.~

Occasionally, however,'riSingTSP1jorfPAPP-A would have allowed

‘earlier'clinical_intervention (patient JS). Even withvlater
.intervention,bclinical remission was still achieved and it is
therefore arguable whether estimation of these alternative markers

‘offers therapeutic advantage.

' Opinions on this subject vary. Lange et al (1980) in a small

number of patlents found SP levels prov1ded useful cllnlcal

information not. given by hCG or AFP. Blacker (1981) also
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suggested use df 5P, assays in this situation but statéd that‘
elevated SP1 lévels were generé}ly'accompanied'by elevated hCG,
v which would tend to negate thg use of SP1;' It;seems unlikely
thatrthe use of hCG and AFP in monitdriﬁg therapy of patients
vwith testiéﬁlér teratoma wili be repiaced by assay of SP

101‘

PAPP-A.

9.6.3 Patients with Seminoma

Seminoma is the éommoneét-malignant tumpur;éf thévtestis (Muir
1980) comprising about 40¥% of testicular germ cell tumours.

As these tumours are remarkably radiosénsitive,nradiotherapy'
is the treétment of éhgice. ‘No pafient vith seminoma should
exhibit raised AFP coﬁcentrations because. there are.no.yolk
sac elements;-and'only 5-10% of patients have raised hCG con-
centrations (Hainsworth andvGreco'1983). There is a‘need for

a reliable marker in patients with seminoma,

Recent evidence suggests that an alkaline phosphatase having
properties of the placental isoenzyme exists in normal testicular
tissue and may be useful as a marker for seminoma (Paiva et al ~

19832) .

38% of patients in this study showed elevated CPAP pre-operatively.
:This occurence is lower than that reported by other groups (Jepp-
'sson et al 1983, Javadpour 1983, Paiva et al 1983; Lange et al
1982).  Strict comparison with these results is not possible
as.other groups have measured protejn concentration rather than

enzyme activitye.

Two of the 5 patients in whom CPAP was raised before operation
demonstrated an abrupt fall in CPAP activity after treatment

to within normal limits; these patients remain alive and well
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at'§0 and 6# weeks aftef operation. ‘No further samples. have
been assayed on these patlents (JMcG and JC F1g 9 vii and v111).
In the third ‘patient’ patlent Gw (Fig 9 1x) there was a sllght
increase in CPAP after operatlon. Elght spec1mens were analysed'
over the follow1ng 60 weeks and all remalned elevated or at the |
upper limit of the reference range.  These flndlngs may represent
a comblnatlon of blologlcal and analytlcal varlablllty in a sub-
".Ject whose CPAP is normally at the upper,extreme.of the reference
 range. %ﬁpmnmehommmsﬂwem&wnef%ywm
pestfoperatively. : CPAP'ectivity in‘tne fourfh patient (GB

Fig 9 x) remained elevaﬁed‘foffmeny weeks_aftef_operation and
‘ radio£herapy.  Although eventually CPAP activity fell to within
normal limits, subsequently an increese_was'defectee.and'thev

petient died. . Secondary deposits were detecfed'at autopsy.

‘No further spec1mens have been received on the flfth patlent

with pre-operatlvely ralsed CPAP.

The 8 patients with normal CPAP activity before operafion remain

 alive and well.

'Onlj 3 out of 7 petients‘had raised serum hCG,ceneentretions:
2 of'which'eled_had a raised CPAP'ectinity.- Similar reeﬁlts‘
heve been répérfed by Lange et al (1982).  The significance |
of tne raieed hCG is the subject of some debate‘but,nayeindicete
‘that these patients have a mixed tumour rafher fhan a pure eem-'-
inona (Cocnran 1976, Kuber et al 1983). There is insufficient
data to decidebwhether or‘not serum hCG (Qhen,preeent)-reflects
- the clinitalieeurse of the disease more accurately than CPAP.
f Lange et al (1982) were also unable to decide upon this point.
PAPP—A.concentfations Were‘ebove theyassey detection limiﬁ in
L/13 patients, ofvwnich 3 also had raised CPAP. -’In;patient

128



 JC (Figure 9 viii), PAPP-A concentrations mirrored CPAP. In

 patient GB, PAPP-A declined to below the detection limit and
"_remained there'despite‘clinical evidence of progression of dis-

ease. .

Conversely, in patlent JMcG (Flgure 9 v111), PAPP-A levels decllned

1n1t1ally but became elevated again. - ‘Desplte thls flndlng,

_the patient showed,no 81gn of.progressionlof‘disease. ‘

In a fourth patient PAPP-A'declined'to'below the assay detection
limit post'operatiﬁely; the patienf_showed no signs of.progressioh.l
69% (9/13) of @atients had SP1 concentratlons above the mean
~l limit of detection.v‘ However, of these, 6 vwere close to the
mean assay limit of detection and-must bexlnterpreted with caution
due to analytical noise. - Only 3/13 patlents showed. 51gn1flc—
ahtly,elevated SP1 concentratlons, 2 of whom also had elevated '
CPAP.

"In patient JMcG,'SP1‘levels show a similar trend to PAPP-A and
'~do'hot correspond with the patients clinical condifion;"

No further specimens were received on the seeond-patient with -

elevated SP1 and CPAP.

SP1 concentfations in the patient»with no concomitant rise in -
CPAP,ideolined‘to eormal post operatively and remained thus.
The'patient.remained well with no sign'of residual disease.
Lange et al (1980) in a study of patients with»seminoma found .
elevated SP in some cases usually w1th a corresponding,elevation

1n'hCG.- Szymendera (1983) showed 51m11ar results, but neither

~‘of these authors clarified the usefulness of the test.

. From the data presented here it seems. that SP is unllkely to

»be of value in monitoring patlents wlth semlnoma, as it is
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elevated invonly a small proportion of patients and usually
in combination with CPAP. Frém initial investigations CPAP
appears to be the preferable marker now that a simple, sen-

‘sitive and specific assay is available.

‘9.6.4 Patients with Ovarian Carcinoma

i Because of its histoidgiC'complexity, the ovary gives rise
to Eenign and malignant tumours of epithelial, stromal and
germ cell origin (Young et al 1982). 1In the post-menopausal

‘woman, germ cell tumours account for only about 10% of cases.

The major prdblems in d;agnosis and treatment of ‘the épithelial
group have been the_eariy spread of the disease coupled with
the lack of early signs‘and symp{oms accounts for thg fact
that mbst patients already have spread throughout thé.pErit;

oneal cavity when di2gnosis is made (Lewis 1983).

Furthermore until recent years there has been a lack of tumour
markers reported for most cases of ovarian cancer other than

hCG and AFP for ovarian teratomss.

In common with other groups, (Koh and Cauchi 1983, Cauchi et
al 1981, Haije et al 1979), the results obtained here show
that AFP or hCG estimations are of little value in diagnosis.

and monitoring of ovarian cancer.

“However, the other antigens investigated appear initially to
offer more hope for following therapy. Llevated levels of
SP1, PAPP-A and CPAP were found in about 1/3 of cases, although

not necessarily in combination.

As in previous cases, the positivity rate is too low to assist
in disgnosis.  This leaves the possibility of using these

markers as indices of treatment and progression of discase.



Evgn this may not be feasible for PAPP-A because of the wide
scatter of concentrétions_found in normal female Subjects (Fig-

‘ure 9¥). Thus in patient AB (Figure 9 xii) rising PAPP-A
concgntrations ﬁight suggest recurrence of disease. ’All clini-

cal evidence is against this. Similarly although the SP1

still reméins detectable

level declined post-operation, SP,

in this patient's serum. -
'Patient'EM'(Figure 9 xiv) has evidence of recurrent disease.
~.Unfortunately no further bloodvspedimens were received fromf

1

this,patient. It is possible‘that the.elevétion of SP
20 weeks post operation might have been the:first‘evidence

at
rlof recufréncé.v "However PAPP—A andvspilweﬁéyboth elevated_  ;
’pfiﬁr to opéfaéioh, bufrshdw divergehce at 201weeks;‘ :It‘is
‘eéﬁaily likélj théf the SP1 elevafiqn:ié entifely sﬁuripusf -
Similarlpatterns»areievident in other patienté_nof‘discussed “_t
bin.detéil; - It seems uhlikely therefore that‘éither PAPP-A

or SPd‘reflecf tumgur méss or'fecurrence;’ Bischbfv(1982 c)
vréached the samevconclusion regérding the use of PAPP-A ih' .
nbnffophoblastic tum&ﬁrs. o
The usebéf CPAP in ééfients with hbn éerm ;ell.ovarian.cancer |
has been suggested by Kelien étval'(1976).  A1£hough‘theif
dafa may be criticized in that the blood Specimens taken‘Wére -
pést 6peration, the incidence of positive sera (35%) accorded
well with the~indidence for pre-operative specimehs ?resented

. here.

However as with SP1'and PAPPQA, CPAP levels do not seem to
correlate with the course of disease for-mostipatients in this

study eg patient MB (Figure 9 xiii).
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- From the résult§ obtained so far it seems unlikely that any
of fhesevproteins will be of value in following disease in

" 'patients with ovarian cancer.
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CHAPTER 10

GENERAL DISCUSSION



The discovéry oflén inqreasing number of'ohcoedévelopméntal
pfqteins (Klopper 1982) posés proﬁlems for both clinician and
‘biochemist. | ey | |
}Clinicél iﬁtereét in these proteins is diverse;’ Firétlj
tﬁe obstetricién wishes to knby_whethér the ﬁeésurement;of'
tplacental profeixis w’illvaid his inanagemen't of ’the pregrant
patient. Secondly the oncologlst requlres a marker of tumourv
i.act1v1ty both to aid in dlagn051s or progn051s of- dlsease and_
i to act»as an index pf-tumour regress;on durlng,therapy.
None of these functions can be fulfilled until the biochemist
has devised a’sétisfactory.a$say for=the‘proteih in question.
'The’assays_of éhoice have beép based on immunologi¢al techni-
ques; Whilst éérum'concentrations of éome‘placéntél proteins
- can be measured by relatlvely insensitive techniques such as
1mmunoelectrophores1s, radial 1mmunod1ffu51on.or_nephelometry. '
(Schuitz—Larseniet:al 1979),1. there may'be'a necessityifof‘
greater - sensitivity (Pledger et al 1981) and many groupsbhaVe-
dévised radioimmunoaséays for these.pfoteins.‘ Whiist widél&‘
ﬁéed, radioimmunoaséay is not a perfect tooi'and the problems
éssociated,ﬁiéh it_ied to alternative syétems being de&eldpéd,
such as the use ofvenzymellabeis'aé described'by Vah'Weemen
énd‘Schﬁurs.(1971) énd Engv311 and Perlmann (1972); , |
;ELISA made'rapidAinréads in certain areas‘;f laborator&'med- ‘
icine notably baéteriology and virology Qhéfe it was ideally

 suited to detection (if'not quantification) of antibodies.

Clinical chemlsts however have been more retlcent about its
use and RIA still plays a major part in spec1f1c protein assay.
. Part of thlsbretlcence may be explained by the fact that_

ELISA:has certain problems associated with it. As RIA was
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' already in use it vas felt that changing assay systems (with

capital expenditure involved) was not justifiable.

However, invéstigatidn of the factors involved in ELISA
should make possible the more rapid development of improved

assays.

Some RIA was already in use in this department. Where suit-
able assays existed, the associated parameters were investi-
gated to ensure their continued suitability for use in this

study (Chapter 2).

. Where it was necessary to‘design assays for proteins not prev-
iously measured in the department, ELISA was used (Chapter 3).

An assay for SP, was used based on that originally described

1
by Macdonald et al (1979). This was further investigated
to allow a more sensitive assay for use in monitoring SP,i

as a tumour marker. At this stage problems with the SP1
content of normal serum became apparent, necessitating experi-

ments to ensure removal of endogenous SP, from standard pre-

1
parations (3.5). Cloée investigation of Macdohalaév éssay

and the sensitized assay showed .them to be suitable for clinical
use. ‘

Based on similar principles, an ELISA. for PAPP-A was developed.
.Aggin investigation of this showed it to be suitable for'measur—
ing PAPP-A concentrations in patients' sera. " In tpé course

of assaying patient samples for PAPP-A it was noted that haem-~
olysis causedvinterference. Investigation of this effect
showed it to be specific to‘PAPP—A and it was concluded that
only non-haemolyzed specimens should be measured. This was

in addition to observations made previously by other groups

Tor the collection of specimens for pregnency associated protein
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‘assay (Toop and.Klopper 1983, Sutcliffe 1982)..

Elevated PAPPaA'coaCentrations were'fooodlin a'proportion‘of .
samples from non pregnant‘patients as had‘already been noted
for SP1; The'source of these profeins in non pregnant’normal
' suojects remaihs uncertain, but‘a nmmber'of possibilities have
been’suggested (Bischof et al 1982 a/b, Bischof et'al 1983,
"Dﬁbergvet al 1982). The recognltlon of detectable levels

in normal subgects is probably a functlon of assay sen51t1v1ty.A
,Whllstethls‘ls unlikely to be of 1mportance in the appllcatlon -
of therassays-to the:monitoring.of placental function;‘where
conoentrations are.considerably elevated,vit may cause problems
where they are used as tumour markers. =~ The ELISA methods

for’SP and PAPP-A and the immunoenzyme technique for CPAP

1
~have been shown to be sultable assays for the measurement of
- these proteins; all of the assays may be adgusted to tallor

the detection limits and assay range to the cllnloal requlrement.’

Whilst problems spec1f1c to assays for these protelns were -
vlnvestlgated in thls the51s there are however also dlsadvantages
common to all sandw1ch ELISA. ‘ The glowlng descrlptlon given
by Hoskings (1982) would at first s1ght seem toylmply,perfectlon, ;
Are these problems sufficientlyvgreat to significantly disad-
vantage ELISA in favour of RIA?

The effect of differing proteih matrices on performance has
already been alluded to (3.5.4) but this is also common to :

 many RIA's (Hunter 1972, Hunter and Bennie 1979).

Microtitre plates form an ideal method of deallng with a large

number of spe01mens in a single batch and have proved to be

BN superlor to varlousvplastlc beads in terms of antlbody coatlng
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' qualities. ’.Hovever, some Qarietion between differentetjpes ;
.ofbplate has been noted..:.Each‘ofIthese obser&atioﬁs has
- implications for the SenSifivity.éndeprecision'of the final

. assay." | | |

~ In common w1th prev1ous observatlons (Engvall and Perlmenn
1972, Lehtonen and Vllaanen 1980) a leakage of bound antibody
1*from the mlcrotltre plates was found.A Thls effect seemed

' to depend partlally on the proteln concentratlon in the teet R
matrlx., However, a reasonably hlgh proteln concentratlon |

"wes found to be adv1sab1e in order to reduce non spec1flc

| binding. When‘des1gglnngLISA systems-investlgatlon qfvthe  _‘

‘time course of reaction is essential.

The'iﬁpoftance-was emphasized:by‘the_occﬁfencebef an excessb<
'eetigen’effeCt'(h 9) possibly akin to the "hook reported

‘by Engvall and Perlmann (1972) and since recognlzed in immuno-
radlpmetrlc assays. ' The effect seen in ELISA seemed to depend o
oﬁly on antigen'concentratlon. Once such problems have been
observed aesay design ﬁay.be modlfledblnvorder to 01rcumvent
tﬁem; All of the.ﬁroblems enceuntefed in ‘this study were
overcome by such modlflcatlons. It therefore seems poss1ble
that ELISA can be a v1ab1e alternatlve to RIA for the deter-
mlnatlon of oncodevelopmental~prote1ns. -However, it is essential
'thatfsohe form of data reduetion,is'available for:the routine
application fe’patient careQ Ihvestigation of several assay
'sjstems,(Chepter 5) showedvthatbmethods already in use for |
RIA ceﬁld be,applied with only'miner alteration to ELISA.
The‘use of these in conjﬁnction with the'microtitre plate
format‘ofbtests allows fhe processing of large numbers of

specimens.
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It is suggested,thaf'as>iaboratory eqnipment associated with
- RIA becomes due for renewal, biochemists should seriously

consider the use of ELISA for certain analytes.

However the»clinical-chenistry lahoratory'does'not‘exist for‘
its own edification. _Whilst ELISA and RIA have been shown
to be v1ab1e test procedures, the prov151on of any test should
e be dependent on’ c11n1ca1 need.r The_questlonvmust be_asked_,v
: as to whether ana1y51s of the onco4developmental profeinstcan"
'provide nsefnl adjunct invdiagnosis and'management of patients."h
‘ Qhat crlterla must be applled 1n order to assess thls usefulness° p
‘All too often, llttle thought is applled to this concept.
For many years che concept of«a 'normal_range' has_been applied »
'ralthough this has many 11m1tatlons. " Perhaps the t1me has
come to adopt Galen and Gamblno s phrase (1975) and to progress
'beyond normallty « . This approach makes no prlor assumptlons
,about the dlstrlbutlon of data, is appllcable to any type of -
‘test and more 1mportantly prov1des a common basellne for mean-'h'
1ngful-comparlson.y vHowever under thls.crlt;cal examlnatlon,
test performances may notvseemnas‘perfect:as weeoften think.
The use of muitipa.ranletric tests in the field of diagnostic k
oncoiogy has been proposed hy a.number of authors\(Schwartzl
1973, Sussman et al 1975, Cooper et al 1975)-- aProblems with.
the assessment of normallty in thls s1tuatlon have beenv‘
..',alluded.to (Weldon‘and Mackay 1972). Applylng Galen and"e
i'Gambino's approach (ﬁ975):the faliacy of multiparametric
'dlagnostlc testlng becomes apparent' the predictive'value
of a pos1t1ve result in these c1rcumstanres can be so low

~as to be useless.l'

.137



The battery‘test'approach maj be of uSe in order to find a
’positive.tumour-marker for following resbonse to'therapy in
an 1nd1v1dual patlent. Test selection must be made carefully

in this 1nstance 1f the procedure is to be cost effectlve. |

,A nnmber of blochemlcal tests of placental functlon have been" v
proposed (Wllde and Oakey 1975)- Interpretatlon of the resultsﬁ |
of these must be made agalnst the background of ‘a population -
151m11ar to the one under 1nvest1gat10n. For this reason a~b

' study.of normalrpregnan01es was undertaken.,‘lRather;tnen eval-
uate the ueefulness of the'teets against:a‘oroad snectrum of
problems;vspecifierespects onlj were investigateo.

Apblieatlon of the fechniques of Galen and Gambino.(1975) was :"
used in this thesis to assess the usefulness of hPL estlmatlon‘
‘in detectlon of IUGR and the continued use of hPL estlmatlon‘
for detectlon of TUGR and conversely for'reassurance in patlents
 thought to have IUGR can bevrecommended'(Chapter'?). : SP1
- and PAPP-A appeared to belof little'use in these situations.
Whilst‘there is inoreasing nse of ultrasound and’CTG,esknon; -
invasive mefho&e of measuring placental function; it is inter-
- esting‘that,a'recent‘document reported'ﬂno consensus thatk
routine ultrasound‘Zie‘soreeniqg7....; iméroved perinaﬁal
outcome oredecreased norbidity and nortality“ (Leader, Léncetl
_ﬂ984). “The continued measurement‘of nPL ooncentraﬁionsAto
aiagnoee end'eseistnfhe management_of LFD‘pregnanoiee seems
worthwhile;' | |

: Whilet'eclampsia is»seldom‘enconntered in modern obstetric
practice,’pregnancy induced hyperteneion'(pre-eclampsia) is
.still reletively'common.' As there are implioationsefor both
_ mother‘and foefus)early detection_and continued monitoring
are.rital. The'report by Hugnes etlal»(l989) that PAPP-A
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levels were eleyafed in women who went on to dévelp?’PIH'
_suggeste@ thaﬁ this estimation may pro§ide a suitable Screening
test. Tﬁe findipgs in tﬁié thesis however do not‘support

this claim. Possible reasons fof‘this are diécussed in
Chaptef 8, but the use ofrPAPP-A‘iﬁvtﬁiSYCOntext mist be
Ar\egarded c;riticéliy. | o | |
Again, oﬁij ﬁPngave'ievels which differed ffomlﬁatients-withb
ﬁormal preénancieé and tﬁisifindingvmay be reléted to the -
_1oﬁefvplaqehtal-ﬁeight f9und in thg hypéftenéive_motﬁers and
,itfis_quéstionabie vhether cdmpariséﬁ with the:refefénce range
: is strictly correct." S |
Avsimiiar-problém’exists in inferpretation of pPﬁ rééults in
'digbétic pregnancieé‘(Chaptér 8). » | |
From ﬁhe‘daté p;esented in this fhééis a teﬁtative link between
SP1 and carbohydrate metabolism was dfawna ~ Since most pregs:
nant diabetics ére now well.stébiiized, gross abnofmalities

of placental function are rare and studies to further‘testf‘>

" these theories‘wouid be time. consuming.

Despite the deficiegcies, it,éeems tﬁat measurement of‘hPL
cohcentrétibns Qill continﬁe-for the forseeéble future. Use
‘of othef_piacenfal_éroteins for the monitoring of pregnancy'
" remains uncerfain. ' |
If a‘biological_function exists for these prbteins.it is un-
~ known. 'Whilst horhohal effécts_havg‘been proposed for hPL,
involvement in fhe immune system for PAPP-A, definite proof
héé yet to bé presentéd.. The reason f6r the occurence of
theserffoteins in many non‘pregnaht subjects AS'ﬁell as in

greater concentrations during pregnancy remains a mystery.
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Are the recently discerred_oncodeveiopmentel_preteiﬁs likely
to be:of;use in oncology? .Despite'the enthusiasm of some
ksuthors (Bohn‘1980c), this study does net hold out’any_great
hope for their use. » The<existence of defeetable‘leveis,df
,most oncodevelopmental protelns in at least some of the pop- 7
; ulatlon decrles the1r use~1n d1agnos1s. Other than the use
of CPAP (Chspter 9) littie-extra'iﬁformstlonbwould be galnedlﬁ
in assaying.serialssamples for.#srieus onebdeveloémenfalbpre-'
teins.  There is littlelte_wsrrant their roufine apflication -
‘in oncology. . | | |
Although thesproteiss'studied in:thithhesis seem te'be of .
rlessvvalue,than"cosventional ﬁarkers“insthe'monitofing'efs"
placental function or tumour activity, it is possible that’f"
‘osherenewly diseovered 'plaeental!'ﬁroteins.arevwertgy of

study as possible'monitors of placehtal’function.

Does the ideal tumour marker exist? If it does, it has not
been found among the protelns 1nvest1gated here. However,'
-the introduction of antlbodles ralsed agalnst tlssue specific
antigens- (Bhattacharya and Barlow 1975, Bast et al 1983) may :

~ hold hOpe for the future.'h

The search for tumour markers w1ll contlnue and tlme alone w1ll '

‘reveal the usefulness of newly d1scovered markers.
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 APPENDIX I REAGENTS



1. General Reagents

1)

ii)

iii)
Civ)

 , v)

vi)

vii)

-

'Phosphate Buffered Saline Tablets were'obtaihed.frdm '

Oxoid, Basingstoke, Hants and reconstituted according
to the-manufécturers instructions.  _
Sephadex G25 and G150, cyanogen«brbmide-éctivéted sepha-

rose»and'Séphacryl 5200 were obtéined from Sigma UK,

Poole, Dorset.

Ultragel ACA3Y4 was obtained from 1KB, Croydon,‘Surrey.

Hydroxyl-apatite (spheroidal) was obtained from BDH,

Poole, Dorset.
~Protein calibrafion kits for gel filtfation were obtained
from Pharmacia (GB) Lfd,‘Hounslow;‘Middlesex,’_{ 

M partigen immunodiffusion plates for SP1 assay (Behring-';

werke) were obtained from Hoechst (UK) Ltd, Hounslow, -
Middlesex.
All other general reagents were of analytical reagent

quality.

2. Reagents used in ELISA Sjstemsf‘

:i)"

' Carbonate/bicarbonate (coating) buffer pH 9.6 containing -

0.015 mol/1 sodium carbonate and 0.035 mol/l sodium bi-

ii)

iii)

carboﬁaté ?H 9.6.‘

Sodium éitraté_(molar) solution adjﬁsted to pﬁv7;4 with
molar HCL. | |
Sample diluﬁing‘éolﬁfion;99‘ml PBS and 1 ml sﬁdium citrate.
Wash Buffer.10tpl.Tween 20 in 1QO ml PBS.

Diluent for antibody-enzyme.PBS containing 25% chicken



citrate.
vi)  Horse radish peroxidase Type VI.Sigma London Ltd, Poole,
| Dorset.

wvii) fOPD (phosphate-¢itrate).buffer; - 0.13 molar NaaHPoh.
| 2H.0 and 0.027 molar citric acid, pH 6.0.
viii) 'Chromogen,Orthophenylene Diamine (OPD) was obtaihedbfromv
Sigma, Poole, Dbrset. 20 mg of OPD was dissolved in
' 50 ml OPD buffer and 10 pl of H O, (30% w/v) added =
before use. ' ' |
ix) Sulphuric acid 4 molar prepared by adding 100 ml concen-

trated sulphuric acid to 350 ml water.

3. Sera, Antisera and Antiserum conjugates used in ELISA systems

_fi)' - Chicken seruh was obtained froﬁ Flow Laboratdries,_Irvine,
Scotland.
ii) Antiserum to SP, manufactured by Dako Immundglobulins,»

Cppenhageﬁ was obtained from Mercia Brocades,'West:Byfleet,
Surrey. | ‘ »
~ Antiserum to PAPP~A and’héG weré also obtained ffom this
source. | | -
iii) Anti SP1-- h;rse radish péroxidase §§ﬁjugaté (bako,_Cop;
Aenhagen) was obtained from Mercia Broéades, as was anti-
;.seruméperoxidase conjugate for hCG. Dilutions were

made in antibody’enzymé diluent as described in text.

iv) Antiserum to TSH was obtained from the Scottish Antibody

Production\Unit; Law Hospital, Carluke, Scofland}

V) SP1 standard serum was obtained from Hoechst Pharma¥

ceuticals, Hounslow, Middlesex. . .~ ——



International Reference Preparation (IRP 78/610) was

obtained from International Agency for Cancer Research,

Polystyrene Beads (Matt flnlsh) dlameters 3 2, 4 8 and

Nylon beads with diameters 3.2 and 6.4 mm were obtained

Barbitone buffer pH,8.6 was prepared by mixing 1720 ml

vi)
Lyon, France.

L4, Solid Phases used in ELISA Systems

i) ' Cooke Flexible Microtitre Plates (M29A) were obtained
froﬁ Dynatech Laboratories, Billingshursf,vsussex.

ii) 'Immulon Mlcro-Ellsa Plates (M129A) were- obtalned from
Dynatech Laboratorles, Bllllngshurst Sussex.
3ii)  Nunc Micro Elisa Plates (Grade I)'wefe‘bbtained,from_f
. @ibeo Europe, Paisley, Scotland.
iv)
6.k mm were obtained from Euromatlc Ltd, Brentford
Mlddlesex.,-
v)
from Northumbria Biologicals, Cramlington, Northumber-
land.
5. Reagents used in hPL AsSay -

i)

-of sodium barbitone (12.37 g/l) with 270 ml of 0.06 M
hydrochlorlc acid and ad;ustlng the pH as necessary
~ (hPL).

'ii)  hPL Assay diluent.250 mg of human albumin (Hoechst
Pharmaceuticals, Hounsiow, Middlesex) were dissolved
in 500 ml pH 8.6 barbitone buffer.

iii)

“hPL Pre01p1tant Analar propan-2-ol (1sopropanol) was

obtalned from BDH.
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78 g sodlum dlhydrogen phOSphate (Na. H 42H 0) in

| 1 11tre of distilled water (A), 90 g of disodium hydro-

gen phosphate (Na PO, .20,0) in 1 litre of vater (B),

'and m1x1ng 19 7 ml of (A) w1th 80. 3 ml (B) adgustlng

the pH if necessary. i

. Antl—hPL was obtalned from RAST Allergy Un1t Benenden e

Horse Serum III was obtained from Wellcome Diagnostics,'

I‘Iodlnatlon grade hPL (Code 71/166) was obtained from

NIBSC. 7.33 pg in 10 nl of pH 7. L phosphate buffer

~ hPL Standard - Internatlonal Reference Preparatlon o

IRP (73/545) was obtalned from the Natlonal Instltute |

of BlologlcaltStandards and Control Holly Hlll London.'

A range of standards 0-11. 3 mu/1 were prepared in horse

Solid phase lactoperoxidase - gift from Dr R Chapman,

Department of ﬁiochemistry, Glasgow.Royal Infirmarya

10 pl aliquots in 200 pl of 0.05 M pH 7.4 phosphate

buffer containing no protein or azide were used for .

Bovine. gamma globulin was obtained from Armour Phar-

v)
.,Chest Hospltal Kent.
,~Dartford, Kent.?
vi)
were used for 1od1natlon. :
vii)
serum (Wellcome III).
viii)
iodination.
6. Reagents used in AFP Assay
i)

maceuticals; Eastbourne, England)' - Antiserum to AFP

was obtalned from SAPU Law Hospltal Lanarkshlre and

used at a FD of 1:140,000.




iii)

iv)

¥

7.

and Gynaecology, Ninewells Hospital, Dundee. For use

20 pl were diluted in 15 ml diluent.

.>Diluent buffer for AFP aésay 0‘05 M barbitone buffer
» pH 8. 6 prepared by dlssolv1ng 36 84 g sodlum barbltone.

in 1L dlstllled water and adJustlng the pH if necessary. ’
</Before use 25 mg of bov1ne gamma-globulln were -dissolved.
' in 50 ml of buffer. ' |
| aFP Staﬂn‘derds. British Standard (72/227). was obtained
.from:NiBSC. Dilutionspwere prepared in abpooled male.

fserum (known to be free of endogenous'AFP) to cover a ’

concentfation»rangev0-1k7»u/ml.

. PEG.5.6 g PEG 6000 were dissolved in 50 ml barbitone -

‘buffer without protein.

Reagents used in CPAP Assay

i)'

ii)

iii)

iv)

,Placental alkallne phosphatase was obtalned from Mlles

Tris Buffered Saline (TBS) was prepared from saline‘tab-
lets obtained from Oxoid Ltd and buffered to pH 7.4 with
10 mmol/l Tris (hydroxymethyl/methylamlne and hydrochlorlc’

acldl

Diluent was prepared from TBS to which had been added
75 g/1 of human albumln (obtalned from Hoechst UK Ltd

Hounslow).

~ Chromogen reagents were obtained as a kit.(Catho h15286)

for alkaline phosphatase analysis‘from Boehringer Corpor-

“ation Ltd, Lewes, England. This comprised 10 mmol/1l

p-nitrophenyl phosphate in 1 mol/1 diethanolamine pH 9.8

containing 0.5 mmol/1 magnesium ions.

Laboratorles Ltd, UK, Cat No 36 495 2.
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APPENDIX II COMPUTER PROGRAMS



P‘ZC>G{ZQM4 Foll  CALcucatcon DF ENZ2 v KiWETVC DA/TH <r<:h"s;)

ERLY .
= rHT"Mﬁd'

BIFFHEEL 5"
<ML .%HH S0 ERRORS FOR HYFEREOLIC CURYES DBEWIMG TH:

MEHTEM ERH"

L TO COMTIMUE®

hFT”
=@ DIME S B
TEE FRIMTY e
18 M=0
116 PRIMTYEINFPUT HUMBER OF POIMTSY s TRHPUTH

g ST DETA IH THE FORMFT. « .« SUBESTRATE (VELOCITY
PRI G Y P IS = P I e P e v i e e IR L U PRt IR Pt o AR & B

Ledt FOR I=17T0H

135 THPUTS W eS0T et T et
o s

17E

1Ee

BT T e T
Frl s ST
v LV R 0 SO

LRI
Ml

B gl =@ o[ =B e B L B2 021 8

LR R IR R L
T??ﬁiiS{I}+HH?TE?

Rl =R+ x
GG EHFL D
rl 1 == f! 'l ey, ! l‘ l‘. }. :_I uh: F:

E1=E
“E‘T

Gl d aoTIED
Glel3d ol

13 IFCE1E THEHSE
Tl TOM s L=t L 0% 0T 3 PR s HERT
O e CRSHEL 2 0 (M2

SRR RS IEL Y s
CEELASTEL DS

i FRIMT sFRINT
FRIMT"EM= EH
FRIMT" W= 1
FRIMT"STD ERROR KM= "KE
FRIMTUSTO ERROR W= "WE

o

: FORE W=l TOLEsPRIMT sHEST
b FRIMNTHS s CLOSE

Shmﬂ
v ’}glVERSETY

SR SO
LIBRARY:

bl



RETLIRM



C Al YT oF MRscrBincE /Coe\) LenNTRATION
/

ERDY .,

e PRTHT e
2B PRIMTY CUBTC SOLUTIONS
2@ PRIMHTO.

4B FRIMTFOR SOLVIMHG EQHS
=@ FRIMT"FRESS C

SE GET RAE:IF A

oF THE TYPE. . YWsFET2eRa TG0
OO DOMT IHLE"
SO THERMSE

i D3t Al o aDIMECS 4 2 DT U' A s DTG s DT MR

1 FUOR T=37T08 o FOR Tl TOE a0 o JT0=00000 1, T0=@ 030 T be@s 0T Dt o kIO T D=l
1 HEST sHEST

AR FPRIMT" @

218 PRIMTTEMTER DUFLICATE BLAMER®

TR
1 Bl Lk
FRIMT®Y
PRIMTYERNTER RUMEBER OF STDES TR ST CLREWE®
THFUTH

S R S S

278 FolR T=17T0H

FRIMNT".
FRIWMTY
IHPUIT Y
W T ey

I FRINTYEHTER DUFLICATE Qv
I I‘JF'[ lT ol !’"!'T'

QIMT YIVEMTER COMGY sPRIMTYY

1 H‘-‘ T

1 MIM.H[-

o LI e L o

P01, MCURIC FITY
W SOLUTION 15...
MR LR Y L D s PRIMT

FRIH
PRIMT e L L b3 LS
FRIMTUSTD CURYE DRETAY

PRINT# $CLOSES

MT ”H' HIHK
D
HT AL CULFT T EDOWRLLIE = UL Dl T2 LU D P2 LD 3 il L

WL =" T

SN NEERRTSE SE S AN

GLASGOW
VAIVERSITY,
LIBRARY:



QuAD2 ATIC FiT __oFf ABSo RRANCE ,/ CONCLWTRATION

180 REM FROGREAM FOR CURME FITTIMNG USIHG A TRIAHGULAER MATREIDH
1% RBEM UMEMOMHE STORED IH MATREIS U
16 FRIMT" s
I¥ PRIMNTCLURYE FITTIHG PREOG SUITRBLE FOR PRRABOLIC CURYES SOLYED BY QUIADEATICV
18 PRIMTUEQUATIONY
2 PRIMNT"IM THIS FORMAT THE PROG IS SET WP FOR "YiELIsAv
B OPRINTYE.G. PAPP--F AMD CER CLURESESY
FRIMT""
> PRIMT?"
FRIMTY@OTE THAT STD CURYE DATA IS TH ALL-Lge
L PRIMTYETEST CORCE ARE FRIMTED IM ILCL BRSED QM IRF FPaosloge
SE DM H'“rd' ANNAD A
B DITP GoRL s DIMK Dy s DITMLI S
FEOFOR IT=17T03
=EOFOR T=17T03
TS T S 1
1@ SO0l Toi=i
118 MEST sHEST
12 FOR I=1 TO32
1258 GOI@ek 0] e el ] et
14 MEST
141 PRIHT""
42 PRIMT™®
158 PRIMTYIMPUT BLAME ODE, CBLLBLEY
g THRPUT Bl rB....'
178 B=iRBlaB20S
FRIMT"Y
FRINT "HOE MAMY ST TR ST CLUREWE EXMCLUIDIHG BLAME"
THFUT R :
SRSC e B 8
FoR M=1TOH
FEIRTY gt
FEINT "POIMTUMUENTER DIWPLICATE O I THE FORMAT. . Q01 00zv
ITHFUT O W02
R W P P e e B
UM me s E0 M iy
FRIMTYERHTER STD COMC TH ALY
2 THPUT Y
Fibla=Y o
FCL 1 2=RA0L 1 04514
H'ir?"H'lrm: J

oy
[N
=
.

-
‘-.-‘.Jr...-'

%:“
- i

IR IR I I

FFIHT “WHTH IUHDFD"
‘vl 1. ' X

Ly

I KN

L L) b eide wi apD ajeb
Ix)
Pt

GLASGU,
VAIVER S?? v/
LIERZRY:

3o e 5 OLOOD )

023
Tt

2 BN I R B Y

wrronap



TG LR e R D - JEN R R0 D D SR LB
DR LY b RO p 5L 2R he B L3 ARC B I = s N

TEE PRIMNT U
E9E PRIMT "aliMEHOMM YRLUES ARE. .. . 58"
SRS PRIMNT .
=18 PRINT TREZG,
FRIMNT TREZE , "U2="02 0
FRINT TREZ26 . "UZ="10030
FRINTYEHTERE PZSAY HMAME®D @ THFUTAS
C FPRIMNTUYERTER DATEY s THPLUITYE
OFPERS e s S0
Sl PRINT CHRESECOLU RF
ek PRIMT CHE$OL Y JWYE
E5ER PRINT "ESH SOLUTION IS ... "0l e tee S e 3
GEE PRIMNT#S s CLLOSE4
sl GOTOH e
Ve PRINTY TEST DATH IMPUTY
SEE PRINTYFRESS OOTO COMTIMUEY
SE% ITHPUTOE $IF CHEOT0Y THEHSES
ERE PRINTY giagy
V28 PRIMTPEMTER DUWPLICATE QDS I THE FORMAT. . .01 00z
FEAL PRINT"TERMIMATOR=1GE &a°
VaE ITHPUT T1.T2
¥l IF Tizms THER STOF
TAS Wbl
TEE T=(T1+T21-2
EETSN LS WE Ty & SRR U De=FE 3 PRA Lok
OFERG - s CMD
FERIMTYTEST "% "COMC="Ygat TLLLY
FE DT 4 o G OSRE
B GOTOFER
Tagm OFERG .4 s CFnd
Tadad PREIMT CHREEOL2"STD CURYE DATAY
1811 PRIMTHS :CLOSES
TE2E FOR M=1T0M
LTEEE OFEMS 4 s 0D
laze FPRINTYACTUAL WALUE Y b
148 PRIMT "CARALCULATED WYALUE=" UL p@sZ M t2ae Ul 2 0 Z O e L3 2
Tl D00 0@ O P I 2 E e g L 30
18 Rl=Rla o O Ominsd2
5 L B et W B I SO W S I S g L ]
TEES PRINT G o CLOESE S
Tasd MESET
A5 1 GFEMA - s D .
S PRIMTHEUM OF RESIDUAL SOURRES="R]
a3 OFRIMNTUMEAN RESIDUAL="REZ '
FRIMTYCHI ZQURRED ="RZ
SRR INTS s Gl CesE .
FRIMNT"DGO 20O WMISH TO ALTER DATA Y OR > v
ITHFUT Y
IF W=yt GoToOsERaE

IF WEE="4" THEM GOTOFE

RN R

2




LD@-L@GIT’ ‘T'H/ANSPMM DF HR%G%&NC&’ / CoN . EVTRATIEN
/

ER .

e REM Il"il'v LOGTT TRAMSFORFM FITTED O LIMEAR REGRESSIOR EOM

MWE--LOGETT TRAMSFORMZY
== T T

T RCCERTE WE AHD -WE LDGETT POINTE
vl BYOL I‘ JEAR REGE
DFETH EMTRY FROMIDED AFTER
TP COMTIRUE"
PHOTHERM S8

!"!'IE} FROMIDES HARD COPY QureuaT?
CRLCULATION ROUTIRE"

f@E FRINT PRI
i
LeE s
118 PRIMT “"STD CURME DATA THFUT®
126 FRINT

121 FRIMT®

P w11t w ] s
s Pt el 2 1L e L e
e e R e SR R R R

UT TEMTE
THPUT 21 B2
[T N e

FRIMTYINFUT HUMBER 0OF DATA FOIMTS®
IMFUT K

FOR T=1T0K

] ki
FPRIMNT ”l"l HIHT O
FRIMTYER !TT B UL ]! FTES QD WRLLES!
It !F R R

27

SEE R

=250 PR [! STYEMTER  CORCY

gy

'[Hf LITHE

el CHE ORI SE L BEEED

T T

PRy T T

4 Y St T ey T

L1=Di1 42T 3
t=DIE T T TR

i

DRI

o

LAY

wwmszw
LIBRARY:

2 ‘1"-!'! !



CIFER o g D0 '
FRIMT CHESOLD"STD CURYE DARTA®
FRIMTUHUMBER OF PRIRS = "N
FRIMT'MEAH OF LOGIT ODS =" P
FRIMTYMERM OF LOG COMO = " e

T ERADTEMT = " pl
FEIHNTYETD ERRORE OF GRADTEMT "
FRIMT"Y AXIS IHNTERCEFT ="
FRIMT"STD ERROR UTchrFim":ug
5 PRINTYCORRELATION COEFF, =0k
S PRIMT'STUDRENT S T WALUE =":T
FRIMTHG s CLOSES
FRIMT" gme
FOR I=1TOK

]

o

v =t f' T ")
S18 OPEH -+ sCH0e
S2R FRIMTUACTUAL COMC="EXFCE

L CR D B 0 O DT
» T L T R .‘....!4', E ’.'
R e R

l"‘ Ik iT " "‘I""L o

LI

11

i

P F F.f .!.HT "REST IJUHL. S OF SOURRES

o FRIMNTY"MERH RESTDUAL SUM OF

fix]

l l!: T
SN T INE

S TIDUAL S0 OF  SELARES:

THT MERM RESTOUAL S0 OF

H 1T Hed ]

,Il l”‘ l‘l‘-’ll
m ‘"HI l{"lf*' FOEUHY THERSYE

H l | PEMTER TEST QDEC-R2% 03 TO STORPLY

THF UT‘x’!..! S
ek f HER STOF

£33 0L D
o oo 3 P

FRINT "TEST nza

P48 PRIMT " 0N
rF}hTi ECL S

CERTRATIOMN UESP DY DD P,

SRR S = B R

sFREIMTOOHT

S

R

‘il

1

o

=

3

ERST
ARYT\’

LR SR

*"I

i

SRR D R

"‘sw,,,»;:u



DATA chaPTuRE PlRogRAm  aoD  MB8Ly PYT

OF DATA — PfuomaTed Fo  us& OA

MAULTsK BN

SOPRIMTYED

S PRIMTYH

FRINTEHMTER YOUR HAME"

F1OIMPUT HE

FE OFRIMTYIMPUT ASERY HAME" : IMPUTES
FEOPRIMT"IMEUT DATE" : THPUTOE
CFEMS .4 5 M0
&1 PRINT CHREEOL) .,
FRIMT CH 3, :
i PRINT CHRESC 1 "DATE. .. "0
S PRIMTH#4 0L
S8 DIMAC 4 sDTMECD 40
21 DIM Ged sDEME D sDTMUCE D
5]

CLOSED sOPEHL P eFORT=1TOLE s GETH
FRINT"CERERD PLETE OM MULTISEAH
1 GETHCL A s IFAS=""THEH1Z6

T=TI

GETHSL  CHELD

IFT LT+ 0BT oL He

TFCHE S

[
PR RO

1 B8 s HEST
A

IH.

7ot

R LR M T G Y
"y

DY P
MligE=r "
GOTOL 1
FORI=1TO9
TFOHECT 2z, "THEM =T -2 s F T=WRLIOHEC T D CHEC T 22 0
T MEST

T

Plax THT O 0L 5051 b4 F T

: FrOR=FITOH

21| FORI=1T0

Eifmmt®

4 FORM=1 TG
P e fE 4 CHE 4 TP

= HE=T
] PRl o P

TFAFETHEMA= O TRT O OR-- 1@ bl L BERE3, 50 01 BER

et N W A N A =

O

A HEST

T=la3

HEST
Ff="ARCOEFGH" sFORT =1 TOS s FLEC T M IDECRE L T . 10 s HERT
| L~$::ll“‘“lt

01 D

Y ]

FRIMNTI MLILT T SRAM MO LR

R O

BT X111 11
i

ITFME="M THEMPRINT " I G T o S G T E: RTOLLIPHEET  GOT O R

Wt 50




. ITHERPREIMT S s PRIMNTRE A
FoORl =170

Fofpl=1 TS

NN N

B MEXT
U HEST
PR LT AR DO

GETFAE : IFAE=""THEHEZZ

e I
= S s GOT S
IFA
CPRINTYCALCULATE BESULTS % OF
THPUIT YEpIF YWE="Y" GOTOZEEE
PREIMT Y EMORE PLATEST"

Gl THE

TFAF=" MY THEHSTOR

TFFASg =YY R A PTHEREEE
GO R

et

TFARETHE P B s Pl

A 1 - SR D - 2R

& SR S g GO TSRS

S e S TR

ITFP= ] THERMMA:

Sy,
A

RETLIRM
THT " IEFLEASE WATT. "

B FleFRE C

EEE FORT=]TOS1S poHE (L =" " dMEHT
Sa@ GOTO 16

el

=)

[ oE
FOPREIMTHA CTREN B
FRIMNTH®HS CHE

FRIMTHEG OHREIL Y i 2
FORL=1T0E

FORM=1TO12

TF

SE=U0TL D

* E ".

el s M=

IFM=1 THEMPRINMT" @' eml ol e8| "
TF oM@l T 0 0RO S T 0 IR TTHERPRIMNTY

o e GUT RGNS

Sk O BT FILETT

FRIMTASCZ 2 " e PO R b PO D pAE 0

FeFRCDEFGHY s FORT=1TOS AL ECT b= IDeEiRE T .10

FRIMTHSA JCHEEOL 2" PMULTISKAMYCHRSE O L2570

e pCHRECLD OO OHRES O 125
FI=l TOVS ePRINTHS LF

FEST s FRIMTH

Rl

ATHEMPRIMTHS e M E0TOE 1SS

CTHREED LR e

YHELEFCL Y

GLELIEL 120
FRIMTH Z5%E
HEST

FIE T
FEOFRIMT#4

1 RETLRE
TETHEMZHM




el ¥
A

S LETERN

F=" " IFEIme] THEME#a
Hl LR W
IFEM=BTHEHHUS=" " s GOTOL 268
FOR sl

S ER=THT SR 1 2RI - 2R
IFDI- HER 1248

ITFZR SPTHERMU S =R g 0 s GOTOI 25
DYl pMUE=HUE.STE

MU =P b TR
HEST
IFZH=EaTHEN 1428

ETRE 20 SRR

FORE T TOEH

SRR B e ER = THT O E2A Y 1 ZR=R--21

FE:TI va"! 4
G FRINTYEFREEFARE TRPEEY

14568 THPUT EFILE MAME" :PAF

ldag CLOEERZ »0FEH2 1.1 R

O T e T

=1 TS

’:‘F IRTH2, ORCY T

HEHET

HEHT

CLORES

RETURH

J”F! l " E‘"‘”lF‘

P T T R S R T T T T o S T i o B S
s o

TWE MUMBER CF
FAFIMED " p Pk
o, BED
" CUFPEMS 88, A
Fod Te= 1T

S I T A

FOPRINTHS 000 T s OHREECLIR 2
A HEET

MEST

IFﬁ

V«JE

TR
THTPCALCLLATION RBOUTIMNE COMMEMCESZY
FO T ] TOL s FOR Tl 70

i:::.x' [ TIZ'::EE

PSR P
LLES ARE. ..

IHFLT H
FRIMT" #g"
FOR M=1TOH
FLPL D =i
HEHT

FRIMNT
THFLT

"ROVEMTER COROT

AT HEME L e THT OGS R LG 1@ e L D TFEMIEL THERE M= 21

> !"'iTH.Z MPREINT g ISR ERREORY aFEINTOES s GOTO L S0

i l" Fr {' 1T ”’"!—1{3;””2' HTER MUMEER OF STDE ITH STD CURNVE ERCLUDIMNG BLARMKE



FRIMT! WRLDES BEMTERED RRE. ..
FOR M) TOM
FRINT “POIMNT M A
HEST '
FRIMT"
FPRINTODOD YOL WISH TO BLTER
TRIFLT S s TF Y=Y THERZ R
TF YA THEN PRINTYIMPUT POINT TO CHAMGEDC I TORY 20

e Dl DB PRIMNTY IRNPUT CORRBEECTWALLUEY s THPLUTH OO » s GOTOZ250
POCES SN N D B N i
FRIMTYEBLAHE L= 00
TFODE 2050002

THESE WALLUESTR=FRLTER OFR M=MHIT PLTER>"

- e I et

I L URBL AR S O

SO0 .4 THEH

WRED
SVl THER GsilRezas
S THER GRESUIE S8

YO OWARLLE -EBL

IF
HERT KE
FRIMTUCHESE THRT PLL STD MEAH QDE ARE POSITIVEY

PRIMTY D0 YO0 WMISH TO ALTER QD DETA AT AMNY POINT IHCLUDING BLAMET?OY OR
THPUTY S TF YgE=U%" THEM GOEURSZ3EE

SLEROUTIMNE . FRUSE OF 28 SECOMDE.

PR AN O

R
FOR T=1TOl8

Gl 0L D BB 2 0 s Ol LI 3 e[ L 4

R RN R R P e i T A = s N B = Ry S B s 5 T D W5 IS GO A o A A
- sHEST

FFOR e 1T O

e e s 0 F ™,
A O

~:‘_| el L+ I,‘.l - l,‘_l ‘: l,} ::|

[- S NG

=r 1l

3V EEE

IEFEFE

BOMERT T

SFTE OPRIMT" e

ITER PRIMT CCOMSTAHT B SOIFF="RS-F o] Qo
SE PRINT CCOMETAMT B SOIFF="sRE-E

SERE PRIMT SCOMSTEMT 0 SDIFF="0R-0 L

: FRIMT "COMSTAMT [ SDIFF="O0E-DoH

PRIMHT" Y

FRIMTYIF NOIFF IS OF THE ORDER E-8% FRESS © TO COMTIMUE®

GETAF s TFFAECE 0 THEMZEAE

= (R s R |
e [ E

OFEM . 4 s TR0
FRIMT""
PRIMT CHR#012"STD CURYE DATA

FRIMTH s 0L
FOR M=1TOH
DIF R o s P

X T Y]

e | S TN A S Ty A Ry
& FRIMTUACTUAL YALUETZ
& FRIMNTOCALCILATEDRD WAL

o



E Cdemt

L [:!i4 PRI mE NG
FREIMT"F="H
FRIMT ="
FRIMNT"C="0
- r‘- 4;:’ { }. H‘ i D - rl B

18 PRIMT"MEAR RESIDURL SOUARE=YRSPRIMNTYOHID S0URRED ="R¥
3 FPRIMTH s DL OEES
FOFRIMTYMARNUAL QR AUTD IHPUT OF TEST DETATOM OF /MY
ITHPUTRE s IF PP THER GOSUR Pofs

OFEM4 .4 s CHD4

FRINT CHREECOL UTEST BESULTSY

PR T RTHe e L ONSE S

PRI .i:""

FRIMTTERNTER MHMUMEBER OF URREMORRZY

IV“HT Hl

033

XD Y

U g l_-_!
FoOR J=57T011 STERE

3 1 e ICZZP-F“HH**Z-F--S—E KRR e N b

e L2=112+1

3 IF e "'Zﬁ THER =

SR8 KRR OO T -0 0L, N B8 5 R

id
-
¥X}

Y s

& ”PEUJ 4'1Hﬁ4
IFY-FCRTHEH PRIMTYTEST "U2"00 < BLAME " IFY-FCBTHEMN RS
FRIMNTYT E.':‘! T R
ITF Oz, T Jad D, 2 D2l THEM PRIMTCOHREZCOL Y "EAD REF
IF Oem,.Jgo RO SN T R & LRl THER PRIMT CHEEOL

FRIMTH
IF W=l THER GOTOEEEE
G HEST I

23

TEERE OFOR I=dTOV

F OF JI=1T011 STERE
RIEE T 1011 S N B T M R B T I
T PSS I l"j

EM Hd2m
& A I N R A B 3 MR KR S B & BT R

OFEMA , 4 1 CHD

IFY-FCETHEH FRIMTUTEST "U2" ODCELAME" : IFY-RC8THEM 450
FRTHT "TrLr"H'" AL

IF Q0T To2000 T, Tl e, 28000 T, Jel s THEM PRIMT K
IF UDu*,JI DT, T 3B BHODET, J+13 THEH PRIMT CHR ¢ 15 "B hEFLIEﬂ?EL”
1 PRIMTH# ¢ CLOSE

IF LZ=l] THEM GOTOS868

REST s HEHT

FOR I=1TO2E

RO IS I I T

1 DATA COMPLETE 8"
HEXT

FRINTMORE FLATESTOY OF Mo

IHFUTYE 0 IF Wa="H"THEN STOP

TF M= THER FRIFTSHO0M THFE RUHCCR: s STOR

FRINT I
FREIMT "LHH f LAME REPLICATES. . EMTER MARUALLY IH THE FORMAT QDL 0Dzv
IHPLT O .02

] - s

FRINTYELAMNE } =0 TR ARE S

ITHPLT YEaIF Wi “! 10 THEH !"1!"!“ £
t RETLIRR

3 FRIMTY BAD REFLICATES IMN STD CURYE, . CEMTER O DRTAE MAMDALLY S O DR Mo
P ITRPLITY E e TF Y=Y THER ST0R

v PRIHTY L

FRIMT" POIWTRSUENTER DURLTCATE QD WELUES TH THE FORMAT QDL 0020
THPUTYL Y2

RS R ECDA A B e e B I

T COWTIHUE Y QR M




IF s MY THEMES: SPRTHT VENTER MEK BLARME
FRIMTYEHTER HEMW B
THELT 01,0
FRIMTSOE TO O
FRIMTYO0 YOL
TE st THEM:
FOR M=l TOMsFRIMNTORPOIHT "M 0oMs sHERT
FRIMT"IMPUT FOIMT TO BE ALTEREDY pIRFUT L el
FREIMT"IHPUT MEM DURLICATE ODSY 3 THEUT uz,u‘

C F= Ll TOHsPFRIMTYRFDIMNT "MY 0oy s HEST o
FOR Fad TOM 3FRTHT MY 3 HEST
SEIFT YO TO COMTIMUE oY OF
-:IF Wi R THER GOTOS

SFOOR M s THPUTY S 5 IF
TOORLTER B STD OO WALUE?

U THE

OF Pt e THPLITYE

alig V'UUT f HE =W RETL HERT e

[IRRIEES ‘:-:: I

S ¢

daLsnleERPOD
AR T S g IO

ST T e T

L

R wir s

SN -.:_1 g =

R

"3

annﬂs }_ i



FRIMTYERNTER
THPLT L
FRIHTYHO ERTER
FoR T=1T0tl

R MR
SRR ETEST LR THPLT
THPUT T1,.T2
O P ]

W T 14 TE D A2 -0
R Ay
5 OFERD 4 5 CHD

FRIMTYY
ORRIMTOTES T UZ = W MG
FRIWHTY

FRINTHS 0L 0esEe

tHEST ITaPRIMNTYMORE RESLLLTS?OY
TF Wid="R" THEM STOR
5 RETLRM

HUMERER  OF

DUFLICHATE

CH

oo

IR B w B BN DA = eI

URISHA SN S il

WRLLES T THE

FIRMAT

Y

O Rt s THPUT YE

Gu%ﬁmﬂ
NAIVERSITY
Lﬁﬁk@#

[LE IR AR I



