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PREDICTION OF HEMOPHILIC CARRIERS: A NEW STATISTICAL
APPROACH USING SIMULTANEDUS ASSAYS OF FACTOR Vi
COABULANT ACTIVITY, FACTOR VIIl RELATED ANTIGEN
AND RISTOCETIN COFACTOR ACTIVITY

Enc Chim Vet Lian®, Maria Diaz-Evenld**, Stephian 0, Walter®,
Roger Nufer®, Jean-Feri Lian®** and Donald A, Harkness®

ABSTRALT

The posterioy probability of each mdndual foi
normal or hemophilic carvier wis eslealated by multi
varite duerimingnt analysis. When both factor VI
cosgulant sctivity and factor Villrolated antigen were
aeed, all of the 30 normal females and 18 af 20 ablige:
tory carriers ware correctly clasified. When factor VI
coagulant activity and ristacetin cofactor activity were
used, 97% af the normal lemales and 75% of camiers
were comectly predicted, When all three parmmeters
were fakon into consideration in discrimimant snalysss
all narmalsand 17 of 20 carmun were eormeotly classified.
We conclude that concurrent detwrmination ol both
factor VI eoagulant activity and vistocetin cotactor
sctivity cam ba used as an alternate or sdjunctive method
tor detecting carmon.
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INTRODUCTION

The detection of hemophilic carriers ls greatly improved by comparing
the bovel of factor VIl coaguisnt activity to that ot factor VIl relsted
antigon {z=). Recemtly i was thown thot ristocetin cofactor sctivity
{quantitative vistocatin induced plateder sggregation sctivityl, which i
docraasad of sbsent in von Willehrand's disesse, is quantitatively normal
and 15 proportional to the amount ol tactor VIl related antigen in both
normal and hemophilie whjecty (zs). Whethar or not the simultanepus
asayy of ratocetin cofactor activity and factor VI coagulant actwity
con bg wsed Foi detecting hemophilic carrier hes not Leen axplored, In
this communication, wa report & diflerent statistical method for predicting
hempphilie corriers by simultanesus meassoements of tactor VI coagu-
lant sctvity, factor WIHLrelated sntgen, sod ristocatin cofactor activity,
We also damonstyate that concurrent determinotions of both factar Vil
coagulant sctivity sod rigtoceiin cofackar sctivity can be usad a5 an alter
note or adjunctive mathod lor detecting hemophilic carriers

MATERIAL AND METHODS

B, Subpsci

Twenty hoalthy abiligatory hemophilic cariers, ingluding daughtars ol
hamaphiliscs, mothers with more than one hemaophilic son and mothers
with one homophile son end olher hemophific relatives, were gxamined.
The contrils, presumabily normal subjects, weee 30 heality femals labara-
tory and hospitsl parsommel with no lamily or parsonal histores of biges-
ding dinordart. Any subject, snhar nonmal ar carner, wath any concurrent
mngdieal hnoss or menstrusiion wes comalully excluded

B. Blopd Collection and Processing

Venous blood wed drewn through an oncoated 19 gauge scalp ven
negdly by 8 doehle plastic syringe techiigue The whole blood in the
second gyrmge wai tronatered immadistely into polyathyiana tubes con
taining 3.8% sodium citrata (8 parts blood to 1 part eitrate), Plataler poor
plasma for determnationg of tactor VIN coagilant activity, tactar VIIL
refated antigen and ristocerin cofactar activity was collected from thae
supernatant fraction atter centrifogation at 2400 X g at € for 20 minu-
teg. Factoi VI coagulant activily was sssayed always within four hours
after procprmg the blood semple. The plasma sampler which wera nat
used that day were immediately frozen ln small aliguoty at B0°C. Factar
Vill-ralated antigen end ristocetin cotactor activity wese asayed an frazh
ar fromn plesma samples within one week. No ditference was lound
whether factor Villceloed sntgen and rstocetin cofactor activity ware
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determined on tresh or frozen plasma. At lsast ane normal control sample
wat run with each set of patient assays.

C. Mormal Paolid Plasma

A normai pool of plasme wes collected from 18 heslthy lsboratory
and hospital porsonngl oF each sex, The platelef podr plasma wes collactad
a1 deseripod above and further spon st 12,000 X g for 10 minutes o
AL, The superndfant plismas wary podled and mmediately stored in
snpdl aliquots in plastic tubes at BOPC, One wmit of Tactor VI coagulant
activity, tactor Vill-related antigen, or ristocetin eofactor activity s
in the test i egual 10 the amount of respective activity in ane milliliter
al thig notral reterence plasmn

D, Factar VIl Coagulamt Actimty

Factor Vil coagulant sctivity wis sssayed by the kaolin-activated
partial thromboplastin time wwemg factor VI dedicient plasma (2],

E. Factor Vil-related Anthgmm

The factar Vili-related antigen In jasma wis datormined diractly an
the plaama sampies diluted with citrated rabbot plasma (za) by electro:
phoresis in 1% agarose gel (Calbiochem, San Diego, Calif.} containing
rabbit antibuman-fector Vill-amliserum, sccording to the mathod of
Laoradl fra), The details of methods for asaying of factar Vili-relatod
anfigen: and prepering rabhit antissrum have beén desorihed proviougly
{1al,

F. Ristocetin Cofactor Activity

Ristocetin cofsctar activity In the plasma was assayed by 8 modifics-
fign of the method described by Weass et al (2=}, About 20 ta 45 ml af
normal platelet rich plasma wag placed b o 50 ml conical plastic whe, A
volume of 0.8 mi of 30% bovine albumin (Dade Reagent, Miami, Fla)
was introduced &1 the bottom of the fube &5 a cushion. After eentriluge-
tian af 2000 g for 12 minutes &t room temperstiore, 3 platalet peliat was
farmed botween ihe slbumin cuthion and ihe plisma The pellel wes
removed and resuspended in 40 ml of Trssaling Buffer containing 1 part
ol 0.15 M Tris-HCl, pH 7.4, and 2 parts of 0.85% NaCl with 1% disodium
EDTA in snathif conical pladtic tube. Bovine albumin was sgain introdu-
eed 81 the bottom of the tube and the tube centrifuged ss described shove.
The warhing procedun was repested four times using the Trissaline EOTA
buffer and twice using the seme bufier without EDTA. The washed pla-
telets were adjusted 1o & final concentration of 187, 000/mm? with Tris-
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saling bufter. To a coll containing 0.4 ml of weshed platelets and 0.1 mi af
undiluted or diluted test plasmas, ratocetin (Atboit] was sdded to make 3
final cancentratenn of 1.2 mg'ml and the shope of platelet aggregation was
ricoided in @ plotelel sggregometer. Tha retocetin-induced plotelet aggro-
patian actiwity of a 1est plasma was abisined by irading o3 slope agangt
the normal curve constructed with the sdopes from sedally dilned oormal
pooled plasma sampin.

6. Statistical Methads

For hoth nocmel females and ohligatory carriers, statislical calculations
ware carmied out on the loganthmic valoes of all three parameters, because
@ strasght line was obtmned when the log values of [hete paramaiers were
plotted againat cumulative per cent on @ probability scabe 4s, 1o 21 ),

Thi 50% end 95% ralerance allipses for sach graup in the graph were
congtrocted according to the aguation devaloped by Guttman {s] & des-
cribed by Bosma et al (&), The aguation s & follows:

| =3 IR

— [l = - —— u=iv-W
(LR, ® (1LR3) Y, v,
P NPT T LT . ko ! X

(1A% Vg V=V = N iv-a Fawaie

A = Correlation coafficient betwean U and Y, whan U and V are factor
Vil cosgulam activity and factor Vill-related antigen respactivaly

WV, und W, = standard deviations of U and V respactively
U and V = mean value of U and V respectively

M = 1otal cases in each group

o= gignificant laval

Fz s o 15 the 100 (12)% point on the F distribidion with [2, N-2)
degraes of freadom

The posterior prabability for baing normal ar earrier |2 based an the
squarsd Mahalsoobis® distances o each case from the means of the normal
and carrier groops using the discriminant andlygis computed program
BMDPTM {10}
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RESULTS

The resalts of factor VI coaguiant sctivity (L) snd feetor Vil l-related
antigen (V) in 30 normel femoles and 20 obligatory cariers are shown in
Fig. 1, Tha [nnar silipses contain 50% and outer sliipses 86% of normaks
and carriprs for each group for Dectar VI coagulent activity end factor
Vill-related antigen. Seventeen oul of 20 (B5%) carrines are cutsede the
5% tolrance regean ol the npemals. The regressian lines of hoth normal
and cortier group sppear to crass each other at higher fevels. Tha equations
of thi tolerance ellipgses on the U plane for normals and carriers are
different &t shawn below:
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Fig. 1.— Factor VI oagulamt activity and Tactor VIV celated antigen @
narmals and carvigrs.

For normats:
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Fig. 7, shows the reswelts of factor VI cosguiant actvrly (U} and ro-
tocetin cofactor activity (T) of hoth normals and cartiers, Agasn the innee
and outer ellipses represent 1he 50% confidence intervals of the respective
proups. There are 14 owt ol 20 (70%) carrers autsde the 95% tolarance
region of aormd; only 1 normal out of 30 (3%)  ootside the 5% region
of carriees. The regression livus of the two groups are not paraliel. The
squations ol tolerance alligses for normals and canmigrsan the Ul = T plone
are also differant as chien helow:

L T yp Svtncetin Cobacor Activity
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Fig. 2.- Factor VI cosgutant activity and ristocetin cotactor aetivity (n
normals amd carnens.

For noremals:
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The mean value of gach vanable and Fy .5 o velues are shown as
fallows:

u v T N Fla=050) Flo=095)

Mormal 00417 00483 0.0184 30 0T M
Carmers 02046 01647 0.082T7 20 0.72 155

Tha pogtadior probetility of each indivdoal cafculated lrom the squs
rod Mahalanohls' distances Trom the regpective means of normaks and
corviers by stepwies discriminant annlysis is shown in Tables |, 1), and 111,
When hoth factar VI cosgulant activity and factar VI oelatesd antigen
ware used, all of the normaks snd 18 of 20 (30%) obligatory camars ar
carrectly classified, When factor VI coagulamt activity and fistocetin
cofactar ectivity were used, 37% ol normals and 75% af carriecs arp
carrecily predicted. One of two carrigrs misclissified by tactor VI coa-
guisnt activity snd factor Will-redsted antigen is correctly diagnossd by
factar Wil cosgquiant activity and ristocetin cofactor activiey, When all
thies parameters arg taken (nto consideration i dscriminant analysis,
ll normals and 17 af 20 (85%) carriars are correctly classifsed.

OISCUSSION

Humophilie carriers have a0 sveroge level ol factor VI eosgulont
sctivity of spproximately 50% of normal. However, because of the wids
ovatinp botwesn carrinrs and normal fiemales, anly about 25 10 5B5% ol
carriers can be identified by this meazurement alone (i 20,

In 1971 Zimmermen 1wl {zs) demonstrated that the level of lactor
Vill-relatod sntigen o dectossod (7 padients with von Willsbirand's disease
but normal in hermophiliscs. 10 was found that the ratio of tactor VI
cosgulant activity tn factor Vill-related entigen in hemophilic carriars i
significantly lowired (23}, By compating factor Wil cosgulant ectivity
to factar. VI|.refated antigen, the sensitivity of detecting hemaphilic
carrigrs has heen increased 10 70 1o 95% (a 5. & 7 27). Dur results re-
ported her are similar to those ol other invastigators.

Haward and Firkin {g2) obsered that ristocetin caused plitelet sggre-
gatinn o platélet-rich plasma from normal perons But ot from patisnis
with won Willebrand's duesse. In 1973 Weiss and his associates [22] de-
manstratid that the ristocetin cofacter activity in tha piasma can be quan-
litated by wsing washed normal platelets. They found that the level ol
ristocetin cofsctor actity generally parsdials the level ol fector VIl
related antigen in normal subjects and in patents with hemophitis end von
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CARRIER ¥i NORMAL DISCHEMIMATION ANALYSIS BY
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Willshrand's diseace. |t i reasonahle to suspect that the simultaneous mea-

suremant of ristocetin colfector activity and factor VIII coagulant activity
might also enhance the datection rete for hamophilic camiers. Indeed, this
i the case, |0 the curmnt study 75% of carviers were aceurately predicted
by comparing factor VI cosgulant sctivity to ristocetin colagtor sciivily.
Wa conclude that comparison ol tacror VI coagulont ativity with iis-
tocetin codactor activily can ba wsed as an afernate or sdjunciive medhod
far detection ol hemophilie carmer

Both arlihmatic and logarithmic values of factor VI coaguiant mctivity
and factos V1i-relatad antigen hove bean used for statistical analysis. We,
a well 25 others (s, 31 ), have alisaived that loganihmic values of these
parsmeters for normal controls give » bates it 1o 3 symmatnic distribo:
tin, This probabily arises from the fact that the levels of these biological
parameters ate usually oblained by reading against time {for factor VIII
cosgulant activity), migration distance (for factar VI1-related antigen],
or slgpe (1o ristocetin cofector activity) on double log paper. Thorefors,
It 5 most jogicel to use logariihamie rather than erithmetic valies ol these
thres ppiametecs lar statisficad analyses

Saverl ttotistical methods heve been used for amalyzing foctor VITI
coagulant activity and factar Villrelated sntigen Lo discrimanate carmers
from nommals. Thets include smple confidence region of the arithmetic «
tatin (&, w. 22), confidence interval around the ragression line [y, 13, 7)),
linear discriminant function analysis (1), and ellipticsl toberance region (a)
With the exception of the last twe, these methads fail to treat carrkers &
# group contrary 1o the normals. Furthermore, these above mentianed
mathods can provide sn "'l or none” statement only, From 8 logical
paint of view, & probability rather then an “all or none” statemant should
be alfered 1o & person ssaking ganetet counseling, especially | tha labors.
tory ted1 rewlis are border ling,

Bowma and his associates [n) ware tha first to ose slifphical 1alecence
canfidence teglons for hoth normal and earrier groups. Using the same
mathads for statistical analysis of tactar Y1 coagulant activity and factar
Vill-related antigen, we abtaimed 85% of carviers ootside the 55% (oleran
e confidence regean for the normal grosp. Bot 73% of normals tell wathin
the 95% tolerance region of the carrier group. Apparently our ieslts
damongtrated that there wes @ wide overfapping of thise two talerance
confidence elfipses, especinlly when factor VIl cosgulamt sctivity ond
restocntin cobacnor activity wers isad Yor the calculations. From thi tois
ronce allipses mlone, we were not &5 successful 64 Bouma in soparating
carrigry from normals and were alio amabde 1o provide caroer versd nor
mal probedility based on the resulis of the tete However, whan theis
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doia were sublected 10 discriminant anebyims [isl, & posterior probaliikily
of baing narmal o cartwr for sach came could be obtained from the sque
redd Mehplonobis” distinces Trom the means of both normal and carrier
grouns. According ta this awihed, 30% al esriiers were comrectly clus-
fied when lTactod Y1 cosgulamt acthily and factor WIIT-related antigen
wern ted. 75% of carriers were accurstaly pradicted when lactor VI
codgulent sctivity and ristocetin cofector sctivity were wed; and H5%
af eartiers and 84% ol all qubjects weis comectly pradicted whan all
ilvres parsimeiers were used in the computation s Eneousty,

Muost al ihe imultiverite technigued incloding regression end discrimi
nalE analys estimate parameters which are aptimal for the data sctually
observed i 1he sample. When the results of these analyses e applied (o
new data, the prediction mee wdll be semewhat poorer than weth the
otiginal sample '

Didser than fechnicel and statstical prabloms there are @varal teciom
which might athiecy the accurste detestion ol hemoghilie carnes. Firsh,
it was observed by Flizaa et al [22) that coiriers with highed levels of facior
VI eoagiilany activily @nd factesr WiLrelamsl antigen s difficult to
dittergntiste fram normais Qur dota shiw the same phenoemanon sEnce
(e twin regression lines of normal and carmer groum orocssed each other
at higher levuis of lactor VI Conditions which alevate factor VI lovels,
vuch mm exercise, artrogans, pregnancy s adrenalin infiegion, might make
the discrimination bhetween normals and carriers more difficult, Seoond,
s i othey sx-linked inherited diseases (2 %), the random Inactivation
af gither the matemal or paternal X-chromosome esrly in embryonic lile
produces & mosss resslting In consitorable variability af factor VI
gctivily in caeviars This phethomenon, callad “lyonizanon” may soplam
the vartahility of rmtins betwaen factor VI coagulant activity and fecior
Vill-refatad sntigen Wi carrages, Thicd, there i increassng evidence that
ristoeeting polactor sctivity and facter VIILrelatndl annigen dererminml
with rabbit sntiserm e mome diecily mioted (ot primary gane pro-
duret o ihe sutosommal won Willkbrand locus than to the sex-linked ocuy
esocied with factor Wil coagulant activity. It has beon damonctieted
that factod VI can be dissociated livio two components, i ligh mobecular
waigh! component containkng nefocetin colactor activity and facton
M ralated antigen devard of factor VI coagulant sciwity and & low
maleculsr wdight  componemt contmining only  factar VIH  coagulsnt
sty lim ), Though these factar VI related propertes ore closely
felated, the comparizon of 1wa hiological proparties on sopanite polypog-
thdes from twa separare genes woukd not be thaaretically as sound a3 thair
tiaing on the same polypaptide snd tharelom controlled by o single gene.
Finally, other than hemagphiliecs and hemophilic carriars, a decreased
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ratio of factor VIII coagulant activity and factor W1I|-related antigen has
been observed in conditions essociated with intravascular coogulation and
feranobysis (o, 1y, an), in which factor VI coogulant activity i selactivaly
inagtivated and factor VIH-releted antigen and ristocetin cofsctor remain
intsct. Disases soch o disemingted corcinoma, leukemin, hemplytic
gnamin, thrombotic thrombocylopenic purpura, pulmonsry embolizm,
svere bums, ler dissems, snd myocsidial infarcthon, have been shown
1o teve o significantly decressed ratio between factor VIl cooguiont
petivity and Tector VIl-rplared antigen. Accordingly, whan carmnr detec-
lion & to be studied, persons with possible introvescular coagulation or
tibrinotysis should be excluded.

F.N.: Whils prepaning this manuscript, comparable results were publishad
by H.M, Reizsrier ot al in Brit J Hosmat 40: 339, 1973

HESUMEN

Prediccion de Portadorss ds Hemaoflilie. Un nueve enfogue estadisticn,
utifizanda & determinacion simultanes, de la actividad coagulinta del
factor WIII, &l antigane asociadn v ol colsctor ristocetins. ¢l Ve
Limn  E, {Theparimoni of Wedicins, Vilermos Adminprabion  oagpdial,
Pz N, Pk Syreer, Miamid, Florids 33025, D500, Thez Euald M,
Walice 5.0, Vafier K., fenFem L., wed HMockrecs, JUK, Tovest Clin
MRy 162 07T, JuTe,- Se utilizh @ andluis discriminante multivariado
&N un grupo de mujeres, para codcular la posibilided future de ser normales
o portadovas de hemafilia, Cuando s& ulilizaron la actividad coagulante
del factor VIl v el entigeno -esociado 8 este fsctor, todes las mijeres
normales {an) v 18 de 20 portadoras obligatorias, s clasificaron correc-
tamants, Cusndg en Jugar del sntigano, 8 wlifizd la sctividad del cofactar
ristoceting s& hizn una prediccidn correcta en gl 37% de lss mijeres nor-
males y en &l 75% de les portadoras obligatoriss, Al tomar en congiders
citim log tres pardmetros en andlisis discriminante, se clasificaron correc-
taments todas las mujeres normales v 17 da les 20 portadorss obligatorias.
Conchifmos #n que w2 puede utilizar 1a determinacidn conjuista de i aoti-
vidad coaguiamte del factor VIl y | del cofsctor ristoceting, coma un
métadn altermo o sdjunto para detectas las portadoras de hemotiiia.
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DEVELOPMENT OF AVIAN LIVER LIPOGENIC ENZYMES
ODURING THE PERINATAL PERIDD, MINIREVIEW.

Elena Ryder and Gilberta Campas®

Contrary 1o the mammalian embryo, fipkd synthesis is minimal in the
liver of the chick embryo, During thig period, the animal is consmming &
fatty diet from where it derrves its energy in the last part of its embryonic
flile, It is understandpble Thet there @ no necessity to elsborate these
enzymes, since the embryo environmant is rich in Hpids, After haiching,
& high carbohydrotedaw fa1 diet it installed and the animal has 1o adjust
10 this new nutritional state developing the hepatic fipogenic sctiity
with 8 concomitant coordinate increase of the enrymes involved in this
pathway.

It has bean shown (& 7} that the activity of citrate Iyase (CL) increases
gightly but significantly during the haiching period and the tiarvation
peread following hatching. Alter 24 & of leading, the valies are alevated
4.5 fold reeching the maximum activity 58 days altad feading. The fatty
acid synthetsse |FAS) activity, == found by Joshi and Sidbary (14} in the
newly haiched chicks, goes op even if the animal i starved. Alter Teeding
thare & an additional increase. The maximum sctivity is found a1 24 days,
going down to adull values in ten deys. Malic enzyme (ME) behaves like
the other two earymes (1], hovewar there is no merease in activity before
fooding iz establiched, We showod (24] 8t the saane time o did Arinze and
Mistry (1), that the acetyl CoA carbonylase (AGCx) activity i vary low
during the embryonic poriod. During the hours after hatching tho is a
rise and with the onset of feeding the activity increases 8- 10 times, peaking
&1 15 days. Thiz eneymae is aclivated by cifrote, ond at any point there
wat & citrate requirement (BmM) for maximal sctivity Lze). 10 ssems then

*  [mttiure de fnerrtigeciones Clindcen Faculisd de Medicin Prrversidad dil Tulla
Aparesdes |15]. Marscaibe, Venerueala.
This paper win presented &t the Symposium “Regufaticn of Enapms Acpwily
ind. FAABS Mewting, Covacsi, Wanerusia, Septambar 3-8 197E
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