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SUMMARY. An immunoradiometric assay (IRMA) has been developed based on the 
inhibitor which arose in a polytransfused severe haemophiliac. The two-site IRMA 
measures antigens closely associated With the procoagulant parts of the factor VIII 
complex, which are termed FVIIIC antigens or FVIIICAG. FVIIICAG was present 

in normal plasma and also, at a slightly lower concentration, in normal serum. In 37. 
patients with haemophilia A, 36 had FVIIICAG levels of less than 10% of the normal 

plasma pool. In patients with von Willebrand's disease the levels of FVIIIC and 

FVIIICAG were in good agreement, both before and after treatment with cryopre-
cipitate or DDAVP. FVIIICAG was relatively stable in plasma at37°C and could 

also be detected in cord and fetal serum, The assay is of patential value for detecting 
reduced levels of factor VIII, for carrier detection and for the prenatal diagnosis of 

haemophilia. 

Factor VIII is thought to circulate in plasma as a complex with three measurable entities. 
Procoagulant factor VIII (FVIIIC) is measured in clotting tests. Factor VIII related antigen 
(FVIIIRAG) represents the antigenic determinants detected by heterologaus antisera raised to 

purified factor Vill and is measured by Laurell assay (Zimmerman et al, 1971b), radioim-

rnunoassay (Paulssen eta!, 1975), or by imtnunoradiometric assay (Counts,1975; Ruggeri eta!?
1976; Peake & Bloom, 1977), The third activity, ristocetin cofactor activity (FVIIIR:Risto-
Cof}, is measured by the ability of factor VIII, in the presence of the antibiotic ristocetin, to 
cause normal, washed or fixed platelets to aggregate (Howard & Firkin,1971; Weiss et a!, 1973; 
Macfarlane et at, 1975). The'exact molecular relationship between these activities has been the 
cause of much discussion and is still not resolved (Bloom & Peake, 1977). 

Studies on the relationship of FVIIIC to the rest of the complex have always been hampered 
by its lability. . Inhibitor neutralization techniques have been used to study the presence (or 
absence) of non-coagulation active FVIIIC material both in haemophilic plasma (Denson et at, 
1969; Briggs, 1974) and in tissue homogenates (Bloom & Giddings, 1972). However, this type 
of assay is difficult to perform with accuracy and is susceptible to the presence of other 
coagulant activities (e.g. tissue factor). 
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270 LR. Peake et al 

This paper reports the development of a coated-tube two-site immurioradiometric assay (IRMA) based on the antibodies or inhibitor which arose in a polytransfused severe haemophi-liac. The assay, which measures antigenic determinants closely related to the FVIIIC part of the factor VIII complex, has been used to study the nature and, level of these determinants in 
haemophilia and von Willebrand's disease and also in certain fetal samples, The antigens detected are termed factor VIII clotting antigen or FVIIICAG, and the assay appears useful in the diagnosis of haemophilia in plasma, serum and perhaps fetal serum. Preliminary data with the assay have already been reported (Peake & Bloom, 1978). 

MATERIALS AND METHODS 

• s?i! Source and Preparation of  Anti-FVIIIC IgG Fraction 
(   P.M. is a severe haemophiliac with an inhibitor to FVIIIC. During treatment with factor VIII concentrate for a serious bleed he developed an inhibitor which rose to a titre of > 30 000 

units/ml (Biggs & Bidwell, 1959). An IgG fraction was prepared as follows from a sample ofthe patient's plasma with a titre of 2000 u/ml obtained 20 d after the maximum titre had been reached. A plasma globulin fraction was prepared by precipitation with 50% arrimoniurn 
• ` ; sulphate, and after dialysis against 0.04 M phosphate buffer pH 8.0, the fraction was chromato-

,: graphed on DEAE Cellulose (DE 52 Whatman) equilibrated in the same buffer. The eluent was ,.; collected and concentrated to the original plasma volume and was shown to have a titre of 1900 
a/ml and a protein concentration of 142 mg/ml (by the method ofLowry et at, 1951).. This IgG 
fraction was used both for the initial coating of the tubes in the assay system and as the fraction 
used for iodination (see below). 

Preparation of Instnunoadsorbent (IMAD)
The IMAD used in the iodination procedure was prepared from a factor VIII concentrate 

prepared by gel chromatography on. Sepharose 6E (Pharmacia) of commercial factor VIII 
concentrate. The void volume fractions were concentrated to give a solution containing > 50 
u/ml FVIIIRAG. I ml of this solution was diluted 1:1 in.0.2 as borate buffer pH 8'6 and 
incubated with 2 ml of diazotized M-aminobenzyl oxymethyl cellulose (Miles--Yeda Ltd) as 
described by Counts (1975). The resulting factor VIII IMAD was washed and used in the 
iodination procedure described below. 
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20 pl of IgG solution (284 yg of protein) were iodinated by the chloramine-T method of

S.

;.~ Greenwood et at (1963). To the IgG solution in a glass tube was added 1 mCi of Na125I 
(Radiochemical Centre, Amersham). This was immediately followed by 10 .itl 'of chlora- _ 
mine-T solution (0018 M). After 30 s of rapid mixing, 100 UI of sodium metabisulphite for 18 
solution (0006 M) were added followed by I ml of potassium iodide solution (0.0012 M). Dilutia 

The reaction mixture was immediately chromatographed on Sephadex G-25 column (0'9 4%
cm column containing 4 g of Sephadex G-25 (Pharmacia) swollen in 0.1 M phosphate buffered incubi 
saline pH 7,2 (PBS) and equilibrated in PBS containing 1% bovine serum albumin (Miles). anti b0 
The radioactive protein peak routinely appeared in the 5-8 nil fractions and contained between hat 3' 
70% and 90% of the added radioactivity. More than 96% of this activity was p'recipitable with count{ 
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An Irnmunoradiarnetric Assay for FVIIICAG 7,71 

10°la trichloracetic acid. The labelled protein fractions were pooled and incubated with the 

factor VIII immunoadsorbent for 2 h at 37°C and 48 h at 4°C. 

Elution of tall Anti FVIIIC Antibodies 
After incubation the IMAD was spun down (3000 g for 10 min) and the supernatant was 

removed. The IMAD was now washed eight-times by resuspension and centrifugation in 5 ml 

of 0-1 M barbital buffer pH 7.9 containing 0.15 M sodium chloride and 0.1% BSA (referred to as 

barbital buffer). The final wash was shown to contain negligible amounts of radioactivity. The 

[MAD was then resuspended in 5 ml of 10-4 M HCl and allowed to stand at room temperature 

for 5 min. The IMAD was then sedimented by centrifugation and the supernatant added to 

5 ml of barbital buffer. This procedure was now repeated with 10-3, 10_2 and 10-' M HCI, and 

the supernatants were, in all cases, added to 5 ml of barbital buffer. Where necessary the pH of 

the eluates was adjusted to pH 7.9 with dilute NaOH. Maximum radioactivity I x 106

cpm./ml) was obtained in the 10 -2 M HCl eluate at a pH of 2.1. This fraction was stored at 4°C in 

the presence of 0.02% sodium azide and used in the immunoradiometric assay. 

Imm►rnoradionzetric Assay 
The assay system used was a coated tube method using 12 x 75 mm polystyrene tubes (W. 

Sarstedt, Leicester). Each tube was initially, coated internally with 0.5 ml of a 1:3000 dilution of 

the haemophilic inhibitor IgG fraction in 0.1 M bicarbonate buffer. pH 9$, by incubation at 4°C 

R 

% Bound radioactivity Logil % bound 

Pic, 1, Immunoradiometric assay dose—response curves for a normal plasma pool. 

for 18 h. The tubes were then washed twice with barbital buffer'and twice with distilled water. 

Dilution of normal plasma or test plasma or serum was prepared in barbital buffer containing 

4°!a BSA and 0.2 ml was added to each tube (using duplicates). The assay tubes were then 

incubated at 37°C for 24 h. After a single wash with barbital buffer 0.2 ml of 1 'I anti FVIIIC 

antibodies (containing N  4000 cpm) were added to each tube which were then incubated for 24 
h at 37°C and 24 h at 4°C. After finally washing twice with distilled water each tube was 

counted for 2 x 5 min on a Micromedic MS 588 y counter. The bound radioactivity in each 
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tube was expressed as a percentage of the total activity added, and a plot of this percent bound 
against the log of theplasma dilution resulted  g   u red in a typical dose response curve with the linear 

• i portion of the curve between dilutions of 1:10 to 1:320, A plot of logit % bound (in 
%B/(100— %B)) against the log of the plasma dilution gave a straighter line with a sensitivity 
limit of 1:1000 dilution of normal plasma pool (i.e, 01%  FVIIICAG). Typical dose-response

I ' 
curves for the normal plasma pool are shown in Fig 1. Test samples sere assayed at at least three 
duplicate dilutions,! 

I. ' I Collection of Samples 
Blood was taken by venepuncture and immediately divided into two. One half was 

anticoagulated with one part of trisodium citrate (38 g/I w/v) to nine parts of blood and 
. centrifuged at 3000 g for 15 min to obtain platelet poor plasma (PPP). This was assayed for• FVIIIC activity as soon as possible. All other assays were generally performed on plasma (or 

serum) stored at —20°C. The second aliquot of blood was allowed to clot at 37°C for 2 h and
then placed at 4°C for 18 h. The resulting serum was aspirated and stored at ---20°C. All results 
were expressed as a percentage of the levels of activity present in a lyophilized pool of normal 

:.F plasma containing plasma aliquots from 30 normal individuals and.stored at —80°C. This pool 
was also used as the control for FVIIIRAG assays. Serum results were corrected for the absence 

• 

of the dilution effect of anticoagulant in plasma. 
Procoagulant factor VIII (FVIIIC) was assayed by a two-stage method similar to that 

described by Pool & Robinson'(1959) and standardized against the International factor VIIIC 
standard (National Institute for Biological Standards and Control, Holly Hill, London). 

• i Factor VIII related antigen (FVIIIRAG) was assayed by the immunoelectrophoretic method 
of Laurell as applied to normal plasma (Bloom et at, 1973) or by immunoradiometric assay 
(Peake & Bloom, 1977). Both techniques utilized rabbit anti-human FVIIIRAG, prepared as
previously described (Bloom et at, 1973). Results were expressed as a percentage of that present 
in the pool of normal plasma. 

Factor VIII related ristocetifi cofactor activity (FVIIIR:RistoCof) was measured using the fixed 
• platelet method of Macfarlane et at (1975) using an aggregometer (H. Upchurch, Leicester 

j J 

The results were expressed as a percent of the normal plasma pool. 
Factor VIII inhibitor neutralization activity (FVIIL INA) was assessed by the method of 

Giddings et at (1977), using the same haemophilic inhibitor plasma as used in the IRMA. 

RESULTS 

Normal Plasma and Serum 
FVIIIC and FVIIICAG levels were measured in plasma samples from 26 normal individuals 

The • results are shown in Fig 2, and show a correlation coefficient (r) of0.74. The mean FVIIIC 
level (95.4%) was not significantly different from the mean FVIIICAG level (87.8%). Serum Hu 

• ' I was obtained from 14 of these normal people arid ̀ FVIIICAG was assayed. The IRMA
dose-response curves for serum were parallel to those obtained with plasma and a comparison 

A 
Fv of the plasma and serum results in these normals is shown in Fig 3. An r value of 0.89 was . ' 

obtained, iv but the mean FVIIICAG le'vcl in serum was significantly lower than that in plasma g Y P 
(mean plasma level 854%, mean serum level 69.6%, P<0.001). 
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Fin 2. A plot of FVUIC against FVIIICAG in 26 normal plasmas. 
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Fic 3. Plasma and serum levels of FVIIICAG from 14 normal donors. 
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tm Iaemophilic Plasma and Serum 

EA Plasma and serum samples were obtained from 37 patients with mild or severe haemophilia 

A. The results obtained for FVIIIC, FVIIICAG; FVIIIRAG and FVIII INA in plasma, and 

on IVIIICAG in serum are shown in Table I. FVIIIC levels ranged from 30% to 0% and 
ras s 

FVIIIRAG levels were normal or raised. However, in these only one had a FVIIICAG level of 
na 

¢ greater than 10% (No. 22, FVIIICAG 41 %). As Fig 4 shows, there is an apparent complete lack 

of correlation between plasma levels of FVIIIC and FVIIICAG, except that, of course, they are 
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274 L R. Peake et al 
both markedly lower than normal. Serum FVIJICAG levels agreed well with the plasma levels, as did serum FVIIIRAG with plasma FVIIICAG (results not shown). The results may be summarized as follows. Of the 37 haemophiliacs studied 16 had plasma FVIIIC levels of 0% and of these 12 had FVIIICAG levels of <0.1 %. In all 24 patients had FVIIICAG levels of <01 °%. Only nine had measurable levels of both FVIIIC and .FVIIICAG and, as seen in  Fi 4 there was no obvious correlation bebetween these results, g 

TABLE I. Results in haemophilic plasma and sera*

e patient % r r /o FVIIICAG % FV111CAG % FYIIIl2AG % F(/IXI:INA No. % Ft/XXXC plasma serum plasma plasma 

2 © <01 <0. 
NT 

1 200 0 <0,1 <0.1 NT 
3 0 <01 128 NT 

<0. 

( 4 0 <0.1 86 f 5 <01 <O1 234 
N•1,

` .:.` 6 
0  217 _ 

NT j1 
7 <0. 

NT
1 <0.1 259 0 <al t01 

8
9
 0 <0.1 <0.1 ?135 

21 <10 se 
0 <0.1 NT se 

10 1 156 
11 0 <01 <0.1 275 of 0 12 0 <0.1 t 0.1 256 NT NT di 

<01 -1, <0.1 13- 234 NT0 2 2 191 NT 14 0 6 
7 NT 

a
15 0 6 5 9 F 
16 0 2 

7 128 < 10 F'4 

18 
17 1 1 

4 65 NT m

19 1 5 1 288 
NT 

2 4 7 NT 
i, r Za 3 <01 164 NT

. <o•1 50 NT 21 3 <01 
22 41 41 

<0'1 198 NT3 

24 3 <0.1 <01 152 65254 5' <01 <01 198 NT 
6 <0.1 <0.1 NT 

26 6 7 143 < 10 
27 8 <0.1 9 259 25
28 28 7 <01 152 <10 
29 22 6 120 NT 
30  

13 
<12 0.1 <0.1 62 20

32
31 <0 l <0'1 109 

45 NT i 

33 
27 <0.1 <0-1 115 NT<0.1 t 0.1 86 

NT 

35 .17 2 3 66 
<10 

30 1 1 <10 
36 <0.1 <O1 184 NT
37 20 <0.1 < I 

75 
NT 109 NT

NT=not tested. 
All data as % of normal plasma pool, 
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Pro 4. FVIIICAG and FVIIIC in plasma from 37 haemophilia A patients. Cut-off lines shown at the 

1% level. 

Von Willebrand's Disease,(iWd) 
The results obtained in three types of von Willebrand's disease are shown in Table II. In three 

severe vWd patients, with very low levels of FVIIIC and no detectable FVIIIRAG by the 

• sensitive IRMA, FVIIICAG levelsof3%, 4% and 4'5% were obtained suggesting the presence 

• of low circulating levels of non-active procoagulant factor VIII. In five patients with interme-

diate vWd, levels of FV IIIC, FVIIICAG and FVIIIRAG were all reduced to approximately the 

same extent. In one of these, treatment with cryoprecipitate resulted in an increase in all three 

parameters as expected. However, there was still good agreement between FVIIIC and 

FVIIICAG. In a single patient with atypical vWd (FVIIIRAG with increased electrophoretic 

11 mobility) levels of FVIIIC and FVIIICAG were very similar. 

TABLE 1I. Results in von Wi lebrand's disease plasma 

FVIIIC (%)# FVIIICAG (%)t FVIIIRAG (%)1 

Severe vWd 
i 0 • 4 <0.01 (by IRMA) 
2 . 0-1 . 3 <0.01 (by IRMA) 

3 0 4.5 <0-01 (by IRMA) 

Intermediate vWd 
14 

2 6 5 8 
3 22 13 13 

4 7 6 7 
5 5 4 B 

5 post cryoprecipitate* 39 32 110 

Atypical vWdt 
20 23 46 1 

* Following treatment with cryoprecipitate. 
FVIIIRAG has increased electrophoretic mobility on two-dimensional crossed 

immunoelectrophoresis. 
$ As % of normal plasma pool. 
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276 I. R. Peake et al 
A sixth intermediate vWd patient, with initial levels of FVIIIC, FVIIICAG, FVIIIRAG and FVIIIR:RistoCof all below 10% but with a normal .bleeding time, was treated with i-deamino-8-ia-arginine vasopressin (DDAVP) as suggested by Mannucci et al (1977) to control bleeding at h sterecto Th y my. e patient was given DDAVP on three occasions,during an 8 hperiod (0'3 pg/kg on each occasion) and the plasma levels of the four FVIII related activitieswere assayed during this period. The results are shown in Fig 5. The response to the first dose of DDAVP was considerably greater than subsequent doses; and in general all four activities increased to similar extents, except for FVIIICAG after the first injection, when the increase was considerably more than that of the other• activities. The significance of this is at present uncertain, 

20 !_
0 N 

iG3 `t 
}l 

Do I

• 
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I 

2a  ❑ b i.•........•. I-.- . .TT.::! 
0 2 3 4 5 # 6 7 8 h DDAVP DDAVP DDAVP p•3f 9 /kq 0'3pg/kg D'3ftg/kg

Pic 5. Plasma levels of FVIIIC (0), FVIIICAG (e), PVIIIRAG (a) and FVIII:RistoCof (a) in an intermediate vWd following treatment with 1-deamino-n-arginine vasopressin (DDAVP 0.3 i. ig/k8) • 

FVIIICAG in Fetal Samples 
As the results in serum have shown, FVIIICAG is readily measurable in normal serum (Fig 3). FVIIICAG was also shown to be present in cord serum and Fig 6 shows a comparison of FVIIICAG in plasma and serum from cords of six normal full-term infants. The results were within the normal range and there was no significant difference between them . Assays were also performed on 10 samples of amniotic fluid (FVIIICAG <0.1%) and seven samples ofserum obtained directly from fetuses after termination of pregnancy (Table 111). Of the latter 

samples five were from fetuses of normal mothers. In cases 6 and 7 the mother was an obligatecarrier of haemophilia and the fetuses were initially shown to have male karyotype by 
amniocentesis, . In both cases no FVIIICAG was detectable in the serum samples obtained, 
compared to 10-23% in the fetuses from normal mothers, 
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TABLE III. FVIIICAG in fetal samples 

Maternal Fetal ABF Fetal sex 

Sample FVIIICAG (°/b)* FVIIIRAG (%)* stains (weeks) MIF 

Amniotic fluid 
(10 samples) <0.1 <01 Normal --

Fetal serum 1 23 NT Normal 
NT Normal 

18 
19 

M 

F 2 17 
3 17 272 Norma l 21 F 

4 10 53 Normal 21
M

5 15 264 Normal 16 F 

6 <0.1 254 Haemophilia 16 M 
carrier 

7 <0.1 - 144 t-Iaemophilia 22 M 
carrier 

NT=trot tested. 

As % of normal plasma pool. 
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Fin 6. FVIIICAG levels in six cord plasma (P) and serum (5) samples taken from cords of normal 

full-term fetuses. 

Stability of FVIIICAG at 37°C 

Normal plasma was incubated at 37°C for up to 26 h, Samples were removed at various time 

intervals, frozen at --80°C and then assayed together for FVIIICAG, FVIIIRAG and FVIIIC. 

Fig 7 shows the results of a typical experiment. As expected, FVIIIC levels fell to 30% of the 

initial level within 24 h. However, the level of FVIIICAG remained constant. Levels of 

FVIIIRAG showed a slight initial rise.

DISCUSSION 

An immunoradiometric assay has been developed based upon an inhibitor which arose in a 

polytransfused severe haemophiliac. The method used is a coated tube assay very similar to that 

WITN6914098_0009 



278 I. R. Peake et al 

als 
Co 

rai 
rei 
65 

be 
le4 60 
tt0 

40 
grc 

ms`s 
ani 

! rea 
20 i spe 

lea 

i i it wi 
2 3 4 5 6 22 23 2.4 25 26 4 del 

Time(h) 
Fte 7. Levels of FVIIIC (e), FVIIICAG ( x) and FVIIIRAG (o) in plasma incubated at 37°C. Percent
recovery of each activity shown. Initial plasma levels 

FV 
me 

were FVIIIC 125%, FVIIICAG 82%, FVIIIRAG 86%. After 26 h FVIIIC 37%, FVIIICAG 76%, FVIIIRAG 98%.
ant 

del 

used for the assay of FVIIIRAG (Peake & Bloom, 1977) and the antigen(s) measured by this assay has been termed factor VIII clotting antigen 

brc 

into as'FVIIICAG. A comparison of FVIIIC; and FVIIICAG in 26 normal plasmas showed reasonable agreement between these two activities 
(r 0.74. The reason for 

me 
,, . the relatively low coefficient of cotrelation.is unclear at, 

present but may be a reflection'of the difference in stabilities of the 
Wa
in  I activities. As described in this paper,

FVIIICAG is stable in plasma at 37°C for 24 h, while FVIIIC is, of course, labile and loses up to
70% of its activity. A 

ofa 
second factor is, of course, that 

the two assays are totally different innature and are subject to very different inherent errors. Even 

of I 

so, the agreement in this particular group of normals was better than 
that ofFVlIIC against FVIIIRAG (unpublished observation), r FVIIICAG was also'

adr 
shown to be present in serum and the parallelism with the plasma

dose—response curves suggests col siderable similarity between plasma and Although 
V.   lt

serum FVIIICAG. there was a good correlation. coefficient between the levels of FVIIICAG in normal plasma and sera (I —0.89) there 
urn 

was a significant difference in the mean values (plasma 85.4%, serum 69,6%). The reason for this difference is sair probably connected with the clotting or ++fibrinolytic process which has occurred and which has resulted in either consumption of some FVIIICAG, or slight antigenic 

InI 
l 

alteration of the molecule FV, 
s, The resultsobtained in this paper on normal plasma and serum 

by
ery 

r

FV.appear to
possibly

similar to those of Lazarchick & Hoyer {1977}, as yet only published in abstract form. The •results~af their fluid phase assay also suggest better
assa 

agreement between FVIIIC and 
FVIIICAG, than FVIIIC and FVIIIRAG, and also indicate the greater stability of FVIIICAG.

suit 
sen 

Of particular interest are the results obtained with the 37 haemophiliac patients.. In all cases except one (No. 22, Table I) both FVIIIC and FVIIICAG 

silt 
sho 

were reduced, and FVIIICAG was 
ran
rani 
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An Inhin(noradiattietric Assay for FVIIICAG 279 

also reduced to'a similar extent in serum. Thus in these 36 patients a diagnosis of haemophilia 

could be made based on the plasma or serum FVIIICAG results, combined with a normal or 

raised FVIIIRAG, normal bleeding time, etc. Patient 22, with 41% FVIIICAG and 3% FVIIIC, 

Tepresents a CRM+ haemophiliac (Denson et at, 1969) as confirmed by the FVIII:INA result of 

65%. 
As may be readily seen from the haemophilic data there was no apparent relationship 

between levels of FVIIICAG (as measured by theIRMA) and FVIIIC. Thus with the IRMA the 

level of FVIIICAG does not indicate the severity of the haemophilia, except that the propor-

tion of patients with FVIIICAG <0'1 % in severe haemophiliacs (FVIIIC 0%, 12 out of 16) was 

greater than in those with measurable FVIIIC levels (10 out of21). In several patients (32, 33,36 

and 37 Table I) a FVIIIC level of > 10 0/u was accompanied by no detectable FVIIICAG. The 

reason for this is likely to be a combination of the defect in the FVIIIC molecule and the 

specificity of the antiserum. One interesting possibility is that, since the assay requires that at 

least two antigenic sites are present on the FVIIIC molecule, the existence of a FVIIIC molecule 

with some FVIIIC activity, but with only one site available to the antibody(ies), would not be 

detected by the FVIIICAG assay as performed. Similarly, a FVIIIC molecule altered to have no 

FVIIIC activity, but still possessing at least two antibody binding sites, would be detected and 

measured by the assay (e.g. No. 14 and 15, Table 1). Quite clearly further studies with different 

antibodies are necessary, but a complex heterogeneity in haemophilia is suggested. Although 

detailed family studies have not been performed, the presence of similar results in two pairs of 

brothers (32 and 33, 14 and 15, Table I) may indicate homogeneity within affected families. 

In von Willebrand'•s disease the close agreement between FVIIIC and FVIIICAG in the 

this intermediate and variant patients further enhances the relationship between these two 

and 4' measurements. The finding of low but measurable levels ofFVIIICAG in three severe patients 

ties was unexpected, and suggests the presence of a small amount of non-coagulation active FVIIIC 

but in the circulation. Since the genetic X-linked locus for factor VIII is normal in von Wile-

per, brand's disease the present results may represent FVIIIC not stabilized due to the complete lack 

a to of FVIIICAG. Treatment of intermediate vWd with cryoprecipitate (Table 1I) produced an 

t in r increase in FVIIICAG very similar to that of FVIIIC. In a more detailed study DDAVP was 

alar administered (Mannucci et a1, 1977) and a rise in the FVIIIC, FVIIICAG, FVIIIRAG and 

.n}. 
e 

FVIIIR:RistoCof was observed. Apart from an increase in FVIIICAG greater than that of the 

.ma l other three activities after the first administration of DDAVP, all four activities behaved very 
LG. f similarly during the,course of treatment, suggesting a close relationship between them. 

ma! The FVIIICAG results with normal and haemophilic. serum led to studies on fetal serum 

samples. Full-term cord plasmas and sera showed very similar results close to the normal range. 

or In the few post termination fetal samples' tested five normals had FVIIICAG levels ranging 

me from 10% to 23%. In the two male fetuses from obligate carriers of haemophilia no serum 

alts FVIIICAG was measurable. On the basis of this data it seems reasonable to suggest that the 

of assay of FVIIICAG may be useful in the diagnosis of haemophilia in the fetus. To do, this a 

uid suitable sample of fetal serum must be obtained by fetoscopic techniques. Although 50 pl of 

and serum is sufficient,, contamination with maternal blood must be avoided although some 

dilution with amniotic fluid may he acceptable. Results on other affected family members 

.ses should also be available, if possible, in order to show if the fetus could be CRM-t .Finally, a 

vas range of normal levels of FV IIICAG in the developing fetus must be determined by the assay of 
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as many normal fetal serum samples as possible. However, the validity of the assay for prenatal diagnosis will depend in the shorter term on its efficacy in demonstrating the expected distribution of abnormal (presumptive haemophilic) male fetuses after termination of preg-nancy in a substantial number of CRM= obligatory carriers and eventually on the predictive results in clinical practice. 
FVIIICAG was shown to be'relatively stablein plasma at 37°C, and also to be present at only slightly (15-20% less) reduced levels in serum. In view of this it may be possible, therefore, to assess the original level of FVIIIC in samples which, for one reason or another, are thought to have lost some of their procoagulant activity. This may be important where a sample has travelled some distance, for instance by post, and particularly in the detection of carriers of haemophilia, where the FVIIIC/FVIIIRAG ratio is critical (Zimmerman et al, 1971a). Indeed because of the low FVIIICAG:FVIIIC activity ratio seen in many haemophiliacs and hence possible in carriers, the assay may even offer increased discrimination in carrier detection. The development of assays for FVIIICAG has several important ramifications. It may enable the FVIIIC part of the FVIII complex to be studied and estimated unaffected by,the lability problems associated with the FVIIIC assay and it may be invaluable in determining the site of synthesis of factor VIII (Piovella et al, 1978). Diagnosis of haemophilia is now possible using stored plasma or serum in the majority of cases, and prenatal diagnosis seems to be  possibility. Finally, the assay may alleviate some of the sampling problems and improve the discrifrliilant function associated with coagulation assays in the detection of haemophilia carriers and may permit a valid postal service. These and many other applications remain-to be assessed. 

ACKNO WLEDCMENTS 
This investigation was supported by a grant from the Medical Research Council Samples of fetal serum and amniotic fluid were kindly supplied by Professor K. M. Laurence, Department of Child Health, University Hospital of Wales, Cardiff, Mr I. Rocker, Department of Obstetrics and Gynaecology, Royal Gwent Hospital, Newport, and Dr Dominique Meyer, Institut National de In Saute et de la Recherche Medicale, H6pital de Bicetre, France. We are grateful to Mr R. A. Furlong and Miss B. D. Davies for their expert technical assistance. 

Immu 
factor 
logy, -'

GResNw 

(1963) 
growl 
themes 

HowAtu 
new t 
lion. 
362-3 

• LAZAACI 

dioms 

associ

• 
: 

50 (St 
LOWEY, 

DALL, 

Folin i 
193, 2 

MACFAR 
M.B., 
meths 
cetin 
giro, 3 

MANNUI 

CAerr 
vasop: 
manai
diseas, 

PAULSSEI 

KOLH,

REFERENCES 

j l 
Btccs, R. (1974) The absorption of human factor VIII neutralizing antibody by factor VIII. BrlfishJourrtal 

of factor Vill and its disorders. Senririars,n Haernato-of Haelllatology, 26, 259-2,67. logy, 14, 319-339. 
Btccs, R. & BIDWELL, E. (1959) A method for the 

BLOOM,A.L.,pEAKE, I.R.&GIDDINCS,J,C. (1973)The
study of antihaemophilic globulin inhibitors with referencetosixcases British 

presence and reactions of high or lower-molecular-
weight procoagulant factorJournal 

ofHoematolo 5, 379 395, ' gY, 
VIII in the plasma of

patients with von Willebrand's disease after treat 
BLOOM, A.L. & GIDDINGS, J.C, (1972) Factor VIII 

(antihaemophilic factor) in tissues detected by 

meat: significancefor a structural hypothesis for factor VIII. 7'hronrbosis Research, 3, 389--404. 

1 
anti- body neutralization. British Journal of  yalo 23, 157-1e 5. Sy, 

COUNTS, R.B. (1975) Solid-phase immunoradio-metric assay of factor VIII 
BLOOM, A.L., GIDDINGS, J.C. & WILKS, C 973 . 1 J ) ( 

protein, British journal of Haertratology, 31, 429-436. 
D , Factor VIII on the vascular intima: possible impor- tance in haemostasis and thrombosis, Nature, Nei 

ENSON,, K,W.E,, BIGGS, R., HADDON ME „ BOA 
AErr, R. & COBB, K. (1969) Two types of haenio-y Biology, 241, 217219. Janrn
philia A+ and A-); a study of  cases. British al 

BLOOM, A.L. & P6 
enecs AxE, I.R. (1977) Molecular 

ti of Haematology, I7, 163-171. 

III 
g GIDDINGS, J.C, $ELIGSOHN, U. & BLOOM A.L. (1977) 

muno 
antige 

PEAKS, I 
immu 
antige 
disease 

WITN6914098_0012 



An Itlimunorarliontetric Assay for F VIII CAG 

Immunological studies to combined factor V and 

fatal factor Vill deficiency. British Journal of Haetnalo-

cted logy, 37, 257-264. 

reg_ GREENWOOD, F.C., HUNTER, W.M. & GLOVER, J.S. 

(1963) The preparation of 1311-labelled human 
;five growth hormone of high specific radioactivity. Blo-

che€nica(Journal, 89, 114-123. 

)nly HOWARD, M.A. & F€ sioN, B.G. (1971) Ristocetin—A 

to 
new tool in the investigation of platelet aggrega-

tion. Thrombosis et Diathesis Hae€norrhagica, 26, 

It to 362-369. 

has LAZARCHICIt, T. & HOVER, L.W. (1977) Immunora-

S of 
diometric assay for antigenic determinants closely 

associated With PVIII procoagulant activity. Blood, 

seed 50 (Suppl. 1), 274 abst, 

.fCty LUWRY, O.H., ROSEBROUGH, N.J., FARE, A.L. & RAN-

DALL, Ii J. (1951) Protein measurement with the 

Polin phenol reagent. Journal of Biological Chemistry, 
able ; ̀ ; 193, 265-275. 
ility MACFARI.ANE, D.B.: STIBBE, J., KIRBY, E.P., ZUCKER, 

e:of M.B., GRANT, R.A. & MCPHERSON, J. (1975) A 

• method for assaying von Willebrand factor (risto- 

' Ing cetin cofactor). Thrombosis et Diathesis Haemorrha-

ity. gica, 34,306-308. 

Eant MANNUCCI, P.M., RUGGERI, Z.M., • PARETI, F.I. & 

nay CAYITANIo, A. (1977) 1-Deamino-8-D-at8inine 

vasopressin: a new pharmacologicalapproach to the 

management of haemophilia and von Willebrand's 

disease. Lancet, i, 869-872. 
PAULSSEN, M.M.P., VAN DE GRAAF-WILDSCFUUr, M., 

H. KOLHORN, A. & PLANJE, M.C. (1975).  Radio

of 
munoassay of antihaemophilic factor (factor VIII) 

antigen, Cli€€ica Chiu€ica Arta, 63, 349-353. 

Lent PEAICE, T.R. & BLoom, A.L. (1977) The use of an 

of irnmunoradiometric assay for factor VIII related 

antigen in the study of atypical von Willebrand's
fer disease. Thro€nhosis Research, 10, 27-32. 
are 

lato-

The ' 
ilar-
a of 
eat-
for 

Mo-
af of . 

•OR-
no-
real 

)77) 

281 

PEAILE, I.R. & BLOOM, A.L. (1978) Immunoradia-

metric assay of procoagulant factor-VIII antigen in 

plasma and serum and its reduction in haemophilia. 

Preliminary studies on adult and fetal blood. Lancet, 

i, 473-475. 
PLOVELLA, F., GIDDINGS, J.C.,PEARE, I.R., RICEPTI, M., 

SsEARN, S.A.M. & BLOOM, A.L. (1978) Peripheral 

blood leucocytes, endothelial cells and antihacrrio-

philie factor. Lancet, (in press). 
POOL, J.G. & ROBINSON, J. (1959) Assay of plasma 

antihaemophilic globulin (AHG).. British Journal of 

Haematology, 5, 17-23. 
RUGGERI, Z.M., MANNUCCI, P.M., JEFFCOATE, S.L. & 

INGRAM, G.I.C. (1976) Immunaradiometric assay of 

factor VIII related antigen, with observations on 32 

patients with von Willebrand's disease. British Jour-

nal of Haematology, 33, 221-232. 
WErss, H.J., RoGERs, J. & BRAND, H. (1973) Defective 

ristocetin-induced platelet aggregation in von Wil-

lebrand's disease and its correction by factor VIII. 

Jourtial of Clinical Investigation, 52, 2697-2707. 

ZIMMERMAN, T.S., RATNOFI, O.D. & LIsTELL, A.S. 

(197Ia) Detection of carriers of classic hemophilia 

using an immunological assay for .antihemophilic 

factor (factor VIII). Jour€rat of Clinical Investigation, 

50,255-258. 
ZIMMERMAN, T.S„ RATNOFF, O.D. & POWELL, A.E. 

(1971b) Immunologic differentiation of classic 

hemophilia (factor Vlll deficiency) and von Wille-

brand's disease. With observations on combined 

deficiencies of antihemophilic factor and proacce-

lerin (factor V) and on an acquired circulating anti-

coagulant against antihemophilic factor. Journal of 
Clinical Investigation, 50, 244-254. 

WITN6914098_0013 



WITN6914098_0014 


