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In 1951, Alexander, Goldstein, Landwehr, and
Cook (1) described a patient with a congenital
hemorrhagic diathesis of an unusual type. There
was a normal prothrombin concentration, but a
prolonged prothrombin time which could be cor-
rected by serum and serum fractions but not by
BaSO4-adsorbed plasma or serum. The clotting
factor deficient in the plasma of this patient dif-
fered, therefore, from prothrombin, Factor V, ac-
celerator globulin (Ac-G), and antihemophilic fac-
tor (AHF). The normal analogue of the factor
deficient in this patient was relatively heat stable,
adsorbable by barium sulphate and diminished in
dicoumarol plasma. The patient was believed to
lack the precursor of SPCA (serum prothrombin
conversion accelerator) a factor which had been
studied previously (2).

Independently in 1951, Koller, Loeliger, and
Duckert (3) and Owren (4) recognized the pres-
ence of clotting factors designated Factor VII and
proconvertin, respectively. These two factors
were believed to be identical with each other and
with SPCA. Although the three terms have been
used synonymously since that time, the literature
shows no evidence that the identity has been rigor-
ously established. Since the case of Alexander,
Goldstein, Landwehr, and Cook (1), 29 other
cases (Table I) of a congenital deficiency of these
presumably identical factors have been described
(5-24). Our present studies indicate that the
patient of Crockett, Shotton, Craddock, and
Leavell (25) also belongs in the same group.
The thromboplastin generation test has been per-
formed on 16 of the 31 patients. It has been
normal in six, abnormal in nine, and questionable
in one (see Table I). This suggests that the cases
diagnosed as Factor VII deficiency, SPCA defi-

1 Present address: Department of Clinical Pathology,
University of Virginia, Charlottesville, Virginia.

ciency and hypoproconvertinemia may be a hetero-
geneous group.
The following paper describes a follow-up

study of one of the cases (R. S.) previously stud-
ied by Lewis, Fresh, and Ferguson (9). It will
be shown that the factor deficient in this patient
is similar to but not identical with the one lacking
in the patient of Alexander (1), and is identical
with the factor Crockett's patient lacks (25).
These findings establish the heterogeneity of the
group of patients listed in Table I. The factor
our patient lacks will be referred to hereafter as
the Stuart factor after the patient's surname. The
present communication describes the properties
of the Stuart factor and its role in blood coagu-
lation. The mode of inheritance and certain other
genetic considerations will be reported in a sepa-
rate communication (26).

MATERIALS

Imidasole buffer, pH 7.3, was prepared according to
Mertz and Owen (27). Factor V was prepared from
plasma by the technique of Owren (28). Prothrombin
was prepared from human plasma by the method of
Biggs and Macfarlane (29). The Russell's viper venom
("Stypven") used in the experiments of Table III was
the Burroughs Wellcome product in a 1: 10,000 con-
centration, higher concentrations being inhibitory. In
other experiments a 1:20,000 dilution was also used.
Antihemophilic factor (AHF) was a fraction of bovine
plasma rich in AHF prepared by the method of Bidwell
(30). It was used in a concentration of 100 mg. per
100 ml.

METHODS

Blood was collected, and plasma was prepared by
methods previously described by Graham, McLendon,
and Brinkhous (31). Al(OH), adsorption was per-
formed by the method of Biggs and Macfarlane (29).
Serum factors adsorbed by this technique were eluted with
a phosphate buffer at pH 8. Clotting time was per-
formed by the method of Lee and White (32). Pro-
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TABLE I

Summary of cases n lineraure

Prothrombin time
(sm.) Thromboplastin Effect of

Clinical generation "stypven" on
Case Authors Year Sex severity Patient Control test clotting time

1 Crockett and associates (25) 1949 F Severe 55 14.2 Abnormal* Not corrective
2 Alexander and associates (1) 1951 F Severe 72 17 Normal (43)
3 Beaumont and Bernard (5) 1953 M Severe 65 13
4 Owren (6) 1953 M Severe 55-60 14 Corrective (39)S6 F Severe 1-3% proconvertin
6 Hagen and Watson (7) and 1948 F Severe 52.5 12
7 Frick and Hagen (8) 1953 F Sever 73-110
8 Lewis ndassciates(9) 1953 M Severe 48-55 Abnormal* Not corrective*
9 Marciniakowna and associates (10) 1953 F Severe 153 14-19
10 Wurzel and associates (11) 1954 F Mild 17 12-13
11 Jenkins (12) 1954 M Severe 39-70 15-17 Normalt Corrective (38)
12 F Severe 65-70 12
13 Quick and associates (13) 1955 F Severe 26-45 12
14 F Mild 14 12

16 Long and associates (14) 1955 F Severe 120 18
17 M Severe 20 15.5 Abnormal
18 de Vries and associates (15) 1955 M Mild 17 12.8 Abnormal
19 M Mild 19.8 14.7 Abnormal
20 Hicks (16) 1955 F Severe 28-105 11.5-14 Normal Corrective
21 Hule and associates (17) 1955 M Severe 200 13-14
223} Koch and associates (18) 1955 F Severe 50 21-22 Normal
23~ ~ ~ 1) 95 F Mild 25 21-22 Normal

24 Soulier and associates (19) 1955 F Severe 32 11 Abnormal (?)

261 Stefanovic and associates (20) 1955 M Severe 27 10 Abnormal26] ..a M Severe 27 13 Anoma
27j Chevallier and associates (21) 1955 M Severe 45 12.5
28f vira s~e~ M Severe 50 11
29 Newcomb and associates (22) 1956 F Moderate 17-50 15 Abnormal
30 Telfer and associates (23) 1956 F Moderate 28 11.2 Abnormal Corrective
31 Jtlrgens (24) 1956 M Severe 80 20 Normal

* Work of present authors.
t Work of Ackroyd quoted and confirmed by Bergsagel and Hougie (41).

thrombin utilization in clotting blood was determined by
the method described by Graham and associates (31).
Partial thromboplastin time was determined by the
method of Iangdell, Wagner, and Brinkhous (33). In
one experiment washed platelets were substituted for
cephalin in this test. The platelets were prepared by
differential centrifugation of citrated blood, suspension
in a large volume of saline, recentrifugation, and re-
suspension in a volume of saline equal to one-fifth the
original plasma volume. Prothrombin concentration was
determined by the Iowa two-stage method as described by
Wagner, Graham, Penick, and Brinkhous (34). Throm-
bin formation from partially purified human prothrombin
was measured by the method of Biggs and Macfarlane
(29). Prothrombin time was determined by the method
of Quick (35). For some experiments this test was
modified by increasing the total volume of reacting mix-
ture to 0.4 ml. to allow the addition of test substances.
In other experiments a sedimented platelet coagulant,
Product II (43), or "Stypven" was substituted for brain
extract Thromboplastin generation test was performed
by the technique of Biggs and Douglas (36). pH of
serum in stability studies was adjusted to desired values

with a glass electrode pH meter (Beckman) at 25° C
by adding suitable quantities of 0.1 N Ha or 0.1 N
NaOH. Stuart factor concentration of serum and eluates
was determined by correction of the patient's plasma
clotting defect in a modified prothrombin time test. To
0.1 ml. of patient's plasma was added 0.1 ml. of brain
extract, 0.1 ml. of normal control serum variously di-
luted with patient's serum, and 0.1 ml. of 0.025 M CaCI.
On these mixtures prothrombin times were determined
in triplicate. From the average of the clotting times at
each dilution a calibration curve was constructed by
plotting prothrombin time against Stuart factor concen-
tration, i.e., the per cent normal control serum in the
mixture. The concentration of Stuart factor in samples
of normal serum or eluate exposed to varying pH's or
temperatures was determined by interpolation from the
calibration curve after substituting the test substance for
control serum in the above system.

CASE REPORT

A white male farmer, R. S., now aged 36, has had
frequent epistaxes and hematomata; hemarthroses have
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FIG. 1. THROMBIN EVOLUTION FROM PROTHROMBIN OF PATIENT'S PLASMA IN A

TWO-STAGE PROTHROMBIN ASSAY WHEN SALINE WAS SuBsTrUmr FOR SToWJ BEEF
SERUM IN THE INCUBATION MIXTURE CONTAINING LUNG THROMBOPLASTIN

All plasmas were diluted 1: 40 before one part was added to three parts of the in-
cubation mixture. At intervals 0.4 ml. of the mixture containing plasma and incubat-
ing at 280 C was added to 0.1 ml. of fibrinogen and the clotting times were recorded.

been infrequent and generally mild, but in December,
1955, there occurred a severe hemarthrosis of the right
hip resulting in severe anemia. He received his first
transfusion at this time, 1 unit of fresh blood, and ap-
parently responded well. He now has five children with
a sixth expected; the levels of the Stuart factor in the
five tested varied between 21 per cent and 52 per cent
of normal. Serum from the eldest son, aged 12, was

used in an experiment described below. The boy's level
of Stuart factor was 26 per cent of normal.

RESULTS

Study of the patient's blood, platelets, plasma
and serum yielded the following results:

Whole blood clotting time

14 minutes (normal control 8 to 10 minutes).

Prothrombin concentration

Two hundred and twenty units, 86 per cent of
control, when the two-stage incubation mixture
contained stored beef serum. When saline was

substituted for beef serum in the incubation mix-
ture, only small amounts of thrombin were pro-

duced from the patient's prothrombin over a 40-
minute period. The addition of beef serum after
40 minutes resulted in the production of almost
as much thrombin as when beef serum had been
present initially (Figure 1).

Prothrombin utilization

Forty-six per cent prothrombin remained 60
minutes after venipuncture, indicating significant
impairment of prothrombin utilization. This
confirms the earlier work of Lewis, Fresh, and
Ferguson (9) who stressed that prothrombin
utilization was abnormal in this patient.

Effect of norma(l plasma and serum and their frac-
tions on patient's modified prothrombin time

It can be seen from Table II that the prolonged
prothrombin time of the patient's plasma was

corrected by normal plasma and serum. Alumina-
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TABLE II

The efect of plasma, serum and serum fractions on the patient's modified protlromin time

Alumina adsorbed (cm.')
Serum (cmn.') Modified

Plasma (cm.8) Normal Normal Normal serum prothrombin
plasma serum Normal Patient eluate Saline time

Normal Patient (undiluted) dil. 1:5 dil. 1:5 dil. 1:5 (cm.') (cm.8) (sec.)

0.1 0.1 12.2
0.1 0.1 85

0.05 0.05 0.1 12.8
0.1 0.1 13.2
0.1 0.1 59.0
0.1 0.1 62.8
0.1 0.1 12.6
0.1 0.1 68

adsorbed normal plasma and serum were ineffec-
tive, while the phosphate buffer eluate from the
alumina adsorbate of normal serum was active.

Partial thromboplastin time

Five hundred and ten seconds with 0.3 per cent
cephalin (Normal control 66 secs.). Partial
thromboplastin times were also performed on pa-
tient's and normal plasma using both patient's and
normal washed platelets. The normal platelets
clotted the patient's plasma in 137 seconds, the
normal plasma in 75 seconds. Patient's platelets
clotted the patient's plasma in 135 seconds and the
normal plasma in 71 seconds. It would appear
that Stuart factor, unlike Factor V (37), can be
easily removed from normal platelet suspensions
prepared from citrated blood. It also appears

80

- 60-
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° 40-o

0
= 20-
I.

that the patient's defect does not lie in his
platelets.

Effect of "Stypven" on patients clotting defect

In four of the cases listed in Table I it has been
found that Russell's viper venom gives a normal

TABLE III

Effect of "Stypven" on clotting defect of patient's plasma

Type of plasma
Brain "Stypven" Modified

Patient Normal extract 10 mg./100 ml. Saline prothrombin
(cm.') (cm.M) (cm-.) (cm.) (cm.$) time (sec.)

0.1 0.1 0.1 12.2
0.1 0.1 0.1 85

0.1 0.1 0.1 18.5
0.1 0.1 0.1 27

0.1 0.1 0.1 7.5
0.1 0.1 0.1 22.5

PLASMA
* = Normal
ou Patient
*= Normal
x Normal

PLATELETS
Normal
Patient
Normal
Normal

SERUM
Normal
Normal
Patient
None

(Saline)

1 2 3 4 5 6
INCUBATION TIME (MINUTES)

FIG. 2. THROMBOPLASTIN GENERATION TEsTs PERFORMED ON MIxTURES OF VARIOUS
REAGENTS PREPARED ROM PATIENT AND NORMAL CONTROL
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SERUM MIXTURE (Diluted 1:10)
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FIG. 3. EFrcT OF VARYING CONCENTRATIONS OF STUART FACTOR ON THE PRODUC-
TION OF COAGULANT AcTivrry UNDER THE CONDITIONS OF THE THROMBOPLASTIN
GENERATION TEST
Al(OH), adsorbed normal plasma and

mixtures.

"prothrombin time" while brain extract does not.
"Stypven," like brain extract, did not give a nor-

mal "prothrombin time" with our patient's plasma
(Table III). This was true also of a mixture of
"Stypven" and brain extract. "Stypven" plus
cephalin, and "Stypven" plus platelets in both
1: 10,000 and 1: 20,000 concentration also failed
to give a normal "prothrombin time" with the
plasma of Crockett's (25) patient.

Thromboplastin generation test

The patient's alumina-treated plasma and his
platelets were active in the thromboplastin genera-

tion test, but his serum was inactive (Figure 2).

washed normal platelets were used in all

The thromboplastic activity produced when vari-
ous mixtures of the patient's and normal serum

were incubated with normal alumina-treated
plasma, normal platelets and calcium is shown in
Figure 3. It can be seen that the coagulant ac-

tivity varied directly with the concentration of
the Stuart factor. Prolonging the incubation pe-
riod above 6 minutes did not result in a further
increase in activity.

Effect of plasma and serum from dicoumarolized
patients on Stuart clotting defect

Plasma from a patient obtained on the third
day of dicoumarol therapy with a prolonged pro-

-O TYPE OF SERUM (Diluted 1:10)-0~~~~~~~~~~~~~~~~~
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*A8 100

0

% Dicoumorol

100
50

% Patient

50
100

I i I

I 2 3 4 5 6
INCUBATION TIME (MINUTES)

FIG. 4. EFFECT OF SERUM FROM A DICOUmAROLIzED PATIENT ON PATIENT'S SERUM
IN THE THROMBOPLASTIN GENERATION TEST

Al (OH). adsorbed normal plasma and washed normal platelets were used in all
systems.
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TABLE IV

Effect of nornal and dicoumarol plasma on
prothrombin time of patient's plasma

Prothrombin
Type of plasma time (sec.)

0.1 ml. normal plasma 13

0.1 ml. patient's plasma 73

0.1 ml. dicoumarol plasma 34

0.05 ml. normal plasma and 19
0.05 ml. dicoumarol plasma

0.05 ml. patient's plasma and
0.05 ml. dicoumarol plasma

thrombin time was found to correct the prothrom-
bin time of R. S.'s plasma almost as well as nor-
mal plasma (Table IV). It should be empha-
sized that serum prepared at the same time from
this dicoumarolized patient was normal in the
thromboplastin generation test (Figure 4), and
the two-stage prothrombin concentration of the
plasma was 70 per cent of normal, despite a plasma
prothrombin time of 34 secs. It can be seen that
equal mixtures of serum from this dicoumarolized
patient and Stuart's serum (Figure 4) gave the
same 50 per cent thromboplastic effect as was
shown in Figure 3 with equal mixtures of normal

serum and patient's serum. Most samples ob-
tained from patients on dicoumarol at a later stage
of treatment were found to be deficient in the
Stuart factor. The prolongation of the plasma
prothrombin time in this patient on dicoumarol
for a short time must be attributed to a deficiency
of some "brain extract co-factor" other than the
Stuart factor, perhaps SPCA.

Effect of PTC-deficient (Christmas disease)
plsma and serum on Stuart clotting defect

Plasma from a patient with PTC deficiency
(Christmas disease) corrected the prolonged pro-
thrombin time of the patient's plasma to the
same extent as normal plasma. Also a mixture of
equal parts PTC deficient serum (1:10) with
patient's serum (1: 10) produced the same
amount of thromboplastic activity in the thrombo-
plastin generation test as normal serum at a 1: 20
dilution.

Role of the Stuart factor in thromboplastin forma-
tion

Biggs, Douglas, and Macfarlane (40) have
shown that a plasma fraction rich in AHF under-
goes a preliminary reaction with serum and cal-
cium ions to form an intermediate product. This

TABLE V

Effect of various types of serum on formation of sedimentable Product II *

Type of serum in-
cubated with bovine
AHF, 0.025 M CaCI2,
imidazole buffer

Normal Serum

Patient's Serum

PTC- deficient

Serum

Serum of patient's
son

0
0

rl-
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C.T. (secs) of 0.1 ml platelet-poor
plasma, 0.1 ml of once washed
sediment, 0.025 M CaC12

* Type of Plasma

._ Normal Patient's

15 13

C,

CLXt 60 73

,a 40 43
cvE0.a 2

23 23

* Mixtures consisted of 0.5 ml. bovine AHF (100 mg. per 100 ml.), 0.5 ml. imidazole
buffer, 0.5 ml. of 0.025 M CaCI, and 0.5 mL of each type of serum. Normal serum was
diluted 1: 20, the other sen 1: 10. After preliminary incubation, 0.5 ml. of a sus-
pension of patient's platelets and 0.2 ml. of Factor V were added to each mixture.
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product has been referred to as Product I for
convenience alone, since it has not been claimed or
shown that this is the first intermediate formed.
Product I is believed to react with platelets, re-
sulting in the formation of a sedimentable product
(Product II) with powerful thromboplastic prop-
erties. These Product II sediments can be washed
at least twice in saline without losing their potency
(41). Serum from a patient with congenital
PTC deficiency was found to be inactive in this
system, and PTC was considered, therefore, to be
necessary for formation of Product I. This view
was supported by the finding that a "purified" PTC
preparation, prepared by the method of White,
Aggeler, and Glendening (42) and containing less
than 5 per cent Factor VII when assayed by the
technique of Koller, Loeliger, and Duckert (3),
could be substituted for normal serum.
An experiment was devised to determine the

role of Stuart factor in the formation of Product
II. A mixture consisting of AHF, imidazole
buffer, and CaCl2 was preincubated at 370 C
separately with normal serum, the patient's serum,
PTC deficient (Christmas disease) serum, or
serum from the patient's son with only 26 per
cent Stuart factor. "Product II" was prepared
from each mixture as shown in detail in Table V,
and the relative coagulant activities of the various
washed and resuspended deposits were tested on
platelet-poor plasma.

ool-
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TABLE VI
The stability of Stuart factor wh tineV ald ternj ure

Temperature LUgth of % residual
Material treated (°C) exposure Stuartfor

Oxalated serum 28 120 his. 78
Oxalated serum 28 168 hrs. 70
Oxalated serum 37 240 hrs. 25
Oxalated serum 45 6 mins 99
Oxalated serum 56 21 mins. 22
Oxalated serum 56 30 mins. 2
Oxalated serum 65 30 mins. 0
Eluate in saline* so 30 mins. 100
Eluate in saline* 56 2j mins. 82
Eluate in saline* 56 30 mins. 45
Eluate in saline* 65 30 mins. 29

* Eluate prepared by adsorbing oxalated serum with
BaSO4, 40 mg. per ml., eluting with 3.2 per cent sodium
citrate, dialyzing against cold oxalated saline for 2 to 3
hours with three changes.

It can be seen that the Stuart factor, as well as
PTC, was necessary for the formation of the active
sediment. The sediment prepared from the serum
of the patient's son showed that partial reduction
in Stuart factor reduced somewhat the activity of
Product II. The sedimentable thromboplastin
prepared with normal serum, it should be noted,
gave a normal clotting time with the patient's
plasma despite the rinse in saline. Thus the sedi-
mentable product had an effect not possessed by
brain extract (Table II), lung thromboplastin
(Figure 1) or washed normal platelets prepared
from citrated plasma. It appears to be a fair as-
sumption from this experiment that our patient's
clotting defect lies primarily in the failure to form
"blood thromboplastin" as in Christmas disease.

Properties of Stuart factor

The stability of the Stuart factor in serum ex-
60 - posed to different H+ concentrations for 30 min-

utes at 370 C is shown in Figure 5. Stuart factor
40 - in a serum medium was quite stable in the pH

range from 6 to 9 although largely inactivated
20 * outside this range.

The stability of the Stuart factor with time and
o . a a a a temperature is shown in Table VI. The factor in

4 5 6 7 8 9 10 a serum medium was moderately stable at tem-
peratures up to 560 C. However, most of the

[G. 5. EFFECT OF HO CONCENTRATION ON STUART activity disappeared when serum was heated at
TOR CONCENTRATION OF SERUM ExposED To VARIoUs 560 C or higher. Heating the citrate eluate from

s30 MIN. AT 370 C
barium sulphate adsorption of a sample of hehe volumes of the control and various treated sera bam sulpate a of ausamlesofothe

e adjusted to a common volume with 0.1 N NaCl same serum at 560 C caused much less loss of
r the pH's had been returned to 7.3. activity.
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Effect of patient's plasma and serum on clotting
defect of a case of congenital deficiency of
SPCA

Lyophilized samples of the patient's plasma and
serum were sent to Dr. Benjamin Alexander who
found that the plasma of his patient (1) (congeni-
tal deficiency of SPCA by prior definition) and
the plasma of our patient were mutually corrective
in the prothrombin time test. Dr. Alexander has
informed us that the thromboplastin generation
test is normal in his patient (43). He has also
found that .both patients appear to lack "procon-
vertin" as measured by Owren's technique' (6),
and that a mixture of equal parts of the plasmas
of the two patients appears to have 50 per cent
"proconvertin" activity in the Owren assay.
These data suggest strongly that the defects in
the two patients should be considered distinct.

Effect of patient's plasma and serum on clotting
defect of case of Crockett and associates

Crockett and associates (25) studied a patient
(H. H.) with a congenital clotting defect. This
patient had a prolonged prothrombin time which
was corrected by normal serum. It can be seen
(Table VII) that a normal prothrombin time
was not obtained when equal parts of the plasma
of the above patient and the plasma of R. S. were
mixed, although mixture with normal plasma
was successful with both patients. It was shown
also that the two sera were not mutually correc-
tive in the thromboplastin generation test, an
equal mixture of each being inactive. The de-
fects in the two cases, therefore, can be con-
sidered the same.

TABLE VII

The effect on patient's plasma, of normal plasma and the
plasma of a previously described patient

with a clotting defect

Plasma
Prothrombin

R. S. H. H. Normal time (sec.)

0.1 12.2
0.1 38

0.1 60
0.05 0.05 44

0.05 0.05 13.4
0.05 0.05 13

DISCUSSION

The direct mixing of the plasmas of our pa-
tient and Alexander's with mutual correction of
the prolonged prothrombin times, plus the com-
pletely different action of the two in the thrombo-
plastin generation test indicate that the two de-
fects are not identical. Thus, a patient diagnosed
as having SPCA deficiency and one diagnosed as
having proconvertin deficiency have different de-
fects. This throws open the whole question of
the action of these factors and requires that the
literature be re-evaluated in the light of this find-
ing. The puzzling inconsistencies in Table I
with regard to thromboplastin generation and
"Stypven" action are probably explained by
heterogeneity of the cases.

It would be interesting to know the effect of
"Stypven" on the plasma of Alexander's patient.
The fact that "Stypven" failed to correct the de-
fect of both our patient and Crockett's, yet cor-
rected the defects of Hicks' (16) and Jenkins'
(38) patients with Factor VII deficiency, Hjort,
Rapaport, and Owren's with hypoproconverti-
nemia (39) and Telfer, Denson, and Wright's
with "Prower factor" deficiency (23) suggests
that "Stypven" might prove useful in categorizing
bleeders with a prolonged prothrombin time due
to absence of one of the "stable" factors.

It is of great interest that the Stuart factor is
required for "thromboplastin" formation in the
thromboplastin generation test while SPCA is
not (43). This parallels the finding of delayed
prothrombin utilization in our patient (9, pres-
ent paper) and normal prothrombin utilization in
Alexander's (1). The abnormal prothrombin
utilization in our patient is confirmed and ex-
plained by our in vitro experiments. In the ex-
periment shown in Figure 1, thrombin evolution
from prothrombin of the patient's plasma in a 2-
stage prothrombin assay was markedly abnormal
unless a serum factor was added. We have found
also that the yield of thrombin from partially puri-
fied human prothrombin (29) is proportional to
the concentration of "Product II," in additional
experiments not included in the present com-
munication. Thus there appears to be a direct
relationship between Stuart factor concentration
and activity of Product II on the one hand, and
concentration of Product II and the yield of
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thrombin from prothrombin on the other. The
prothrombin utilization defect in our patient ap-
pears secondary to defective formation of blood
thromboplastic activity.
The experiments with the washed sediments

(Table V) show clearly that the Stuart factor is
as necessary as AHF and PTC for the formation
of the early intermediate, Product I, which ap-
pears to unite in some manner with platelets to
form a sedimentable thromboplastin, Product II.
The sedimentable Product II, after a wash in
saline, gives the same normal "prothrombin
time" with the patient's plasma as with normal
plasma, suggesting from another direction that
the patient's defect in conversion of prothrombin
to thrombin is the reflection of a defect in the

formation of a "complete" blood thromboplastin.
The facts that washed normal platelets alone do
not correct the patient's defect while the washed
Product II prepared with normal serum does
correct it, seem to imply that the Stuart factor in
the Product II sediments is more closely bound
to platelets than mere occluded plasma.

Retrospectively, it would appear that the chief
reason for the assumed identity of Factor VII,
SPCA, and proconvertin has been the wide use

of assays of the Koller (3) and Owren (4) types.
The substrate for both methods consists of plasma
filtered through asbestos. This substrate is known
to contain most of its original prothrombin but
has been thought to be deficient in only a single
accessory factor. Alexander (43) has found that
the plasmas of both his patient and ours ap-
pear to lack proconvertin by the Owren method
(4), while an equal mixture of the two has ap-

proximately half the activity of normal plasma.
This suggests that the asbestos filtration step has
removed both SPCA and Stuart factor.

It is interesting that a "brain extract co-factor,"
which is not the Stuart factor, is depressed early
in dicoumarol therapy. There is a short period,
in other words, early during dicoumarolization
when the prothrombin time is lengthened yet
Factor V and prothrombin concentration are high,
Stuart factor and PTC levels are not significantly
reduced, and the thromboplastin generation test
is normal. Later during therapy the Stuart
factor becomes reduced along with PTC (44-46)
and prothrombin (47).
The dicoumarol experiments raise the question

whether the Stuart factor is identical with the
postulated new factor, Factor X (48) since the
Factor X effect was first noted in dicoumarol
plasma. Factor X appears to be less stable than
the Stuart factor, since Factor X is said to disap-
pear in a few hours at room temperature (48),
and the Stuart factor is stable much longer under
similar conditions. Moreover, Factor X in con-
centrations varying between 1 per cent and 100
per cent is thought to affect the velocity of blood
thromboplastin formulation but not the final yield
(48), although in concentrations lower than 1
per cent, thromboplastin generation may be al-
most impossible (48). Our experiments show
that the amount of coagulant activity produced in
the thromboplastin generation test is related di-
rectly to Stuart factor concentration. It would
appear that the Stuart factor is not the same as
Factor X.
The pH and storage stabilities of Stuart fac-

tor are pronounced for a clotting factor and almost
identical with those shown for SPCA by de Vries,
Alexander and Goldstein (2). Since it has been
demonstrated that Alexander's patient and ours
have different defects, this poses a serious problem
in interpretation. There are at least two possible
explanations for the similarity of the properties
of SPCA and Stuart factor. Either the two fac-
tors have very similar physical and chemical
though different physiological properties, or de
Vries and associates (2) were measuring Stuart
factor in their SPCA assay rather than the factor
which their patient (later described) was found
to lack. It would be very interesting to compare
the results obtained if their experiments were re-
peated, using the genetically deficient SPCA
plasma as the test substrate alongside the original
assay.

Heretofore, it has been agreed that the factors
which are clearly essential for a normal thrombo-
plastin generation test (AHF and PTC) have no
effect on prothrombin time. Also, the "stable"
factor essential for a normal prothrombin time
(SPCA, Factor VII) has been recognized as
having an equivocal relation to thromboplastin
generation. The Stuart factor appears to be nec-
essary for both a normal prothrombin time and
for a normal thromboplastin generation test. This
is disturbing because the characteristics of Stuart
factor cut across our usual thought categories. It
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raises the question whether the Stuart defect is
not, in reality, a double deficiency. This question
cannot be answered categorically at present, be-
cause of the omnipresent possibility of undescribed
factors. However, it seems unlikely for two rea-
sons. It has been shown previously that Stuart's
plasma (then thought to be SPCA-deficient) cor-
rects the prolonged partial thromboplastin time
of plasmas from classic hemophilia, PTC-defi-
ciency, Ac-globulin deficiency, and PTA defi-
ciency (49). Alexander has shown that it also
corrects SPCA deficient plasma (43), and it does
not have the characteristics of Hageman factor
(50) or Factor X (48). The hypothesis of double
deficiency would imply under these circumstances
that the plasma is deficient in two new factors.
The principle of economy of hypotheses suggests
that it might be wise to invoke only one new fac-
tor at this time. Secondly, if the conventional
genetic assumption that each of these deficiencies
results from a mutant gene at a specific and unique
locus is made, the probability of a double defi-
ciency can be shown to be exceedingly small.

It is not possible at present to decide with
certainty which of the reported cases of SPCA,
Factor VII and proconvertin deficiency probably
match Alexander's patient and which ours. Re-
testing all of the patients with both the thrombo-
plastin generation test and "Stypven" would be
helpful. However, mutual exchange and cross-
matching in several clotting systems appears to be
the ultimate test. Of the patients in the literature
(other than Crockett's), our patient's defect more
nearly resembles that of de Vries' patients (15),
Stefanovic's (20), Newcomb's (22) and Telfer's
(23), the ones having abnormal thromboplastin
generation tests. However, and this may be cru-
cial, the Prower defect of Telfer's patient is cor-
rected by "Stypven" in marked contrast to both
our patient and Crockett's. This may well mean
that the Stuart and Prower defects are different.
The absence of tests with "Stypven" does not al-
low one to speculate further about the others.
It is possible also that Quick, Pisciotta, and Hus-
sey (13) have cases of both Stuart factor and
SPCA deficiency amongst their patients with pro-
longed prothrombin times but showing mutual cor-
rection. At the moment, this possibility is ob-
scured by the lack of two-stage prothrombin data
as well as thromboplastin generation and "Styp-

ven" tests. We would like to suggest, and are pre-
pared to cooperate ourselves, that the workers who
have reported cases of "stable factor" deficiency
exchange lyophilized samples of plasma and se-
rum in an attempt to categorize these patients
exactly.

CONCLUSIONS

1. A patient was re-studied who had been diag-
nosed previously as hypoproconvertinemia. He
had an abnormal thromboplastin generation test,
and his defect was not corrected by "Stypven."

2. The deficient factor was shown not to be
SPCA by cross-matching and is being called the
Stuart factor after the patient's surname.

3. Stuart factor has been found to be essential
for the formation of "blood thromboplastin."

4. Stuart factor has unusual actions, being nec-
essary early in "blood thromboplastin" formation
and required for optimal activity of brain, lung,
and platelet thromboplastins, cephalin and
"Stypven."

5. The concentration of Stuart factor has been
found to be high early in dicoumarol therapy, de-
spite a prolonged prothrombin time, but to be
diminished later.

6. Stuart factor is relatively heat and pH stable.
7. Stuart factor can be separated from plate-

lets by a single saline wash, but is not removed
from the sedimentable coagulant, "Product II,"
by a similar procedure.

8. Assay procedures for "proconvertin" and
"Factor VII" using asbestos-adsorbed plasma
as substrate are probably sensitive to changes in
the levels of both SPCA and Stuart factor.

9. The hemorrhagic state(s) previously clas-
sified as congenital "hypoproconvertinemia," or
"SPCA deficiency" or "Factor VII deficiency"
are probably not identical diseases. There are at
least two separable conditions included in this
group.
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