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In current concepts of blood coagulation
mechanism (1), thromboplastin is said to be
liberated from fixed tissue sources through in-
jury, or from blood itself by interaction of
a platelet factor and a single inactive plasma
factor(2.3). The coagulation defect in hemo-
philia is thought to be due to absence of the
latter plasma factor. We obtained evidence
from the study of the coagulation defect of
a patient, who had previously been thought
to suffer from hemophilia, of the presence of
a second plasma factor which appears to be
as important biologically as the anti-hemo-
philic factor for the production of thrombo-
plastin in the blood.

The patient, a 16-year-old Caucasian male
with no siblings, living or dead, had a negative
family history of hemorrhagic diatheses. Clini-
cal and laboratory findings in infancy sug-
gested a diagnosis of thrombocytopenic pur-
pura, and splenectomy was performed at the
age of 2 years. Since then numerous tests
of the platelet count and function, bleeding
time and clot retraction and of the plasma
fibrinogen and prothrombin and serum cal-
cium concentrations have been normal, and
venous blood coagulation times have been
markedly prolonged. It is not known whether
venous blood coagulation time was prolonged
prior to splenectomy. The patient has been
hospitalized over 100 times for major hemor-
rhagic episodes, including bleeding from lacer-
ations and hemorrhage into subcutaneous
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tissues, muscles, joints, gastrointestinal tract,
pharynx, and retroperitoneal region. In all
instances prolonged coagulation time was
markedly shortened and the hemorrhage
rapidly controlled by the transfusion of whole
blood, fresh or frozen plasma, or freshly
lyophilized plasma. The first suspicion that
the patient did not have true hemophilia
arose when the coagulation time was not sig-
nificantly shortened by potent preparations
of anti-hemophilic globulin (Cohn’s fraction
I). The prolonged coagulation time is ac-
companied by a markedly defective prothrom-
bin utilization(4,5), which can be corrected
by addition of small quantities of normal
plasma iz vive or in vitro. Further studies
have shown that the patient’s blood contains
normal amounts of all previously described
coagulation factors(1), and that abnormal
amounts of circulating anticoagulants are not
present(6). These findings indicate that the
coagulation defect in this patient is due to the
absence from his plasma of a previously un-
described coagulation factor. The fact that
the defect can be completely corrected with
accelerator-free tissue thromboplastin elimin-
ates the possibility of a deficiency in pro-
thrombin or prothrombin conversion accelerat-
ors and indicates that the missing factor is
concerned with the production of thrombo-
plastin. Accordingly, we have named it the
plasma thromboplastin component (PTC).
Studies conducted in our laboratory show
that PTC can be adsorbed by BaSO, from
oxalated plasma, as are prothrombin(7) and
serum prothrombin conversion accelerator
(spca)(7,8). It can also be adsorbed by all
of previously described prothrombin adsorb-
ants(2) and by Seitz filtration(9). It can be
concentrated relatively free of all previously
described coagulation factors as follows:
Carefully drawn blood is oxalated and centri-
fuged to remove platelets, using Conley’s
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TABLE 1. Effect of Various Blood Fractions on Patient’s Coagulation Time and Prothrombin

Utilization.
Coagulation Residualserum
Coagulation Fraction added (.1 ce added time of mix- prothrombin,t
time,* min to 2 ce patient’s blood) ture, min Y%
Effective fractions
60 Normal plasma 12 21
120 Supernatant from 20000 r.p.m. plasma (17) 12 25
64 Hemophilic plasma. 10 12
60 Berkefeld filtered normal plasma 18 32
60 Hypoprothrombinemic plasma from dicumarol- 22 40
treated patient
35 Plasma heated at 56°C 5 min 20 30
36 Normal serum (thrombin free) 11 15
36 Normal serum heated at 56°C 11 min 15 30
60 Euglobulin(9) 5 35
60 .12 mg accelerator-free tissue thromboplastini 2 20
Non-effective fractions

70 BaS0,-treated normal plasma 70 80
70 Seitz-filtered plasma 70 85
70 Patient’s plasma 70 87
70 Citrate eluate from patient’s plasma 70 100
60 04% to 4% AHG (Cohn’s fraction I) 60 90

* Two ce venous blood in 12 X 75 mm glass test tubes at 37°C.
t Modified Ware and Seegers(11). Serum citrated 1 hr after above coagulation time started.

(Patient’s plasma prothrombin is 100%.)

} Supplied by Chileott (CH-61).
technic(10). The “platelet-free” plasma is
then heated to 56°C for 5 minutes and the
coagulated fibrinogen is removed by centri-
fugation. The supernatant plasma contains
most of the original PTC and anti-hemophilic
globulin (AHG)(9) and only traces of pro-
thrombin(11), spca(12,8), Factor V(13), and
labile factor(12). The PTC fraction is sepa-
rated from the AHG by adsorbing it on
BaSO,, from which it is eluted with 5.8%
sodium citrate.t The citrate eluate is then
dialyzed against 0.9% NaCl. The final prod-
uct is free of thrombin. It can be lyophylized
without Joss of potency. Analysis of one of
the products showed that the amount of pro-
tein obtained from 1 ml of plasma was equiva-
lent to 8.1 pg of tyrosine(14). The PTC
content of various plasma er serum fractions
can be assayed against the patient’s blood in
a manner similar to that reported by Graham
et al.(5) for AHG, using a ‘“2-stage” pro-
thrombin utilization test. The patient’s PTC
fraction when so assayed is inert, while that
obtained from normal, hemophilic, platelet-

1 This method of adsorption and elution is similar
to Alexander’s method(7) for the preparation of
prothrombin, except that we start with “platelet-
free” heated plasma.

deficient, or dicumarolized hypoprothrombine-
mic plasma is significantly active (Table I).
PTC concentrate is now under study, using
PTC-free “purified” coagulation factors in a
system similar to that described by Mc-
Claughry and Seegers(15). PTC is asso-
ciated with the plasma euglobulins obtained
either by dilution and acidification of plasma
(9) or by 50% saturation of plasma with
(NH,)2S0,4(16). Only traces remain in the
other plasma fractions.$ It is most stable in
the neutral ranges, being least stable at pH
11.0. Unlike AHG, PTC remains in the serum
even after prothrombin, thrombin, and spca
have been removed by heating at 56°C for
5 minutes.

PTC is not a platelet factor, AHG, or “com-
plete” thromboplastin, such as that derived
from fixed tissue sources, since it will not cor-
rect the defect(4) present in “platelet-free”
normal plasma or in platelet-rich hemophilic
plasma. It does not appear to be the plasma

§ Subsequent work has revealed that PTC is
precipitated by 50%, but not by 40%, (NH,),S0,
saturation. ‘This further excludes the anti-hemo-
philic factor which is associated with the proteins
precipitated between 0% and 33% (NH,),50, sat-
uration(16).
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thromboplastin reported by Chargaff and West
(17), since the supernatant from plasma
centrifuged at 20000 r.p.m. for 150 minutes
completely corrects the patient’s defect. PTC
also is not to be confused with TPC(18),
which is Shinowara’s term for anti-hemophilic
globulin(19). As suggested by Koller(20),
the prothrombin conversion factor of Owen
and Bollmann, the prothrombin accelerator
of MacMillan, the co-thromboplastin of Mann
and Hurn, factor VII of Koller, Owren’s pro-
convertin, and spca are probably the same.
Since these factors can be adsorbed by BaSO,
and eluted with sodium citrate, it would also
seem probable that they contain PTC. A
study of this possibility is now in progress.
The fact that preparations of PTC do not
accelerate a one-stage prothrombin determina-
tion, as do the above factors, indicates that
our preparation of PTC is free of these factors.

PTC deficiency resembles hemophilia both
clinically and in the results of the usual
laboratory investigations. It can be dis-
tinguished from hemophilia by the following
features: 1) the coagulation defect of PTC
deficiency cannot be corrected by anti-hemo-
philic globulin (Cohn’s fraction I), Seitz-
filtered plasma, or BaSO,-adsorbed plasma;
2) it can be corrected by normal serum, as
well as plasma, and by the citrate eluate of
BaSO,-adsorbed plasma or serum; 3) hemo-
philic and PTC-factor deficient bloods correct
each other’s coagulation defects.

It has been reported that blood from some
cases of “hemophilia” is capable of correcting
the coagulation defect in other cases of hemo-
philia én vitro(21). This has not been our
experience, and it appears more likely to us
that such results may be due to mixtures of
blood from patients with PTC deficiency and
true hemophilia. It is not known whether
PTC deficiency is hereditary, and, if heredi-
tary, whether it follows the genetic pattern
of hemophilia.

Summary. 1. A severe hemorrhagic disease,
characterized by a prolonged whole blood
coagulation time due to the delayed formation
of thrombin, has been described. The pa-
tient with this disease was found to have
normal plasma concentrations of all the previ-
ously described coagulation factors. 2. The
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corrective factor in normal plasma or serum
can be removed by barium sulfate adsorption.
A method for the partial purification and
concentration of the patient’s missing factor
has been outlined. The defect in the patient’s
blood may be corrected by the addition of
plasma free of previously described thrombo-
plastin components (e.g. platelet-free hemo-
philic plasma), as well as by small amounts of
tissue thromboplastin. The name plasmae
thromboplastin component (PTC) has been
assigned to this previously undescribed coagu-
lation factor.

1. Seegers, W. H., Pharmacol. Rev., 1951, v3, 278.

2. Quick, A. J., The Physiology and Pathology of
Hemostasis, Philadelphia, Lea & Febiger, 1951.

3. Brinkhouse, K. M., Proc. Soc. Exe. BioL. AND
MEep., 1947, v66, 117.

4. Buckwalter, J. A, Blythe, W. B, and Brink-
house, K. M., Am. J. Physiol., 1949, v159, 316.

5. Graham, J. B., Buckwalter, J. A,, Hartley, L. J,,
and Brinkhouse, K. M., J. Exp. Med., 1949, v90, 97.

6. Pons, E. R, and de Torregrosa, M. U., Blood,
1952, v7, 20.

7. Alexander, B., Goldstein, R., and Landwehr, G.,
J. Clin. Invest., 1950, v29, 881.

8. de Vries, A., Alexander, B., and Goldstein, R,,
Blood, 1949, v4, 247.

9. Lozner, E. L., Kark, R., and Taylor, F. H. L.,
J. Clin. Invest., 1939, v18, 603.

10. Conley, C. L., Hartman, R. C., and Morse,
W. 1., J. Clin. Invest., 1949, v28, 340.

11. Ware, A. G., and Seegers, W. H., Am. J. Clin.
Path., 1949, v19, 471.

12. Alexander, B., and de Vries, A,, J. Clin. Invest.,
1949, v28, 24.

13. Owren, P. A., Acta med. Scandinav., Suppl.,
1047, v194, 1.

14. Greenberg, D. M., and Mirolubova, T. N, J.
Lab. and Clin. Med., 1936, v21, 431.

15. McClaughry, R. 1., and Seegers, W. H., Blood,
1930, v3, 303.

16. Biggs, R., and Macfarlane, R. G., J. Clin. Path.,
1931, v4, 445.
" 17. Chargaff, E., and West, R., J. Biol. Chem.,
1946, v166, 189.

18. Shinowara, G. Y., J. Lab. and Clin. Med.,
1051, v38, 11

19. Lewis, J. H., Soulier, J. P., and Taylor, F. H. L.,
J. Clin. Invest., 1946, v25, 876.

20. Koller, F., Loeliger, A., and Duckert, F.,
Acta Haematologica, Separatum, v6, Fasc. 1, 1951.

21, Pavlovsky, A., Blood, 1947, v2, 185.

Received March 19, 1952. P.S.E.B.M., 1952, v79.



