
Plasma Fibrin Stabilizing Factor Activity

in Various Diseases

By MURRAY NUSSBAUM AND BERNARD S. MORSE

I N 1948, Laki and Lorand1 observed that “fibrin clots” formed by theaddition of calcium and thrombin to purified fibrinogen solutions were
readily soluble in 5 NI urea and 1 per cent monochloroacetic acid. “Plasma

clots” formed Iw the recalcification of oxalated plasma were insoluble in

these solvents. Urea insolube clots could also be prepared 1w the addition

of small amounts of plasma to the purified fibrinogen solutions prior to the

addition of thrombin and calcium.2 The plasma factor responsible for render-

ing fibrin clots insoluble in urea and monochloroacetic acid has been called

fibrin stabilizing factor ( FSF),2 Laki-Lorand factor or fibrinase.

FSF has been indentified as an alpha-2 globulin with a molecular weight

of 350,000 and a sedimentation constant of 6.4.� The protein exists as three

inactive slll)units which aggregate to one active molecule Ill the presence of

cvsteine and other sulfhvdryl-containing compounds.3 In this active form, it

is capable of converting 11,000 times its own weight of urea soluble fibrin into

the insoluble form, presumably by promoting sulfhvdrvl-disulfide exchange,34

and possibly by promoting transpeptidation or transamiclation reactions he-

tween fibrin monomers.5 An 8000-fold concentration of this protein was

achieved by Loewy et al.4’65 Immunologic specificity was also demon-

strated. Its pr�hable role in fibrin clot formation is illustrated in figure 1.

Lorand believes that FSF acts as a copolymer with fibrin monomer.#{176} Loewy

and his co-workers proposed that this activity is enzymatic.4 The physiologic

significance of FSF and its physical properties are the subjects of a recent

extensive review by Lorand.#{176}

Uhhizin� a plasma assay procedure, Lorand and Dickenman found dimin-

ished FSF activity in specimens obtained from 15 of 110 hospitalized pa-

tients.1#{176} Duckert et al.1’ and Ikkala and Nevanlinna12 reported their observa-

tions on families with the congenital absence of FSF. Weiner and Farhang13

found urea soluble plasma clots in a patient with excessively high levels of

fibrinogen. Nussbaum and Morse14 reported decreased levels of FSF activity

in the plasma of patients with liver disease, and in rats which were fed

carbon tetrachloride.

The present study was undertaken to determine the FSF activity in the

plasma of patients with various disease states.
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Fig. 1.-Fibrin stabilizing factor is activated in the presence of sulfhvdryl-contain-
ing compounds. It converts soluble fibrin polymer to its insoluble form along with

thrombin and calcium by promoting sulfhvdryl-disulfide exchange bet�veen fibrin

monomers.

MATERIALS AND Mi�’riions

Random blood specimens were collected using 0.1 M sodium oxalate as an anticoagulant

from 20 normal volunteers and 322 patients with various diseases. Specimens obtained with-

in 48 hours after injections of mercurial diuretics were excluded from the survey. Wherever

possible, diagnoses were confirmed by biopsy or by autopsy material. In patients with

hepatic cirrhosis, the disease was considered to be severe if any of the following were oh-

served: coma, ascites, total biliruhin levels of over 3 mg. per cent, BSP retention of over

25 per cent, a liver biopsy showing over 30 per cent fibrosis. or serum albumin levels of

less than 2.5 Gm. per cent.

Plasma FSF activity was measured by a modification of the method of Lorand antI

1)ickenman.10 Purified bovine fibrinogen for the assay was prepared by the method of

Laki,15 and diluted to 0.6 Gm. per cent with tris hydroxymethylaminomethan ( Iris) buffer

of pH 7.4 and ionic strength 0.15. Lyophilized bovine thrombin ( Parke-Davis, Topical)

was diluted with 1 per cent calcium chloride to a final concentration of 25 NIH units per

ml. Contaminating FSF in the fibrinogen and calcium-thrombin solutions was inactivated

by incubation for 3 hours at 40 C.2

Platelet-poor plasma was placed in six test tubes in increasing increments of 0. 1 ml.,

up to 0.6 ml. A tube containing 0.05 ml. of plasma was not necessary for the modified

assay. Sufficient saline was then added to each tube in order to obtain a total volume of
0.7 ml. One ml. of the fibrinogen solution was added to each of the six tubes prepared as

above and to a tube containing 0.7 ml. of saline. One ml. of the calcium-thrombin mixture
was then added to produce clotting. Thirty minutes after complete clotting, 2.7 ml. of 2

per cent monochloroacetic acid was added to each tube and penetration of the clots was

obtained by vigorous shaking. The specimens were then incubated overnight at 37 C. be-

fore the interpretations were made. Tubes containing completely soluble clots were graded

0. Insoluble clots were graded visually, 1 plus to 4 plus, according to the amount of re-

maining fibrin, or were measured quantitatively by conversion to milligrams of tyrosine by

the method of Ratnoff and Menzie.16
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Fig. 2.-The shaded area shows the range of 20 normal assays for FSF. Also
shown are the results of typical assays with moderately diminished and markedly

diminished activity. The remaining insoluble fibrin clot in each tube has been
(1llalltitated by conversion to milligrams of tvrosine.

TIn’ shaded area in figure 2 represents the range of 20 normal plasma FSF assays.

Typical assays showing a marked and a moderate diminution of FSF activity are also

illustrated. Normal assays showed clots in all tithes containing 0.1 ml. or more of plasma.

FSF activity was markedly diminished if no clots were seen in the tubes containing less

than 0.5 ml. of plasma. A moderate diminution was considered if no clots were present

in the tubes containing less than 0.3 ml. of plasma.

The following additional studies were performed on all specimens in which the assay

showed (hminished FSF activity: ( a ) cysteine’ was added to the specimen to a final con-

centration of 0.02 NI in order to convert any inactive FSF to its active form; (b) de-

creased concentrations of FSF were determined by extending the incubation period to 6

hours before adding the monochloroacetic acid; ( c ) if both of the above procedures showed

an abnormal assay, the test plasma was further studied for the presence of an FSF inhibitor.
An equal volume of normal plasma was mixed with the test plasma and the assays were

repeated both with and without the addition of cysteine; ( d) assays were repeated on all

abnormal specimens after adding 0.1 mg. of soybean trypsin inhibitor to exclude the

presence of a fibrinolysin.

The following procedures were performed on each patient by standard methods:17 plate-

let count, tourniquet test, Ivy bleeding time, Lee-White clotting time, Quick prothrombin

time, prothrombin consumption time or partial thromboplastin time and quantitative fibrin-

ogen level.16

RESULTS

The results of the pl�isrna FSF assays of 322 patietits are compiled in table

1 according to disease entity. A total of 95 patients were found to have

plasma with markedly or moderately diminished FSF activity. Of these,
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Diminished Assays

Mild cirrhosis

Hepatitis

No.

Cases Marked Mod. Total Remarks

Liver Disease

Severe cirrhosis 35 8 8 16 “incliidt’s 6 cases with

26� 1 5 6 lOW �ertiiii folic acid

20 1 4 5 levels

Hemachromatosi,. 5 1 0

Total 86 11 17 28

humors

Metastatic to liver 28

\letastatic other than liver 12

Non-metastatic 17

6 15 21

1 2 3

0 1 1

Total 57 7 18 25

Acute granulocytic

Acute lymphocytic
Chronic granulocytic

Chronic lymphocytic

Lymphoma

Multiple myeloma

\lyeloproliferative dis.

dincludes 5 cases of

chronic i(Iiopathic
0 0 0 thrombocytopenia

0 0 0 ‘Henoch-Sch#{246}nlein

2 1 3 purpura

0 0 0 tall patients on (liculo-

Anemias

Total 37 3 2 5

Collagen Diseases

Luptis erythematosus 4 0 0 0 �2 cases with Felty’s
Rheumatoid arthritis 1 1 2 2 4s syndrome

Acute rheumatic fever 3 0 0 0

Scleraderma 2 0 1 1

Total 20 2 3 5

Miscellaneous

Uremia 91� 0 0 0 t’all cases with BUN

Cryoglobulinemia 2 0 0 0 > 100 rug. per cent

Primary amyloidosis 1 0 0 0

Newborn cord blood 3 0 0 0

Total 15 0 0 0

- Grand Total 322 36 59 95

672

Table 1.-Results of FSF Assays on 322 Patients with Various Diseases

Leukeni ia-Lymphoma

21 8 4 12 ‘both cases in blastic

3 1 0 1 phase

9 2” 0 2 includes 3 cases of

9 0 0 0 polycythemia vera,

11 2 2 4 4 cases of myeloid

8 0 3 3 liletaplasia, anti 2

9’. 0 0 0 cases of henuwrhagic

throiuhccytlieuiia

lotal 70 13 9 22 r � _
Hemorrhagic Diatheses

Thrombocytopenic purpura 9d 1 0 1

Vascular purpura 7 0 1� 1

Factor VIII deficiency 5

Factor XI deficiency 2

Factor I deficiency 6

Prothrombin deficiencies 8�

arol

Pernicious anemia 14 0 7 7

Plumbism 2 0 0 0

Aplastic anemia 3 0 1 1

Thalassemia syndromes 5 0 0 0

Iron deficiency 8 0 0 0

Autoimmune hemolytic 5 0 2 2

Total 37 0 10 10
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Fig. 3.-Diminished FSF assays may result because of “inactive” FSF, decreased
concentrations of FSF, or the presence of an “inhibitor” in the plasma. Specimens

with “inactive” FSF ma� be restored to normal levels after 6 hours of incubation,

01 l)�’ the addition of 0.02 M cvsteine or equal volumes of normal plasma. Plasma

containing decreased concentrations of FSF shows normal activity after 6 hours of

incubation or by adding normal plasma, but not by the addition of cysteine. “In-

hibitors” are overcome only after the addition of both normal plasma and 0.02 M
evsteine.

85 showed normal FSF activity when the assays were repeated both after

adding cysteine to the plasma and after incubating the clotted assay tubes

for 6 hours before adding the solvent.

As shown in table 1, 28 of 86 patients with liver disease had diminished

plasma FSF activity. Sixteen of these patients had severe cirrhosis in the

terminal phase of the disease. One specimen with markedly diminished

activity, obtained from a patient in hepatic coma, remained abnormal after

the addition of cysteine, after incubation and after mixing with an equal

volume of normal plasma. A normal assay was obtained after cysteine was

added to the above mixture. These results are illustrated in figure 3.

Diminished plasma FSF activity was noted in 21 of 28 patients with

metastases to the liver and in 3 of 12 patients with metastases to areas other

than the liver. Only one of the group of 17 patients with localized tumors

displayed a moderately diminished assay. All specimens obtained from pa-

tients with malignant tumors showed normal assays after the addition of

cysteine and after incubation.

Among 70 patients with leukemias and lymphomas, diminished assays were

obtained in 12 patients with acute granulocytic leukemia. Six of these re-

mained abnormal after the addition of cysteine. However, all 12 specimens

showed normal plasma FSF activity after 6 hours of incubation.

Thirty-seven patients with hemorrhagic diatheses were also investigated
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674 NUSSBAUM AND MORSE

for plasma FSF activity. No measurable FSF activity was found in the plasma

of three of six patients with severe hypofibririogenemia. Two of these patients

were diagnosed as having retained dead fetuses and one had abruptio

placenta. Incubation for 6 hours and addition of cvsteine to these three

specimens did not restore normal FSF activity. Normal assays were obtained

after mixing their plasma with normal plasma. Diminished plasma FSF ac-

tivity was also noted in one patient with chronic idiopathic thrombocytopenic

purpura and in one patient with Henoch-Sch#{246}nlein purpura. The assays of

these specimens were normal after incubation and after the addition of

cysteine.

No definite relationship between hemorrhagic symptoms and FSF activity

was noted. All patients with severe liver disease and associated hemorrhagic

manifestations had prolonged one-stage prothrombin times. Four of these

patients also had slightly decreased fibrinogen levels and four had throm-

bocytopenia. A similar distribution of coagulation abnormalities and hemor-

rhagic symptoms was noted in the group of patients with normal FSF ac-

tivity.

Seven of 14 patients with untreated pernicious anemia showed moderately

diminished plasma FSF activity. Normal results were obtained after the

addition of cysteine and after incubation. This was also noted in two patients

with autoimmune hemolytic anemia and in one patient with aplastic anemia.

Addition of soybean trypsin inhibitor to the plasma did not alter the re-

sults of the 95 specimens with diminished FSF activity.

DIScuSSIoN

The clinical significance of FSF is implied by the reports of Duckert et al.11

and Ikkala and Nevanlinna.12 These authors reported prolonged bleeding

after trauma and poor wound healing in families with the rare congenital

absence of FSF in the plasma. These symptoms improved with transfusions

of whole blood or plasma. It was also noted that plasma from these individuals

did not support fibroblastic proliferation in tissue cultures)5 Lorand and

Dickenman’#{176} found diminished FSF activity in the plasma of several patients

with hematologic disorders. Weiner and Farhang13 reported urea-soluble

plasma clots obtained from a patient with hyperfibrinogenemia. Since Lorand

has demonstrated that a critical ratio exists between the amount of FSF

and fibrinogen,3 this latter situation may actually be due to an excess of sub-

strate.

The results of the present study suggest that diminished plasma FSF ac-

tivity may result from a decreased concentration of FSF, the presence of

FSF in an inactive form, or due to inhibitors of FSF. The plasmas of 85

of the 95 patients with diminished FSF assays were restored to normal ac-

tivity both by the addition of cysteine in vitro and by 6 hours of incubation

before adding the monochioroacetic acid. This observation implied that FSF

was present in an inactive form in these specimens ( fig. 1 ) . The presence of

an inhibitor of FSF is suggested by the one specimen which remained ab-

normal after the addition of cysteine, after incubation, and after mixing with

equal volumes of normal plasma.
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Nine abnormal specimens which showed normal activity after 6 hours of

incubation but not after the addition of cysteine were considered to have

decreased concentrations of FSF. These specimens were obtained from six

patients with acute granulocytic leukemia and three obstetrical patients with

severe hypofibrinogenemia. Among the latter were two patients with retained

dead fetuses and one with abruptio placenta. Since it has been shown that

FSF activity decreases during coagulation,’#{176} this finding would not be un-

expected in obstetrical patients with I)leedmg due to massive intravascular

clotting.

Hemorrhagic symptoms could not be correlated with the levels of FSF

activity. Bleeding occurred with equal frequency in patients with normal

FSF activity and in patients with diminished FSF activity. In each instance

when bleeding occurred, significant deficiencies of other coagulation factors

were found.

Although the series of patients with anemias is not extensive, it is of in-

terest that diminished FSF activity was found in the plasma of seven of 14

patients with untreated pernicious anemia. On the other hand, six patients

with cirrhosis and severe megaloblastic anemias due to folic acid deficiencies

showed normal FSF assays.

A significant proportion of the specimens with inactive FSF was obtained

from patients with hepatic disorders. This observation may he related to the

effect of glutathione and other sulfhydryl-containing compounds which are

present in the normal liver.1” A primary role for the liver in the activation

of FSF or for the removal of inhibitors has been suggested previously.’4 In

view of this, the original concept of the role of FSF in the coagulation scheme

could be modified as shown in figure 4.

It has also been noted that the administration of mercurial diuretics will

interfere with FSF activity in the plasma for a period of 36 hours in patients

with ascites secondary to hepatic decompensation.2#{176} In normal individuals,

this interference lasted only 5 hours.

Su�t�.ny AND CoNci.usloNs

Ninety-five of 322 patients were found to have diminished plasma fibrin

stabilizing factor ( FSF) activity as measured by a modification of a threshold

assay method.

Repeat assays were normal in 85 of these 95 specimens after the addi-

tion of cysteine or other sulfhydryl-containing compounds to the plasma,

suggesting that FSF was inactive in these instances.

Abnormal specimens obtained from six patients with acute granulocytic

leukemia, and three obstetrical patients with hypofibrinogenemia had de-

creased concentrations of FSF since the repeated assays were normal after

6 hours of incubation but not after the addition of cysteine. One abnormal

specimen obtained from a severe cirrhotic in hepatic coma failed to show

normal FSF activity after the addition of cysteine, after incubation and after

mixing with equal volumes of normal plasma. This suggested the presence

of an inhibitor of FSF. No specific correlation could be made between di-

minished FSF activity and hemorrhagic symptoms.
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Fig. 4.-The role of FSF in fibrin polymerization may l)e modified, as shown, to

indicate the activity of inhibitors. These may act b� interfering with active FSF or

by preventing its conversion to the active form.

It is proposed that normal hepatic function is necessary for the activation

of FSF or for the removal of an inhibitor.

SUMMARIO IN 1NTERLINGUA

Esseva trovate que 95 de 322 patientes haheva ufl reducite activitate de

factor de stabilisation de fibrina de plasma, secundo mesurationes per medio

de un modification del methodo de essayage liminal.

In le repetition del essayo, le valores esseva normal in 85 (let 95 specimens

post le addition de cysteina o un altere composito sulfhydrylic al plasma. Isto

suggere que le factor de stabilisation de fibrina esseva inactive sub iste

conditiones.

Anormal specimens obtenite ab sex patientes con acute leucemia grants-

locytic e ab tres patienteS obstetric con hypofibrinogenemia habeva reducite

concentrationes del factor de stabilisation de fibrina. In Ic repetition del essayo

le valores esseva normal post 6 horas de incubation sed non post le addition

de cysteina. Un anormal specimen, obtenite ab tin patiente con sever cirrhosis

in coma hepatic non monstrava normal valores del activitate de factor de

stabilisation de fibrina post le addition de cysteina, post incubation, o post

intermixtion con equal volu.mines de plasma normal. Isto suggere le presentia

de un inhibitor de factor de stabilisation de fibrina. Nulle specific correlation

poteva esser demonstrate inter le reduction del factor de stabilisation de

fibrina e symptomas hemorrhagic.

Es presentate le these que un normal function hepatic es necessari pro le
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activation (le factor de stahilisation de fibrina o pro le elimination de un

inhibitor.
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