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A B S T R A C T A patient with classical hemophilia (fac-
tor VIII deficiency) was found to have a new abnormal
fibrinogen (fibrinogen St. Louis). Other family mem-
bers exhibited either defect alone. Fibrinogen St. Louis
was inherited as an autosomal dominant and was not
associated with clinical bleeding. When compared with
normal fibrinogen, fibrinogen St. Louis was found to
have defective fibrin polymerization and possibly a
slower release of fibrinopeptides. The prolonged throm-
bin times were partially corrected by calcium chloride
and protamine sulfate. Ultracentrifugal sedimentation,
electrophoretic mobility, DEAE chromatographic pat-
tern, carbohydrate content, N-terminal amino acids, im-
munodiffusion, and immunoelectrophoretic patterns and
electrophoresis of reduced and alkylated fragments were
all normal. In contrast to fibrinogen St. Louis, the most
similar other fibrinogen variant (fibrinogen Zurich)
was found to be heterogeneous by several criteria and
to have reduced hexose content.

INTRODUCTION

In 1964, Menache reported a congenital variant of
fibrinogen, which she characterized as immunologically
normal but nonfunctional (nonclottable) (1). Since
then, other inherited fibrinogen variants have been de-
scribed (2-9), and several previous reports (10, 11)
of hypofibrinogenemia are now believed to be qualita-
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tive rather than quantitative abnormalities. The clinical
concomitants of these abnormal fibrinogens have varied
greatly, ranging from no clinical symptoms to bleeding
tendencies. Thrombotic problems have occasionally oc-
curred (2, 5, 11). In several instances, wound dehis-
cence occurred (1, 4). While in most instances the
functional defect has been in the polymerization phase
of clot formation, in two of these variants (1, 9), an
abnormality has existed in the enzymatic conversion
by thrombin of fibrinogen to fibrin monomer. Certain
physicochemical changes have served to distinguish
these fibrinogen variants from normal fibrinogen and
from each other. We have studied a family character-
ized not only by the presence of a congenital fibrinogen
variant (fibrinogen St. Louis) but also by factor VIII
deficiency (classical hemophilia). The biochemical and
biophysical properties of the abnormal fibrinogen have
been compared with previously published results of
other fibrinogen variants. Direct comparisons were
made between fibrinogen St. Louis, the other most simi-
lar variant-fibrinogen Zurich,' and normal fibrinogen.

METHODS
Partial thromboplastin time (12), prothrombin time (12),
thrombin time (12), fibrinogen (13), factors II (12), V
(12), VII (14), and X (12), clot retraction (12), platelet
factor 3 release (12), platelet adherence to glass beads
(12), and platelet aggregation (12) were performed accord-
ing to previously published methods. Assays for factors
VIII, IX, XI, and XII were performed by a kaolin partial
thromboplastin time (15) technique with congenitally de-
ficient substrate.

Purified fibrinogen was initially prepared as the fraction
I-4 of Blomback and Blombick (16). Because of the limited
amount of plasma available from Zurich, the comparative
studies between fibrinogens Zurich, St. Louis, and normal

'Kindly furnished by Dr. P. W. Straub, Zurich, Switzer-
land.
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were carried out using purified fibrinogen obtained by the
method of Straughn and Wagner (17) which yielded more
fibrinogen per milliliter plasma than did the method of
Blomback and Blombdck. Normal fibrinogen was prepared
from the pooled plasma of four normal donors. Blood was
collected as 9 vol/1 vol of chilled 0.1 M sodium oxalate.
Coagulability was measured by a modification of the method
of Laki (18). After a measured volume of fibrinogen solu-
tion was clotted with thrombin at pH 6.7, the absorbance at
280 mik of the supernatant, nonclotted protein was deter-
mined. This was corrected for light scattering by sub-
tracting from the absorbance at 280 mit, 1.7 times the ab-
sorbance of 320 mA. The absorbance of thrombin at 280 mAt
was also subtracted. The corrected absorbance of the non-
coagulable material was divided by the corrected absorbance
value for the same amount of fibrinogen not treated with
thrombin. This figure multiplied times 100 was the per cent
of noncoagulable protein.

Nitrogen determinations were performed by micro-Kjel-
dahl procedure (19) and microninhydrin technique (20).
Carbohydrate analyses were performed as follows: (a) hex-
osamine, a modified Elson-Morgan method using a glucos-
amine hydrochloride standard (21); (b) hexose, by the
phenol sulfuric method of DuBois, Gilles, Hamilton, Rebers,
and Smith using a 1: 1 mixture of galactose and mannose
(22); (c) sialic acid, by the thiobarbiturate assay method
of Warren (23). Absorbance coefficients were calculated
on the basis of Kjeldahl nitrogens and absorbance readings
at 280 mu of fibrinogen solutions dialyzed against phos-
phate-buffered saline. The readings were made on a Beck-
man DU spectrophotometer (Beckman Instruments, Inc.,
Fullerton, Calif.). Per cent nitrogen by weight was as-
sumed to be 16.7% (24).
N-terminal amino acids were determined by a previously

described modification (25) of the 5-dimethylamino-1-naph-
thalenesulfonyl chloride (dansyl chloride) method (26).
The fibrinogens were reduced and alkylated by the method

of Edelman (27), using 0.01 M dithiothreitol (Calbiochem,
San Diego, Calif.) and 0.022 M iodoacetamide (Eastman
Organic Chemicals Div., Rochester, N. Y.). The fragments
were then electrophoresed on urea-starch gel with a formic
acid buffer (pH 3.35) (28).

Immunoelectrophoresis was performed in 0.8% agarose
by the method of Wieme (29). Ouchterlony analyses were
performed in agarose gels with an antigen concentration of
1.0 mg/ml. Antihuman fibrinogen serum was obtained after
immunizing rabbits with human fibrinogen fraction I-4
(96.4% coagulable) in complete Freund's adjuvant. The
pooled antiserum was absorbed six times with 1/10 vol
portions of normal human serum. The absorbed antiserum
was diluted 1: 2 with normal saline before use.
DEAE-cellulose gradient chromatography was performed

by the method of Mosesson, Alkjaersig, Sweet, and Sherry
(30) using a continuous concave gradient from 0.005 M tris
phosphate (pH 8.6) to 0.5 M tris phosphate (pH 4.2);
acrylamide gel electrophoresis by the method of Davis (31),
with a 7.5% gel concentration and a tris-glycine buffer (pH
8.3). Ultracentrifugation was performed in a Spinco model
E analytical ultracentrifuge with schlieren optics and a
single sector cell at 56,000 rpm and 25°C. The sedimenta-
tion coefficients were calculated assuming a partial specific
volume of 0.725 cc/g.

Repolymerization of fibrin monomer was followed in a
Beckman DU spectrophotometer at 350 mu using a previ-
ously described modification (30) of the method of Latallo,
Fletcher, Alkjaersig, and Sherry (32). As repolymeriza-

tion proceeds, light scattering results, thus increasing the
absorbance at 350 my. The change in the 350 mju reading
is a measure of the rate of polymerization. Fibrin polymer-
ization times were performed by taking 0.20 ml of a 0.5 g/
100 ml fibrinogen solution, 0.04 ml of a 0.5 M tris-phos-
phate solution (pH 4.3) and adding 0.02 ml of a 200 U/ml
bovine thrombin solution. The mixtures were then incubated
at 370C for 6 hr. The pH and ionic strength were then
altered by adding 0.16 ml of 0.1 M sodium phosphate pH
6.4, so as to permit polymerization. The time from the addi-
tion of the sodium phosphate solution until the appearance
of a visible clot was recorded as the polymerization time.
The thrombin-induced release of fibrinopeptides from nor-

mal fibrinogen and fibrinogen St. Louis was measured by
the method of Gaston, Lucas, and Miller (33) as the fluo-
rescence of the C-terminal arginine (guanidino group) in
alkaline ninhydrin (34). Bovine thrombin (Parke, Davis
& Co., Detroit, Mich.) was purified by DEAE-cellulose
chromatography by the method of Yin and Wessler (35)
and dissolved in 0.15 M sodium chloride containing 0.1%
bovine albumin (Armour Pharmaceutical Co., Chicago, Ill.).
The reaction system contained 5 Amoles of sodium phos-
phate buffer, pH 7.3; 1.0 mg of fibrinogen; 0.1 mg of soy-
bean trypsin inhibitor (Worthington Biochemical Corp.,
Freehold, N. J.); 1.0 mg of disodium EDTA and 0.1 NIH
U of thrombin in a volume of 0.5 ml. The blank tube re-
ceived citrate saline and 0.15 M saline (0.1% in albumin)
instead of fibrinogen and thrombin, respectively. Control A
was stopped at zero time by the addition of 0.5 ml of 12%
trichloroacetic acid (TCA) before thrombine addition. Con-
trol B received 0.1 ml of 0.15 M saline (0.1% in albumin)
instead of thrombin. Control C received citrate-saline solu-
tion instead of fibrinogen. Blank and controls A, B, and
C were incubated for 10 min at 370C. Replicate tubes con-
taining the complete system were similarly incubated for
2, 4, 6, 8, and 10 min. The reaction was stopped at the
appropriate times by the addition of 0.5 ml of 12% TCA
to all tubes except control A. The reaction mixtures were
then passed through Millipore filters (13 mm, 0.8 g, AAWP
01300) using Swinnex filter supports (Millipore SX 0001-
300, Millipore Corp., Bedford, Mass.). 0.18 ml of KOH
(to neutralize TCA), 0.32 ml of water, 1.0 ml of 0.5%
aqueous ninhydrin, and 1.0 ml of 1.0 N KOH were added
to 0.5 ml of reaction mixture. After mixing, the tubes were
placed in darkness for 11 min, after which the fluorescence
was read in 10 X 75 mm disposable Pyrex tubes using a
model 110 Turner fluorometer at 10 X using Turner filters
(G. K. Turner Associates, Palo Alto, Calif.) 7-60 (excita-
tion) and 8 (emission).
Amino acids. Amino acid analysis was kindly performed

by Dr. Stuart Kornfeld in a Beckman model 120C amino
acid analyzer. The samples were hydrolyzed for 18 hr in
boiling HCl at 105'C. By this technique, tryptophan is lost,
asparagine is measured with aspartic acid, and glutamine
is measured with glutamic acid.

RESULTS

The propositus, J. B., was a 55 year old white male
who presented with a history of spontaneous hemar-
throsis, epistaxis, and bleeding after tooth extractions.
In 1966 he had viral hepatitis and the following year
had the first of several episodes of upper gastrointes-
tinal bleeding. When initially seen in April 1968, spleno-
megaly, mild leukopenia (3200/mm3), and evidence of
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liver dysfunction (reversed albumin/globulin ratio,
serum glutamic oxaloacetic transaminase (SGOT) of
133, and a bromsulphalein retention of 13%) were
noted.

Fig. 1 outlines the family tree, with the propositus,
J. B., indicated by an arrow. Eight family members
demonstrated the abnormal fibrinogen-four men and
four women. Six other males in the family demon-
strated classical factor VIII deficiency and eight of the
women were carriers for classical hemophilia. No
family member other than the propositus demonstrated
both traits. No members of the family who had the
abnormal fibrinogen, other than the propositus, demon-
strated any bleeding or wound-healing abnormalities.
Several persons in this group had incurred major hemo-
static insults, including large lacerations, abdominal
surgery, broken limbs, etc., and in no instance was
hemostasis inadequate. As with the propositus, the other
males in the family with factor VIII deficiency exhibited
a somewhat greater bleeding tendency than would have
been expected from their factor VIII levels of 8-12%.

Results of the coagulation studies on J. B. are sum-
marized in Table I. The abnormal bleeding time, fibrin-
ogen levels, and platelet counts returned to normal after
a splenectomy. (A detailed description of serial co-
agulation studies and clinical data of J. B. during exten-
sive abdominal surgery-portal cava shunt and splenec-
tomy-has been published elsewhere [36].) The half-life
of plasma factor VIII after transfusion was consistent
with hemophilia A rather than von Willebrand's disease.
Platelet aggregation by adenosine diphosphate, throm-
bin, collagen, and epinephrine was normal as was plate-
let retention on glass beads. Other members of the
family sharing the fibrinogen defect also had prolonged

thrombin times of from 34.0 to 45.4 sec (normal, 12-18
sec). Prothrombin times ranged from 16.1 to 21.1 sec
(normal, 14-16 sec) and kaolin partial thromboplastin
times were from 52.7 to 75.5 sec (normal, 35-53 sec).
Mixing of affected and normal plasma (1: 1) only
partly corrected the abnormalities. Identical fibrinogen
levels were obtained by thrombin-coagulable protein,
heat precipitation, and immunotiter techniques.

In Table II are summarized some of the thrombin
time studies. Abnormal thrombin times were not com-
pletely corrected by a 1: 1 mixing with normal fibrino-
gen. CaCl2 only partially corrected the prolonged throm-
bin time and also shortened the thrombin time of normal
fibrinogen. The addition of protamine sulfate did not
return the thrombin time to normal levels. Fibrinogen
St. Louis appeared more sensitive than normal fibrino-
gen to pH changes in both acid and alkaline extremes.

Coagulability
Normal fibrinogen and fibrinogen St. Louis were

100 and 99% thrombin coagulable, respectively; where-
as fibrinogen Zurich was only 80% coagulable. Immu-
nologically, the noncoagulable (20%) portion of Zurich
protein was identified as noncoagulable fibrinogen rather
than a contaminant. The incomplete coagulability of
fibrinogen Zurich has been noted by von Felten, Frick,
and Straub (37) using different techniques.

Polymerization studies. Repolymerization of fibrin
monomer demonstrated retarded polymerization for both
fibrinogen St. Louis and fibrinogen Zurich, as compared
with normal (Fig. 2). Polymerization times yielded
values of 31, 56, and 62 sec for normal fibrinogen,
fibrinogen St. Louis, and fibrinogen Zurich, respec-
tively.

I

II

m

FIGURE 1 Inheritance of fibrinogen St. Louis and hemophilia in the family of J. B. The
arrow indicates the proband (II-23; hatched areas, abnormal fibrinogen; A, hemophilia A;
C, carrier for hemophilia A; E, examined with normal fibrinogen; +, deceased; subscript
numerals, age.
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TABLE I
Plasma Coagulation Studies on Propositus (J. B.) and His Son (J. B., Jr.)

J. B.
Test Normal (4/17/68) J. B., Jr.

Bleeding time, mim 15 23 9
Prothrombin time, sec (14-16) 25.6/18.0/15.4 17.3/14.5/13.3
Kaolin partial T' plastin time, sec (35-53) 114/48.8/34.4 57.0/48.7/42.9
Thrombin time, sec (12-18) 34.7/20.1/14.7 40.1/19.3/15.9
Platelet/mm3 150,000-400,000 96,000 226,000
Platelet factor 3, sec 45-60 55 60
Clot retraction 3-7 mm 3 4
Factor I, mg 100 ml 200-400 177 176
Factor II, % N 75-125 99 152
Factor V, % N 70-140 120 84
Factor VII, % N 40-135 33 74
Factor VIII, % N 50-200 8 150
Factor IX, % N 60-140 69 59
Factor X, % N 75-125 45 120
Factor XIII, i + + +

Prothrombin time, partial thromboplastin time, and thrombin time results represent patient/1:1
mixture of patient and normal/normal control. % N, value of sample as compared with a normal
mean of 100%.

TABLE I I
Effect of Mixing, CaC12, Protamine Sulfate, and of pH Changes on the Thrombin

Time of Normal Fibrinogen and Fibrinogen St. Louis (J. B. and J. B., Jr.)

Effect of mixing
Plasma
Normal
J. B.
1:1 mixture

Effect of CaC12

Plasma
Normal A
Normal B
J. B.

Thrombin time
14.7
34.7
20.1

Thrombin times
without calcium

13.9
12.1
48.7

Thrombin times
with calcium

10.4
10.4
22.9

Effect of protamine sulfate

Plasma
Normal,
Normal2
Normal2 (0.025
J. B.
J. B.,Jr.

U heparin/ml)

Thrombin times
without protamine

20.4
21.0
74.5
71.3
79.0

Thrombin times
with protamine

18.4

14.3
68.9
49.0

5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
31.5 10.2 7.1 6.4 7.6 8.7 9.4 11.1
>300 87.5 45.6 41.1 51.4 89.6 155

Fibrinogen St. Louis: a New Fibrinogen Variant

Effect of pH
Sample
Normal
J. B.

The mixture for studying the effect of pH consisted of 0.1 ml plasma, 0.1 ml water,
0.1 ml 0.15 M sodium phosphate, pH 5.5 to 9.0, and 0.1 ml thrombin, 50 U/ml (5).
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FIGURE 2 Polymerization of fibrin monomers from normal
fibrinogen, fibrinogen St. Louis (J. B.), and fibrinogen
Zurich. J. B./Normal represents a 1: 1 mixture of fibrin
monomers from J. B. and the normal control.

Physiochemical and immunologic studies
Ultracentrifugation. Analytical ultracentrifugation of

fibrinogen St. Louis and normal fibrinogen demon-
strated Sow values of 7.4 and 7.5, respectively.

Spectral analysis. The absorbancy coefficients
(A'l%,cm) at 280 myA of normal fibrinogen, fibrinogen St.

FIGURE 3 Immunoelectrophoresis of normal fibrinogen, fib-
rinogen St. Louis, and fibrinogen Zurich. From the top
down, the wells contain fibrinogen St. Louis, fibrinogen
Zurich, normal fibrinogen, fibrinogen St. Louis. The troughs
in both plates contain rabbit antihuman fibrinogen serum.
The anode is to the right.

:..j

FIGURE 4 Acrylamide gel electrophoresis of normal fibrino-
gen, fibrinogen St. Louis, fibrinogen Zurich, and nonclottable
fibrinogen Zurich. From left to right the gels represent
normal, St. Louis, Zurich, and the nonclottable portion of
fibrinogen Zurich.

Louis, and fibrinogen Zurich were 15.4, 16.0, and 15.9,
respectively. These differences were probably not sig-
nificant. The ultraviolet absorption spectra between 254
and 330 mi were essentially identical.

Electrophoresis. Immunoelectrophoresis (Fig. 3), as
well as the starch gel electrophoretic patterns of the
reduced and alkylated fragments revealed no differences.
In acrylamide gel (Fig. 4), normal fibrinogen and
fibrinogen St Louis had the same electrophoretic mo-
bility. Fibrinogen Zurich was more heterogeneous with
a broad major and distinct minor band. The noncoag-
ulable portion of fibrinogen Zurich exhibited even more
heterogeneity, with one major band and three to seven
minor bands.

Immunodiffusion. On Ouchterlony analysis, normal
fibrinogen, fibrinogen St. Louis, and fibrinogen Zurich
all formed single lines of identity with a rabbit anti-

FIGURE 5 Immunodiffusion of normal fibrinogen, fibrinogen
St. Louis, and fibrinogen Zurich. The outside wells contain
(1) normal fibrinogen, (2) fibrinogen St. Louis, (3) fibrino-
gen Zurich, (4) nonclottable fibrinogen Zurich, (5) normal
fibrinogen, and (6) another suspected fibrinogen variant.
The center well contains rabbit antihuman fibrinogen sera.

594 L. A. Sherman, L. W. Gaston, M. E. Kaplan, and A. R. Spivack

-.F.:



TABLE III
Carbohydrate Content of Normal Fibrinogen, Fibrinogen

St. Louis, and Fibrinogen Zurich

Carbohydrates

Fibrinogen Sialic a. Hexosamine Hexose

Normal 0.5 0.8 1.87

St. Louis 0.5 0.8 1.67

Zurich 0.5 0.6 1.15

human fibrinogen serum. However, the concentrated
noncoagulable fraction of fibrinogen Zurich consisted
of two distinct bands (Fig. 5), the second of which
appeared after 72 hr of incubation.
DEAE chromatography. On DEAE gradient chro-

matography, all three preparations demonstrated the
same major and minor peaks of fibrinogen (peaks 1
and peaks 2) described by Mosesson and Finlayson
(38). There were no significant differences in either
the position on the gradient where the peaks appeared
or in the relative amounts of fibrinogen in each peak.

Carbohydrate analysis. Results of carbohydrate anal-
ysis are summarized in Table III. The sialic acid con-
tent of all three fibrinogens were identical. Compared
with normal fibrinogen and fibrinogen St. Louis, fibrino-
gen Zurich had a somewhat lower hexosamine content.
This is of questionable significance. There was a sig-
nificantly lower total hexose content noted in fibrinogen

40-

30

e i20
O Stilouil

10 * Normo

0 2 4 6 8 10
Minutes

FIGuRE 6 Release of fibrinopeptides from normal fibrinogen
and fibrinogen St. Louis (J. B.). Clot formation was noted
by 6 min with each sample.

Zurich (1.15%) than in normal fibrinogen (1.87%) or

in fibrinogen St. Louis (1.67%). The difference be-
tween normal fibrinogen and fibrinogen St. Louis was

not significant.
N-terminal amino acid analysis. The N-terminal

amino acids of fibrinogen St. Louis were tyrosine, ala-
nine, and trace amounts of aspartic acid. The same

results were obtained with normal fibrinogen.
Fibrinopeptide release. This assay was performed

once on a sample from the propositus, J. B., and on

three occasions on samples from his affected son, J. B.,
Jr. All the runs yielded similar results. Several different
normals were used. The findings on one such deter-
mination are shown in Fig. 6. The fibrinopeptide re-

lease is expressed as relative fluorescence units. Though
the rate of fibrinopeptide release from fibrinogen St.
Louis was somewhat less than that released from nor-

mal fibrinogen, and was so on all four determinations,
the difference may not be significant.
Amino acids. There were no significant differences

between the three fibrinogens in the content of individ-
ual amino acids.

TABLE IV
Comparative Characteristics of Inherited Fibrinogen Variants

Test Paris Baltimore Zurich Cleveland Detroit Bethesda St. Louis Paris II

Clinical bleeding None Mild (TE) None None Moderate Mild None None
Bleeding time N N N N N N N N
PT No clot t t t t t t t
PTT - - - S. t t N t t
TT No clot t t t t t t t
TT + calcium P. C. P. C. P. C. P. C. No Corr. - P. C. P. C.
TT inhibition Marked None Yes Yes Yes - Yes Yes
VCT N N N N t t N N
TEG - Abn. N Abn. Abn. - - Abn.
Immunoelectrophoresis i Anodal N Anodal Anodal ?Abnorm. N N
Immunodiffusion N N N N Abn. - N
DEAE chromatography - Abn. - - N N Ahn.
Carbohydrate - N - - N
Sequence - - - - a-9 Arg -uSer
Two populations - DEAE FM IE IE - - ?DEAE
Defect Enz. Polym. Polym. Polym. Polym. Enz. Polym. Poly. ?Enz.
Inheritance AD AD AD AD AD AD AD AD

PT, prothrombin time; PTT, partial thromboplastin time; TT, thrombin time; VCT, venous clotting time; TEG, thromboelastogram; AD, auto-
somal dominant; P. C., partial correction; TE, thromboembolie; FM, fibrin monomer; IE, Immunoelectrophoresis.
Because of the known heterogeneity of normal fibrinogen by several criteria, the phrase "two populations" is used to indicate unusual forms of
heterogeneity in some variants.
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DISCUSSION
Family studies of fibrinogen St. Louis revealed no in-
dividual, other than the propositus, in whom both fac-
tor VIII deficiency and the abnormal fibrinogen were
present. Detailed linkage studies (kindly performed by
Dr. Wilma Bias) failed to reveal any associated genetic
markers. Our studies with fibrinogen St. Louis clearly
indicate that the protein is a genetically dominant vari-
ant characterized by a defective polymerization and
there may also be an impairment in the release of fib-
rinopeptides. Fibrinogen St. Louis can be differentiated
from previously described fibrinogen variants (Table
IV). Fibrinogen Baltimore differs from fibrinogen St.
Louis, the former having abnormal immunoelectro-
phoretic migration and DEAE-chromatographic pro-
file. Fibrinogen St. Louis is distinguished from fibrino-
gen Paris and Bethesda in that the abnormality in the
latter two fibrinogens is in the enzymatic phase of fibrin
formation. Fibrinogen Cleveland is characterized by an
abnormal immunoelectrophoretic migration. Fibrinogen
Detroit has a more anodal electrophoretic migration, a
decreased carbohydrate content, and does not demon-
strate a shortening of the thrombin time with the addi-
tion of calcium. Fibrinogen Zurich, which resembles
fibrinogen St. Louis most closely, may be distinguished
from the St. Louis variant by two criteria: (a) fibrino-
gen Zurich's heterogeneity in coagulability, acrylamide
gel electrophoresis, and immunodiffusion, and (b) the
decreased carbohydrate content of fibrinogen Zurich as
compared with fibrinogen St. Louis. Fibrinogen Paris
II (5) is characterized by a normal immunoelectro-
phoretic pattern, defective polymerization of fibrin mon-
omer, and other findings similar to fibrinogen St. Louis.
However, Paris II does not inhibit polymerization of
normal fibrin monomer, has an abnormal DEAE-chro-
matographic pattern and a greater sensitivity to pH
change than fibrinogen St. Louis. A recently reported
variant, fibrinogen Amsterdam (39), is distinguished
from fibrinogen St. Louis by the presence of abnormal
immunoelectrophoretic mobility and defective fibrin
monomer polymerization only in the presence of a-2
globulin.

In a study of acquired dysfibrinogenemia, Mester and
Szabados (40) described an increase in the sialic acid
to hexosamine ratio. Similar increases have been re-
ported in fibrinogens Paris and Detroit and is present
in our results with fibrinogen Zurich (Table IV). A
slight increase in this ratio has been noted in the
thrombin-coagulable early derivative of plasmin-induced
proteolysis of fibrinogen, both in vitro (25) and in
vivo (30). However we did not find such a change in
fibrinogen St. Louis and cannot fit our results into the
theory of Mester and Szabados.

These data would indicate that fibrinogen St. Louis
is a familial fibrinogen variant distinct from those
which have been previously described. Its association
with classical hemophilia is probably fortuitous. As
with several other variants (3-5) there were no clinical
abnormalities attributable to the abnormal fibrinogen.
The principal molecular defect resides in the polymeriza-
tion phase of the fibrinogen/fibrin conversion. The great
variability in clinical expression of the different fibrino-
gen variants having defective polymerization suggests
that there are various ways in which polymerization
can be adversely affected and is in keeping with previous
data indicating that there are a number of sites in the
fibrinogen molecule which affect the polymerization
process (25). The causes of different polymerization
defects and why their clinical expressions vary may
be of significance not only in our understanding of nor-
mal hemostasis, but also of the acquired hemostatic
defects found in both primary and secondary fibrinolysis.

Note added in proof. Fibrinogen Oklahoma (Hampton,
J. W. 1968. J. Lab. Clin. Med. 72: 882. [Abstr.]) was in-
advertently omitted from the list of congenital variants.
Fibrinogen Oklahoma has a defective response to fibrin-
stabilizing factor.
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