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Idiotype Expressed on Antifibrinogen Antibodies
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Abstract

A young man with a long history of abnormal bleeding was
seen in January 1985. Coagulation tests showed dysfibrinogen-
emia and an antifibrinogen autoantibody was demonstrable in
his serum. This antibody, when purified, was capable of inhib-
iting the polymerization of normal fibrin monomers, appar-
ently through binding to the a fibrinogen chain. 6 mo later the
patient was asymptomatic, coagulation tests were normal, and
the antifibrinogen autoantibody was barely detectable. At this
time, affinity-purified autologous and rabbit antifibrinogen an-
tibodies were capable of absorbing an IgG kappa antibody
from the patient's serum, which reacted indistinctly with both
autologous and xenogeneic antifibrinogen antibodies in enzyme
immunoassays. It has been concluded that the patient's dysfi-
brinogenemia was the result of an antifibrinogen autoantibody,
and that later on an antiidiotype antibody, which binds an in-
terspecies cross-reactive idiotype expressed on anti-human fi-
brinogen antibodies, inhibited the production of the antifibrin-
ogen autoantibody which led to the remission of the disorder.

Introduction

The presence of auto anti-Id antibodies, directed towards Ids
expressed on antibodies against exogenous (1-3) as well as
endogenous (4-8) antigens, has been widely documented in
humans. In fact, it is presumable that the expression of au-
toimmune humoral immune responses might be modulated,
ita, est, augmented, or depressed, by anti-Id antibodies (6,
9-1 1). The production of autoantibodies directed to fibrino-
gen as a cause of dysfibrinogenemia has been observed in the
past (12-15). In some instances, these antibodies interfere with
fibrinogen clotting by inhibiting the cleavage of fibrinopep-
tides A and B by thrombin, while in other instances they
block the polymerization of fibrin monomers after thrombin
cleavage.

This report refers to a case of autoimmune dysfibrinogen-
emia that was due to an antibody that inhibited fibrin poly-
merization, in which a spontaneously produced anti-Id au-
toantibody caused the inhibition of the antifibrinogen autoan-
tibody and led to the clinical remission of the hemorrhagic
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disorder. This anti-Id antibody was shown to react with xeno-
geneic antifibrinogen antibodies, hence, its specificity is an
interspecies cross-reactive Id (IdX)' most likely encoded by
germline V-region genes.

Methods

Case report. A 22-yr-old male patient with a long history of abnormal
bleeding was referred to Laboratorios Clinicos de Puebla in January
1985. For 10 yr he had presented a moderate to severe bleeding ten-
dency characterized by recurrent bleeding for several days from lacera-
tions or dental procedures, soft tissue hematoma formation after mild
trauma, and one episode of intraarticular bleeding. He had no family
history of bleeding disorders or autoimmune diseases. Although he was
seen by several physicians, a definite diagnosis of his hemostatic abnor-
mality was never established. When first studied in our clinic he had
abnormally prolonged thrombin and reptilase times (16, 17), while the
clottable fibrinogen was < 10% of the total fibrinogen mass as detected
by immunological and thermoprecipitation methods (18). Reptilase-
induced fibrin polymerization (17) was null. Complete hemostatic test
results are summarized in Table I. The physical examination revealed
retinal vasculitis, and cryoglobulins were demonstrated in his serum.
The diagnosis of dysfibrinogenemia of possible autoimmune origin
was established. Other laboratory tests for autoimmunity, such as
lupus erythematosus clot, antinuclear antibodies, antiplatelet antibod-
ies, direct antiglobulin test, Ig levels, and rheumatoid factor, were all
normal or negative. A 10-d course of low-dose methylprednisolone was
given and withdrawn gradually in 2 wk. 6 mo later, he was absolutely
asymptomatic and all the laboratory tests had returned to normal. He
has been in complete remission for 30 mo.

Demonstration, isolation, and characterization of the autoantifi-
brinogen antibody. Detection of antifibrinogen antibodies was per-
formed by means of an enzyme-linked immunosorbent assay (19).
Briefly, purified human fibrinogen (lot S4F-9545, Sigma Chemical
Co., St. Louis, MO) was adsorbed to microtiter dishes (Nunc, Ros-
kilde, Denmark) by overnight incubation in carbonate buffer. Serum
samples and controls were placed in triplicate wells and incubated for 2
h. After washing the wells repeatedly, an alkaline phosphatase-labeled
goat anti-human Ig antibody (lot 123F-8860; Sigma) was added and its
binding was demonstrated by the addition ofp-nitrophenyl-phosphate.
Antifibrinogen antibodies were purified by affinity chromatography on
columns containing purified human fibrinogen coupled to cyanogen
bromide (CNBr)-activated Sepharose 4B beads (20). The chain speci-
ficity of the antifibrinogen antibody was analyzed by immunoblotting
(21); native purified fibrinogen, as well as samples that were either
reduced by 2-mercaptoethanol (2ME) (22) or cleaved by CNBr (23)
were electrophoresed onto 7.5% polyacrylamide gels and transferred to
nitrocellulose sheets. Duplicate strips, each of which contained the
three different fibrinogen preparations, were reacted with the patient's
antifibrinogen antibody, and its binding was developed by using a
biotinylated anti-human IgG antibody (lot 60407; Vector Laborato-

1. Abbreviations used in this paper: CNBr, cyanogen bromide; EIA,
enzyme immunoassay; IdX, cross-reactive Id; 2ME, 2-mercaptoeth-
anol.
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Table L Coagulation Studies in the Patient When Symptomatic
and during Clinical Remission

Result

Normal or
Test Symptomatic Remission control

Fibrinogen (immunodiffusion)
(mg/dl) 206 270 200-500

Fibrinogen (clottable) (mg/dl) 18 240 200-400
Thrombin time (s)

25 NIH U 278 79 82
50NIHU 68 33 36

Reptilase time (s) >300 20 20
One-stage prothrombin time (s) 47 32 34
Factor V activity Normal Normal Normal
Factor VIII activity Normal Normal Normal
Factor VIII related antigen (%) 96 102 65-130
Platelet aggregation (%)

Adenosine diphosphate
(I mg/mi) 86 96 >78

Epinephrine (3 mg/ml) 22 90 >85
Collagen (1.68 mg/ml) 70 88 >83
Ristocetin (20 mg/ml) 100 100 >82

Ddimers Negative Negative Negative

ries Inc., Burlingame, CA) and avidin-peroxidase conjugates (lot
60423; Vector Laboratories).

The heavy and light chain classes of the affinity-purified autoanti-
fibrinogen antibody were determined by immunofixation with antisera
to gamma, alpha, mu, kappa, and lambda chains (lots 25086, 24599,
20102, 24849, and 17811; Cappel Laboratories, Malvern, PA) after
high-voltage agarose-gel electrophoresis (24, 25). Briefly, electrophore-
sis was performed in 0.9% agarose gels (lot IO1F-0183; Sigma) in bar-
bital buffer pH 8.6, ionic strength 0.05. Gels were placed in a precooled
flat-bed electrophoresis chamber (Multiphor; LKB Instruments, Inc.,
Gaithersburg, MD) and after sample application, a constant voltage of
20 V cm-' was applied for 15 min. Gels were placed in a humid
chamber and each lane was covered with acetate cellulose strips that
had been previously soaked in the different antisera. After a 1-h incu-
bation, the strips were removed and the gels were washed in 0.15 M
NaCl for 48 h before drying them and staining the precipitated proteins
with Coomassie Brilliant Blue dye (lot 11128; LKB Instruments).

Determination of the functional effects of the autoantifibrinogen
antibody. This was achieved by preincubating purified normal human
fibrinogen (0.6 g/liter in 0.15 MNaCl) with either 5%(vol/vol) normal
serum, 5% (vol/vol) patient's serum, normal human IgG at a final
concentration of 110 gg/ml, or the affinity-purified antifibrinogen au-
toantibody at the same final concentration. Since preliminary experi-
ments showed that the effect of the affinity-purified antibody upon
polymerization was not different from that caused by whole serum, the
vast majority of these experiments were performed using serum sam-
ples. After 30-min incubations of the aforementioned mixtures, fi-
brin-monomer aggregation was induced either with reptilase (17),
thrombin (26), or sequential reptilase-thrombin as described by Hen-
sechen et al. (18). Detection of polymerization was done by laser neph-
elometry as previously reported (17). To assess the effect of the antifi-
brinogen antibody on the association of fibrin monomers after the
fibrinopeptide cleavage step, monomers were prepared from purified
fibrinogen in acetic acid and their aggregation was induced by neutral-
izing the medium (26) after the addition of serum samples or Igs as

described above. To further confirm preliminary results, normal fi-
brinogen was treated with thrombin in the presence of either patient's
or control serum samples according to Kehl et al. (27). After heat
precipitation of fibrin (ogen), the supernatant was analyzed by hydro-
phobic interaction HPLCusing a TSK phenyl 5 PWcolumn (2133-
510; LKB, Bromma Sweden) along with a sodium sulfate gradient as
descibed by Regnier and Fausnaugh (28). Additionally, total fibrino-
peptide release was measured through quantitating the guanidino
group of arginine according to Crum et al. (29).

Demonstration and isolation of anti-Id antibodies. The affinity-pu-
rified anti-human fibrinogen antibody isolated from the patient's
serum was coupled to CnBr-activated Sepharose and packed into col-
umns. Domestically raised rabbit anti-human fibrinogen antibodies
were also affinity-purified and coupled to Sepharose beads for chroma-
tography. Serum samples from the patient when in clinical remission
and from healthy controls were loaded into the aforementioned col-
umns and allowed to react for 1 h at neutral pH. After complete elution
of the unbound material, the pH of the eluent was gradually lowered
until all bound antibodies were obtained (20). The Ig heavy and light
chain classes present in this material were analyzed by immunofixa-
tion as previously described, and their antibody specificity was assessed
by enzyme immunoassay (EIA) in microtiter dishes coated with either
autologous or xenogeneic affinity-purified anti-human fibrinogen an-
tibodies. Control plates were coated with 10 gg/ml purified human IgG
from different sources. These included five healthy young individuals,
three patients with systemic lupus erythematosus, two patients with
mixed connective tissue disease, and two patients with IgG Kappa
multiple myeloma.

The anti-Id antibody molecules, bound from the patient's serum by
the autologous antifibrinogen antibody column, were added in various
concentrations to the purified autologous antifibrinogen antibody be-
fore testing the effect of the latter on the reptilase-induced aggregation
of normal fibrin monomers as described above.

Results

Characteristics of the antifibrinogen autoantibody. As shown
in Fig. 1, several serum samples of the patient taken when he
was symptomatic, showed a concentration-dependent binding
of Ig to purified fibrinogen. During remission, however, serum
antifibrinogen antibodies were barely detectable. In no in-
stance was binding of Igs from normal sera demonstrated.
When samples containing antifibrinogen antibodies were
passed through the insoluble fibrinogen columns, a single peak
was eluted at pH 4.0. This peak consisted of gammaand
lambda chains only and is seen as a very narrow band in the
immunofixation experiments (Fig. 2), which suggests a mono-
clonal origin.

Whenthe affinity-purified antifibrinogen antibody was as-
sayed by immunoblotting, it was found to bind to a 350-kD
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Figure 1. EIA demonstra-
tion of fibrinogen-binding
antibodies in (a) patient's
serum samples that were
taken when he was symp-
tomatic (mean±SD of three
samples), (b) a patient's
sample taken when he was
in clinical remission, and
(c) five normal serum sam-
ples (mean±SD).
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Figure 2. Immunofixation of affinity-purified antibodies after high-
voltage agarose-gel electrophoresis. Lanes 1, 3, and S correspond to
the antifibrinogen autoantibody eluted from -Sepharose-fibrinogen
columns (65 sg/ml per lane). Lanes 2, 4, and 6 correspond to the pa-
tient's antibody eluted from the rabbit antifibrinogen antibody col-
umn (200 ug/ml per lane). Lanes I and 2 were precipitated with an
anti-human IgG (heavy chain-specific) antibody, lanes 3 and 4 with
an anti-human kappa light chain antibody, and lanes 5 and 6 with
an antibody specific for human lambda light chains.

band in the strips in which native fibrinogen was electropho-
resed, to a 65-kD band in which. 2ME-reduced fibrinogen. was
used, and to a 32-kD component when fibrinogen was cleaved
with CNBr before electrophoresis (Fig. 3). In no instance was
binding of normal sera to either preparation observed. These
results strongly suggest that the autoantibody bind selectively
to an antigenic determinant on the fibrinogen a chain which is
available on native fibrinogen as well. Of the several fragments
obtained from the a fibrinogen chain after CNBr cleavage, the
Hi2-DSK fragment, which is hydrophilic and has an approxi-
mate molecular mass of 30 kD, is known to bear an antigenic
determinant that is available in both isolated a chains and
native fibrinogen (30). Taken altogether these data appear to
indicate that the patient's autoantibody reacted with an anti-
genic determinant present in the Hi2-DSK fragment of the a
chain of fibrinogen.

Fig. 4 depicts the results of the experiments in which the
antifibrinogen autoantibody-containing serum was added to

Figure 3. Western blot analysis
of the specificity of the antifi-
brinogen autoantibody. Nonre-
duced (A), 2ME.reduced (B),
and CNBr-cleaved (C) purified
human fibrinogen samples
were electrophdresed in a 7.5
polyacrylamide gel and then
transferred electrophoretically
to nitrocellulose. Strips were
incubated with the purified an-
tifibrinogen autoantibody and
the reaction was developed
with a biotinylated anti-
human polyvalent Ig antibody.
Numbers indicate approximate
molecular weights. The results
show the reactivity of the anti-
body with native fibrinogen
(lane A), fibrinogen A a chain
(lane B) and the Hi2-DSK
CNBr fragment of the mole-
cule (lane C).

functional fibrinogen assays. The results indicate that the inhi-
bition of fibrn polymerization was not due to interference
with fibrinopeptide cleavage by thrombin and/or reptilase, be-
cause when this stage was bypassed by thrombin cleavage be-
fore the addition of the antibody, the degree of inhibition of
polymerization was not different. Moreover, when purified
fibrinogen was cleaved by thrombin, the chromatographic
pattern of the material released in the presence of the patient's
and the normal subjects' serum samples was identical (Fig. 5),
and the amount of total arginine released in both circum-
stances was similar, (9.4±0.8 and 9.7±0.9 nmol/mg fibrino-
gen, respectively), which confirms that the antifibrinogen au-
toantibody did not interfere with fibrinopeptide cleavage.

s (a )b
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Figure 4. Effect of the addition of 5%of the patient's serum taken
when he was symptomatic (---) or of sera from five normal donors
(-) to fribrin polymerization assays. The figure shows the total inhi-
bition of reptilase- (R) (a), thrombin- (T) (b), and reptilase-throm-
bin- (c) induced fibrin polymerization caused by the patient's serum.
d shows the effect of patient's serum on the aggrgation of fibrin
monomers after fibrinopeptide cleavage. (I) The pH-dependent in-
duction of aggregation.
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x 6 Figure 7. The aggregation of
o 5 600 jig/ml purified fibrinogen

4 that appeared after 10 min of
induction by reptilase (a), was
abrogated by preincubation

2 (30 min at room temperature)
9 o it | i with 100 ,g/ml of the affinity

. _(a) (b) Cc) (d) C.(e) _ (f) ] purified antifibrinogen anti-
body (6). The addition, in the

preincubation step, of 50 (c), 100 (d), and 200 (e) mg/ml of the affin-
ity-purified autologous anti-Id antibody gradually reverted the abro-
gating effect of the antifibrinogen antibody. The preincubation of pu-
rified fibrinogen with 200 Ag/ml of the anti-Id antibody (f) did not
affect the aggregation process.
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Figure 5. Hydrophobic interaction HPLCof material released after
thrombin cleavage of purified human fibrinogen in the abscence of
serum (a), in the presence of a normal serum sample (5% vol/vol)
(b), and of a patient's serum sample taken when he was symptomatic
(5%) (c). Absorbance units full scale was 0.5. The initials in a indi-
cate the different fibrinopeptides that are discriminated by this
method 25 min after the addition of 1.5 National Institutes of Health
(NIH) thrombin U/mg of fibrinogen.

Characteristics of the anti-Id antibody. Both autologous
antifibrinogen antibody as well as rabbit anti-human fibrino-
gen antibody columns were capable of absorbing significant
amounts of Ig from serum samples taken from the patient
when he was in clinical remission but not from normal serum.
Immunofixation experiments showed that the material eluted
from both columns was formed exclusively of gammaand
kappa chains. As shown in Fig. 2, the precipitate consisted of a
narrow band, again suggesting the monoclonal nature of these
antibodies. EIAs revealed that the antibody eluted from the
autologous antifibrinogen antibody column reacted to a very
similar degree with both autologous and xenogeneic antifi-
brinogen antibodies. On the other hand, antibody absorbed by
xenogeneic antifibrinogen antibodies also reacted with the two
kinds of antibodies (autologous and xenogeneic). Purified IgG
from serum samples taken from five healthy young subjects
bound neither to the human nor to the rabbit antifibrinogen
antibody-coated dishes (Fig. 6). The anti-Id antibodies eluted
from both columns did not bind to any of the Igs used to coat
the control dishes. To rule out the possibility that the binding
of the anti-Id antibody to the antifibrinogen antibody-coated
EIA plates was due to interaction through its Fc portion,

BLAhLa~~~~~-

Figure 6. EIA in which
the anti-Id antibody ab-
sorbed by the autolo-
gous antifibrinogen au-
toantibody (open bars),
the anti-ID antibody
absorbed by the xenoge-
neic antifibrinogen anti-
body (dashed bars), and
purified IgG from five

healthy subjects (solid bars), were reacted with microtiter dishes
coated with autologous (a) and xenogeneic (b) antifibrinogen anti-
bodies. The bars represent the mean±SDof quadruplicate wells.

F(ab')2 fragments of the anti-Id antibody were prepared as
described (31) and tested in the EIA system against both autol-
ogous and rabbit antifibrinogen antibodies. The binding of
F(ab')2 fragments was not different from that of the whole
antibody molecule. Taken altogether, these results suggest that
the antibodies eluted from both columns are in fact a single,
perhaps monoclonal, antibody directed to a IdX expressed on
anti-human fibrinogen antibodies.

As shown in Fig. 7, the inhibitory effect of the affinity-puri-
fied autologous antifibrinogen antibody on the aggregation of
fibrin monomers after its induction with reptilase, was re-
verted by the anti-Id antibody, which was eluted from the
autologous antifibrinogen column, in a dose-dependent
fashion.

This anti-Id antibody has been present in the patient's
serum throughout the duration of the clinical remission.

Discussion

The studies performed on this patient showed that an impair-
ment of fibrinogen polymerization was responsible for his
bleeding disorder. The demonstration of the existence of an
autoantibody directed against fibrinogen, which was capable
of inhibiting fibrin aggregation during the active phase of the
hemorrhagic disease but not while the patient was in clinical
remission, strongly suggests that the antifibrinogen autoanti-
body was the cause of the fibrinogen dysfunction. Other cases
of autoimmune dysfibrinogenemia have been reported in the
past (12-15). In some cases the antibody inhibited polymeriza-
tion of fibrinogen through blocking the cleavage sites for
thrombin, while in others the antibody inhibited the aggrega-
tion of fibrin monomers after thrombin cleavage. In the case
reported herein, the antifibrinogen autoantibody neither in-
terfered with the cleavage of fibrinopeptide A by reptilase, nor
with that of fibrinopeptides A and B by thrombin, but it
blocked the aggregation process itself. Since the antigenic de-
terminant for this possibly monoclonal antibody seems to be
located in the Hi2-DSK fragment of the a fibrinogen chain, it
is presumable that the binding of the autoantibody in this
highly hydrophilic region interfered with the polymerization
process.

The presence of an anti-Id antibody that reacted with, and
reverted the effect of, the antifibrinogen autoantibody during
the clinical remission, is highly suggestive of an inhibitory role
upon the production of the autoantibody. Although it is not
possible to rule out the possibility that the anti-Id antibody is
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not suppressing the synthesis of the autoantibody, but merely
blocking its effect upon fibrinogen, it seems unlikely since,
during the clinical remission, no evidence of immune complex
disease has been found in the patient and because the antifi-
brinogen antibody has not been detected. The reason why this
patient expressed an autoantibody towards fibrinogen, for ap-
parently 10 yr, and spontaneously developed an anti-Id anti-
body which probably has suppressed the synthesis of the
former, remains unexplained.

The fact that the anti-Id antibody reacted also with rabbit
anti-human fibrinogen antibodies, indicates that the specific-
ity of this anti-Id antibody is an interspecies IdX. Examples of
interspecies IdX, such as the cGATIdX in rodents, and the
presence of the T1 5IdX in phosphocholine-binding antibodies
raised in both mice and hamsters (32), have been previously
reported. Moreover, it has been observed that goat and sheep
antibodies against human sickle cell hemoglobin also share a
commonId called ValIdX (32). Therefore, the presence of IdX
in nonhuman antibodies directed to human proteins has also
been documented in the past.

The existence of interspecies IdX is thought to reveal the
high degree of conservation of germline V-region genes
through the evolution of mammalian species. These genes, as
are other highly conserved genes, are believed to confer selec-
tive advantages for the species. In this context, and considering
the presumable inhibitory role of the anti-IdX antibody on the
expression of the autoantifibrinogen antibody in the case stud-
ied herein, one may speculate that antifibrinogen antibodies
are normally present at the precursor cell level, but that their
expression is down-regulated by the idiotypic network. The
search for this antifibrinogen antibody IdX (FibIdX) in pre-
cursor cells, and that of antifibrinogen antibody IdX molecules
in healthy mammals, might be useful in proving that the anti-
fibrinogen antibody IdX in fact belongs in the silent repertoire.
The finding that IdX on human autoantibodies are largely
shared, e.g., the Waand Po IdX on rheumatoid factors (33),
supports the contention that at least some autoantibodies are
encoded by germline genes and might well be silent in the
healthy individual. However, the selective advantage of the
conservation of these autoantibodies remains to be deter-
mined.
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