
Introduction
The two alternative pathways of blood coagulation, the
intrinsic and the extrinsic, converge with the proteolytic
conversion of prothrombin to thrombin, the serine pro-
tease that is, in turn, responsible for activating fibrinogen
and producing a fibrin clot. Genetic abnormalities have
been described at many levels of these pathways: for exam-
ple, the absence of key cofactors (hemophilia A; ref. 1), the
production of abnormal proteins (factor V Leiden; ref. 2),
or disorders of protein secretion (combined factor V–fac-
tor VIII deficiency; ref. 3). Congenital afibrinogenemia
(Mendelian Inheritance in Man No. 202400) was originally
described in 1920 (4), and to date some 150 families with
this disorder have been described in the literature (5). As
is commonly the case with rare autosomal recessive disor-
ders, ∼ 50% of cases are associated with consanguinity (6).
Although functional assays of clot formation are infinite-
ly prolonged in affected individuals, the coagulation
defect is surprisingly no more severe than in the hemo-
philias A and B, varying from severe to mild. Uncontrolled
bleeding after birth from the umbilical cord is common,
and spontaneous intracerebral bleeding and splenic rup-
ture can occur throughout life. Patients respond well to
fibrinogen-replacement therapy. The genetic defect is
assumed to be at the level of fibrinogen synthesis, because
the half-life of infused fibrinogen is essentially normal,
but no responsible gene has been identified to date.

The fibrinogen locus comprises three genes coding for
fibrinogen gamma (FGG), alpha (FGA), and beta (FGB),
clustered in a region of ∼ 50 kb on chromosome
4q28–q31 (7). Early studies using Southern blotting sug-

gested that no gross structural changes of the fibrinogen
genes were present in patients (8). In contrast, in various
forms of dysfibrinogenemia, many missense mutations
have been found in the syntenic genes for the gamma,
alpha, and beta subunits of fibrinogen (∼ 300 abnormal
fibrinogens have been reported, with some 83 structur-
al defects identified; ref. 5). We studied this region in a
Swiss family with two pairs of affected brothers using
microsatellite analysis, PCR amplification, and South-
ern blotting. We found that the genetic defect in this
family was a recurrent deletion of ∼ 11 kb of DNA that
eliminates the majority of the FGA gene and so leads to
an absence of functional fibrinogen.

Methods
Chromosome 4 microsatellite analysis. DNA extractions and
microsatellite analysis were performed as previously described
(9). The polymorphic loci used for haplotype analysis around
the fibrinogen gene cluster on chromosome 4 were: D4S1625,
D4S2962, FGA-i3 (a TCTT repeat located in intron 3 of the fib-
rinogen alpha gene), D4S2934, and D4S1629 (ordered from
centromere to telomere, according to the Marshfield map,
http://www.marshmed.org/genetics/).

PCR amplification of selected fibrinogen exons. PCR was performed
from genomic DNA under standard conditions. Primers were
designed from the sequence for each fibrinogen gene obtained
from Genbank (accession Nos.: alpha: M64982; beta: M64983;
gamma: M10014). These primers are listed in Table 1.

Southern blotting. Genomic DNA (1–2 µg) was digested with
BamHI, and Southern blotting was performed according to
standard techniques. The pAFS1 probe was produced by PCR
amplification of a 516-bp sequence from the intergenic region
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between the FGG and FGA genes (Genbank accession No.
U36478). The primers used were (5′→3′) F: GGAAGTCT-
GTTCTGGTGTGC, and R: CCTATAATGTGCGTGATCTAG.
The PCR product was then cloned by TOPO-TA cloning (Invit-
rogen Corp., Carlsbad, California, USA).

Results
The fibrinogen locus is comprised of single copies of
three genes coding for fibrinogen gamma (FGG), alpha
(FGA), and beta (FGB), clustered in a region of ∼ 50 kb on
chromosome 4q28–q31 (7). We studied this region in a
Swiss family with two pairs of affected brothers (Fig. 1a)
using microsatellite analysis, PCR amplification, and
Southern blotting. Despite intensive genealogical inves-
tigation, no consanguinity was identified in the family.
The diagnosis of afibrinogenemia for all the affected
individuals was made in the neonatal period, after bleed-
ing from the umbilical cord. All four patients (now
30–38 years old) were first treated with purified fibrino-
gen only after trauma or before operative surgery, a strat-
egy replaced in early adulthood by a prophylactic proto-
col consisting of a fibrinogen infusion every two to four
weeks. Anti-fibrinogen antibodies have never been
detected in any of the patients. All coagulation tests per-
formed (activated partial thromboplastin time, throm-
bin time, prothrombin time, fibrinogen Clauss, and rep-
tilase) were compatible with the complete absence of
active fibrinogen, the blood being uncoagulable. Fur-
thermore, no fibrinogen was detectable by Laurell elec-
troimmunoassay in plasma from affected individuals.

Figure 1 shows the family tree, together with haplo-
type data obtained for five microsatellite markers
(D4S1625, D4S2962, FGAi3, D4S2934, D4S1629) covering
a region of 15–20 cM around the fibrinogen gene clus-
ter. One of these, FGAi3, a (TCTT)n polymorphic mark-
er situated in intron 3 of the FGA gene, was homozy-
gously deleted in all four affected individuals and was

hemizygous in the obligate carriers, providing the first
identification of the causative mutation.

The haplotypes of the mutated chromosomes were
determined by studying four further polymorphic genet-
ic markers, two to each side of the fibrinogen gene clus-
ter. Three of these four flanking markers were very close-
ly linked to fibrinogen: the genetic distances were
D4S1625 – (13%) – D4S2962 – (2%) – fibrinogen – (2%) –
D4S2934 – (2%) – D4S1629. The haplotype data reveal that
the deletions were present on three different chromo-
somes, with the haplotypes 3-3-del-3-2, 2-2-del-2-4, and
1-1-del-2-2 (the last being shared by the two fathers of the
affected patients; Fig. 1). This implies either that the dele-
tions occurred as separate historical events on three dif-
ferent ancestral chromosomes, or that the mutation
occurred originally on a single founder chromosome that
produced the three observed haplotypes by repeated
recombination. In our opinion, the hypothesis of a com-
mon molecular mechanism leading to recurrent muta-
tion is more likely, given the number of recombination
events between closely linked markers that would be nec-

essary to generate the observed haplotypes.
To characterize the extent of the deletions,

we performed PCR amplification of portions
of the three fibrinogen genes. Bands of the pre-
dicted sizes were obtained for all individuals
for FGG exons 1, 2, and 7, FGA exon 1, and FGB
exons 2 and 7 (details of the primers are in
Methods). PCR amplification of FGA exons 2,
3, and 5 resulted in bands of the expected size
from heterozygous carriers, but in contrast, no
amplification was obtained from DNA from
all four patients (Fig. 2, and not shown). These
results indicate that the centromeric break-
point of all the deletions is within FGA intron
1. Consequently, the deleted gene could at best
direct the production of a severely truncated
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Figure 1
(a) Pedigree of the Swiss congenital afibrinogenemia family and haplotypes of the region
surrounding the fibrinogen locus. The markers (from top to bottom) and genetic distances
were: D4S1625 – (13%) – D4S2962 – (2%) – FGAi3 – (2%) – D4S2934 – (2%) – D4S1629. The
FGA deletion (shown as ∆) is associated with three different haplotypes. (b) PAGE analysis
of the tetranucleotide repeat marker FGAi3, which is homozygously deleted in individuals
6–9. FGA, fibrinogen alpha-chain gene.



Figure 2
Representative PCR analyses of the extent of the fibrinogen locus dele-
tion. DNA samples in lanes 1–3 were from obligate carriers (individuals
3–5 in Fig. 1) and in lanes 4–7 were from patients (individuals 6–9). Lane
8 contains the negative control (no DNA). The amplified fragments were:
(a) FGG exon 7; (b) FGA exon 1; (c) FGA exon 5; and (d) FGB exon 7.
FGB, fibrinogen beta-chain gene; FGG, fibrinogen gamma-chain gene.

FGA polypeptide, containing just the 18 amino acids
encoded by exon 1 (the normal protein has 625 amino
acids). It is, therefore, unsurprising that sensitive
immunoassay was unable to detect fibrinogen protein in
the plasma of affected individuals in this family. Interest-
ingly, a number of less severely truncated fibrinogen alpha
chains have been described in hypofibrinogenemic
patients, the smallest of which was due to a single base
pair insertion in codon 268 (10).

To estimate the size of the deletions and to establish if
they were, in fact, identical on all three mutant alleles, we
performed Southern blotting analysis. Genomic DNA
samples from all individuals from the affected family
and from four normal controls were digested with
BamHI and hybridized with a cloned probe pAFS1 gen-
erated by PCR amplification from the intergenic region
between FGG and FGA (Fig. 4). The expected band of 13
kb was found for the control samples (Fig. 3, lanes 1–4),
as well as for the obligate carriers (lanes 5–8). In addition,
a larger band (∼ 17 kb) was obtained in these same carri-
ers. Only the larger fragment was observed in the affect-
ed individuals (lanes 9–12). This abnormal fragment rep-
resents a deletion of ∼ 11 kb (which includes two BamHI
sites and thus generates a band of paradoxically
increased size). All three deletions were identical within
the limits of the resolution of the technique.

Figure 4 depicts the genomic organization and BamHI
restriction map of the fibrinogen gene cluster on chro-
mosome 4 and summarizes the PCR and Southern data.
The position of the telomeric end of the deletion is
defined by the size of the deletion and by the BamHI
restriction map (7). We conclude that the genetic defect
in this family was a recurrent deletion of ∼ 11 kb of DNA
that eliminates the majority of the FGA gene and thus
leads to an absence of functional fibrinogen.

Discussion
The identification of the precise genetic defect of coagu-
lation disorders is of value (a) to improve the differential
diagnosis; (b) to permit early testing of other at-risk indi-
viduals; (c) to understand the correlation (if any) between
genotype and clinical phenotype; (d) to assist in therapeu-
tic choices; and (e) to serve as an essential prerequisite for
the development of new specific treatments, including
gene therapy. Although congenital afibrinogenemia was
originally described in 1920 (4) and the genetic defect
assumed to be at the level of fibrinogen synthesis, no
responsible gene and mutation had been identified. We
found that the genetic defect in a nonconsanguineous
Swiss family was a homozygous deletion of ∼ 11 kb elimi-
nating the majority of the FGA gene. Importantly, the
nature of the mutation we have identified finally confirms
that humans can survive despite totally lacking the capac-
ity to synthesize active fibrinogen and that these patients
are genuinely afibrinogenemic, as opposed to being severe-
ly hypofibrinogenemic.

Typically, in rare autosomal recessive disorders, one
expects to find patients who are either homozygous
because of consanguinity or are compound heterozy-
gotes. The four afibrinogenemia patients of the family
presented here are homozygous for the FGA deletion but
are nonconsanguineous; the mutant alleles have three

different haplotypes according to closely linked flanking
markers, suggesting that an identical mutation occurred
independently three times in history. The existence of
recurrent rearrangements has been described in a num-
ber of disorders and is commonly associated with inap-
propriate recombination between homologous
sequences, for example, with the F8 gene inversions in
hemophilia A (11), CYP21B deletions in congenital adre-
nal hyperplasia (12), and alpha-globin gene deletions in
alpha-thalassemias (13). Deletions can also be due to
recombination between inverted Alu repeats, as in delta0-
beta0-thalassemia (14), and familial hypercholesterolemia
(15). Repetitive sequences that might be responsible for
the recurrent deletion were sought in the FGA gene with
the CENSOR program (16). Two such elements were
identified in intron 1 of the FGA gene, the common MIR
(mammalian-wide interspersed repeat; ref. 17) and an
unusual T4G motif. PCR amplification of the FGA gene
with a forward primer in exon 1 and a reverse primer in
intron 1 situated between the two repeats revealed that
the MIR was deleted in the affected individuals; therefore,
this element is unlikely to be responsible for the recurrent
mutation. The common mechanism of deletion in the
fibrinogen locus will be definitively determined only by
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Figure 3
Southern blot analysis of the FGA deletion. The deletion appears as a
band of paradoxically increased size because two BamHI sites are elimi-
nated (see schematic in Fig. 4). Lanes 1–4, normal controls; lanes 5–8,
obligate carriers; lanes 9–12, patients. Family members in lanes 5–12 are
numbered according to the family tree in Fig. 1.



Figure 4
Schematic representation of the human fibrinogen gene cluster (after ref. 7). The arrows represent the gamma-, alpha-, and beta-chain genes and
their 5′→3′ orientation. The extent of the deletion is shown by the black bar. The results of the PCR analyses of the patients’ DNA are summarized
above the genes: + indicates fragment present; ∆ indicates fragment absent (deleted). For details of the amplimers, see Table 1. The interpretation
of the Southern analysis is shown below the genes. On normal chromosomes, the probe detects a 13-kb BamHI fragment, whereas the deletion
removes two BamH1 sites and thus leads to a paradoxically larger (17 kb) fragment.

sequencing of the breakpoints.
The fact that the congenital afibrinogenemia in this fam-

ily is due to the deletion of a single small gene leads to obvi-
ous possibilities for gene therapy in the future, by delivery
of the FGA cDNA or gene to the liver. The fact that the
affected individuals have never made antibodies against
their fibrinogen-replacement therapy is also encouraging.
Furthermore, by a remarkable coincidence, there is already
a knockout mouse model generated by a mutation similar
to the human FGA deletion initiating in intron 1 described
here, i.e., the disruption of exon 1 of the FGA gene (18).
These mice have no detectable liver FGA mRNA or circu-
lating fibrinogen, although the levels of both FGB and FGG
liver mRNAs are normal.

It will be interesting to determine the frequency of this
mutation among other afibrinogenemia patients. We
have examined three mutant alleles with different hap-
lotypes, all of which have a common defect, and thus we
predict that the FGA deletion will recur in many unre-
lated patients. However, it should be remembered that
the first studies of the fibrinogen locus by Southern
blotting did not detect deletions, implying that another
mutation mechanism also exists, which may be allelic or
due to further, hitherto unidentified, loci.
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