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Abstract: Fibrinogen, an abundant plasma glycoprotein, is involved in the final stage of blood co-
agulation. Decreased fibrinogen levels, which may be caused by mutations, are manifested mainly
in bleeding and thrombotic disorders. Clinically relevant mutations of fibrinogen are listed in the
Human Fibrinogen Database. For the αC-connector (amino acids Aα240–410, nascent chain number-
ing), we have extended this database, with detailed descriptions of the clinical manifestations among
members of reported families. This includes the specification of bleeding and thrombotic events and
results of coagulation assays. Where available, the impact of a mutation on clotting and fibrinolysis is
reported. The collected data show that the Human Fibrinogen Database reports considerably fewer
missense and synonymous mutations than the general COSMIC and dbSNP databases. Homozygous
nonsense or frameshift mutations in the αC-connector are responsible for most clinically relevant
symptoms, while heterozygous mutations are often asymptomatic. Symptomatic subjects suffer
from bleeding and, less frequently, from thrombotic events. Miscarriages within the first trimester
and prolonged wound healing were reported in a few subjects. All mutations inducing thrombotic
phenotypes are located at the identical positions within the consensus sequence of the tandem repeats.
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1. Introduction
1.1. Fibrinogen Structure

Fibrinogen (Figure 1) is a plasma glycoprotein that, in its major form, contains 2964
amino acids (AAs) and has a molecular weight of approximately 340 kDa. It is involved
in the final stage of blood coagulation and participates, inter alia, in inflammation, cell
migration, and tumorigenesis [1–4].
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1. Introduction 
1.1. Fibrinogen Structure 

Fibrinogen (Figure 1) is a plasma glycoprotein that, in its major form, contains 2964 
amino acids (AAs) and has a molecular weight of approximately 340 kDa. It is involved 
in the final stage of blood coagulation and participates, inter alia, in inflammation, cell 
migration, and tumorigenesis [1–4]. 

 
Figure 1. Structure of fibrinogen (3GHG; [5]). Missing parts of the molecule are sketched. The αC-
connector is highlighted in red. 
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Figure 1. Structure of fibrinogen (3GHG; [5]). Missing parts of the molecule are sketched. The
αC-connector is highlighted in red.

Fibrinogen consists of two copies of the chains Aα (629 AAs; numbering and count
according to the nascent chain), Bβ (491 AAs), and γ (437 AAs). The chains are encoded
by three genes, FGA, FGB, and FGG, all of which are located in an approximately 50 kb
region on chromosome 4 (4q31.3–4q32.1) [6]. Fibrinogen is predominantly synthesized in
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hepatic parenchymal cells, with the Bβ chain considered the rate-limiting chain [7]. During
assembly these chains form heterotrimers and two such trimers consecutively interlink in a
centrosymmetric manner with their N-termini oriented towards each other [5]. Fibrinogen
is co-translationally glycosylated before entering the secretory pathway [8]. Seventeen
interchain disulfide bridges link its chains together, and 12other intrachain disulfide bridges
maintain proper tertiary structure. The fibrin monomer is formed by the thrombin cleavage
of fibrinopeptides A and B from the N-termini of the fibrinogen Aα and Bβ chains. Unlike
fibrinogen, the fibrin monomer readily polymerizes and forms a network, called a fibrin
clot, that is among the major components of blood clots and thrombi.

The disordered N-termini of all chains are followed by a triple, parallel coiled-coil
domain. The Bβ and γ chains further form a globular fibrinogen-related domain; its
structure is described, e.g., in works [9,10]. The Aα chain loops back, making a short
α-helix of 17 AAs that is anti-parallel to the coiled-coil domain with which it interacts
in a hydrophobic manner. The last part of the Aα chain is known as the αC-region
(Aα240–629, nascent chain numbering). This region is divided into the N-terminal αC-
connector (Aα240–410) and C-terminal αC-domain (Aα411–629) [11]. The αC-domain
interacts with the N-termini of fibrinogen but not of fibrin [12]. Intermolecular interactions
among unbounded αC-domains enhance the lateral aggregation of fibrin protofibers. The
β-hairpin is the dominant structural feature of the αC-domain [13]. The αC-connector,
the subject of this review, is characterized by 10 tandem repeats with a period of 13 AAs
at its C-terminus. The copy number and period of tandem repeats vary among species.
The αC-connector contributes to the flexibility of fibrin fibers [14]. Crystal structures did
not reveal any secondary structures in this region (secondary structures were absent in
fibrinogen crystal structures, suggesting that it does not have any extensive secondary
structure), although measurements of the heat capacity functions and circular dichroism
spectra suggest that the αC-connector adopts the extended helical poly (L-proline) type
IIconformation (PPII) [15].

1.2. Congenital Fibrinogen Diseases

Like all proteins, fibrinogen is subject to mutagenesis. If a mutation significantly affects
fibrinogen structure, the protein is not released into the blood. The state of having an unde-
tectable amount of fibrinogen in the blood is called afibrinogenemia and usually originates
from homozygous nonsense or frameshift mutations. Hypofibrinogenemia is diagnosed
when the detectable level of plasma fibrinogen is below physiological levels. Fibrinogen
with little structural impairment can overcome control mechanisms and be released into the
blood even though it is not fully functional. Such a condition is called dysfibrinogenemia.
Hypodysfibrinogenemia refers to a state in which the levels of fibrinogen are decreased and
at least some molecules are impaired. Hypofibrinogenemia and hypodysfibrinogenemia are
further divided into the severe (level of functional resp. antigenic fibrinogen below 0.5 g/L),
moderate (0.5 to 0.9 g/L), and mild (1 g/L to lower limit of normal value) types [16]. These
four diseases are collectively referred to as congenital fibrinogen disorders (CFDs).

CFDs are characterized by bleeding or, less frequently, by thrombotic episodes, or
they can be asymptomatic. Afibrinogenemia is characterized by heavy bleeding episodes.
Intracranial bleeding is the most frequent cause of death in afibrinogenemic patients [17].
Some women suffer from prolonged, heavy menstrual bleeding, pre- and post-partum
bleeding, miscarriages within the first trimester of gestation, and placental abruption.
Ischemic stroke and deep venous thrombosis (DVT) are the most common thrombotic
episodes in afibrinogenemic patients. Venous or arterial thromboses appear less frequently.
Bone cysts, spleen rupture, and impaired wound healing are occasionally reported [18–20].

Hypofibrinogenemia is usually asymptomatic, especially in patients with fibrinogen
levels higher than 1 g/L. Spontaneous bleeding episodes become more frequent with
decreasing levels of fibrinogen. In women, menorrhagia is frequent but miscarriages are
not reported. Mutations in certain parts of the fibrinogen-related domain may result in
fibrinogen storage disease [21].
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Dysfibrinogenemia may manifest as mild bleeding tendencies and venous and arterial
thrombosis. Women may experience first trimester miscarriages, placental abruption,
or post-partum thrombosis. Dysfibrinogenemia may cause inherited thrombophilia or
severe complications of pulmonary embolism. However, the majority of dysfibrinogenemic
patients are asymptomatic [22,23].

Hypodysfibrinogenemia combines the manifestations reported for dysfibrinogenemia
and hypofibrinogenemia. Patients are frequently asymptomatic but may also suffer from
thrombotic and bleeding symptoms. Spontaneous bleeding occurs in subjects who have
levels of functional fibrinogen below 0.7 g/L. Women report heavy menstrual bleeding [24].

Some mutations of the Aα536–574 region cause renal amyloidosis. This rare disease is
characterized by fibrinogen accumulation in the kidneys and does not belong among CFDs
as it does not influence the levels of plasma fibrinogen [25].

1.3. Mutation Databases

Mutations associated with CFDs are collected in the Human Fibrinogen Database
(HFD) [26]. This database lists mutation positions at the protein and nucleotide level
(coding and genomic coordinates are mixed), its zygosity, diagnosed CFD, whether the
mutation is associated with bleeding or thrombosis, and the reference to the original report.
All data were accepted from the referred works, and they were not further curated. Thus,
the reports may be incomplete or even inaccurate in some cases, and the reference to the
original work in the form “first_author’s_surname, year_of_publication” is not always
explicit (e.g., the reference “Asselta, 2015” may point to her works published in both
Thrombosis Research [27] and Thrombosis and Haemostasis [28]). Additionally, detailed
information about the clinical manifestations (e.g., location of the bleeding site or type
of thrombotic event) and severity of the CFD, confirmed by the results of laboratory
examination, is missing.

The COSMIC database was originally intended to collect cancer-associated muta-
tions [29] but recently was converted to a general database [30]; dbSNP [31] is another
general database. Both these databases collect information about the position and abun-
dance of mutations, although clinically and structurally relevant information is missing.

This work is the first step in an ongoing effort to extend the HFD with detailed
information about the clinical manifestations of each mutation, including the severity of
diagnosed CFD. It focuses on mutations in the αC-connector of the Aα chain of fibrinogen.
If available, information about the influence of a mutation on fibrin polymerization and
fibrin clot architecture is included. The position of each mutation is defined at the protein
(both mature and nascent chain), coding, and genomic level. We supplied the missing
items and adjusted the reported positions to be complementary at all levels if needed. We
also reported relevant information not only about the patient but also about all reported
participants of the clinical study, usually the patient’s relatives.

2. Mutations in the αC-Connector of Fibrinogen

The COSMIC, dbSNP, and HF databases include 404 unique nucleotide mutations in
the αC-connector of fibrinogen (c.718–1230; g.3993–4505; see Table S1). This region also con-
tains a complex compound mutation, known as fibrinogen Champagne au Mont d’Or [32],
that is considered one mutation for the purposes of this review. This trans compound
comprises 12 independent mutations in a region of 200 bp, including a 117 bp duplication
(see Figure S1). Sixteen of the 404 mutations are deletions (including two in-frame dele-
tions), nine are insertions (including two in-frame insertions and two duplications), one
(c.991A>G) is reported as a single nucleotide polymorphism (SNP; a mutation occurring at
least in 5% of the population), and the others are single point substitutions.

At the protein level, these 404 nucleotide mutations are translated into 380 unique
mutations (see Figure 2 and Table S1). Eighty of these are synonymous mutations, 257 are
missense mutations including one SNP, 20 are frameshift mutations, 18 are nonsense
mutations, three are in-frame deletions, and two are in-frame insertions. Twelve of these



Int. J. Mol. Sci. 2022, 23, 132 4 of 17

mutations are reported as compound mutations. Fibrinogen Champagne au Mont d’Or,
per se, is translated into five missense mutations and two in-frame insertions of eight and
31 AAs, respectively.
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Figure 2. Schematic representation of the position and nature of mutations in the αC-connector of
fibrinogen reported in the dbSNP, COSMIC, and HF databases. Mutations reported in the HFD
are indicated by red labels. Mutations belonging to the fibrinogen Champagne au Mont d’Or are
indicated by blue labels, although some of them are reported as independent mutations in dbSNP.
The plots below compare the percentage of each type of mutation in all databases and the HFD only.
*SNP AαT331A is not considered in these plots.
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We are aware that 8.3% resp. 17% of especially older records in the dbSNP can be
false positives [33,34]. This means that up to 69 unknown records in the database may
be redundant. From a statistical point of view, listing these up to 69 possibly erroneous
mutations will cause a smaller error than neglecting the 335 true-positive mutations. For
these reasons, we consider the mutations reported in COSMIC and dbSNP.

Both dbSNP and COSMIC gather mutations from various sources, including whole-
genome sequencing projects working with healthy subjects. Although some entries are in-
corporated from clinical databases, like the HFD, numerous mutations in the αC-connector
must be asymptomatic or have very mild clinical manifestations that go unnoticed. A pos-
sible explanation is that these mutations are heterozygous, as heterozygous mutations in
the αC-connector are frequently asymptomatic. However, these mutations may also be
homozygous and have no effect on coagulation. It is impossible to distinguish between
these two possibilities because dbSNP and COSMIC do not report the zygosity and clinical
manifestations of the mutations therein.

3. Detailed Characterization of Mutations in the αC-Connector

This section deals with the mutations in the αC-connector reported in the HFD because
they are usually broadly characterized in the original literature. These mutations are summa-
rized in Table 1 and Table S2 and Figure 2 and Figure S2. The AαT331A mutation is discussed
in a separate section since it is the only known SNP in the αC-connector of fibrinogen.

When preparing Table 1 and Table S2, we found discrepancies in the mutation locations
at the protein and nucleotide levels. Consequently, we cross-checked the protein (reference
NP_068657.1), c.DNA (coding region of NM_021871.4 that starts with the 56th nucleotide
of the reference sequence), and genomic (M64982.1) coordinates of all mutations in the αC-
connector reported in the HFD and in the respective papers. We completed missing entries
and, if necessary, adjusted the values of the existing entries. Text S1 explains the adjustment
done. Because the HFD was last updated on 1 June 2020, we searched for newer works
dealing with mutations in the αC-connector using Google Scholar, Web of Knowledge,
and PubMed [35]. The search was performed in July 2021 and no new reports were found.
The mutation designation follows the recommendations of Den Dunnen et al. [36]. We use
nascent chain numbering, including the 19 AA signal peptide for protein coordinates, in
this work.

3.1. Characterization of Reported Subjects

Works dealing with mutations in the αC-connector mention 132 members of 35 families.
There are 60 males and 48 females in the cohort. Sex is not reported for 24 subjects. Age
at the time of participation in the referred study is available for 57 subjects and ranges
from newborns (we defined their age and that of infants as 0 years for further statistics) to
83 years. The average age is 27.2 years, median is 27.0 years, and mode is 0 (eight subjects),
i.e., they are either newborns or infants. Consanguinity is reported in 12 of these families
and is explicitly denied in six families; the report is missing for 17 families.

Subjects come from 18 countries worldwide, namely the United States (19 members of
three families), Turkey (18/3), Tunisia (15/3), Iran (13/3), Czech Republic (11/2), Egypt
(8/1), France (8/4), Italy (7/4), Netherlands (7/1), China (6/1), India (5/3), Morocco
(4/1), Serbia (3/1), South Korea (3/1), Germany (2/1), Bulgaria, Algeria, Switzerland, and
Lebanon (all 1/1). These data demonstrate that CFDs are reported either from countries
where consanguineous marriages are common or from countries with advanced and widely
available medical care that can recognize CFDs with mild manifestations.

3.2. Characterization of Mutations in the αC-Connector Reported in Studies

In the αC-connector, there are 22 unique nucleotide mutations and a complex trans
compound mutation called fibrinogen Champagne au Mont d’Or. Twelve other mutations
are also reported as compound mutations.
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Table 1. (previous page). List of unique mutations in the αC-connector of fibrinogen and their positions in the protein (nascent chain, reference NP_068657.1) and
coding (CDS of NM_021871.4) sequences. Champagne = complex fibrinogen Champagne au Mont d’Or. The table further reports CFD in relation to mutation
zygosity: OK = no CFD; afib = afibrinogenemia; hypo = hypofibrinogenemia; dys = dysfibrinogenemia; hdys = hypodysfibrinogenemia; s = severe, mo = moderate;
mi = mild; acq = acquired. Clinical manifestations: bl. = bleeding phenotype; thr. = thrombotic phenotype; mis. = miscarriage; DWH = delayed wound healing;
asym. = asymptomatic; o = homozygous mutation; e = heterozygous mutation; c = compound mutation. T = clinical manifestation after treatment. See Table S2 for
the extended version of this table, including information about each subject mentioned in the original literature, specification of their clinical manifestations, and
genomic location of the mutation.

Position Diagnosis Clinical Manifestation Ref

CDS Protein Homo Hetero Compound bl. thr. mis. DVH asym.

c.718C>T p.Q240* afib o o o [37]
c.743G>A p.W248* afib o [38,39]
c.786_789del4 p.E262Dfs*158 afib o [40,41]
c.811C>T p.R271* OK afib: ? Bβp.S189T c e [42]
c.835delA p.T279Pfs*142 OK afib: cis rs146387238 c e [43]
c.858_859insC p.R287Efs*4 s hypo OK o o [44]
c.865C>A p.P289T dys e e [45]
Champagne Champagne dys: ? c.510+36T>C e [32]
c.885G>A p.W295* afib; s hdys o o [27,38,46]
c.888_894dup7 p.S299Lfs*57 afib o [41]
c.934delA p.S312Afs*109 afib OK; mi hypo afib: cis RCV000017876.28 o e [38,47–49]
c.934_935insA p.S312Kfs*42 afib [50]
c.945delT p.G316Efs*105 afib OK o e [28,38,47,48]
c.946G>T p.G316* afib: cis rs146387238 [38,51]
c.997A>T p.S333C dys: cis p.G32E c [52]
c.1001G>A p.W334* afib OK afib: cis p.K144Sfs*16; SNP o, e oT o, e o e [38,51,53]
c.1002G>A p.W334* o, oT e [54]
c.1025delG p.G342Efs*79 afib s hdys: trans p.T331A o, e [38,55]
c.1037delA p.N346Tfs*75 afib o [38]
c.1039C>T p.Q347* OK s hdys: cis rs146387238 c cT c [56]
c.1040A>C p. Q347P OK; acq dys e e [57]
c.1055delC p.P352Lfs*69 afib: cis rs146387238 [38,51]
c.1119 G>A p.W373* mo hdys OK o e [58]
c.1199 C>T p.S400F dys: trans p.G36C c c [59]
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Mutations within the αC-connector are translated into 22 unique protein mutations
as AαW334* is encoded in two ways (c.1001G>A or c.1002G>A). There are 10 frameshift
mutations, eight nonsense mutations, and four missense mutations in the αC-connector.

In the HFD, a database focused on the impact of fibrinogen mutations on coagulation
pathophysiology, there is a considerably higher proportion of nonsense and frameshift
mutations than in the general dbSNP. This can be interpreted to mean that missense
mutations do not induce sufficient changes in fibrinogen structure to restrain its secretion
into the blood.

Mutations within the αC-connector (or at least one mutation of the compound muta-
tion) are reported for 92 subjects, wild-type fibrinogen is reported for eight subjects, and
information about the nature of the mutation is absent for 25 subjects, i.e., the family mem-
bers of the patients. Seven other subjects have a sole mutation outside of the αC-connector.
Thirty-two of the mutations in the αC-connector are homozygous, two are compound
mutations, and 60 are heterozygous mutations including 10 compound mutations. While
nonsense and frameshift mutations are reported as both homozygous and heterozygous,
there is no report of homozygous missense mutations in the αC-connector.

3.3. Effect of Mutations in the αC-Connector at the Fibrinogen Level

The level of plasma fibrinogen was examined for 92 subjects. Afibrinogenemia was
reported for 36 of them, dysfibrinogenemia for 13, hypodysfibrinogenemia for 7 and
hypofibrinogenemia for 4 subjects. No CFD was reported for 31 subjects.

Mutations within the αC-connector were reported in 80 genetically tested subjects.
There was at least one member of each family in this sub-cohort. We excluded the carrier of
p.[G32E];[S333F] and a seven-member family carrying p.[G36C;S400F] as the mutation out-
side of the αC-connector is considered to cause dysfibrinogenemia [52,59], (see Section 3.5).
Among this sub-cohort, there are 32 carriers of homozygous mutations (two compound mu-
tations) and 39 carriers of heterozygous mutations (including eight compound mutations).
Afibrinogenemia is diagnosed in 34 subjects carrying 15 unique mutations, dysfibrino-
genemia in three subjects (all unique), hypofibrinogenemia in four subjects (three unique
mutations), hypodysfibrinogenemia in seven subjects (four unique mutations), and no CFD
in 24 subjects (nine unique mutations; see Table 2).

Table 2. Mutations in the αC-connector of fibrinogen assigned to the CFDs they cause. The posi-
tions within the nascent protein chain are used. Homozygous mutations are underlined. Cham-
pagne = complex fibrinogen Champagne au Mont d’Or; IVS4 = intronic mutation g.510+1G>T; 11 kb
del = RCV000017876.28; s, acq = acquired, mo, and mi = severe, moderate, and mild hypofibrinogene-
mia and hypodysfibrinogenemia, respectively.

Afibrinogenemia Hypofibrinogenemia Dysfibrinogenemia None

Q240* R287Efs*4 (s) P289T R271*
W248* S312Afs*109 (mi) Champagne T279Pfs*142
E262Dfs*158 [W334*;T331A];[T331A] (mi) [G32E];[S333C] R287Efs*4
[R271*(;)BβS189T] Q347P (acq) S312Afs*109
[T279Pfs*142];IVS4 [G36C;S400F];[T331A] G316Efs*105
W295* [G36C;S400F] W334*

S299Lfs*57 Hypodysfibrinogenemia [W334*;T331A];[T331A;BβR478K]

S312Afs*109 W295* (s) Q347P
S312Kfs*42 [G342Efs*79;T331A] (s) Q347*
[S312Afs*109];11kb del [Q347*];IVS4 (s) W373*
[G316*];IVS4 W373* (mo)
G316Efs*105
W334*
[W334*;T331A]
[W334*];[K144Sfs*16]
G342Efs*79
N346Tfs*75
[P352Lfs*69];IVS4
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The zygosity of mutations influences their clinical manifestations considerably. Ho-
mozygous nonsense and frameshift mutations usually result in afibrinogenemia or severe
hypofibrinogenemia. Carriers of heterozygous mutations usually have normal levels of
fibrinogen. This confirms the in vitro-derived finding [7], that the Aα-chain is not the
rate-limiting factor for fibrinogen assembly and secretion.

Afibrinogenemia is reported for carriers of homozygous nonsense or frameshift muta-
tions and for subjects carrying cis compound heterozygous mutations where the nonsense
or frameshift mutation in the αC-connector is accompanied by another mutation that
restrains fibrinogen secretion into the blood (see Section 3.5).

Dysfibrinogenemia is reported for heterozygous carriers of missense mutations and
for subjects carrying fibrinogen Champagne au Mont d’Or, which contains heterozygous
missense mutations together with in-frame insertions. Dysfibrinogenemia in an AαP347Q
carrier is hypothesized to result from tissue plasminogen activator treatment. The hy-
pothesis could not be verified due to the subject’s death. As two of the subject’s relatives
carrying the same heterozygous mutations had normal levels of fibrinogen, the link be-
tween AαP347Q and congenital dysfibrinogenemia is questionable. Heterozygous carriers
of the Champagne au Mont d’Or compound mutation and AαP289T are diagnosed with
dysfibrinogenemia due to the presence of abnormal fibrinogen in the blood, although the
values of functional and antigenic fibrinogen in these subjects are within the normal range.
Note that no homozygous missense mutation is reported in the cohort; thus, it is impossible
to draw any conclusions about such mutations.

Normal levels of fibrinogen are reported among heterozygous carriers of nonsense
and frameshift mutations and among heterozygous carriers of AαP347Q.

Hypofibrinogenemia is rarely associated with mutations in the αC-connector, and
there is no case of moderate hypofibrinogenemia reported in this region. Severe hypofib-
rinogenemia is reported for an AαR287Efs*4 carrier whose level of functional fibrinogen
(0.06 g/L) is detectable but negligible. Mild hypofibrinogenemia is recognized in two
carriers of the AαS312Afs*109 mutation (functional fibrinogen levels 1.64 g/L and 1.75 g/L;
normal values from 1.9 g/L) and in a carrier of the p.[W334*;T331A];[T331A] mutation
(functional fibrinogen 2.07 g/L; normal values from 2.5 g/L). For all three subjects, the level
of fibrinogen approaches the normal value. Their relatives, who carry the same mutation
(in the latter case accompanied by the heterozygous BβR478K SNP), exhibit normal levels
of fibrinogen.

Hypodysfibrinogenemia, in its severe form, is reported for a homozygous AαW295*
carrier (functional fibrinogen 0.2 g/L), three carriers of the heterozygous trans com-
pound mutation p.[G342Efs*79;T331A] (functional fibrinogen between 0.2 and 0.28 g/L
as measured by repeated tests), and a [p.Q347*;c.510+1G>T] carrier (functional fibrinogen
0.003 g/L for both patients). Two contradictory values for functional fibrinogen levels,
0.7 g/L by the Clauss method and 0 by the prothrombin time-derived method, are reported
for a carrier of the homozygous AαW373* mutation. As the presence of the mutated fib-
rinogen in plasma was confirmed by western blot, we accepted the value obtained by the
Clauss method and report this hypodysfibrinogenemia as moderate.

Every unique mutation of the given zygosity is associated with defined CFD except for
two cases. Heterozygous AαS312Afs*109 is reported either in subjects with a normal level
of fibrinogen or subjects with mild hypofibrinogenemia. Regardless of the fibrinogen level,
heterozygous carriers of AαS312Afs*109 are asymptomatic. Afibrinogenemia or severe
hypodysfibrinogenemia are reported for homozygous carriers of AαW295*.

While interpreting the clinical diagnoses associated with decreased levels of functional
and/or total fibrinogen, one must be aware that these diagnoses are only discrete, manmade
categories for a continuous scale of levels of fibrinogen in the blood. In other words, the state
of a hypofibrinogenemic patient with a fibrinogen level of 1.45 g/L will be closer to that of a
healthy individual with a fibrinogen level of 1.55 g/L (considering normal fibrinogen levels
to be 1.5–4.0 g/L) than to that of another hypofibrinogenemic patient with a fibrinogen level
of 0.25 g/L. It is also worth noting that normal levels of fibrinogen vary among laboratories.
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Table S3 helps the reader with a comprehensive overview of the severity of individual
CFDs. One must also be aware that the limit of detection of various devices and techniques
differs. Thus, a condition that is designated as afibrinogenemia (no detectable fibrinogen)
by one lab may be considered severe hypofibrinogenemia (very low levels of fibrinogen)
by another. To be able to diagnose dysfibrinogenemia and hypodysfibrinogenemia, the
levels of both total and functional fibrinogen must be determined. This has not always been
done, especially by the older studies. Thus, there is not enough information to distinguish
normal fibrinogen levels from dysfibrinogenemia, and the reported hypofibrinogenemia
may actually be hypodysfibrinogenemia.

3.4. Clinical Manifestations of Mutations in the αC-Connector

Information about the clinical manifestations of mutations within the αC-connector
is available for 83 members of 25 families (Table 3 and Table S2). Reports contain medical
information for subjects whose fibrinogen was not genetically tested. We treat these
symptomatic family members as if they have the same mutations as their relatives, although
we are aware that this does not always hold true.

Table 3. Mutations in the αC-connector of fibrinogen assigned to their clinical manifestations.
The positions within the nascent protein chain are used. Homozygous mutations are underlined.
Champagne = complex fibrinogen Champagne au Mont d’Or; IVS4 = intronic mutation g.510+1G>T;
DWH = delayed wound healing; T = state after treatment.

Bleeding Thrombosis Miscarriage DWH Asymptomatic

Q240* Champagne Q240* Q240* R271*
W248* W295* R287Efs*4 W334* T279Pfs*142
E262Dfs*158 [W334*;T331A] (T) W334* P289T
[R271*(;)BβS189T] W334* (T) W334* S312Afs*109
[T279Pfs*142];IVS4 Q347P [Q347*];IVS4 G316Efs*105
R287Efs*4 [Q347*];IVS4 (T) W334*
P289T [G36C;S400F] Q347P
S299Lfs*57 [G32E];[S333C] Q347*
S312Afs*109 W373*
G316Efs*105 [G36C;S400F]
W334*
[G342Efs*79;T331A]
G342Efs*79
N346Tfs*75
[Q347*];IVS4
W373*
[G32E];[S333C]
[G36C;S400F]

Bleeding is the most common clinical manifestation of CFDs caused by mutations in the
αC-connector of fibrinogen. It was reported for 43 subjects. Thrombotic complications were
reported for 11 subjects. No subjects report bleeding tendencies together with thromboses
unless they received fibrinogen prophylaxis before the thrombotic event occurred. Women
may suffer from (repetitive) miscarriages (five subjects) and two subjects reported delayed
wound healing. Another 32 subjects were asymptomatic.

3.4.1. Bleeding Phenotype

Bleeding was reported for 43 subjects regardless of their diagnosis and the mutation
type. Umbilical cord bleeding was reported for 15 out of 36 afibrinogenemic subjects and
for two hypodysfibrinogenemic siblings who have trace amounts of functional fibrino-
gen in the blood. Other frequently reported types of spontaneous bleeding are epistaxis
(10 subjects), bleeding from the mouth including gums (six subjects carrying either the
AαQ240* or AαS312Afs*109 homozygous mutations), and bruising (five subjects). Subjects
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further report hemarthrosis, muscle bleeding, skin bleeding, mucous membrane bleeding,
intracranial bleeding, petechiae, hematemesis, and hematuria. Spontaneous bleeding was
reported or suspected to be the cause of death in seven subjects who were not examined in
connection with CFDs. Induced bleeding (postoperative or posttraumatic) was reported
for 22 subjects, 11 of whom also reported spontaneous bleeding.

3.4.2. Thrombotic Phenotype

The thrombotic phenotype was reported for 11 carriers of five unique mutations. Two
of them reported thrombotic events after fibrinogen prophylaxis.

The carrier of the fibrinogen Champagne au Mont d’Or (i.e., the complex compound
mutation) reported DVT and pulmonary embolism. There were certain indications for
thrombotic complications in his mother, who reported prolonged post-partum phenindione
treatment.

DVT and myocardial infarction were reported in two unrelated afibrinogenemic
carriers of homozygous AαW295*. Another carrier of this mutation reports bleeding. This
subject was diagnosed with severe hypodysfibrinogenemia.

Thrombotic tendencies were reported in a consanguineous family exhibiting the
p.[W334*;T331A] allele. Its homozygous carrier reported spontaneous DVT. Independent
thrombotic complications appeared during long-lasting treatment for the narrowing of
arteries in his arm. Three of his father’s siblings, who were not genetically tested, died
of ischemic stroke. Thrombosis and thrombophlebitis were reported in a homozygous
carrier of the AαW334* mutation from another family. This subject was on fibrinogen
prophylaxis to prevent bleeding (and possible miscarriage) during pregnancy. Note that the
AαW334* mutation was encoded by different nucleotides in these two families (c.1001G>A
and c.1002G>A). There is not enough data to examine the potential impact of the genomic
position of the mutation on its pathophysiological manifestation.

Myocardial infarction was reported as the cause of death for a subject carrying the
heterozygous AαQ347P mutation. His two relatives, carriers of the same mutation, were
asymptomatic.

Thrombosis and pulmonary embolism after fibrinogen prophylaxis were reported
for a [p.Q347*];[c.510+1G>T] carrier, who otherwise reported posttraumatic bleeding. His
sister, a carrier of the same compound mutation, reported posttraumatic bleeding. Two
other members of this family, carrying heterozygous AαQ347*, were asymptomatic.

Interestingly, all mutations associated with the thrombotic phenotype were located
in the tandem repeat-containing part of the αC-connector. Not considering the complex
fibrinogen Champagne au Mont d’Or, all the mutated AAs (AαW295, AαW334, and
AαQ347) were situated at the respective positions within the consensus sequence of the
tandem repeats. It is questionable whether this is a coincidence or whether the last position
in the consensus sequence of the tandem repeat is of importance for fibrinogen behavior.

3.4.3. Women’s Health

In the cohort, there were 21 women old enough to have menstrual bleeding or become
pregnant (16 years and older). Five of them reported at least one miscarriage. If reported, the
miscarriages occurred within the first trimester of pregnancy. Four of these women suffered
from afibrinogenemia or a severe type of hypofibrinogenemia or hypodysfibrinogenemia.
The fifth woman, a heterozygous AαW334* carrier, had normal levels of fibrinogen. Apart
from a miscarriage, she also reported bleeding.

Pre- or post-partum bleeding was reported by three women (two homozygous afib-
rinogenemic AαW334* carriers and a dysfibrinogenemic carrier of compound heterozygous
[p.G32E];[p.S333F]). Five women reported menorrhagia. They included two afibrinogene-
mic carriers of homozygous AαQ240*, a heterozygous carrier of AαW334* with a normal
level of fibrinogen, and a p.[G32E];[S333F] carrier. In a p.[G36C;S400F];[T331A] carrier,
menorrhagia was the only manifestation of dysfibrinogenemia.
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Note that an AαW334* heterozygous carrier, who had normal levels of functional
fibrinogen (2.4 g/L), reported epistaxis, menorrhagia, and a miscarriage. Three other
heterozygous family members, who had normal levels of fibrinogen, were asymptomatic.

3.4.4. Delayed Wound Healing

Delayed wound healing was reported for two afibrinogenemic subjects. Both of them
were homozygous carriers of the AαQ240* or AαW334* nonsense mutations, and bleeding
was the major manifestation of their disease.

3.4.5. Asymptomatic Subjects

The 30 remaining subjects were asymptomatic. None of them carried a homozygous
mutation or were diagnosed with afibrinogenemia and hypodysfibrinogenemia. Most of
them (17) did not suffer from any CFD. Fibrinogen level was not reported for seven sub-
jects. One dysfibrinogenemic subject, a heterozygous AαP289T carrier, had normal levels
of fibrinogen. Dysfibrinogenemia was reported for three asymptomatic p.[G36C;S400F]
carriers. Two asymptomatic carriers of heterozygous AαS312Afs*109 suffered from mild
hypofibrinogenemia, although other carriers of this mutation had normal fibrinogen levels.

3.5. Compound Mutations with at Least One Mutation Located in the αC-Connector

Twelve out of 23 unique protein mutations reported in the HFD (fibrinogen Cham-
pagne au Mont d’Or is treated as a single mutation) were expressed as a compound
mutation at least in one subject. Considering the manifestations of these mutations, the
influence of each mutation must be taken into account. To deal with this issue, we briefly
reviewed the effects of the other mutations that were reported together with the mutations
within the αC-connector (Table S4). We used the HFD as the only source for this sub-review
and focused on the following mutations: Aα144Sfs*16, AαG32E, AαG36C, BβS189T, and
intronic mutations c.510+1G>T (rs146387238), the “11-kb deletion” (RCV000017876.28), and
c.510+36T>C. We do not deal with compound mutations containing the AαT331A SNP,
i.e., mutations containing the alleles p.[W334*;T331A] and p.[G342Efs*79; T331A].

The mutation AαW334* was reported in a subject (A12 in [51]) together with AαK144fs*16
in a cis compound heterozygous form. The subject was diagnosed with afibrinogenemia
(fibrinogen levels are not available). Both mutations shorten the C-terminus of the Aα-chain
of fibrinogen. In the homozygous state, they caused afibrinogenemia that manifested as
umbilical cord bleeding in the AαK144fs*16 carrier. In the heterozygous state, they do not
influence fibrinogen levels [53,60]. In the reported p.[AαW334*];[AαK144fs*16] carrier, both
alleles produce shortened Aα-chains that were not secreted into the blood. This condition is
diagnosed as afibrinogenemia.

The same explanation is used for a cis compound heterozygous carrier of AαS312Afs*109
together with an “11-kb deletion” (B6 in [61,62]) and for all four cis compound heterozygous
mutations containing c.510+1G>T [19,63–67] with AαT279Pfs*142, AαG316*, AαP352Lfs*69, or
AαQ347*. These mutations are diagnosed as afibrinogenemia, except for AαQ347*; c.510+1G>T,
which is reported as severe hypodysfibrinogenemia with trace amounts of both functional
and antigenic fibrinogen. In the homozygous state, both c.510+1G>T and the “11-kb deletion”
manifest as afibrinogenemia; thus, there is no Aα-chain synthesized by the other allele that
could compensate for the lack of fibrinogen resulting from the abovementioned nonsense
and frameshift mutations. Both intronic mutations in homozygous form are associated with a
bleeding phenotype. A carrier of c.510+1G>T reported bone cysts.

In addition to the homozygous AαR271* mutation, a heterozygous BβS189T mutation
was also present in a patient with afibrinogenemia [42]. The effect of the BβS189T mutation
that is not reported by any other work is not discussed as the homozygous AαR271*
mutation is sufficient for the induction of afibrinogenemia.

The AαS333C mutation is reported as a cis compound heterozygous mutation with
AαG32E [52]. The subject with these mutations suffered from dysfibrinogenemia that
manifested as a bleeding tendency. The turbidimetric curve has a longer lag phase and
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smaller maximum turbidity than the control, and fibrinolysis by thrombin is prolonged. The
fibrin clot formed by the mutated fibrin exhibited wider fibers. There are no reports about
AαS334C as a sole mutation, although we found two notes about the heterozygous AαG32E
mutation [68,69] resulting in dysfibrinogenemia. The turbidimetric curve measured on
fibrinogen containing the heterozygous AαG32E mutation has a longer lag phase and
lower maximal turbidity. Data reporting the influence of the mutation on fibrin clots are
ambiguous (no effect vs. clot with narrower fibers and bigger pores), as are the reports on
the speed of fibrinolysis (no effect vs. faster lysis). Both works report a bleeding phenotype.
Combined with the report of the compound heterozygous mutation, we find that AαS333C
may be responsible for wider fibrin fibers, resulting in the prolongation of clot lysis.

The trans compound mutation p.[G36C;S400F] is reported to cause dysfibrinogenemia.
Some family members also had the AαT331A SNP on their second allele. The compound
mutation manifested as delayed fibrin polymerization and a decreased release of fibrinopep-
tide A. Dysfibrinogenemia was reported in family members without the SNP. This suggests
that the contribution of AαS400F to the resultant phenotype, if any, is marginal. We did not
find any other reports of the AαG36C mutation. As both pathophysiologies reported in the
family were associated with hampered fibrinopeptide release, we agreed with the authors
of the original work that there is no conclusive information about the effect of AαS400F on
fibrinogen behavior.

The complex compound mutation Champagne au Mont d’Or [32] is reported as p.[T341P;
Q347R; P352S; P352_353insGTGGTATW; R353K; T357S; G358_T359insPGSAGSWNSGSSGPGS
TGNRNPGSSGTGGTA] and is associated with the thrombotic phenotype. Patient also carried
the SNP AαT331A in a trans position and an intronic mutation, c.510+36T>C. We do not discuss
this mutation further because information about individual mutations, but for the SNP AαT331A,
is not available.

3.6. Impact of Mutations in the αC-Connector on Fibrin Clot Characteristics

Laboratory examinations of subjects’ blood usually report coagulation tests only
(see Table S3). These values are reported to support the diagnosis of a subject with decreased
fibrinogen levels. Five studies dealing with the mutations p.R287Efs*4, p.[G32E];[S333C],
p.[G342Efs*79;T331A], [p.Q347*];[c.510+1G>T], and p.Q347P characterized fibrin polymer-
ization as determined by absorbance measurements (Table 4). All studies reported a pro-
longed lag phase as well as a decreased maximum rate of polymerization (Vmax) and final
turbidity, regardless of the diagnosis (ranging from severe hypofibrinogenemia to healthy)
and zygosity of the mutation. Clottability is not affected by the homozygous p.Q347P
mutation, in contrast to the p.[G342Efs*79;T331A] mutation, which decreases clottability
by approximately 4.5-fold. However, three out of these four mutations are compound
mutations, indicating that fibrinogen characteristics can be influenced by both mutations.

Table 4. Polymerization characteristics of fibrinogen with mutations in the αC-connector of fibrinogen.
Values designated by # were read out of the graph in the original report. * = fibrin still polymerizes;
c.hetero = compound heterozygote; homo = homozygote; hetero = heterozygote; IVS4 = intronic
mutation g.510+1G>T.

Position Zygosity Subject Lag Phase [s] Vmax [U/s] Final Turbidity
[U] Clottability Ref.

p.R287Efs*4 homo I:1 3x longer than
control 0.075 at 150 min * [44]

# 1800
normal # 600 2.3 × 10−5 0.053

p.[G32E];[S333C] c.hetero pac prolonged decreased [52]
p.[G342Efs*79;T331A] hetero IV-1 240 0.08 × 10−3 0.1 21% [55]
p.[G342Efs*79;T331A] hetero IV-3 23%

None III-2 95%
normal 180 1.15 × 10−3 0.7 96%

p.[Q347*];IVS4 c.hetero II.1 430 0.78 × 10−4 0.023 [56]
normal 220 2.22 × 10−4 0.111

p.Q347P hetero son 240 0.53 × 10−4 0.040 97% [57]
normal 150 1.04 × 10−4 0.064 98%
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Changes in a subject’s fibrinogen characteristics may originate not only from changed
levels of fibrinogen but also from altered fibrinogen properties, caused, e.g., by post-
translational modifications (PTMs) [70–75]. A certain level of PTMs is necessary for the
proper function of fibrinogen. Their overabundance, on the other hand, is known to alter
the properties of fibrin clots, and some PTMs are connected with diseases [76]. It would
be interesting, although challenging, to determine if episodes of the manifestation of
fibrinogen mutations are connected with certain oxidative states of fibrinogen.

4. AαT331A SNP

AαT331A (rs6050) is the only known SNP in the αC-connector of fibrinogen [77,78].
This SNP is reported in 24.4–32.7% of the population worldwide [31,79,80] and is more
common in the African (43.3%) and East Asian (43.2%) populations than in the South Asian
(24.7%), European (23.6%), and American (21.8%) populations [79].

Fibrin clots formed by fibrin containing the AαA331 allele have more α-α cross-links
than AαT331 fibrin (54% vs. 45% of cross-links), are stiffer, and have thicker fibrin fibers
and fewer fibers per square unit than AαT331 fibrin. The SNP does not influence the level of
fibrin fiber branching [81], or permeability of the clot [82]. More detailed analysis showed
that the rate at which permeability decreases with increasing fibrinogen concentration is
greater in individuals carrying AαA331 [82].

There are contradictions concerning the impact of AαT331A on the functional concen-
trations of fibrinogen in the blood. While Rasmussen-Torvik et al. [83] and Li et al. [84] did
not record any change, Reiner et al. [85] reported decreased levels of functional fibrinogen
among AαA331 carriers in European American but not in African American populations.
AαT331A does not influence the level of immunological fibrinogen [85].

The AαA331 allele is associated with venous thromboembolism, pulmonary embolism,
chronic thromboembolic pulmonary hypertension, atrial fibrillation, and spontaneous
abortions at the beginning of pregnancy in women [84,86–90]. It is not associated with
myocardial infarction, pulmonary thromboembolism, or stroke [84,87,91]. AαA331 is
hypothesized to increase susceptibility to a thrombus embolization [87].

5. Summary

We reviewed mutations in the αC-connector of fibrinogen and cataloged as much
clinically and structurally relevant information (location at the protein and nucleotide level,
clinical manifestations, and laboratory characteristics) about each item as possible. We
listed not only the subjects referred as patients but also all their available relatives. Our
work revealed that the general COSMIC and dbSNP databases contain considerably more
missense and synonymous mutations than the HFD, the database focused on clinically
relevant mutations in fibrinogen. This, together with the information contained in the HFD,
suggests that homozygous nonsense and frameshift mutations in the αC-connector are of
clinical significance, unlike heterozygous mutations. We did not draw any conclusions
about carriers of homozygous missense mutations as no such subjects were reported with
regard to the αC-connector to the best of our knowledge.

Like other fibrinogen mutations, mutations in the αC-connector may manifest as
bleeding or, less frequently, thrombotic phenotypes. Carriers of heterozygous mutations
were often asymptomatic. Miscarriages and delayed wound healing were reported among
αC-connector mutation carriers. No subject reported both bleeding and thrombotic phe-
notypes unless the thrombosis was induced by treatment. Interestingly, the thrombotic
phenotype was observed only for mutations in the last position of the consensus sequence
of the tandem repeat region.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ijms23010132/s1.
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http://doi.org/10.1016/S0021-9258(18)72219-9
http://doi.org/10.1007/s00281-011-0290-8
http://doi.org/10.1111/1523-1747.ep12500075
http://www.ncbi.nlm.nih.gov/pubmed/6752288
http://doi.org/10.1158/2326-6066.CIR-14-0209
http://doi.org/10.1021/bi802205g
http://www.ncbi.nlm.nih.gov/pubmed/19296670
http://doi.org/10.1073/pnas.82.8.2344
http://www.ncbi.nlm.nih.gov/pubmed/2986113
http://doi.org/10.1016/S0021-9258(19)39338-X
http://doi.org/10.1021/bi00513a017
http://doi.org/10.1002/pro.2177
http://doi.org/10.1016/S0969-2126(97)00171-8
http://doi.org/10.1111/j.1538-7836.2008.03242.x
http://doi.org/10.1016/S0021-9258(19)38688-0
http://doi.org/10.1021/bi052380c
http://www.ncbi.nlm.nih.gov/pubmed/18761721
http://doi.org/10.1021/bi025584r
http://doi.org/10.1111/jth.14216
http://doi.org/10.20452/pamw.15082
http://www.ncbi.nlm.nih.gov/pubmed/31797863
http://doi.org/10.1182/blood.2020009472
http://doi.org/10.1111/hae.12337
http://www.ncbi.nlm.nih.gov/pubmed/24533951
http://doi.org/10.5152/tpa.2014.1070


Int. J. Mol. Sci. 2022, 23, 132 15 of 17

21. Peyvandi, F.; Haertel, S.; Knaub, S.; Mannucci, P.M. Incidence of bleeding symptoms in 100 patients with inherited afibrinogenemia
or hypofibrinogenemia. J. Thromb. Haemost. 2006, 4, 1634–1637. [CrossRef]

22. Casini, A.; Blondon, M.; Lebreton, A.; Koegel, J.; Tintillier, V.; de Maistre, E.; Gautier, P.; Biron, C.; Neerman-Arbez, M.; de
Moerloose, P. Natural history of patients with congenital dysfibrinogenemia. Blood J. Am. Soc. Hematol. 2015, 125, 553–561.
[CrossRef]

23. Haverkate, F.; Samama, M. Familial dysfibrinogenemia and thrombophilia. Thromb. Haemost. 1995, 73, 151–161. [CrossRef]
[PubMed]

24. Casini, A.; Brungs, T.; Lavenu-Bombled, C.; Vilar, R.; Neerman-Arbez, M.; De Moerloose, P. Genetics, diagnosis and clinical
features of congenital hypodysfibrinogenemia: A systematic literature review and report of a novel mutation. J. Thromb. Haemost.
2017, 15, 876–888. [CrossRef]

25. Chapman, J.; Dogan, A. Fibrinogen alpha amyloidosis: Insights from proteomics. Expert Rev. Proteom. 2019, 16, 783–793.
[CrossRef] [PubMed]

26. Hanss, M.; Biot, F. A Database for Human Fibrinogen Variants. Ann. N. Y. Acad. Sci. 2006, 936, 89–90. [CrossRef] [PubMed]
27. Asselta, R.; Robusto, M.; Platé, M.; Santoro, C.; Peyvandi, F.; Duga, S. Molecular characterization of 7 patients affected by dys- or

hypo-dysfibrinogenemia: Identification of a novel mutation in the fibrinogen Bbeta chain causing a gain of glycosylation. Thromb.
Res. 2015, 136, 168–174. [CrossRef]

28. Asselta, R.; Platè, M.; Robusto, M.; Borhany, M.; Guella, I.; Soldà, G.; Afrasiabi, A.; Menegatti, M.; Tahir, S.; Peyvandi, F.; et al.
Clinical and molecular characterisation of 21 patients affected by quantitative fibrinogen deficiency. Thromb. Haemost. 2015, 113,
567–576. [CrossRef] [PubMed]

29. Bamford, S.; Dawson, E.; Forbes, S.; Clements, J.; Pettett, R.; Dogan, A.; Flanagan, A.; Teague, J.; A Futreal, P.; Stratton, M.R.; et al.
The COSMIC (Catalogue of Somatic Mutations in Cancer) database and website. Br. J. Cancer 2004, 91, 355–358. [CrossRef]

30. Forbes, S.A.; Beare, D.; Boutselakis, H.; Bamford, S.; Bindal, N.; Tate, J.; Cole, C.G.; Ward, S.; Dawson, E.; Ponting, L.; et al.
COSMIC: Somatic cancer genetics at high-resolution. Nucleic Acids Res. 2017, 45, D777–D783. [CrossRef] [PubMed]

31. Sherry, S.T.; Ward, M.; Sirotkin, K. dbSNP-database for single nucleotide polymorphisms and other classes of minor genetic
variation. Genome Res. 1999, 9, 677–679. [CrossRef] [PubMed]

32. Hanss, M.M.L.; Ffrench, P.O.; Mornex, J.F.; Chabuet, M.; Biot, F.; De Mazancourt, P.; Dechavanne, M. Two novel fibrinogen
variants found in patients with pulmonary embolism and their families. J. Thromb. Haemost. 2003, 1, 1251–1257. [CrossRef]
[PubMed]

33. Arthur, J.W.; Cheung, F.S.; Reichardt, J.K. Single Nucleotide Differences (SNDs) Continue to Contaminate the dbSNP Database
With Consequences for Human Genomics and Health. Hum. Mutat. 2015, 36, 196–199. [CrossRef]

34. Musumeci, L.; Arthur, J.W.; Cheung, F.S.G.; Hoque, A.; Lippman, S.; Reichardt, J.K.V. Single nucleotide differences (SNDs) in the
dbSNP database may lead to errors in genotyping and haplotyping studies. Hum. Mutat. 2010, 31, 67–73. [CrossRef] [PubMed]

35. Fiorini, N.; Lipman, D.J.; Lu, Z. Cutting edge: Towards PubMed 2.0. eLife 2017, 6, e28801. [CrossRef] [PubMed]
36. Den Dunnen, J.T.; Dalgleish, R.; Maglott, D.R.; Hart, R.K.; Greenblatt, M.S.; McGowan-Jordan, J.; Roux, A.-F.; Smith, T.;

Antonarakis, S.E.; Taschner, P.E.M. HGVS recommendations for the description of sequence variants: 2016 update. Hum. Mutat.
2016, 37, 564–569. [CrossRef] [PubMed]

37. Wahab, M.A.; de Moerloose, P.; Fish, R.J.; Neerman-Arbez, M. Identification and functional characterization of a novel nonsense
mutation in FGA accounting for congenital afibrinogenemia in six Egyptian patients. Blood Coagul. Fibrinolysis 2010, 21, 164–167.
[CrossRef]

38. Neerman-Arbez, M.; de Moerloose, P. Mutations in the fibrinogen gene cluster accounting for congenital afibrinogenemia: An
update and report of 10 novel mutations. Hum. Mutat. 2007, 28, 540–553. [CrossRef]

39. Monaldini, L.; Asselta, R.; Duga, S.; Peyvandi, F.; Karimi, M.; Malcovati, M.; Tenchini, M.L. Mutational screening of six
afibrinogenemic patients: Identification and characterization of four novel molecular defects. Thromb. Haemost. 2007, 97, 546–551.
[CrossRef]

40. Robert-Ebadi, H.; De Moerloose, P.; El Khorassani, M.; El Khattab, M.; Neerman-Arbez, M. A novel frameshift mutation in FGA
accounting for congenital afibrinogenemia predicted to encode an aberrant peptide terminating 158 amino acids downstream.
Blood Coagul. Fibrinol 2009, 20, 385–387. [CrossRef] [PubMed]

41. Sumitha, E.; Jayandharan, G.R.; Arora, N.; Abraham, A.; David, S.; Devi, G.S.; Shenbagapriya, P.; Nair, S.C.; George, B.; Mathews,
V. Molecular basis of quantitative fibrinogen disorders in 27 patients from I ndia. Haemophilia 2013, 19, 611–618. [CrossRef]

42. Amri, Y.; Toumi, N.E.H.; Fredj, S.H.; de Moerloose, P. Congenital afibrinogenemia: Identification and characterization of two
novel homozygous fibrinogen Aα and Bβ chain mutations in two Tunisian families. Thromb. Res. 2016, 143, 11–16. [CrossRef]

43. Angles-Cano, E.; Mathonnet, F.; Dreyfus, M.; Claeyssens, S.; de Mazancourt, P. A case of afibrinogenemia associated with
A-alpha chain gene compound heterozygosity (HUMFIBRA c.[4110delA]+[3200+1G>T]). Blood Coagul. Fibrinolysis 2007, 18, 73–75.
[CrossRef] [PubMed]

44. Ridgway, H.J.; Brennan, S.O.; Faed, J.M.; George, P.M. Fibrinogen Otago: A major α chain truncation associated with severe
hypofibrinogenaemia and recurrent miscarriage. Br. J. Haematol. 1997, 98, 632–639. [CrossRef] [PubMed]

45. Santacroce, R.; Cappucci, F.; Pisanelli, D.; Perricone, F.; Papa, M.L.; Santoro, R.; Grandone, E.; Margaglione, M. Inherited
abnormalities of fibrinogen: 10-year clinical experience of an Italian group. Blood Coagul. Fibrinolysis 2006, 17, 235–240. [CrossRef]
[PubMed]

http://doi.org/10.1111/j.1538-7836.2006.02014.x
http://doi.org/10.1182/blood-2014-06-582866
http://doi.org/10.1055/s-0038-1653741
http://www.ncbi.nlm.nih.gov/pubmed/7740487
http://doi.org/10.1111/jth.13655
http://doi.org/10.1080/14789450.2019.1659137
http://www.ncbi.nlm.nih.gov/pubmed/31443619
http://doi.org/10.1111/j.1749-6632.2001.tb03495.x
http://www.ncbi.nlm.nih.gov/pubmed/11460527
http://doi.org/10.1016/j.thromres.2015.05.007
http://doi.org/10.1160/TH14-07-0629
http://www.ncbi.nlm.nih.gov/pubmed/25427968
http://doi.org/10.1038/sj.bjc.6601894
http://doi.org/10.1093/nar/gkw1121
http://www.ncbi.nlm.nih.gov/pubmed/27899578
http://doi.org/10.1101/gr.9.8.677
http://www.ncbi.nlm.nih.gov/pubmed/10447503
http://doi.org/10.1046/j.1538-7836.2003.00244.x
http://www.ncbi.nlm.nih.gov/pubmed/12871327
http://doi.org/10.1002/humu.22735
http://doi.org/10.1002/humu.21137
http://www.ncbi.nlm.nih.gov/pubmed/19877174
http://doi.org/10.7554/eLife.28801
http://www.ncbi.nlm.nih.gov/pubmed/29083299
http://doi.org/10.1002/humu.22981
http://www.ncbi.nlm.nih.gov/pubmed/26931183
http://doi.org/10.1097/MBC.0b013e32833678d5
http://doi.org/10.1002/humu.20483
http://doi.org/10.1160/TH06-12-0743
http://doi.org/10.1097/MBC.0b013e328329f2a0
http://www.ncbi.nlm.nih.gov/pubmed/19417632
http://doi.org/10.1111/hae.12143
http://doi.org/10.1016/j.thromres.2016.04.016
http://doi.org/10.1097/MBC.0b013e328010bd16
http://www.ncbi.nlm.nih.gov/pubmed/17179831
http://doi.org/10.1046/j.1365-2141.1997.2753090.x
http://www.ncbi.nlm.nih.gov/pubmed/9332319
http://doi.org/10.1097/01.mbc.0000224841.48463.be
http://www.ncbi.nlm.nih.gov/pubmed/16651864


Int. J. Mol. Sci. 2022, 23, 132 16 of 17

46. Rottenstreich, A.; Lask, A.; Schliamser, L.; Zivelin, A.; Seligsohn, U.; Kalish, Y. Thromboembolic events in patients with severe
inherited fibrinogen deficiency. J. Thromb. Thrombolysis 2015, 42, 261–266. [CrossRef]

47. Neerman-Arbez, M.; de Moerloose, P.; Honsberger, A.; Parlier, G.; Arnuti, B.; Biron, C.; Borg, J.-Y.; Eber, S.; Meili, E.; Peter-Salonen,
K.; et al. Molecular analysis of the fibrinogen gene cluster in 16 patients with congenital afibrinogenemia: Novel truncating
mutations in the FGA and FGG genes. Qual. Life Res. 2001, 108, 237–240. [CrossRef]

48. Asselta, R.; Spena, S.; Duga, S.; Peyvandi, F.; Malcovati, M.; Mannucci, P.M. Tenchini, M.L. Analysis of Iranian patients allowed
the identification of the first truncating mutation in the fibrinogen Bbeta-chain gene causing afibrinogenemia. Haematologica 2002,
87, 855–859.

49. Štikarová, J.; Blatný, J.; Kotlín, R.; Suttnar, J.; Zapletal, O.; Pimková, K.; Májek, P.; Hrachovinová, I.; Dyr, J.E. Novel homozygous
fibrinogen Aα chain truncation causes severe afibrinogenemia with life threatening complications in a two-year-old boy. Thromb.
Res. 2013, 132, 490–492. [CrossRef]

50. Xue, F.; Ge, J.; Gu, D.-S.; Du, W.-T.; Sui, T.; Zhao, H.-F.; Zhang, L.; Yang, R.-C. Genetic analysis of an inherited afibrinogenemia
family caused by a novel frameshift mutation in FGA. Zhongguo Shi Yan Xue Ye Xue Za Zhi 2009, 17, 1021–1025.

51. Neerman-Arbez, M.; De Moerloose, P.; Bridel, C.; Honsberger, A.; Schönbörner, A.; Rossier, C.; Peerlinck, K.; Claeyssens, S.;
Michele, D.D.; d’Oiron, R. Mutations in the fibrinogen Aα gene account for the majority of cases of congenital afibrinogenemia.
Blood J. Am. Soc. Hematol. 2000, 96, 149–152.

52. Kotlín, R.; Suttnar, J.; Cápová, I.; Hrachovinová, I.; Urbánková, M.; Dyr, J.E. Šumperk, F. II. Dysfibrinogenemia in an individual
with two coding mutations. Am. J. Hematol. 2012, 87, 555–557. [CrossRef] [PubMed]

53. Saes, J.L.; Gorkom, B.A.P.L.; Coppens, M.; Schols, S.E.M. Pregnancy outcome in afibrinogenemia: Are we giving enough
fibrinogen concentrate? A case series. Res. Pract. Thromb. Haemost. 2020, 4, 343–346. [CrossRef]

54. Simsek, I.; de Mazancourt, P.; Horellou, M.; Erdem, H.; Pay, S.; Dinc, A.; Samama, M.M. Afibrinogenemia resulting from
homozygous nonsense mutation in A alpha chain gene associated with multiple thrombotic episodes. Blood Coagul. Fibrinol 2008,
19, 247–253. [CrossRef]

55. Amri, Y.; Jouini, H.; Becheur, M.; Dabboubi, R.; Mahjoub, B.; Messaoud, T.; Sfar, M.T.; Casini, A.; de Moerloose, P.; Toumi, N.E.H.
Fibrinogen Mahdia: A congenitally abnormal fibrinogen characterized by defective fibrin polymerization. Haemophilia 2017, 23,
e340–e347. [CrossRef]

56. Lefebvre, P.; Velasco, P.T.; Dear, A.; Lounes, K.C.; Lord, S.T.; Brennan, S.O.; Green, D.; Lorand, L. Severe hypodysfibrinogenemia
in compound heterozygotes of the fibrinogen AαIVS4 1G> T mutation and an AαGln328 truncation (fibrinogen Keokuk). Blood
2004, 103, 2571–2576. [CrossRef]

57. Park, R.; Doh, H.; An, S.A.; Choi, J.; Chung, K.; Song, K. A novel fibrinogen variant (fibrinogen Seoul II; AαGln328Pro)
characterized by impaired fibrin α-chain cross-linking. Blood 2006, 108, 1919–1924. [CrossRef]

58. Castaman, G.; Rimoldi, V.; Giacomelli, S.H.; Duga, S. Congenital hypofibrinogenemia associated with novel homozygous
fibrinogen Aα and heterozygous Bβ chain mutations. Thromb. Res. 2015, 136, 144–147. [CrossRef]

59. Brennan, S.O.; Laurie, A.D.; Mo, A.; Grigg, A. Novel fibrinogen mutations (Aα17Gly→Cys and Aα381Ser→Phe) occurring with
a 312Thr→ Ala polymorphism: Allelic phase assigned by direct mass measurement. Blood Coagul. Fibrinol 2015, 26, 882–886.
[CrossRef] [PubMed]

60. Remijn, J.A.; van Wijk, R.; Nieuwenhuis, H.K.; de Groot, P.G.; van Solinge, W.W. Molecular Basis of Congenital Afibrinogenaemia
in a Dutch Family. Blood Coagul. Fibrinolysis Int. J. Haemost. Thromb. 2003, 14, 299–302. [CrossRef] [PubMed]

61. Neerman-Arbez, M.; Honsberger, A.; Antonarakis, S.E.; Morris, M.A. Deletion of the fibrogen alpha-chain gene (FGA) causes
congenital afibrogenemia. J. Clin. Investig. 1999, 103, 215–218. [CrossRef]

62. Neerman-Arbez, M.; Antonarakis, S.E.; Honsberger, A.; Morris, M.A. The 11 kb FGA deletion responsible for congenital
afibrinogenaemia is mediated by a short direct repeat in the fibrinogen gene cluster. Eur. J. Hum. Genet. 1999, 7, 897–902.
[CrossRef] [PubMed]

63. Polack, B.; Pouzol, P.; De Mazancourt, P.; Gay, V.; Hanss, M. Is primary prophylaxis required in afibrinogenemia? Transfusion
2010, 50, 1401–1403. [CrossRef] [PubMed]

64. Berens, C.; Rühl, H.; Ivaškevicius, V.; Oldenburg, J.; Hertfelder, H.; Pötzsch, B. Recurrent VTE in a heterozygote of the fibrinogen
Aα IVS4 1G> T and Aα p. Arg168Ter mutation. Thromb. Haemost. 2016, 116, 1073–1075.

65. Nathoo, N.; Rydz, N.; Poon, M.-C.; Metz, L.M. Ischemic Strokes in a Man with Congenital Afibrinogenemia. Can. J. Neurol. Sci. J.
Can. Sci. Neurol. 2018, 45, 590–592. [CrossRef]

66. Le Quellec, S.; Desjonqueres, A.; Rugeri, L.; Clavel, H.D.; Farhat, F.; Mechtouff, L.; Dargaud, Y. Combined life-threatening
thromboses and hemorrhages in a patient with afibrinogenemia and antithrombin deficiency. Thromb. J. 2018, 16, 6. [CrossRef]

67. Smith, N.; Bornikova, L.; Noetzli, L.; Guglielmone, H.; Minoldo, S.; Backos, D.; Ms, L.J.; Thornburg, C.D.; Escobar, M.; White-
Adams, T.C.; et al. Identification and characterization of novel mutations implicated in congenital fibrinogen disorders. Res. Pract.
Thromb. Haemost. 2018, 2, 800–811. [CrossRef]

68. Kotlín, R.; Zichová, K.; Suttnar, J.; Reicheltová, Z.; Salaj, P. Congenital dysfibrinogenemia Aa Gly13Glu associated with bleeding
during pregnancy. Thromb. Res. 2011, 127, 277–278. [CrossRef]

69. Pietrys, D.; Balwierz, W.; Iwaniec, T.; Vorjohann, S.; Neerman-Arbez, M.; Undas, A. Two different fibrinogen gene mutations
associated with bleeding in the same family (AαGly13Glu and γGly16Ser) and their impact on fibrin clot properties: Fibrinogen
Krakow II and Krakow III. Thromb. Haemost. 2011, 106, 558–560. [CrossRef]

http://doi.org/10.1007/s11239-015-1325-0
http://doi.org/10.1007/s004390100469
http://doi.org/10.1016/j.thromres.2013.08.022
http://doi.org/10.1002/ajh.23162
http://www.ncbi.nlm.nih.gov/pubmed/22407772
http://doi.org/10.1002/rth2.12300
http://doi.org/10.1097/MBC.0b013e3282f564fd
http://doi.org/10.1111/hae.13268
http://doi.org/10.1182/blood-2003-07-2316
http://doi.org/10.1182/blood-2005-11-007591
http://doi.org/10.1016/j.thromres.2015.04.025
http://doi.org/10.1097/MBC.0000000000000316
http://www.ncbi.nlm.nih.gov/pubmed/26083984
http://doi.org/10.1097/01.mbc.0000061285.28953.be
http://www.ncbi.nlm.nih.gov/pubmed/12695755
http://doi.org/10.1172/JCI5471
http://doi.org/10.1038/sj.ejhg.5200395
http://www.ncbi.nlm.nih.gov/pubmed/10602365
http://doi.org/10.1111/j.1537-2995.2010.02612.x
http://www.ncbi.nlm.nih.gov/pubmed/20598104
http://doi.org/10.1017/cjn.2018.57
http://doi.org/10.1186/s12959-018-0162-8
http://doi.org/10.1002/rth2.12127
http://doi.org/10.1016/j.thromres.2010.11.003
http://doi.org/10.1160/TH11-02-0102


Int. J. Mol. Sci. 2022, 23, 132 17 of 17

70. Rosenfeld, M.A.; Vasilyeva, A.D.; Yurina, L.V.; Bychkova, A.V. Oxidation of proteins: Is it a programmed process? Free Radic. Res.
2018, 52, 14–38. [CrossRef]

71. Sovová, Ž.; Štikarová, J.; Kaufmanová, J.; Májek, P.; Suttnar, J.; Šácha, P.; Malý, M.; Dyr, J.E. Impact of posttranslational
modifications on atomistic structure of fibrinogen. PLoS ONE 2020, 15, e0227543. [CrossRef]

72. Stikarová, J.; Kotlín, R.; Riedel, T.; Suttnar, J.; Pimková, K.; Chrastinová, L.; Dyr, J.E. The Effect of Reagents Mimicking Oxidative
Stress on Fibrinogen Function. Sci. World J. 2013, 2013, 359621. [CrossRef]

73. Becatti, M.; Marcucci, R.; Bruschi, G.; Taddei, N.; Bani, D.; Gori, A.M.; Giusti, B.; Gensini, G.F.; Abbate, R.; Fiorillo, C. Oxidative
Modification of Fibrinogen Is Associated With Altered Function and Structure in the Subacute Phase of Myocardial Infarction.
Arter. Thromb. Vasc. Biol. 2014, 34, 1355–1361. [CrossRef]

74. Pederson, E.N.; Interlandi, G. Oxidation-induced destabilization of the fibrinogen α; C-domain dimer investigated by molecular
dynamics simulations. Proteins Struct. Funct. Bioinform. 2019, 87, 826–836. [CrossRef] [PubMed]

75. Becatti, M.; Mannucci, A.; Argento, F.R.; Gitto, S.; Vizzutti, F.; Marra, F.; Taddei, N.; Fiorillo, C.; Laffi, G. Super-Resolution Mi-
croscopy Reveals an Altered Fibrin Network in Cirrhosis: The Key Role of Oxidative Stress in Fibrinogen Structural Modifications.
Antioxidants 2020, 9, 737. [CrossRef]

76. Sies, H.; Berndt, C.; Jones, D.P. Oxidative stress. Annu. Rev. Biochem. 2017, 86, 715–748. [CrossRef] [PubMed]
77. Kaiser, C.; Seydewitz, H.; Witt, I. Studies on the primary structure of the Aα-chain of human fibrinogen: Clarification of hitherto

uncertain amino acid residues. Thromb. Res. 1984, 33, 543–548. [CrossRef]
78. Baumann, R.E.; Henschen, A.H. Human fibrinogen polymorphic site analysis by restriction endonuclease digestion and allele-

specific polymerase chain reaction amplification: Identification of polymorphisms at positions a alpha 312 and B beta 448. Blood
1993, 2, 2117–2124. [CrossRef]

79. Clarke, L.; Zheng-Bradley, X.; Smith, R.; Kulesha, E.; Xiao, C.; Toneva, I.; Vaughan, B.; Preuss, D.; Leinonen, R.; Shumway, M.;
et al. The 1000 Genomes Project: Data management and community access. Nat. Methods 2012, 9, 459–462. [CrossRef] [PubMed]

80. Koch, L. Exploring human genomic diversity with gnomAD. Nat. Rev. Genet. 2020, 21, 448. [CrossRef]
81. Standeven, K.F.; Grant, P.J.; Carter, A.M.; Scheiner, T.; Weisel, J.W.; Ariëns, R.A. Functional analysis of the fibrinogen Aα Thr312Ala

polymorphism: Effects on fibrin structure and function. Circulation 2003, 107, 2326–2330. [CrossRef]
82. Lim, B.C.; Ariens, R.; Carter, A.M.; Weisel, J.W.; Grant, P.J. Genetic regulation of fibrin structure and function: Complex

gene-environment interactions may modulate vascular risk. Lancet 2003, 361, 1424–1431. [CrossRef]
83. Rasmussen-Torvik, L.; Cushman, M.; Tsai, M.; Zhang, Y.; Heckbert, S.R.; Rosamond, W.D.; Folsom, A.R. The association of

α-fibrinogen Thr312Ala polymorphism and venous thromboembolism in the LITE study. Thromb. Res. 2007, 121, 1–7. [CrossRef]
84. Li, J.-F.; Lin, Y.; Yang, Y.-H.; Gan, H.-L.; Liang, Y.; Liu, J.; Yang, S.-Q.; Zhang, W.-J.; Cui, N.; Zhao, L.; et al. Fibrinogen Aα

Thr312Ala Polymorphism Specifically Contributes to Chronic Thromboembolic Pulmonary Hypertension by Increasing Fibrin
Resistance. PLoS ONE 2013, 8, e69635. [CrossRef] [PubMed]

85. Reiner, A.P.; Carty, C.L.; Carlson, C.S.; Wan, J.Y.; Rieder, M.J.; Smith, J.D.; Rice, K.; Fornage, M.; Jaquish, C.E.; Williams, O.D.;
et al. Association between patterns of nucleotide variation across the three fibrinogen genes and plasma fibrinogen levels: The
Coronary Artery Risk Development in Young Adults (CARDIA) study. J. Thromb. Haemost. 2006, 4, 1279–1287. [CrossRef]
[PubMed]

86. Kamimoto, Y.; Wada, H.; Ikejiri, M.; Nakatani, K.; Sugiyama, T.; Osato, K.; Murabayashi, N.; Habe, K.; Mizutani, H.; Matsumoto,
T.; et al. Hypofibrinogenemia and the α-Fibrinogen Thr312Ala Polymorphism may be Risk Factors for Early Pregnancy Loss.
Clin. Appl. Thromb. 2016, 23, 52–57. [CrossRef]

87. Carter, A.M.; Catto, A.J.; Grant, P.J. Association of the α-fibrinogen Thr312Ala polymorphism with poststroke mortality in subjects
with atrial fibrillation. Circulation 1999, 99, 2423–2426. [CrossRef] [PubMed]

88. Carter, A.M.; Catto, A.J.; Kohler, H.P.; Ariens, R.A.; Stickland, M.H.; Grant, P.J. α-Fibrinogen Thr312Ala polymorphism and
venous thromboembolism. Blood J. Am. Soc. Hematol. 2000, 96, 1177–1179.

89. Suntharalingam, J.; Goldsmith, K.; van Marion, V.; Long, L.; Treacy, C.M.; Dudbridge, F.; Toshner, M.R.; Pepke-Zaba, J.;
Eikenboom, J.C.J.; Morrell, N.W. Fibrinogen Aα Thr312Ala polymorphism is associated with chronic thromboembolic pulmonary
hypertension. Eur. Respir. J. 2008, 31, 736–741. [CrossRef]

90. Le Gal, G.; Delahousse, B.; Lacut, K.; Malaviolle, V.; Regina, S.; Blouch, M.; Couturauda, F.; Mottiera, D.; Ogere, E.; Gruel, Y.
Fibrinogen Aα-Thr312Ala and factor XIII-A Val34Leu polymorphisms in idiopathic venous thromboembolism. Thromb. Res. 2007,
121, 333–338. [CrossRef] [PubMed]

91. Siegerink, B.; Rosendaal, F.R.; Algra, A. Genetic variation in fibrinogen; its relationship to fibrinogen levels and the risk of
myocardial infarction and ischemic stroke. J. Thromb. Haemost. 2009, 7, 385–390. [CrossRef] [PubMed]

http://doi.org/10.1080/10715762.2017.1402305
http://doi.org/10.1371/journal.pone.0227543
http://doi.org/10.1155/2013/359621
http://doi.org/10.1161/ATVBAHA.114.303785
http://doi.org/10.1002/prot.25746
http://www.ncbi.nlm.nih.gov/pubmed/31134660
http://doi.org/10.3390/antiox9080737
http://doi.org/10.1146/annurev-biochem-061516-045037
http://www.ncbi.nlm.nih.gov/pubmed/28441057
http://doi.org/10.1016/0049-3848(84)90020-3
http://doi.org/10.1182/blood.V82.7.2117.2117
http://doi.org/10.1038/nmeth.1974
http://www.ncbi.nlm.nih.gov/pubmed/22543379
http://doi.org/10.1038/s41576-020-0255-7
http://doi.org/10.1161/01.CIR.0000066690.89407.CE
http://doi.org/10.1016/S0140-6736(03)13135-2
http://doi.org/10.1016/j.thromres.2007.02.008
http://doi.org/10.1371/journal.pone.0069635
http://www.ncbi.nlm.nih.gov/pubmed/23894515
http://doi.org/10.1111/j.1538-7836.2006.01907.x
http://www.ncbi.nlm.nih.gov/pubmed/16706972
http://doi.org/10.1177/1076029615594003
http://doi.org/10.1161/01.CIR.99.18.2423
http://www.ncbi.nlm.nih.gov/pubmed/10318664
http://doi.org/10.1183/09031936.00055107
http://doi.org/10.1016/j.thromres.2007.05.003
http://www.ncbi.nlm.nih.gov/pubmed/17568659
http://doi.org/10.1111/j.1538-7836.2008.03266.x
http://www.ncbi.nlm.nih.gov/pubmed/19143925

	Introduction 
	Fibrinogen Structure 
	Congenital Fibrinogen Diseases 
	Mutation Databases 

	Mutations in the C-Connector of Fibrinogen 
	Detailed Characterization of Mutations in the C-Connector 
	Characterization of Reported Subjects 
	Characterization of Mutations in the C-Connector Reported in Studies 
	Effect of Mutations in the C-Connector at the Fibrinogen Level 
	Clinical Manifestations of Mutations in the C-Connector 
	Bleeding Phenotype 
	Thrombotic Phenotype 
	Women’s Health 
	Delayed Wound Healing 
	Asymptomatic Subjects 

	Compound Mutations with at Least One Mutation Located in the C-Connector 
	Impact of Mutations in the C-Connector on Fibrin Clot Characteristics 

	AT331A SNP 
	Summary 
	References

