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Introduction: Dysfibrinogenemia is a rare inherited disease that results from mutation in one 

of the three fibrinogen genes. Diagnosis can be misleading since it may present as a bleeding 

tendency or thrombosis and a specific coagulation test for diagnosis is not routinely available

Aim: To search for a new candidate gene of thrombophilia in a family with three generations 

of arterial and venous thrombosis.

Methods: Whole exome sequencing followed by Sanger validation and segregation analysis 

was carried out. In addition, structural modeling was performed. Screening for thrombophilia 

along with blood counts, prothrombin time, activated partial thromboplastin, thrombin, reptilase 

time, and fibrinogen was done in each patient.

Results and discussion: A missense c.259A>C, p.K87Q (g.chr4: 155510050A-C) 

(rs764281241) in FGA gene was found in all three siblings without any other known thrombo-

philia marker to explain thrombosis in all three siblings. It is expected to be damaging by six 

out of seven prediction programs and is very rare in the entire population with Exac=0.000008.

Conclusion: The occurrence of the c.259A>C mutation in FGA may well explain the thrombosis 

phenotype of the affected family and is suggested as a new marker for thrombophilia phenotype.
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Introduction
Fibrinogen is a soluble plasma glycoprotein that circulates as a dimer and plays a central 

role in coagulation.1 It converts into fibrin by thrombin upon activation of coagulation 

pathway through tissue factor pathway or contact activation and is polymerized to 

form the main backbone of the clot. The fibrinogen is secreted by the hepatocytes as 

a hexamer Aα2Bβ2ɤ2 encoded by three different fibrinogen genes (FG) FGA, FGB, 

and FGG, respectively.2

Dysfibrinogenemia is a rare qualitative disorder, inherited most often as an auto-

somal dominant disease and caused by mutations in one of the three FG.3 Diagnosis 

of dysfibrinogenemia can be misleading since there is no specific coagulation test 

available for diagnosis up to now. The usual tests such as prothrombin time, partial 

thromboplastin time, thrombin time, and reptilase time can be intact in patients 

with dysfibrinogenemia. The thromboelastometry and rotational thromboelastom-

etry, which are part of the global coagulation assays evaluating the kinetics of clot 

formation, maximum clot firmness, and rate of fibrinolysis, are also not specific 

tests even though they may point to the presence of hypofibrinogenemia. In addi-

tion, the turbidometric assay test, which assesses the kinetics of fibrin polymer-
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ization and clot lysis, is not a useful tool for diagnosis of 

dysfibrinogenemia.2 Besides, difficulties in the diagnosis 

of dysfibrinogenemia are due to the fact that patients can 

be asymptomatic and present with bleeding or thrombosis. 

Indeed, the variable clinical phenotype could be explained 

by the various mutations resulting in changes in the struc-

ture of fibrinogen, clot strength, stability, and/or tendency 

to fibrinolysis.4

Dysfibrinogenemia as a risk factor for thrombosis is 

quite rare and estimated to account for <1% of inherited 

thrombophilia.5 One of the mechanisms contributing to 

thrombosis is defective binding of thrombin to altered 

fibrin molecule resulting in an excess of free thrombin in 

the circulation.6 Another assumption is decreased exposure 

to tissue  plasminogen activator binding site attributed to 

conformational change in dysfibrinogenemia resulting in 

reduced fibrinolysis.7

We herein report a family with a history of venous and 

arterial thrombosis associated with heterozygous missense 

mutation in α chain of FG. Modeling analysis and homolo-

gous sequence alignment predict a change in the function 

of fibrinogen. The site of the mutation may well explain the 

impact of the specific mutation on thrombosis phenotype.

Materials and methods
Family pedigree
The family pedigree is presented in Figure 1. In this family, 

three siblings (IV-3, IV-4, IV-5) (“probands”) had a history 

of thrombosis.

The probands’ father (III-3) had several myocardial 

infarctions beginning at the age of 39 as well as a severe 

peripheral vascular disease. He was a heavy smoker since 

the age 14, but did not have any additional risk factors for 

atherosclerotic vascular disease. The mother is healthy.

The probands’ paternal great-grandfather (I-1) had amputa-

tion of his leg at young age. Individual IV-5 had his first deep 

vein thrombosis (DVT) aged 30 years following a transatlantic 

flight. About 6 years later, he had recurrent DVT, and ultra-

sound Doppler study at that time revealed a superficial femoral, 

popliteal, and tibial vein thrombosis of left leg. He was then 

treated with coumadin for 6 months once ultrasound Doppler 

study turned normal. Two years later, he developed superficial 

vein thrombosis at the arm at the site where a venflon was put 

on. He was treated with enoxaparin for 4 weeks, and 2 months 

later, he had pain in his left leg along with elevated D-dimer. 

Repeat ultrasound Doppler revealed recurrence of DVT. Since 

then he is being treated with coumadin.

Figure 1 Family pedigree.
Notes: Roman numbers to the left of the figure indicate generations. The black symbol is for family members who experienced thrombosis. The asterisk next to the Arabic 
numbers indicates the family member tested for fibrinogen variant. Deceased family member is indicated by a slash thought the symbol.
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His brother (individual IV-3) at the age of 39 experienced 

the first DVT in his right leg involving similarly the superficial 

femoral, popliteal, and tibial veins. He was treated for 6 months 

with coumadin and rigorously kept prothrombin time-inter-

national normalized ratio at therapeutic levels. Three months 

later, he had a recurrent DVT, and coumadin was resumed.

Their sister (individual IV-4) had one incident of left 

popliteal and tibial vein thrombosis at age 30 while she was 

on contraceptives.

Thrombophilia screening in all three siblings was nega-

tive, and blood count was normal.

The only living adult paternal relatives are two first cous-

ins (IV-1, IV-2) who have been asymptomatic for clotting or 

bleeding events.

The whole exome sequencing was approved by the ethics 

committee at the Sheba Medical Center and written informed 

consent was obtained according to the Declaration of Helsinki. 

Sheba Medical Center has provided waiver of approval for 

publication of one case study. The family has provided written 

informed consent for the publication of the family case details.

Whole exome sequencing
Whole exome sequencing was carried out on the three 

affected siblings (IV-3, IV-4, IV-5). Genomic DNA extrac-

tion, exome enrichment, and sequencing were completed at 

BGI Corporation. Exome enrichment was achieved by the 

Agilent Exome Kit following manufacturer’s guidelines. 

Sequencing was performed using the Illumina HiSeq technol-

ogy to generate paired-end reads with average coverage of 

120×. The data obtained by whole exome sequencing were 

analyzed using our own software and using additional online 

databases such as dbSNP 132.

All significant changes present in all three sibs were 

further investigated.

Validation and segregation analyses
For validation and segregation analyses, PCR primers were 

designed to amplify the regions flanking the variant in FGA 

gene. PCR products were sequenced using forward and back-

ward internal primers to determine the noted regions. Segrega-

tion analysis of the mutation was performed on all members 

of the extended kindred by cycle sequencing (Thermo Fisher 

Scientific, Waltham, MA, USA). PCR verification was per-

formed on the mother (III-4) and two first cousins (IV-1, IV-2).

Structural modeling
Structural modeling was done using the I-TASSER server8 

by fold recognition, with PDB 3zlc9 found to be the best 

template.

Secondary structure prediction was done using PROFsec 

method by the PredictProtein server.10 Disorder prediction 

was conducted by the DISprot program11 and supported 

by B-factor flexibility predictions PRFbval.12 Functional 

predictions data of Polyphen2,13 Sift,14 Mutation Assessor,15 

Mutation Taster,16 PROVEAN,17 and LRT were collected 

from the dbNFSP database.18 Jmol19 was used for molecular 

graphics and creation of 3D images. Consurf20 was used to 

obtain conservation scores.

Blood tests
Blood samples were evaluated for blood counts, prothrombin 

time, activated partial thromboplastin, thrombin and reptilase 

times, fibrinogen antigen (latex immunoassay), and fibrino-

gen activity (Claus method).

Thrombophilia screening was performed and search 

for antithrombin, protein C, protein S, factor V Leiden, 

prothrombin G20210A, and antiphospholipid antibodies 

(lupus anticoagulant, anticardiolipin antibody, and anti β2 

glycoprotein 1) as described previously.21

Results
We have identif ied a missense c.259A>C, p.K87Q 

(g.chr4:155510050A-C) (rs 764281241) in the FGA gene. 

This variant was found in all three siblings with normal anti-

genic and activity of fibrinogen. The mutation is predicted to 

be damaging by six out of seven programs and is very rare in 

the general population with Exac=0.000008. There were no 

other variants that may explain the thrombotic phenotype and 

common to all three sibs. In addition, we analyzed the data 

for each affected sib separately. Based on this information, 

we classified the variant as a pathogenic or likely pathogenic.

The effect of the mutation on the protein is not entirely 

clear by the current knowledge. The mutation is located 

in the N-terminal region well within the elongated coiled-

coil region. Following signal peptide cleavage, position 87 

becomes position AαLys68 in the mature protein. Accord-

ing to the 3PGP crystal structure, the wild-type lysine side 

chain is facing outside and does not participate in signifi-

cant intraprotein interactions. This is also reflecting in the 

results of stability changes prediction, which suggests only 

marginal changes in thermostability. The local sequence 

NRINKLKNSL does not match the classical heptad repeat of 

the coiled-coil proteins (hxxhcxc where c is charged residue 

and h hydrophobic), as two aspargines in positions –1 and –4 

relative to the mutated lysine take the place of hydrophobic 

residues. Most function prediction tools, however, suggest 

that the mutation is damaging (Table 1). Most likely, the 

mutation in this elongated exposed region affects interactions 
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with other factors. Several pathogenic mutations were already 

reported in the immediate vicinity of the current  variant 

(Figure 2), including mutation in the adjacent AαLeu69. 

Such clustering of mutations in a nonglobular region may 

also suggest that this region participates in intermolecular 

interactions. The region of the mutation is relatively con-

served (Figure 2), and position 87 (AαLys68 on the mature 

protein) gets score of 8/9 by Consurf.

The mutation was not found in the mother of these three 

siblings, and we concluded that it was from the paternal side. 

Test done on the two first paternal cousins demonstrated the 

mutation in one of them. Both of them had Doppler ultra-

sound to the lower limbs to rule out asymptomatic DVT, and 

the results were normal.

The fibrinogen variants with mutations in the FGA gene 

and thrombotic phenotype that had been described are pre-

Figure 2 FGA sequence and structural information.
Notes: Sequence panel showing domain organization, known pathological mutations (from HGMD), phosphorylation sites (from phosphosite), disorder prediction (brown 
indicates disordered regions and blue ordered regions), conservation pattern (Consurf), exons organization and prediction of functional effect of all possible amino acid 
substitutions (SNAP, red indicates deleterious changes and blue benign changes). Lys87Gln (indicated on top) is located in a conserved region and is expected to have a 
functional effect.
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Table 1 Prediction of functional consequence and stability change caused by the Lys87Gln mutant

Tool Type Prediction Scorea

Polyphen Function Possibly damaging/damagingb 0.94/0.98
sift Function Damaging 0.01
lrT Function neutral 0.015
MutationTaster Function Damaging 0.99
MutationAssessor Function Medium effect 2.24
FAThMM Function Damaging –1.99
PROVEAN Function neutral –2.36
i-Mutant-2.0 Stability Destabilize –0.42 kcal/mol
Stability Stability Destabilize Confidence –0.8
SNAP Function has functional effect 23/100
ProSMS Function neutral 64% confidence

Notes: aThe score is specific to each program. bPolyphen provides different predictions based on the exact classifier and transcript used.

sented in Table 2. Notably, compound heterozygosity in the 

FGA gene or with FGB or FGC were excluded, likewise 

combined mutations with other thrombophilic markers.

We then sought to analyze whether the mutated proteins 

share structural characteristics that could theoretically explain 

structural dysfunction. Unfortunately, we could only study the 

mutated Leu 69 since the PDB file 3ghg contains only 200 

amino acids. AαLeu69 and AαLys68 are adjacent, indicating 

the importance of this local region on the coiled-coil (Figure 

3). Their function might be related to stability of the coil (likely 

the role of Leu69) or interactions with transfactors (as might 

be the role of AαLys68 whose side chain is facing outside).

Discussion
Detecting dysfibrinogenemia is sometimes difficult since 

it cannot be identified by standard coagulation assays and 
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Table 2 Variant of fibrinogens with mutations in p.FGA and 
thrombotic phenotype

References Phenotype Mutation

Zhou et al23 DVT, PE AαAsp38_Trp41del
Morris et al24 Chronic PE Aαleu69his
Carter et al25 VTe AαThr312Alaa

hanss et al26

Fernández-Cadenas et al27

PE
VTe

AαArg439Cys

Casini et al3 Thrombosis AαMet476hisfs
Marchi et al28 VTe AαSer532Cys
Morris et al24 Chronic PE AαArg554His
Koopman et al29 VTe AαArg554Cys

Note: aCommon variant.
Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous 
thromboembolism.

Figure 3 A graphic representation of structural information on the two mutations of p. FGA with thrombotic phenotype based on PDB file 3ghg.

LYS 68

Jmol

family members that are carrying the same genotype do not 

express the same phenotype.

The family described carry the mutation c.259A>C in the 

fibrinogen gene with normal antigenic and activity of fibrino-

gen and without any other thrombophilia parameters to explain 

thrombosis in all three siblings (IV-3, IV-4, IV-5). The first 

thrombotic events occurred in the young, and two of the three 

siblings are on permanent anticoagulants since an attempt to 

stop anticoagulants resulted in recurrence of vein thrombosis.

The variant c.259A>C found in the three affected sib-

lings and their affected father seems to be damaging based 

on several popular prediction programs such as Polyphen, 

Sift, and MutationTaster (Table 1). In addition, we did not 

find any variant with any significant pathogenicity that may 

be associated with clotting/bleeding tendency in all three 

siblings even when the analysis was done in each one of 

them separately. Furthermore, this variant is distributed in 

this family according to the phenotype distribution, except a 

yet unaffected first cousin. This unaffected cousin with this 

mutation can be explained by the known wide variability in 

expression and penetrance as well as in the age of onset that 

is so typical to mutations in almost all autosomal dominantly 

expressed genes causing predisposition of common com-

plications/diseases in adults. Besides, clinical phenotype is 

frequently modified by coincident risk factors for bleeding 

or thrombosis causing variable penetrance and expressivity.22

The pathogenicity in this case is also supported by the 

rarity of this variant. The molecular mechanism, which causes 

the pathogenicity, is not entirely clear, but we suggest that 

the variant affects intermolecular interactions with other fac-

tors, which bind to this coil-coiled region. Based on all these 

characteristics, we think this variant is “pathogenic”, resulting 

in a clotting tendency causing mutation in this family. Since 

the antigenic and activity of fibrinogen were in accordance, 

the mutation c.259A>C in the fibrinogen gene does not result 

in dysfibrinogenemia but with thrombotic phenotype.

Up to now, in the majority of the mutations reported in 

the FGA gene with thrombotic phenotype, there is replace-

ment of cysteine and histidine but not in the mutation we 

describe. Looking for the structural context of these posi-

tions, we could only study AαLeu69, an immediate neighbor 

of AαLys68. This local region is apparently nontolerant to 

variations, which severely affect fibrinogen function. It is 

still left to explore the exact mechanism, either by disruption 

of transinteractions or by affecting the coiled-coil stability.

Conclusion
Whole exome sequencing along with validation and segregation 

and structural modeling greatly expands the opportunities for 

revealing new candidates of thrombophilia in private families.
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Keypoints
•	 Whole exome sequencing with segregation analysis and 

structural modeling is an important toolbox for searching 

for new thrombophilic candidate genes.

•	 In families with severe thrombotic events and negative 

thrombophilic screening, such an approach should be 

applied.

•	 Structural modeling could help to differentiate between 

bleeding and thrombophilia in genes with biphenotype 

presentations.
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