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Background. Factor XI (FXI) deficiency is an autosomal bleeding disease associated with genetic 
defects in the F11 gene which cause decreased FXI levels or impaired FXI function. An increasing 
number of mutations has been reported in the FXI mutation database, most of which affect the serine 
protease domain of the protein. FXI is a heterogeneous disorder associated with a variable bleeding 
tendency and a variety of causative F11 gene mutations. The molecular basis of FXI deficiency in 
14 patients from ten unrelated families in Turkey was analysed to establish genotype-phenotype 
correlations and inheritance of the mutations in the patients' families.

Material and methods. Fourteen index cases with a diagnosis of FXI deficiency and family 
members of these patients were enrolled into the study. The patients' F11 genes were amplified by 
polymerase chain reaction and subjected to direct DNA sequencing analysis. The findings were 
analysed statistically using bivariate correlations, Pearson's correlation coefficient and the non-
parametric Mann-Whitney test.

Results. Direct DNA sequencing analysis of the F11 genes revealed that all of the 14 patients had a 
F11 gene mutation. Eight different mutations were identified in the apple 1, apple 2 or serine protease 
domains, except one which was a splice site mutation. Six of the mutations were recurrent. Two of 
the mutations were novel missense mutations, p.Val522Gly and p.Cys581Arg, within the catalytic 
domain. The p.Trp519Stop mutation was observed in two families whereas all the other mutations 
were specific to a single family.

Discussion. Identification of mutations confirmed the genetic heterogeneity of FXI deficiency. 
Most of the patients with mutations did not have any bleeding complications, whereas some had severe 
bleeding symptoms. Genetic screening for F11 gene mutations is important to decrease the mortality 
and morbidity rate associated with FXI deficiency, which can be life-threatening if bleeding occurs 
in tissues with high fibrinolytic activity. 
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Introduction
Factor XI (FXI) is a homodimeric plasma glycoprotein 

essential for haemostasis. It is secreted by liver cells and 
circulates in plasma as a disulphide-bound homodimer 
(160 kDa) associated with high-molecular-weight 
kininogen. Each monomer of FXI is composed of four 
apple domains (A1 to A4) and a C-terminal trypsin-like 
catalytic domain (serine protease). Apple domains are 
homologous to each other and to the apple domains in 
prekallikrein1,2. They are involved in interactions with 
other molecules including factor IX and prothrombin. 
Interchain disulphide bonding at residue Cys321 and 
other non-covalent interactions within the A4 domain are 

required for formation of the dimer3-5. FIX is activated by 
proteolytic cleavage between Arg369 and Ile370 residues, 
which is performed mainly by thrombin5. Activated FXI 
is required for the activation of factor IX to generate 
thrombin during the coagulation process at the site of 
vascular injury1. The expression of FXI is variable and 
its plasma levels range from 70 to 150 U/dL in normal 
populations6,7.

Functional or quantitative abnormalities of FXI 
are associated with hereditary FXI deficiency. FXI 
deficiency is a rare bleeding disease first described in 
a Jewish population with a heterozygote frequency of 
8% with FXI:C plasma levels less than 70 U/dL8. It is 
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also observed in other populations with a worldwide 
frequency of 1:1,000,0009. Bleeding due to FXI 
deficiency is variable and does not correlate with 
the plasma FXI level or FXI coagulant activity10. 
Spontaneous bleeds are rare even in severely affected 
patients and patients may not bleed significantly 
even after surgical operations. However, bleeding 
after surgery or trauma in anatomical sites with high 
fibrinolytic activity, such as the nose and genitourinary 
tract, can be life-threatening. The diagnosis of FXI 
deficiency depends on FXI coagulation assays. 
However, the laboratory assessment of FXI deficiency 
by measuring FXI antigen and activity levels may not 
be adequate for the proper management of the disorder 
because of the poor correlation between FXI levels and 
coagulant activity and bleeding tendency6,7. However, 
studies are being carried out to develop a laboratory 
method to predict the bleeding phenotype, such as the 
thrombin generation assay11,12.

FXI deficiency is inherited as an autosomal trait 
associated with various mutations within the gene coding 
for FXI, the F11 gene. The F11 gene has been localised 
to chromosome 4 (4q35) and is mainly expressed by 
liver cells13. It is composed of 15 exons and the mature 
protein is encoded by exons 3 to 15. Exon 1 constitutes 
the 5' untranslated region and exon 2 codes for the 
signal peptide which is cleaved during biosynthesis14. 
FXI deficiency has been associated with a wide range 
of F11 gene mutations including missense, nonsense, 
splice site, insertion, and deletion mutations. There is a 
degree of ethnic heterogeneity with higher prevalences 
of certain mutations in specific populations15,16. For 
example, p.Glu117* (p.Glu135*) and p.Phe283Leu 
(p.Phe301Leu) mutations are observed with high 
frequencies in the Ashkenazi Jewish population and 
p.Cys38Arg (p.Cys56Arg) is observed frequently in the 
French population17,18. 

The molecular mechanism of FXI deficiency is 
heterogeneous although most of the mutations are 
missense mutations affecting the catalytic function 
of FXI. Mutations can cause selective degradation 
of the mutant transcript, intracellular retention of 
monomers, and intracellular retention of homodimers 
as well as heterodimers. Mutations can also impair 
dimer formation or decrease the secretion of the protein 
without affecting dimer formation19-21. Individuals with 
a heterozygous mutation have 20-70 U/dL FXI activity 
and are considered to have a partial deficiency, while 
individuals with homozygous or compound heterozygous 
mutations possess <1-20 U/dL FXI activity and have 
severe FXI deficiency. Both homozygotes and 
heterozygotes are at risk of bleeding. It is, therefore, 
important to identify people with a bleeding tendency 
prior to surgical operations and so on. Mutation 

screening of the F11 gene is important for the proper 
diagnosis and management of patients22,23.

FXI deficiency has been reported in Turkey and an 
increasing number of patients are being diagnosed by 
genetic analysis of the F11 gene24,25. In the present study 
we identified the molecular basis of FXI deficiency in 
14 patients and 19 relatives from ten unrelated families 
in Turkey to establish genotype-laboratory phenotype 
correlations and the pattern of inheritance of the 
mutations in the patients' families. 

Materials and methods
Ethical approval 

Ethical approval for this study was obtained from 
the local ethical committee of Hacettepe University 
Faculty of Medicine.

Study population
Fourteen index cases with a diagnosis of FXI 

deficiency and family members of these patients 
were enrolled into the study. Informed consent 
was obtained from each patient and his/her parents 
in accordance with the Declaration of Helsinki. 
Laboratory tests for activated partial thromboplastin 
time (aPTT), prothrombin time, international 
normalised ratio, in vitro bleeding time, and FXI:Ag 
were performed at Hacettepe University Faculty of 
Medicine, Coagulation Laboratory, Ankara, Turkey. 
Genomic DNA was isolated from leucocytes using the 
PureLINK Genomic DNA Kit (Invitrogen, Waltham, 
MA, USA).

Patients
Patients with a FXI level lower than the normal 

reference range (70-150 U/dL) were diagnosed as 
having FXI deficiency. Ten of the patients had been 
admitted to our hospital with bleeding symptoms, the 
four others had been diagnosed during preoperative 
screening by measuring their FXI levels. All the 
patients' family members were asymptomatic except 
the mother of patient 24 who had a past history of 
bruising. All family members were screened for FXI 
level and F11 gene mutation in the process of the 
family screening. 

The mean age, the mean FXI value and the mean 
aPTT level of the patients were 8.2 years, 25.65%, 
and 69.61 seconds, respectively. The average bleeding 
score of the patients was 2.1626. Four of the patients did 
not have any bleeding symptoms and ten of them had 
various bleeding symptoms including epistaxis, heavy 
menorrhagia, gastrointestinal bleeding, bleeding after 
tooth extraction, surgery, and haemarthrosis (Table I). 
The patients' bleeding score was defined according to 
Rodeghiero et al.27. 
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DNA analysis
The F11 gene, including promoter region, exon 1, 

all the other 14 exons, and exons/intron junctions, was 
amplified by polymerase chain reaction (PCR). The 
purified PCR products were screened for mutations by 
direct DNA sequencing in two directions with reverse 
and forward primers. The chromatograms were read by 
two independent researchers. Primer sequences and PCR 
conditions are available on request. The DNA sequencing 
service was purchased from GENOKS (Ankara, Turkey). 

Statistical analysis
A correlation analysis was performed starting 

with a bivariate correlation procedure. The pairwise 
associations were analysed using Pearson's correlation 
coefficient. This method is especially useful for 
determining the strength and direction of relationships 
between two scale or ordinal variables. The non-
parametric Mann-Whitney test was used to calculate 
the statistical significance of differences in FXI and 
aPTT values between homozygous and heterozygous 
patients. Some important findings from the correlation 
results were analysed further. Box plots and frequency 

plots were used for categorical data and linear/non-
linear regression prediction line-fitting methodologies 
(produced by Minitab statistical package, State College, 
PA, USA) were used if dependency between scale 
variables was observed from the correlation table. 

Results
The F11 gene sequence was analysed in the ten 

symptomatic and four asymptomatic patients with FXI 
deficiency, who came from ten unrelated families. These 
patients had FXI levels ranging from 3 to 61 U/dL, with 
six having FXI levels below 10 U/dL and markedly 
prolonged aPTT (mean 115.50 seconds). Two of these 
patients with severe FXI deficiency had bleeding 
symptoms with a bleeding score of 2 while the others 
were asymptomatic and their disorder had been detected 
during preoperative screening or family screening due 
to high aPTT values. Eight of the patients had partial 
FXI deficiency with a mean FXI level of 39.71 U/dL 
and only five of them had bleeding symptoms with a 
mean bleeding score of 3.2. There is a strong relationship 
between patients' aPTT values and FXI levels. As FXI 
level increases, aPTT decreases. The fitted non-linear 

Table I - Phenotype and genotype in FXI deficient patients and family members.

Family 
number

Individual 
ID

Bleeding
symptoms

Age, 
years

Sex aPTT, 
s

FXI, 
U/dL

Bleeding 
score

Mutation 
type

Protein 
sequence

Nucleotide
sequence

Genotype

I 02** AS 26 F 33.9 78.4 0 Missense p.V522G c.1619T>G Heterozygote

II 04**** AS 8 F 37.9 27 0 Missense p.G418V c.1253G>T Heterozygote

II 06** AS 40 F uk uk 0 No 
mutation

III 08* B, BMW, 
BTE, GIB, 

OB

11 F 42.7 28.1 8 Nonsense p.W519* c.1556G>A Heterozygote

IV 10* E 7 M 33 54 1 Missense p.T51P c.151A>C Heterozygote

IV 12*** AS 40 M uk uk 0 No 
Mutation 

V 14* B, BMW 3.5 M 118.2 5.1 2 Missense p.C581R c.1741T>C Homozygote

V 16** AS 32 F 31.9 37.4 0 Missense p.C581R c.1741T>C Heterozygote

VI 18** AS 45 F 30.4 59.1 0 Nonsense p.W519* c.1556G>A Heterozygote

VII 20* AS 4 M 108 5.9 - Splice 
site

c.325+1G>A Homozygote

VII 22*** AS 42 M 26.5 80.9 - Splice 
site

c.325+1G>A Heterozygote

VIII 24* E 10 F 38.3 26.6 1 Missense p.T51P c.151A>C Heterozygote

VIII 26*** AS 39 M 29.1 86.7 - No 
mutation

IX 28** AS 28 F 32 75.5 - Missense p.C416Y c.1247G>A Heterozygote
X 30* E 6 M 36.3 61 0 Nonsense p.E135* c.403G>T Heterozygote
X 32*** AS 60 M 27.3 67.9 - Nonsense p.E135* c.403G>T Heterozygote
*Patient; **mother; ***father; ****sibling; E: epistaxis; AS: asymptomatic; BTE: bleeding after tooth extraction; BO: bleeding after operation; B: 
bruising; BMW: bleeding from minor wounds; GIB: gastrointestinal bleeding; OB: oral bleeding; PPB: post-partum bleeding; CR: cerebral bleeding; 
H: haemarthrosis; * in p.W519*; p.E135*: nonsense mutation; uk: unknown; F: female; M: male; Men: menorrhagia.
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regression line between these two variables, obtained 
from Minitab statistical software, is shown in Figure 
1. The fitted line equation is: aPTT_s = 136.1−5.03 × 
FXI + 0.05779 FXI2. The resulting 92.6% adjusted R2 
value is high enough for us to be confident about the 
appropriateness of the model (Figure 1). 

Statistical analysis also revealed that there is a 
strong relationship between patients' aPTT scores and 
F11 genotype. aPTT values depend significantly on 
genotype. Analysis of variance (ANOVA) revealed a 
significance value of 0.001, which suggests that patients 
with a homozygous genotype have higher aPTT values 
than those with a heterozygous genotype (Figure 2).

Furthermore, there is a strong relationship between 
patients' FXI levels and genotype. Heterozygous individuals 
have higher FXI levels than homozygous individuals. Non-
parametric Mann-Whitney testing showed that the difference 
between FXI levels of homozygous and heterozygous 
patients was statistically significant (p=0.001). Although 
there was an outlier (23.7 U/dL) for a homozygous patient 
this did not affect the outcome (Figure 3).

The patients' F11 genes were PCR-amplified and 
analysed by direct DNA sequencing of 11 amplicons 
containing the 5' untranslated region, all exons, and exon/
intron boundaries. This analysis revealed that all of the 14 
patients had F11 gene mutations. Eight different mutations 
were identified. Six of the mutations were recurrent 
mutations (p.Thr51Pro, p.Glu135X, p.Cys416Tyr, 
p.Gly418Val, p.Trp519X, and c.325+1G>A), while two 
were novel mutations (p.Val522Gly, and p.Cys581Arg) 
(Table I). All the mutations were specific to the families 

in which they were detected, except p.Thr51Pro and 
p.Trp519X which were detected in two families. 

The p.Val522Gly mutation was detected in a 5.5-
year old female patient with a FXI level of 23.7 U/dL, 
aPTT of 62.8 s and a bleeding score of 3. She was 
homozygous for the mutation which she had inherited 
from her asymptomatic, heterozygous parents who were 
first-degree consanguineous relatives. The p.Val522Gly 
mutation was caused by the substitution of c.1619T by 
G in exon 14 and located within the serine protease 
domain of FXI. The possible effect of the mutation on the 
phenotype was investigated using Polyphen-2 and SIFT 
analysis which are in silico tools that predict the possible 
impact of an amino acid substitution on the structure 
and function of a human protein (Polyphen-2: http://
genetics.bwh.harvard.edu/pph2/; SIFT: http://sift.jcvi.
org/). Although in vitro expression studies are required 
to prove an effect, Polyphen-2 and SIFT analysis of this 
mutation predicted that it can be tolerated.

The p. Cys581Arg mutation was identified in a 
homozygous state in 11-year-old and 3.5-year-old 
brothers. Both patients had severe FXI deficiency (FXI 
levels of 7 and 5.1 U/dL), prolonged aPTT (87.9 s and 
118.2 s) with a bleeding score of 2. The F11 genes of the 
patients' mother and another brother were also analysed 
for the presence of the mutation. Both the mother and 
the brother were heterozygous for the mutation. The 
mother was 32 years old, had partial FXI deficiency (FXI 
level: 37.4 U/dL) and was asymptomatic. The brother 
was 12 years old and had a partial FXI deficiency (FXI 
level: 50.1 U/dL); he had haemorrhagic symptoms with 

Figure 1 - Correlation between the patients' aPTT values and FXI levels. 
 aPTT: activated partial thromboplastin time; FXI: factor IX; S: standard error of 

the regression; R-Sq: R-squared; R-Sq-(adj): R-squared adjusted.
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Figure 2  - Correlation between the patients' aPTT values and F11 genotype.
 aPTT: activated partial thromboplastin time.

Figure 3 - Correlation between the patients' FXI levels and F11 genotype. 
 FXI: factor IX.
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a bleeding score of 2. The p.Cys581Arg was caused 
by the substitution of c.1741T by C within exon 15 
and located within the serine protease domain of 
FXI. Polyphen-2 and SIFT analysis of this mutation 
revealed that it is possibly damaging. 

The p.Thr51Pro mutation, which was previously 
demonstrated to cause impaired secretion of FXI, was 
detected in two patients from unrelated families. Both 
of the patients were heterozygous for the mutation 
and they had mild bleeding symptoms with a modest 
reduction in FXI levels (Table I, individuals 10 and 
24). Individual 10 inherited the mutant allele from 
his mother who was heterozygous for the mutation 
with a bleeding score of 19 and FXI level of 27 U/dL. 
Individual 24 also inherited the mutation from her 
heterozygous mother, had bleeding symptoms (easy 
bruising) and a FXI level of 28.9 U/dL. 

The p.Gly418Val mutation was detected in 
two patients from family number II (daughter and 
father, individuals 5 and 7) with reductions in FXI 
levels (23 U/dL and 3 U/dL, respectively). The 
daughter patient was 15.5 years old, heterozygous 
for the mutation and had menorrhagia. She inherited 
the mutation from her heterozygous father patient 
who had bleeding symptoms and severe FXI 
deficiency. An 8-year old sister in the family was 
also heterozygous for the mutation but did not have 
any bleeding symptoms. 

The p.Trp519* mutation, which disrupts catalytic 
domain structure, was identified in two unrelated 
patients, individual 8 from family III and individual 
17 from family VI. Individual 8 was an 11-year old 
female heterozygote for the mutation with a FXI 
level of 28.1 U/dL, and had bleeding symptoms. 
Her mother was also heterozygous for the mutation 
with a FXI level of 37.7 U/dL but did not have any 
bleeding symptoms. The other patient was a 14.5-year 
old male with severe FXI deficiency (FXI level: 5.9 U/dL) 
who was homozygous for the mutation. He was 
diagnosed during pre-operative screening. He was 
asymptomatic and inherited the mutation from his 
heterozygous parents who were also asymptomatic.

The intronic mutation c.325+1G>A was detected 
in 4-year old and 12-year old brothers (individuals 
20 and 23 in family VII) who are homozygous for 
the mutation, and have severe FXI deficiency but 
no bleeding symptoms. The 4-year old boy was 
diagnosed during preoperative screening; his 12-year 
old brother and parents were screened afterwards. 
The two brothers inherited the mutation from their 
heterozygous parents who are cousins and did not 
have any bleeding symptoms with FXI levels in the 
normal range.

p.Cys416Tyr was identified in the patient 

(individual 27 in family IX) who had a partial 
reduction in FXI level (57.6 U/dL) and no bleeding 
symptoms. The patient was diagnosed during pre-
operative screening. The patient's mother was a 
heterozygote with a FXI level of 75.5 U/dL and did 
not have any bleeding symptoms. 

p.Glu135Ter was identified in individual 30 in 
family X. He was 6 years old and heterozygous for the 
mutation with a FXI level of 61 U/dL. Although the 
patient had epistaxis, he was diagnosed as having FXI 
deficiency during pre-operative screening. Family 
screening revealed that his father and his sister are 
heterozygotes for the mutation. The father had a FXI 
level of 67.9 U/dL without bleeding symptoms.

Discussion
The molecular basis and haemorrhagic profile of 

FXI deficiency was analysed in 14 Turkish patients 
with FXI deficiency from ten unrelated families in 
this study. Eight different mutations including two 
novel mutations were identified in the patients. The 
fact that eight different mutations were found in ten 
unrelated families confirms the genetic heterogeneity 
of FXI deficiency in Turkey as well as in other 
populations in the world. The mean FXI level was 
25.65 U/dL in the group of patients. Five of the 
patients had severe FXI deficiency (<10 U/dL) and 
their aPTT values are prolonged in correlation with 
their FXI values, but their bleeding symptoms are 
not correlated with their FXI values.

The mutations and the genotypes of the individuals 
are shown in Table I. The novel mutation p.Val522Gly 
was identified in one patient in family I. Val and Gly 
are both non-polar amino acids but Val is larger than 
Gly. It is located within the serine protease domain of 
the FXI dimer. The serine protease domain is located 
within the light chain containing the catalytic triad 
at His413, Asp462, and Ser557 of the protein and 
p.Val522Gly might affect the catalytic activity of 
activated FXI. SIFT and Polyphen-2 analysis indicated 
that this non-synonymous change is tolerated. 
However, due to the larger side chain of Gly, this 
variation might affect the three-dimensional structure 
of the catalytic domain sterically. Individuals with 
this mutation show a variable phenotype. Bleeding 
symptoms were observed in the patient, who was 
homozygous for the mutation, but not in the parents 
who were heterozygous for the mutation and did not 
have significantly decreased FXI levels.

The second novel mutation, p.Cys581Arg, was 
identified in two brothers (individuals 13 and 14 
from family V). p.Cys581Arg is a non-conservative 
change from an uncharged polar amino acid (Cys) to 
a positively charged amino acid (Arg). This mutation 
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disrupts the Cys553-Cys581 bond in the catalytic 
domain of activated FXI, thus affecting its catalytic 
activity. The two patients were homozygous for 
the mutation and had severe FXI deficiency with 
bleeding symptoms. The other family members were 
heterozygous for the mutation with partial reductions 
in FXI level. The change is located within the 
serine protease domain and in silico Polyphen and 
SIFT analysis revealed that it is possibly damaging. 
Although, Polyphen-2 and SIFT can predict the 
effect of variations on human protein structure and 
function, expression studies in cell culture are needed 
to demonstrate and prove the effect of the sequence 
variations. 

The other six mutations (p.Thr51Pro, Glu135X, 
p.Cys416Tyr, p.Gly418Val, p.Trp519X, c.325+1G>A) 
have already been identified in patients with FXI 
deficiency. The molecular mechanisms of the 
pathogenicity of the p.Thr51Pro, p.Cys416Tyr, and 
p.Gly418Val mutations were analysed by in vitro 
expression studies. p.Thr33 lies in the first α-helix, 
in a buried region of the apple 1 domain which is 
involved in high-molecular-weight kininogen and 
prekallikrein and just next to a cysteine residue 
which forms the disulphide bond. On the other hand, 
the threonine residue is conserved in positions 33, 
123, 213 and 304 of four apple domains, in the same 
position relative to the α-helix of each domain. In 
vitro expression studies have demonstrated that 
p.Thr51Pro impairs biosynthesis. The p.Cys416Tyr 
mutation is very closely located to the disulphide 
bond between Cys398 and Cys414 in the serine 
protease domain of activated FXI. In vitro expression 
analysis of p.Cys416Tyr in the 293 human kidney 
cell line demonstrated that the mutation affects the 
secretion of the protein with a dominant negative 
effect without affecting dimer formation. Similarly, 
the p.Gly418Val mutation was also shown to exert a 
dominant negative effect due to impaired secretion. 
However, individuals with a p.Cys416Tyr mutation 
were heterozygotes without severe reductions in 
FXI levels or bleeding symptoms. Individuals with 
p.Gly418Val had variable phenotypes. This mutation 
was identified in family II: the two heterozygous 
sisters inherited the mutation from their heterozygous 
father who had the most severe FXI deficiency and 
bleeding score. 

The type II mutation (Glu117Stop) is the most 
common mutation in Jewish FXI-deficient patients. 
However, we identified it in our patients of non-
Jewish origin. This mutation was also identified in 
two unrelated families from Turkey in a previous 
study21. The mutation was found in family X in which 
the patient and other carriers were heterozygotes 

with mild reductions in FXI levels without bleeding 
complications. The patients in the FXI mutation 
database had severe FXI deficiency when they were 
homozygous or compound heterozygous for the 
mutation. The heterozygotes did not have severe 
reductions of FXI levels. Although this mutation 
results in truncated protein production, it seems that 
heterozygotes for the mutation are not affected very 
much. 

In conclusion, we have genetically characterised 
14 patients with FXI deficiency in this study. 
Identification of family-specific mutations and novel 
mutations contributed to expanding the genetic 
heterogeneity of FXI deficiency. This study confirms 
the findings of previous studies that FXI level and 
the presence of mutation do not necessarily correlate 
with the bleeding phenotype in individuals. However, 
identification of the mutations in asymptomatic 
individuals demonstrates the importance of genetic 
diagnosis in the management of subjects with FXI 
deficiency, which can be a life-threatening disorder 
if bleeding occurs in tissues with high fibrinolytic 
activity. 

Conclusions
Factor XI deficiency is a rare congenital bleeding 

disease. It is heterogeneous in clinical presentation 
and in genetic causality. Generally spontaneous 
bleeding is not commonly observed in FXI deficiency. 
However, mild to moderate bleeding is observed 
following haemostatic challenges. Accurate diagnosis 
of FXI deficiency is important for the clinical 
management of the disease since it can cause bleeding 
following circumcision, surgery or trauma28. It is 
especially important for women, since women with 
bleeding disorders frequently experience heavy 
menstrual bleeding and other gynaecological or 
obstetric bleeds associate with miscarriage, bleeding 
during pregnancy, and post-partum haemorrhage. It 
was reported that heavy menstrual bleeding is the most 
prevalent symptom in women with FXI deficiency 
(59%)29,30. Furthermore, studies have shown that 
women with FXI deficiency have an increased risk 
of menorrhagia, and of bleeding complications after 
miscarriage, termination of pregnancy and delivery31. 
Genetic diagnosis is, therefore, important to confirm 
the clinical diagnosis.

Five female and nine male patients with clinically 
diagnosed FXI deficiency were genetically screened 
for the presence of a F11 gene mutation. Four of the 
females and five of the males had bleeding problems. 
Causative mutations were identified in all the patients 
and the mutation was inherited within the family. 
Overall, 33 people (66 alleles) were screened for 
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F11 gene mutations and mutations were identified 
in 28 of them (34 alleles) for an allele frequency 
of 51.5%. Two novel mutations (p.Val522Gly, and 
p.Cys581Arg) were identified. FXI deficiency with 
a causative type II mutation (p.Glu135*), previously 
identified in a Jewish population, was also identified 
among our patients who are not of Jewish origin. 
The other three mutations (p.T51P, p.W519* and 
c.325+1G>A) identified in this study had been 
previously described in other Turkish patients with 
FXI deficiency24,25. FXI levels were significantly 
lower in the homozygous individuals. However, 
bleeding was not associated with the genotype of 
the individuals in whom mutations were identified. 
Asymptomatic patients were identified during 
preoperative screening and three of them had severe 
reductions in FXI level (5.9 U/dL) and a homozygous 
F11 genotype. Carriers of F11 gene mutations in 
the families were detected upon family screening. 
The average FXI level in the mutation carriers was 
60.32 U/dL which could be expected for F11 gene 
mutation heterozygotes. However, there were also 
heterozygotes with high FXI levels (>70 U/dL). There 
might be genetic and environmental factors affecting 
the mutant phenotype expression in these individuals, 
such as blood type, epigenetic modifications, and 
exercise, causing incomplete penetrance and variable 
expressivity as in the case of von Willebrand factor 
gene expression. It is, therefore, important to perform 
molecular genetic analysis for those individuals with 
FXI levels at the lower end of the normal range in 
order to diagnose them with FXI deficiency and take 
precautions to prevent bleeding, which could occur 
following an injury or during surgery. Furthermore, 
although FXI deficiency is considered a rare bleeding 
disorder, asymptomatic individuals with FXI levels 
at the lower end of the normal range might be 
overlooked during laboratory diagnosis. Widespread 
use of F11 gene molecular genetic analysis would 
increase the frequency of FXI deficiency detected 
in the world. 
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