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Abstract
Background  Factor XII (FXII) deficiency is an interesting condition that causes prolonged activated partial thromboplastin 
time without bleeding diathesis. FXII may be not important in hemostasis, but still plays roles in thrombosis and inflam-
mation. In order to raise clinical awareness about this condition, we studied patients with severe FXII deficiency and their 
relatives.
Methods  Consecutive severely FXII deficient patients presenting from 1995 to 2020 were recruited from two medical 
centers in Taiwan. Index patients and their families were tested for FXII function, antigen and F12 gene. F12 variants were 
constructed into the pIRES-hrGFP vector and expressed on human embryonic kidney cells (HEK293T). FXII antigen and 
activity were analyzed.
Results  We found five severely FXII deficient patients, three women and two men, aged 44–71 years. FXII antigen results 
ranged from undetectable to 43.7%. Three different mutations were identified: c.1681C>A (p.Gly542Ser), c.1561G>A 
(p.Glu502Lys), and a novel mutation c.1556T>A (p.Leu500Gln). HEK293T cells expressed consistently low FXII activ-
ity with all mutations. FXII antigen expression was similar to the wild type in c.1681C>A (p.Gly542Ser), but reduced in 
c.1556T>A (p.Leu500Gln) and c.1561G>A (p.Glu502Lys).
Conclusions  We report five unrelated patients with severe FXII deficiency, one of whom carried a novel, cross-reacting 
material negative mutation c.1556T>A (p.Leu500Gln).

Keywords  Factor XII deficiency · Factor XII gene · Factor XII gene mutation · Factor XII gene promoter polymorphism · 
Cross-reacting material · Factor XII protein

Introduction

Factor XII (FXII) deficiency was first described by Ratnoff 
and Colopy [1]. It is not associated with excessive bleeding 
despite causing a marked prolongation of activated partial 
thromboplastin time (aPTT) [1, 2]. Reported prevalence of 
FXII deficiency among healthy blood donors was around 
2% [3]. Without conspicuous presentations, most patients 
were identified incidentally, with isolated aPTT prolongation 
during routine or pre-operative examinations.

Although FXII deficiency does not cause significant bleed-
ing diathesis, there have been reports showing that it is asso-
ciated with recurrent abortions [4]. For decades FXII was 
considered to have “no function” in coagulation, but several 
animal studies later revealed otherwise [5, 6]. FXII makes an 
essential contribution to thrombosis [7–9], and inflammation 
[10]. Anti-factor XII treatment has achieved effectiveness in 
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hereditary angioedema, a congenital complement disorder, 
in clinical trials [11, 12]. Another clinical trial explored the 
antithrombotic effects of anti-factor XII treatment among 
COVID-19 patients [13]. Hence, plenty of evidence suggests 
that FXII has significance in several aspects of human physiol-
ogy, albeit not in hemostasis.

The F12 gene, which is 12 Kb in length and contains 14 
exons [14], is located on chromosome 5q33-qter [15]. Inher-
ited severe FXII deficiency is an autosomal recessive disorder 
with either homozygous or compound heterozygous muta-
tions of F12. In addition, a well-known polymorphism of F12 
(rs2545801, 46C/T), substitution of C to T at a non-coding 
area upstream of F12 starting codon, causing significant reduc-
tion of FXII protein translation, is more prevalent in Asian 
populations [16]. This polymorphism might contribute to the 
generally lower FXII level among Asians.

The intrinsic pathway of coagulation is initiated by FXII 
through contact with negatively charged surfaces that induces 
a conformational change in zymogen FXII [9]. A small amount 
of activated FXII (FXIIa) activates plasma prekallikrein into 
kallikrein, which in turn reciprocally activates more FXII. 
FXIIa also activates factor XI, which activates factor IX and 
then goes through the intrinsic pathway [9]. In hemostasis, this 
process may be redundant as factor IX can be activated by tis-
sue factor-factor VIIa complex without factor XI or XII, while 
factor XI can also be activated by thrombin without FXII. This 
explains why FXII deficiency does not lead to clinically sig-
nificant bleeding diathesis. However, FXIIa can also drive the 
classic complement pathway via activation of C1r [9]; in addi-
tion, kallikrein generated through the FXII activation loop, 
also plays a role in inflammation through the kallikrein kinin 
system and promoting fibrinolysis [17].

More than 60 mutations in the F12 gene have been reported 
(from the Human Gene Mutation Data Base). While FXII-defi-
cient patients do not need additional management, they might 
still receive either unnecessary plasma transfusions or delays 
in necessary procedures due to unaware physicians. Further-
more, deficiency status might affect the effect of future FXII 
targeting therapies. Lack of awareness among physicians drove 
us to perform this study, in order to reveal more facts about this 
interesting but somehow neglected coagulation factor. There-
fore, since 1995, we have collected patients with congenital 
severe FXII deficiency. Their clinical, laboratory, and genetic 
test results as well as cell expression study of their F12 gene 
mutations are presented in this report.

Materials and methods

Index patients and their families with FXII deficiency

From 1995 to 2020, we collected consecutive patients 
who were diagnosed as having severe FXII deficiency in 

National Taiwan University Hospital and Changhua Chris-
tian Hospital in Taiwan. Medical histories of patients and 
their families were reviewed with obtained informed con-
sents. Their blood samples were collected and tested for 
FXII activity, antigen and F12 gene. FXII coagulant activ-
ity was measured by the one-stage method using silica as 
the activator (ACL TOP-500 analyzer). FXII antigen was 
determined by ELISA (Affinity Biologicals, Ancaster, ON, 
Canada). The full-length FXII gene including the promoter, 
14 exons, and their junctions were amplified and sequenced 
with the same method published by Matsuki et al. [18]. The 
nucleotide number based on the National Center for Bio-
technology Information (NCBI) Reference Sequence data 
of NG_00768.1 was used. Protein sequences of FXII in sev-
eral species, including mouse, rat, human, and bovine, were 
obtained from the NCBI website. Sequence alignment was 
then performed by using the Multiple Sequence Alignment 
tool, ClustalW2 (https://​www.​ebi.​ac.​uk/​Tools/​msa/​clust​
alw2/).

This study had been reviewed and approved by the insti-
tutional review board of investigator initiated clinical studies 
(No. 210130).

FXII expression

FXII cDNA was ligated into pIRES-hrGFP vector to con-
struct the expression plasmid. FXII variants (wild type 
1848 bp, c.1681G>A, c.1556T>A, and c.1561T>A) were 
generated, and the resulting gene fragments were ligated into 
the pIRES-hrGFP vector. Human embryonic kidney cells 
(HEK293T) were maintained in Dulbecco’s modified Eagle 
medium (DMEM; Invitrogen, Paisley, USA), supplemented 
with 10% fetal calf serum and 2 mM glutamine in a humidi-
fied atmosphere of 5% CO2 and 95% air at 37 °C. Cells were 
evenly split into 10 cm dishes at a density of 2 × 106 cells/
dish a day before transfection, and transient transfection of 
HEK 293 T cells with wild-type or mutant F12 variants were 
carried out using the jetPRIME® (Polyplus-transfection, 
Illkirch-Graffenstaden, France) according to the manufac-
turer’s instructions. The cells were then grown for 48 h in 
serum-free DMEM then cells were harvested. Cell lysate 
was analyzed for FXII antigen; medium was analyzed for 
FXII antigen by ELISA (Innovative Research, Novi, MI, 
USA) and FXII activity by one stage clotting assay (Actin-
FSL, Dade Behring, IL, USA).

Results

From 1995 to 2020, we identified five consecutive but unre-
lated patients, three females and two males, with severe FXII 
deficiency. Their ages ranged from 44 to 71.

https://www.ebi.ac.uk/Tools/msa/clustalw2/
https://www.ebi.ac.uk/Tools/msa/clustalw2/
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Clinical and laboratory studies

All patients had undergone some invasive procedures 
without excessive bleeding. Specifically, all patients had 
had tooth extractions, patient I had a liver biopsy, patient 
II had a laparoscopic cholecystectomy, patients III had a 
breast tumor excision, patient IV had an extracorporeal 
shockwave lithotomy, and patient V had a prostatectomy. 
These index patients have no relation to each other and 
there was no consanguinity in their families.

All patients had normal PT, prolonged aPTT, and 
persistently undetectable FXII function. FXII antigen 
was undetectable (<2.5%) in patient I, but was partially 
reduced in other patients, as shown in Table 1. Family 

members of index patients were also tested for F12 gene 
status, FXII activity and antigen, as shown in Table 2.

Genetic studies

From five families, three different mutations were identified 
(Table 2): a homozygous c.1561G–A transversion, result-
ing in a p.Glu502Lys substitution in exon 13 of the F12 
gene was identified in patient I; a homozygous c.1681G–A 
transversion resulting in a p.Gly542Ser substitution, in exon 
14 of the F12 gene was identified in patients II, III and IV; 
and a compound heterozygous mutation with c.1561G–A 
and a novel mutation, c.1556T–A transversion, resulting in 
a p.Leu500Gln substitution in exon 13 of the F12 gene was 
found in patient V. Four family members of patient V, listed 

Table 1   Clinical and laboratory 
data of the five index patients 
with congenital factor XII 
deficiency seen in Taiwan

F, female; M, male; PT, prothrombin time; PTT, partial thromboplastin time

Patients Age (years) Sex PT(s) PTT(s) FXII:C (%) FXII:Ag (U/dL)

Normal ranges 9.4–11.5 30.7–40.5 39–154 36.8–98.8
I (CT) 55 F 11 157.7 < 1 < 2.5
II (CL) 44 F 10.5 > 240 < 1 34.8
III (SY) 59 F 10.5 > 240 < 1 43.7
IV (CC) 48 M 10 > 240 < 1 36.6
V (WT) 71 M 10.3 120.9 < 1 16.9

Table 2   Genetic defects of the factor XII gene in the five patients with congenital factor XII deficiency

Normal ranges of XII:C 39–154%; Normal ranges of XII:Ag 36.8–98.8 U/dL
a Novel mutation
b The nucleotide underlined is on the factor XII gene mutant allele

Patient/family Codon Exon Nucleotide substitu-
tion

Amino acid substitu-
tion

Comment FXII:C (%) FXII: Ag (U/dL) Promoter 
site 
46C/T

I (CT) 521 (502) 13 c.1561G>A p.Glu502Lys+ Homozygous < 1 < 2.5 46 C/Cb

I-1 Father 58.1 55.0 46 C/C
I-2 Mother 24.6 25.0 46 T/C
II (CL) 561 (542) 14 c.1681G>A p.Gly542Ser Homozygous < 1 34.8 46 T/T
II-1 Elder daughter 61.7 76.5 46 C/T
II-2 Younger daughter 60.8 73.1 46 C/T
III (SY) 561 (542) 14 c.1681G>A p.Gly542Ser Homozygous < 1 43.7 46 T/T
III-1 Elder daughter 30.8 42.4 46 T/T
IV (CC) 561 (542) 14 c.1681G>A p.Gly542Ser Homozygous < 1 36.6 46 T/T
IV-1 Elder son 21.2 38.5 46 T/T
IV-2 Younger son 31.1 53.6 46 T/T
V (WT) 561 (542) 14 c.1681G>A p.Gly542Ser+ Compound het-

erozygous
< 1 16.9 46 T/T

519 (500) 13 c.1556T>A p.Leu500Glna

V-1 519 (500) 13 c.1556T>A p.Leu500Glna Son 56.3 40.3 46 C/T
V-2 519 (500) 13 c.1556T>A p.Leu500Glna Daughter 71.4 58.6 46 C/T
V-3 519 (500) 13 c.1556T>A p.Leu500Glna Grandson 54.2 44.1 46 C/T
V-4 519 (500) 13 c.1556T>A p.Leu500Glna Granddaguhter 27.9 26.8 46 T/T
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in Table 2, carried the same normal heterozygous mutation 
of F12. The polymorphism status of 46 C/T (rs2545801) 
was also surveyed as shown in Table 2. Homozygous 46 
C/C was found in patient I and a homozygous 46 T/T was 
found in patients II to V. Among family members of index 
patients, 46 C/T polymorphism status of the mutant allele is 
marked by underlining. For example, I-1 (father of patient I) 
is labelled 46 T/C, which indicates the mutant F12 is linked 
to 46C and the wild-type F12 has 46T.

FXII expression

Wild-type (WT) F12 and FXII mutant variants were 
expressed in HEK293T cells and analyzed. The results 
are shown in Fig. 1. In the medium collected from cell 
cultures, all mutant variants expressed very low levels of 
FXII activity. There was no significant difference in FXII 
activity among the three mutations. In the medium, FXII 
antigen level of c.1561G>A (Glu502Lys) was lower than 
c1556T>A (p.Leu500Gln) which was lower than c1681C>A 
(p.Gly542Ser). The latter had the highest level of FXII anti-
gen which was similar to the WT. In the lysate of cell cul-
tures, the FXII antigen level of c.1561G>A (Glu502Lys) 
and c1556T>A (p.Leu500Gln) were significantly lower than 
WT, while c1681C>A (p.Gly542Ser) still had a similar FXII 
antigen level to WT.

Discussion

In this study, we reported five unrelated patients with severe 
FXII deficiency. One of them (patient V) had compound het-
erozygous mutations of F12, c.1681C>A (p.Gly542Ser) and 
c.1556T>A (p.Leu500Gln). The former mutation was pre-
viously reported by Zou et al. [19] from a Chinese consan-
guineous family. The latter mutation has not been reported 

before. Unlike Zou’s report [19], our patients II, III and IV, 
harboring the same homozygous c.1681C>A (p.Gly542Ser) 
mutation, did not come from consanguineous marriages and 
were not related to each other. This observation indicates 
that c.1681C>A (p.Gly542Ser) mutation could be quite 
common among the Taiwanese population. These three 
patients also had a similar FXII antigen level of around 40% 
which is also different from Zou’s report [19]. We are not 
sure about the actual cause of the difference between Zou’s 
and our observation. However, the tests were repeated and 
consistent among three patients. We are confident about our 
test results which were consistent with cell expression data. 
We found that c.1681C>A (p.Gly542Ser) expressed similar 
FXII antigen as WT, but patient II–IV had l FXII antigen at 
around 40 U/dL. We believe that this was caused by 46C/T 
polymorphism. While the construct of cell expression used 
46C, patients II-IV all had 46 T/T linked to their mutant F12 
genes. Since 46 T polymorphism has been proven to reduce 
FXII translation [16], it is very likely to reduce the transla-
tion with mutant F12 as well.

Patient I revealed c.1561G>A (Glu502Lys) is cross-react-
ing material (CRM) negative, while patients II–IV showed 
c.1681C>A (p.Gly542Ser) causes a CRM positive condi-
tion. Family members of patient V, who carried the novel 
heterozygous mutation c.1556T>A (Leu500Gln) alone, 
had equally low FXII antigen and activity. Hence, we con-
cluded c.1556T>A (Leu500Gln) is also a CRM negative 
mutation. In patient V, with both c.1556T>A (Leu500Gln) 
and c.1681C>A (Gly542Ser) mutations, FXII antigen might 
come from the allele of c.1681C>A (Gly542Ser) alone. That 
would also explain why the FXII antigen of patient V was 
about half the level of those of patients II–IV. Findings from 
our patients were compatible with the cell expression result. 
All mutant variants expressed consistently low FXII activity. 
In the medium and the lysate, FXII antigen of c.1681C>A 
(p.Gly542Ser), the CRM positive mutation, was similar to 

Fig. 1   FXII antigen expres-
sion and activity. Four different 
FXII variants: wild type (WT), 
c.1681G>A (Gly542Ser), 
c.1556T>A (Leu500Gln), 
c.1561G>A (Glu502Lys) were 
expressed in HEK293T. FXII 
antigen level in medium or cell 
lysate and activity in medium 
were measured and normalized 
to WT expression. The FXII 
antigen expression in medium 
and cell lysate is shown in Panel 
A. The FXII activity in medium 
is shown in panel B (WT: 
100%, Gly502Lys: 10.59%, 
Leu500Gln: 7.44%, Glu502Lys: 
3.63%)
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the WT, while c.1556T>A (p.Leu500Gln) and c.1561 G>A 
(Glu502Lys) had significantly lower FXII antigen expression 
than the WT and c.1681C>A (p.Gly542Ser).

However, the cell expression of three F12 mutants still 
expressed detectable FXII activity at 3–10% of the WT 
level, but we did not find any detectable FXII activity in our 
patients. Meanwhile, we also found detectable FXII antigen 
in the cell medium and lysate of c.1561G>A (Glu502Lys) 
and c.1556T>A (Leu500Gln).We speculate that the experi-
mental system may not have the same protein processing and 
metabolism as the conditions in which hepatocytes manu-
facture FXII physiologically. We surmise that FXII antigen 
of c.1561G>A (Glu502Lys) and c.1556T>A (Leu500Gln) 
may be degraded, and destroy some epitopes that were sup-
posed to be recognized by ELISA, within the cell, so we 
could not find as much FXII antigen in these two mutations 
as in the WT lysate.

The human FXII protein consists of an epidermal growth 
factor-like domain, the kringle domain and catalytic domains 
[20]. The epidermal growth factor-like and kringle domains 
have the ability to bind to negatively charged activating 
surfaces [19]. The catalytic domain is responsible for the 
enzymatic activity of FXII, and the catalytic triad was iden-
tified as His393, Asp442, and Ser544 [21]. The catalytic 
domain of FXII shares sequence homology with other ser-
ine proteases including trypsin, elastase, chymotrypsin, and 
tissue-type plasminogen activator [22]. However, no three-
dimensional structure has yet been reported for the catalytic 
domain of FXII.

To investigate the potential role of the Leu500, Glu502, 
and Gly542 residues, which are all located in the catalytic 
domain, we collected the alignment data of the human FXII 
protein sequences with other species’ FXII (Fig. 2) or other 
serine proteases [22]. We found that the Leu500, Glu502, 
and Gly542 amino acids of FXII are highly conserved across 
several species (Fig. 2). However, Leu500 and Gly542 were 
conserved in trypsin-like proteins, but Glu502 was not [22]. 
The p.Glu502Lys [23], and p.Gly542Ser FXII gene [18] 
mutations have been reported previously.

The residue Leu500 of human FXII is identical to the 
bovine trypsin Gly155, which forms a hydrogen bond with 
Asp71 [22, 24]. These studies suggested that the Leu500Gln 

mutation may change from a hydrophobic Leu500 to a 
hydrophilic polar Gln500 with an uncharged side chain and 
thus may interrupt the conformation of the catalytic domain 
of FXII causing an unstable structure of the catalytic triad 
His393-Asp422–Ser544, resulting in misfolding, rapid deg-
radation, or impaired secretion leading to very low FXII 
antigen as we saw in patient V.

Conclusion

We conducted a comprehensive study of five unrelated 
patients with severe FXII deficiency and their blood rela-
tives. Two reported mutations c.1681C>A (Gly542Ser), 
c.1561G>A (Glu502Lys), and a novel mutation c.1556T>A 
(Leu500Gln) were identified. The novel mutation is a CRM 
negative (type 1) mutation.
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