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The novel acceptor splice site mutation 11396(G—A) in the factor XII
gene causes a truncated transcript in cross-reacting material negative

patients
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Factor XII (Hageman factor) is an important element in several
plasma protease cascades such as the blood coagulation system,
the kinin system and fibrinolysis (1). Homozygous factor XII
deficiency with no enzymatic activity is thought to result in a
slightly increased risk of venous thromboembolism, but
placental thrombosis, myocardial infarction and other throm-
botic complications have been reported in some patients (2,3).
The factor XII protein has the typical features of a member
of the serine protease family with the active site residues
encoded by the terminal exons 10-14 (4). To date only a few
sequence alterations responsible for factor XII deficiency were
found in these exons (5-8). In some patients an additional
Tagql site in the second intron of the gene was detected. This
Tagl site was not detected in control groups with normal factor
XII activities (9). We report here a novel mutation termed
11396 (G—A), a G to A transition at nucleotide position
11396 of the gene. Blood samples from 12 patients whose low
factor XII activity was detected by chance during presurgery

Table 1. Genotypes and factor XII parameters for factor XII deficient patients

Patient 11396 (G—>A) FXIL:C F XII: Ag PTT (s)
54 * +/- 5% <1% n. d.
63 * +/- 2.8% <1% 69.8
88 * +/- <1% nd. 65.8
90 * /- <1% nd. 121.9
97 § +/+ 46% 44% 27.2
98 *§ +/- 2.2% <5% 439
99 § +/+ 22% 23% 33.5
100 § +/- 16% 23% 39.6
101 § +/- 20% 26% 32.8
102 § +/- 23% 25% 33.7
103 § +/- 17% 25% 33.8
104 § +/+ 23% 28% 33.9

*denotes unrelated patients from our group of 12 independent cases; § denotes
members of the family described in the pedigree (Fig. 2). Wild type sequence
(+), mutant sequence (-), FXII:C = factor XII activity, F XII:AG = factor
XII antigen level, PTT = partial thromboplastin time, n.d. = not determined.

Table 2. Primer sequences for analysis of exons 13 and 14 as depicted in
Figure 1

JM32: 5'-AGGATCTGACGGTGGTGCTC
EXI2F: 5'-TCCGAGACCACGCTCTGCCAG
EXI3F: 5’-TCCCCGGCATGCTCTGCGCAG
EX14R2: 5'-TGGGGGAATGGGACACAATCTTG
IM35: 5'-TTGAGTTCCTGCGCCATCC

screening were collected. Genomic DNA was prepared and
analysed by PCR and direct sequencing for mutations as
described (10). RNA preparation and cDNA synthesis with
subsequent PCR was performed according to Schloesser et al.
(11). Total RNA from peripheral blood lymphocytes was
reverse transcribed by exon 14 specific primer and amplified
in two stages with primers located in exons 11, 12 and 14
(Tables 1 and 2). For both genomic and cDNA templates PCR
conditions included pairs of primers (10 pmol) in a total
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Figure 1. Factor XII primary transcripts and splicing products as derived
from the analysis of transcripts. The hatched bar symbolises the truncated
exon 14 sequences and the aberrant reading frame.
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Figure 2. Family pedigree for patients 97-104. The mutant allele was detected
in the patients with half filled squares and circles, respectively. Factor XII
parameters are listed in Table 1.
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Figure. 3. Fluorescence sequence analysis of PCR products referring to genomic DNA from patients homozygous for 11396 (G—A) (panel A), heterozygous
(panel B) and homozygous for the wild type allele (panel C). The arrow indicates the position of the mutation.
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Figure 4. Fluorescence sequence analysis of the PCR product derived from reverse transcribed RNA of patient 63 heterozygous for the mutation 11396 (G—A).
In panels A and B the forward and the reverse sequence is depicted, respectively. The arrow indicates the border between exon 13 and 14 sequences for both
transcripts which are superimposed.

was repeated for 35 cycles; annealing at 60°C for 1 min,
extension at 72°C for 90 s and denaturation at 94°C for 1 min.
Factor XII parameters were determined as described by Braulke

volume of 0.1 ml with 0.1 U of Tag polymerase, 5% DMSO
and buffer components as recommended by the manufacturer
(Stehelin, Basel, Switzerland). The PCR temperature profile




et al. (12). Direct automated fluorescence sequencing of PCR
products from 12 unrelated patients with factor XII deficiency
revealed the novel mutation 11396 (G—A) in the splice
acceptor site of exon 14 (11). The gene frequency is p = 0.25
with six out of 24 chromosomes analysed (Table 1). Patients
carrying this mutation had no cross-reacting material (CRM-
negative), i.e no factor XII protein and no enzymatic activity.
We did not detect this mutation in the DNA of 74 unrelated
individuals.

Patient 54 is 26 years of age and his low factor XII activity
was detected during pre-surgery screening. His mother had
venous thrombotic complications. His paternal grandfather had
a heart infarction. Patient 63 is 60 years of age and suffered
from two heart infarctions. His low factor XII status was
discovered when he attended a hospital for therapy of his
hemorrhagic ulcus. Patient 90 is a 65 year old mother of four
children whose factor XII deficiency was disclosed by chance.
The factor XII deficiency of patient 100, a 12 year old boy,
was discovered while he was staying in a hospital.

The mutation is located at nucleotide position 11396 of the
gene (4), referring to the 3’-splice acceptor site of exon 14
(Fig. 3). The sequence ccgacccagGGTGATT is changed to
ccgacccaaGGTGATT (lower case: intronic, upper case: exonic
sequences, bold face: acceptor site), thereby moving the
acceptor site one nucleotide downstream. This can be demon-
strated by analysis of the transcripts, as this sequence alteration
should affect the processing of the primary gene transcripts
(Figs 1 and 4). The aberrant splicing was demonstrated for
patients 54 and 63 which were compound heterozygotes for
11396 (G—A) and for patient 90 which is homozygous. The
corresponding ectopic transcripts were detected by reverse
transcription and subsequent PCR (10). Direct sequencing of
the PCR products demonstrated that exons 13 and 14 splicing
products are lacking one nucleotide, as exon 13 is fused to a
novel site in exon 14 one nucleotide downstream to the native
position. This novel splice site can be explained on the basis
of consensus values as described by Krawczak et al. (13).
These authors consider the usage of a given sequence as a
splice site depending on their similarity to a given consensus
sequence. For splice site mutations two different mechanisms
are discussed. Either the exon following the mutation is skipped
or a cryptic splice site is used (13). As in the case of 11396
(G—A) the affected site is located at the last exon, and exon
skipping would not function. Therefore, in this case, cryptic
splice site usage is employed with the consequence that the
reading frame in exon 14 is shifted one nucleotide downstream.
The derived protein would lack the functionally important
serine at position 544, all other amino acids encoded by exon
14, and the functionally important translational stop codon.
As both compound heterozygous patients 54 and 63 and the
homozygous patient 90, lack any immunological reactive
protein (Table 1), this novel mutated allele results in a
detectable transcript but unstable protein. Mendelian inherit-
ance for this mutation was demonstrated in the family of
patient 98. This patient is heterozygous for 11396 (G—A) and
four of her six children inherited this mutant allele from her.
These family members carrying this allele have both a reduced
factor XII activity and antigen (Table | and Fig. 2). There are
at least two more mutant factor XII alleles in this family of
unknown nature which we are currently trying to characterise.
One possible candidate could be the Tugl allele described by
Bernadi et al. (9). However, for this allele it is still unclear if
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it is a mere polymorphic marker or a true gene lesion. For the
novel mutation 11396 (G—A ) we can definitely postulate that
it has a causative effect on the phenotype, as we could detect
a truncated transcript resulting in unstable protein. Currently
we are collecting blood samples from patients with myocardial
infarction and women with recurrent habitual abortions, in
order to investigate the frequency of this mutated allele in
these populations.
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