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ABSTRACT

We studied 3 Spanish patients with <1% FXIl levels. DNA sequencing of the whole F12
gene identified 15 genetic variants. Molecular analyses of F12 mRNA demonstrated
that the deficiency was caused by 5281delG in exon 9 of Patient 1 (in the homozy-
gous state) and the 6306delG in exon 12 and another deletion of 23 bp in intron 8
of Patient 2 (both in the heterozygous state). Finally, a G-8C transversion was found
in the homozygous state in Patient 3. Based on previous data, including a mouse
model, the G-8C might be responsible for the FXII deficiency. None of these variants

were present in 40 controls.
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coagulation cascade by initiating the

intrinsic pathway, fibrinolysis, and gen-
erating bradykinin and angiotensin." FXII
deficiency is a recessive Mendelian trait due
to mutations in the F12 gene that comprises
14 exons on chromosome 5.** The normal
variation of FXII plasma levels exhibits a high
heritability (67 %) and is correlated signifi-
cantly with thromboembolic disease.’
Despite the genetic data, the function of
coagulation FXII is poorly understood and
controversial results regarding the clinical
consequences of variation in FXII levels have
been described. While lower FXII levels have
been associated with a high risk of arterial
and venous thrombosis® it has also been
reported that patients with FXII deficiency
may show no clinical symptoms. The pres-
ent study examined the whole F12 gene in 3
patients with a severe FXII deficiency.
Therefore, the genetic alterations in the F12,
together with the co-segregation of the
mutation C46T, may yield further under-
standing of the role of FXII and how it affects
the risk of thrombosis.

Pactor XII (EXII) participates in the blood

Design and Methods

Subjects and blood samples

This study included 3 unrelated patients
with severe FXII deficiency (<1%). Patient 1
was a 34 year old woman who had suffered
4 miscarriages within the first quarter of

pregnancy. Patient 2 (I-1; Figure 1) was a 49
year old woman who had suffered one mis-
carriage in the second quarter of pregnancy.
She had a family history of thromboembolic
disease. We recruited her son (II-1; Figure 1)
and daughter (II-2; Figure 1), 24 and 21 years
old respectively. Patient 3 (II-2; Figure 2) was
a 58 year old woman who had suffered an
embolism at the age of 57. We also recruited
her 2 sisters (II-1 and II-6; Figure 2), who
were 60 and 51 years old, a 32 year old
daughter (IlI-1; Figure 2) and 2 nieces (III-5
and IlI-7; Figure 2) 25 and 15 years of age
respectively. No consanguinity among any of
the patients’ parents was reported. All 3
patients exhibited normal values for the
thrombophilic parameters (including func-
tional antithrombin, amidolytic PC, total free
and functional PS, functional assay for FVIII,
APCR, the FVL, the G20210A F2, homocys-
teine levels, lupus anticoagulant, APTT test,
anticardiolipin and antiphosphatidylserine
antibodies) with the exception of prolonged
APTT. All procedures were reviewed and
approved by the Institutional Review Board
of the Hospital de la Santa Creu i Sant Pau.

DNA and RNA analyses

DNA from the 3 patients and 40 healthy
controls was isolated from peripheral blood
leukocytes by a standard technique.” We ana-
lyzed the F12 gene (including the promoter,
exons, introns and the 3’-UTR) by PCR and
direct sequencing of 4 overlapped fragments.
The F12 gene DNA variants were deter-
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Figure 1. Family FXII-2 pedigree. The proband is identified by an
arrow. FXIl antigen levels are shown under each sex symbol.
Vertical lines indicate the chromosomes. The 23bp deletion and
the G deletion respectively are shown on the chromosomes.
Therefore, Patient 2 (I:1) carries 2 deletions (one in each chromo-
some) and her offspring inherited 1 deletion each.

mined in family members by independent sequencing
analyses. RNA analyses were performed in 7 healthy
individuals, in the 3 patients, in the offspring of Patient 2
and in 7 normal healthy controls. Total RNA was isolat-
ed from blood using the PAXgene Blood RNA kit follow-
ing the supplier’s recommendations. Then, a RT-PCR
was performed to obtain F12 cDNA. The F12 cDNA was
sequenced as the genomic DNA. We used NetGene2
Server® for the predictions of splice sites in humans.
Genetic variants were numbered according to the tran-
scription initiation.

Results and Discussion

We analyzed the whole F12 gene in 3 patients with
severe FXII deficiency and 40 healthy controls. From
these analyses we found that the 12 gene was 7,476 bp

Figure 2. Family FXII-3 pedigree. The proband is identified by an
arrow. FXII antigen levels of individuals are shown under each sex
symbol. Genotypes are also shown under each sex symbol.

long rather than the 12 kb as previously described.® This
difference in length is due to intron 1 that contains 367
bp and not the 4677 bp that has been reported. This
result was consistent in all of the individuals. To our
knowledge, our study is the most extensive sequencing
analysis that identified genetic variability in FXII-defi-
cient families and it has allowed us to determine the
correct sequence of the F72 locus. We identified 15
genetic variants in the F12 gene in the 3 patients (Table
1). It is worth noting that only 2 of the variants were
located in exons and both were deletions. In addition,
11 out of the 15 DNA variants that we identified have
not been published. In Patient 1, we found a G deletion
at position 5281 in exon 9 (5281delG) in the homozy-
gous state, affecting the codon 288 (confirmed as
homozygous in the cDNA). Therefore, the pathologic
effect could be attributable to the generation of a trun-
cated protein by a premature stop codon (136 amino

Table 1. Known and novel allelic variants found in FXII deficiency patients.

DNA Type Change Zone Known/ Patient 1 Patient 2 Patient 3 dbSNP
position Novel
941 SNP A/G Promoter Novel GG AG GG $565624554
-8 SNP G/C Promoter Known GG GG cC $565624557
46 SNP C/T 4 bp before ATG Known m CC m 565624558
2697 SNP C/T Intron 2 Novel 1l cC m $565624562
3163 SNP C/T Intron 2 Novel cc m cc 565624567
3261 SNP G/T Intron 2 Novel m GG m $565624572
3272 SNP T/C Intron 2 Novel CcC m cC $565624573
3275 SNP A/G Intron 2 Novel GG AA GG $565624574
3292 SNP T/C Intron 2 Known m cT CcC $565624575
5081 DEL 23BP Exon 8-intron 8 junction Novel NN N-DEL NN 5565624581
5281 DEL G Exon 9 Novel DEL-DEL NN NN 565624582
5400 VNTR 8-9G Intron 9 Known 99 88 99 565624583
5459 SNP T/C Intron 9 Novel 1l cC m $565624584
5951 SNP T/C Intron 10 Novel cc m cc 565624586
6305 DEL G Exon 12 Novel NN N-DEL NN 565624589
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acids downstream than from wild type stop codon) in
both alleles. In Patient 2 we found a heterozygous dele-
tion of 23 bp in intron 8. This deletion (5081-
5103del23bp) started 2 bp downstream from the end of
exon 8 covering 27 % of the intron 8. Some information
on the function which of this mutation came from a
bioinformatic analysis indicated that the presence of
this deletion is consistent with the loss of both wild
type donor and acceptor splice sites of intron 8 (Table 2).
In addition, while there is no alternative donor splice
site in the mutated sequence, a cryptic acceptor splice
site sequence appeared 48 bp upstream than the wild
type (Table 2) indicating that the surrounding sequences
are important in selecting the new or the wild type
acceptor sites. A second deletion (6306delG in exon 12)
was found in Patient 2, introducing a frameshift that
removed the wild type stop codon of the protein.
Therefore, the resulting protein had 43 aminoacids
more than the wild type protein. Since this deletion was
found in the homozygous state in the cDNA but in the
heterozygous state in the genomic DNA, it seemed that
only the allele carrying this mutation was being
expressed. The patient’s son and daughter (Figure 1)
were heterozygous for each one of these deletions,
which is in agreement with a heterozygous FXII defi-
ciency in both individuals. In addition, although Patient
2 was homozygous for the normal allele (C/C) of the
C46T mutation, both children were heterozygous hav-
ing inherited the abnormal T allele from their father.
The C46T mutation has been associated consistently
with low EXII levels, therefore the co-existence of both
mutations in these individuals (the deletion and the
46T), each mutation affecting a different allele, could
explain the low (33%) EXII levels. Among the allelic
variants found in Patient 3, only the mutations G-8C
and 73292C were not detected in 40 unrelated controls.
A relationship has been reported between severe FXII
deficiency and these 2 mutations.” As in this previous
report, since our patient was also homozygous for both
mutations, we cannot define their possible function.
Nevertheless, Hofferbert® suggested that the T3292C is

Molecular analysis in FXII deficiency

responsible for the deficiency due to a cryptic splice site
in intron 2, although expression analysis was not per-
formed to confirm this hypothesis.® In our study, when
we analyzed the cDNA of Patient 3, no splicing change
was observed. Therefore, it is unlikely that the intronic
T3292C caused a EXII deficiency as a result of aberrant
splicing. More importantly, it has been reported that
HNF4-o. transcription factor plays a critical role in the
regulation of the expression of the F12 gene in the
mouse.” The binding site for HNF4-alpha in the pro-
moter of F12 in the mouse (-64 AGACCTTTGCCCG -
52) has a homologous binding site in the human F12 (-
16 AGACCTTTGGCCA-4) that involved the G-8C
mutation. This observation suggests that FXII deficien-
cy in this patient was due to the reduction of expression
by the modification of a transcription binding site.
Nevertheless, further experiments and functional assays
for this G-8C mutation should be performed to clarify
its affect on FXII levels.

The sister and nieces of Patient 3 (Figure 2) were nor-
mal for the G-8C mutation, but her daughter (III-1;
Figure 2) was heterozygous for this mutation, which is
consistent with a heterozygous FXII deficiency (FXII
levels of 67%). Of special interest is the difference
observed in FXII levels in both nieces, since they share
the same genotypes with the exception of C46T muta-
tion. The III-7 is heterozygous for the C46T genotype
(C/T) and showed EXII levels of 122%, whereas her sis-
ter (III-5) is homozygous for the mutated T allele. This
shows a notable reduction of her FXII levels (62%). No
other polymorphisms or mutations were identified in
this branch of Patient 3’s family.

Based on our previous experience” and although the
F12 gene is expressed in liver, we took advantage of the
ectopic transcription of F12 gene in lymphocyte to ana-
lyze the effect of these mutations at the mRNA levels.
Our hypothesis was that the deletions and splice-site
mutations identified in these patients might be respon-
sible for the FXII deficiency by alterating the mRNA lev-
els (alternative splicing or exon skipping). However, nei-
ther alteration in the mRNA processing nor other

Table 2. Neural network predictions of splice sites in humans from NetGene2 World Wide Web Server (Brunak et al., 1991; Hebsgaard

et al., 1996).

Donor Splice Sites, Direct Strand

pos 5->3’ phase strand confidence

5" exon intron 3’

Normal allele 0.7
Del23bp allele

Acceptor Splice Sites, Direct Strand

CCTTCTGCCGNGTGCGCCGCG

No donor site predictions above threshold

pos 5->3' phase strand confidence 5’ exon intron 3’
Normal allele 0.65 GTGGCTACAGNGAACCCGGAC
Del23bp allele 0.69 TCCGCCCCAGMNGGCTCCGGGC
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changes in the coding region were found in the cDNA
from these patients.

There are only a few reports describing the molecular
basis of congenital FXII deficiency. The majority of
them deal with amino acid substitutions in the coding
region.””™ In our study, we did not detect any point
mutation in the coding region, supporting the hypothe-
sis that another kind of genetic variant (i.e., deletions)
underlies the genetic basis of FXII deficiency. In addi-
tion, as reported in studies of other genes," the phe-
nomenon of allelic exclusion could be a mechanism by
which the F12 allele is not expressed resulting in the
EXII deficiency. This mechanism by which a newly cre-
ated premature termination codon results in a decrease
in concentration of steady-state cytoplasmic mRNA is
not yet understood.

In addition to these mutations, we detected the C46T
mutation co-segregating in the patients and their fami-
lies. Although the effect of this mutation on the EXII
levels should be irrelevant in our patients due to the
weighty effect of the rare mutations, the C46T muta-
tion is clearly important in determining FXII levels in
the patients’ relatives. In fact, although the members of
these 2 families showed wide variability in FXII levels,
the concentration of FXII in plasma were perfectly cor-
related with their respective genotypes, especially
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An important issue to be addressed in our study is the
clinical status of these patients. Two of them had suf-
fered miscarriages (an expression of a thrombophilic
condition) and one had a familial history of thrombosis.
The third patient suffered a deep venous thrombosis. It
is interesting to note that most of the patients with FXII
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congenital or acquired risk factors.”' In our study, with
the exception of prolonged APTT, all 3 patients were
normal for the basic thrombophilia parameters (includ-
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including follow-up of these families, should help clari-
fy the role of FXII levels and the genetic determinants
on the risk of cardiovascular disease. In conclusion, we
believe that this molecular genetic study is a good illus-
tration of the complexity of the relationship between
phenotype and the risk of disease.
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