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Large F8 deletions cause 10 to 15% of severe-haemophilia A
(HA) cases and associate with the highest clinical/biochem-
ical severity and with significantly augmented risks for
developing inhibitors against therapeutic factor VIII (FVIII).1

Only 45 to 50% of severe-HA cases present family history
of the disease.2 In the remnant cases (sporadic HA), the
mutation origin defines different clinical scenarios in which
the risk of recurrence and thus genetic counselling signifi-
cantly vary. The origin of the causative mutation may be
either prezygotic or postzygotic generating a genetic mosai-
cism affecting, partially or totally, one or more tissue/organs
including the gonads. Furthermore, the technical features of
the genotyping approach for detecting and measuring an
eventual genetic mosaicism critically affect its diagnosis.3

The quali-quantitative extent of somatic and germinal
mosaicisms is passively assumed to be associated with the
phenotypic expression of haemophilia severity and inheri-
tance pattern, respectively.

We present a case of a family affected with HA in which
the clinical/biochemical severity and inheritance patterns
associatewith the observed fraction ofmosaic cells bearing a
F8-promoter deletion.

Case Report

In January 2013, an 8-month-old patient (P, III.1) with multi-
ple bruises was diagnosedwith severe HA (FVIII:C < 1%). His

mother (M, II.2) (FVIII:C ¼ 40%), with epistaxis and menor-
rhagia and no apparent family history of the disease, asked
for molecular diagnosis (►Fig. 1A). P and M showed a
F8-promoter deletion NM_000132.3: c.-2174_-106del2067
(Del2kb) in hemizygous and heterozygous states, respec-
tively (►Fig. 1B, C).

In December 2014, P’s maternal grandfather (MGF, I.1)
(FVIII:C ¼ 35%) (64 years), with mild but inconsistent bleed-
ing symptoms, and P’s maternal aunt (MA, II.3) (FVIII:
C ¼ 61%), presenting borderline menstrual cycles (7 days),
were genotyped (►Fig. 1A). At clinical level, MGF showed a
history of mild bleedings: presented bruises in the legs after
exercise, at the age of 48 years, he underwent a minor
surgical procedure without bleeding; suffered persistent
bleeding after an arthroscopy and presented an extended
haematoma from the abdomen up to the thigh due to an
inguinal hernia. Interestingly, MGF showed the familiar
deletion, mimicking a heterozygous state in peripheral blood
leukocytes (PB) suggesting the involvement of a somatic
mosaicism linked to the haplotype in phase with severe HA
found in his grandson P (►Fig. 1A, C). As interestingly, MA
showed only the nonmutated allele revealing, first, her
noncarrier status and, second, that MGF is a combined
germinal and somatic mosaicisms (►Fig. 1A, C).

Samples from urine (UC) and oral mucosa (OMC) cells
were collected to expand the molecular analysis of PB and
interrogate the Del2kb mosaic involvement in different
MGF’s tissues. To assess the mosaic cell composition, we
performed an original approach based on quantitative real-
time polymerase chain reaction (qPCR) (►Fig. 1D).
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This experiment indicates the mosaic cell composition of
PB, UC and OMC samples from MGF estimating 46, 66 and
69% of positive Del2kb cells, respectively (►Fig. 1D). PB
samples from P, M andMA resulted in 100, 50 and 3% Del2kb
cells, respectively, confirming gap-PCR results and the accu-
racy of the qPCR approach (►Fig. 1C, D). Moreover, the
difference between qPCR background levels of Del2kb cells
from negative samples, MA (noncarrier) 3% and a normal
control 0% provides an estimation of the qPCR assay error
(►Fig. 1D).

Genetic mosaicisms have been reported in many X-linked
disorders.4 In HA, most reported cases involved point muta-
tions and small indels.5,6 Classical genetic analysis based on
clinical observations using Bayesian probabilities converged
to the characteristic frequency of 15% (10–20%) of germinal
mosaicisms in affected families with sporadic X-linked dis-
eases. In somatic mosaicisms, the percentage of detected
patients critically depends on the design of the study and the
molecular approach used to investigate the gene defect. Only
few cases of mosaicisms of large rearrangements were found

Fig. 1 (A) Family tree showing the F8haplotype-linkageanalysis andHAphenotype. FVIII:C activity levels and clinical severity are indicated. Vertical lines
indicate Xq28 STR-haplotypes: extra-F8 (3′), DXS7423, DXS1073; intra-F8, Int25.3, Int22, Int21, Int13; extra-F8 (5′) DSX1108 STR genotyping
(Supplementary Fig. S1 [online only]). Upward black arrow indicates the F8. (B) F8 genotyping approach to characterize the familiar HA-causative
mutation. Scheme of the normal allele and the familiar deletion, NM_000132.3: c.-2174_-106del2067 (Del2kb), showing all relevant molecular size of
amplimers of the gap-PCR genotyping approach. Applied primers (closed triangles) Prom3A (5′-AGGGCAAAAGCAGAGAGAC-3′), Prom3B (5′-AATATCTT-
TAGCTCCCAGG-3′) (Marchione et al, unpublished), 1A, 1B12 are part of the updated genotyping scheme of F8 and -2kb945N (5′-TATAAGAGAAG-
CACTGGGAAAGAAAG-3′), which has been designed for amplifying Del2kb allele. (C) Analysis of the Del2kb in the family. Agarose gel electrophoresis
analysis of the gap PCR (primers -2kb945N, 1A and 1B).M: 100 bp laddermarker, (�): negative control (no DNA), and peripheral blood leukocyte’s samples
from family members (A). An unusual pattern (heterozygous like) is shown in I.1 lane (genetic mosaic MGF patient with mild HA). (D) Mosaic cell
composition analysis by qPCR. qPCR reactions were performed in a Rotor Gene Q instrument (Quiagen) in 25 μL containing 12 μL of Mezcla Real
(Biodynamics, Argentina) (with unspecified concentrationsof TaqDNAPolymerase, dNTPs,MgCl2, Tris-HCl buffer and EvaGreenfluorescent stain), 0.4μMof
eachprimerand5 to20 ngofBamHI-fragmentedgDNA.Acalibration curve toestimate themosaic cell composition inMGF tissueswasperformedbymixing
qPCR-dosed PB samples from P and a NC male, using CTLA4 as reference qPCR product.13 Two specific targets for Del2kb and normal allele (Prom3) were
adjusted using curves Ct versus gDNA concentrations of 0, 5, 10, 15 and 20 ng/μL using samples fromP andNC, respectively. Del2kb allele (Del2kb) yields a
qPCR product of 412 bp with primers �2kb945N and Prom3B and the normal allele (Prom3), a 450 bp product with Prom3A and Prom3B. The standard
curve for estimatingDel2kbmosaic cell compositionwas adjusted by linear regression tofivepoints duplicated achievedwith serialmixes of P andNCdosed
samples (20 ngof total gDNA input): 0, 25, 50, 75 and 100%ofmosaic cells. Del2kb/(Del2kb þ Prom3) values calculated from individualsMGF,M,MAand P
were interpolated in the linear regression formula y ¼ 0.929x þ 0.0462.Mosaic cell compositionwas estimated forMGF’speripheral blood leukocytes (PB),
OMCs and UCs. FVIII, factor VIII; gDNA, genomic DNA; HA, haemophilia A; MGF, maternal grandfather; NC, normal control; OMCs, oral mucosa cells; PB,
peripheral blood leukocytes; PCR, polymerase chain reaction; qPCR, quantitative real-time PCR; UCs, urine cells
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in haemophilia and all of themwere studied by Southern blot
analysis, which enables an unbiased mosaic quantification
while is hazardous, time-consuming and labour inten-
sive.7–10 Our qPCR-based approach to measure Del2kb-posi-
tive cell composition represents an adaptable tool to
interrogate all type of mutations and has proved to be
cost-effectively applicable in low–intermediate complexity
gene testing laboratories worldwide.

In germinal mosaicisms, the heritability of any disease-
causative mutation depends on its percentage of positive
gonadal cells. Our tissue screening interrogates all three
embryonic layers: ectoderm/OMC, mesoderm/PB, which
may be disturbed by eventual immune cells’ clonal expan-
sions and endoderm/UC (mainly composed by desquamated
cells from bladder and urethra epithelia).

Notably, endoderm-derivedUCmosaic level, estimated 66%
positive Del2kb cells, or its complementary set of normal cells,
34%, seems to strongly correlate with the resulting FVIII:C
activity level, 35%. Germ cells were supposed to derive from
epiblast prior the formation of the three embryonic layers.11

Hence, an average of all three gauged tissues (PB, UC and OMC)
may provide an indirect estimation of mosaic germ cells
composition predicting a Del2kb mutation inheritance of
approximately 60%, which seems to be reflected by the 1:1
ratio observed in the family tree (carrier and noncarrier
daughtersofMGF).Althoughtheseequivalencesmayrepresent
a statistical coincidence, future international studies evaluat-
ing mosaic cell composition in UC versus FVIII:C levels in
somatic HA mosaics, and in an average of PB–UC–OMC versus
the observed mutational inheritance in germinal mosaicisms
will help in confirming or rejecting this sound hypothesis.

We hypothesize that the mitotic postzygotic mutation
might occur prior the eight-cell stage in the still undiffer-
entiated embryo, in which all blastomeres are interchange-
able to form all cell lineages and tissues potentially
composing all of them the somatic–germinal mosaicism.

In conclusion, our results suggest a correlation between
phenotype severity and mosaic cell composition, and warn
us to be particularly aware in isolated cases of mild haemo-
philia, inwhich efforts should bemade to detect the origin of
the new mutation. Particularly, the eventual existence of a
quali-quantitatively determined mosaicism and the
unbiased estimation of the recurrence risks will allow taking
a consistent global picture, which is crucial to offer an
accurate evidence-based genetic counselling.
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