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Dear Editor,
Hemophilia A (HA) (OMIM 306700) is an X-linked inherited
bleeding disorder caused by deleterious mutations in the
coagulation factor VIII gene (F8). Even though there is a
broad diversity of HA-causative mutations, an uncommon
type of rearrangement—a large DNA inversion involving F8
intron 22 (Inv22)—accounts for approximately one half of
severely affected patients. Inv22 was formerly described by
Lakich et al. [1] and Naylor et al. [2]. A collaborative
international effort estimated that Inv22 is the cause of 43%
(35%, 7%, and 1% for Inv22 type I, type II, and rare types,
respectively) of severe HA cases worldwide with minor
geographical or ethnical differences [3], in close agreement
with our corresponding Argentinean series (42% of Inv22,
and 34% and 7% for type I and type II, respectively) [4].
Naylor et al. [5] indicated that Inv22 originates by
homologous recombination between well-defined duplicons
(int22h) of 9.5 kb located one copy within F8 intron 22
(int22h-1, h1) and the other, inversely oriented, from a group

of two extragenic copies (int22h-3, h3 for Inv22 type I and
int22h-2, h2 for type II). It was formerly believed that h2 and
h3 were equally oriented (i.e., head to tail). However, Ross et
al. [6] determined that h2 and h3 are inversely oriented (i.e.,
head to head), both embedded in the arms of a large
imperfect palindrome (Fig. 1). This finding prompted
Bagnall et al. [7] to hypothesize recombination between
these arms interchanging the location of the extragenic
int22h copies and generating a non-deleterious inversion
polymorphism in Xq28, i.e., h123 and h132. In this scenario,
Inv22 type I may be generated from intrachromosomal
recombination between h1 and h3 on the most frequent
variant h123 whereas Inv22 type II may be generated
between h1 and h2 on the least frequent h132 (Fig. 1).
Moreover, on each of these normal structural variants of the
X chromosome, recombination between h1 with either
equally oriented copies (h2 or h3) may generate deletions
(Del22) or duplications (Dup22) but not inversions [7]. More
precisely, Del22 type I would be generated by recombination
between h1 and h3 on variant h132 whereas Del22 type II by
recombination between h1 and h2 on variant h123 [8]
(Fig. 1).

Notwithstanding these theoretical speculations, until
recently, no such Del22 mutation has been unequivocally
reported in the literature, and Del22 has been suspected to
be extremely deleterious, even to compromise the viability
of hemizygous males [8]. Unexpectedly, a recent paper by
Abou-Elew et al. [9] detected three cases of Del22 (two
Del22 type II and one type I) by the use of inverse-shifting
PCR (IS-PCR) [10] in a group of 13 Egyptian patients with
severe HA. In this scenario and previous beliefs on the
phenotype of int22h-mediated deletions (Del22), the aims
of this scientific letter are, first, to report the lack of Del22
in a series of int22h-mediated rearrangements from Argen-
tina and, second, to provide a simple practical approach to
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identify the gap extent to further support the molecular
diagnosis of Del22 until it is fully characterized both at
genotypic and phenotypic levels. This latter information
will be important for Abou-Elew and colleagues to provide
further support to Del22 diagnosis of their three Egyptian
patients [9] in addition to IS-PCR.

Genomic DNA samples from 79 patients with severe HA
and 16 controls (8 males and 8 females) from the general
Argentinean population were screened for int22h-related
rearrangements by the use of the approach of IS-PCR [10].
Our institutional ethics committee approved the study and a
written informed consent was obtained in all cases. Briefly,
2 μg of peripheral blood leukocyte-extracted DNA samples
from patients and controls was subjected to protocols for
BclI restriction, fragment end ligation (ligation in a total
volume of 400 μl), and two separated multiplex PCR
analysis, i.e., diagnostic (dt) and complementary (ct) tests
using published primers and conditions [10]. PCR products

were analyzed by 1.5% agarose gel electrophoresis and
documented.

Out of 79 patients, 42 with severe HA (and all 16 cases
from the control healthy population) showed a signal of
487 bp in the dt and signals of 457 and 405 bp in the ct, typical
pattern of normal variants; 32 patients (41%) showed a pattern
indicative of the Inv22 type I with a signal of 333 bp in the dt
and signals of 457 and 559 bp in the ct; and 5 (6%) showed a
pattern of the Inv22 type II with a signal of 385 bp and 405
and 559 bp in the dt and ct, respectively. Notably, in contrast
with the recently reported Egyptian patients with HA, none of
our cases showed IS-PCR patterns associated with the Del22
type I or type II (i.e., dt/ct, 333/457 and 385/405 bp,
respectively) (Fig. 1).

Because of Del22 hemizygous mutation, there will be a
lack of PCR templates within the gap interval, which spans
F8 exons 1–22, and at least six entire genes, along with a
number of sequence tagged sites (STSs) and single
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Fig. 1 Schematic view of HA-causative int22h-mediated rearrange-
ments and genetic markers involved. Normal wild type variants (WT),
alleles h123 and h132 (denoted as h123/h132), from a non-deleterious
inversion polymorphism are depicted in the middle. F8 gene sequences
are shown as hatched boxes; int22h-1 is shown as a closed chevron; and
int22h-2 or -3, as open chevrons embedded in the centromeric and
telomeric arms of a large imperfect palindrome. Each int22h sequence is
associated with two numbers: the number between parenthesis indicates
the Southern blot signal in kilobase (e.g., (21.5) for int22h-1-associated
BclI restriction fragment) [1] and the free number indicates the IS-PCR
specific signal in base pair (e.g., 487 for the same int22h-1-associated
fragment) [10]. The second linear scheme represents Del22,
NC_000023.10:g.154118607_154615713del. Allele Del22 type II
would be originated from recombination between h1 and h2 on WT
variant h123, whereas Del22 type I, from h1 and h3 on WT variant

h132. Chimeric int22h sequences are denoted as double colons (e.g.,
int22h-1::-2 represents the chimera between h1 and h2). Below, the third
linear scheme represents the classical Inv22 type I with recombination
between h1 and h3 on the WT variant h123 and type II with
recombination between h1 and h2 on the WT variant h132. On top,
approximate location of two types of genetic markers (STSs sequence
tagged sites and SNPs single nucleotide polymorphisms) that should be
involved being present (plus sign) or absent (minus sign) in hemizygous
patients with HA caused by Del22 either type I or II, indistinctly. Some
important nucleotide coordinates on the NCBI build 37.1 of the X
chromosome (NC_000023.10) are shown. A list with additional
information of genetic markers, such as its exact coordinates on the X
chromosome, specific primer pairs for STS amplification, and genes
involved in the Del22, is supplied in the Supplementary Table S1
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nucleotide polymorphisms (SNPs) (a list of some evenly
spaced markers is provided in Fig. 1 and some amplifica-
tion details in Supplementary Table S1). Although full
characterization of Del22 gap range is desirable, a pilot
experiment based on multiplex PCR amplification of four
or five selected STS markers within the gap would provide
a rapid answer on whether or not the observed Egyptian
Del22-affected cases are actually the predicted 0.5-Mb
deletions.

Figure 1 indicates the diagnostic relationship between
int22h rearrangements and each specific signal of IS-PCR
and classical Southern blot analysis [1]. Rossetti et al. [10]
coined the name Del22 type I and II to denote int22h-
mediated deletions that resemble the patterns of Inv22 types
I and II, respectively, but with the loss of the 20-kb signal.

There are several reports of noncanonical Southern blot
patterns. Andrikoviks et al. [11] presented a series of severe
HA-affected patients with rearrangements involving F8
intron 22 and compiled previous findings of aberrant
Southern blot patterns. Among this rearrangement compi-
lation, Windsor et al. [12] and Poon et al. [13] showed
Southern blot analysis evidence compatible with Del22
type II and Del22 type I, respectively, in patients with
severe HA and no additional unrelated phenotype features.
Interestingly, Windsor et al. [12] documented that a patient
with this aberrant Southern blot pattern also showed a gross
deletion that removes F8 exons 1–22 as well as sequence 5′
to the gene, and high titer FVIII inhibitor, typically
associated with large multidomain deletions [14].

However, on a theoretical basis, hemizygous Del22
associates with the loss of a number of genes in addition
to F8 (exons 1–22). Five of these are well characterized on
Mendelian Inheritance in Man (http://www.ncbi.nlm.nih.
gov/omim/): MTCP1 (*300116), BRCC3 (*300617), VBP1
(*300133), RAB39B (*300774), and CLIC2 (*300138).
Supplementary Table S1 provides additional information of
these Del22-involved genes, their locations, potential
functions, mutational effects, and references. Although
highly speculative, the potential consequences of this
additional function loss include benign clonal or leukemic
T cell proliferation (MTCP1); increased cell sensitivity to
ionizing radiation and a defect in G2/M checkpoint arrest
(BRCC3); hemangiomas in the retina, brain, spinal cord,
adrenal gland, etc. (i.e., von Hippel–Lindau-like syndrome
(VHL), as VPB1 is a chaperon of VHL protein, a tumor
suppressor associated with von Hippel–Lindau disease)
(VPB1); X-linked mental retardation associated with au-
tism, epilepsy, macrocephaly, and obesity (RAB39B); and
increased Ca2+ release from internal stores in cells from
cardiac and skeletal muscle and fetal liver (CLIC2)
(Supplementary Table S1).

Taking into account all these considerations regarding
the actual involvement of Del22 in severe HA, it would be

essential to provide a full characterization of all
patients with Del22 compatible patterns both at geno-
typic and phenotypic levels. Accordingly, it would be
important to address a systematic Del22 mutation
analysis worldwide under a collaborative multicenter
international effort.
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