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Abstract

Objective: to investigate the areas in which the Factor VII Padua Arg304Gln mutation has been report-
ed and to identify its diffusion according to known migratory patterns. Patients, Methods: countries
that showed the presence of at least 2 unrelated proven homozygotes and six heterozygotes were
selected. These patients had to be studied by molecular biology techniques (Group A). Patients
suspected to be cases of FVII Padua only on the basis of clotting tests were also gathered (Group B).
The latter patients had to show the discrepancy in FVII assays between rabbit brain (low activity) vs
human recombinant and Ox brain thromboplastins (normal activity). Results: there are 5 areas of the
world that met the criteria, namely Mediterranean area, Iran, USA, Japan and Argentina. Some of these
countries can be related because of ancient migratory patterns. Conclusions: It is likely that at least two
independent main sources for the Arg304Gln Factor VII mutation, have occurred, namely the Mediter-
ranean area and Japan pattern. The observation that several heterozygotes for this mutation have been

found in West Africa suggests that the homozygotes seen in the USA only among African-Americans

are the result of the “forced” emigration that occurred in the past.
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Introduction

Congenital FVII deficiency is the most frequent condi-
tion among the Rare Bleeding Disorders. Its prevalence is
estimated to be around 1:500.000 persons [1]. The defect
has been first reported in the USA in 1955 [2] and subse-
quently all over the world. About 200 mutations, mainly
missense ones, have been described. Factor VII Padua
was first reported in Northeastern Italy in 1978 [3]. The
Arg304GIn mutation in Exon 8 responsible for the defect
was independently seen in a single patient in England and
in several patients in Northeastern Italy (Padua) both in
1991 [4,5]. Subsequently, several other patients were seen
in several Mediterranean countries (France, Tunisia,
Israel), in Japan, in Iran and in the USA (6-19). All cases
seen in the USA were described among the
African-American population [13,17,18].

Sporadic cases were also seen in other countries [4,20]

but the main areas remained the four sites cited above.
Recently, two homozygous patients were reported in
Latin America (Argentina) [21,22]. These investigations
seem to suggest that the mutation has a multiple origin in
at least five areas of the world, namely Italy (Mediterra-
nean area), Japan, Iran, USA and Argentina. The purpose
of the present study was to investigate the significance of
the same mutation occurring in different continents and to
attempt and explain the findings on the basis of known
“forced” or spontaneous migratory patterns which
occurred in the past.

Patients and Methods

Proven or probable homozygotes for the Factor VII
Arg304GIn mutation were gathered from two sources
namely: 1) files of personal patients investigated in the
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past and 2) two time-unlimited Pub Med Searches carried
out in June 2016 and June 2018. The patients who were
investigated studied in Padua were informed and gave
their consent to the study which was carried out according
to the Helsinki Convention.

All cases investigated by molecular biology techniques
were directly included providing that each country or area
had at least two unrelated homozygotes and at least five
heterozygotes. These patients were considered as proven
cases of FVII Padua defect (Group A). Compound hetero-
zygotes containing the Arg304GIn mutation were record-
ed but were disregarded as inclusion criteria. Cases with-
out molecular biology techniques (Group B) were includ-
ed if they met the following criteria: 1) low FVII levels
using rabbit brain thromboplastin (less than 10% of
normal) 2) normal FVII level using ox brain thromboplas-
tin (100% of normal), 3) intermediate FVII levels using
human placenta thromboplastin or genetically produced
human thromboplastin (50-70% of normal), 4) global test
such as PT and or Thrombotest should have the same
behavior, 5) correction of the defect by the addition of
normal plasma or serum. Factor VII antigen was not
considered as an inclusion criterium but it was recorded
whenever available. The geographical distribution of the
homozygous patients investigated were tentatively com-
pared with known “forced” or spontaneous migratory
patterns in an attempt to establish a potential relation
among the patients found in the different areas of the
world.

Results

The evaluation of the distribution of patients with this
abnormality suggests a prevalent concentration in the
following geographical regions: Italy (Mediterranean
area), Japan, USA, Iran and Argentina. The number of
sure homozygotes (Group A) in these areas were 17,2,3,6
and 2, respectively for a total of 30 cases. That of probable
homozygotes (Group B) was instead 3,1,17, zero and 2,
respectively for a total of 23 patients (Table 1).

Table 1. Proven and probable homozygous patients with the
Arg304GIn (FVII Padua) mutation in the world

Country Proven Probable Comments
homozygotes | homozygotes

Italy and other | 17 3 Mediterranean

Mediterranean countries (Tunisia,

countries Spain, France,
Israel)

Japan 2 1

USA 3 17 All patients are
African-Americans

Iran 6 None?

Argentina 2 2

The cases in the Mediterranean area were concentrated
mainly in Italy but cases were also reported from France,
Tunisia and Israel [8-12]. In no other area of the world

there is a similar prevalence of the mutation. The cases
from Japan apparently come from different islands that
compose the country [16,19]. Those from the USA come
mainly from Southern States and involve always African
Americans [13,17,18]. The patients from Iran appear to
come from several areas of the country [14,15]. The
homozygous cases from Latin America appear to be
concentrated in the Northern part of Argentina. Several
heterozygotes have been described in Brazil, Venezuela
and Costa Rica [21,22]. Compound heterozygotes have
been reported from China, USA France and North Africa
(Table 2) [8,9,23-28].

Discussion

It is difficult to envisage a common origin for all these
five areas of the world. It is likely that only the patients
seen in Japan represent a true independent source. This is
consistent with the isolation in which the country lived for
centuries (Figure 1). On the contrary, a plausible link may
exist between the Mediterranean area (Italy, Spain, Israel,
Tunisia) and Latin-America (L-A). In this regard it is
worth noting that a few heterozygotes but no homozy-
gotes, with this mutation had been reported from three
L-A countries, Costa Rica, Venezuela and Brazil [23,24].
The cases seen in Iran are probably also the result of
migratory contacts with the Mediterranean area. Contacts
between Mediterranean countries (Morocco, Israel) and
Middle East countries (Iran) have already been postulated
for other FVII defects [29]. The relation between the
Mediterranean area and Latin America is easily under-
standable. The main waves of spontaneous emigration to
that continent from European countries are three, namely
1) The colonization period (1500-1800), Spain and Portu-
gal contributed most of the people during these centuries,
2) The years between 1850 and 1915 which involved
mainly Italy and Spain, 3) the post Second World War
period. The European countries involved in this wave of
emigration were again Italy and Spain but also included
Germany and other European countries.

No proven FVII Padua case has been reported from
Spain but there are a few probable cases as indicated by
clotting tests [6,30]. Furthermore, one must note that the
Northeastern part of Italy where FVII Padua was first
reported has supplied a large fraction of the second wave
of emigrants to Argentina [3,30]. Due to the lack of any
ethnic relation between European immigration and the
African American patients seen in the USA it is conceiv-
able that an independent origin might have occurred
[13,31]. In this regard it is worth noting that the index
patient reported by Alexander et al. was instead a Cauca-
sian and had a severe FVII deficiency [2].

The majority of African Americans derive from slave
operations carried out by slave traders who forcibly trans-
ported captured persons from West Africa to the USA or,
to a minor extent, to Brazil and to central Latin America
countries during three centuries (1550-1850) [32,33]. As
a consequence, the Arg304Gln mutation should be found
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Table 2. Compound heterozygotes involving the Arg304GIn mutation. n.r.= not reported.
Authors (year) Age/gender | FVII activity FVII Antigen | Bleeding Associated | Country Comments
Rabbit, Human, OX | (%) mutation
Giamsy-Blaizotetal | 1) n.r., M 5, n.r., n.r. 54 n.r. Ala244Val | North Africa | Country
(2001) 2)nr, F <5,n.r,n.r 55 n.r. Cys135Arg | France unspecified ;
3)nrM 3, nr., nr. 23 n.r. Gly180Arg | France Different kindreds
Ding et al. n.r., n.r. n.r., n.r., n.r. n.r. Mild Arg304Trp | China
(2003)
Pollak et al. 27,F 26 54 nr. 67 none Arg315Trp | USA African-
(20006) American
Marty et al. 57,F 10 n.r. n.r. 73 Mild Cys135Arg | France Patient had also a
(2007) (easy bruising) post surgery DVT
Hermann et al. 5 F 6 nr. n.r. n.r. Moderate Gly365Cys | USA
(2009) (gastro-intestinal)
Jin et al. nr, M 2 nr. nr. n.r. Mild His348GIn | China
(2015)
Kuppurswamy et al | n.r., n.r. 4, n.r, n.r. n.r. none GIn100Arg | USA FVII Kansas
(1993)
Latin America — Mediterranean =~ — - - - - -=-=--- > IRAN
(Argentina) Area
(Italy, Spain etc)
USA D West Africa? Japan
(only African- Americans (no case described so far) (indipendent origin effect)
affected;)

Fig 1. Schematic interpretation of the role played by migratory routes. Broken arrows indicate possible routes; solid arrows indicate

proven or likely routes.

among the population of West African countries such as
Senegal, Gambia, Liberia, Ghana, Nigeria and others.

Unfortunately, no homozygous case with this defect
has been reported from this area of Africa. The only avail-
able paper on the subject fails to report patients with FVII
deficiency that could be suspicious of being a case of
FVII Padua [34]. 49 African-Brazilians were investigated
for the presence of the Arg304GIn mutation but none was
found [24].

The problem should be clarified only by means of an
extensive investigation of the West Africa populations.
Important data in this regard have been supplied recently
by the “1000 Genomes Project Consortium investigation
[35,36]”. These studies have shown the presence of 12
heterozygotes for the FVII Arg304GIn mutation among
661 healthy African subjects (1,8%) and 3 heterozygotes
among 61 African-American healthy subjects of the
southwest USA (2,5%).

Furthermore the mutation was not found among other
ethnic groups of the same area of the USA. Taken
altogether these observations support the African origin
of the Arg304GIn mutation found in the USA. Compound
heterozygotes have been reported in several countries
(Table 2), confirming that the Arg304 residue is a hot spot
for mutations [6, 7]. The strict association between the
clotting abnormalities and the Arg304GIn mutation has

been repeatedly confirmed [13,17,18,37]. However, it has
to be remembered that other mutations may yield similar
discrepancies in FVII activity assays. For example, FVII
Nagoya (Arg304Trp) yields a clotting pattern similar to
that of FVII Padua [38]. However, the Arg304Trp muta-
tion is rare, having been described mainly in Japan, and
therefore the peculiar clotting pattern discrepancies in
FVII activity assays almost surely indicate the existence
of the Arg304Gln defect [39].

This indicates that the residue Arg 304 plays a funda-
mental role in the interaction with Tissue Factor (T.F.). It
has to be noted that, besides the catalytic domain of exon
8, another area of the FVII molecule is involved in inter-
action with T.F. This is the area of the first Endothelial
Growth Factor (EGF) controlled by exon 4. However, the
defects in this area are also rare and, furthermore, the
pattern of activation is not as typical as that presented by
FVII Padua [40,41]. The correct diagnosis of the
Arg304GIn mutation has important clinical implications.

Since these patients show a mild bleeding tendency or
are asymptomatic [3,6,13], one has to be very careful with
the replacement therapy to avoid possible thrombotic
complications [42-44]. Since the Arg304GIn mutation is
rare in Northern Europa (45,46) it may be stated that the
main sites are represented by the Mediterranean area,
West Africa and the USA as a result of “forced” emigra-
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tion from West African countries. The last conclusion is
supported by the observation that all true homozygotes
seen in the USA are African Americans [43,44].
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