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+-thalassaemia in the Po river delta region (northern
Italy): genotype and f3 globin synthesis

L DEL SENNO*, M PIRASTUt, R BARBIERI*, F BERNARDI*, D BUZZONI*,
G MARCHETTI*, C PERROTTA*, C VULLOt, Y W KANt, AND F CONCONI*

From *Centro di Studi Biochimici sul Morbo di Cooley, Universita degli Studi di Ferrara, Italy; tHoward
Hughes Medical Institute Laboratory, and Division of Genetics and Molecular Hematology, Department of
Medicine, University of California, San Francisco, USA; and * Divisione Pediatrica, Arcispedale S Anna,
Ferrara, Italy.

SUMMARY Six P3-thalassaemic patients from the Po river delta region have been studied. Using
synthetic oligonucleotides as specific hybridisation probes, the ,B+ IVS I mutation (G->A at
position 108) was demonstrated. This lesion and the enzyme polymorphism pattern in the
subjects examined are the same as have been described for other Mediterranean +-
thalassaemias. Antenatal diagnosis through DNA analysis of P+-thalassaemia is therefore
possible. The production of Pi globin in a ,B+ homozygote and in a IB+, °' 39 (nonsense mutation at
codon 39) double heterozygote is approximately 20% and 10% respectively of total non-a globin
synthesis. Despite some overlapping of the results, similar 13 globin synthesis levels have been
obtained in 43 ,13-thalassaemia patients. This suggests that in the Po river delta region the most
common thalassaemic genes are 39 and j3' IVS I.

The frequency of the thalassaemic gene in Italy is
very high' and in the Po river delta (northern Italy)
it can reach 20%.2 In this region, in addition to a

form of P0-thalassaemia which has already been
characterised,323 forms of a-thalassaemia have
been described.4 5 The aim of this paper is to report
the presence in this region of a form of IP+-
thalassaemia and to describe its molecular lesion.
When the population with Cooley's anaemia in

the Po river delta region was examined for haemo-
globin patterns, in addition to the typical Ferrara f3O-
thalassaemia subjects, patients with i globin pro-
duction were found. Since restriction enzyme
polymorphisms619 and synthetic oligonucleotides
have been used as highly specific techniques for the
identification of different mutant K globin genes,'O-"
DNA analysis was performed both with restriction
enzymes6 and with specific synthetic oligo-
nucleotides6 in six P+-thalassaemic subjects. The
results obtained showed that the subjects examined
carry a G to A transition at position 108 of the first
intervening sequence of the i globin gene,7 8 as

found in Greek and other Mediterranean
populations.6
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The level of K globin synthesis of this I+-
thalassaemia gene has been determined in intact
erythroid cells and in cell free incubations, both in
homozygous and in doubly heterozygous subjects.
The amount of a globin synthesis directed by a
single mutated j3 gene is approximately 10% of the
total non-a globin synthesis.

Materials and methods

SUBJECTS
Cooley's anaemia patients with some reticulocyte i
globin synthesis were examined. They were unre-
lated and all originated from the Po river delta
region.

GLOBIN SYNTHESIS DETERMINATION

Heparinised samples of peripheral blood, the reticulo-
cytes isolated through Percoll gradient
centrifugation,15 and bone marrow erythroid cells
were washed with saline and incubated with 3H
leucine in Eagle's MEM (Flow Laboratories) for one
hour.'6 Globins prepared by acid acetone precipita-
tion were separated on carboxymethyl cellulose
column chromatography and the radioactivity was
determined as previously described.17
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RESTRICTION ENZYME ANALYSIS OF GENOMIC
DNA
A total of 10 gg DNA from white blood cells was
digested with Hindlll, BamHI, Hincll, and AvaIl
under the conditions recommended by the manufac-
turers (Boehringer-Mannheim; Bethesda Research
Laboratories). The digested DNA was elec-
trophoresed on 0-8% agarose gel, transferred to a
nitrocellulose filter, and hybridised to four 32P
labelled nick translated plasmids containing y, ,
VPB, and E globin sequences respectively.9

SYNTHETIC OLIGONUCLEOTIDE ANALYSIS OF
GENOMIC DNA
A total of 5 to 10 ,ug BamHI digested DNA was
electrophoresed on agarose gel, denatured, and
dried as described by Pirastu et al.'0
The two nonadecamers, specific for the thalas-

saemic lesions ° 3910 and P+ IVS I,"1 were
synthetised by the solid phase phosphotriester
method in an automatic DNA synthetiser (Microsin
1450, SYSTEC). The two probes were labelled with
32P and hybridised to gels according to Pirastu et
al."

RNA PURIFICATION AND ANALYSIS
Total RNA was obtained by phenol extraction and
poly A' RNA was prepared by oligo dT cellulose
column chromatography.12 The poly A' RNA was
translated in vitro using a rabbit reticulocytes
translation kit (New England Nuclear Chemicals)
under the conditions already described.13 The
amount of (3 globin mRNA was measured by liquid
hybridisation with 3H (3 and 3H a cDNA probes
according to the method of Ottolenghi et al.'2

Poly A+ RNA was electrophoresed on agarose gel
and transferred to a nitrocellulose filter as described
by Thomas.'4 The nitrocellulose blots were baked
for two hours at 80°C, then hybridised to a 32P (3
cDNA plasmid and autoradiographed, as described
by Flavel et al.9

Results

LEVEL OF ( GLOBIN SYNTHESIS IN
UNFRACTIONATED PERIPHERAL BLOOD
Globin synthesis in intact reticulocyte incubations
was examined in 43 P+-thalassaemia patients from
the Po delta region. The data obtained are shown in
fig 1. The values of (3 synthesis relative to non-a
globin ranges from 5 to 30%, the most frequent
values being around 10 and 20%.

RESTRICTION ENDONUCLEASE ANALYSIS OF
GENOMIC DNA
The DNA from six P+-thalassaemia patients was
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FIG 1 Percentage of( globin synthesis in 43 + Cooley's
anaemia subjects.

analysed by the blotting technique using Hincll,
HindIII, AvaII, and BamHI restriction enzymes,
which have polymorphic sites within the (3 gene
cluster.6 The combined use of these four enzymes
has allowed the identification of restriction patterns
typical of several forms of thalassaemia.6 The
hybridisation conditions and the data obtained are
shown in fig 2. Two of the six cases were homozy-
gous for haplotype I, described by Orkin et al,6 in
association with P(-thalassaemia presenting a G to
A transition at nucleotide 108 of the first intron.7 8
The other four cases showed polymorphic patterns
compatible with heterozygosit6y for haplotype I and
IX, described by Orkin et al, the latter in linkage
with (0-thalassaemia presenting a nonsense muta-
tion at codon 39.18

HYBRIDISATION WITH SPECIFIC
OLIGONUCLEOTIDES
The presence of the IVS I and (3 39 mutations,
suggested by the restriction pattern of fig 2, was
further investigated, hybridising the DNA of the
same subjects with the synthetic oligonucleotides
specific for the two mutations.'°01 The results
obtained in three (3- (MD, AR, and BF of fig 2)
and in one (30-thalassaemia patients are shown in fig
3.
The DNA of the patients was digested with
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FIG 2 Restriction site pattern in the globin gene cluster ofsix + Cooley's anaemia subjects. + and - indicate the presence
or absence ofthe cleavage site in the DNA regions indicated. Haplotype I and IX described by Orkin et al 6 are shown.

BamHI restriction enzyme which gives rise to a

globin fragment of 1*8 kb including both codon 39
and the first intervening sequence. The two probes
hybridise only if the corresponding mutation is
present. Therefore subject 1 is homozygous for the
,B+ IVS I mutation, subject 2 is homozygous for the

39 mutation, and subjects 3 and 4 carry the two
mutations. The hybridisation patterns obtained in

the six subjects studied (two homozygous for the
IVS I mutation and four double heterozygotes) are
compatible with the restriction patterns of fig 2.

GLOBIN SYNTHESIS IN 13i3+ AND
PATIENTS
In order to estimate the level of globin synthesis
due to this P+-thalassaemia gene in single or double

3039

FIG 3 Autoradiographic pattern of
BamHl digested thalassaemic
DNA. Gels were hybridised (a)
with IVS and (b) with P 39
oligonucleotides. For experimental
details see Methods section.
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TABLE Globin biosynthlesis ratio (13/13+y) in two
f3 + -thalassaemia subjects.

Subtiect Erstrhroid Intact cell (ell tree
c(llx incubatie,, incubation

531s-- Reticulocvtes 0(210'(2
Younger (-20 -

reticulocstes
Nucleated cells 0-23 0(22

3+I3°- Reticulocvtes (011 0-12
Younger 01)09 -

reticulocvtes
Nucleated cells 11 -

dose, globin synthesis was studied in two 13-

thalassaemia patients, one homozygous for the
IVS I mutation and the other doubly heterozygous
for the IVS I and 39 mutation (MD and FA of fig
2 and cases 1 and 4 of fig 3). Biosynthetic data were
obtained in whole reticulocyte and bone marrow cell
incubations and by cell free translation of the poly
A' mRNA isolated from the two cell types.
The ratio of to 1+y globin synthesis both in

young and mature erythroid cells was about 0-20 in
the homozygous subject and 0-10 in the doubly
heterozygous (table). The two ratios were main-
tained in cell free conditions. In addition, the same
percentages of globin synthesis were found in cells
of different ages in both subjects, thus indicating the
stability of globin mRNA and excluding a decrease
of 13 globin synthesis during cell maturation. The
relative amount of globin mRNA was measured by
cDNA hybridisation in the reticulocytes from the
homozygous subject. The 1/1+y mRNA ratio was
0-19 and corresponded to the globin synthesis ratio
already r2eported for other 13-thalassaemic
patients.242
The same RNA sample was analysed by agarose

gel electrophoresis and hybridised to a cDNA
probe. The autoradiographic pattern showed the
usual faint band approximately 800 nucleotides long
preceding the normal 10 S band of mature globin
mRNA (fig 3).

G- A at position 108 of the IVS I of the gene. This
nucleotide substitution causes a new splicing signal
which results in abnormal splicing and instability of
the RNA. Only a small amount of RNA is correctly
processed and this leads to low levels of globin
synthesis.211 21

Supporting this abnormal processing, a globin
RNA fragment, larger than normal, was found in
the 13+ homozygous subject examined. Similar data
have been reported in P3-thalassaemia patients of
Greek origin.22

In addition, as expected, the globin synthesis
levels observed both in erythroid cells at different
maturation phases and in a cell free system are
constant, thus confirming the stability of the de-
creased number of globin mRNA molecules
correctly processed.
The ratios of to P+y globin synthesis are

approximately 0-20 in the homozygote and 0-10 in
the double heterozygote. Correspondingly, in 43
1+-thalassaemic patients examined, the distribution
of synthesis levels shows two main peaks, one
approximately at 10% and the other at 20% (fig 4).
However, owing to some overlapping of the values,
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Discussion

The data presented in fig 1 show that in the Po river
delta, as in other Mediterranean regions, 13-

thalassaemia is present as well as 13- and a-

thalassaemia. These 3+-thalassaemics represent
approximately 50% of the total Cooley's anaemia
population and are preferentially distributed in the
northern part of the river delta (data not presented).

In six 13-thalassaemics examined, both restriction
enzyme polymorphism analysis and oligonucleotide
hybridisation show that this form of 1-thalassaemia
is caused by the already described7 8 point mutation

'-thalassaemia Normal
FIG 4 A utoradiographic pattern of reticulocyte poly A + ,
globin RNA in a P3-thalassaemia homozygote and in a

normal subject. RNA was electrophoresed on agarose gel,
transferred to a nitrocellulose filter, hybridised to a , cDNA
plasmid, and exposed to x-ray film as described in the
Methods section.
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the distinction between the 13 homozygotes and
double heterozygotes based on globin synthesis is
not always clear. The distinction between the P3-
and f0-thalassaemia gene is also difficult in heter-
ozygotes. The healthy carriers of the two genes
studied so far (data not reported) show only slight
differences in the mean cellular volume (13k parents
(38): MCV 75-1±7*2 SD; 13 parents (37): MCV
70*5±4*6 SD).

In conclusion, the form of P3-thalassaemia in the
Po river delta region is caused by the IVS I mutation
and presents the same restriction enzyme pattern
(haplotype I of Orkin et al 6). It is therefore possible
that this thalassaemia gene came from Greece to the
Po delta region where Greek influence has been
demonstrated.

Since the genotype found in six 13 and in eight 1
Cooley's anaemia patients examined so far (except
one)23 are either 13+-thalassaemia IVS I or 130-
thalassaemia 39, the synthetic oligonucleotide tech-
nique can be applied to the antenatal diagnosis of
forms of 13-thalassaemia in the Po river delta.
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