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South-Italy $°-thalassemia: a novel deletion not
removing the y-globin silencing element and with
3' breakpoint in a hsRTVL-H element, associated
with p°-thalassemia and high levels of HbF

Hereditary persistence of fetal hemoglobin (HbF) in
adulthood may be due to: mutations in the y-globin genes
promoter, mutations in the transcriptional factors involved
in their regulation, polymorphic sequences or large dele-
tions in the p-globin cluster.'

Recently, Sankaran clarified the role of the 3.5 kb inter-
genic region upstream of the d-globin gene that appears to

be required for efficient y-globin silencing through binding
with the transcription factor BCL11A.*®

In this paper, we describe a compound heterozygote
with a point p°-thalassemia mutation and a novel p°-tha-
lassemia deletion who suffers from mild thalassemia inter-
media with high HbF levels.

A 15-year old boy from Bari, south-east Italy, was
referred for mild microcytic anemia associated with a
slight enlargement of spleen and liver. In the propositus,
the HbA was absent and replaced by HbA2 (4.7%) and
HDbF (95.3%). The non o/a globin chain biosynthetic ratio
was 0.30. Both parents showed a p-thalassemia trait phe-
notype with increased levels of HbF and HbA2. The
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Figure 1. (A) Pedigree of the family. The hematologic and molecular data are reported. (B) Globin chains separation by reverse-phase
HPLC in the proband. The a, ¢y and *y globin chains are indicated. The position of the “missing” -globin chain is indicated by an arrow.
The ratio between % and “y-globin chains is 52:48. (C) Electropherogram of the sequence of the deletion breakpoint. The sequence from
South-Italy 3°-thal deletion breakpoint (Del) is aligned with the corresponding normal 5’ (5'N) and 3’ (3'N) sequences. The region of
microhomology (5’-GTCTGA-3’) present in the sequences closely flanking the breakpoints is boxed. In the lower part of the figure is
reported the structure of the - globin gene cluster in the South-ltaly f$ °-thalassemia. The RTVL-H element and the HPFH-2 and the HPFH-

1 enhancer elements (diamonds) are also reported.

haematologica 2013; 98:€98




HS5
HS4
HS3
HS2
HS1
HS1

€ GyAy yBp & B 35 OR51V1

3

RTVL-H OR52A1
Py N

10kb

OR52A5
M Compound Heter Heter Ref

hete

W

15,300, 000 15,250, 000

Dutch p°-thal

Is,z00,000 |

Hb t.d. Hb F Hb A2
4.1-10.9 5.1-8.6(11) 9

scate
Is, 150,000 :chri1

South-ltaly B°-thal 10.2-10.8 (1) 9.0 63(1) pa.
Filipino p°-thal ¥ 1 3891 71732 9
Kurdish p°-thal — 7.4(1) 12440 7.182(3) 2

Sri Lankan (8f)°-thal
12.6 kb (8p)°-thal

13.7-21.9 2.4-283) 2
21.3 2.0() 1

Sicilian (3p)°-thal 6.8,122(2) (3) 4.0-12.6 23(ar) 10,9
HPFH-6 8.9 (1) 17.1-20.0 1.7253) 9
Chinese Gy(Ay3p)°-thal 10.6,109(2) (3) 9.3-157 2.7(nr) 13,9
HPFH-2 (2) 21.6-27.2 ar(or) 10,9
84.8 kb HPFH 25.1-282 1.8-2.7(2) 2
HPFH-1 21.4-28.2  nr (nr) 9

Figure 2. Scheme of -globin gene cluster with the position of the RTVL-H element. Genes are indicated by filled rectangles; pseudo-
gene is indicated by an empty rectangle; DNA Hypersensitive Sites (HS) are indicated by empty triangles. The dashed lines indicate on
the left the position of BCL11A binding-site at 5’ of d-globin gene and on the right the 3’ breakpoint of the South-Italy (3 °-thal deletion.
In the lower part of the figure the position of various deletions is shown by thick lines: deletions associated to either a 3°- or (6f)°-thal
phenotype are in green, deletions associated to an HPFH phenotype are in red and the novel South-Italy (3 °-thal is in black. On the right
side are reported: (Hb) Hb levels in the patients suffering from thalassemia intermedia (the number of thalassemia intermedia patients
is indicated in parenthesis); (t.d.) the number of transfusion-dependent patients; the HbF and Hb A2 levels found in the heterozygotes.

propositus, his mother and his brother were carriers of the
-0’7 deletion (Figures 1A and B).

By sequence analysis, the mother was found to be het-
erozygous for the -thalassemia mutation at codon 44(-C),
the father and brother appeared normal; the propositus
was apparently homozygous for the maternal mutation.
This discrepancy suggested the presence of a f-globin gene
deletion inherited from the father. By restriction mapping
and inverse-PCR* (Online Supplementary Figure S1) we iden-
tified a novel 66,151 bp deletion with the 5’ breakpoint at
-3,632  bp  upstream  the p-globin  gene
(NG_000007.3:2.66902_133052del66151) and the 3’
breakpoint at about 62 kb downstream the -globin gene:
the South-Italy p°-thalassemia. The sequences closely
flanking the breakpoints present a microhomology (5’
GTCTGA-3’) that may have contributed to the non-
homologous recombination event (Figure 1C). The 3’-arm
of the deletion sequence showed 13 SNP base substitu-
tions (Online Supplementary Figure S2).

To explain the molecular basis of the high HbF levels
observed in our patient, we analyzed several polymor-
phisms in cis or in trans to the B-globin gene cluster, associ-
ated with increased HbF levels (Online Supplementary Table
52).7°

The mutation (3°-thal cod 44(-C), was linked with the
Gy-309(A>G) polymorphism associated with moderate
increase of HbFE. However, HbF levels in the mother (2.3%)
are similar to those found in other heterozygotes for cod
44(-C).” Moreover, homozygotes and compound heterozy-
gotes for cod 44(-C) suffer from thalassemia major.”

The South-Italy p°-thalassemia was not linked with any
polymorphisms associated with high HbF levels (Online
Supplementary Table S2). All family members were het-
erozygote for the SNP rs11886868(T>C) in BCL11A, asso-
ciated with reduced expression of BCL11A and, thus,
moderate increased levels of HbF (0.8-5.0%).”

Subsequently, we analyzed the rearrangement of the -
globin locus generated by this deletion to identify the fac-
tors that could contribute to the high HbF levels in the
propositus.

A known mechanism is the reduced competition of the
deleted B-globin promoter for the activity of Locus Control
Region which could also explain the increased levels of
HbA2 (6.3%) observed in the South-Italy p°-thalassemia

carrier. The finding is common in complete or partial 3-glo-
bin gene deletions showing microcytosis with significantly
higher HbA2 levels (5.5-9.0%), derived mainly from the -

lobin gene in cis to the deletion, and a modest increase in
HbF (0.2-11.7%).

Six other p-globin gene deletions retain the 3.5 kb y-
silencing element”"" and have the 5’ breakpoint in the
same region of the South-Italy p°-thal; compound het-
erozygotes with a B°-thal mutation suffer from either
transfusion-dependent thalassemia (n=4) or severe tha-
lassemia intermedia (n=2) with Hb levels of 7.4 (B*-thal)
and 6.8 g/dL (3°-thal) (Figure 2).”" The South-Italy p°-thal
does not remove the y-silencing element but the proposi-
tus has only a mild anemia (Hb 10.2-10.8 g/dL) with
95.3% of HbF. Thus the 3.5 kb y-silencing element pre-
vents the high levels of HbF expression in all these dele-
tions of p-globin gene cluster but it is less efficient in the
South-Italy p°-thal.

We compared the phenotype of our patient with that of
compound heterozygotes carrying 3-deletions with similar
3’ breakpoints but without the y-silencing element (Figure
2). All compound heterozygotes with HPFH-2, and 60% of
those with Chinese “y(*ydf)°-thal, are transfusion-depen-
dent; the patient with HPFH-6 has thalassemia intermedia
phenotype with Hb<9. In contrast, our patient with South-
Italy p°-thal is only slightly anemic with 10-11 g/dL of Hb,
most of which was HbF. It is intriguing that such a mild
clinical phenotype is present in only a fraction of com-
pound heterozygotes with these deletions, specifically in
40% of those with the Chinese Sy(“yoB)°-thal.* It is,
therefore, possible that additional genetic variations result
in the clinical heterogeneity of these patients. The high
HObF levels observed in our patient results from the peculiar
configuration of the 3’ breakpoint of the South-Italy B°-
thal. The putative enhancers of the HPFH-2 and of the
HPFH-1 are at 5,332 and 11,287 bp, respectively, down-
stream the South-Italy °-thal. More importantly, the 3’
breakpoint of the South-Italy B°-thal is within a 6 kb long
element that belongs to a human DNA repetitive family,
Homo Sapiens Retrovirus-like-H (hsRTVL-H), characterized
by two 415 bp long terminal repeats (LTRs).” This
hsRTVL-H element is downstream the Chinese “y(*ydf3)°-
thal and the HPFH-6; in contrast, the South-Italy (°-thal
removes the RTVL-H 5’ portion retaining the 3’ LTR
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(Figures 1C and 2) and this rearrangement could increase
its enhancer ability."” The level of HbF in our patient is
higher than that in the carriers of similar 3-globin deletion
retaining or missing the y-silencing element. This pheno-
type may be explained by some factor that could amelio-
rate the thalassemic phenotype (%y-309(A>G), BCL11
Ars11886868 C, -a*” heterozygosity), but more important-
ly, the South-Italy 3°-thal is the only deletion that brings 3
different enhancers (hsRTVL-H, HPFH-2 and HPFH-1)
within proximity of the y-globin genes. Although BCL11A
is a key regulator of y-globin silencing, our data support the
notion that other factors, in this case the 3 enhancers
downstream the 3’ breakpoint of the South-Italy deletion
and the potential effect of a large deletion on chromatin
organization and remodeling, may overcome the silencing
effect of BCL11A, and may allow the persistence of high
levels of HbF expression during adulthood.
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