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ABSTRACT

BCL11A was the focus of recent studies on its inhibiting effect when bound onto the B-globin cluster in the mecha-
nism of hemoglobin switching and HbF downregulation. We examined a cohort of 10 patients displaying different
HbF levels and short deletions within the y3-0 intergenic region to find a possible correlation with the BCL11A bind-
ing site located 5' to the d-globin gene. Precise characterization of deletions was achieved using a custom DNA-array
chip and breakpoint sequencing. The a-globin cluster and major SNP associated with HbF expression were geno-
typed. Our results show that the loss of the BCL11A binding domain located 5' to the d-globin gene is correlated with
a strong HbF difference (mean+2.7 g/dL, ratio 2.81). This result provides evidence for the use of BCL11A level down-

regulation or this domain blockage for new therapies in sickle cell disease and p-thalassemia major patients.

Introduction

A growing number of studies describe BCL11A as a major
repressor of fetal hemoglobin (HbF) expression. These include
the description of several single nucleotide polymorphisms
(SNPs) located in the BCL11A gene and linked to HbF level, and
thus, the severity of sickle cell disease and beta-thalassemia (3-
thal)"* and the demonstration of the direct binding of this tran-
scription factor onto several locations in the B-globin cluster, in
particular, to a region located 5' to the §-globin gene.® All these
studies allow us to draw a network of co-operating transacting
factors (KLF1, SOX6, GATA1 and BCL11A) involved in the
switch between fetal and adult hemoglobin (Hb). A recent
study® using the analysis of large deletions has defined a critical
area located 5' to the d-globin gene that appears to exert the
main repressor activity of BCL11A.

However, if the role of the BCL11A binding region is now
well documented, no studies have evaluated the consequence
of the deletion of that region in terms of HbF output. We report
the precise analysis of the correlation between phenotype and
genotype of patients displaying a short deletion (under 25 kb)
differing at the 5' §-globin gene breakpoint. The short length of
the deletions found in our patients makes these events not
comparable with hereditary persistence of fetal Hb (HPFH)
deletions whose mechanism is likely to bring the 3'HS (3'
hypersensitive site) activator site close to the y-globin genes,
and thus enhances HbF expression.”

Design and Methods

A cohort of 10 patients was selected from our DNA bank of

patients referred to our laboratory for the molecular analysis of a f3-
thal phenotype. Prior to sampling, patients received genetic counsel-
ing and gave their written, informed consent to the study. The
selected patients were heterozygous carriers of a short deletion fea-
turing the 5' breakpoint within the yp-d intergenic region. The phe-
notypic analysis of patients included red blood cell (RBC) count car-
ried out on an automated cell counter, and Hb study using cation
exchange high performance liquid chromatography (HPLC) (VARI-
ANT II™:; Bio-Rad Laboratories, Hercules, CA, USA).° The results
are shown in Table 1. Relevant hematologic data were obtained to
verify that no patient had received a blood transfusion which could
compromise data interpretation. This retrospective study was
approved by the Institutional Review Board of the Henri Mondor
Hospital, Créteil, France.

The molecular analysis of the B-globin cluster was achieved
including deletion detection using the quantitative multiplex poly-
merase chain reaction of short fragment (QMPSF) procedure.’
Precise localization of unknown breakpoints was determined using
a custom CGH-array chip with high probe density on the - and a-
globin clusters," and achieved by amplification then sequencing,
using primers extrapolated from probes flanking the deletions
(Online Supplementary Figures S1-S6).

In order to evaluate any correlation as precisely as possible, geno-
typing of the a-globin cluster and of the major SNPs associated with
high HbF was carried out (i.e. BCL11A rs4671393 and rs11886868;
HSB1L-MYB rs9399137; HB rs7482144-XMN1 Gy polymorphic site)
(Online Supplementary Figure S6).

We also ensured that neither a mutation/deletion in the BCL11A
gene nor a sequence modification within the three BCL11A binding
sites described in the B-globin cluster 5 was present (Online
Supplementary Tables S1-54).
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Statistical analyses were carried out using the Mann-Whitney
U test (non-parametric statistical analysis).

Results and Discussion

Results of phenotype analysis and molecular studies are
reported in Table 1. The studied patients can be divided
into three groups.

The first group to be considered includes Patients P and
Q. They were identified as carriers of a new 84.8 kb dele-
tion (84837 bp del,
NC_000011.9:g.5175177_5260013del84837) not described
before nor registered in HbVar (globin.cse.psu.edu/hbvar), and
the breakpoints have not been found in GenBank.

This deletion overlaps with Black HPFH-1
(NC_000011.9:.5174451_5259368del84918) and thus the
HbF rate observed in these patients is most likely caused
by the same molecular configuration as that of HPFH-1,
i.e. the proximity of the 3'HS activatory region close to the
y-globin genes.” Even if it removed the BCL11A binding
domain located 5' to the 8-globin gene, it would not be
possible to differentiate between the mechanism involved
in deletional HPFH and the effect of the BCL11A domain
loss.

The second group includes Patients A to E. They carry
deletions that do not remove the 5' 8-globin BCL11A bind-
ing domain (Figure 1). Patient A carries a 12.6 kb deletion,
described for the first time (12610 bp del,
NC_000011.9:g.5241853_5254462del12610), extending
from the d-globin gene IVS-II to 4 kb downstream of the
B-globin gene (Figure 1). This patient was also found to be

Table 1. Phenotypic and genotypic data of the studied patients.

Patients Phenotype

Gender-  Origin Hb MCv

heterozygous for a large o’ deletion (- —/acr). Patients B, C,
D and E are heterozygous for the rare 20.7 kb Turkish
deletion/inversion, described only once before in an
Anatolian family." The phenotype of these patients was
not precisely reported. Patients A to E have an average
HbF expression of 1.48 g/dL (SD 0.85; n=5). Patient A dis-
played the highest level of HbF (2.74 g/dL). The analysis of
the reasons that could explain this difference includes the
complex network of factors involved in HbF expression
and some features of the patient which are in favor of a
higher HbF level: Patient A is heterozygous for the 5 %y
Xmnl SNP which other patients in this group do not carry,
and has a higher number of RBCs (7.16x10°/L vs. an aver-
age 5.64x10°/L; SD 0.47, n=4) than the other patients.

The third group includes Patients X to Z. They carry
recently described deletions removing the the 5' 8-globin
BCL11A binding domain (Figure 1): the French West-
Indies deletion or the Algerian deletion." The average HbE
level found in these patients was 4.16 g/dL (SD 0.96, n=3)
and the highest values of HbF (5.24 and 4.10 g/dL) previ-
ously reported for these deletions" is in agreement with
our findings.

Thus, these two groups allowed us to estimate an evalu-
ation of the repressive action of BCL11A when bound onto
the 5' 8-binding site. Like in other similar cases, the Sicilian
(Op)° deletion of 13.4 kb, which is a short deletion frequent-
ly found with breakpoints close to that of the deletions
reported here but not removing the BCL11A domain, is also
associated with low HbF levels (ES Ghedira et al., personal
data, 2012: average HbF 1.21 g/dL; SD=0.47, n=6).

On the other hand, the Sicilian HPFH-5 deletion, which

Globin locus genotype
HbF  o-globin

HSB1L, MYB BCL11A
Xmnl snp137 snp snp

[B-globin

age (g/dL) (fL) (g/dL) gene gene (1] 393 868
A F-10 India 12.9 61.0 18.0 2.0 213 274 ——/aa het.: 12610 bp del [+~] TT GG CC
(first description)
B M-40 Turkey 149 68.0 25.1 24 43 06 aaaa  het. 2%7lkp Turkish [-~] TC AG TC
el-inv
C M5 France 115 63.0 212 2.4 167 192  adjaa het.: 20.7 kb Turkish ~ [-~] TC GG TC
del-inv
D M-40 Italy 12.2 62.0 215 28 105 127 adka het.: 20d7lk_b Turkish NA  NA NA NA
el-inv
E F-46 Turkey 104 64.0 20.0 2.2 83 086 aaaa het.:20.7 kb Turkish ~ [-~] ND ND ND
del-inv
X M-27  Martinique- 15.6 76.4 4.7 2.2 291 453  aalaa het.: 23732 bp del [+/~] TC AG TC
Italy French West Indies
Y M-26  Senegal  13.8 74.0 23.0 2.0 223 307  advaa het.: 23732 bp del [+~] TT GG 1T
French West Indies
B F-3 Algeria  13.5 63.6 23.6 1.9 363 490  as/aa comp. het.: [+~] TT GG TT
23962 bp del;
Algerian/HBB:c.19G>A
P F-35 France 124 79.5 26.0 1.8 282 349 avaa het.: 84837 bp del [-~] TT GG TT
(first description)
Q M-60 France 142 76.6 24.2 2.7 25.1 356 ad/a het.: 84837 bp del [-~] TT GG TT
(first description)

Group 2:A,B C,D and E; group 3: X,Y and Z; group 1: P and Q (who are siblings). Hb: hemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular Hb; het.: heterozygote;
del-inv: deletion-inversion; comp. het.. compound heterozygpte; Xmnl C>T: [-] = low F/[+] = high F; snp 137 T>C:TT = low F/CC = high F; snp393 G>A: GG = low F/AA = high F;

snp868 T>C: TT = low F/CC = high F
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Figure 1. Comparison of the extent of the four deletions found in our study along with the three deletions shown in Sankaran et al.’ the
Sicilian (5p)° 13.4 kb deletion and the Sicilian HPFH-5 12 kb deletion. The BCL11A binding-site laying 1.5 kb 5' -globin gene (yellow vertical
rectangle) is removed for 23.7 kb deletion as in the 49.8 kb Sri Lanka deletion® and the Sicilian HPFH-5 deletion, while it is maintained for
12.6 kb, 20.7 kb Turkish deletion-inversion, Sri Lanka (6f3)° and Sicilian (5f3)° deletions.

is also a short range (8p)° deletion (12 kb) but removing
the BCL11A 5' §-domain, is associated with high HbE
These data give further evidence of the direct functional
importance of this domain.

The genotyping of HbF-modifying SNPs in all our
patients did not show any evidence of a haplotype sup-
posed to be clearly in favor and correlated with a high HbE
expression. Thus, we could hypothesize that the main dif-
ference between the Patient A-E group (1.48 g/dL; n=5)
and the Patient X-Z group (4.16 g/dL; n=3) is only the
removal of the 5' §-globin gene BCL11A binding domain,
inducing a significant mean HbF difference of 2.7 g/dL
(Mann-Whitney U test; P<0.05).

Our results are consistent with a recent study® which
reported three deletions within the B-globin locus that
demonstrates the functional role of the 5' §-globin gene
BCL11A binding site in silencing the y-globin. In our study,
the extent of the shorter deletions found, and the absence
of several studied HbF modifiers, make the hypothesis of
the major importance of this domain stronger.
Furthermore, the literature to date cites that most of the
deletions described as HPFH feature this domain loss at
the 5' breakpoint, whatever its 3' end (i.e. the 12.9 kb
Sicilian HPFH-5).

The HbF expression rate is one of the main modulating
factors of several frequent red cell diseases and decades of
research into the elements involved in HbF-silencing have
retrieved numerous regions and transacting sequences
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supposed to play a role in this phenomenon.” The discov-
ery of BCL11A focused the research on that transinhibitor
factor. Our study, together with recent publications,
demonstrate that its binding domain, located 5' to the -
gene, is a major player in the complex network of factors
involved in HbF expression. We found that the loss of this
region is associated with an increase of 2.7 g/dL of HbE,
which would be sufficient to compensate the Hb lack in 3-
thal major patients” and would be sufficient to prevent
sickle cell anemia complications. These findings would
help to focus efforts towards defining new therapeutic
strategies through BCL11A silencing or preventing its
binding for HbF reactivation.
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