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ABSTRACT

We report a retrospective analysis carried out on 23,485 subjects submitted to a screening program from 2000 to 2006. Of these sub-
jects, 3,934 had borderline HbA: values from 3.1 to 3.9%; 410 samples, analyzed previously using PCR methods and sequencing
because all of these were partners of a carrier of classical 3-thalassemia, were selected for statistical analysis. Of 410 subjects, 94
(22.9%) were positive for a molecular defect in the 3-, 8- or a-globin genes. The most prevalent molecular defects were 3 IVS1 nt 6
(HBB ¢.92+6T C), co-inheritance of severe 3 thalassemia and & mutations, 3-promoter mutations and triplication of « genes were
detected; a-thalassemia and Hb-variants were also evident. Borderline HbA. is not a rare event in a population with a high prevalence
of B-thalassemia carriers. These data support the necessity to investigate these cases at a molecular level, particularly if the partner is
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Introduction

In a country with a high prevalence of B-thalassemia, the
detection of borderline HbA: subjects should be addressed to
avoid missing at risk couples. In Sicily it has been reported that
there is a 6% prevalence of B-thalassemia carriers with an
expected 1/270 probability of at risk couples.' In fact, while
the presence of a single B-thalassemia allele is usually associ-
ated with hypocromic microcytic red cells and an increase in
HbA: levels, in some cases, the effect of the B-thalassemia
genotype or the interaction of this genotype with other
molecular defects (o-, 8-thalassemia) may render this allele
completely silent with normal or borderline hematologic and
HbA: levels.

Due to these factors, some individuals with B-globin gene
silent mutations™® or with triplication of a-globin genotypes*
may be missed during screening programs for B-thalassemia,
and may only be detected following the birth of an affected
offspring. These genotypes must be considered at risk for hav-
ing children with B-thalassemia if their partner is a carrier of
the classical B-thalassemia mutation.” In this paper, we report
the results of the molecular analysis of 410 subjects with nor-

mal or B-thalassemia carrier-like phenotypes, without iron
deficiency, and with HbA: levels between 3.1 and 3.9%. The
main objective of the study was to evaluate the prevalence
and the significance of borderline HbA: values for subjects in
our population. The secondary aim was to perform a geno-
type-phenotype correlation within the sub-group of subjects
with B or oo molecular defects.

Design and Methods

A previous study on borderline HbA> phenotype occurrence
in areas with high prevalence of B-thalassemia,’” using HPLC
procedures for HbA> determination, defined values of HbA:
between 3.3 and 3.7 % as borderline. However, because of the
high heterogeneity of molecular defects”® evident in our pop-
ulation, with also a prevalence of defects causing B*- or B*-
thalassemia, we defined HbA: levels as borderline if they
were between 3.1 and 3.9%.

A retrospective analysis was carried out on 23,485 samples
obtained during a program for B-thalassemia carrier screening
in the Sicilian population from 2000 to 2006. We identified
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3,934/23,485 (16.75%) samples showing borderline
HbA: levels; of these, 726 were partners of carriers of -
thalassemia and all were submitted to molecular analy-
sis; from these we selected only 410 samples, without
iron deficiency anemia or hemoglobin variants, for sta-
tistical analysis. Figure 1 shows the profile of study per-
formed in this work.

The samples showing iron deficiency anemia or
hemoglobin variants were excluded from statistical
analysis to avoid study bias. All samples are routinely
subjected to hematologic and molecular analysis as pre-
viously described.” All statistical analyses were per-
formed with STATA 9 (StataCorp, 4905 Lakeway Drive,
College Station, Texas 77845 USA). Means are reported
with standard deviation (SD); proportions and differ-
ences are reported with 95% confidence intervals (CI).
A Receiver Operating Characteristic (ROC) analysis
was performed to determine sensitivity and specificity
of HbA: determination in detecting an ar risk genotype
within the 3.1 to 3.9% interval.

This study was approved by the Ethical Committee
of A.O. “V .Cervello” Hospital, and informed consent
was obtained from all subjects.

Results and Discussion

Among 410 subjects with borderline HbA: values, 94
(22.9%) were positive for a molecular defect in the B-,
8- or a-globin genes. No molecular defects were found
in the remaining 316 individuals (Figure 1).

Among the positive samples, 55 had MCV < 80 fl
(group A) and 39 had MCV 2 80 fI (group B). Table 1
shows the hematologic findings of the positive samples.

Group A. Genotypes and hematologic findings of this
group of subjects are shown in Table 1A. The IVSI nt6
(HBB ¢.92+6T—C)’ genotype, the presence, in cis or in

23,485 samples considered
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trans, of severe B and 8-thalassemia mutations and the
o-thalassemia genotype accounted for 81.8% of these
molecular globin gene defects (Figure 1, Table 1A). In
the samples with the  and § mutations, family analysis
showed that 7/11 subjects had mutations in trans. No
difference was found in HbA: levels if mutated §-globin
gene was in cis or in trans with mutated B-allele but
more data are necessary for a correct statistical analysis.
Among those with o thalassemia, 8 showed the -0’
deletion (Z84721.1:g.34164_37964del3801)," one had
the mutation in the initial codon of the oz gene
AUG—ACG (HbA2 c.2T—C)" and the last had a dele-
tion of a pentanucleotide in the IVS1 donor site (HbA2
c.95+2_95+6delTGAGG)" located in the 5 region of
the o globin gene.

Six samples (10.90%) were heterozygotes for -
101(HBB c.-151C—T),* and -92 (HBB c.-142 C—T)’ B-
globin gene promoter mutations (Figure 1, Table 1A).
Furthermore, 2 of these cases were also carriers of the -
o’ deletion (Z84721.1:g.34164_37964del3801)" and
showed lower HbA: levels (3.4% and 3.5%).

Three (7.69%) subjects were carriers of hemoglobin
variants, both o and B (Figure 1, Table 1A). The hemo-
globin variants detected were Hb Acharnes B-Cod 53
(HBB ¢.160G—A),” Hb Bernalda a:-Cod 119 (HbA1
c.358C—T)" and Hb Emz B-Cod 123 (HBB
c.371C—A),"” respectively. Moreover, the carrier of Hb
Emz (HBB c.371C—A) also showed the -0 deletion
(£84721.1:g.34164_87964del3801) with a greater reduc-
tion of MCV (69.7 fL) and MCH (23.4 pg) and a higher
HbA: level (3.6%), without polycythemia. One sample
was positive for the o.-globin gene triplication (olow0™*7)*
(Figure 1, Table 1A).

Group B. Two genotypes showed the o-globin gene
triplication (coior™*’)* and the B-globin gene promoter
mutation, -101 (HBB ¢.-151C—T)? and -92 (HBB c.-142
C—T),> accounted for the 71.8% of these molecular glo-
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thal or o-thal pre-
sented in samples
with HbA:> between
3.1 % and 3.9%.

14 (35.90%) with cowor™™®7

14 (35.90%) with B-promoter defect
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Table 1. Hematologic parameter mean values and Standard Deviation (SD). (A) parameters of the genotype group found in sample with
MCV<80 FL. Among double heterozygotes for severe - and d-thalassemia, 5 subjects showed o8 IVSI nt110 (HBB ¢.93-21G—A), 3 had
an association with & HbA>Yialousa (HBD ¢.82G—T) and 2 with IVSIl nt 897(HBD c.316-2 A—G), 2 subjects a 3 IVSI nt1 (HBB c.92+1
G—A) and HbA:-Yialousa, 3 subjects had a B codon 39 (HBB ¢.118C—T) with HbA:-Yialousa and the last individual showed a double het-
erozygosis for ofy IVSIl nt745 (HBB ¢.316-106C—G) and HbA:-Yialousa. (B) Parameters of the genotype group found in sample with
MCV>80 FL.

A Groups Frequence RBC (10%/mm?*) Hbga MCV (fL) MCH (pg) RDW (%) HbA: (%) HbF (%)
IVS 1 nt 6 heterozygote 24 5.770.62 12.94+1.26 69.18+2.58 2247:0.85  14.47+0.62 3.69+0.14 0.53+1.36
severe [3 heterozygote; 1 5.82+0.56 11.66+0.85 61.532.91 20.08+1.12 15.10.70 3.49:0.17 1.20+0.76
d heterozygote
{3 promoter heterozygote 6 5.19+0.57 14.36£1.10 77.73£1.48 27.93+3.40 13.43+0.58 3.67+0.19 0.88+0.92
[3 Variant* heterozygote 3 5.08+1.02 12.60+1.73 74.03£3.80 25.00+1.42 14.83+1.62 3.37£0.21 0.63+0.21
oo™ heterozygote 1 4.70 12.30 75.20 26.01 13.10 3.10 0.50
-0 heterozygote 10 5.23+0.80 12.83+1.05 74.41+6.96 2487+2.87  14.33:1.49 3.13+0.67 0.29+0.25
B Groups Frequence RBC ( 10%/mnr’) Hb (g/dL) MCV (fL) MCH (pg) RDW (%) HbA: (%) HbF (%)
Lol heterozygote 14 4,66:0.61 13.89+1.47 86.51£2.92 29.94+1.24  12.56+0.56 3.35:0.12 0.60+0.56
{3 promoter heterozygote 14 4.56+0.35 13.35£1.33 85.98+3.21 29.25+1.37 13.06+0.52 3.70£0.96 1.29+1.34
bSNP heterozygote 6 4.39+0.36 13.28+1.32 88.55+3.66 30.27+1.11  12.58+0.65 3.33:0.16 0.30£0.19
{3 Variant** heterozygote 3 5.14+0.41 15.20+1.35 86.70+1.08 29.50+0.44  13.23:0.93 3.2740.16 0.67+0.45
-0 heterozygote 2 4.40 12.30 80.30 27.80 13.50 3.40 0.00
5.00 13.40 80.60 26.80 13.90 3.10 0.50

*Hb Acharnes (HBB ¢.160 G—A); Hb Ernz (HBB ¢.371 C—A); Hb Bernalda (HBAI ¢.358 C—T); **Hb Kokomo (HBB ¢.223G—A); Hb Ernz (HBB ¢.371 C—A).

bin gene defects (Figure 1, Table 1B).
An undefined Single Nucleotide Polymorphism (SNP)
in the B-globin gene was shown in 6 cases (15.4%)

®p + dthal *BIVS 1.6 « p-promoter ¢ cor/owor

(Figure 1, Table 1A). Among these 5 unrelated samples, ~ MCV() KON U R SO o
there was a T—C substitution at 12 nts 5' to the poly A 85l el Te
site or +1570 from the CAP site (HBB c.*+96T>C). This ¢ . -
final substitution was described previously as a B tha- B — b e
lassemia mutation™ and recently as a polymorphism.” - ox
A point nucleotide substitution, not previously L& D S N A S S S
described, was also found in one sample at position B - 700 * o __*_*,___’_(?;I __________
54 G—A (HBB c.-104G—C) (M. Vinciguerra, personal SRR L
communication, 2006). e s i e e i N A

Three samples (7.7 %) presented an Hb Variant of the P ] * L. .
B-globin gene (Figure 1, Table 1B): 2 subjects with Hb * o

55

Emz (HBB c.371C—A)” and one with Hb Kokomo
(HBB ¢.223G—A) (M. Gallivan, personal communication,
2005). Two samples (5.1%) showed the -o*” deletion
(Z284721.1:g.34164_37964del3801) (Figure 1, Table 1B).

The importance of detecting all B-thalassemia carriers
is very relevant for a prevention screening program
aimed at the identification of ar risk couples. Moreover,
although borderline HbA: values were previously
described during a B-thalassemia screening program in a
high risk population,® so far, we do not have any accu-
rate data on their prevalence and clinical significance.

The results of this retrospective analysis, although
limited by the selection of samples, suggest both that
this event is not rare in our population and that it may
be associated with at risk B-thalassemia genotypes.

The most severe B molecular gene defects were found
in Group A, and included samples with borderline HbA»
values and MCV <80 fL (Figure 1). In fact, if we select
the four main genotypes found in the A and B groups
for a cut-off MCV value of 80 {L (Figure 2), we find that
in the MCV280 range it is possible to detect B-globin
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Figure 2. Distribution of HbA2. and MCV values of the four geno-
types most presented in the group A and B, among the selected
borderline HbA: levels.

gene promoter mutations and triplication of the o glo-
bin gene, while the most severe genotypes at the [VSI nt
6 (HBB c.92+6T—C) and the co-inheritance of severe- B
and § thalassemia mutations were detected only in the
MCV <80 range (Table 1, Figure 2).

Furthermore, in the group with MCV280 fL, the -
promoter mutation carriers showed a higher HbA: level
(Table 1, Figure 2) with a statistically significant differ-
ence (t=8.08; p<0.05) in comparison with the o globin
gene triplication group (Table 1, Figure 2).

These findings suggest that, according to the evalua-
tion of both MCV and HbA:, it is possible to differenti-



ate mild mutations from more severe B-globin gene
defects. Moreover, this suggests that genotypes previ-
ously described (mutations of B-promoter and o globin
gene triplication) to be linked with a risk for mild or
intermediate thalassemia phenotypes, if the partner is a
carrier of a classical B thalassemia mutation,'® were pres-
ent only in the group with borderline HbA: values and
MCV 280 fL. A ROC analysis was performed consider-
ing each single HbA: value from 3.1 to 3.9% as a cut-off
point. At the 3.5% HbA: cut-off value, sensitivity and
specificity were 77.81% and 67.90% respectively. Using
the 3.5% HbA: value as a cut-off, we correctly classified
the 75.85% of cases with a Likelihood Ratio + of 3.06.

The o thalassemia genotype was found among sam-
ples from Group A and B (Figure 1, Table 1). In Group
A, o thalassemia showed classical hematologic findings
associated with an anomalous slight increase in HbA:>
level (Table 1A). Similar results were reported by
Galanello” during screening programs in Sardinia.
Regulation factors may play a role in the increase in
HbA: levels, although so far there is no plausible expla-
nation.

Hemoglobin variants were also detected among sam-
ples from Group A and B (Figure 1, Table 1). Among
these, three Hb wvariants, Hb Acharnes (HBB
c.160G—A),"” Hb Bernalda (HbA1 c.358C—T)" and Hb
Ermnz (HBB ¢.371C—A),"” previously described in
Italians, Greeks and in a family of Moroccan origin,
were detected in Group A, while in Group B one case
with Hb Kokomo (HBB ¢.223G>A) (M. Gallivan, person-
al communication, 2005) and 2 cases with Hb Ernz (HBB
c.371C—A)" were found (Figure 1, Table 1). Probably,
the B-globin gene variants, detected in Group A and B,
caused a mild reduction in the expression of mutated
alleles, allowing the carriers to present a normal hema-
tologic profile with a slight increase in HbA: level.

The possible interaction of o thalassemia or of these
Hb variants with a heterozygote for a classical B tha-
lassemia mutation does not change the carrier pheno-
type'®”® except for Hb Acharnes (HBB c.160G—A). As
reported in a previous study, a subject with intermedi-
ate thalassemia resulted from the association of Hb
Acharnes with B IVSI ntl (HBB c.92+1 G—A) muta-
tion.” Finally, other genotypes detected only among
Group B were an undefined Single Nucleotide
Polymorphism (SNP) in the B-globin gene (Figure 1,
Table 1B). These last samples were difficult to evaluate
and it was necessary to incorporate family history to
better understand their potential influence on the phe-
notype. However, so far there is no evidence regarding
their possible role as ar risk B-thalassemia genotypes.
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