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Background and Objectives. The degree of globin chain
imbalance and tissue hypoxia are important determinants
of clinical severity in thalassemia syndromes. Thus phe-
notypic expression may be modified by interaction of a-
and -thalassemia defects, level and type of hemoglobin
synthesized and oxygen release to the tissues. We eval-
uated hematology, erythroid marrow activity and func-
tional anemia in patients with the rare interaction of a
single a-globin gene and heterozygous [3-thalassemia
(HbH/B-thal trait).

Design and Methods. In 7 patients characterized by DNA
analysis to have HbH disease genotypes with [3-tha-
lassemia trait, we assessed hematologic findings, serum
transferrin receptor (sTfR), serum erythropoietin (Epo),
red cell 2,3-disphosphoglycerate (2,3-DPG) and whole
blood oxygen releasing capability.

Results. Patients with HbH/B-thal trait had moderate
anemia, marked hypochromasia and microcytosis, nor-
mal or raised HbA, and no electrophoretically/chro-
matographically detectable HoH. Epo and sTfR levels
were significantly higher than in 3-thalassemia heterozy-
gotes, but lower than in patients with HbH disease; 2,3-
DPG levels were highest in HbH/B-thal trait. Oxygen bind-
ing studies and simulations showed reduced oxygen affin-
ity (Pso) in HbH/B-thal trait, resulting in increased oxy-
gen release (OzR).

Interpretation and Conclusions. Hematologic findings
and bone marrow activity in patients with HbH/[-thal
trait were consistent with the modified globin chain
imbalance and hemoglobin synthesis expected from
interaction of HbH disease with heterozygous [B-tha-
lassemia, although this rare complex genotype may elude
diagnosis based on hematology alone. Significantly high-
er red cell 2,3-DPG levels were an unexpected finding,
and the consequent increase in oxygen release capabil-
ity resulted in a compensated functional anemia relative
to hemoglobin levels.
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characterized by reduced production of a-globin or

[-globin chains, respectively and are simultane-
ously prevelant in many populations of the Mediter-
ranean basin and S.E. Asia.! A major factor influencing
their phenotypic expression is the degree of globin chain
imbalance which underlies ineffective erythropoiesis,?
and thus interactions of a- and -thalassemia muta-
tions may modify classical phenotypes of a- or 3-tha-
lassemia. Another important determinant of clinical
severity is the degree of tissue hypoxia, which is influ-
enced by the levels and type of hemoglobin and the oxy-
gen release to the tissues.

Co-inheritance of heterozygous a-thalassemia in 3-
thalassemia heterozygotes or homozygotes has been
well documented.2® However, interaction of heterozy-
gous B-thalassemia with a single a-globin gene (HbH
disease) is much less common and only a few patients
with this rarer genotype have been reported.4-®
Although the hemoglobin production in these patients
is directed from a single a- and a single 3-globin gene,
they have only moderately reduced hemoglobin levels
and no clinical manifestations. This study set out to
evaluate bone marrow activity and functional anemia
in 7 patients with HbH disease genotypes and interact-
ing B-thalassemia trait (HbH/B-thal trait), through
measurements of serum transferrin receptor (sTfR),
serum erythropoietin (Epo), red cell 2,3-disphospho-
glycerate (2,3-DPG), whole blood oxygen releasing
capability, and assessment of hematologic findings.
Diagnostic pitfalls associated with this rare genotype
are also presented.

The o-thalassemia and 3-thalassemia syndromes are

Subjects

This study included seven patients from five families:
one adult female, one infant and five children between
4-14 years old. In addition 55 B-thalassemia heterozy-
gotes and 21 normal (non-thalassemic) individuals were
studied for comparison.
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Design and Methods

Blood samples (10-20 mL) were collected in EDTA.
Blood films were studied using standard techniques. Red
blood cell indices were measured using a Technicon-
Bayer H*1 whole blood autoanalyzer (Bayer, Tarrytown,
NY, USA). Hemoglobins were quantified using weak
cation exchange high pressure liquid chromatography
(wce-HPLC) with the Bio-Rad Variant Hemoglobin Test-
ing system and the (-thalassemia Short Program (Bio-
Rad Laboratories, Hercules, CA, USA), also modified to
quantify HbBart's and HoH.”

Serum ferritin levels were measured immunoenzy-
matically (Abbott Laboratories, IL, USA). Soluble trans-
ferrin receptor levels (sTfR) were determined in sera
using the N latex sTfR assay (Dade Behring, Liederbach,
Germany). Circulating Epo levels in the sera of patients
were measured in duplicate using a two site chemilu-
minescence immunoassay (Nichols Institute Diagnos-
tics, CA, USA). Oxygen equilibrium curves (OEC) were
recorded using an automatic continuous method
(Hemox-Analyzer) as previously described.® The Psp val-
ues were calculated from the OECs. Oxygen transport
and release simulations were performed using the Sig-
gaard-Andersen’s Oxygen Status Algorithm.91° Red cell
2,3-disphosphoglycerate (2,3-DPG) levels were mea-
sured enzymatically (Boehringer Mannheim, Germany).

Invitro globin chain synthesis was analyzed in periph-
eral blood reticulocytes from 4 patients at incubation
times of 1 hour, according to standard methods.!t a-
and [-globin gene mutations were characterized
according to previously described methods.12-14

Statistical comparison of data was carried out using
the Student’s t-test.

Results

This study included seven patients from five families.
Five of the patients were children between 4-14 years
old (Table 1) and patient VI was an adult female. Patient
VIl was an infant, diagnosed at birth with subsequent
follow-up for 7 months; his hematologic findings are
presented separately (see below).

a- and B-globin gene mutations in the seven patients
are summarized in Table 1. Five common Mediterranean
o-thalassemia mutations were characterized, interact-
ing to produce three different HbH disease genotypes,
and each case carried one of four different 3-tha-
lassemia mutations. The a/non-a globin biosynthesis
ratios, measured in patients Ill, IV, V and VI, ranged
between 0.5-0.7 after 1 hour of incubation (normal
range 0.9-1.2).

Excluding patient VII, mean hemoglobin levels in the
children were 98.4+4.5g/L, with MCV 56.4+4.1fL, MCH
15.8+1.6 pg and MCHC 282.0+7.8g/L (Table 1). The
hematologic findings in the single adult patient (V1)
were within the same range (Table 1). HbA: levels were
raised (4.0-4.8%) in four patients and within the nor-
mal range (2.1%) in two. HbF levels were below 1% in
all cases. HbH was not detected by wce-HPLC in any
patient but traces of Hb Bart's were detected in patients
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Table 1. Globin genotypes and hematology in the 7 patients
with HbH/B-thalassemia trait.

Patient a-genotype ~ [B-genotype* Hb  MCV  MCH MCHC RDW HbA

@y | () @) ) )

| (a)s/-ae I6/N 102 580 164 283 20 2.1
I (aps/—a I6/N 102 620 182 201 22 21
e -des/riongy N 99 514 140 272 192 40
e /oy N 98 537 154 287 175 40
Voo {a)es/-otT 110N 91 569 148 185 48
W o®o/o®o 1-10/N 98 581 167 287 181 46
VI(Am)-(a)@s/-a37  cd39/N 82 90 298 300 - NDe
Vil 3 m) 89 61 187 - 263 25
VIl (7 m) 101 580 179 285 266 39

*q-thalassemia mutations: |-6 = IVSI-6T>C; I-1 = IVSI-1G>A; I-110 = IVS I-
110G>A; c¢d39 = c¢d39C>T. °Traces of HbBart's detected by wce-HPLC. #Single
adult patient. @HbA, was not detected (ND) at 1 month of age. wce-HPLC
detected HbF (78% at 1 month, falling to 14% by 7 months) and HbBart's (5% at
1 month, falling to 2.5% by 7 months).

11, IV and V. Red cell morphology showed HbH inclusions
in occasional red blood cells in all patients. Reticulocyte
counts were normal or slightly raised (1.0-4.5%) and
the reticulocyte production index or RPI, as calculated
using reticulocyte count x Hct/45 x 1/1.85 ranged
between 0.40-1.90.

The infant (patient VII) was hospitalized at birth with
a lung infection at which time hematologic examination
detected marked anemia. A follow-up examination at 7
months of age found hemoglobin levels and red cell
indices within the range of the other patients of this
study. His HbA: was not detected at 1 month, but by 7
months had risen to levels associated with (-thalas-
semia trait. HbF levels were raised even at 7 months
(14%) and 5% HbBart's was detected at initial diagno-
sis, falling to 2.5% by 7 months of age (Table 1).

All patients had ferritin levels within the normal range
for age (20-150 mg/L). The serum sTfR levels, Epo lev-
els and red cell 2,3-DPG in the 7 HbH/B-thal trait
patients, 55 [3-thalassemia heterozygotes and 21 hema-
tologically normal (non-thalassemic) controls are sum-
marized in Figure 1 and Table 2. Excluding the values
from patient VII, Student’s t-test found all parameters
to be significantly higher in the 6 HbH/B-thal trait
patients than in the normal controls and (3-thalassemia
heterozygotes (Figure 1, Table 2). Compared to values
that we have previously reported in HbH patientss 1214
STfR levels in the 6 patients were lower but not statis-
tically significantly so (Figure 1), their Epo levels were
significantly lower and 2,3-DPG levels significantly
higher than in patients with HbH disease (Table 2). Oxy-
gen binding studies and simulations showed a decrease
in the oxygen affinity in all patients (excluding patient
VII, who had 14% HbF at 7 months), which is associat-
ed with an increase of oxygen availability (OzR) to the
tissues (Table 2).
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Figure 1. Erythroid marrow activity: mean sTfR levels in
patient groups versus mean normal sTfR levels. Mean sTfR
levels: a) normal controls= 1.2+0.2 mg/L; b) B-thalassemia
heterozygotes = 2.1+0.8 mg/L; c) HbH disease patients =
5.3+0.5 mg/L;*2 d) HbH/B-thalassemia trait: patients I-VI=
4.0+1.0 mg/L; patient VIl 6.2 mg/L. The ratio in a-tha-
lassemia heterozygotes was calculated from values in Rees
et al.22 Student’s t-test found that sTfR levels in patients
with HbH/B-thalassemia trait were significantly higher
(p<0.0001) than in normal controls and B-thalassemia het-
erozygotes, but lower than in HbH disease patients, without
this difference being statistically significant (p <0.09).

Discussion

The patients in this study were characterized as having
HbH disease genotypes interacting with [3-thalassemia
trait (Table 1). Three HbH genotypes were characterized
(-a/-(a)20s, —MedgHehg and homozygous a™audiy), all
commonly encountered in Greek HbH disease
patients.1416 The interacting B-thalassemia mutations
included the four most common mutations in the Greek
population.t3

Hematologic findings in the patients of this study
(Table 1) were comparable to those previously reported
for this rare genotype interaction;*¢ they were distin-
guished from typical HbH disease by the absence of HbH,
and from simple heterozygous B-thalassemia by the
markedly reduced MCV and MCH values.’417 HbH dis-
ease is usually characterized by detection of the abnor-
mal hemoglobin component HbH ((34) in the peripheral
blood. As indicated from the a/non-a globin biosynthe-
sis ratios we observed in HbH/B-thal trait, the interac-
tion of a B-thalassemia mutation reduces the (3 chain
excess to levels found in heterozygous a-thalassemia,
which are insufficient to form electrophoretically or
chromatographically detectable tetramers of HbH.

Compared to simple [3-thalassemia heterozygotes,
patients with HbH/B-thal trait had lower levels of
hemoglobin and more pronounced microcytosis and

Table 2. Serum erythropoeitin, red cell 2,3-DPG, oxygen
affinity and oxygen release in seven HbH/B-thalassemia
trait patients and comparison with other groups.

Hb Epo 2,3DPG P50 OR
(9/L) (lu) (mmol/L)  (mmHg) (vol%)

HbH/Bthal trait
Patients IVl 98+4.0  24.5:3.4 64102  295:04 45+0.2
PatientVIl 101 363 6.2 273 39

Normal (non-thalassemic)
141+11  9.4+#40 47+0.3 26.3+0.6 5.1+0.2
(p<0.00001) (p<0.00001) (p<0.00001)

Heterozygous B-thal
121413 154458 5.610.6 27.941.2 48104
(p<0.00001)  (p<0.001) (p<0.0000L)

HbH disease*
94+10  46.6:268  5.3t05  275+25 3.240.7
(p<0.005)  (p<0.0001) (p<0.00001)

*References #8 and 12.

hypochromasia.l” HbA: levels were within the range typ-
ically found in pB-thalassemia heterozygotes in four
patients, in accordance with previous reports for
patients with HoH/[3-thal trait,*¢ although two patients
(I and I1) had normal HbA: levels. This is probably
because they carried the mild [3*-thalassaemia donor
splice-site mutation IVSI-6 C>T, which is often associ-
ated with normal/borderline HbA: levels in the simple
heterozygous state.’81° Qverall, the hematologic find-
ings in patients with HbH/B-thalassemia trait were
almost indistinguishable from those found in iron-defi-
cient B-thalassemia heterozygotes,? and thus this com-
plex genotype may confound diagnosis based on hema-
tology alone, especially when HbA; levels are normal or
borderline.

The raised sTfR levels in HbH/B-thal trait, along with
relatively low RPI values (<2) indicate erythron expan-
sion, due mainly to ineffective erythropoiesis.2t A major
factor underlying ineffective erythropoiesis is the rela-
tive globin chain imbalance, and accordingly the sTfR
levels in the patients of the study were between those
found in simple B-thalassemia heterozygotes and HbH
disease patients (Figure 1), although the difference with
the HbH disease patients was not statistically signifi-
cant, probably due to the wide range of sTfR values in
the latter group.2 However, the degree of globin chain
imbalance is apparently not the only determinant of
ineffective erythropoiesis, since sTfR levels in HbH/B-
thal trait are much higher than in a-thalassemia het-
erozygotes, despite comparable a/non-a chain synthe-
sis ratios.?2 Presumably the markedly reduced overall
synthesis of a- and -globin chains in HbH/B-thal trait
exacerbates the red cell abnormalities and thus leads to

haematologica vol. 86(4):April 2001



366 J. Traeger-Synodinos et al.

more pronounced dyserythropoiesis.

Epo levels in patients with HbH/[B-thal trait (Table 2)
were higher than in simple B-thalassemia heterozy-
gotes, but lower than those we have previously observed
in HbH disease patients.’2In the absence of conditions
such as inflammation and abnormal kidney function,?
Epo production is closely related to the level of oxygen
supply to the tissues, which is in turn influenced by red
blood cell mass (hemoglobin levels) and the presence of
certain hemoglobin variants. Hemoglobin levels in
patients with HbH/[3-thal trait were much lower than in
simple B-thalassemia heterozygotes, explaining the rel-
atively higher Epo levels in the former. The absence of
HbH in HbH/B-thal trait probably accounts for the rel-
atively lower Epo level relative to that found in HbH dis-
ease patients, despite comparable hemoglobin levels;
we have previously demonstrated a negative influence
of HbH on tissue oxygenation, since HbH is unable to
deliver oxygen to the tissues.’2 Finally red cell 2,3-DPG
levels were higher in patients with HbH/B-thal trait than
in either HbH disease patients or B-thalassemia het-
erozygotes, leading to reduced oxygen affinity and thus
increased oxygen release to the tissues (Table 2).8 The
higher levels of 2,3-DPG may be due to the severe
microcytosis in HoH/B-thal trait, a mechanism which
has been suggested to occur in simple -thalassemia
heterozygotes.2* The compensated oxygen delivery in
HbH/B-thal trait is also implied by the lower observed
(24.5+3.41U/L) Epo levels relative to those predicted
(32,5 IU/L) for the level of hemoglobin.252

Overall the hematologic findings and bone marrow
activity in HbH/B-thalassemia trait are consistent with
the modified globin chain imbalance and hemoglobin
synthesis caused by the complex genotype interaction,
such that these features are better than in HbH disease
but worse than in heterozygous (3-thalassemia. Despite
the synthesis of globin chains by only a single a- and
single B-globin gene, these patients’ functional anemia
is compensated relative to their hemoglobin levels.
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Potential implications for clinical practice

The hematologic and molecular data in the study may
be useful for better patient management and family
counselling.
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