
After patients and relatives had given informed con-
sent, genomic DNA was extracted from EDTA peripher-
al blood using standard methods, and G6PD gene exons
2 to 13 were amplified by polymerase chain reaction
(PCR) as described elsewhere.6 PCR products were
screened by single strand conformation polymorphism
(SSCP) analysis and sequenced with the automatic genet-
ic analyzer ABI Prism 310. 

The G6PD gene from patient 1 showed a SSCP mobil-
ity shift in the fragment spanning exon 10 and sequenc-
ing revealed a previously undescribed mutation
1205CÆA, predicting the amino acid change 402
ThrÆAsn. T402 is a poorly conserved residue, located at
the b-sheet M of the polypeptide chain; crystal structure
analysis of human G6PD protein4 showed that T402 is
located at the dimer interface (Figure 1). The T402 side
chains of the two monomers do not make any intersub-
unit contacts and are 5.4Å apart, across the dimer inter-
face. Instead, they are within a distance compatible with
a van der Waals effect of the L420 side chain in b strand
N within the same monomer. Furthermore, b strand N
harbors D421, a residue interacting with the nicoti-
namide ring of the structural NADP+. The T402N muta-
tion would introduce steric hindrance forcing the two
dimers apart. In summary, as suggested for amino acid
substitutions mapping close to this region,7-9 T402N will
both affect the dimer interface and interfere with the
structural NADP+ binding site,4 severely affecting protein
stability. DNA sequencing of the G6PD gene from
patients 2 and 3 revealed a previously undescribed muta-
tion in exon 12, a 1366GÆA substitution, predicting the
amino acid change 456AspÆHis. D456 is located in the
beginning of the a-helix N, further down the polypeptide
carboxylic terminus. Structural analysis showed D456 at
the protein surface, far away from the dimer interface
(Figure 1). D456 forms a strong salt bridge with R454
within helix N which is further stabilized by interactions
with D282 and D286 in helix J. Replacing D456 by His
would partially disrupt this network of salt bridges.
Furthermore, the positively charged His side chain at this
position will certainly introduce unfavorable electrostatic
interactions with R459, R454 and K293, affecting protein
structure and stability. Although not located in the imme-
diate vicinity of the active site, D456 is highly conserved
from bacteria to humans reflecting important functional
and/or structural features; hence D456H is in accordance
with the general concept that the clinically more severe
G6PD deficiencies are mainly associated with mutations
at conserved amino acids.5

Both mutations were confirmed by restriction enzyme
digestion and no other mutations were detected in the
remaining exons or adjacent regions of the G6PD gene.
The screening of 100 alleles from a control group failed
to detect these mutations. The new variants T402N and
D456H were named G6PD Covão do Lobo and G6PD
Figueira da Foz, respectively, after the patients’ place of
birth.
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Red Cell Disorders

Prevalence and severity of liver disease in
patients with bb thalassemia major.
A single-institution fifteen-year experience

During the last years, liver disease has emerged
as a major cause of mortality in patients with bb tha-
lassemia major (TM).1,2 In spite of its clinical rele-
vance, TM-associated liver damage has been insuf-
ficiently characterized.1,2-5 We therefore retrospec-
tively analyzed all TM patients of our Department
who underwent liver biopsy since 1990.

haematologica 2005; 90:1136-1138
(http://www.haematologica.org/journal/2005/8/1136.html)

All patients were being regularly transfused in order to
maintain the pretransfusion hemoglobin level at approxi-
mately 9.5 g/dL. Chelation therapy with desferrioxamine
40–60 mg/kg/day for 5–6 days/week was initiated as soon
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as ferritin levels rose above approximately 1000 mg/L.
A single pathologist who was unaware of the patients’

data evaluated all biopsies. Iron overload was graded
according to the method of Rowe, fibrosis according to the
Scheuer staging score, and necroinflammatory reaction
according to the Scheuer's grading system. Liver iron con-
centration (LIC) was also determined on paraffin-embed-
ded biopsy specimens by atomic absorption spectropho-
tometry.6

Results are expressed as median and range. The c2 and
Kruskal-Wallis tests were used for comparisons of categor-
ical and continuous variables between groups respectively.
Associations between continuous variables were explored
using Spearman’s Rank order correlation coefficient.

Seventy-nine TM patients (43 males and 36 females)
were studied; at time of liver biopsy, their median age was
16 years (range, 6 to 47). The median ferritin in the year
preceding liver biopsy was 2001.5 mg/L (range, 622.5 to
6707). The median alanine transferase (ALT) levels in the
six-month period before the biopsy were 41.5 IU/L (range,
10 to 600); 41 patients (53.9%) had ALT levels above the
upper limit of normal. Serum ferritin was significantly
associated with increased ALT concentrations (p=0.001).

Thirty-one patients (39.2%) were positive for hepatitis
C virus (HCV) antibody; 13 (41.9%) of them were positive
for HCV RNA (median level, 170,000 IU/mL; range,
110,000 to 2,200,000) and the infecting genotype was 1a,
1b, 3a and 4 in 3 (23.1%), 4 (30.8%), 5 (38.5%) and 1
(7.7%) of the patients, respectively. HCV antibody posi-
tive patients had higher ALT levels and necroinflammato-
ry score than had seronegative patients (p<0.001 for both
comparisons).

Median iron overload score was 2 (range, 0 to 4).
Seventy-one liver specimens (89.9%) showed at least
grade 1 iron overload; age, ferritin, ALT, LIC and fibrosis
score were significantly different among the five grades of
iron overload (Table 1).

Median fibrosis score was 0 (range, 0 to 4) and fibrosis
was present in 31 biopsies (39.2%). Age, iron overload and
necroinflammatory score were significantly different
among the five grades of fibrosis (Table 2). Cirrhosis was
present in two biopsies (2%); both patients were HCV
antibody-positive. Median necroinflammatory score was 2
(range, 0 to 4). ALT and fibrosis score were significantly
different among the five grades of necroinflammation
(data not shown). Thirty-one samples were analyzed for
LIC. The median LIC was 15.5 mg/g dry weight (range, 3.2
to 48.6). Sixteen samples (51.6%) had an LIC over 15 mg/g
dry weight, a concentration associated with a high risk for
cardiac disease (4). LIC was also significantly correlated
with ALT levels (p<0.005). No complications occurred dur-
ing the biopsies.

The major consequence of chronic transfusion therapy
in TM patients is a progressive accumulation of iron. The
liver, as a major storage depot for iron, frequently shows
excessive hemosiderosis.2,7 In our study, we found a
prevalence of 39.2% grade 3–4 iron overload; this is sim-
ilar to results of a recent study, as well as to that report-
ed approximately 10 years ago and could reflect the
rather unsatisfactory compliance rate with desferoxam-
ine therapy observed in many patients.2,7

Significant fibrosis is frequent in TM patients, and is
mostly influenced by iron overload (2,8,9). Indeed, the
severity of fibrosis in our study was related to iron over-
load score. The 20.3% prevalence of significant hepatic
fibrosis is lower than that reported previously.2,7

Furthermore, only 2% of our patients had cirrhosis,
which is in accordance to recent studies.2

TM patients have rather mild liver necroinflammation,
mainly attributable to HCV infection; in contrast, liver
iron accumulation per se seems to induce only a low
degree of inflammation.2,8 In the present study as well,
the necroinflammatory score of HCV antibody positive
patients was significantly higher than that of seronega-
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Table 1. Iron overload score in liver biopsies and associated fac-
tors.

Iron Biopsies Ferritin ALT LIC Age Fibrosis Necro
overload (%) (mg/L) (IU/L) (mg/g (years) score -inflammatory
score dry weight) score

Grade 0 8 1968 63.5 ND* 23.5 0 1
(10.1) (918.5- (14- (17-35) (0-4) (0-3)

3541.5) 270)

Grade 1 23 1663 22 10.2 14 0 1
(29.1) (1285.5- (10- (3.2- (6-20) (0-2) (0-3)

3022) 600) 35.0)

Grade 2 17 1720 42 12.7 14 0 2
(21.5) (622.5- (11- (4.1- (9-31) (0-2) (0-4)

3500) 365) 22.3)

Grade 3 17 2265 50 25.5 18 0 2
(21.5) (1300- (16- (15.5- (10 (0-4) (0-4)

4452.5) 245) 48.6) -47)

Grade 4 14 2629.5 62.5 32.1 17.5 2 2
(17.7) (1230- (23- (28.9- (11 (0-2) (0-3)

6707) 130) 45.0) -33)
p<0.01 p<0.05 p<0.005 p=0.001 p<0.05 p=0.154

Results are expressed as median (range). *ND: not determined in any patient.

Table 2. Fibrosis score in liver biopsies and associated factors.

Fibrosis Biopsies Ferritin ALT LIC Age Iron Necro
score (%) (mg/L) (IU/L) (mg/g (years) overload -inflammatory

dry weight) score score

Grade 0 48 1850. 44 12.95 15 1.5 1
(60.8) (918.5- (10- (3.2- (6-34) (0-4) (0-4)

4452.5) 600) 48.6)

Grade 1 15 2410 19 19.8 16 2 2
(19.0) (622.5- (11- (4.1- (9-21) (1-4) (1-4)

4929.5) 365) 35.0)

Grade 2 13 2438 47 29.2 18 4 2
(16.5) (1300- (26- (6.4- (11-33) (1-4) (2-4)

6707) 130) 32.1)

Grade 3 1 2737 31 ND* 25 3 2
(1.3)

Grade 4 2 1572 104 ND* 41 1.5 1.5
(2.5) (985- (100- (35-47) (0-3) (1-2)

2159.5) 108)
p=0.122 p=0.312 p=0.357 p<0.05 p<0.005 p<0.01

Results are expressed as median (range).*ND: not determined in any patient.



tive patients. Furthermore, we found no evidence of
increased iron overload in patients with more prominent
inflammatory changes.

HCV infection is an independent risk factor for liver
fibrosis.10 Nevertheless, fibrosis progression was unrelat-
ed to the presence of HCV RNA in a recent study.2 In our
study as well, HCV antibody and HCV RNA positive
patients did not significantly differ from seronegative
patients in fibrosis score.

In conclusion, liver disease is common in TM patients
and severe hepatic iron overload is still observed in
approximately 40% of them. In this context, increased
implementation of the direct assessment of liver iron
content to monitor hemosiderosis is of special impor-
tance in order to individualize chelation therapy. In par-
allel, the maximum possible efforts must be concentrated
on improving compliance to chelation therapy.
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Disorders of iron Metabolism

Hemoglobinopathies, body iron stores and
gestational diabetes mellitus

Higher iron stores, reflected by an elevated fer-
ritin concentration and elevated transferrin satura-
tion, can affect glucose intolerance during preg-
nancy. We determined the incidence of gestational
diabetes mellitus in patients with heterozygous
form of hemoglobinopathies and in a healthy con-
trol group.

haematologica 2005; 90:1138-1139
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The association between b thalassemia major and
intermedia and an increased risk of diabetes mellitus
(DM) has been shown by various studies.1-3 Glucose
intolerance correlated significantly with the number of
transfusions received by subjects with b thalassemia
major.1 Interestingly, patients with heterozygous sickle
cell anemia had higher values of glycosylated hemoglo-
bin than did homozygous patients.4

In a retrospective case-control study at the Department
of Obstetrics, University Hospital Zurich we compared
the incidence of gestational diabetes (GDM) in a set of
pregnancies among women heterozygous for various
hemoglobinopathies and in a normal, matched control
group. The matching criteria were the known diabetes
risk factors, i.e. maternal age, parity, ethnicity, weight
and body mass index. Between 1998 and 2001 we iden-
tified 29 patients presenting heterozygous hemoglo-
binopathies and anemia. Hematologic work-up, includ-
ing high performance liquid chromatography (HPLC),
plasma iron status and erythrocyte indices, showed the
presence of a thalassemia trait in 2, hemoglobinopathy E
in 2, b thalassemia in 20 and sickle cell trait in 5 pregnan-
cies. Before measuring plasma ferritin concentration, any
inflammation was excluded. Treatment of anemia in the
patients with a hemoglobin concentration less than 9.0
g/dL was individualized on the basis of hematologic
parameters and iron status, and consisted of recombinant
human erythropoietin (rhEPO; 10,000 U) with or without
parenteral iron (iron-III-saccharate 100 mg).5 Screening
for GDM and the determination of iron status were con-
ducted before therapy. Screening tests for genetic
hemochromatosis were not done. All patients and con-
trols were examined for GDM between 24 and 28 weeks
of gestation as proposed by Perucchini et al.6

The incidence of diabetes mellitus was 20.7% (6/29) in
the study group versus 0% in the control group (Fisher’s
exact test; p=0.0009). When all cases with impaired glu-
cose tolerance were included the incidence was 31%
(9/29) in the study group vs. 6.9% (4/58) in the control
group (Fisher’s exact test; p=0.008). The demographic
data and iron status of the study and the control group
are listed in Table 1. The median ferritin values were sta-
tistically different in the patients with GDM in the study
group (76 vs. 35 ng/mL; Mann-Whitney test, p=0.004).
There is little information on the relation between het-
erozygous forms of hemoglobinopathies and the impair-
ment of glucose regulation. Only one study has examined
the association between heterozygous a thalassemia trait
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