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three different genotypes.6,7

In the present study, eleven of the 30 children (36.7%) with
gallstones and six of the 40 healthy children (15%) had the
(TA)7/TA)7 genotype suggesting, for the first time, that GS pro-
moter genotype might be a risk factor for the development of
gallstones in children, in the absence of any other predispos-
ing factors.

Previous studies have demonstrated an increased risk for
developing gallstones in patients with co-inheritance of GS
and hereditary spherocytosis (HS) or homozygous β-tha-
lassemia.5,8 More recently, Galanello et al. reported that the
presence of GS genotype is associated with a statistically
increased prevalence of cholelithiasis in both thalassemia
major and intermedia patients.8 Passon et al. also report that
children with sickle cell anemia and cholelithiasis have a high-
er frequency of the abnormal (TA)7 UGT1A promoter allele.9

All the above evidence and the results of the present study
should alert pediatricians to investigate the GS promoter
genotype in children with cholelithiasis even in the absence of
other risk factor.

Sofia Kitsiou-Tzeli,* Emmanuel Kanavakis,* Maria Tzetis,*
Emmanuel Kavazarakis,° Angeliki Galla,° Aspasia Tsezou#

*Medical Genetics, University of Athens, “Aghia Sophia”
Children’s Hospital, Choremio Research Laboratory, Athens;

°2nd Dept. of Pediatrics, University of Athens,
P. & A. Kyriakou Children’s Hospital, Athens;

#University of Thessaly, School of Medicine, Dept. of Biology
and Genetics, Larissa, Greece

Correspondence: Sofia Kitsiou-Tzeli, MD, Medical Genetics,
University of Athens, “Aghia Sophia” Children’s Hospital,
Choremio Research Laboratory, Athens, Greece. Fax: interna-
tional +3.210.7795553. E-mail: emetax@cc.uoa.gr
Key words: cholelithiasis, gallstones, bilirubin,
Gilbert’s syndrome.

Manuscript processing
This manuscript was peer-reviewed by two external refer-

ees and by Professor Achille Iolascon, who acted as an Asso-
ciate Editor. The final decision to accept this paper for publi-
cation was taken jointly by Professor Iolascon and the Editors.
Manuscript received August 20, 2003; accepted August 25,
2003.

Reference

1. Stringer MD, Taylor DR, Soloway RD. Gallstone composi-
tion: are children different? J Pediatr 2003;142:435-40.

2. Schweizer P, Lenz MP, Kirschner HJ. Pathogenesis and
symptomatology of cholelithiasis in childhood. Dig Sur
2000;7:459-67.

3. Duvaldestin P, Mahu JL, Metreu JM, Arondel J, Preaux
AM, Berthelot P.  Possible role of a defect in hepatic bil-
lirubin glucuronidation in the initiation of cholesterol
gallstones. Gut 1980;21:650-5.

4. Bosma PJ, Chowdhury JR, Bakker C, Gantia S, De Boer
Oostra BA, Lindhout D, et al. The genetic basis of the
reduced expression of bllirubin UDP-glucuronosyltrans-
ferase 1 in Gilbert’s syndrome. N Eng J Med 1995;33:
1171-5.

5. Del Giudice EM, Perrotta S, Nobili B, Specchia C, D’Urso
G, Iolascon A. Coinheritence of Gilbert syndrome increas-
es the risk for developing gallstones in patients with
hereditary spherocytosis. Blood 1999;94:2259-62.

6. Kavazarakis E, Tsezou A, Tzetis M, Hadjidimoula A, Kitsiou
S,  Kanavakis E,  et al. Gilbert syndrome: analysis of the
promoter of the uridine diphosphate-glucuronosyltrans-
ferase 1 gene in the Greek population. Eur J Pediatr 2000;
159:873-4.

7. Iolascon A, Faienza MF, Moretti A, Perrotta S, Del Giudice
ME. UGT1 promoter polymorphism accounts for increased
neonatal appearance of hereditary spherocytosis. Blood
1998;91:1093.

8. Galanello  R, Piras S, Barella S, Leoni GB, Cipollina D,
Perseu L, et al. Cholelithiasis and Gilbert’s syndrome in
homozygous β-thalassaemia. Br J Haematol 2001; 115:
926-8.

9. Passon RG, Howard TA, Zimmerman SA, Schultz WH, Ware
RE. Influence of bilirubin uridine diphosphate-glucurono-
syltransferase 1A promoter polymorphisms on serum
bilirubin levels and cholelithiasis in children with sickle cell
anemia. J Pediatr Hematol Oncol 2001; 23:448-51.

Immunologic reconstitution in long-term survivors
of thalassemia major after hematopoietic stem cell
transplantation

We studied the immune function of 33 long-term sur-
vivors of thalassemia after hematopoietic stem cell trans-
plantation. Lymphocyte subsets, lymphoproliferative
response and immunoglobulin were normal but the level of
natural killer cells was low. Five and seven patients had
suboptimal antibody response at 4 week after pneumococ-
cal and hepatitis B vaccine, respectively, but this response
returned to normal by 6 months.
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Immune recovery after allogeneic haematopoietic stem cell
transplantation (HSCT) is affected by many factors such as
age and graft-versus-host disease (GVHD).1 Transfusion-
dependent thalassemia major (TM) patients have altered
immune function,2 and this study was aimed at evaluating the
immune recovery of long-term survivors of TM after HSCT.
Thirty-three TM patients who had survived more than 2 years
after HSCT were studied. The donors were HLA-identical sib-
lings and the conditioning was busulphan and cyclophos-
phamide. Antithymocyte globulin (ATG) was given at a daily
dose of 10 mg/kg from day –5 to day +5 in 20 patients, 11
patients received 30 mg/kg/day for 3 days from day –4, and
two did not receive ATG. GVHD prophylaxis was cyclosporin A
and short course methotrexate.3 The patients were re-immu-
nized at one year with diphtheria, pertussis and tetanus vac-
cine. Three doses of hepatitis B vaccine were to be given if the
antibody against hepatitis B (anti-HBs) was below the pro-
tective level (<10 IU/L).

At the study baseline, lymphocyte subsets were assessed by
flow cytometry and were compared with those of an age- and
sex-matched reference.4 Lymphoproliferative response (LPR)
was studied for mitogens and specific recall antigens (herpes
simplex virus, cytomegalovirus, varicella-zoster virus). Serum
immunoglobulins and anti-tetanus antibody were measured.
Thirty patients were given a booster intramuscular injection of
hepatitis B vaccine (Engerix-B), 33 patients received one dose
of polyvalent pneumococcal vaccines (Pneumovax-23). Anti-
HBs and anti-pneumococcal bodies were measured at base-
line, and four weeks and six months following vaccination. An
antibody titer more than double the baseline level was con-
sidered to represent an optimal response.

At the time of the study, the median age of the patients was
15.8 years (5.8 to 26.9 years) and their median follow-up from
HSCT was 68 months (24 to 106 months). None of the patients
was receiving desferrioxamine and their mean serum ferritin
was 1383±1157 pmol/L. Acute GVHD grade I or II had occurred
in 19 patients but all responded to a short course of steroids.
None of them developed chronic GVHD and immunosuppres-
sive treatment had been stopped more than one year prior to
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the study.
The lymphocyte subsets did not differ significantly from

normal except the natural killer cells: 48% and 42% of
patients had, respectively, a percentage and number of NK
cells below the lower quartile of normal (Table 1). Overall the
LPR response to mitogens and specific stimuli showed a pat-
tern similar to normal. None of the patients had decreased
immunoglobulin levels. Four patients (12%) had anti-tetanus
antibody levels below the protective titer (0.5 IU/L). At base-
line, 9 patients (29%) had anti-HBs below the protective titer
despite 3 having been reimmunized with hepatitis B vaccine
after HSCT. At week 4, 7 patients (23%) and five patients
(15.4%) had suboptimal antibody response to hepatitis B and
pneumococcal vaccine, respectively. At 6 months they had all
achieved optimal response but 2 still had anti-HBs <10 IU/mL
(8.5 and 9.6 IU/mL) (Table 2). In the subgroup analysis, there was
no difference in the immunological parameters between the
two groups receiving the two different modes of ATG. 

Immune reconstitution is important for long-term survival
after HSCT and fatal opportunistic infections may occur.5
Knowledge of immune recovery after HSCT is important when
considering the use of prophylactic antibiotics and counseling
patients on risk of infection. Chronic GVHD may affect immune
recovery. None of the patients in our study had chronic GVHD
and all had normal recovery of Ig G, M and A. However 12%
could not produce anti-tetanus antibody to a protective level
despite revaccination. A previous study of TM patients after
bone marrow transplant (BMT) reported 86-100% antibody
response to tetanus vaccine.6 Another study showed a good
response after hepatitis B vaccine in TM patients who had
undegone HSCT.7 In our study 23% and 15% of patients did
not have optimal response after hepatitis B booster vaccine
and pneumococcal vaccine at week 4. These suboptimal
responders subsequently showed an adequate response at 6
months. The post-HSCT TM patients appeared to have a
delayed response to vaccination. There were 2 patients with

anti-HBs titers less than protective after booster vaccination;
the clinical significance of this is unclear. We found rather
low levels of NK cell more than 2 years after HSCT. Our previ-
ous study showed that iron overload might lead to low levels
of NK cells.2 The common occurrence of mixed chimerism in
TM patients after BMT may be another contributory factor.8
The residual host cells might produce NK cells less efficiently.
The clinical significance of the lower levels of NK cells needs
further study.

In conclusion, TM patients after HSCT had slower antibody
responses to vaccination and lower NK cell numbers, such
patients deserve serial monitoring of immune function.
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Table 1. Lymphocyte subsets after HSCT (absolute
count in ××109/L).

Mean number percent of patients percent of patients
+ SD >75% of reference < 25% of reference

T cells (CD3)
Percentage 6.37±7.57 9% 45%
Absolute count 1.53±0.43 27% 12%

CD4 cells
Percentage 31.16±5.09 18% 33%
Absolute count 0.75±0.23 12% 27%

CD8 cells
Percentage 26.33±6.07 29% 40%
Absolute count 0.64±0.35 18% 18%

CD4/8 Ratio 1.23±0.36 27% 30%

B cells (CD19)
Percentage 21.67±6.13 63% 0%
Absolute count 0.53±0.25 57% 9%

NK cells (CD16/56)
Percentage 11.97±6.12 6% 48%
Absolute count 0.29±0.19 6% 42%

Table 2 . Antibody response of HSCT patients after
vaccination.

Pneumococcal Antibody titer (IU/L) or
vaccine (N=33) fold increase

Baseline Ab: mean ± SD 77±177
(Median; range) (35; 2-1038)

Ab at 4 weeks; mean ± SD 638±622
(median; range) (478; 26-3116)

Fold increase: mean ± SD 21±24
(median; range) (11; 0.6-90)

Ab at 6 months; mean ± SD 4548±46386
(median; range) (31407; 1817-232845)

Fold increase: mean ± SD 1535±1771
(median; range) (830; 620-6522)

Hepatitis B Antibody titer (IU/L) or
vaccine (N=30) fold increase

Baseline Ab: mean ± SD 623±1431
(Median; range) (88; 2-7460)

Ab at 4 weeks; mean ± SD 57094±105673
(median; range) (4222; 0-484000)

Fold increase: mean ± SD 239±370
(median; range) (47; 0-1516)

Ab at 6 months; mean ± SD 24498±69413
(median; range) (1771; 5-371245)

Fold increase: mean ± SD 79±134
(median; range) (12; 1-517)
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α-globin gene deletion and point mutation analysis
among Iranian patients with microcytic hypochromic
anemia

We tested 67 Iranian individuals, presenting with low
mean corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH) levels, normal hemoglobin elec-
trophoresis and iron status, for the presence of twelve com-
mon αα-thalassemia gene deletions and point mutations.
Five different mutations (-αα3.7, -αα4.2, --MED, -(αα)20.5, Hb Con-
stant Spring) were identified in a total of 43 cases.
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α-thalassemia (α-thal) is one of the most common hemo-
globin disorders in the world. It is characterized by the absence
or reduced synthesis of α-globin chains. Unlike β-thalassemia
(β-thal) mutations, which are mostly point mutations, the
majority of α-thal mutations are deletions of one or both α-
globin genes located on chromosome 16. The two most com-
mon single gene deletions are -α3.7 and -α4.2, while the South-
east Asian (--SEA), the Mediterranean (--MED), the Filipino (--FIL)

and the 20.5 kb (-(α)20.5) type are common α-thal double gene
deletions. In addition, a small number of α-globin point muta-
tions are known. Mutations are classified into α+- and α0-
thalassemia to indicate, respectively, the reduced or absent
output of α-globin chains from an affected chromosome. The
clinical phenotype varies according to the number of affect-
ed genes.

Carriers of three intact α-globin genes (-α/αα ) usually pre-
sent with little, if any, detectable red blood cell abnormalities
or globin chain imbalance, while double gene deletions (––/αα
or –α/–α) cause mild microcytic, hypochromic anemia with
normal HbA2 levels. Carriers with only one functional α-glo-
bin gene (––/–α) present with hemoglobin (Hb) H disease,
which is characterized by marked imbalance in globin chain
synthesis ratios. Absence of all four α-globin genes (Hb Bart’s
hydrops fetalis syndrome) is incompatible with life.1-3

In an attempt to establish α-thal molecular diagnosis in
Iran, a series of 67 individuals from different ethnic origins,
randomly selected from a pool of patients presenting with low
MCV (mean: 72.2±6.3 fL), low MCH (23.5±2.7 pg), normal or
slightly reduced Hb (13.4±1.7 g/dL) levels, normal HbA2

(3.0±0.8%), and negative results in β-thal genotyping (β-Glo-
bin StripAssay, Viennalab, Austria) were tested for the presence
of α-thal mutations. Serum iron and ferritin levels, as well as
total iron binding capacity were analyzed and confirmed to be
in the normal range for all subjects in order to rule out iron
deficiency. After comprehensive genetic counseling, blood was
drawn from each individual, and genomic DNA was extracted
according to established protocols.4

A polymerase chain reaction (PCR) method described by
Baysal and Huisman5 was used to detect the two α-thal sin-
gle gene deletions –α3.7 and –α4.2. The Southeast Asian (––SEA),
Mediterranean (––MED), Thai (––THAI), Filipino (––FIL) and 20.5 kb
(–(α)20.5) double gene deletion variants, as well as point muta-
tions Hb Constant Spring (cd 142: TAA-CAA), Hb Quong Sze
(cd 125: CTG-CCG), Hb Pakse (cd 142: TAA-TAT), Hb Adana (cd
59: GGC-GAC) and cd 30 delGAG were investigated by a com-
bined strategy based on multiplex PCR and reverse dot-blot
analysis.6,7 Southern-blotting using a ζ probe on DNA digest-
ed with BglII and Asp7188 was performed to confirm the –α3.7,

Table 1. αα-thal genotypes and associated hemato-
logic values of 67 thalassemia patients.

Subject Mean Hb (g/dL) Mean HbA2 (%) Mean MCV(fL) Mutation

23 14.1±1.0 2.4±0.6 73.9±6.4 -α3.7/αα

9 13.2±1.4 2.6±0.7 69.3±3.1 -α3.7/-α3.7

3 13.2±1.6 3.1±1.4 68.3±4.8 --MED/αα

2 11.7±0.6 3.7±0.3 70.8±6.7 -α3.7/-α4.2

1 10.7 3.5 59.2 -α3.7/--MED

1 13.6 3.8 66.0 -α4.2/--MED

1 12.0 3.4 77.4 -α4.2/αα

1 11.4 2.4 68.3 -(α)20.5/αα

1 not available 3.4 76.5 αCSα/αCSα

1 14.8 3.5 78.4 αCSα/αα

24 13.0±2.3 3.4±0.6 72.7±6.8 Normal




