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ABSTRACT. Patients with p-thalassaemia major are
susceptible to osteopenia due to several factors
which interfere with bone remodeling. It is known
that bone metabolism and skeletal consolidation
result from a complex sequence of hormonal
changes, where the concerted actions of GH, IGF-
| and sex hormones and their receptors, are re-
sponsible for the timing and attainment of skele-
tal consolidation. IGF-1 and the corresponding
binding protein (IGFBP-IIl), markers of bone
metabolism and lumbar and femoral neck BMD
were measured in 28 adult patients, undergoing
hormonal replacement and chelation therapy and
a hypertransfusion program, with p-thalassaemia
major (12 males with mean age 22.5+3.1 and 16
females with mean age 27.5+8.2), and in 28
healthy volunteers matched for age, anthropo-
metric features and sex to the patients. BMD val-
ues, both at lumbar and femoral neck level were
significantly lower (p<0.001 and p<0.05) by 18.7
and 4.2% respectively, in patients than in the con-
trols. Markers of bone resorption [pyridinoline
(Pyr) 78.1+15.7 vs 47.5%+11.2 pmol/pmol urinary

INTRODUCTION

Beta-thalassaemia major is an inherited blood dis-
ease which leads to severe bone deformities, orig-
inally described by Cooley et al. and Jensen et al.
(1, 2). Regular blood transfusions and iron chela-
tion therapy prevent these severe bone alterations,
but osteopenia and in some patients severe os-
teoporosis, remain serious complications even in
well-transfused and iron chelated patients (3). The
major pathogenetic factors for the development
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creatinine, p<0.001 and deoxypyridinoline (D-Pyr)
21.9+3.5 vs 14.5+£5.4 pmol/ pmol urinary creati-
nine, p<0.001] were higher in patients than in
controls, whereas the marker of bone formation
was slightly lower [osteocalcin (BGP) 3.8+0.6 vs
4.6x1.7 pmol/ml, p<0.05]. Plasma levels of IGF-I
(21.07+5.12 vs 35.25+8.33 nmol/ml, p<0.001)
and IGF binding protein Il (IGFBP-III) (1.9+0.4 vs
2.5£0.1 mg/ml, p<0.001) were lower in patients
than in controls and positively correlated with
BMD L2-L4 (r=0.57, p<0.05 and r=0.47, p<0.05
respectively), BMD neck (r=0.40, p<0.05 and
r=0.34, p<0.05 respectively) and BGP (r=0.52,
p<0.05 and r=0.34, p<0.05 respectively). Our
B-thalassaemic patients, in spite of normalizing
hemoglobin levels, adequate hormone replace-
ment and chelation therapies, showed osteope-
nia and an unbalanced bone turnover with an in-
creased resorptive phase and a decreased forma-
tion phase probably correlated to low levels of
IGF-1 and IGFBP-IIl observed in our study.
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of osteoporosis in thalassaemic subjects appear to
be: 1) bone marrow hyperplasia due to ineffective
erythropoiesis, which in spite of hypertransfusion,
might not be completely suppressed (4); 2) genet-
ic predisposition (5); 3) hemochromatosis (6); 4) low
plasma vitamin D concentrations (7); 5) hypogo-
nadotrophic hypogonadism (8). Other factors such
as secondary hypoparathyroidism, hypothyroidism
and diabetes may represent additional mecha-
nisms (9).

However, the altered function of the hypothala-
mus-hypophysis-gonads axis is one of the more
significant aspects of abnormal somato-sexual de-
velopment of thalassemic patients. Gonadal in-
sufficiency, observable in the majority of tha-
lassemics of both sexes and imputable to func-
tional damage to gonadotropins secreting cells,
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contributes, in fact, to determining an altered
bone metabolism in these patients. One of our
previous studies on thalassemic population (10),
showed that thalassemics with gonadal failure
have a more serious alteration of BMD, both at a
vertebral and femoral level than eugonadal tha-
lassemics. These observations support the impor-
tance of sex hormones on bone tissue and there-
fore, the importance of performing hormonal re-
placement therapy at an early stage.

It is not yet clear whether sex steroids act on bone
tissue directly and/or through a mediation of local
factors. One of the better characterized among
these local factors in bone tissue is the IGF-I, that is
considered a potent stimulator of bone formation
and is present in the circulation and in extracellu-
lar spaces, and is especially bound to the IGF bind-
ing protein lll (IGFBP-III), the prominent form of
IGFBPs in man (11, 12).

Therefore, this study was designed in order to
investigate the IGF-I/IGFBP-IIl axis and its rela-
tionship with bone metabolism and mineral den-
sity in a group of patients with thalassaemia ma-
jor, undergoing hormonal replacement therapy
and without other endocrine, liver or kidney dis-
orders.

DESIGN AND METHODS
Patients

We recruited a total of 40 patients with f-thalassemia major at-
tending the center for the prevention and cure of osteoporosis
of the Department of Internal Medicine of the Messina Univer-
sity. Of these, patients with thyroid disease (3), diabetes mellitus
(2), other endocrine disorders (2), liver disease (4), or on steroid
treatment (1) were excluded from the study (12 patients). The
remaining patients (28 subjects) were included in our cross-sec-
tional. Twelve of these were male (mean age 22.5+3.1, BMI
22+2 kg/m?) and 16 female (mean age 27.5+8.2, BMI 23+2
kg/m?).

All the patients had been treated with hormone replacement
therapy for 3.0£2.1 yr, with a good compliance, in the form of
transdermal estrogen (17 B estradiol 50 pg/d for 21 days every
month) and medroxyprogesterone acetate (10 mg for the last
11 days of the menstrual cycle) for female patients; in the form
of metil testosterone (100 mg im every 28 days) for male pa-
tients.

Patients had been maintained on a regular transfusion pro-
gram since early childhood, according to a monthly regimen
with the aim of maintaining pretransfusional hemoglobin lev-
els above 1.55 mmol/I. All thalassemic patients underwent an
iron chelation program with desferioxamine (Desferal), admin-
istered subcutaneously by mini-pump, via an 8-h infusion/d.
The dosage varied from 40 to 60 mg/kg/d and was recom-
mended to be used 5 nights each week. Compliance to chela-
tion therapy according to serum ferritin levels was monitored
for 1 yr and considered acceptable in all patients. Thalassemic
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subjects supplemented their diet with colecalciferol (vitamin
D) 400 1U/d.

In addition, we recruited 28 young volunteers from the nursing
school of Messina. These were healthy subjects matched for
age, height, weight and sex to the patients. Diagnosis of ho-
mozygous B-thalassaemia was made using hemoglobin electro-
phoresis to identify variant hemoglobins (13). The study was
performed according to the principles of the Declaration of
Helsinki, and informed consent was obtained from each person
involved.

METHODS
Bone mass measurements

BMD was measured in all patients by a dual energy X-ray
(DXA) densitometer (HOLOGIC QDR 4500 W) both at the lum-
bar spine (L2 to L4) in A-P projection and the proximal femur
(neck and Ward's triangle). The instrument was calibrated on
a daily basis according to the manufacturer’s instructions.
Reproducibility was calculated as a coefficient of variation (CV)
obtained by weekly measurements of a standard phantom on
the instrument and by repeated measurements obtained in 3
patients of different ages. The CV of our instrument was 0.5%
with the standard phantom; in vivo we calculated a CV of 1.1%
for the lumbar spine, 1.5% for the neck and 3.2% for Ward's
triangle. BMD data were expressed as grams per centimeter
squared and compared with BMD values of normal subjects of
the same age.

Biochemical analyses

On the day of admission, venous blood samples were ob-
tained for determination of blood cell count and serum con-
centration of albumin, bilirubin, hemoglobin (Hb), ferritin and
alanine aminotransferase (ALT). Following an overnight fast,
venous blood samples were drawn through a polyethylene
catheter inserted in a forearm vein between 8:00 h and 9:00
h. The serum was separated from the blood corpuscles by
centrifugation and kept frozen at -20 C until analyzed for cal-
cium (Ca), phosphorus (P), creatinine (Creat), IGF-I, IGFBP-III,
intact PTH, 25-hydroxyvitamin D (25-OHD), osteocalcin (BGP),
E2 and free-T. A 2-h fasting morning urine was collected at
the same time for measurements of pyridinium crosslinks
(pyridinoline - Pyr and deoxypyridinoline - D-Pyr) and creati-
nine.

Ca (normal range 2.2-2.6 mmol/l), P (normal range 1.2-1.7
mmol/l), Creat (normal range 63-133 pmol/l in serum and 0.13-
0.22 mmol*kg™ of body weight /24 h in urine), bilirubin (normal
range 5.1 - 17 ymol), albumin (normal range 35-55 g/l), ALT (nor-
mal range 3-26 IU/l) and Hb (normal range 2.1-3.0 mmol/l) were
determined by automated routine procedures. BGP (normal
range 3.36-6.86 pmol/ml), PTH (normal range 1.17-6.77 pmol/l)
and 25-OHD (normal range 25-125 nmol/l) were measured by an
IRMA (Bouty SpA, Italiana Laboratori Bouty, Milan, Italy). Ferritin
(normal range 3-12 mmol/l), E2 (normal range 73-367 pmol/I for
the follicular phase of the menstrual cycle) and free-T (normal
range 69-970 pmol/l) were valued using a solid phase im-
munoassay (Roche Diagnostics, Milan, Italy). Pyr (normal range
25-91 pmol/umol urinary creat) and D-Pyr (normal range 3-21
pmol/pmol urinary creat) were measured by an high perfor-
mance liquid chromatography (HPLC) (BIORAD Diagnostics,



Table 1 - Hormonal parameters of patients and controls.
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Patients Controls
Males* Females** Males* Females**
PTH (pmol/l) 4.3+0.7 (3.2-5.2) 4.2+0.6 (3.0-4.9) 4.4%1.3 (3.0-5.8) 4.3%0.9 (2.9-5.6)
25-OHD (nmol/Il) 70.8+10.1 (58.7-82.9) 71.9+9.8 (60.1-82.6) 75.8+20.5 (52.3-98.5) 77.8+19.8 (56.2-98.9)
17BE; (pmol/l) - 118.9+18.6 (98.3-139.6) - 127.7+29.2 (96.4-159.6)
FreeT (pmol/l) 450.2+84.0 (355.5-539.8) 469.8+70.5 (397.5-544.2) -

Data are expressed as mean=SD (range). *Dosage on the 12t day after the last injection of metil-testosterone. **Dosage on the 7t day of induced or

spontaneous menstrual cycle. 25-OHD:25-hydroxyvitamin D.

Richmond, CA, U.S.A). The IGF-I and IGFBP-III levels were mea-
sured by RIA using reagents supplied by Bouty SpA, Milan, ltaly.
Mean intrassay coeffiecients of variations (CVs) were 7.4% and
5.7%, respectively, and interassay CVs were 8.3% and 6.1%, re-
spectively.

Statistical analysis

Statistical analyses were performed using the Statview 512
statistical package. All values were expressed as mean+SD.
Comparisons between the groups were performed using
Student’s t test for unpaired data when the data were nor-
mally distributed, or by non-parametric statistical analysis
(Wilcoxon rank sum test) when they were not. A p value of
<0.05 was considered significant. Pearson’s correlation coef-
ficient (r) was calculated to evaluate the correlation between
2 variables.

RESULTS

The hormonal and biochemical characteristics of
subjects are shown in Tables 1 and 2. The circulat-
ing concentrations of albumin, Ca, P, PTH and 25-

Table 2 - Biochemical parameters of patients and controls.

OHD did not differ significantly among the study
groups. Levels of bilirubin and ferritin were signifi-
cantly higher in thalassemic patients than in con-
trols (p<0.001). These levels reflected respectively
ineffective erythropoiesis and systemic hemosidero-
sis typical of thalassemics. Thanks to good compli-
ance to the adequate HRT, levels of 17-§ estradiol
and free-T did not differ among thalassemics and
control subjects.

Circulating concentrations of IGF-1 (21.07+5.12 vs
35.25%£8.33 nmol/ml, p<0.001) and IGFBP-III
(1.9+0.4 vs 2.5+£0.1 mg/ml, p<0.001) and their ra-
tio (IGFI/IGFBP-III: 11.08+0.12 vs 14.10+0.15,
p<0.001) were significantly lower in thalassaemic
patients than in controls. Dual-Photon absorp-
tiometry showed that thalassaemic patients had
significantly lower BMD values (BMD L2-L4:
0.880+0.069 vs 1.083+0.090 g/cm?, p<0.001 and
BMD neck 0.894+0.060 vs 0.934x0.062 g/cm?,
p<0.05) than controls (Table 3). BMD L2-L4 values
significantly correlated with hormonal treatment

Controls

Patients
ALT (1U/1) 10.1%£1.8 (7.8-13.4)
Bilirubin (umol/I) 47.9+3.1* (41.8-52.3)
Albumin (g/1) 40.0+2.9 (35.0-44.7)
Ca (mmol/l) 2.51%0.08 (2.25-2.60)
P (mmol/l) 1.55%0.11 (1.42-1.69)

Creatinine (umol/l) 84.5+4.7 (78.5-95.5)

Hb (mmol/I) 1.63+0.5* (1.07-2.14)
Ferritin (mmol/I) 57.34+50.70* (6.23-106.04)
IGF-I (nmol/ml) 21.07+5.12* (11-29)

IGFBP-III (mg/ml)
IGF-I/IGFBP-IIIl (nmol/mg)

1.9£0.4% (1.1-2.5)
11.08+0.12* (10-11.2)

9.9£2.1 (7.5-12.5)

10.2+£1.9 (8.0-12.3)
39.5+2.1(37.1-42.2)
2.49+0.09 (2.36-2.59)
1.54+0.09 (1.41-1.68)
83.7+5.4 (77.7-90.1)
2.31+0.6 (1.68-2.99)
5.21+3.01 (2.0-8.89)

35.25+8.33 (25-45)

2.5+0.1 (2.3-2.8)
14.10=0.15 (10.86-16.07)

Data are expressed as mean=SD (range). *p<0.001; ALT: alanine aminotransferase; Ca: calcium; Hb: hemoglobin; IGFBP-III: IGF binding protein lIl; P:

phosphorus.
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Table 3 - Parameters of bone turnover and BMD.

Patients

Controls

Pyr (pmol/mmol urinary creat) 78.1+1
D-Pyr (pmol/umol urinary creat)
BGP (pmol/ml)

BMD L2-L4 (g/cm?)

BMD femoral neck (g/cm?)

5.7*(61.1-96.7)

21.9+3.5% (15.2-28.4)
3.8+0.6** (2.6-4.7)
0.880+0.069* (0.620-0.960)
0.894+0.060** (0.670-0.980)

47.5+11.2 (34.1-60.2)
14.5+£5.4 (8.2-20.7)
4.6+1.7 (2.5-6.8)
1.083+0.090 (0.987-1.184)
0.934+0.062 (0.870-1.002)

Data are expressed as mean=SD (range). *p<0.001,**p<0.05; BGP: osteocalcin; D-Pyr: deoxypyridinoline; Pyr: pyridinoline.

duration (r=0.50, p<0.05), with IGF-I (r=0.57,
p<0.05) and IGFBP-III levels (r=0.47, p<0.05).
Similarly, BMD neck values significantly correlat-
ed with hormonal treatment duration (r=0.49,
p<0.05), with IGF-I (r=0.40, p<0.05) and IGFBP-II]
levels (r=0.34, p<0.05) (Fig. 1).

Our thalassaemic patients had an increased bone
resorptive phase, as shown by the fact that levels of
Pyr, D-Pyr, were significantly higher than controls
(Pyr 78.1%£15.7 vs 47.5£11.2 pmol/pumol urinary

pmol/ umol urinary creat, p<0.001). On the con-
trary, levels of BGP were slightly, although signifi-
cantly, lower in patients than controls (3.8+0.6 vs
4.6=1.7 pmol/ml, p<0.05) (Table 3). BGP showed
a significant positive correlation with levels of IGF-|
(r=0.52, p<0.05) and IGFBP-IIl and (r=0.34, p<0.05)
(Fig. 1). No significant correlations were found be-
tween these growth factors and markers of bone
resorption. No relationship was noticed with the
other parameters considered in patients and con-

creat, p<0.001 and D-Pyr 21.9+3.5 vs 14.5+5.4 trols.
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Fig. 1 - Significant correlations in thalas-
semic patients. (A) Correlation between
BMD L2-L4 (g/cm?) and hormonal treat-
ment duration (HTD) (yr) (r=0.50, p<0.05).
(B) Correlation between BMD neck
(g/cm?) and HTD (yr) (r=0.49, p<0.05). (C)
Correlation between osteocalcin BGP
(pmol/ml) and IGF-I (hmol/ ml) (r=0.52,
p<0.05). (D) Correlation between osteo-
calcin (BGP) (pmol/ml) and IGF binding
protein-Ill (IGFBP-III) (mg/ml) (r=0.34,
p<0.05). (E) Correlation between BMD 2-
L4 (g/cm?) and IGF-I (nmol/ml) (r=0.57,
p<0.05). (F) Correlation between BMD
neck (g/cm2) and IGF-I (nmol/ml) (r=0.40,
p<0.05). (G) Correlation between BMD
L2-L4 (g/cm?) and IGFBP-IIl (mg/ml)
(r=0.47, p<0.05). (H) Correlation between
BMD neck (g/ cm?) and IGFBP-IIl (mg/ml)
(r=0.34, p<0.05).



DISCUSSION

Our study shows that, in spite of adequate sex
hormone replacement therapy, thalassaemic pa-
tients exhibit lower BMD values than controls,
both at a vertebral and femoral level, as has al-
ready been reported by Jensen et al. (2) and
Giardina et al. (3), and that these values are sig-
nificantly correlated with replacement treatment
duration. These findings implicate that sex steroids
are important, but not sufficiently to prevent bone
loss in these patients. Other factors could play an
important role. Because our patients were main-
tained on a hypertransfusion program and re-
ceived hormone replacement and chelation ther-
apies, we expected a normal bone turnover;
whereas our thalassaemic patients had an unbal-
anced bone turnover with an increased resorption
phase, as is shown by high levels of pyridinium
crosslinks and a decreased neoformation phase,
as shown by the slightly low levels of osteocalcin.
This data is also in accordance with histomorpho-
metric studies performed by De Vernejoul et al.
(14), that showed decreased bone formation in
thalassemic patients. The depression of bone for-
mation, even if slight, is surprising because an in-
crease in resorption is generally followed by a cor-
responding increase in bone formation (15, 16).
These findings suggest that the decrement in
bone density in thalassemics patients may be a
consequence of uncoupling bone turnover. With
regard to the potential etiology for this unbal-
anced bone turnover, that has been reported also
in a recent work of Voskaridou et al. (17), we
found lower serum levels of IGF-I and IGFBP-IIl in
thalassemic patients than in age-matched controls
(-40.2% and -24.0% respectively) and that levels
of these growth factors show significant correla-
tions with BGP, a marker of bone formation and
BMD values. Low levels of IGF-I in thalassemic
adults and its correlation with BMD have been
similarly reported by Dresner Pollak et al. (18), but
our data, for the first time, relate unbalanced bone
turnover to a decrease in the components of the
IGF-1/IGFBP-IIl system. Previously, Sartorio et al.
(19) demonstrated that 12 months’ rec-GH thera-
py in GH deficient children with thalassaemia ma-
jor significantly increased levels of IGF-I and
markedly of BGP. The mechanisms responsible for
reduction of IGF-I/IGFBP-IIl axis in thalassemics
are still being debated. Danesi et al. (20) found in
a considerable proportion of thalassemic patients
an impairment of GH secretion, compatible with
a hypothalamic and/or pituitary damage. But, it is
unclear whether the IGF-I decrease occurs before
or after GH secretion dysfunction (21-26). In this

342

Pathogenesis of thalassemic osteoporosis

regard, recently, Chrysis et al. (27) suggest that
impaired GH secretion rather than GH insensitivi-
ty is the cause of growth retardation in thalassemic
patients. Another important aspect is that nutri-
tional state has profound actions at all levels of
the GH/IGF-I axis and GH has potent effects on
nutritional state (28). But our thalassemic patients
had a normal diet, as is shown by the normal val-
ues of albumin and BMI.

IGF-I, a polypeptide synthesized mostly by the liv-
er but also by skeletal cells, is a molecule that
stimulates bone tissue formation, but it is also a
product of the osteoblasts, on which it acts as an
autocrine and paracrine modulator of bone for-
mation, stimulating function and proliferation of
bone forming cells. It is interesting to note how
sex hormones are all involved in IGF-I production
by bone cells, also influencing the cellular re-
sponsiveness to IGF-1 (29-36). Moreover, all bone
cells are capable of producing binding proteins
for IGF-I, that modulate its final effect. In particu-
lar IGFBP-IIl seems to have the role of enhancing
IGF-I life span and of protecting from its hypo-
glycemic effects (37). Bone metabolism and skele-
tal consolidation result from a complex sequence
of hormonal changes in interaction with nutrition-
al factors, where the concerted actions of GH, IGF-
| and sex hormones and their receptors, besides
other factors, are responsible for the timing and
attainment of skeletal consolidation (38).

We hypothesize that IGF-I/IGFBP-IIl decrement is
the “missing link” between sex hormone action and
bone metabolism in these patients. In other words,
hormone replacement therapy, that in other cases
is associated with a beneficial and protective effect
on the bone, in these patients could not completely
act on bone because of the alteration of the IGF-I/
IGFBP-IIl axis. In conclusion, the essential mecha-
nism of cortical and trabecular bone loss in tha-
lassemic patients seems to be an uncoupling of
bone resorption and bone formation, with a de-
crease in osteoblast recruitment and activity. This
uncoupling could be caused by the above de-
scribed alteration of the IGF-I/IGFBP-III axis, that
determines a decreased peripheral action of sex
hormones.

In the light of this new evidence, IGF-I therapy
may represent a valid therapeutic option in tha-
lassemic patients. In fact, we have today a vari-
ety of factors with inhibitory effects on bone re-
sorption in the treatment of osteopenic patholo-
gies such as bisphosphonates (39), but there is
no substance capable of stimulating bone neo-
formation. Different situations, such as tha-
lassemic osteoporosis, could benefit from this



A. Lasco, N. Morabito, A. Gaudio, et al.

therapy. Moreover, systematic administration of
IGF-I and IGFBP-III could prevent undesirable sys-
temic effects of the IGF-I molecule.
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