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Osteoporosis: A Severe ProblemOsteoporosis: A Severe Problem
in Adult Patients With Thalassemiain Adult Patients With Thalassemia

• Osteoporosis is prevalent in adult thalassemia pati ents

• Incidence: 40%-60%

• Mean annual change in lumbar-spine BMD: –1.36% 1

1. Dresner Pollack R, et al. Br J Haematol . 2000;111(3):902-907.

Lumbar spine   89% 1

Hip                     62%1

Distal radius     73% 1



Relationship Between BMD and Fracture RiskRelationship Between BMD and Fracture Risk
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BMD = Bone mineral density.

Adapted from Faulkner KG. J Bone Miner Res. 2000;15(2):183-187.
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Clinical Factors in the Pathogenesis Clinical Factors in the Pathogenesis 
of Thalassemiaof Thalassemia --Induced Osteoporosis Induced Osteoporosis 

• Bone marrow expansion
– Mechanical interruption of bone formation
– Cortical thinning
– ��� � Fragility of bones

• Imbalances in multiple endocrine pathways can 
alter bone metabolism in thalassemia patients

– Hypogonadism
• Iron deposition in pituitary gonadotropic cells
• Iron deposition in testes and ovaries

– Defects in growth hormone/insulin-like growth facto r I 
signaling

Reviewed in Voskaridou E, et al. Br J Haematol . 2004;127(2):127-139.



Acquired Factors in the Pathogenesis Acquired Factors in the Pathogenesis 
of Thalassemiaof Thalassemia --Induced OsteoporosisInduced Osteoporosis

• Iron overload and chelation therapies
– Iron deposition in bone

• Impaired maturation of bone cells (osteoids)
• ��� � Local mineralisation

– High-dose iron chelation therapy with desferoxamine
• ��� � Differentiation and proliferation of bone-forming c ells (osteoblasts)
• ��� � Collagen (bone matrix) formation 
• ��� � Osteoblast programmed cell death (apoptosis)

• Deficiencies in vitamins and minerals
– Vitamin D deficiency

• Impaired regulation of bone metabolism

– Zinc deficiency
• Prevalent in thalassemia and associated with low bo ne mineral density
• Role of zinc is not well defined, but might involve  activation of bone-

specific alkaline phosphatase (bALP) and inhibition  of osteoclast activity 1,2

1. King JC. Am J Clin Nutr . 1996;64(3):375-376; 2. Reviewed in Voskaridou E, et al. Br J Haematol . 2004;127(2):127-139.



Seeman E, et al. N Engl J Med . 2006;354(21):2250-2261.

Bone Metabolism: Bone Metabolism: 
A Balance Between Osteoblasts and OsteoclastsA Balance Between Osteoblasts and Osteoclasts



Bone Metabolism UnitBone Metabolism Unit



RANKL: An Essential Mediator of OsteoclastsRANKL: An Essential Mediator of Osteoclasts
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RANK = Receptor activator of nuclear factor kappa B; RANKL = RANK ligand; CFU-M = Colony-forming unit macrophage.

Adapted by permission of Macmillan Publishers Ltd [NATURE] Boyle WJ, et al. Nature . 2003;423(6937):337-342. 



Increased Bone Density Associated With Increased Bone Density Associated With 
Absence of RANKL in Preclinical ExperimentsAbsence of RANKL in Preclinical Experiments

Normal mouse Mouse lacking the 
RANKL gene

RANKL = Receptor activator of nuclear factor kappa B ligand.

Adapted from Li J, et al. PNAS. 2000;97(4):1566-1571.



Osteoclast formation, function, and survival inhibi ted by OPG

Osteoprotegerin (OPG): Osteoprotegerin (OPG): 
The Decoy Receptor of RANKLThe Decoy Receptor of RANKL
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OPG = Osteoprotegerin; RANK = Receptor activator of nuclear factor kappa B; RANKL = RANK ligand; CFU-M = Colony-forming unit macrophage.

Adapted by permission of Macmillan Publishers Ltd [NATURE] Boyle WJ, et al. Nature . 2003;423(6937):337-342. 



Reduced Bone Density Associated Reduced Bone Density Associated 
With Absence of OPGWith Absence of OPG

OPG = Osteoprotegerin; BV % TV = Trabecular bone density as 
a percentage of total tissue density.

*P < .001 versus wild type.

Adapted from Bucay N, et al. Genes Dev . 1998;12(9):1260-1268.
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RANKL/OPG Balance RANKL/OPG Balance 
Drives Osteoclast Activity Drives Osteoclast Activity 

Alterations of the RANKL / OPG ratio are critical in the 
pathogenesis of bone diseases that result from increased 
bone resorption1-3

� � � � �

� � �

RANKL = Receptor activator of nuclear factor kappa B ligand; OPG = Osteoprotegerin; OC = Osteoclast.

1. Hofbauer LC, et al. JAMA . 2004;292(4):490-495; 2. Lacey DL, et al. Cell . 1998;93(2):165-176; 3. Boyle WJ, et al. Nature . 2003;423(6937):337-342.
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RANKL/OPG and RANKL/OPG and 
ThalassemiaThalassemia --Induced Osteoporosis (I)Induced Osteoporosis (I)

Parameter

Patients, 
mean ± SD 

(n = 26)

Controls, 
mean ± SD

(n = 30) P value

OPG, pmol/L

sRANKL, pmol/L

OPG/sRANKL 

2.6 ± 1.6

5.6 ± 3.8

0.4 ± 0.4

4.0 ± 0.4 

4.6 ± 1.4

0.8 ± 0.2

.002

.09

.006

RANKL = Receptor activator of nuclear factor kappa B ligand; OPG = Osteoprotegerin; SD = Standard deviation; sRANKL = Soluble RANKL.

Voskaridou E, et al. Br J Haematol . 2003;123(4):730-737.



RANKL/OPG and RANKL/OPG and 
ThalassemiaThalassemia --Induced Osteoporosis (II)Induced Osteoporosis (II)

Parameter

Patients, 
mean ± SD 

(n = 30)

Controls, 
mean ± SD

(n = 20) P value

OPG, pmol/L

sRANKL, pmol/L

OPG/sRANKL 

3.0 ± 1.3

8.1 ± 2.8

0.4 ± 0.2

3.6 ± 1.4 

4.5 ± 1.2

0.8 ± 0.2

NS

< .0001

< .0001

RANKL = Receptor activator of nuclear factor kappa B ligand; OPG = Osteoprotegerin; SD = Standard deviation; sRANKL = Soluble RANKL.

Morabito N, et al. J Bone Miner Res . 2004;19(5):722-727.

L1-L4 and femoral neck BMD strongly correlated with  OPG/sRANKL



Biochemical Markers of Bone MetabolismBiochemical Markers of Bone Metabolism

BALP = Bone-specific alkaline phosphatase; TRAcP-5b = Tartrate-resistant acid phosphatase type 5b; BSP = Bone sialoprotein; 
NTX = N-telopeptide of type I collagen; CTX = C-telopeptide of type I collagen.

Adapted by permission from Fohr B, et al. J Clin Endocrinol Metab . 2003;88(11):5059-5075.
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Parameter

Controls,
mean ± SD

(n = 30)
Patients, mean ± SD

(N = 26) P value

Bone resorption markers
NTX, nM BCE/mM creatinine
DPD, pmol/mmol creatinine
TRAcP-5b, U/L

Bone formation markers
OC, ng/mL
BALP, IU/L

BMD (T-score)
Lumbar spine
Femoral neck
Forearm

36.9 ± 10.3
14.1 ± 7.2
3.2 ± 0.9

7.9 ± 3.7
19.8 ± 4.0

177.5 ± 106.9
22.0 ± 20.7
6.2 ± 3.9

11.1 ± 8.5
27.2 ± 12.3

–2.58 ± –0.85 (osteoporotic)
–1.70 ± –0.70 (osteopenic)
–3.28 ± –1.34 
(profoundly osteoporotic)

< .001
.04

< .001

.032
< .01

Voskaridou E, et al. Br J Haematol . 2003;123(4):730-737.

Markers of Bone Remodeling Markers of Bone Remodeling 
in Thalassemia Majorin Thalassemia Major



CTX in Thalassemia Patients with OsteoporosisCTX in Thalassemia Patients with Osteoporosis

Voskaridou E, et al. Haematologica . 2006;91(9):1193-202.



Marie PJ. Arch Biochem Biophys . 2008;473(2):98-105.

Regulation of Osteoblast FunctionRegulation of Osteoblast Function
Proliferation and DifferentiationProliferation and Differentiation



InsulinInsulin --Like Growth FactorLike Growth Factor --1 (IGF1 (IGF--1) and 1) and 
Bone Loss in Thalassemia Major (TM)Bone Loss in Thalassemia Major (TM)
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Morabito N, et al. J Bone Miner Res . 2004;19(5):722-727.



Wnt Signaling & Regulation of Osteoblast FunctionWnt Signaling & Regulation of Osteoblast Function

Marie PJ. Arch Biochem Biophys. 2008;473(2):98-105.



DickkopfDickkopf --1 and Bone Metabolism1 and Bone Metabolism

Dkk-1 = Dickkopf-1 (protein).

MacDonald B, et al, Bone 2007; 41(3):331-339

Reduced Dkk-1 
levels correlate 
with high bone 
mass:

d/– versus +/+ 
mice:
75% ��� � in Dkk-1 
expression
and
18 to 25% ��� � in 
cortical thickness 
at the femur 
diaphysis; P < .01



DkkDkk --1: Dramatic Increase in 1: Dramatic Increase in 
Thalassemia Patients With OsteoporosisThalassemia Patients With Osteoporosis
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Voskaridou E, et al. Haematologica 2009;94(5):725-728.



Correlations Between Correlations Between 
Baseline DkkBaseline Dkk --1 and BMD1 and BMD
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Voskaridou E, et al. Haematologica 2009;94(5):725-728.



Correlation Between Correlation Between 
Baseline DkkBaseline Dkk --1 and Bone Turnover1 and Bone Turnover
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Dkk-1: Dickkopf-1 (protein); TRAcP-5b = Tartrate-resistant acid phosphatase type-5b; BALP = Bone-specific alkaline phosphatase.

Voskaridou E, et al. Haematologica 2009;94(5):725-728.
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Sclerostin: Increased in Thalassemia Major Sclerostin: Increased in Thalassemia Major 
with Osteoporosiswith Osteoporosis

Voskaridou E, et al. ASH 2010; abstract No 1010 (or al presentation)



Sclerostin (pg/ml)

Sclerostin Correlations 
with BMD in Thalassemia Major

L1
-L

4 
B

M
D

 (
g/

cm
2 )
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Voskaridou E, et al. ASH 2010; abstract No 1010 (or al presentation)

Dkk-1 & Sclerostin Alterations 
post-Zoledronic Acid Administration



ConclusionsConclusions

• Thalassemia-associated osteoporosis is multifactori al.
• Osteoclast activity is elevated due to increased RA NKL 

production. What is the source? Is there a role of 
immune dysfunction in this overproduction?

• Osteoblast function is also deregulated: IGF-axis, Wnt 
inhibition

• Sclerostin is elevated possibly as a balance effect  on 
Dkk-1 increase

• Bone markers are useful for the reflection of bone 
remodeling

• TGF-beta superfamily: activin-A?
• Novel agents: anti-Dkk1 (BHQ880), anti-SOST, 

sotatercept (activin A antagonist)
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