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Brief Report

Introduction

Osteoporosis represents an important cause of morbidity in
adult patients with thalassemia. Its pathogenesis is multifacto-
rial, and includes mainly bone marrow expansion, endocrine
dysfunction and iron overload.1 Osteoclast activity is elevated
in thalassemia osteoporosis,2 and thus bisphosphonates have
been used for its management.3-5 Moreover, osteoblasts are
also deregulated in thalassemia osteoporosis1,6 but there is
very limited data for the underlying mechanisms of this dereg-
ulation.

Dickkopf-1 (Dkk1) is a soluble inhibitor of Wingless type
(Wnt)/β-catenin signaling required for the development of
embryonic head-inducing tissues in amphibian embryos.7

Dkk1 is implicated in the regulation of osteoblast differentia-
tion8,9 being a negative regulator of normal bone homeostasis
in vivo.10 Dkk1 overexpression in osteoblasts causes osteope-
nia and inhibits fracture repair,11 while Dkk1 activation in
osteoblasts seems to participate in the pathogenesis of gluco-
corticoid- and estrogen deficiency-mediated osteoporosis.12

Furthermore, Dkk1 is implicated in the pathogenesis of can-
cer related bone disease11 and Dkk1 serum levels are elevated
in patients with multiple myeloma and breast cancer with

bone metastasis.13,14 However, there is no information for the
serum levels of Dkk1 in human osteoporosis of any benign
etiology, including thalassemia-induced osteoporosis. The
aim of this study was to evaluate, for the first time, the serum
levels of Dkk1 in patients with thalassemia and osteoporosis
who received therapy with zoledronic acid (ZOL) and evalu-
ate possible correlations with clinical and laboratory data in
an attempt to clarify if Dkk1 has any role in the pathogenesis
of osteoporosis in thalassemia.

Design and Methods

Sixty-six patients (22M/44F, median age 42 years) with tha-
lassemia-induced osteoporosis who participated in a phase II,
randomized, placebo-controlled trial (ClinicalTrials.gov
Identifier: NCT00346242) were studied. The characteristics of
the patients and the study protocol have been previously
described.4,5 In summary, patients were blindly randomized
to receive ZOL at a dose of 4 mg, iv, in 15 min infusion, every
six months (group A, n=23) or every three months (group B,
n=21), or to receive placebo every three months (group C,
n=22) for a 12-month period. 
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Dickkopf-1 is an inhibitor of Wnt signaling, which is crucial
for osteoblast differentiation. We evaluated serum levels of
Dickkopf-1 in 66 patients with thalassemia-induced osteo-
porosis who received therapy with zoledronic acid in a
placebo-controlled, randomized trial. At baseline, tha-
lassemia patients had increased serum levels of Dickkopf-
1 that correlated with reduced bone mineral density of the
lumbar spine and the distal radius. High Dickkopf-1 also
correlated with increased bone resorption and reduced
bone formation markers. Zoledronic acid produced a
reduction in serum Dickkopf-1, which was associated with
bone mineral density increase after 12 months of therapy.
On the contrary, placebo group showed a borderline
increase of Dickkopf-1, which was higher in patients who
showed deterioration in pain scores. These results suggest
that Dickkopf-1 is implicated in the pathogenesis of osteo-

porosis in thalassemia and reveal Dickkopf-1 as a possible
target for the development of novel agents for the manage-
ment of thalassemia-induced osteoporosis (ClinicalTrials.
govIdentifier: NCT00346242).
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Dkk1 was measured at baseline and after 12 months
of therapy, using ELISA methodology (Biomedica
Medizinprodukte, No. BI-20412, Gesellschaft GmbH,
Wien, Austria; in this ELISA 1 pmol/L=28.68 pg/mL),
along with a series of serum bone indices: i) bone resorp-
tion markers [C-telopeptide of type-I collagen (CTX),
tartrate-resistant acid phosphatase isoform-5b (TRACP-
5b)], ii) bone formation markers [bone-alkaline phos-
phatase (bALP), osteocalcin (OC) and C-terminal
propeptide of collagen type-I (CICP)], and iii) osteoclast
regulators [receptor activator of nuclear factor-κB ligand
(RANKL), osteoprotegerin (OPG), and osteopontin], as
previously described.4 Bone mineral density (BMD) of
the lumbar spine (L1-L4), femoral neck (FN) and distal
radius (R) was determined using Dual-Energy X-ray
Absorptiometry (DXA; LUNAR, PRODIGY Version
8.60.006/SYSTEM GE medical system LUNAR USA
726, Heartland Trail, Madison, WI 53717, USA) before
and 12 months post-ZOL treatment.4

The above bone markers were also evaluated in 30,
age- and gender-matched, healthy controls (11M/19F,
median age 44 years, range: 21-55 years). All controls
had BMD measurements (L1-L4/FN/R) to exclude
osteopenia/osteoporosis of other etiology, and were

examined to ensure that there was no evidence of bone
disease (i.e. osteoarthritis) and no receipt of medication
that could alter the normal bone turnover during the pre-
vious six months.

Statistical analysis
The Mann-Whitney test and paired samples t-tests

were applied to evaluate the differences between
patients and controls while the Wilcoxon signed rank
test was used to evaluate differences between baseline
and values of the studied parameters at the various
time points. Differences between patients of three
groups were evaluated using the Mann-Whitney test
and the one-way ANOVA. The correlation between
changes of various biochemical parameters and BMD
was evaluated with the Spearman’s (rs) correlation
coefficient. Variables found to be statistically signifi-
cant at the p<0.05 level for the presence of severe
osteoporosis (Z-score< -4.0) in at least one studied site
were entered into a multivariate model using Cox
regression analysis to identify the most statistically sig-
nificant model. All p values are two sided, the level of
significance is <0.05 and confidence intervals refer to
95% boundaries.

Figure 1. Patients with thalassemia and osteoporosis have increased levels of serum Dkk1 compared with normal controls (A). Increased
Dkk1 levels correlated with reduced BMD of the lumbar spine (B) and the wrist (C) but also with reduced bALP (bone formation mark-
er) (D).
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Results and Discussion

At baseline, thalassemia patients had increased serum
levels of Dkk1 (mean±SD: 39±17.1 pmol/L) compared
with controls (27.4±9.7 pmol/L; p<0.0001; Figure 1A).
Furthermore, thalassemia patients had increased values
of CTX (0.81±0.56 vs. 0.32±0.19 ng/mL; p<0.0001),
TRACP-5b (1.29±0.94 vs. 0.58±0.34 U/L; p<0.01), bALP
(35.5±12.2 vs. 19.8±13.5 U/L; p<0.001), CICP (81.3±31.0
vs. 56.7±32.2 ng/mL; p=0.003), and sRANKL/OPG ratio
(0.39±0.18 vs. 0.12±0.19; p=0.001) compared with con-
trols. Serum Dkk1 correlated with L1-L4 BMD (r=-
0.290, p=0.022; Figure 1B) and R-BMD (r=-0.415,
p=0.001; Figure 1C), but also with TRACP-5b (r=0.310,
p=0.011), CTX (r=0.323, p=0.01) and bALP levels (r=-
0.289, p=0.018; Figure 1D). There was also a weak cor-
relation between FN-BMD and serum Dkk1 (r=-0.212,
p=0.072). The univariate analysis showed that CTX,
TRACP-5b, bALP, CICP, sRANKL/OPG ratio and Dkk1
correlated with the presence of severe osteoporosis (Z-
score <-4.0) in at least one of the studied sites (p<0.04
for all markers). However, the Cox regression analysis
revealed that only serum Dkk1 as a continuous variable
had an independent value for the presence of severe
osteoporosis (Z-score <-4.0) in our patients (Hazard
ratio 1.055; 95% CI 1.016-1.095; p=0.002). 

Dkk1 protein is implicated in osteoblast differentia-
tion and bone remodeling in healthy people and in
patients with bone disorders.9-14 Our results show, for
the first time, that Dkk1 is increased in the serum of
thalassemia patients with osteoporosis. The correlation
observed between serum Dkk1 and BMD of the R and
L1-L4 as well as the independent value of Dkk1 in
revealing the presence of severe osteoporosis further
suggests that Dkk1 is implicated, at least partially, in the
pathogenesis of osteoporosis in thalassemia. We found
a better correlation between serum Dkk1 and R-BMD
compared to L1-L4 or FN-BMD. This may be explained
by the severity of osteoporosis in the R observed in our
cohort of patients. More specifically, the median Z-
score of R-BMD was lower (-3.55) compared with that
of the L1-L4 (median Z-score: -2.4) and the FN, which
had the lower level of bone loss in this cohort of
patients (median Z-score: -1.55; p (ANOVA) <0.01].4

Dkk1 also correlated with increased bone resorption
(as assessed by CTX and TRACP-5b measurements) in
our patients; an observation which indicates that Dkk1
is able to enhance osteoclast activity in thalassemia.
This phenomenon has been already described in
myeloma where Dkk1 produced by myeloma cells
reduces osteoblast function but also increases the pro-
duction of RANKL and decreases the production of
OPG by stromal cells, and thus leads to increased bone
resorption.15 Furthermore, in patients with rheumatoid
arthritis, Dkk1 directly impaired new bone formation
through the reduction of osteoblast function and the
decreased production of OPG, which shifted the
RANKL/OPG ratio in favor of bone resorption.16 Thus
it seems that Dkk1 inhibits bone formation while pro-
moting bone resorption in different bone disorders and
supports the notion that Dkk1 is a key molecule in

bone biology. The negative correlation between Dkk1
and bALP (an osteoblast product) found in our study is
another indication that Dkk1 plays a significant role in
the biology of abnormal bone remodeling in tha-
lassemic osteoporosis.  

Patients in group B experienced an increase of L1-L4
BMD, while no other alterations in BMD were observed
in the three groups during the study period. ZOL groups
had a reduction in markers of bone resorption and for-
mation, as previously reported.4 ZOL patients (groups
A+B) showed a reduction of Dkk1 after 12 months of
therapy (from 39.6±16.6 to 28.9±16.3 pmol/L; p=0.004;
Figure 2); indeed they almost normalized Dkk1 levels
(p=0.436 compared to control values). Furthermore
there was no difference between percentage reduction
of serum Dkk1 between patients of groups A and B
(median % Dkk1 reduction was 24.7% and 27.2% for
groups A and B, respectively; p=0.321). A significant
negative correlation was observed between percentage
change of Dkk1 and percentage change of L1-L4 BMD
(r=-0.458, p<0.01) and R-BMD (r=-0.512, p<0.01) in
ZOL patients. Dkk1 percentage reduction also correlat-
ed with percentage reduction of TRACP-5b (r=0.426,
p<0.01) and CTX (r=0.448, p<0.01) in ZOL groups. On
the contrary, patients of the placebo group showed a
borderline increase of Dkk1 (from 33.1±16.8 to
40.1±23.2 pmol/L, p=0.08) after 12 months of ZOL.
Nine patients of the placebo group showed a deteriora-
tion of pain scores during the study period.4 These
patients had higher levels of Dkk1 at 12-months com-
pared with all others (48.3±11.9 vs. 36.7±17.8 pmol/L,
p=0.035).

The significant correlation between percentage
changes of Dkk1 and bone resorption markers after 12
months of ZOL therapy is another strong indicator that
Dkk1 interferes with bone resorption in thalassemia.
This increased bone resorption is due to increased
osteoclast function mainly through the RANKL/OPG
pathway.2,17,18 Therefore, bisphosphonates that are
potent inhibitors of osteoclast function have been used
for the treatment of thalassemia osteoporosis.1,3-5 ZOL, a
third generation aminobisphosphonate, has shown very
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Figure 2. Zoledronic acid administration produced a reduction in
Dkk1 serum levels but in placebo group a borderline increase of
Dkk1 was observed.
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encouraging results in this setting.4,19,20 It increases BMD
of L1-L4/R/FN even after its discontinuation.5 ZOL
mode of action includes mainly osteoclast inhibition. In
this study, Dkk1 levels reduced post-ZOL therapy. This
reduction was actually due to ZOL as the placebo group
showed a borderline increase of Dkk1. As Dkk1 is a neg-
ative bone regulator its reduction post-ZOL, which cor-
relates with BMD improvement, is an important finding
and reveals another possible mode of action of ZOL.
ZOL, which is able to reduce osteoblast function indi-
rectly (we have seen a reduction of both bALP and OC
in ZOL groups in this study)4 may also reduce Dkk1 pro-
duction by primary osteoblast cells. However, this is
only a hypothesis and further studies are needed to
explain the Dkk1 reduction post-ZOL. 

In conclusion, our study shows that Dkk1 is increased
in the serum of patients with thalassemia and osteo-
porosis, correlates with their BMD and bone resorption
markers, and is reduced post-ZOL therapy, suggesting a
pathogenetic role of Dkk1 in thalassemia osteoporosis.
These results also give evidence that Dkk1 enhances
bone resorption and reveal another mechanism for
increased bone resorption in this setting. The implica-

tion of Dkk1 in the pathogenesis of bone loss in tha-
lassemia is of high importance as pre-clinical studies
have shown that neutralizing Dkk1 antibodies and/or
enhancing Wnt/β-catenin signaling may prove effective
in treating bone pathologies, and phase II studies with
such antibodies have been started in myeloma- and
other cancer-related bone disease. Thus the confirma-
tion of our results will reveal Dkk1 as a possible target
for the development of novel agents against osteopenia
and osteoporosis in thalassemia.   
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