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260.3 ± 184.3  pg/ml, p = 0.006), while there were no dif-
ferences in mean serum values of BMP4 (5.3 ± 1.7 vs. 
5.7 ± 1.6 pg/ml, p = 0.40). Serum VEGF levels increased by 
approximately 20% after 12 months of PTH (1–84) treat-
ment compared to baseline (p = 0.03) and by 22% after 18 
months (p = 0.01). A significant increase of 10% in mean 
serum BMP4 levels was observed after 18 months of PTH 
(1–84) treatment compared to baseline (p = 0.02). In the 
control group we found no differences after 18 months com-
pared to baseline in BMP4 (5.7 ± 1.6 vs. 6.0 ± 1.5  pg/ml, 
p = 0.53) and VEGF (260.3 ± 184.3 vs. 257.4 ± 107.1  pg/
ml, p = 0.94).
Conclusions  PTH (1–84) treatment increased serum lev-
els of VEGF and BMP4 in postmenopausal women with 
severe osteoporosis.

Keywords  Parathyroid hormone 1–84 · Bone 
morphogenetic protein 4 · Vessel endothelial growth 
factor · Osteoporosis

Introduction

Anabolic therapy with human recombinant intact parathy-
roid hormone 1–84 (PTH 1–84) has been shown to reduce 
fracture risk in osteoporotic patients [1–3]. Furthermore, 
some experimental data seem to demonstrate that PTH 
1–84 promote fracture healing due to increased osteoblast 
recruitment and survival [4].

A number of studies, mainly in rodents or in vitro, have 
elucidated the molecular aspects of the anabolic action 
of PTH on bone; however, there are difficulties in une-
quivocally defining these mechanisms in humans, mainly 
because they probably involve multiple cell types and 
pathways. Indeed, accumulated evidence indicates that the 

Abstract 
Purpose  To investigate the effect of 18 months’ para-
thyroid hormone 1–84 (PTH 1–84) treatment on serum 
levels of bone morphogenetic protein 4 (BMP4) and vas-
cular endothelial growth factor (VEGF), in postmenopausal 
women with established osteoporosis.
Methods  Thirty-seven postmenopausal women with oste-
oporosis (mean age 72.9 ± 8.1 years old) and 23 healthy 
controls (mean age 68.9 ± 9.9 years old) were enrolled. 
Patients were treated with daily subcutaneous injections of 
PTH (1–84) 100 mcg for 18 months, plus calcium 1 gr and 
vitamin D 800 IU per os daily. Blood samples were taken 
every 6 months during the study.
Results  At baseline, there were no differences consider-
ing anthropometric parameters, co-morbidities, current 
medications used between patients and controls. Mean 
serum VEGF levels were significantly higher in osteo-
porotic patients compared to controls (436.7 ± 259.7 vs. 
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anabolic action of PTH results from an orchestration of the 
effects of local factors such as bone morphogenetic proteins 
(BMPs); these are members of the TGF-beta superfamily 
that possess a number of physiologic activities including 
the maintenance and stimulation of osteoblast differentia-
tion [5].

Several studies have attempted to determine the osteo-
genic potential of individual BMPs in comparison to one 
another. Suzawa et al. identified the significance of the reg-
ulatory action of BMP2 and BMP4 (which have 80% amino 
acid sequence homology of molecules) on osteoblastic 
cells, as one of the principal pathways in the pathogenesis 
of bone-losing diseases such as osteoporosis [6]. A recent 
paper demonstrated that estrogen facilitates osteoblast dif-
ferentiation by upregulating BMP4, in vitro, rendering this 
BMP a potential culprit in the development of postmeno-
pausal osteoporosis [7].

There is evidence of synergism between BMP2/BMP4 
and vascular endothelial growth factor (VEGF), a potent 
angiogenic factor, predominantly in the early phases of 
bone healing [8]. Functional VEGF receptors have been 
identified on primary osteoblasts, allowing VEGF to pro-
mote bone remodeling acting directly on survival and activ-
ity of osteoblasts [9]. Moreover, the strong association 
reported between vasodilatation and bone volume suggests 
that bone arteriolar function is critical for PTH-induced 
bone anabolism [10].

Data on serum VEGF levels in osteoporotic patients are 
conflicting. Indeed, some studies show differences in mean 
VEGF serum levels between osteoporotic and normal sub-
jects [11], while others do not [12, 13].

Only one study analyzed serum levels of BMP4 in 
patients with osteoporosis, showing no difference with the 
control group [14]. In addition, the effect of PTH (1–84) 
treatment of osteoporotic postmenopausal women on serum 
BMP4 and VEGF circulating levels is unknown. The aim 
of this study was therefore to investigate the influence of 
PTH (1–84) treatment on BMP4 and VEGF serum circulat-
ing levels in postmenopausal osteoporotic women.

Subjects and methods

The study population included 37 women with postmeno-
pausal osteoporosis, recruited between January 2011 and 
January 2012 at different Hospitals in Italy. In the same 
period of time, 23 healthy volunteer postmenopausal 
women of the same age were enrolled as controls at our 
Mineral Metabolism Center. Patients were enrolled if they 
had a new moderate vertebral fracture, according to Genant 
method [15], and/or a hip fracture occurring while on 
antiresorptive therapy with oral bisphosphonates taken for 
at least one year. At that time in Italy, these criteria allowed 
the reimbursability of anabolic therapy with PTH (1–84), 

while currently only PTH (1–34) is available. Control sub-
jects had normal or osteopenic T-score values at femo-
ral neck and lumbar spine. The exclusion criteria for both 
groups included: estimated creatinine clearance <60  ml/
min, neoplasia, HCV and/or HBV co-infection and previ-
ous diagnosis of secondary osteoporosis, diabetes mellitus, 
metabolic syndrome.

Patients and controls were already on daily oral cal-
cium (1000 mg/day) and vitamin D (800I U/day) since at 
least three months before enrollment. Osteoporotic patients 
(n = 37) were treated with PTH (1–84) 100 µg subcutane-
ously (sc) every day, for 18 months. Blood samples were 
collected at baseline and every 6  months for 18 months. 
Calcium, creatinine and uric acid were assessed, as previ-
ously described [16, 17]. Serum samples were stored at 
−80 °C until assayed for BPM4 (BMP4 ELISA R&D Sys-
tems, Minneapolis, MN) and VEGF (Quantikine® ELISA 
kits, R&D Systems, Minneapolis, MN, USA). The inter and 
intra assay coefficients of variation for BPM4 were 4.4 and 
5.3%, respectively, whereas the coefficients of variation for 
VEGF were 4.5 and 7.0%, respectively.

Each patient and control subject underwent standardized 
lateral radiographs of the thoracic and lumbar spine, cen-
tered at T8 and L3, respectively, at a film focus distance of 
105 cm. After visual inspection of these radiographs by two 
independent experienced observers, vertebral deformity 
was defined when anterior, middle or posterior height loss 
was more than 20% with respect to the adjacent vertebra, 
according to Genant’s method. Every patient provided writ-
ten informed consent. The study was approved by our local 
hospital Ethics Committee (PROT. 929/10).

Statistical analysis

Results are presented as mean values ±1 standard deviation 
(SD). Frequencies were compared using the chi-squared 
test. Between-group differences at baseline were assessed 
by Student’s t-test. The differences between groups in their 
change from baseline were assessed with Wilcoxon test. 
Pearson correlation coefficient was used to assess the rela-
tionship between continuous variables. The results were 
considered significant when the significance value of the 
test was less than 0.05% (р value < 0.05). The statistical 
analyses were carried out using the Statistical Package for 
the Social Sciences (SPSS) software (release 10, SPSS Inc., 
Chicago, IL, USA).

Results

There was no significant difference considering anthro-
pometric parameters, co-morbidities and current medi-
cations between patients and controls (Table  1). As 
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expected by inclusion criteria, 91% patients had vertebral 
fractures, 16% had hip fractures and 8% had a history of 
wrist fractures (Table 1).

At baseline mean serum VEGF levels were signifi-
cantly higher in osteoporotic patients compared to controls 
(436.7 ± 259.7 vs. 260.3 ± 184.3  pg/ml, p = 0.006), while 
there were no differences in mean serum values of BMP 4 
(5.3 ± 1.7 vs. 5.7 ± 1.6 pg/ml, p = 0.40) (Table 1). We found 
no association in the osteoporotic group between both 
serum levels of BMP4 and VEGF with age, BMI, creati-
nine, except for a positive association between VEGF and 
serum creatinine (β = 0.34, p = 0.04).

There was no correlation between serum levels of 
VEGF and BMP4 at baseline and after 18 months of treat-
ment in the patients group. Serum VEGF levels increased 
approximately by 20% after 12 months of PTH (1–84) 
treatment compared to baseline (p = 0.03) and by 22% 
after 18 months (p = 0.01). A significant increase of 10% 
in serum BMP 4 levels was observed after 18 months of 
PTH (1–84) treatment compared to baseline (p = 0.02) 
(Fig.  1). In the control group we found no differences 
between BMP4 at baseline and after 18 months (5.7 ± 1.6 
vs. 6.0 ± 1.5 pg/ml, p = 0.53), nor for VEGF (260.3 ± 184.3 
vs. 257.4 ± 107.1 pg/ml, p = 0.94). After 18 months, there 
was no differences in BMP4 values between patients and 
controls (5.81 ± 2.16 vs. 6.0 ± 1.5, p = 0.71), while VEGF 
was higher in patients than in controls (500.4 ± 285.8 vs. 
257.4 ± 107.1 pg/ml, p = 0.0003).

Neither new clinical fractures were not reported in the 
study period, nor serious side effects.

In the patients group, we observed an increase of mean 
serum calcium levels without hypercalcemia at 18 months 
(calcium at baseline vs calcium at 18 months: 9.6 ± 0.7 
vs. 9.8 ± 0.6  mg/dl, p = 0.01). In addition, a tendency to 
an increase of serum uric acid was observed (4.6 ± 1.2 vs. 
5.6 ± 1.6  mg/dl, p = 0.001). We found no statistically sig-
nificant difference in urinary calcium and creatinine levels 
at baseline compared to 18 months (creatinine 0.8 ± 0.2 
vs 0.8 ± 0.2  mg/dl; p = 1.0, and urinary calcium 24  h 
181.9 ± 108.0 vs. 160.7 ± 109.3 mg/24 h; p = 0.18).

Table 1   Anthropometric and biochemical parameters, comorbidities, 
medications and fractures of patients and controls

Gerd gastrointestinal reflux; Asa acetyl salicylic acid; PPI proton- 
pump inhibitor, BMP 4 bone morphogenetic protein 4; VEGF vascu-
lar endothelial growth factor
*p < 0.05, **p < 0.0001.

Patients (n = 37) Controls (n = 23)

Anthropometric parameters
 Age (years) 72.9 ± 8.1 68.9 ± 9.9
 Age at menopause 49.1 ± 5.4 50.6 ± 4.3
 Body mass index 25.2 ± 4.0 26.0 ± 1.8

Co-morbidities
 Hypertension 19/37 13/23
 Dyslipidemia 7/37 5/23
 Gerd 5/37 4/23

Therapy
 Antihypertensive 19/37 13/23
 Statins 6/37 3/23
 Asa 8/37 4/23
 PPI 5/37 4/23

Biochemical parameters
 Calcium (mg/dl) 9.6 ± 0.7 9.4 ± 0.4
 Creatinine (mg/dl) 0.8 ± 0.2 0.9 ± 0.1
 Urinary calcium (mg/24 h) 181.9 ± 108.0 224.0 ± 40.8
 BMP 4 (pg/ml) 5.3 ± 1.7 5.7 ± 1.6
 VEGF (pg/ml) 436.7 ± 259.7 260.3 ± 184.3*

Fractures
 Hip fracture 6/37 0
 Vertebral fracture 34/37 0**
 Vertebral fracture >3 23/37 0**
 Wrist fracture 3/37 0

Fig. 1   Delta BMP4 and VEGF increase compared to baseline in postmenopausal women treated with PTH (1–84) for 18 months. Data are 
reported as mean ± SE. *p < 0.05
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Discussion

Our study shows for the first time that treatment with PTH 
(1–84) induces a significant increase in mean serum VEGF 
and BMP4 levels in postmenopausal patients with estab-
lished osteoporosis.

We found that in basal conditions osteoporotic patient 
had higher serum levels of VEGF compared to control 
group, as found by Costa et  al., even if in the last study 
the difference was not significant [13]. It could be argued 
that our population sustained a recent osteoporotic fracture 
so that the healing process involving VEGF was already 
started when the therapy was administered; however, since 
most of the vertebral fractures were morphometric, the 
exact time of vertebral fracture could not be ascertained in 
each patient. The patients group was treated with bispho-
sphonates, before enrollment for anabolic therapy, which 
could be also a factor that has modified VEGF levels com-
pared to controls.

Interestingly, we found an increase in VEGF after ther-
apy; this new finding may lead to a further understanding 
of the biochemical mechanism involved in the anabolic 
effects of PTH. There are only two studies in the litera-
ture regarding the interaction between PTH and VEGF in 
humans. The first one looked at the serum levels of VEGF 
in primary hyperparathyroidism, a disease characterized by 
elevated levels of PTH; higher VEGF levels compared to 
control subjects were reported [18]. The second study ana-
lyzed the effect of PTH (1–84) on serum VEGF levels in 
hypoparathyroidism patients, characterized by low levels of 
PTH, showing that serum VEGF levels were altered [19]. 
In this second study, the increase of VEGF levels in the 
eight subjects treated was at least 10% at 6 or 12 months, 
based on the raw values; the authors hypothesize that PTH 
(1–84) administration in these subjects influenced residual 
parathyroid cell function by stimulating VEGF [19]. It 
should be noted that the dose of PTH (1–84) utilized for the 
treatment of hypoparathyroidism is different from that uti-
lized for the treatment of osteoporosis. In fact, 50 µg daily 
to 100 µg every 3 days was used in case of hypoparathyroid 
subjects, while for osteoporotic patients, the standard treat-
ment is represented by 100 µg daily of PTH (1–84). This 
may explain the different response magnitude of VEGF 
to PTH therapy in postmenopausal osteoporotic women. 
Indeed, we observed an increase of 20% after 12 months, 
while in hypoparathyroidism an increase of 10% was 
reported [19]. It is interesting to note that other therapies 
currently prescribed for osteoporosis, such as both continu-
ous combined hormone therapy and tibolone therapy, have 
been shown to increase plasma VEGF, in a cohort of post-
menopausal women [20].

Moreover, our study showed an increase in serum 
BMP4 values after 18 months of treatment. Studies in mice 

demonstrated that osteoblast receptors, which transduce 
canonical BMP ligands BMP2 and BMP4, negatively regu-
late endogenous bone mass and WNT/B catenin signaling 
[21]. This regulation is possibly mediated by sclerostin and 
Dickkopf-1(DKK1), which are specific WNT antagonists 
expressed by osteoblasts and osteocytes [21]. Thus, it is 
possible that also in humans BMP4 interacts with sclerostin 
and DKK1, molecules that have been shown to be involved 
in the anabolic effect of PTH. In postmenopausal women 
treated with PTH (1–34), an increase of DKK1 has been 
demonstrated after 18 months of this treatment. The authors 
of this study suggest that the increase of DKK1 is associ-
ated with the decline in the anabolic action of PTH(1–34) 
at the end of treatment as indicated by the decrease in the 
markers of bone formation in their cohort [22]. A decrease 
in sclerostin levels after PTH (1–34) treatments has been 
described, in short term studies, as another possible mecha-
nism to explicate PTH anabolism [23, 24]. Unfortunately, 
we did not perform the measurements of BMP4 before 
six months of treatment, to assess this possible interac-
tion. Another possible explanation involves cortisol level 
changes during anabolic therapy. Indeed, it was reported 
that cortisol level may increase under PTH 1–34 treatment 
[25]. Glucocorticoids may modulate both BMPs and VEGF 
in vitro and in animal models [26, 27], thus a possible con-
tribution of cortisol changes during therapy that influences 
both molecules could be speculated also in humans.

Our study suffers some limitations. We included 
patients with recent fractures; thus an early fracture repair 
is expected, which may have influenced VEGF levels. We 
did not measure DKK1, sclerostin, cortisol and bone turn-
over markers which could have provided some additional 
information. We also did not assess vitamin D levels, which 
could have influenced VEGF and BMP4 levels, however 
the supplementation of vitamin D, administered starting 
since 3 months before enrollment, most probably likely 
assured normal vitamin D level in all subjects.

In conclusion, our study showed a significant increase of 
serum VEGF and BMP4 levels in osteoporotic postmeno-
pausal women treated with PTH (1–84), suggesting a pos-
sible involvement of these molecules in the anabolic effect 
of PTH.
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