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Loss of the Calcium-Sensing Receptor Provides a
Growth Advantage to Colon Cancer Cells

A. Aggarwal, S. Tennakoon, M. Wohlgenannt, E. Kallay

Centre for Pathophysiology, Infectiology and Immunology, Department
of Pathophysiology and Allergy Research, Medical University of Vienna,
Austria

Background The classical role of the calcium-sensing receptor
(CaSR), an extracellular G protein-coupled receptor, is regulation of
calcium homeostasis. In addition, it is involved in several cellular
processes such as proliferation, differentiation, and apoptosis. The
CaSR has been suggested to mediate the effects of calcium in delay-
ing the onset of colorectal cancer (CRC). We have previously dem-
onstrated that CaSR expression is downregulated in CRC, leading
us to hypothesize that loss of CaSR might provide a growth advan-
tage to transformed cells, conferring them resistance to calcium-
mediated growth inhibition. Therefore the aim of the study was to
understand the consequences of losing CaSR expression in CRC.

Methods and Results We analysed mRNA (qRT-PCR) and pro-
tein (immunofluorescence) expression of CaSR in two CRC cell lines:
Caco-2/15 (well-differentiated adenocarcinoma) and HT-29 (moder-
ately differentiated adenocarcinoma). HT-29 cells showed lower CaSR
levels when compared with Caco-2/15 cells (30-fold lower mRNA
expression), similar to our CRC patient cohort (n = 60), where we
found significantly less CaSR expression in tumours compared with
respective adjacent mucosa (p < 0.001).

To investigate the possible impact of CaSR on growth, we used a
positive allosteric CaSR modulator, NPS R-568, that specifically
modifies the CaSR structure, making it more susceptible to the effects
of calcium. Using bromodeoxyuridine cell proliferation assay we
established that Caco-2/15 cells, which express CaSR endogenously,
had stricter proliferation control by calcium (2.25 times slower
growth-rate, p < 0.05), whereas HT-29 cells were insensitive to this
treatment. In Caco-2/15 cells this effect could be reversed with the
negative allosteric CaSR modulator, NPS-2143.

To understand the consequences of losing CaSR expression in CRC,
we transfected the HT-29 and Caco-2/15 cells to obtain cells overex-
pressing either the wild-type CaSR (OE-CaSR) or a CaSR harbour-
ing an inactivating mutation (IM-CaSR). The cells transfected with
the IM-CaSR construct grew significantly faster than the cells over-
expressing the CaSR (Caco-2/15: 2.8 times faster; HT-29: 1.7 times
faster; p < 0.0001). Calcium treatment (2 mM calcium vs O mM cal-
cium) led to a strong proliferation inhibition in cells overexpressing
the CaSR, which was lost in the IM-CaSR cells (p < 0.001).

Conclusion These results indicate that loss of CaSR expression
gives CRC cells a growth advantage and sustains a malignant phe-
notype. These observations further strengthen our understanding of
the molecular mechanism by which colon cancer cells lose their anti-
proliferative features where expression of CaSR is lost.

Acknowledgments This project was funded by the Marie Curie
Initial Training Network grant number FP7-264663. The authors
would like to thank Prof. Romauld Mentaverri for the CaSR con-
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structs and Prof. Sabina Baumgartner-Parzer for sequencing the cells
for conformation of transfection.

Influence of the Organic Matrix of Mineralized
Tissues on Their Dynamic Mechanical Properties
Assessed by Scanning Acoustic Microscopy

S. Blouin', S. Puchegger?, K. Klaushofer', P Roschger’, P Fratzl®
"Ludwig Boltzmann Institute of Osteology at the Hanusch Hospital of
WGKK and AUVA Trauma Centre Meidling, 1% Medical Department, Ha-
nusch Hospital, Vienna; Faculty of Physics, Dynamics of Condensed
Systems, University of Vienna, Austria; Department of Biomaterials,
Max Planck Institute of Colloids and Interfaces, Potsdam, Germany

Mineralized tissues like bone, articular calcified cartilage, or miner-
alized turkey leg tendon (MTLT) are built by a composite of hy-
droxyapatite nano-particles and organic matrix. In bone and MTLT
the matrix is formed by collagen type-I, but in contrast to bone in
MTLT the collagen is uniaxially orientated, while in cartilage the
matrix consists of collagen type-II and proteoglycans.

Composition/orientation differences were investigated by a new scan-
ning acoustic microscopy method (SAM-TOF). Time-of-flight dif-
ferences of ultrasound pulses obtained from human femoral head
and distal MTLT samples with known thickness (30 microns) were
determined with 0.125 ns time resolution to obtain sound velocity
maps with 2 um pixel resolution using a 330-MHz lens (kibero
Gmbh). The velocity maps were combined with calcium content maps
obtained by quantitative backscattered electron imaging to extract
dynamic elastic moduli (E) maps.

Bone was found to require a lower mass density (—4.3 %) than carti-
lage to achieve similar velocity (range 3700-4300 m/s) or elastic
modulus (range 22-30 GPa), which is qualitatively in line with na-
noindentation results. In the circumferential compartment of MTLT,
an axial/transversal velocity ratio of 1.13 and E ratio of 1.28 and in
the interstitial compartment 1.16 and 1.32 ratios, respectively, were
found. This anisotropy is clearly due to the preferred orientation of
collagen. However, the higher E in cartilage-bone and lower ratio in
MTLT compared with what is typically measured with (quasi-) static
mechanical test such as uniaxial tension or nanoindentation could
indicate an influence of relaxation processes.

These first results suggest that TOF scanning acoustic microscopy
may be able not only to provide mechanical maps of mineralized
tissues but to extend our understanding of the mechanical properties
of bone and cartilage to the region of high loading rates, which may
be highly relevant for the fracture resistance under an impact, eg,
during a fall.

Bone Turnover Markers in Normal Pregnancy
A. Breitwieser, B. Svejda, W. Woloszczuk
Biomarker Design Forschungs GmbH, Wien, Osterreich

Objective The aim of this study was to investigate the concentra-
tions of bone turnover markers in normal pregnancy. Therefore osteo-
protegerin (OPG), free soluble RANKL, sclerostin, dickkopf-1
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(DKK-1), and cathepsin K serum concentrations of healthy preg-
nant women were measured and compared to serum levels of healthy
non-pregnant women.

Pregnancy and lactation are heavily associated with alterations in the
calcium metabolism. To which extent the maternal bone mineral con-
tributes to the developing skeleton of the fetus is as discussed as the
degree to which pregnancy affects changes in long-term bone miner-
al density (BMD) and the resulting risk of osteoporosis later in life.
Previous studies demonstrated that serum parathyroid hormone (PTH)
levels are suppressed at the beginning of pregnancy but return to
normal levels by the end of pregnancy [1]. Other groups suggested
that OPG and beta crosslaps (CTx) may be involved in the regula-
tion of bone turnover during pregnancy [2, 3] as elevated levels were
found in pregnant women. Also significant higher concentration of
SRANKL and OPG were found in the second trimester of normal
pregnancy when compared to the first and third trimesters [4].

Study Design and Results The sera of 30 healthy pregnant
women (kindly provided by B. Svejda, Klagenfurt, Austria) and of 9
healthy non-pregnant women about the same age were assayed by
ELISA (Biomedica, Austria). While serum concentrations of
cathepsin K and sclerostin remained constant, the median OPG and
free SRANKL concentrations were significantly higher in pregnant
women (OPG: median 5.15 pmol/L vs 3.5 pmol/L, p = 0.0232; free
sRANKL: median 0.68 pmol/L vs 0.12 pmol/L, p = 0.0455) and
serum concentrations of DKK-1 significantly decreased (median 16.6
pmol/L vs 34 pmol/L, p = 0.0003).

Conclusion Serum levels of OPG, free SRANKL, and DKK-1 were
found to be changed significantly between pregnant and non-preg-
nant women. To obtain more meaningful data these markers should
be monitored in a time-dependent manner during pregnancy and lac-
tation.
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Renal Elimination of Sclerostin Increases as Kidney
Function Declines

D. Cejka’, R. Marculescu?, N. Kozakowski®, M. Plischke’, T Reiter',
A. Gessl’, M. Haas'

'Division of Nephrology and Dialysis Department of Medicine Ill, ?De-
partment of Laboratory Medicine, *Clinical Institute of Pathology, and
“Division of Endocrinology and Metabolism, Department of Internal
Medicine Ill, Medical University of Vienna, Austria

Background Sclerostin is a soluble inhibitor of canonical Wnt-sig-
nalling, which is crucial for bone biology. Currently, anti-sclerostin
antibodies are in clinical development for the treatment of osteoporo-
sis. Osteoporosis and chronic kidney disease (CKD) often occur si-
multaneously. Sclerostin serum levels are increased in patients with
CKD. It is unclear whether the increase of sclerostin serum levels in
CKD patients is due to increased sclerostin production and/or de-
creased renal elimination.

Patients and Methods In this study, 120 patients with impaired
kidney function were recruited for measurements of sclerostin in
serum and urine (ELISA), renal function (eGFR), electrolytes, oul-
microglobulin, parathyroid hormone, vitamin D, and markers of bone
turnover. Eight human kidney biopsies were stained for sclerostin
using immunohistochemistry.

Results Urinary sclerostin excretion increased with declining eGFR
(R =-0.75, p < 0.001), from 10.4 (+ 12.7) pmol/l in patients with
eGFR > 90 ml/min/1.73 m? (CKD stage 1) to 117.9 (+ 65.4) pmol/l
in patients with eGFR < 15 ml/min/1.73 m? (CKD stage 5, p < 0.001).
Fractional excretion of sclerostin (FEg roqin) increased with declin-
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ing eGFR (R =-0.83, p < 0.001) from 0.45 (+ 0.6) % in CKD 1 to
26.3 (£ 17.6) % in CKD 5 (p < 0.001). FEgroqin correlated with
fractional excretion of ol-microglobulin (FEg;_ microgiobutins R = 0.82,
p < 0.001). Sclerostin was detected in proximal tubular cells, show-
ing a diffuse cytoplasmic staining pattern.

Conclusion Increased sclerostin serum levels in CKD patients are
not due to decreased renal elimination. On the contrary, renal elimi-
nation increases with declining kidney function. Whether this has
consequences on anti-sclerostin antibody dosing, efficacy, or safety
in patients with CKD remains to be determined.

Serum Levels of Sclerostin and Dickkopf-1 in Geriatric
Patients with Osteoporotic Hip Fractures

P Dovjak', U. Foger-Samwald?, S. Dorfer?, A. Kapfenberger?, S. Kudlacek®,
P Pietschmann?

'Department of Geriatric Acute Care, Hospital of Gmunden, ?Department
of Pathophysiology and Allergy Research, Center for Pathophysiology,
Infectiology and Immunology, Medical University of Vienna; *Depart-
ment of Medicine, Hospital Barmherzige Briider Vienna, Austria

Background Sclerostin (SOST) and dickkopf-1 (Dkk-1) are in-
hibitors of the canonical Wnt-signalling pathway. Wnt-signalling has
been shown to play a significant role in osteoblastogenesis; inhibi-
tion of Wnt-signalling by SOST and Dkk-1 will therefore impair
bone formation. Since osteoblast dysfunction is an important aspect
of age-related osteoporosis, the aim of this study was to evaluate
SOST and Dkk-1 serum levels in an osteoporotic study cohort and
compare them with geriatric and young control subjects.

Methods We studied serum levels of the aforementioned Wnt in-
hibitors in 164 patients with osteoporotic hip fractures (mean age:
81 + 8 years), in 119 geriatric control subjects, and in 68 young
control subjects (mean age: 23 + 5 years). Serum concentrations of
sclerostin and dickkopf-1 were measured by ELISA (Biomedica
Medizinprodukte GmbH & Co KG, Vienna, Austria).

Results Dkk-1 levels were significantly higher in hip fracture pa-
tients than in geriatric (96.0 + 3.6 pmol/l versus 76.6 pmol/l, p < 0.001)
or young controls (96.0 + 3.6 pmol/l versus 19.6 + 1.0 pmol/l, p <0.001).
Serum Dkk-1 levels increased significantly with age (t=0.417, p<0.001).
There was no significant difference of SOST serum levels in hip
fracture patients compared to geriatric or young controls. However,
in women with hip fractures serum sclerostin was significantly low-
er than in young control women (15.9 + 1.3 pmol/l versus 16.3 +0.9
pmol/l, p < 0.05). In men a significant increase of serum SOST lev-
els with age was seen (20.7 + 1.4 pmol/l versus 28.8 + 2.7 pmol/l,
p < 0.05).

Conclusion The determination of sclerostin and dickkopf-1 is useful
for the study of age-related bone fragility. Nevertheless, sclerostin
and dickkopf-1 levels in the peripheral circulation appear to reflect
different biologic events.

Low Bone Mineral Density in Friedreich Ataxia

A. Eigentler', W. Nachbauer', E. Donnemiller?, W. Poewe', R. W. Gasser®,
S. Boesch'’

'Department of Neurology, Department of Nuclear Medicine, and *De-
partment of Internal Medicine I, Innsbruck Medical University, Austria

Background Friedreich ataxia (FRDA) is the most common in-
herited neurodegenerative ataxia. Apart from predominant neurolog-
ical features an involvement of the skeletal system in terms of sco-
liosis and foot deformities is frequent. Disease-related falls, mobility
restrictions, and wheelchair-dependency in later disease stages might
additionally compromise bone structure in FRDA. The aim of this
pilot study was to systematically evaluate the bone status in a repre-
sentative FRDA cohort.

Methods 28 FRDA patients were enrolled in this cross-sectional
study. The mean age of the whole study population was 37.6 years,
ranging from 22 up to 62 years. Neurological assessment, a ques-
tionnaire comprising the history of fractures and osteoporosis, as
well as osteodensitometric measurements complemented with gen-
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eral and bone-specific laboratory parameters were performed. The
WHO Fracture Risk Assessment tool (FRAX®) was applied, calcu-
lating the 10-year risk of suffering an osteoporotic fracture.

Results Six patients (21.4 %) presented with a bone mineral den-
sity below the expected range for age in at least one of the examined
sites (femoral neck, lumbar spine, and forearm) irrespective of their
gender. Corresponding Z-scores were significantly lower compared
to normative values for the femoral neck and lumbar spine. Vitamin
D status was insufficient in 11 and deficient in 8§ FRDA patients.
There was a strong negative correlation between ataxia severity, GAA
repeat expansion, and bone density in the femoral neck of FRDA
patients.

Conclusions This is the first report of an increased rate of low
bone mineral density in FRDA. Given the increased risk of falls, this
data rectifies routine bone mineral density measurements in FRDA,
which may help to initiate therapeutic interventions to prevent this
condition.

Role of DNA Me thylation and Histone Modifications
on Calcium-Sensing Receptor Expression in Colorectal
Cancer

I. S. Fetahu', J. Hobaus', A. Aggarwal’, D. M. Hummel', S. Tennakoon’,
I. Mesteri?, S. Baumgartner-Parzer?, E. Kallay'

'Department of Pathophysiology and Allergy Research, 2Department of
Pathology, and *Department of Internal Medicine Ill, Medical University
of Vienna, Austria

Numerous epidemiological studies have shown that low intake of
calcium is related with higher incidence of colorectal cancer. The
anti-proliferative effects of calcium in the colon are partially mediat-
ed by the calcium-sensing receptor (CaSR). In colorectal cancer the
expression of the CaSR is lost as the tumour progresses. We hypoth-
esized that DNA hypermethylation and imbalance of transcription-
ally permissive/repressive histone alterations lead to loss of CaSR in
colorectal tumours.

CaSR mRNA and protein expression was analyzed by gqRT-PCR and
immunofluorescence. We determined the methylation pattern of CaSR
promoter by pyro- and bisulfite sequencing, methylation of lysine 4
(K4) and acetylation of lysine 9 (K9) on histone 3 (H3) were as-
sessed by chromatin immunoprecipitation.

In colorectal tumours we observed significantly lower CaSR mRNA
expression (n = 65, p < 0.001) compared with adjacent mucosa from
the same patient. Immunofluorescence staining confirmed downreg-
ulation of CaSR protein in tumours. The CaSR promoter was higher
methylated in tumours compared with the adjacent mucosa (n = 45,
p < 0.001) and correlates inversely with mRNA expression (n = 45,
p =-0.588, p < 0.001). Treatments with 5-aza-2-deoxycytidine, a
DNA methyltransferase inhibitor, and with two different histone
deacetylase inhibitors, Trichostatin A or suberoylanilide hydroxamic
acid, restored the expression of CaSR in several colon cancer cell
lines, in a compound- and cell line-dependent manner. Inhibition of
lysine-specific demethylase 1, to prevent demethylation of mono-
and dimethylated H3K4, caused only modest increase of the CaSR
expression.

Our results suggest that in colorectal tumours loss of the CaSR ex-
pression is caused partially by hypermethylation of its promoter and
by deacetylation of lysine 9 on histone 3.

Bone Microarchitecture in Men with Osteoporotic
Hip Fractures

U. Foger-Samwald’, A. Alaghebandan’, J. M. Patsch’, D. Schamall',
S. Salem?, M. Mousavi®, P Pietschmann’

'Department of Pathophysiology and Allergy Research, Center for Patho-
physiolagy, Infectiology and Immunology, Medical University of Vienna,
’Department of Orthopaedics, St. Vincent Hospital Vienna; *Department
of Trauma Surgery, Danube Hospital, Vienna, Austria

Background Approximately one third of postmenopausal women
have osteoporosis; nevertheless, also men suffer from this disorder

and about one third of osteoporotic hip fractures worldwide occur in
the male population. However, there is limited information about
microstructural changes associated with osteoporotic hip fractures
in men. The aim of this study was to investigate changes in trabecu-
lar bone structure in men with osteoporotic hip fractures.

Methods Femoral heads and adjacent bone tissue from 11 men
with low-trauma hip fractures (mean age 82 + 7 years) and consecu-
tive surgical hip replacement were collected. Bone samples from age-
matched men undergoing hip replacement due to osteoarthritis served
as controls. Bone samples were taken from 4 different regions (central
and subcortical region of the femoral head, central and subcortical
region of the femoral neck). All samples were analyzed separately
by static histomorphometry. The following parameters were evaluated:
trabecular bone volume (BV/TV), marrow cavity volume (MaV/TV),
bone surface density (BS/BV), trabecular number (TbN), trabecular
thickness (TbTh), and trabecular separation (TbSp).

Results Major microarchitectural changes were seen in the subcorti-
cal region of the femoral neck. In the fracture group BV/TV and TbN
were significantly decreased (BV/TV: 26.5 + 2.2 % versus 62.1 +
13.6 %, p = 0.001; TbN: 3.2 + 0.2 mm' versus 4.7 + 0.6 mm™', p =
0.007), whereas TbSp and MaV/TV were significantly increased
(TbSp: 249.8 + 24.1 um versus 114.2 £ 19.4 um, p = 0.001; MaV/
TV: 76.1 + 2.7 % versus 54.4 = 5.4 %, p = 0.006). In the 3 other
regions analyzed no significant differences were detected for these
parameters. For TbTh and BS/BV no significant differences were
observed in all 4 regions.

Conclusion Changes in the trabecular structure associated with os-
teoporotic hip fractures in men are localized in the subcortical re-
gion of the femoral neck and are (as has been reported in women)
characterized by decreased BV/TV and by loss of trabeculae. This
information might help to identify persons at higher risk for oste-
oporotic hip fractures.

Effects of Growth HormoneTherapy on BoneTurnover
and Bone Matrix Mineralization in Children with
Chronic Kidney Disease

N. Fratzl-Zelman', K. Nawrot-Wawrzyniak', B. Misof', M. Pafczyk-
Tomaszewska?, H. Ziétkowska?, P Roschger’, K. Klaushofer!

"Ludwig Boltzmann Institute of Osteology at Hanusch Hospital of WGKK
and AUVA Trauma Centre Meidling, 1 Medical Department, Hanusch
Hospital Vienna, Austria; *Department of Pediatrics and Nephrology,
Medical University of Warsaw, Poland

Background and Methods A specific skeletal complication in
children with CKD is growth impairment. The effects of recombinant
human growth hormone (rhGH) therapy on bone turnover and bone
material quality are not well understood. Bone matrix mineraliza-
tion density distribution (BMDD) as assessed by quantitative back-
scattered electron microscopy (qBEI) is an important determinant of
bone material quality and reflects bone turnover (average tissue age)
and mineralization kinetics of the individual bone packets of the
sample.

We have evaluated a cohort of 20 paediatric patients (CKD stage 4:
n = 2; end-stage renal disease treated by dialysis: n = 18). Bone histo-
morphometry was performed and all biopsies were classified accord-
ing to the new TMV system.

Results Prior treatment, strong associations between bone matrix
mineralization and bone turnover were found: the mean bone matrix
mineralization was abnormally high while bone formation rates were
low compared to reference data.

After rhGH treatment, the mean height acquisition was about 8.5 cm,
serum ALP levels and bone turnover indices were significantly in-
creased compared to baseline, and bone matrix mineralization in
cancellous and cortical compartments was significantly decreased
towards normal range.

A striking exception was the case of an adolescent with difficulties
to adhere to therapy, who developed severe hyperparathyroidism and
osteitis fibrosa concomitantly with abnormally low bone matrix min-
eralization.
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Conclusion Our data show that bone turnover rate is a strong pre-
dictor of the bone matrix mineralization in young patients with CKD
and growth deficiency. At baseline, our cohort had low bone turno-
ver and increased bone matrix mineralization, indicating further nor-
mal mineralization kinetics in these patients with CKD. The data
suggest that thGH treatment in children with CKD does not only
increase height but also bone turnover, which appears beneficial for
bone matrix mineralization.

Analysis of BMD, Hip Geometry, and Trabecular
Bone Score in Relation to Body Composition and
Biochemical Markers in Adult Females with Severe
Anorexia Nervosa

J. Haschka', J. M. Patsch?, R. Kocijan', D. Hans®, C. MuschitZ', A. Zendel,
C. Bittighofer', A. Trubrich’, J. Wild', H. Resch’

"VINFORCE Study Group, Medical Department I, St. Vincent Hospital,
Academic Teaching Hospital of the Medical University of Vienna,
’Department of Diagnostic Radiology, Medical University of Vienna,
Austria,; *Department of Bone and Joint Diseases, Center of Bone Dis-
eases, Lausanne University Hospital, Lausanne, Switzerland

Purpose Anorexia nervosa (AN) is a psychiatric eating disorder
associated with reduced body mass, estrogen deficiency, malnutri-
tion, and amenorrhea. The aim of the study was to investigate differ-
ences in hip geometry (HSA) and spinal bone microarchitecture as
measured indirectly by trabecular bone score (TBS) in relation to
body composition in patients with AN. TBS, a new texture measure-
ment that can be applied to X-ray images and DXA, quantifies local
variations in gray level and characterizes bone microstructure. HSA,
derived from DXA, provides information about hip geometry and
biomechanical strength.

Methods DXA scans of femoral neck, lumbar spine and body com-
position (lean body mass [kg], body fat percentage [%], BMC [kg]),
and HSA (CSMI: cross-sectional moment of inertia, CSA: cross-
sectional area) were assessed by iDXA (GE Lunar) in 34 patients
with AN (23.5 + 4.5y, BMI 14.7 + 1.3) and 26 controls (24.4 +2.5 y,
BMI23.5 +3.7). The raw data of spinal DXA (L1-L4) were extracted
and analysed with TBS iNsight software (v1.9, Medimaps SA,
France). Serum parameter for bone formation (PI1NP) and bone re-
sorption (CTX), sclerostin levels (Scl), 25(OH)Vit. D, estradiol, and
cortisol were assessed.

Results In patients with AN BMD was significantly decreased at
all sites (femoral neck 0.850 = 0.14 vs 1.068 + 0.11; L1-L.4 0.973 =
0.15vs 1.292 £ 0.15, p < 0.001). Consequently mean TBS spine was
significantly lower in AN (1.35 + 0.12 vs 1.56 = 0.08, p < 0.001).
CSMI (7.6 £ 1.8 vs 10.8 +£2.7) and CSA (121.2 £ 21.7 vs 161.6 =
19.7) were significantly lower in AN (p < 0.001 for both). Body
composition showed significantly lower BMC (2.0 = 0.3 vs 2.5 +
0.5), lean body mass (32.7 + 4.0 vs 42.6 = 5.1), and body fat per-
centage (14.1 = 8.0 vs 36.1 £ 5.2, p < 0.001 for all) in AN. In AN,
lean body mass, BMC, and hip BMD correlated positively with CSMI
and CSA. Patients with AN had significantly higher Scl (41.7 £ 17.7
vs 28.8 = 11.9, p < 0.05) and CTX (0.767 = 0.4 vs 0.446 £ 0.2, p <
0.001) levels, while there was no difference in PINP and cortisol.
Vit. D (26.7 £ 11.0 vs 32.9 = 9.5) and estradiol (25.9 + 25.6 vs 75.4
+ 81.1, p < 0.05 for both) were significantly lower in patients with AN.

Conclusion Apart from the expected significant decrease in body
composition and BMD, our data suggest strong deteriorations of
microstructure and bone geometry in young adults with AN. More-
over, high Scl levels, elevated bone resorption markers, but unchanged
formation markers give evidence of an uncoupling in bone turnover.
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Altered Material Properties in Sclerostin-Deficient
Bone

N. Hassler”, A. Roschger”, P Roschger', S. Gamsjaeger’, |. Kramer?,
S. Lueger', A.van Lierop’, R. van Bezooijen®, K. Klaushofer',
E. P Paschalis’, M. Kneissel?, S. Papapoulos®

"Ludwig Boltzmann Institute of Osteology at Hanusch Hospital of WGKK
and AUVA Trauma Centre Meidling, 1 Medical Department; Hanusch
Hospital Vienna, Austria; ?“Musculoskeletal Disease Area, Novartis In-
stitutes for BioMedical Research, Basel, Switzerland, *Leiden University
Medical Center, Department of Endocrinology & Metabolic Diseases,
Leiden, Netherlands

*Authors have contributed equally and are listed in alphabetical order.

High bone mass induced by Sclerostin (Sost) deficiency is not as-
sociated with a prevalence of fragility fractures as in other scleros-
ing bone disorders. Beneficial alterations in bone material proper-
ties may be responsible for that. Thus, bone of Sost-KO mice (n =9,
16 weeks old) and patients (young [4—16 yrs old], n = 4, and adults
[24 and 43 yrs old], n = 2) with sclerosteosis was investigated by
means of quantitative backscattered electron imaging and Raman mi-
crospectroscopy and compared to healthy bone. In Sost-KO mice
the bone formed by osteoblasts of the endosteal compartment exhib-
ited altered material properties, unlike the periosteal surfaces. Com-
paring bone tissue of same tissue ages (5—-15 and 55-65 days) as
defined by fluorescence labelling the average bone matrix minerali-
zation was reduced (1.9 %, p < 0.0001 and —1.5 %, p < 0.05, re-
spectively), and the relative proteoglycan content was significantly
increased. In sclerosteosis patients, where only chips of compact bone
without any fluorescence labelling were available, the bone matrix
mineralization density distribution was shifted towards lower matrix
mineralization, coupled with an increase in mineralization heteroge-
neity in the young population. The relative proteoglycan content was
also increased in the bone samples of children.

The present study revealed altered bone material properties at the
endocortical envelope in Sost-Ko mice and also indications for al-
terations in sclerosteosis patients. We suggest that these alterations
in bone material properties may contribute to the absence of fragility
fractures in patients with sclerosteosis.

Consequences of the Overexpression of the Vitamin
D-Degrading Enzyme CYP24A1 In Vivo and In Vitro

J. Hébaus, S. Tennakoon, P Heffeter, C. Grdschel, D. M. Hummel,
A. Aggarwal, U. Thiem, W. Berger, E. Kallay
Medical University of Vienna, Austria

Low serum vitamin D level increases risk for colorectal cancer in
humans. The vitamin D-degrading enzyme CYP24A1 is severely
overexpressed in colorectal tumours further depleting vitamin D
metabolites. In the colon, vitamin D metabolites are thought to reg-
ulate proliferation, angiogenesis, apoptosis, and differentiation.
Therefore, depletion of these metabolites reduces the anti-tumori-
genic activities of vitamin D. Recently, we found strong correlations
between the expression of the vitamin D-degrading enzyme CYP24A 1
and proliferation markers. This led us to speculate that tumours with
high CPY24A1 expression may have an increased proliferative po-
tential. To investigate this, we stably transfected HT-29 cells (low
basal CYP24A1 transcription) with a CYP24A1 overexpression vec-
tor. The cell line HT-29CYP24A1-GFP shows more than 20,000-
fold higher mRNA expression of CYP24A1 and significantly in-
creased protein expression. Both mRNA and protein expression can
be further induced by vitamin D (1,25-D;) treatments. To investigate
the effect of CYP24A1 overexpression on tumour growth in vivo,
we injected xenografts into male SCID mice. The animals received
high or low vitamin D supplementation with either high or low soy
protein. Soy contains high amounts of genistein, a CYP24A1 inhibitor.
Overall, HT-29CYP24 A 1-GFP xenografts grew faster and penetrated
skin earlier than control HT-29GFP xenografts. Soy-rich diet reduced
tumour growth in control cells but not in HT-29CYP24A 1-GFP xeno-
grafts. Our preliminary results suggest that a soy-rich diet slows xeno-
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graft growth in SCID mice, while CYP24A1 overexpression coun-
teracts this effect.

This study was supported by the Felix Bronner Dissertation stipend
of the Austrian Society for Bone and Mineral Research (OGKM),
the Austrian Science Fund (FWEF), and the Wiener Wissenschafts-,
Forschungs- und Technologiefonds (WWTEF).

Vitamin D und Osteocalcin als Modulatoren der
mannlichen Steroidogenese

D. Hofer', J. Miinzker', N. Hacker', K. Hutz?, R. Zigeuner?, P Stiegler®,
H. Miiller’, T_R. Pieber', B. Obermayer-Pietsch’

'Klinische Abteilung fiir Endokrinologie uns Stoffwechsel, Universitats-
klinik fiir Innere Medizin, ?Universitétsklinik fiir Urologie und *Klinische
Abteilung fiir Transplantationschirurgie, Universitétsklinik fiir Chirurgie,
Medizinische Universitat Graz, Osterreich

Einleitung Vitamin D (VD) ist ein vielseitiges Hormon und spielt
neben seiner Funktion in der Kalzium-Homoostase u. a. in der Insu-
linsekretion und im Androgenstoffwechsel eine wichtige Rolle. Osteo-
calcin (OC), ein Peptidhormon, das in den Osteoblasten im Knochen
gebildet wird und vorwiegend als Marker des Knochenaufbaus dient,
scheint nach neuen Erkenntnissen in Zusammenhang mit Insulin-
ausschiittung und ménnlicher Fertilitdt zu stehen.

Ziel Ziel dieser Studie ist es, Auswirkungen der Hormone Vitamin D
bzw. Osteocalcin auf die Genexpression humaner Hodenzellen zu
zeigen.

Methoden Fiir die Untersuchungen wird eine testikulire Krebszell-
linie (Ntera 2/d1) herangezogen. Die Expression von Genen, die in
den Androgenstoffwechsel involviert sind (Androgenrezeptor [AR],
Aromatase [CYP19A1], 170-Hydroxylase/17,20 Lyase [CYP17A1],
3-B-Hydroxysteroid-Dehydrogenase [HSD3B2], 173-Hydroxysteroid
Dehydrogenase [HSD17B1]), wird basal und nach Supplementie-
rung der o. g. Hormone in physiologischen Konzentrationen mittels
quantitativer RT-PCR (TagMan-Assays) analysiert.

Ergebnisse Ntera-2/d1-Zellen zeigten groBe Unterschiede in der
Expression von Genen des Androgenstoffwechsels abhidngig von der
VD- bzw. OC-Supplementation. Der physiologische Zusatz von lu-
teinisierendem Hormon (LH) allein, das per se die miannliche Testos-
teronsynthese in Hoden stimuliert, zeigte hingegen keine signifikanten
Auswirkungen auf die Expression der untersuchten Gene. Ein signi-
fikanter Anstieg der Steroidogenese in Ntera-2/d1-Zellen zeigte sich
erst in der kombinierten Supplementation aus LH, VD und OC.

Schlussfolgerung Wir kénnen erstmals eine reproduzierbare Be-
teiligung von VD und OC an der Androgensynthese in humanen Tes-
teszellen nachweisen. Vermutlich ist die Aktivierung des Vitamin-
D-Rezeptors (VDR) ein wichtiger Initiator der Androgen-Transkrip-
tion. Diese Ergebnisse unterstiitzen neueste Forschungsansitze,
wonach der Knochen als endokrines Organ und speziell sezerniertes
OC und VD wichtige Faktoren der midnnlichen Fertilitdt sind. Details
der Signalwege von VD und OC in der Androgensynthese bleiben
zu klédren.

Role of the Local Vitamin D Metabolism in Pancreatic
Tumours

D. M. Hummel', E. Kallay, E. Bajna', A. Aggarwal’, K. Borka?, H. C. Horvath'3
'"Department of Pathophysiology and Allergy Research, Medical Univer-
sity of Vienna, Austria,; ?2™ Department of Pathology, Semmelweis Uni-
versity, Budapest, Hungary; °Inselspital, University Hospital, Bern,
Switzerland

Background The vitamin D system is deregulated during tumour
development and progression in several cancer types. Data on the
characteristics of the vitamin D system in the normal and diseased
pancreas are missing.

Aim The aim of this study was to investigate the expression of the
vitamin D receptor (VDR), 1,25-dihydroxyvitamin D; 24-hydroxy-
lase (CYP24Al), 25-hydroxyvitamin D;-1-alpha hydroxylase

(CYP27B1), and the calcium-sensing receptor (CaSR) in normal
pancreatic tissue and in pancreatic tumours.

Methods The expression of vitamin D system genes and the CaSR
at mRNA and protein level was investigated with quantitative real-
time RT-PCR and immunohistochemistry.

Results mRNA expression of CYP24A1 and VDR was increased
significantly in tumours compared with the adjacent normal tissue
(p < 0.05 for both). We could observe a trend towards a decrease of
CYP27B1 and CaSR expression in tumours compared with adjacent
normal tissue. On protein level, we could see an increase in expression
of the vitamin D-degrading enzyme CYP24A1 in ductal adenocarci-
noma compared with normal ducts (p < 0.05). In addition, a high
expression rate of the VDR protein was observed in endocrine cells
in both normal pancreas and pancreatic tumours.

Conclusions The main finding of our study is an upregulation of
CYP24A1 expression in pancreatic ductal adenocarcinoma compared
with normal pancreatic tissue from the same patient. We could show
different expression patterns of CYP24A1, VDR, and CaSR in func-
tionally different regions of the pancreas.

This work has been supported by the Stiftung Aktion Osterreich-
Ungarn 826ul6, the Austrian Science Fund, Project #P22200-B11,
and the EU Marie Curie ITN #264663.

Bone Microstructure, Density, and Geometry Are
Affected in Patients with Rheumatoid Arthritis

R. Kocijan'?, S. Finzel', M. Englbrecht’, K. Engelke®, J. Rech'’, G. Schett’
'Department of Internal Medicine 3 and Institute of Clinical Immunology,
University of Erlangen-Nuremberg, Erlangen, Germany, ?VINFORCE Study
Group, Medical Department ll, St. Vincent Hospital, Academic Teaching
Hospital of the Medical University Vienna, Austria, Institute of Medical
Physics, University of Erlangen, Germany

Objectives Rheumatoid arthritis (RA) is a chronic inflammatory
disorder characterized by local and systemic bone loss. Proinflam-
matory cytokines as well as antibodies directed against citrullinated
proteins (ACPA) can stimulate osteoclast differentiation in RA. There-
fore, RA is an independent risk factor for secondary osteoporosis
and osteoporosis-related fractures. However, the impact of chronic
inflammation as well as conventional and biological disease-modi-
fying anti-rheumatic drugs (DMARDSs) on bone structure, density,
and geometry remains unclear.

Methods We performed HR-pQCT (XtremeCT) measurements at
the distal radius (DR) and the ultra-distal radius (UDR), close to the
joint gap, in 90 patients with RA (60 female, 30 male). Data were
compared to age- and gender-matched controls (CTRL, n = 70; 40
female, 30 male). Volumetric bone mineral density (vBMD), bone
geometry, and bone microstructure including trabecular bone vol-
ume fraction (BV/TV), trabecular number (Tb.N, 1/mm), cortical
thickness (Ct.Th, mm), and cortical porosity (Ct.Po, %) were as-
sessed at the DR. Since cortex is too thin at the UDR, only trabecu-
lar parameters were analyzed.

Results Patients in the RA group were comparable to CTRL regard-
ing age (53.6 £ 12.8 vs. 52.3 + 12.6 yrs), height, weight, and BMI.
At the DR, trabecular (p = 0.005 and p < 0.001) and cortical BMD
(p <0.001 and p < 0.001) were significantly decreased in male and
female patients with RA, respectively. Similar results for trabecular
BMD were found for both sexes at the UDR. We found a decreased
BV/TV atthe DR and UDR, mainly caused by a decrease in trabecular
number in female RA (p < 0.001 for both sites) and by trabecular
thinning (p =0.034 and p =0.005) in male RA, respectively. Moreover,
cortical thinning (p = 0.018 and p = 0.002) but not cortical porosity
(p = 0.070 and p = 0.275) was common in male and female RA
patients at the DR. Cortical perimeter was increased in male and
female RA patients at both sites. These results were supported by a
multi-regression analysis, showing a strong association between
trabecular and cortical bone loss and “the diagnosis of rheumatoid
arthritis” as well as disease duration. Glucocorticoids (> 7.5 mg pred-
nisolone daily) negatively influenced bone microstructure, whereas
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low-dose glucocorticoids (< 5 mg prednisolone daily) did not influ-
ence bone quality or quantity. A strong influence of conventional
and biological DMARDs on bone could not be demonstrated.

Conclusion Both trabecular and cortical bone are severely affected
in RA. The increase in cortical perimeter in RA reflects a compensa-
tory mechanism to counteract cortical thinning and to restore bone
strength. Our data suggest that bone quantity and quality are signif-
icantly decreased in the appendicular skeleton of RA patients at both
periarticular and non-periarticular sites.

This study was supported by the Bayerische Forschungsstiftung.

Datenmanagement und Plattformbildung fiir
Osteoporose

L. Kuessel', P Pietschmann?, H. Zeisler'
"Univ.-Klinik fir Frauenheilkunde und ?Institut fiir Pathophysiologie und
Allergieforschung, Medizinische Universitdt Wien, Osterreich

Einleitung Digitale Verwaltung und Management klinischer Da-
ten wird zunehmend zur absoluten Anforderung an die moderne Me-
dizin und medizinische Forschung. Sammlungen klinischer Fille von
Osteoporose stellen dabei aufgrund des heterogenen Krankheitsbil-
des eine besondere Herausforderung dar.

Materialien und Methoden Vorstellung einer Web-basierten, Os-
teoporose-spezifischen Datenbanklosung mit wissenschaftlichem
Plattform-Charakter.

Resultat ,,Osteoporosis on SciCoMed* stellt sich dieser Heraus-
forderung und wurde von Experten fiir die speziellen Bediirfnisse
eines Osteoporosezentrums entwickelt und umgesetzt. Bereits in
voller Verwendung stehend, bietet es standortunabhéngiges pseudo-
anonymisiertes Datenbankmanagement mit standardisierten Eingabe-
masken fiir Symptomatik, Diagnostik, Therapie usw. Die Verwal-
tung der Datensitze erfolgt passwortgeschiitzt durch den Datamana-
ger und seine Sub-User und umfasst auch eine Exportfunktion in
Excel-Format zur statistischen Auswertung. Ein Profilmodus bietet
Gelegenheit zur Netzwerkbildung.

Conclusio Osteoporose-spezifisches internetbasiertes Datenma-
nagement mit einheitlicher Dokumentation schafft eine ideale Voraus-
setzung fiir Plattformbildung und effiziente wissenschaftliche Arbeit
und Kooperation.

Micro-CT Analyses of Historical Osteomyelitic Bone
Samples from the “Narrenturm” (NHM)

C. Lamm', M. Dockner?, B. Pospischek’, B. Patzak®, M. Pretterklieber?,
G. W. Weber?, P Pietschmann'

'Department of Pathophysiology and Allergy Research, Medical Univer-
sity of Vienna, ?Department of Anthropology, University of Vienna, 3Col-
lection of Anatomical Pathology in the “Madhouse Tower”, Museum of
Natural History (NHM), Vienna, *Department of Applied Anatomy, Medi-
cal University of Vienna, Austria

Introduction Osteomyelitis is defined as an inflammation of the
bone marrow mainly caused by bacteria such as staphylococcus aureus.
It mainly affects long bones, eg, femora, tibiae, and humeri. Recent
micro-computed tomography (WCT) techniques offer the opportunity
to investigate the microarchitecture of bone in great detail. Since
there is no information on long bone microarchitecture in osteomy-
elitis, the aim of our study was to study historical bone samples with
osteomyelitis by uCT.

Materials and Methods We investigated 24 femora of 23 indivi-
duals with osteomyelitis derived from the Collection of Anatomical
Pathology in the “Madhouse Tower”, NHM (mean age: 44 + 19 years);
9 femora from the Department of Applied Anatomy of the Medical
University of Vienna were studied as controls. Bone microstructure
was assessed by uCT VISCOM X 8060 II with a minimal resolution
of 18 um.

Results In the osteomyelitic femora most prominent alterations were
seen in the cortical compartment, in 73 % of the individuals with
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osteomyelitis cortical porosity occurred. In 64 % trabecularisation
of cortical bone was observed. 59 % of the individuals showed cor-
tical thinning. Remarkably, we also noticed microstructural changes
in areas that did not show any pathology macroscopically.

Conclusion Osteomyelitis is associated with severe alterations of
cortical bone structure typically observed in old age such as cortical
porosity and cortical thinning.

Sturzrisiko und Reduktion

W. Lenhard
Abteilung fiir Orthopéadie, Klinik JesuitenschloBl, Rehazentrum fiir Neu-
rologie und Orthopédie, Passau, Deutschland

Einleitung Zunehmendes Alter ist mit steigendem Sturzrisiko ver-
gesellschaftet. In der Altersgruppe > 65 stiirzt jeder zumindest einmal
im Jahr, in der Altersgruppe > 80 sind es bereits 40 %.

Sturz ist nicht gleich Sturz.

Material und Methode Wir fiihren in unserer Reha-Klinik seit
2005 Aufzeichnungen tiber Stiirze. So lagen die Sturzzahlen in den
Jahren 2005-2009 in einer Bandbreite zwischen 257 und 303.

Die Sturzereignisse haben unterschiedliche Folgen, die in den Sturz-
ereignisprotokollen dokumentiert sind.

Die unserer Auswertung zugrunde gelegte Einteilung basiert auf nach-

stehendem Schema:

— Grad 0: Keine sichtbaren Verletzungen

— Grad I: Kleine Verletzung (Hématom, Prellung etc,), die keiner
arztlichen Hilfe bediirfen

— Grad 2: MiBige Verletzungen (Rissquetsch-, Platzwunde etc.),
die drztlicher Hilfe bediirfen

— Grad 3: Frakturen und Luxationen

In all den Jahren unserer Aufzeichnungen waren gut %/3 der Sturzfol-
gen dem Grad 0 zuzuordnen. Doch jeder Sturz ist ein Sturz zu viel.

In den Folgejahren kam es zu einem deutlichen Riickgang dieser
Sturzereignisse: 2010 auf 286, 2011 auf 240 und 2012 auf 169. Der
Grund dafiir lag in einem véllig neu eingefiihrten und in den Auf-
nahmeprozess der Pflege eingepflegten Qualititsstandard. Die Pati-
enten werden zum Zeitpunkt der stationdren Aufnahme nach der
modifizierten Sturzrisikoskala nach S. Huhn gescreent. In diesem Tool
werden Alter, mentaler Zustand, Ausscheidung, Zahl der vorange-
gangenen Stiirze, Einnahme von Medikamenten, korperliche Aktivitit
sowie Gang und Gleichgewicht als auch das Sehvermégen mit un-
terschiedlicher Punkteanzahl bewertet. Aus diesem Punktwert ergibt
sich entweder ein geringes, hohes oder sehr hohes Sturzrisiko. Ent-
sprechend dieser Risikostratifizierung kommen unterschiedliche
MaBnahmen zum Einsatz. Besteht ein geringes Risiko, wird mit dem
Patienten ein Sturzpriaventionsgespriach am Anreisetag gefiihrt und
der Patient wird zum ,,Sturzvortrag™ eingeplant (Therapieplan).
Dariiber hinaus erhélt der Patient eine Infobroschiire, wie er am bes-
ten Stiirze vermeiden kann, und eine DIN-A4-seitige Auflistung iiber
die hdufigsten Stolperfallen. Zeigt sich ein hohes Risiko, so kom-
men zu diesem Basispaket noch ein Aufkldarungsgesprich, engma-
schige nichtliche Kontrollginge durch die Pflege, die Betttiefstel-
lung und die Empfehlung des Tragens einer Hiiftprotektorenhose
hinzu. Dariiber hinaus wird das im interdisziplindren Team bespro-
chen und zusitzlich erfolgt eine Markierung mit einem blauen Punkt
auf dem Therapieplan sowie auch auf der Patientenakte und dem
Kadex. Wird ein sehr hohes Risiko festgestellt, so kommen weitere
MaBnahmen wie Sitzhose und/oder Steckgitter hinzu.

Ergebnisse Durch die Einfiihrung dieser Mafinahmen konnte die
Zahl der Stiirze in den Jahren 2010-2012 deutlich reduziert werden:
2010 auf 286, 2011 auf 240 und 2012 auf 169.

Den Patienten soll einerseits das Sturzrisiko vor allem im Alltag ndher-
gebracht werden und andererseits sollen sie lernen, ihre korperliche
Aktivititen dem Alter anzupassen.
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Overlapping and Follow-Up of Alendronate to
Teriparatide Results in Continuing Volumetric Bone
Mass Increase Measured by Quantitative Computed
Tomography

C. Muschit?', R. Kocijan', W. Schima?, J. Haschka’, A. Zendeli’, A. Fahr-
leitner-Pammer?, H. Resch’

"The Vinforce Study Group, Medical Department Il, and ?Department of
Radiology, St. Vincent Hospital Vienna, Academic Teaching Hospital
Medical University of Vienna;, *Division of Endocrinology and Metabo-
lism, Medical University of Graz, Austria

Purpose After 9 months of teriparatide (TPTD) treatment the com-
bination of alendronate (ALN) and TPTD for the consecutive 9
months results in enhanced bone mineral density (BMD) gain when
compared with 18 months of TPTD monotherapy. Use of raloxifene
(RAL) instead of ALN was less advantageous. During a subsequent
12-month maintenance therapy, hip BMD only increased in the ALN
group. Our aim was to investigate changes of cortical and trabecular
bone by quantitative computed tomography (QCT).

Methods 125 postmenopausal women (mean age 71.7 = 8.5 ys,
91.5 % fracture prevalence, 95.7 % prior antiresorptive treatment
> 2 ys) were randomized after 9 months of TPTD treatment into 3
open-label groups for another 9 months: ALN (70 mg/week, 41 pts)
or RAL (60 mg/day, 37 pts) added to TPTD treatment or TPTD mono-
therapy/Ca+Vit D group (47 pts). After TPTD termination, patients
were maintained on their respective treatment regime for another 12
months. All subjects received 1 g calcium/800 IU vitamin D daily.
Trabecular bone in 2" lumbar vertebra (L2), cortical and trabecular
bone in total hip and femoral neck were measured at randomization,
end of TPTD, and end of maintenance by QCT (Siemens Somatom
Definition AS+).

Results L2 bone volume changed by (mean % + SD) 12.1 + 4.5,
14.6 + 8.9, and 7.2 + 7 during combination and 21.9 + 8.3, 23.6 +
10, and -3.9 = 5.7 % (p < 0.001 for all) at the end of maintenance
treatment for the ALN, RAL, and Ca+Vit D groups, respectively.
Ca+Vit D group was inferior to the other groups at both time points
(p < 0.01). The corresponding changes of trabecular bone in the to-
tal hip were 10.7 £4.4,5.1 £2.3,and 4.8 £ 2.6 as well as 16.7 £ 4.4,
8+3.2 (p<0.001 for all), and —0.4 + 4 % (n.s.), respectively. Changes
in both time points were superior in the ALN group. The increase of
the RAL was greater than of the Ca+Vit D group at the end of the
maintenance (p = 0.02). In contrast, cortical bone in the total hip
changed by 6.6 £2.2 (p <0.001),-1.7 £ 5.8 (p=0.01), and 2.8 £ 3.1
(p=0.002) and 13.8 £2.9,-3.9 £ 6 (p < 0.001 both), and 0.7 +3.3 %
(n.s.), respectively. In both intervals, cortical bone increased in the
ALN group significantly more than in the other groups (p < 0.001).
The decrease observed in the RAL group was significantly different
from changes in the Ca+Vit D group.

Conclusion Continuation of ALN after its addition to the second
9 months of an 18-month TPTD treatment cycle resulted in a robust
increase especially in cortical bone of the hip in severe postmeno-
pausal osteoporosis.

Intravenous Ibandronate Increases Femoral and Ver-
tebral Strength Measured by Finite Element Analysis
in Male Patients with Idiopathic Osteoporosis and
Fragility Fractures

C. Muschit?', D. Pahr?, M. KinzF?, B. Luiser?, A. Zendeli’, R. Kocijan',
J. Haschka', W. Schima®, H. Resch'’

"The Vinforce Study Group, Medical Department Il, St. Vincent Hospital
Vienna, Academic Teaching Hospital Medical University of Vienna; ZIn-
stitute of Lightweight Design and Structural Biomechanics, University
of Technology, Vienna, 3Department of Radiology, St. Vincent Hospital
Vienna, Austria

Purpose Male idiopathic osteoporosis (MIO) is a metabolic bone
disease characterized by low BMD, micro structural alterations, and
reduced mineralization of cortical structures resulting in increased
fracture risk in otherwise healthy men. The evidence of antiresorp-
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tive treatment for MIO is lower than those for postmenopausal osteo-
porosis. Volumetric BMD measurements and strength predictions
using voxel-based finite element (FE) simulations of the vertebral
body and the proximal femur predict alterations in strength and stiff-
ness. The hypothesis of this study was to test if ibandronate (IBN)
improves biomechanical properties of femoral and vertebral bone in
MIO.

Methods 13 treatment-naive MIO patients from a prospectivejy
paired biopsy study — mean age 53.0 (44.5; 57.0) years — with prev-
alent fragility fractures and low BMD received 3 mg intravenous
IBN for 24 months quarterly. QCT (baseline/month 24) of Th12 and
hip were assessed to compare BMC, vBMD, BV/TV, areal bone vol-
ume fraction (aBMD)), stiffness, and ultimate force by using FE sim-
ulations for fall (femur) and compressive (vertebra) loading.

Results At the proximal femur the average strength increase (%)
was 4.9 + 8.9 (range —8.4 to 16.5, p < 0.01; 3 patients below 0).
Pronounced increases were observed for trochanteric aBMD (2.9 + 2.6)
and BV/TV of FE models (3.7 £ 1.7, p < 0.05), with less effect in the
neck region (0.7 + 1.5). Most hip fracture types observed by FE-
simulated side-fall scenarios were discovered in the trochanteric re-
gion. Regressions between strength increase and vBMD increases
showed no correlation for BMC, BMD, BV/TV, or aBMD (R? < 0.04).
In the vertebral body the mean strength increase was 7.3 +£9.2 (range
—2.7 to 31.9, 2 patients below 0) with most pronounced increase for
BMC (9.4 = 10.5 %); BV/TV distributions increased both at cortical
shell and trabecular center (p < 0.01). A strong correlation was found
for increase in strength and BV/TV, (R? = 0.80) and between BV/TV,
BMD, and BMC (R?> 0.65). Predicted fracture locations based on
damage patterns by FE simulation were similar between baseline
and follow-up.

Conclusions This study clearly shows decisive positive effects of
intravenous IBN treatment on biomechanical properties at the hip
and spine in patients with MIO comparable postmenopausal oste-
oporosis. FE simulations are more sensitive and provide improved
detailed insight than BMD measures alone, especially for side-fall
simulations, since the fracture position and the local BMD increase
can be considered.

Metabolic Changes After Bariatric Surgery — Baseline
and Short-Term Follow-Up Results from the BABS
Study

C. Muschitz’, N. Tykalsky?, W. Lechner?, C. Marterer’, A. Rhabarnia’,
S. Kapiotis®, . Lomoschitz*, W. Schima®*, H. Resch', A. Klaus?

"The Vinforce Study Group, Medical Department Il, ?Department of Sur-
gery, *Central Laboratory, and *Department of Radiology, St. Vincent
Hospital Vienna, Austria

Introduction An increasing number of obese patients are subject
to laparoscopic gastric bypass or sleeve surgery, which leads to rapid
weight loss. Less data is available on baseline and follow-up changes
of body composition or metabolic bone alterations due to the modi-
fication in eating behaviour and intestinal resorption caused by sur-
gery.

The aim of this prospective study is the investigation of baseline
values of female and male patients prior to surgery for a pre-planned
period of 2 years.

Material and Methods Prior to surgery all patients had a com-
plete clinical work-up including medical history and verification of
the eligibility criteria by the Austrian health authorities. Bone mineral
density (BMD) and total body composition (% fat mass, lean mass)
were measured by dual-energy X-ray absorptiometry (GE Lunar
iDXA). Fasting serum levels of intact amino propeptide of type 1
procollagen (P1NP) and type 1 collagen cross-linked C-telopeptide
(CTX), as well as intact parathyroid hormone (iPTH) and 25-OH
vitamin D; were measured quarterly. Baseline and 6-month follow-
up data are presented.

Results Between February 2012 and March 2013 a total of 144

(102 female and 42 male) patients were assigned to bariatric surgery.
At baseline mean age was 43.3 + 13.4 years; mean body weight was
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127.6 + 25.1 kg (BMI 44.8 + 8.7) with a mean percentage of body fat
of 50.4 £5.7 %, a mean lean mass of 58.6 + 10.7 kg, and a total body
BMD of 1.27 +0.13 g/cm? BMD at femoral neck (1.13 £ 0.18 g/cm?)
and lumbar spine (1.23 + 0.15 g/cm?) were within normal range.
iPTH levels were close to the upper limit of normal (71.2 + 35.4 ng/ml)
whereas 25-OH vitamin D levels were in insufficient range (18.4 +
8.9 ng/ml). PINP and CTX values did not show any signs of accel-
erated bone metabolism.

Six months after surgery the mean percentage of body fat signifi-
cantly decreased to 35.5 = 11.4 % (p < 0.01, A 29.4 %), lean mass
was reduced to 48.2 + 5.4 kg (p < 0.05, A17.7 %), but total body
BMD did not change (1.22 + 0.13 g/cm?, p = n.s.). At the femoral
neck there was a significant decline in BMD (1.00 +0.14 g/cm?, p < 0.05,
A 11.5 %).

Conclusions We conclude that bariatric surgery leads to a rapid
and early reduction of body fat and lean mass after 6 months of ob-
servation. Total body BMD does not seem to be susceptible to these
early changes and vitamin D deficiency is ubiquitous. The decline in
hip BMD as a weight-bearing bone site can partly be explained by
the body mass changes, but must be subject of further and prolonged
investigation.

Do Dietary Protein Amount, Source of Protein, High-
Intensity Exercise, and Anabolic Androgenic Steroid
Administration Affect Bone Microarchitecture in Rats?

E. Nebot'?, . A. Aparicio’, U. Foeger-Samwald?, K. Wah/?, D. Camiletti-
Moiron', R. MartineZ, G. Kapravelou', J. M. Porres’, M. Ldpez-Jurado’,
P Aranda’, P Pietschmann?

'Department of Physiology, School of Pharmacy and School of Sports
Sciences, and Institute of Nutrition and Food Technology. University of
Granada, Spain; ?Department of Pathophysiology and Allergy Research,
Center for Pathophysiology, Infectiology and Immunology, Medical Uni-
versity of Vienna, Austria.

Background The amount and source of dietary proteins, high-in-
tensity exercise (HIE), and anabolic androgenic steroid (AAS) ad-
ministration may affect bone status.

Objective To analyze the effects of the dietary protein amount and
source of protein, HIE, and AAS on bone trabecular microarchitec-
ture in rats.

Material and Method Adult male Wistar rats were randomly dis-
tributed into 8 experimental groups corresponding to groups fed
normal-protein (NP) or high-protein (HP), soy protein or whey pro-
tein, trained or sedentary, with or without AAS administration. Diets
were based on commercial hydrolyzates of whey or soy protein. A
45-% protein content was selected for the HP diet groups, whereas a
10-% protein content was chosen for the NP diet groups. The exer-
cised groups carried out a training protocol previously described by
Aparicio et al. [1]. AAS administration consisted of weekly intra-
muscular injections of 10 mg/kg body weight of nandrolone de-
canoate. At the end of the experimental period (12 weeks) femurs
were extracted. Bone microarchitecture parameters of the distal fem-
ora from a total number of 90 rats were analyzed by micro-computed
tomography (WCT) using a uCT 35 device (Scanco Medical AG, Swit-
zerland).

Results Trabecular thickness was higher in the HP groups when
compared to the NP groups (0.088 + 0.0006 vs 0.085 + 0.0008 mm,
p £0.001). Connectivity density (ConnD), trabecular number (TbN),
apparent bone mineral density (AppBMD), and tissue bone mineral
density (tissBMD) were significantly higher in the HIE groups when
compared to the control groups (552.4 + 48.6 vs 426.2 + 24.9 1/mm?
for ConnD, p <0.05; 11.4 + 0.4 vs 10.2 £ 0.3 1/mm for TbN, p <0.05;
387.4 +7.2 vs 369.2 + 5.2 mg HA/ccm for AppBMD, p <0.05, and
874.7 + 3.8 vs 860.9 + 3.6 mg HA/ccm for tissBMD, p < 0.05). No
differences between groups were observed regarding the source of
protein and AAS administration.

Conclusion In contrast to protein source and anabolic steroids,
high-intensity exercise has a beneficial effect on femoral trabecular
microarchitecture.

References:

1. Aparicio VA, Nebot E, Porres JM, et al. Effects of high-whey-protein
intake and resistance training on renal, bone and metabolic parameters in
rats. Br J Nutr 2011; 105: 836-45.

Signalling Pathways Regulated by the Calcium-
Sensing Receptor in Colon Cancer Cells

S. Tennakoon', L. Hegedus?, A. Aggarwal', M. Wohlgenannt', E. Kallay'
'Department of Pathophysiology and Allergy Research, Medical Univer-
sity of Vienna, Austria, ?Institute of Molecular Pharmacology, Hungarian
Academy of Sciences, Budapest, Hungary

Background The G protein-coupled receptor, calcium-sensing re-
ceptor (CaSR), is one of the main molecules that sense changes of
extracellular calcium levels. Not only calcium, but a plethora of other
ligands such as amino acids, polyamines, antibiotics, and divalent
cations can activate the CaSR regulating numerous downstream sig-
nalling pathways. As a result, various cellular functions such as cell
proliferation and survival are affected. The signalling pathways reg-
ulated by the CaSR seem to be tissue- and ligand-dependent.

Aim This study examines the signalling pathways which are regu-
lated by the activated CaSR in colon cancer cells. We have investi-
gated the impact of CaSR activation on phosholipase C (PLC) and
on the mitogen-activated protein kinase (MAPK) signalling cascade.

Materials and Methods Extracellular calcium and spermine were
used as primary CaSR ligands for the study. Live cell intracellular
calcium imaging with Fluo-4 AM fluorescent dye was performed to
determine the activation of PLC. Phosphorylation of downstream
kinases was studied by western blotting to investigate the CaSR in-
fluence on the MAPK pathway.

Results Intracellular fluorescence intensity was increased 2.5-fold
in cells challenged with extracellular calcium and 4.5-fold when treat-
ed with spermine, reflecting the increase in intracellular calcium level
upon treatment. Western blot analysis revealed that ERK and p38
phosphorylation was increased 3.3- and 2.4-fold upon calcium treat-
ment whereas JNK phosphorylation was not affected. Interestingly,
spermine had no significant effect on ERK activation but increased
JNK (2.9-fold) and p38 (4.3-fold) phosphorylation significantly. The
involvement of CaSR in these processes was shown in cells overex-
pressing the CaSR exogenously.

Conclusion Orthosteric CaSR ligands, calcium and spermine, in-
crease intracellular calcium in colon cancer cells suggesting the ac-
tivation of the Gaq/PLC pathway. The differences in the kinase phos-
phorylation pattern between calcium and spermine treatment shows
that signalling through the CaSR is ligand-dependent, supporting
the recognition that CaSR exhibits “ligand-biased signalling” a char-
acteristic shared by several GPCRs.

Vitamin-D-Status nach Nierentransplantation:
Zentrumserfahrungen mit 920 Patienten

U. Thiem', B. Olbramski’, E. Kallay?, K. Borchhardt'?

'Klinische Abteilung fiir Nephrologie und Dialyse, Universitatsklinik fiir
Innere Medizin Ili, und ?Institut fiir Pathophysiologie und Allergiefor-
schung, Medizinische Universitat Wien; *Dialyseinstitut Klagenfurt am
Werthersee, Osterreich

Background Zwischen 70 und 90 % der Patienten mit chronischer
Niereninsuffizienz weisen eine Hypovitaminose D auf, d. h. 25-
Hydroxyvitamin D <75 nmol/I. Bis dato gibt es nur wenige Studien,
die den Vitamin-D-Status im Verlauf nach erfolgreicher Nierentrans-
plantation untersuchen.

Methoden In einer Querschnittsanalyse wurde der aktuelle Vita-
min-D-Status aller an der Klinischen Abteilung fiir Nephrologie und
Dialyse, Medizinische Universitit Wien, gefiihrten nierentransplan-
tierten Patienten evaluiert, bei denen im Jahr 2010 eine einzige Mes-
sung des 25-Hydroxyvitamin-D-Spiegels durchgefiihrt wurde (n =
920). In einer nach Jahreszeiten gematchten Subgruppe von 303
Patienten wurde der Verlauf von 25-Hydroxyvitamin D innerhalb
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von 2-6 Jahren retrospektiv analysiert. Eine Therapie mit Vitamin D
wurde in diesem Zeitraum nicht routinemifig durchgefiihrt.

Ergebnisse Die Gesamtpopulation bestand aus 920 nierentrans-
plantierten Patienten (575 Médnner und 345 Frauen) mit einem medi-
anen (Spanne) Alter von 52 (20-88) Jahren. Im Median lag die letzte
Nierentransplantation 6,6 (0-37) Jahre zuriick. Der mediane 25-Hy-
droxyvitamin-D-Spiegel im Jahr 2010 lag bei 34 (5-166) nmol/l,
mit signifikant hoheren Werten im Sommer verglichen mit allen ande-
ren Jahreszeiten (p < 0,001). 74 % der Patienten wiesen eine Defizi-
enz (25-Hydroxyvitamin D < 50 nmol/l) und 19 % eine Insuffizienz
(25-Hydroxyvitamin D 51-75 nmol/l) auf. Eine Subgruppenanalyse
in einem nach Jahreszeiten gematchten Kollektiv zeigte, dass der
25-Hydroxyvitamin-D-Spiegel im Verlauf von 2—6 Jahren signifi-
kant abnahm (48 [4-140] nmol/l vs. 35 [5-106] nmol/l, p < 0,0001).
Im Verlauf ist der Anteil der Patienten mit Hypovitaminose D von
80 % auf 95 % angestiegen.

Schlussfolgerungen Aus den erhobenen Daten schliefen wir, dass
ein Vitamin-D-Mangel nach Nierentransplantation haufig auftritt und
es im Verlauf nach Transplantation zu keiner spontanen Verbesserung
kommt.

Computer-Assisted Morphological Sex Estimation
on Crania

A. Vicek'?, £ Kanz®, W. J. Weninger?, D. U. Risser®, J. Streicher?,
F. Kainberger'

'Department of Radiology, General Hospital of Vienna, ?Center of Anato-
my and Cell-Biology, and *Department of Forensic Medicine, Medical
University of Vienna, Austria

Objective The aim was to develop a computer-assisted age-depend-
ent sex estimation scheme of cranial bones for improving visual as-
sessments.

Material and Methods A computer-assisted surface analysis
scheme for assessing the bony relief was developed on 5 skulls (3
males, 2 females) basing on Koenderink’s Shape Index. The feasi-
bility of this technique was tested on 24 skulls of European individ-
uals (12 males, mean age 45.58 + 16.26 years, and 12 females, mean
age 46.17 + 18.31 years) from local historical collections. Scans were
performed with a 64-row multidetector CT (pitch = 0,64) and mod-
elled with AMIRA 5.4. Concavities and convexities were measured
with the Shape Index on preselected regions of the frontal, zygomat-
ic, petrous, occipital bones, and the mandible. Results were correlat-
ed to visual assessments with the well-established Knussmann’s
scheme performed by two raters. Age-dependent changes were ana-
lysed by using convexity-concavity plots.

Results Employing the Shape Index on refined post-processed CT
data sets with additional regression analysis provides a new compu-
ter-assisted morphological sex estimation scheme. The specificity
was 94.43 % and the sensitivity was 88.1 %, while the application of
the Knussmann scheme had a specificity of 36.9 % and a sensitivity
of 73.8 %.

Conclusion CAMSAS is a feasible computer-assisted analysis tool
for improving the subjective age-dependent sex estimation of crani-
al bones.
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Galectin-3 Is a Component of Circulating Microvesicles
and Boosts Osteogenic Differentiation of Mesenchy-
mal Stem Cells

S. Weilner'?, E. Schraml', V. Keider', H. Red/?, P Pietschmann®, R. Grillari-
Voglauer', J. Grillari"

'Department of Biotechnology, BOKU — University of Natural Resources
and Life Sciences Vienna; ?Ludwig Boltzmann Institute for Experimental
and Clinical Traumatology, AUVA, Vienna; *Department of Pathophysiol-
ogy and Allergy Research, Center of Pathophysiology, Infectiology and
Immunology, Medical University of Vienna, Austria

Introduction Aging is a complex process that results in the de-
cline of physiologic functions due to accumulation of damage in cells
and tissues as well as in reduced repair capacities. The regenerative
power of stem and progenitor cells has been found to decline with
age and to be influenced by the systemic environment. In particular
osteogenic differentiation capacity of mesenchymal stem cells (MSCs)
has been shown to decrease with age, thereby contributing to slowed
down bone formation that might contribute to osteopenia or oste-
oporosis. Here, we set out to identify circulating factors of the aged
systemic environment that influence the functionality of adult stem
cells.

Results While searching for systemic factors which are deregulated
in old age and influence osteogenic differentiation capacity of mes-
enchymal stem cells (MSCs), Galectin-3 was found. Overexpression
of Galectin-3 was shown to boost osteogenic differentiation capacity
of MSCs while reducing its expression by small interfering RNA
inhibited osteogenesis. We could demonstrate that Galectin-3 is se-
creted within microvesicles (MVs) by endothelial cells in vitro. Fur-
thermore a possible genetic transfer of endothelial microvesicular
Galectin-3 to MSCs was confirmed, since coincubation of GFP-con-
taining endothelial MVs and MSCs resulted in an uptake of MVs via
endocytosis. The fact that endothelial cells line the blood vessels
supports the notion that secretion of Galectin-3 within vesicles may
also occur in vivo. This was proven by analysing human plasma sam-
ples of donors older than 55 and younger than 25 years. Ex-vivo
derived circulating MVs isolated from human plasma of young indi-
viduals exhibited elevated Galectin-3 levels and boosted osteogenic
differentiation capacity of MSCs compared to MVs of elderly donors.

Conclusion Summarizing, our data suggest that the composition
of circulating microvesicles changes with age and that they deliver
factors impacting on osteogenic differentiation. Among other fac-
tors microvesicular Galectin-3 was shown to enhance osteogenesis
and to be enriched within microvesicles isolated from young human
plasma. Furthermore endothelial cells were identified as a potential
source for circulating microvesicles containing Galectin-3.
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