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POS0041	 THE GASOTRANSMITTER HYDROGEN SULFIDE (H2S) 
IS PROTECTIVE AGAINST CALCIFIC TENDINOPATHY 
(CT)
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Background: Pathological (or heterotopic) calcification is the deposition of calci-
um-containing crystals in soft tissues that normally do not calcify. The deposition 
of these crystals in tendons such as the rotator cuff and the Achilles tendon is 
known as calcific tendinopathy (CT). CT is a painful condition, which increases 
tendon rupture rate and leads to disability.
Objectives: To understand what inhibits calcification, in order to provide new 
strategies to treat a condition for which existing therapies are ineffective.
Methods: We investigated the role of the gasotransmitter hydrogen sulfide (H

2
S), 

and in particular of the H
2
S-producing enzyme cystathionine γ-lyase (CSE) in 

CT. In vitro, we induced calcification in tenocytes from WT and CSE KO mice 
or we treated WT tenocytes with different H

2
S donors. In vivo, calcification was 

assessed in a surgery-induced murine model of CT (tenotomy of the Achilles ten-
don) and in a spontaneous model of CT (aging). Samples obtained from patients 
with rotator cuff or Achilles tendon CT were also analyzed. To investigate the 
underlying mechanisms of the CSE-H

2
S effect, we focused on the bone morpho-

genic proteins (BMPs) pathway. We additionally explored if altered extracellular 
matrix (ECM) organization, due to lysyl oxidase (LOX) activity and aberrant col-
lagen-crosslinks, could also be involved in CT. In this context, we studied if H

2
S 

could affect LOX expression and activity.
Results: In vitro, tenocyte calcification was inhibited by exogenous H

2
S-donors, 

while it was exacerbated in CSE KO tenocytes. The protective role of CSE-H
2
S 

was confirmed in vivo. In aged mice, microtomography analysis revealed exacer-
bated Achilles tendon calcification in CSE KO mice compared to WT. In the sur-
gery-induced model of CT, an inverse correlation between calcification and CSE 
expression in operated Achilles tendon was seen over time. Similarly, inversed 
correlation between calcification and CSE expression was found in human CT 
samples.
Reduced calcification in tenocytes exposed to H

2
S was accompanied by 

decreased expression of genes coding for BMP2, BMP4 and decreased acti-
vation of the BMP signaling pathway (pSMAD1/5/8). On the contrary, BMPs 
expression and BMPs-pathway activation were exacerbated in CSE KO teno-
cytes compared to WT tenocytes.
We next investigated whether ECM disorganization could play a role in CT. 
Tenocytes cultured in calcification media and treated with the pan-inhibitor of 
lysyl oxidases (LOX, LOXL1-4) β-aminopropionitrile (BAPN) showed decreased 
calcification. This pointed to a potential beneficial role of LOX inhibition, there-
fore decreased collagen-crosslinks, in CT. By analysis of LOXs gene expression 
in WT and CSE KO tenocytes cultured in calcifying condition, we found much 
higher expression (4-fold) of LOX, LOL2 and LOXL4 in CSE KO tenocytes. More-
over, H

2
S-donors inhibited LOX activity. Altogether, these results suggest that 

decreased H
2
S could lead to aberrant LOX expression and activity, excessive 

collagen cross-links in the ECM, and ultimately calcification. Further experiments 
are ongoing to prove these hypotheses.
Conclusion: We suggest targeting H

2
S production by CSE, or supplying an 

H
2
S-donor, is of therapeutic relevance to pathological calcification in the context 

of CT and can modify its disease course.
The anti-mineralizing effect of H

2
S in tendons could be due to both inhibition of 

the BMPs pathway and suppression of abnormal LOXs activity.
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Background: Osteoclasts mediate periarticular and systemic bone loss in 
rheumatoid arthritis (RA). Osteoclast progenitor cells (OCPs) derived from the 

myeloid lineage are susceptible to regulation through Notch signaling. Murine 
bone marrow and splenic OCPs, identified as CD45+Ly6G-CD3-B220-NK1.1-CD-
11blo/+CD115+CCR2+ cells, are specifically increased in arthritis. We previously 
identified an increased frequency of OCPs expressing Notch receptors in arthritic 
mice.
Objectives: Several studies suggested that Notch signaling modulation affects 
the course of experimental arthritis. We aimed to determine the effects of Notch 
receptor signaling inhibition on OCP activity and arthritis severity in murine col-
lagen-induced arthritis (CIA).
Methods: Male C57/Bl6 and DBA mice were immunized with chicken type II 
collagen and treated with i.p. injections of anti-Notch 1 neutralizing antibodies 
(1mg/kg). Notch receptor 1 through 4 expression on OCPs was analyzed by flow 
cytometry in periarticular bone marrow (PBM) and spleen (SPL). Gene expres-
sion of Notch receptors, ligands and transcription targets as well as osteoclast 
differentiation genes RANK, cFos and cFms was determined by qPCR from tis-
sues and sorted OCPs. FACS sorted OCPs were stimulated by osteoclastogenic 
factors (M-CSF and RANKL), in control, IgG, Jagged (Jag)1 or Delta-like (DLL)1 
coated wells, with or without anti-Notch 1 antibodies. Research was approved by 
the Ethics Committee.
Results: We confirmed the expression of Notch receptors on OCPs by flow 
cytometry with Notch 1 and 2 being most abundantly expressed (around 25% 
and 40% positive OCPs in PBM and 35% and 20% in SPL respectively), with a 
significant increase of Notch 2 expression in arthritis. Seeding OCPs on DLL1 
coated wells significantly increased while seeding on Jag1 coated wells sig-
nificantly decreased osteoclastogenesis as reflected on the number of TRAP+ 
osteoclasts and expression of osteoclast differentiation genes. The addition of 
anti-Notch 1 antibodies to ligand-stimulated OCPs resulted in an increased num-
ber of TRAP+ osteoclasts, partially reversing Jag1 inhibition. In vivo treatment 
with anti-Notch 1 antibodies did not affect total OCP frequency, but increased 
expression of Notch 4 both in PBM and SPL as seen by flow cytometry and 
qPCR. Additionally, anti-Notch 1 treatment stimulated Notch transcription factors 
HES and HEY. Both PBM and SPL cultured OCPs from anti-Notch 1 treated 
mice produced a higher number of large TRAP+ osteoclasts, doubling the area 
covered with osteoclasts in the latter compared to untreated mice. Increased 
osteoclastogenesis in vitro was further confirmed by an increased expression of 
osteoclast differentiation genes in the treated group.
Conclusion: Our results confirm that Notch signaling may represent an impor-
tant therapeutic target for the regulation of osteoclast activity in arthritis. Both in 
vitro and in vivo anti-Notch 1 neutralizing antibodies enhanced osteoclastogen-
esis in CIA model, implying an inhibitory role of Notch 1 signaling in osteoclast 
differentiation. As Notch 2 expression is increased on OCPs of arthritic mice, we 
next plan to determine the effects of Notch 2 neutralization on osteoclast activity 
and arthritis severity.
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Background: Rheumatoid arthritis (RA) and ankylosing spondylitis (AS) have 
been associated with osteoporosis. There have been very few data on the use of 
peripheral quantitative computed tomography (QCT) in anti-TNF-treated patients.
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Objectives: We wished to assess volumetric bone mineral density (BMD) by 
forearm QCT in conjunction with dual-energy X-ray absorptiometry (DXA) and 
bone biomarkers in RA and AS.
Methods: Forty RA and AS patients treated with etanercept (ETN) or certoli-
zumab pegol (CZP) were included in a 12-month follow-up study. Peripheral QCT 
and DXA BMD were determined. Bone biomarkers, such as PTH, osteocalcin, 
RANKL, 25-hydroxyvitamin D (VITD), P1NP, CTX, sclerostin, DKK-1 and cathep-
sin K (CATHK) were assessed by ELISA.
Results: There was no further bone loss during anti-TNF treatment. Volumetric 
and areal BMD showed significant correlations with each other (p<0.05). Total 
QCT BMD after 12 months was inversely determined by disease activity at 
baseline in the full cohort (p=0.030). Cortical BMD was negatively determined 
by baseline disease activity (p=0.005) and CATHK (p=0.025). In RA, VITD-0 
determined QTRABBMD-12 (p=0.005). In the full cohort, the one-year change in 
QTRABBMD was related to TNF inhibition together with higher VITD-0 (p=0.031). 
Therapy and lower CATHK determined QCORTBMD changes (p=0.006). In RA, 
treatment together with VITD-0 (p<0.01) or CATHK-0 (p=0.002), while in AS, 
treatment together with RANKL-0 (p<0.05) determined QCT BMD changes.
Conclusion: QCT confirmed that biologics may attenuate bone loss. Disease 
activity, CATHK, RANKL and VITD may predict the effects of anti-TNF treatment 
on volumetric BMD changes. There may be differences between RA and AS in 
this respect.
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Background: New bone formation is common in the late stage of various inflam-
matory arthritis, while osteoblasts play a vital role in this process. Activation of 
PI3K/ Akt pathway promotes the differentiation and enhances the function of 
osteoblasts [1]. T315 is a novel small molecule drug, which may induce apoptosis 
and suppress the expression of cellular markers of chronic lymphocytic leukemia 
cells by disrupting PI3K/ Akt pathway [2]. However, the lack of study focuses on 
the influence of T31T on the other cells, except tumor cell lines.
Objectives: We aimed to assess the effect of T315 on human osteoblast-like 
Saos-2 cells, while its potential mechanism in PI3K/ Akt pathway was evaluated 
as well.
Methods: (1) Saos-2 was stimulated with an osteogenic reagent which con-
tained L-ascorbic acid, β-glycerophosphoric acid, and dexamethasone. The con-
centration of T315 was adjusted to 0μg/ml, 1μg/ml, and 2μg/ml in the culture 
medium. (2) Alizarin red stain and alkaline phosphatase (ALP) stain were per-
formed at d0, d7, d14, and d21 after being treated with T315. (3) Cellular protein 
was extracted at d0, d3, and d6 after being treated with T315, then ALP activity 
was tested based on a recommendation from the manufacturer of the kit. (4) Col-
lagen type 1α2 Chain (Col1α2) and osteocalcin (OCN), two osteogenic markers, 
were measured through western blot, with glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) as an endogenous control. (5) Phospho-phosphoinositide 
3-kinase (pPI3K), phospho-protein kinase B (pAkt), and runt-related transcription 

factor 2 (Runx2) was tested through western blot as well. GAPDH or protein 
kinase (Akt) was chosen as an internal reference as appropriate. (6) Analysis 
of variance with the least significant difference was used to analyze the data. A 
P<0.05 was considered statistically significant.
Results: (1) The higher concentration of T315 related to the less relative miner-
alized area and the positive area of ALP, while longer incubation time with T315 
decreased these regions as well (Figure  1A-C). (2) T315 reduced the activity 
of ALP accordingly (Figure 1D). (3) T315 suppressed the protein expression of 
Col1α2 and OCN in a dose-dependent and time-dependent manner (Figure 1E, 
F). (4) T315 did not alter pPI3K, but it inhibited the phosphorylation of Akt (Fig-
ure 1G, H). (5) Runx2 was reduced because of the greater dose or longer incu-
bation time with T315 (Figure 1).
Conclusion: T315 inhibits the differentiation of osteoblasts through inhibiting the 
phosphorylation of Akt. Surprisingly, pPI3K seldom changes in this process, so 
its detail mechanism should be investigated in further.
REFERENCES: 
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Figure 1.  Effect of T315 on Saos-2 cells and PI3K/Akt pathway. (A) Alizarin red stain and ALP 
stain at d21. (B) Relative mineralized area in Alizarin red stain. (C) Positive area in ALP stain. 
(D) ALP activity. Western blot analysis and its bands at d6 for Col1α2 (E), OCN (F), pPI3K 
(G), pAkt (H), and Runx2 (I). Results were normalized by GAPDH or Akt.ALP: Alkaline phos-
phatase; Col1α2: Collagen type 1α2 Chain; GAPDH: Glyceraldehyde 3-phosphate dehydroge-
nase; OCN: Osteocalcin; pPI3K: Phospho-phosphoinositide 3-kinase; pAkt: Phospho-protein 
kinase B; Akt: Protein kinase; Runx2: Runt-related transcription factor 2.a Compared with d3 
in the same concentration of T315, P<0.05.b Compared with d0 in the same concentration of 
T315, P<0.05.c Compared with 1μg/ml T315 in the same incubation time, P<0.05.d Compared 
with 2μg/ml T315 in the same incubation time, P<0.05.
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Background: Dual energy X-ray absoprtiometry is the reference method to 
mesure bone mineral density (1). Loss of bone mineral density is significant if it 
exceeds the least significant change. The threshold value used in general popu-
lation is 0,03 g/cm2 (2). Patients with obesity are known for having a higher bone 
mineral density due to metabolism and physiopathology characteristics (3,4).
Objectives: The aim of our study was to determine the least significant change 
in bone densitometry in patients with obesity.
Methods: We conducted an interventionnal study in 120 patients with obesity 
who performed a bone densitometry. We measured twice the bone mineral den-
sity at the lumbar spine, the femoral neck and the total hip in the same time (5,6). 
We determined the least significant change in bone densitometry from each pair 
of measurements, using the Bland and Altman method. We also determined the 
least significant change in bone densitometry according to each stage of obesity.
Results: The least significant change in bone densitometry in patients with 
obesity is 0,046g/cm2 at the lumbar spine, 0.069 g/cm2 at the femoral neck and 
0.06 g/cm2 at the total hip.
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