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Background and Rationale
Rheumatoid Arthritis (RA) is a chronic, disablingehse with high prevalence and high costs for the
national health systems; its pathogenesis idatgkely unknown.
1-25(OH)VitaminD (1-25(OH)D) is a hormone, very well known to be involvedione metabolism
regulation; in the past few years, several repdesned a putative role for 1-25(0O) in immune
system regulation. In vitro, 1-25(O#) induces the differentiation of monocytes withibition of
inflammatory cytokines production (TN&k- IL-6, IL-1) [1,2], decreases dendritic cells (DC)
maturation by class I MHC, CD40, CD80, CD83 and 86Ddown-regulation, favours CD4 T
lymphocytes activation with a Th2 phenotype andhié CD8-induced apoptosis [3, 4, 5, 6].
These observations are strengthened by in vivarfgsd The Vitamin D Receptor (VDR) is expressed
by synovial cells [7]. In murine models of TNF-irmhd arthritis VDR-Knock Out mice are prone to a
more aggressive disease than wild type mice, yesgifthe importance of vitamin D activity in
immune mediated joint damage [8]. Furthermore,uméns, lower vitamin D plasma levels correlate
with a higher disease activity in RA patients [9, 11]. The importance of vitamin D metabolites in
immune regulation is confirmed by recent evideniteg macrophage and monocyte-derived DCs
express the enzyme needed to convert circulatiotecalciferol (25(0OH)D) into active 1-25(0O%D)
(CYP27B1) [12]; this suggests a local activatiorvitdmin D with a potential autocrine and paracrine
anti-inflammatory effect in the synovial microeroiment.
We recently observed that patients affected by R#l hn increased PTH concentration for any
plasma vitamin D range, with respect to a contrmbiation, suggesting an impaired vitamin D
metabolism which may reflect a local consumptionnbgcrophages during synovial inflammation
[13]. A deeper knowledge on Vitamin D metabolismRA could help to clarify its potential role in
the pathogenesis of the disease.
In particular, if we will be able to demonstratattisignificant local activation of vitamin D occuirs
inflamed joints, we could speculate that the ochhmistration of the intermediate metabolite could
be appropriate to allow the substrate for the sial@YP27B1, preventing the systemic activation of
this hormone and, therefore, enhancing local ratieer systemic effects.
Our project aims to:

1. Evaluate whether RA patients have an impaired vitah metabolism compared to

osteoarthritic (OA) patients (control group);
2. Better define the mechanisms underlying the vitaDiRTH system derangement and the
features of vitamin D metabolism in synovial cells.

Methods:

| performed a first set of experiments in collabiara with Prof. Pitzalis, at Experimental Medicine

and Rheumatology lab, Queen Mary University, Londbm perform the planned experiments | used
samples from a bank of biological tissues availabIEMR lab.

To test the hypothesis of a different vitamin D abetism in RA and OA, | characterized the

expression of three target genes (VDR, CYP27B1 @NM&24A1) by QT-PCR in synovial tissue

obtained from joint replacement in patients affddig RA (N= 45) and OA (N=17).

To evaluate the protein expression of these biokddiargets, | performed an IHQ analysis on the
same paraffin embedded synovial tissues; | alsoextathese samples for B cells (CD20), T cells



(CD3) and macrophage (CD68) biomarkers. An IF ainstg has been also performed to evaluate
the co-expression of CD68 and CYP27B1.

To better define the mechanisms of vitamin D/PTkteyn derangement, | studied the role of synovial
fibroblasts (RASF) in vitamin D metabolism. Thuswbrked on primary cultures of synovial
fibroblasts and | compared the QT-PCR expressiah@target genes in unstimulated and activated
RASF. To stimulate RASF, | treated cells with TLRa®d TLR-4 activators (PIC and LPS
respectively).

Recently, after obtaining ethical committee applowa started the collection of samples of synovial
tissues obtained from joint replacement in our Hagpin collaboration with Prof. Grassi, Head of
SC Ortopedia e Traumatologia. The aim is to locakwelop a biobank of synovial tissues and
synovial-derived cells, available for further expents.

Preliminary results:

1. We did not find any statistical difference in thgeession of VDR, CYP27B1 and CYP24Al
(inactivating enzyme) according to the diagnosisR# or OA. Furthermore, CYP24A1l
seems not to be expressed significantly in synotisslue. We also analyzed these data
stratifying patients accordingly to the degree rdfltration of the main inflammatory cells
(semiquantitatively defined by immunohistochemiktrfhough no significant results were
obtained according to the degree of macrophagdiration, we found a higher VDR
expression in patients with higher T and B celfdtration (figure 1).
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Figure 1: Correlation between histological infiltcst of CD3+ T cells (panel A) and CD20+ B cells (paBgknd
relative expression of VDR. *Mann-Whitney test.

We also managed to histologically stain VDR and ¥®1 in synovial tissue (figure 2),
though no specific pattern could be identified adow to the diagnosis. VDR seems to be
mainly expressed by macrophage, especially inithiegl layer. CYP27B1 positivity seems
not to be limited to macrophage, as confirmed by@¥B1/CD68 co-staining (figure 3).
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Figure 2: the panels show the staining for H&E, CO3eells, VDR+ cells, CD20+ B cells, CD68+ macrophages
and CYP27B1+ cells in synovial tissue.

Figure 3: Immunofluorescence of human synovialigs®Ve used red fluorescence to stain CYP27B1 asehdgo
identify CD68.

On the basis of these preliminary results we dectdemove to cell cultures; in particular we
decided to focus our attention on synovial fibregbda(RASF), since IF was suggestive for
CYP27B1 expression in this cell type (see again Blig



We analyzed the expression of the three targetsgan@ASF obtained from RA patients. We
evaluated if the TLR3/TLR4 pathway activation coulaterfere with the vitamin D
metabolism. We analyzed five sets of fibroblastenfi3 RA patients: we did not observe any
significant difference in VDR expression (Figure).4@n the other hand, TLR4 stimulation
was able to significantly increase CYP24A1 expassafter 72 hours (Figure 4b). Both
TLR3 and TLR4 activation increased significantly BX7B1 expression after 4 and 8 hours

(Figure 4c).
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Figure 4: VDR expression (A) is not different in UBASF with respect to TLR activated RASF; TLR4 activatio
(stimulation with LPS) increased the expressio@¥P27B1 and CYP24A1 after 72 hs (B, C). Both TLR3 (PIQ) @hR4
(LPS) induced CYP27B1 expression after 4 and 8 hours.

Conclusions and future plans:

During this preliminary phase of our study we mathtp demonstrate that VDR and CYP27B1 are
significantly expressed in human synovial tissueca@kding to the preliminary data of this study no
specific differences were found between RA and Caiemts in terms of VDR, CYP27B1 and
CYP24A1 ex vivo. Further studies are required, sif®OR seems to correlate with the degree of
inflammatory cells infiltration (CD3+ and CD20+)h@& linkage between inflammatory arthritis and
vitamin D metabolism could have been biased an@ddiy the absence of clinical correlation about
the source of the analyzed tissue, which represti@smain limit of this study. In fact tissues
belonged to joint replacement not to joint biopkading to the collection of patients in different
stage of disease, irrespectively to the treatnendived and the possible vitamin D supplementation.




In the following phases of our study, we decidediéfine better the metabolism of vitamin D in the
different cells implied in RA pathogenesis. We t&drfrom RASF, since IF data seemed to suggest a
possible expression in this cell-type, which hasbhezn described before.

We showed an increase in CYP27B1 and CYP24A1 grpeession after stimulation of TLR3 and
TLR4 pathway. This result could contribute to gfuether evidence to the hypothesis that vitamin D
can be activated and consumed locally in inflamaubgial tissue. The pathway involved is activated
by TLR stimulation, as well as already demonstrateahacrophages. At present, our data are limited
to gene expression, while further studies are reduto confirm the protein expression and the
functionality of the protein. If these data will lsenfirmed, we could have the rationale to exploit
therapeutically local vitamin D conversion; in peutar if oral cholecalciferol could be converted
effectively in inflamed synovial tissue we couldtaib a local immune regulation, without the
systemic adverse effect on calcium metabolism.

In the near future, | aim to confirm the biologisagnificance of these preliminary results. Firsalb

| aim to demonstrate that CYP27B1 expression isamby enhanced by TLR activation at rt-PCR
level; | have already obtained cell lysate frormstiated and unstimulated RASF cultured in presence
of 25(0OH) D. I will try to optimize and perform wiesn blot to demonstrate the protein expression of
CYP27B1 in activated synovial fibroblasts after TFhRBtivation; furthermore, | will quantify
1,25(0OH)2D conversion by ELISA comparing the corration obtained in TLR-activated fibroblasts
in comparison with non stimulated synovial fibratita

Furthermore, | aim to create a biological bankyiawvial tissue which will be available for further
studies. Specifically, tissues will be collectealnfrjoint replacement (either from OA or RA patignts
| intend to isolate a sufficient amount of synoviasue for histological and PCR studies, and tape
a technique for fibroblast isolation from thesstiss.
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P.P.; Boggio E.; Sola D.; Merlotti E.; Rossi L.; iGiee M.; Pirisi M. Abstract at @
International Congress on Autoimmunity, Nice 26N3@rch 2014.

“Autoimmune Disease and cancer: results from aospgctive cohort”Sainaghi P. P., E.
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"Gene Therapy application”, Prof. Follenzi, 14tkyJu
“The Borghese Sessions”, Prof. Ellis.



