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Rheumatoid arthritis (RA) is a systemic autoimmune disease including synovitis and synovial

. hyperplasia that contribute to joint destruction. Pivotal pathogenic mechanisms in this process are

. the dysregulated proliferation and apoptosis of fibroblast-like synoviocytes (FLS). Unfortunately, the

. mechanisms of FLS dysregulation are not completely elucidated. Here, we explored a new hypothesis
based in the potent anti-proliferative and pro-apoptotic activity of retinoids in some types of cancer.
Specifically, we investigated the role of retinoids and of the retinoic acid binding proteins, CRABP2
and FABP5, on the proliferation and apoptosis of FLS from RA by adding all-trans retinoic acid (ATRA)
or silencing CRABP2 and FABP5. We showed an unconventional behaviour of RA FLS, which were
relatively insensitive to ATRA. In effect, ATRA increased the resistance to apoptosis despite the high

. CRABP2/FABPS5 ratio of RA FLS; and CRABP2 suppression sensitized RA FLS to Fas-induced apoptosis.

. This latter effect was associated with changes in expression of kinases, ASK1 up-regulation and ERK
down-regulation, and increased phosphorylation of JNK. In addition, the potentiation of FLS apoptosis

by CRABP2 silencing persisted in the presence of pro-inflammatory mediators, TNF e IL13. Therefore,

. the results point to CRABP2 as a potential target to decrease synovial hyperplasia in RA.

. Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic inflammation of peripheral joints
- that leads to progressive destruction of cartilage and bone. Synovitis and synovial hyperplasia are components
. of the pathogenic process that include an increase in the number of resident synovial cells such as fibroblast-like
. synoviocytes (FLS)!=. They increase due to their enhanced proliferation and resistance to apoptosis, which are
* part of a broader dysregulation of FLS functions of not fully elucidated aetiology. Indeed, it has been shown that
: RA FLS are resistant to apoptosis despite expression of the functional death receptors Fas/CD95, TRAILR-1,
TRAILR-2, and TNFR*®. These changes are important because FLS are pivotal contributors to the severity and
chronicity of RA through the production of pro-inflammatory factors that perpetuate the inflammatory process,
* metalloproteinases that degrade the cartilage, and mediators of bone destruction’. Therefore, FLS dysregulation
. provides the opportunity of alternative drug targets to the ones addressed by current RA drugs. These drugs target
. immune cells and inflammatory cytokines. They include biologics and targeted small molecules and have much
improved the prognosis of RA. However, a significant number of patients show a modest or poor response that is
only partially improved by changing to drugs against other inflammatory mediators'®!!. This has motivated the
. exploration of different molecular pathways in the search of alternatives to inflammation with varied success in
. preclinical studies, but none of the new targets has yet led to drugs for clinical trials. Here, we have focused our
interest in the retinoid pathway.
Retinoids are a group of natural or synthetic organic compounds chemically related to vitamin A
(all-trans-retinol) that are present in the diet mainly as retinyl esters and metabolized in the body to retinol, retinal and
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retinoic acid, which is the bioactive form modulating several physiological cellular processes, including differ-
entiation, development, proliferation and apoptosis'>!*. Interestingly, retinoic acid leads to the differentiation,
cell cycle arrest and apoptosis of several types of cells. These actions have been exploited for the treatment of
several types of cancer such as acute promyelocytic leukemia, neuroblastoma and Kapossi’s sarcoma'*!> and of
some skin diseases'®. Retinoids have also been successful in the treatment of animal models of autoimmune dis-
eases such as sclerosis multiple!’, and systemic lupus erythematosus'®. In addition, the effect of retinoid agonists
and antagonists has been analysed in several experimental studies of arthritis with diverse results. Whereas the
retinoid agonists ATRA' and AM80% improved the clinical and histological scores of collagen-induced arthri-
tis (CIA) accompanied by reduction of anti-collagen antibodies in serum; the 13-cis RA pro-drug or partial
agonist was ineffective?® or increased the severity of CIA?!, and the BMS-189453 antagonist reduced arthritis
in the CIA and the streptococcal cell wall induced arthritis (SCWA) models*. These discordant results remain
unexplained and led us to focus on the retinoic acid binding proteins cellular RA-binding protein (CRABP2)
and fatty acid-binding protein 5 (FABP5), which are known to exert divergent proliferation/survival roles in
the retinoic acid pathway?*-?’. Both binding proteins transport retinoic acid from the cytosol to the nucleus,
but whereas CRABP2 delivers retinoic acid to retinoic acid receptors (RARs), FABP5 transport it to the peroxi-
some proliferator-activated receptor 3/~ (PPARB/~). This differential receptor specificity has many consequences.
Studies in cancer cells have shown that delivery of retinoic acid by CRABP?2 facilitates RAR transcriptional activ-
ity enhancing differentiation and apoptosis, and reducing proliferation®***. On the contrary, transport of retinoic
acid by FABP5 promotes survival?®~?’. In accordance with these differential effects, it has been observed that the
pro-apoptotic or pro-survival role of retinoic acid correlates with the CRABP2/FABP5 ratio in a variety of cells,
making it possible that modulation of this pathway could have impact in arthritis. This hypothesis is supported by
the increased expression of the Crabp2 gene in joint tissues and synovial fluid of arthritic mice observed in previ-
ous studies from our laboratory? and from other group®. The increase was observed 7 to 18 days after injection
in the K/BxN serum transfer model, a time span including the peak of inflammation at 9 days and the phase of
resolution, which could indicate a role of Crabp2 in the auto-limitation of arthritis. In the present study, we have
found that RA FLS are unconventional cells, relatively insensitive to ATRA and independent of the CRABP2/
FABP2 ratio. In addition, ATRA exacerbated FLS apoptosis resistance, making it unsuitable as drug candidate,
whereas CRABP2 silencing potentiated apoptosis, making it a potential drug target.

Results

Effect of ATRA on proliferation and apoptosis of RAFLS. We have analysed the effect of ATRA on the
proliferation of RA FLS for up to 96 h. As shown in the Fig. 1A, we did not find significant changes in the analysis
of the proliferation curve in spite of including 11 different RA lines (two-way repeated-measures ANOVA). These
results were similar to the found in control OA FLS (Fig. 1A), which showed lower basal proliferation unmodified
by exposure to ATRA.

Next, we analysed RA FLS spontaneous apoptosis in the presence of ATRA with two independent methodolo-
gies (Fig. 1B). Results of the two assays, nucleosome release and caspases 3/7 activity, were concordant in showing
no significant increase in FLS spontaneous apoptosis (Wilcoxon matched-pairs tests). On the contrary, there was
a nominal decrease (Fig. 1B). The absence of apoptosis increase was not RA specific as it was also observed in
OA FLS (Fig. 1C). Overall, these data seem to indicate the ATRA lack of effect on proliferation and spontaneous
apoptosis are FLS inherent.

To study more thoroughly the effect of ATRA on the apoptosis of RA FLS, we analysed the effect of ATRA
on the apoptosis induced by Fas signalling (Fig. 2A). In this experiment, RA FLS were treated with 0,5 ng/ml of
anti-Fas antibody or with 100 ng/ml of memFasL for 24 hours in the presence of ATRA. As expected, stimulation
of the Fas pathway resulted in increases in FLS apoptosis measured either as nucleosome release or as capases
3/7 activity that were of 26 fold with anti-Fas antibody and of 15 fold with memFasL. Contrary to the observed
in other cell types, ATRA did not potentiate the Fas induced apoptosis but was opposed to it. The results showed
that apoptosis induced by anti-Fas antibody was reduced to about a third and the induced by memFasL to about
half of the levels in the absence of ATRA (Fig. 2A). These results indicate that ATRA acts as a survival factor in
RA FLS.

Searching for an explanation to these results, we analysed the mRNA and the protein expression of CRABP2
and FABP5 in RA FLS. As shown in Fig. 2B, both proteins were expressed in FLS from RA patients, with a clearly
predominant expression of CRABP2 over FABP5, which excluded the simple participation of this ratio in ATRA
associated apoptosis resistance.

Exacerbated RA FLS sensitivity to apoptosis mediated by Fas by CRABP2 silencing. The lack
of concordance of the CRABP2/FABPS5 ratio with the results observed in RA FLS could be due to a change in
the association of these binding proteins with apoptosis signalling. Thus, we analysed the effect of CRABP2 and
FABP5 silencing on Fas-induced apoptosis. We transfected FLS from RA patients with specific CRABP2, FABP5
or control siRNA and we checked the silencing of CRABP2 and FABP5 mRNA expression by real-time PCR.
CRABP2 siRNA reduced by more than 90% CRABP?2 transcription (Fig. 3A). Similarly FABP5 mRNA expression
was reduced by 72% after FABP5 siRNA transfection. Supressed FLS were stimulated with 0.5 jug/ml of anti-Fas
antibody or 100 ng/ml of memFasL for 24 hours and apoptosis was determined. As shown in Fig. 3B, a significant
increase of nucleosome release was observed in RA FLS lacking CRABP? after stimulation with anti-Fas antibody,
which was about three fold the observed in FLS transfected with control siRNA (p=0.0039). Similar results were
observed with memFasL (p =0.0078) (Fig. 3B). These effects were confirmed when apoptosis was assessed as
caspase 3/7 activity (data not shown). By contrast, FABP5 silencing showed a statistical significant decrease of
apoptosis in the RA FLS stimulated with anti-Fas antibody (Fig. 3B, p=0.03), although the reduction was small
and not significant after treatment with memFasL (Fig. 3B). The increased apoptosis in absence of CRABP2
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Figure 1. Effect of All-trans retinoic acid (ATRA) on the proliferation of RA FLS. (A) Proliferation of RA and
OA FLS stimulated with or without 5pM ATRA. Values are the mean (SEM) of 11 different RA and 5 OA FLS
lines. (B) Apoptosis of RA FLS following stimulation with 5 .M of ATRA was quantified by nucleosomal release
enzyme-linked immunosorbent assay (ELISA) and shown as relative to the Basal cell value. Analysis of caspase
3/7 activity as relative luminescence units (RLU) are shown in right panel. Values are the mean & SEM of FLS
from 6-8 RA patients. (C) Apoptosis of OA FLS after stimulation with 5pM of ATRA quantified by nucleosomal
release ELISA. Data are given as percentage of control, considered as 100%. Values are the mean 4= SEM of FLS
from 5 OA patients.

persisted in the presence of added ATRA, although, the level of apoptosis was reduced to about half, both in
controls and in the silenced cells (Fig. 3B). The small reduction after FABP5 silencing, in this condition of added
ATRA, did not persist (Fig. 3B).

ASK1 up-regulation and ERK down-regulation in RA FLS lacking CRABP2. The mechanisms
underlying the sensitization to Fas-induced apoptosis of RA FLS lacking CRABP2 were explored by expression
analysis of 45 Fas apoptosis-related genes. FLS from three RA patients were stimulated or not with 0.5 pg/ml
of anti-Fas antibody for 12 hours and their extracted mRNA was assessed with a PCR array. Genes showing
>1.5-fold change and p < 0.05 in the statistical test were considered with differential expression, as shown in
Volcano plot (Fig. 4A). Two kinase genes were in this group, apoptosis signal-regulating Kinase 1 (ASKI) that
was up regulated, and extracellular signal-regulated kinases (ERK), that was down regulated (ASK1, fold change:
1,86, p=0.0064 and ERK, fold change: 0.64, p=0.0004). The remaining 46 genes in the array did not fulfil the
two criteria for differential expression. The differential expression of ASK1 and ERK was confirmed at the protein
level by western blot analysis, where ASK1 showed a 49% higher expression (Fig. 4B) and ERK1/2 a 27% lower
expression (Fig. 4C) in CARBP2 suppressed RA FLS compared with RA FLS transfected with control siRNA. As
ASK activates JNK by phosphorylation during apoptosis initiated by death receptors, we have analysed the status
of this kinase. The level of phosphorylated JNK was significantly increased after treatment with anti-Fas antibody
in the CRABP2 suppressed RA FLS in a way consistent with the activation of the pathway including activation of
ASK1 (Fig. 4D, p=0.03).

Effect of inflammatory mediators in the Fas-induced apoptosis of RAFLS. Given the unconven-
tional behaviour of RA FLS we wonder whether the inflammatory environment could influence the potential
beneficial effect of CRABP2 silencing. To explore this question, we repeated the experiment of stimulation of the
Fas pathway with anti-Fas antibody in CRABP2 suppressed RA FLS in the presence of TNF or of IL13, which are
pivotal pro-inflammatory mediators. Apoptosis was determined 24 h after the addition of anti-Fas antibody with
the nucleosome release assay. As shown in Fig. 5, incubation in the presence of TNF or of IL13 reduced the cell
death induced by Fas by about 25%, both in RA FLS lacking CRABP2 and in siRNA controls cells. This result sug-
gests the two cytokines promote FLS resistance to apoptosis, but with independence of the function of CRABP2.
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Figure 2. Effect of ATRA on the spontaneous and Fas-induced apoptosis of RA FLS. (A) Fas-induced apoptosis of
RA FLS following stimulation with 5M of ATRA -+ anti-Fas (0.5pug/ml) or 5uM of ATRA 4+ memFasL(100 ng/ml)
was quantified by nucleosomal release enzyme-linked immunosorbent assay and shown as relative to the Basal cell
value. Analysis of caspase 3/7 activity as relative luminescence units (RLU) are shown in right panel. Values are the
mean + SEM of FLS from 6-8 RA patients. T indicates p < 0.05 and * indicates p < 0.05 versus basal, by Wilcoxon
matched-pairs test. (B) CRABP2 and FABP5 protein expression assessed by western blot. A representative blot is
shown. Results are the mean (SEM) of 7 different RA FLS lines. * indicates p < 0.05, by Mann-Whitney U test.

Discussion

Here, we have found that contrarily to expectations, ATRA does not show beneficial effects on proliferation and
survival of human RA FLS. In addition, we have observed that this behaviour of RA FLS was not explained by a
low CRABP2/FABP5 expression ratio, as in other cell types, but by an idiosyncratic phenotype. This phenotype
included exacerbated Fas-induced apoptosis in the absence of CRABP2 as the most remarkable trait. This benefi-
cial effect persisted in the presence of the survival signals of inflammatory mediators, making of CRABP2 a new
potential drug target to address FLS hyperplasia in RA.

Our initial hypothesis was that ATRA would help control the dysregulated proliferation and resistance to
apoptosis characteristic of RA FLS. This hypothesis was based on the effects demonstrated by ATRA and other
retinoids in some skin diseases and in cancer such as acne, psoriasis or acute promyelocytic leukemia®®. However,
progress to wider use has not been possible due to poor results in clinical trials, which are attributed to a variety
of causes including the high frequency of cancer cells that are resistant®*2. The causes of resistance are very
varied and including loss or overexpression of RA receptors®-**, inactivation of ATRA, block of the formation of
RAR:RXR heterodimers, epigenetic silencing of RARB1 (in the old bibliography referred as RARB32); and cyto-
plasmic sequestration of retinoids by CRABP1 or CRABP2 transport proteins®*>*% Another demonstrated
mechanism of resistance to anti-proliferation and to apoptotic signals is based in the differential delivery of reti-
noids to nuclear receptors by CRABP2 or FABP52%%. These two intracellular transport proteins show different
abundance ratios in each cell type, and their retinoid cargo is directed either to RAR/RXR or to PPARB/6/RXR
heterodimers, respectively. Signalling through the latter receptors enhances cell proliferation and survival®®?’.
This CRABP2/FABPS5 ratio reached pre-eminence a few years ago as a mechanism to explain response to reti-
noids, but current evidence supports a complex panorama with many possible mechanisms in interplay and with
lack of demonstrable participation of the CRABP2/FABP5 ratio in the retinoic acid response of some cells**-323,
Therefore, the resistance of RA FLS to the anti-proliferative and pro-apoptotic effect of ATRA we have observed
is unconventional, but not without abundant precedent. Specifically, increased survival induced by retinoids after
Fas pathway stimulation has been clearly demonstrated in T cells**~*%. Similarly, the absence of correlation of
resistance with the CRABP2/FABP5 ratio has also been repeatedly observed®.

Further example of the CRABP2/FABPS5 role uncovered the most surprising findings of our work. First,
FABPS5 silencing did not increase apoptosis either at its spontaneous level or stimulated with Fas signalling. These
results reinforced the independence of FLS resistance to ATRA form the CRABP2/FABP5 ratio. They could
be considered contrary to the model of differential delivery to RAR/PPAR@/S, but still they could have been
explained as the consequence of the predominant expression of CRABP2. This possibility was negated by the
observation that CRABP2 silencing did not modify spontaneous apoptosis and augmented markedly the num-
ber of cells dying on Fas stimulation. To add complexity the effects on cell survival of silencing either FABP5 or
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Figure 3. CRABP2 suppression sensitizes RA FLS to Fas-induced apoptosis. (A) RA FLS were transfected with
CRABP2, FABP5 or non-silence control siRNA, total RNA were extracted and real-time PCR were performed.
(B) Apoptosis of RA FLS following pre-treatment with 5M of ATRA and stimulation with 0.5 pg/ml of anti-Fas
or 100 ng/ml memPFasL was quantified by nucleosomal release enzyme-linked immunosorbent assay and shown
as relative to the Basal cell value. Values are the mean + SEM of FLS from 7-9 RA patients. * indicates p < 0.05,
** indicates p < 0.01, * and * indicates p < 0.05 versus anti-Fas-only treatment, and ' indicates p < 0.05 versus
memFasL-only treatment, by Wilcoxon matched-pairs test.
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Figure 4. CRABP2 suppression increases the expression of ASK1 and JNK activity and reduces the expression
of ERK1/2. RA FLS were transfected with control or CRABP2 siRNA and stimulated with 0.5 pg/ml of anti-Fas
and ASK1 (A), ERK1/2 (B) and pJNK (C) expression were determined by Western blotting (representative blots
at right) with densitometric quantification of band intensity. Values are the mean + SEM from 5-7 RA patients.
* indicates p < 0.05, by Wilcoxon matched-pairs test. For full western blots please see the supplementary
information.
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Figure 5. Abrogation of the increased apoptosis in RA FLS lacking CRABP2 by TNF or IL183 inflammatory
mediators. Nucleosome release of RA FLS with siRNA silenced CRABP2 following anti-Fas antibody («Fas)

0.5 pug/ml stimulation after pre-treatment with 10 ng/ml of TNF or 1 ng/ml of IL-1(3. Values are the mean + SEM
of cells from 6 RA patients. * indicates p < 0.05, by Wilcoxon matched-pairs test.

CRABP2 were independent of added ATRA. Therefore, at this level, it become compelling to consider that RA
FLS are idiosyncratic in their retinoic acid pathway. However, it is important to consider some limitations and
precedents. On the side of the limitations, retinoids plus Fas signalling or retinoid independent effects of the
transporters have not been studied very thoroughly making it possible that other yet unexamined cells show a
similar phenotype. On the side of the precedents, Donato L] et al.** have described ligand-independent effects of
CRABP?2 in inducing apoptosis of cells from mammary cancer. The Noy team further has described this second
function of CRABP2 as mediated by the RNA-binding and stabilizing protein HuR and completely independ-
ent from the presence of retinoic acid*!. Perhaps of more relevance, two recent reports have demonstrated an
anti-apoptotic function of CRABP2***2, In the first, CRABP2 knockdown sensitized glioblastoma cells to retinoic
acid induced apoptosis. This effect was attributed partly to cytoplasmic sequestration of retinoic acid by CRABP2
and to induction of the anti-apoptotic CRYAB small heat shock protein®. To investigate if this mechanism was
involved in RA FLS, we analysed the expression of CRYAB after silencing CRABP2, but no differences were found
(data not shown). In the second report, there is precedent for the two unconventional aspects of our results, RA
independence and increased apoptosis with CRABP2 down-regulation. In effect, silencing of CRABP2 in the
absence of retinoic acid decreased proliferation and induced apoptosis in malignant peripheral nerve sheath
tumors cells*. In addition, a reduction of viability without detectable apoptosis was observed in a variety of cells
including normal and neurofibroma-derived fibroblasts*>. Mechanisms of the reduced viability or of the increased
spontaneous apoptosis were not clarified, although induction of the type 1 interferon pathway was observed.
Therefore, the idiosyncratic role of CRABP2 in RA FLS has some precedent in other cell types, with the most
resembling observed in other fibroblasts.

We were able to elucidate some of the mechanisms underlying the enhanced sensitivity to Fas-induced apop-
tosis of RA FLS lacking CRABP2 thanks to a PCR array of genes on the Fas apoptosis pathway. The upregulation
of ASK1 expression and the downregulation of ERK are consistent with the potentiation of apoptosis. In effect, Fas
signalling activates the Jun NH2-terminal kinase (JNK) pathway through interaction of the receptor-associated
protein Daxx with ASK1, which is a MAP kinase kinase kinase that becomes activated and phosphorylates JNK*.
Evidence of these steps was confirmed by our demonstration of increase JNK phosphorylation. The phosphoryl-
ated JNK translocates to the nucleus where it can potentially lead to an increase in the expression of pro-apoptotic
genes, as FasL or Bak, and a decrease in the expression of pro-survival genes*’. However, it is likely that for RA
FLS the most relevant effect of activated JNK is activation of the mitochondrial pathway*** because RA FLS are
type I1 cells in which death-receptor-induced apoptosis requires activation of the mitochondrial branch***”. JNK
readily translocates to mitochondria, where it is critical for the release of cytochrome C from the inner membrane
space, triggering apoptosis*. Thus, up-regulation of ASK1 and resulting JNK activation contributes to the poten-
tiation of apoptosis in RA FLS lacking CRABP2. In a similar way, we interpret the reduced ERK expression as a
factor that contributes to the phenotype given that ERK is known to interfere with Fas-induced apoptosis**.

Potentiation of Fas-induced apoptosis by CRABP2 silencing could be of clinical interest because it persisted
in the presence of TNFa and IL13, two pro-inflammatory stimuli that are present in arthritis and that increase
RA FLS survival. The role of TNFa is striking because in many cell types it induces cell death, but it is common
observation that RA FLS respond with proliferation and survival>®"52, This response could be related with NFxB
activation that provide strong survival signals and is very marked in RA synovial cells. However, other FLS spe-
cific mechanisms have been suggested as the induction of soluble Fas*. In addition, the potential applicability of
CRABP2 to potentiate RA FLS apoptosis is reinforced by the expression of Fas in the synovial lining>® and the
finding that hydroxychloroquine, which is a weak disease-modifying anti-rheumatic drug (DMARD), potentiates
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Fas induced apoptosis of RA FLS*, and because therapeutic potentiation of the Fas pathway has consistently been
found beneficial in both animal arthritis models and in human RA FLS*.

Opverall the data shown here indicate that the retinoid pathway in RA FLS shows a complex and idiosyncratic
regulation. As a consequence, ATRA does not show the conventional antiproliferative and pro-apoptotic effects
excluding its use as potential drug to address synovial hyperplasia and activation. However, the potentiation of
Fas induced apoptosis observed after suppression of CRABP2 that persists in spite of an inflammatory cytokines
makes of this molecule a potential drug target worth of study in additional preclinical models of arthritis.

Material and Methods

Patients and cell culture.  FLS were derived from synovial tissue obtained from 11 patients with RA under-
going synovectomy by clinical indication, always associated with acute synovitis; and 5 patients with OA at the
time of total joint replacement. The RA patients fulfilled the American College of Rheumatology (ACR) criteria
for the classification of RA* and provided informed written consent. FLS were obtained by digestion of synovial
tissue as previously described*. Adherent cells at 80-90% confluence were trypsinised and diluted at a 1:3 split
ratio. FLS from passages 3 to 8 were used for all experiments.

Ethics Statement. The study was performed according to the recommendations of the Declaration of
Helsinki and was approved by the Comité Etico de Investigacién Clinica de Galicia. Approval No. 2014/393.

Small interfering RNA transfection. RA FLS cells were cultured in six-well plates (14 x 10*cells/well) or
in P100 plates (7 x 10 cells/plate) in DMEM medium 10% FBS and 1% glutamine. Cells were transiently trans-
fected with 20nM of ON-TARGET plus Human siRNA-SMART pools against CRABP2 and against FABP5,
or with ON-TARGET plus Non-targeting Pool, as control siRNA, all of them from Dharmacon (GE, UK).
Transfections were performed using DharmaFECT 1 (Dharmacon) in Opti-MEM (Life Technologies, Thermo
Fisher Scientific, MA, USA). Experiments were performed 72-144h after siRNA transfection, as indicated.
The degree of suppression was determined by real-time quantitative polymerase chain reaction (QPCR) and by
Western blotting.

Proliferation assay. RA FLS were cultured in 96-well plates (2 x 10 cells/well) with DMEM, 5% FBS, 1%
glutamine and 1% penicillin/streptomycin. Cells were treated with 10 ng/ml of TNF or 5pM of all-trans retinoic
acid (ATRA) or vehicle (0,05% DMSO in DMEM) for 24, 48, 72 and 96 hours and proliferation was determined
using the CellTiter-Glo luminescent viability assay (Promega, Wisconsin, USA) according to the manufacturer’s
instructions.

Apoptosis assays. RA FLS were cultured in 96-well plates (6 x 10° cells/well) with DMEM, 10% FBS, 1%
glutamine and 1% penicillin/streptomycin. After 12h of serum-deprivation cells were treated with anti-Fas
antibody (0.5 pg/ml) or memFas ligand (100 ng/ml) or medium for 24 hours in the presence of ATRA 5pM
or its diluent, or in the presence of 10 ng/ml of TNF. Apoptosis was determined by quantifying mono- and
oligo-nucleosomal DNA using a cell death detection enzyme-linked immunosorbent assay (ELISA) KIT (Roche
Diagnostics, Switzerland) according to the manufacturer’s instructions. Apoptosis was confirmed by analysis of
activated caspases 3/7 using a Caspase-Glo 3/7 assay (Promega) following manufacturer’s instructions.

Real-time qPCR. Total RNA was obtained using the Speedtools total RNA extraction Kit (Biotools, Madrid,
Spain) according to the manufacturer’s instructions. Real-time qPCR was performed in duplicate in a Mx3005P
real-time qPCR system, using 1-Step QRTPCR-Brilliant III SYBR Green (Agilent Technologies, CA, USA),
according to the manufacturer’s protocol. Relative levels of gene expression were normalized to the 3-actin gene
using the comparative C, method, where C, is the cycle at which the amplification is initially detected. The relative
amount of mRNA was calculated according to the 222 method, where: AC,=C, target — Ctpracin and AAC, =
(Ct target Ct ﬁ-actin)NT - (Ct target Ct B-actin)experimental siRNA.

For the not transfected (NT), AAC,=0, and 2°= 1. For the experimental siRNA, the value 2-AC indicates
gene expression relative to 3-actin and the value 224 indicates the fold change in gene expression relative to
the control siRNA. The specific primers to quantify human CRABP2, human FABP5, and human (-actin were
from Qiagen (Hilden, Germany).

Western blot analysis. RA FLS were cultured, transfected and/or treated, as indicated and proteins were
extracted using cell lysis buffer. The protein concentration was determined by Bradford assay (Bio-Rad Protein
Assay; Bio-Rad, CA, USA). Protein samples (20 pg) were resolved in 8% gradient SDS-PAGE, transferred onto
PVDF membranes (Merck Millipore, Darmstadt, Germany) and probed with primary antibodies directed
against CRABP2 (generously provided by Cécile Rochette-Egly, IGBMC, Illkirch, France), FABP5 (R&D Systems
MN, USA), ASK1 (sc-5294), ERK (sc-93, both from Santa Cruz Biotechnology, CA, USA) and (3-actin (AC-74,
Sigma-Aldrich, St.Louis, MO, USA). Bound antibodies were revealed with horseradish peroxidase-couple sec-
ondary anti-rabbit or anti-mouse antibodies (both from Santa Cruz Biotechnology).

Fas apoptosis PCR array. The relative expression of 48 Fas apoptosis-related genes was assessed using the
Taqman array plate Fas signaling (Life Technologies, Thermo Fisher Scientific). RA FLS (7 x 10° cells/well in P100
plate) were silenced and treated with 0.5 pug/ml of anti-Fas for 12 hours. Total RNA was isolated as detailed above,
and the complementary DNAs (cDNAs) were reverse transcribed from 2.7 ug of RNA using the High-Capacity
cDNA Reverse Transcription Kit (Life Technologies) according to the manufacturer’s instructions.
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Statistical analyses. Differences between experimental groups were assessed by Two-way repeated-measures
ANOVA, Mann-Whitney U or Wilcoxon matched-pairs tests. P values less than 0.05 were considered significant.
All analyses were performed with GraphPAD Prism (GraphPAD Software, San Diego, CA).

Data availability. All data generated during this study are available upon request from the authors.
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