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EXTENDED REPORT

Glucocorticoid receptor in stromal cells is essential
for glucocorticoid-mediated suppression of

inflammation in arthritis

Mascha Koenen,' Stephan Culemann,? Sabine Vettorazzi,"** Giorgio Caratti,'
Lucien Frappart,* Wolfgang Baum,® Gerhard Krénke,? Ulrike Baschant, >

Jan P Tuckermann'?

ABSTRACT

Background Glucocorticoid (GC) therapy is frequently
used to treat rheumatoid arthritis due to potent anti-
inflammatory actions of GCs. Direct actions of GCs on
immune cells were suggested to suppress inflammation.
Objectives Define the role of the glucocorticoid
receptor (GR) in stromal cells for suppression of
inflammatory arthritis.

Methods Bone marrow chimeric mice lacking the GR in
the hematopoietic or stromal compartment, respectively,
and mice with impaired GR dimerisation (GRY™ were
analysed for their response to dexamethasone (DEX,
1mg/kg) treatment in serum transfer-induced arthritis
(STIA). Joint swelling, cell infiltration (histology),
cytokines, cell composition (flow cytometry) and gene
expression were analysed and RNASeq of wild type and
GRY™ primary murine fibroblast-like synoviocytes (FLS)
was performed.

Results GR deficiency in immune cells did not impair
GC-mediated suppression of STIA. In contrast, mice
with GR-deficient or GR dimerisation-impaired stromal
cells were resistant to GC treatment, despite efficient
suppression of cytokines. Intriguingly, in mice with
impaired GR function in the stromal compartment,

GCs failed to stimulate non-classical, non-activated
macrophages (Ly6C"™?, MHCII") and associated anti-
inflammatory markers CD163, CD36, AnxA1, MerTK
and Axl. Mice with GR deficiency in FLS were partially
resistant to GC-induced suppression of STIA. Accordingly,
RNASeq analysis of DEX-treated GRY™ FLS revealed a
distinct gene signature indicating enhanced activity and
a failure to reduce macrophage inflammatory protein
(Mip)-1o and Mip-1.

Conclusion We report a novel anti-inflammatory
mechanism of GC action that involves GR dimerisation-
dependent gene regulation in non-immune stromal
cells, presumably FLS. FLS control non-classical,
anti-inflammatory polarisation of macrophages that
contributes to suppression of inflammation in arthritis.

INTRODUCTION

Rheumatoid arthritis (RA) is characterised by
severe infiltration of various immune cells into the
joints and a tight interplay of these immune cells
with non-immune stromal cells, like fibroblast-like
synoviocytes (FLS).' 2 Pro-inflammatory cytokines
secreted by immune cells result in the activation,
hyperproliferation and cytokine secretion of FLS.

RA is mainly medicated with glucocorticoids
(GC)** due to their strong immune suppressive
effects, however, long-term usage is compromised
by severe side effects such as osteoporosis, insulin
resistance and GC resistance.’ ® A better under-
standing of the cell type-specific actions of GCs
will provide rationales for specialised treatment
strategies to overcome these negative side effects.

GCs act via the glucocorticoid receptor (GR),
a nuclear receptor that operates as ligand-in-
duced transcription factor acting as a homodimer
or monomer. The dimeric GR directly interacts
with GC-response elements on the DNA, mainly
inducing gene expression, a mechanism called
transactivation. GR dimers are strong inducers of
metabolic genes and were considered to be mainly
responsible for side effects.” The monomeric GR
binds either directly to DNA®? or indirectly via
transcription factors (eg, NF-xB and AP-1) leading
in the latter case to transrepression of gene
activity. Previously, transrepression in immune
cells was considered to mediate the anti-inflam-
matory effects of GCs.” This view, however, was
challenged by recent studies with mice harbouring
an impaired GR dimerisation (GRY™), 1 which fail
to suppress inflammation in response to GCs in
lethal inflammation'! ' acute lung injury™ and
antigen-induced arthritis (AIA).'*

Non-immune cells, in particular FLS, were reported
to exhibit a strong decrease of inflammatory medi-
ators on GC treatment i vitro." ' Whether direct
GC actions on these stromal cells contribute to the
suppression of inflammation # vivo is still unknown.
Thus, we addressed this question in a T cell indepen-
dent model of arthritis, the serum transfer-induced
arthritis (STTA) model.

Herein, we show that direct actions of GCs on
immune cells are not sufficient to reduce inflam-
mation in STIA, whereas intact GR dimerisation
in stromal cells such as FLS is required to increase
proportion of non-classical Ly6C"™®, MHCII™®
macrophages, and to suppress STIA.

METHODS
Methods are available in the online supplementary
methods.

Statistics
Results are presented as mean=SEMand statis-
tical analysis was performed with two-way
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Figure 1 GR deficiency in stromal cells abrogates anti-inflammatory effects of glucocorticoid (GC) treatment in serum transfer-induced arthritis
(STIA). (A) Scheme of fetal liver cell transfer into irradiated wt recipient mice. Mice were either reconstituted with wt donor fetal liver cells (wt—wt)
or with GR-deficient donor fetal liver cells (GR®—swt). (B) Ankle thickness and (C) clinical score of mice treated with PBS (black and red) or DEX
(grey and blue). (D) AUC of the clinical score of mice treated with PBS (black and red) or DEX (grey and blue). (E) H&E staining of paraffin sections of
hind paws of wt—wt and GR¥ - wt mice (scale bar=200 pm); asterisks show the area of inflammation. Group size n=5 mice per group. (F) Scheme
of bone marrow transplantation of irradiated wt and GR-deficient recipients with wt donor bone marrow cells (wt—wt and wt—G R™. (G) Ankle
thickness and (H) clinical score of mice treated with PBS (black and red) or DEX (grey and blue). (I) AUC of the clinical score of mice treated with
PBS (black and red) or DEX (grey and blue). (J) H&E staining of paraffin sections of hind paws of wt—wt and wt—GR™" mice (scale bar=200 pm);
asterisks show area of inflammation. Group size n=5 mice per group. AUC, area under the curve; DEX, dexamethasone; GR, glucocorticoid receptor;

ns, not significant; PBS, phosphate buffered saline; wt, wild type.

analysis of variance (ANOVA), followed by Tukey’s post hoc RESULTS

test (multiple comparisons for qRT-PCR, flow cytometry and Functional GR in stromal cells is crucial to mediate the anti-
area under the curve), with one-way ANOVA (ankle swelling) inflammatory effects of GC treatment

and a two-tailed Student’s t-test (cytokine analysis, efferocy- First, we tested whether GCs act directly on immune cells to
suppress inflammation by using the STIA model. To eliminate
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tosis measurements and cartilage and bone destruction).
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radiosensitive immune cells, we irradiated wild-type (wt) recip-
ient mice and reconstituted them with fetal liver cells of GR-de-
ficient donor mice (GR®—wt) and as control with cells of wt
donor mice (wt —»>wt) (figure 1A). GR¥*'wt mice were deficient
for the GR in the haematopoietic compartment (online supple-
mentary figure 1A). The absence of GR in radiosensitive immune
cells did not lead to differences in the onset or progression of
STIA in wt—wt and GR*'—>wt mice (figure 1B-D). Surprisingly,
daily GC treatment starting at day 4 efficiently reduced ankle
thickness (figure 1B) and clinical score (figure 1C,D), as well as
infiltrating immune cells (figure 1E) in wt—wt and GR*!'—>wt
mice. Thus, deletion of the GR in radiosensitive immune cells
had no influence on GC therapy of STIA. Next, we generated
mice with GR deletion in the radioresistant compartment by
using irradiated tamoxifen-inducible GR™*; Rosa-26-Cre ERT
(‘GR™™") mice as recipients and reconstituted them with wt bone
marrow (wt—GR™" and wt—wt, figure 1F) (online supplemen-
tary figure 1B). GR-deficient mice with a GR competent haema-
topoietic system (wt—GR™") had a strongly attenuated response
to dexamethasone (DEX) treatment compared with DEX-treated
wt—wt controls assessed by ankle thickness (figure 1G), clinical
score (figure 1H,I) and cellular infiltration (figure 1]J). Cartilage
and bone injury was strongly reduced by DEX in wt—wt mice,
and to a lesser extent in wt—GR™! mice (online supplementary
figure 2). In conclusion, GR expression in stromal cells is crucial
for anti-inflammatory action of GCs.

The anti-inflammatory actions of GC treatment require intact

GR dimerisation in stromal cells

To test the impact of intact GR dimerisation on exogenous
GC exposure in STIA, we analysed mice with an impaired
GR dimerisation (GRY™). In contrast to wt mice, GR'™ mice
were resistant to DEX treatment in STIA reflected by sustained
inflammation (figure 2A-D). Cartilage and bone injury was less
reduced in DEX-treated GRY™ mice as compared with wt mice
(online supplementary figure 3).

To address whether the necessity of GR dimerisation for
suppression of inflammation is restricted to stromal cells, we
analysed lethal irradiated GR™ mice that received wt bone
marrow (figure 2E, online supplementary figure 1C). In contrast
to control mice (wt—wt), GRY™ mice with a wt haematopoietic
compartment (wt—GR®™) did not respond to DEX treatment
in STIA (figure 2F-I). Thus, GR dimerisation in stromal cells is
essential to suppress inflammation in arthritis.

Loss of GR dimerisation in stromal cells has no effect on
cytokine suppression

Since suppression of cytokines is a hallmark of the anti-inflam-
matory activities of GCs, we determined serum cytokine levels
after 72hours of DEX treatment in wt—wt and wt—>GRY™
chimeric mice. Despite the fact that wt—GRY™ mice were resis-
tant to GC therapy (figure 3A, online supplementary figure 1D),
we observed a reduction of interleukin (IL)-1f, tumour necrosis
factor (TNF)a and interferon-y in both wt—wt and wt—GR4™
mice (figure 3B). Thus, GC-mediated suppression of cytokines is
insufficient to fully suppress STIA.

GR dimers in stromal cells induce non-classical, non-activated
macrophages

Flow cytometry analysis of joints of wt—wt and wt—GRY™
mice after DEX treatment (figure 4 and online supple-
mentary figure 5) revealed a significant reduction of the
fraction of infiltrating leucocytes (CD45P%) and myeloid

cells (CD11bP*) in DEX-treated wt—wt mice, but not in
wt—>GRY™ mice (figure 4A). Neutrophils (CD45°, CD11b"*,
Ly6GP*) and T cells (CD45"%, CD3P%) were not changed in
wt—wt or wt—>GRY™ mice (figure 4A). In addition, the frac-
tion of classical activated macrophages (Ly6CP®, F4/80P°
and F4/80P%, MHCIIP*) of CD11bP* cells (figure 4B) was
also unchanged. Strikingly, we detected a strong and signif-
icant induced fraction of non-classical (CD11bP%, Ly6C",
F4/80P°) and non-activated macrophages (CD11bP%, F4/80P°,
MHCII"®) (figure 4B). This was supported by an increased
ratio of non-activated macrophages to activated macrophages
(MHCIIT"$/MHCIIP*) in DEX-treated wt—wt mice, but not in
wt—GRYI™ mice (figure 4C).

Accordingly, anti-inflammatory macrophage marker gene
expression (CD163, CD36, AnxAl, Axl and MerTK) was
induced in DEX-treated wt—wt mice but not in wt—GRY™ mice
(figure SA,B). Of note, complete GR™ mice treated with DEX
showed a comparable lack of upregulation of CD163, CD36 and
Ax] mRNA expression (online supplementary figure 6). Thus,
in STIA DEX treatment increases the fraction of non-classical,
non-activated anti-inflammatory macrophages dependent on GR
dimerisation in stromal cells.

GR deficiency in FLS delays GC-induced suppression of STIA
Next, we addressed to which extent the GR in FLS mediates the
GC-induced suppression of inflammation in STIA. We therefore
crossed GR® mice to Col1a2CreERT mice!” to generate tamox-
ifen-inducible GR™; Col1a2-CreERT®* mice (GRCO'1#2-CreERTy,
We observed a strong reduction of GR mRNA expression in FLS
isolated from the joints (online supplementary figure 7A) and
reduced GR protein expression in cadherin-11 positive cells
(online supplementary figure 7B). Subsequently, we subjected
these mice to STIA and started DEX treatment after STIA induc-
tion when an ankle thickness of 0.93+0.12and 0.89+0.11 mm
was reached in mutant and control mice. Strikingly, DEX treat-
ment of GREMZCERT ice resulted in a delayed and reduced
reduction of the ankle thickness and clinical score compared
with GR™* littermates (figure 6A,B). Histological analysis
revealed ongoing infiltration of immune cells in the joints of
DEX-treated GRE"*CFRT mice where inflammatory infiltra-
tion was resolved in DEX-treated GR™* mice (figure 6C). Thus,
deletion of the GR in FLS reduces the anti-inflammatory respon-
siveness towards DEX treatment in STIA.

As FLS sustain inflammation in arthritis in tight interplay
with macrophages, we subsequently analysed to which extent
impaired GR dimerisation in FLS changes the effects of GCs
on macrophage function. We therefore cultured wt and GRY™
FLS with GR-deficient macrophages treated with IL13 and
DEX and determined their capacity of efferocytosis of labelled
apoptotic T lymphocytes. DEX-treated cocultures of wt FLS
and macrophages showed a small, but significant increase of
efferocytosis that was absent in cultures of macrophages with
GRY™ FLS (online supplementary figure 8). Next we analysed
the transcriptome of wt and GR¥™ FLS treated with IL-1B and
DEX by RNASeq. We found 346 genes upregulated and 212
genes downregulated in GRY™ FLS compared with wt FLS.
Among these genes, classically known GR-target genes such
as Gilz, Metallothionein-1 and 2 and Fkbp5 were strongly
induced in wt FLS treated with IL-1B and DEX, whereas in
GRY™ FLS these genes were significantly less induced (online
supplementary figure 9A). Enriched KEGG pathways included
cell cycle, cell adhesion, extracellular matrix (ECM)-receptor
interaction and others, indicating a higher activity of GRY™
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Figure 2

Intact GR dimerisation in stromal cells is crucial for proper anti-inflammatory glucocorticoid (GC) actions in serum transfer induced

arthritis (STIA). (A) Ankle thickness and (B) clinical score of wt mice and mice with an impaired GR dimerisation (GRY™ treated with PBS (black and
red) or DEX (grey and blue). (C) AUC for the clinical score of wt and GRY™ mice treated with PBS (black and red) or DEX (grey and blue). (D) H&E
staining of paraffin sections of hind paws of wt and GR®™ mice (scale bar=200 pm); asterisks show area of inflammation. Group size n=5-7 mice
per group. (E) Scheme of bone marrow transplantation of irradiated wt and GRY™ recipient mice that were reconstituted with wt bone marrow
cells (wt—swt and wt—GR™™). (F) Ankle thickness and (G) clinical score of mice treated with PBS (black and red) or DEX (grey and blue). (H) AUC
of the clinical score of mice treated with PBS (black and red) or DEX (grey and blue). (I) H&E staining of paraffin sections of hind paws of wt—wt
and wt—GR"™ mice (scale bar=200 pm); asterisks show area of inflammation. Group size n=4-6 mice per group. AUC, area under the curve; DEX,
dexamethasone; GR, glucocorticoid receptor; ns, not significant; PBS, phosphate buffered saline; wt, wild type.

Rdim

FLS exposed to DEX (online supplementary figure 9C). Inter-
estingly, we found macrophage-associated chemokines "macro-
phage inflammatory protein -1o and -B" (Mip-1o and Mip-1p)
strongly downregulated in wt but not in GRY™ FLS (online
supplementary figure 9B). These results were confirmed
by a multiplex analysis of wt and GR™ FLS supernatants
(figure 6E). However, classical inflammatory cytokines, like

IL-6 and TNFa, were sufficiently suppressed by DEX in both
wt and GRY™ FLS (figure 6E).

Taken together FLS with compromised GR dimerisation are
less efficient to induce macrophage efferocytosis, have a distinct
gene signature including enriched KEGG pathway for cell cycle
and cell adhesion, and are impaired in DEX-mediated chemo-
kine regulation.
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Figure 4 Glucocorticoids (GC) reduce the percentage of CD45P° and CD11bP* cells and increase the fraction of non-classical, non-activated
macrophages after 72 hours ofDEX treatment during serum transfer-induced arthritis (STIA) by a GR dimer-dependent mechanism in stromal cells.

(A) Haematopoietic cells (CD45P%) and myeloid cells (CD11bP%) presented as percentage of single cells, and neutrophils (Ly6G"*) and T cells (CD3P*)
presented as percentage of CD45P* cells in the ankles of irradiated wt and GRY™ mice reconstituted with wt bone marrow (wt—wt (black) and
wt—GRY™ (white)) treated with PBS or DEX for 72 hours. (B) Classical macrophages (Ly6C"*, F4/80°%), non-classical macrophages (Ly6C"*9, F4/80°%),
activated macrophages (MHCIIP%, F4/80P°°) and non-activated macrophages (MHCII™, F4/80°%) in wt—wt (black) and wt—GR™ (white) mice

after PBS or DEX treatment for 72 hours presented as percentage of CD11bP* cells and (C) the ratio of non-activated macrophages versus activated
macrophages. *p<0.05; **p<0.01; ***p<0.001 by two-way analysis of variance (ANOVA) followed Tukey's multiple comparison correction, group size
n=5-6 mice per group. DEX, dexamethasone; GR, glucocorticoid receptor; Mg, macrophages; PBS, phosphate buffered saline.
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Figure 5 The GR dimer in stromal cells mediates the induction of genes of anti-inflammatory macrophages after DEX treatment in serum transfer-
induced arthritis (STIA). (A) Quantitative RT-PCR of isolated ankle mRNA extracts showing the regulation of CD163, CD36, AnxA1, Axl and MerTK
after 72 hours of DEX treatment in wt—wt and wt—GR®™ mice. Group size n=5-6 mice per group. (B) Quantitative RT-PCR of isolated ankle mRNA
extracts showing the regulation of CD163, CD36, AnxA1, Axl and MerTK after 10 days of DEX treatment in wt—wt and wt—GR™™ mice. Group

size n=4—6 mice per group. *P<0.05; **P<0.01; ***P<0.001 by two-way analysis of variance (ANOVA) followed Tukey's multiple comparison
correction. DEX, dexamethasone; GR, glucocorticoid receptor; PBS, phosphate buffered saline.

DISCUSSION
Here we show for the first time that stromal cells, presumably
FLS, are essential for suppression of inflammation by GCs in
an arthritis mouse model that closely resembles the pathology
of the human disease. In STIA, GR deficiency in immune cells
is dispensable for anti-inflammatory effects of GCs. These find-
ings challenge the general assumption that the GR mediates
anti-inflammatory actions mainly by direct actions on immune
cells. We could further show that functional GR dimerisation in
stromal cells is crucial to mediate the anti-inflammatory effects,
emphasising the importance of GR dimerisation for mediating
GC actions in multiple models of arthritis such as AIA, G6PI
arthritis'* and STIA. The spontaneous resolution of STIA in the
absence of DEX, however, is not affected by an impaired GR
dimerisation (data not shown).

Intriguingly, repression of inflammatory cytokines by GCs in
a therapeutic setting was not affected by impaired GR dimeri-
sation in stromal cells, despite an ongoing joint inflammation.
In addition, we could show that DEX treatment from day 0
onwards does not prevent initiation of STIA, but strongly impairs
progression of disease comparable to therapeutic conditions
(online supplementary figure 4). Thus, although cytokines like

IL-1B and TNFa are shown to be important for the induction
of STIA' their decline alone is not enough to inhibit progres-
sion of inflammation. This finding is important considering the
increasing focus on cytokine inhibitors as treatment for patients
with arthritis. Recombinant IL1 receptor antagonist treatment in
patients with RA shows only weak effects.'” Also, TNFo inhibi-
tors failed to exert effective disease remission and 20%-40%
of patients are not responding at all to the therapy.?’ However,
cytokine blockade, achieved with different functional antibody
treatments, can result in positive outcomes,”” and cytokine
suppression has shown to affect bone and cartilage destruction in
arthritis.”’ Here we observed a strong attenuation of DEX-me-
diated reduction in bone and cartilage damage, when GR in
stromal cells was compromised, indicating that reduction of
cytokines alone is not sufficient to reduce STIA-induced damage.

Since the immune cells in the bone marrow chimeric wt—GR*™
mice are still expressing the functional GR we hypothesise that
the suppression of these cytokines is mediated by a direct effect
of DEX on immune cells. This is supported by findings that mice
with a macrophage-specific GR deletion or a complete impaired
GR dimerisation are not able to suppress lipopolysaccharide-in-
duced cytokine expression after DEX treatment in vitro.> % Of
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glucocorticoid receptor; ns, not significant; PBS, phosphate buffered saline; STIA, serum transfer-induced arthritis; TNF, tumour necrosis factor; wt, wild

type.

note, GCs did not alter the percentage of classical activated macro-
phages (F4/80°°, Ly6CP** and F4/80P%°, MHCIIP*), but reduced the
fraction of CD45"* and CD11b"* cells. Thus, they might be the
targets of cytokine suppression. However, we could show that GCs
increased the relative abundance of non-classical, non-activated
macrophages (F4/80P%, Ly6C"*® and F4/80°%, MHCII"®).

These anti-inflammatory acting macrophages were previously
shown to be essential for the resolution of STIA and collagen-in-
duced arthritis.”* ** In line with the induction of the percentage of
anti-inflammatory macrophages we detected only in wt mice an
increased expression of several anti-inflammatory markers known
to be associated with increased phagocytosis and efferocytosis

activity (CD163, CD36, AnxA1l, Axl and MerTK). For instance,
AnxA1-deficient mice have decreased levels of phagocyting cells.?®
CD36 silencing attenuates efferocytosis®” and loss of MerTK and
AxI results in a lack of apoptotic cell clearance, induction of auto-
immunity”® and aggravated STIA.* Accordingly, cocultures of FLS
with macrophages failed to increase efferocytosis in the presence
of GRY™ FLS. Taken together, the failure of wt—GR®™ mice to
increase these factors upon DEX treatment suggests an impaired
clearance of apoptotic cells after DEX treatment, resulting in an
ongoing inflammation. This emphasises the possibility to improve
therapeutic strategies by inducing the generation of non-classical,
non-inflammatory macrophages.

1616
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We suggest that the induction of therapeutically important
anti-inflammatory macrophages can be indirectly stimulated
by actions of stromal cells, in particular FLS. So far, FLS were
mainly characterised as drivers of chronic inflammation in RA
due to their hyperproliferation and secretion of multiple inflam-
matory mediators such as cytokines, matrix metalloproteinases
and other factors.’® It is also well known that FLS contribute
substantially to the TNF response of macrophages®' and support
monocyte survival and integrity in the lining structure.’? We also
could show a slightly increased efferocytosis efficiency of Meo
cocultured with wt FLS compared with those that were cocul-
tured with GRY™ FLS, when treated with IL-1p and DEX. GRY™
FLS show a specific gene signature induced by DEX exposure.
Cell cycle-associated factors and their regulators, but also cell
adhesion molecules are in general higher expressed, suggesting
a higher proliferative and migratory activity of FLS. Whether
this is the reason for failing to trigger anti-inflammatory macro-
phages in vivo in GRY™ mice requires further investigation. In
addition, GR™ FLS are resistant to DEX-mediated suppres-
sion of macrophage-recruiting cytokines Mip-1a. and Mip-1.
Interestingly, Mip-10-deficient mice are protected from collagen
induced arthritis (CIA), which was independent of serum TNFo
levels that were equal in wt and Mip-1a-deficient mice.*® This
is supported by anti-Mip-1a. antibody treatment of CIA mice
resulting in the attenuation of CIA.** Taken together, these data
imply an important crosstalk between FLS and macrophages in
GC-induced suppression of STIA.

So far, GC actions on FLS were considered as anti-inflam-
matory due to the attenuation of expression of inflammatory
mediators™ ® mediated by the monomeric GR. Challenging
this view, we provide here the concept that FLS can mediate
anti-inflammatory effects evoked by GCs and their dimerised
receptor by increasing anti-inflammatory macrophage popula-
tions (figure 6F).

The action of GR in FLS and stromal cells is essential; the
action of GR in macrophages themselves does not suffice to
reduce inflammation. Accordingly, liposomal-packed pred-
nisolone only reduced inflammatory gene expression but did
not induce non-classical, anti-inflammatory macrophages.*’
Supporting our conclusion, prednisolone-carrying liposomes
targeting synovial lining cells strongly increase therapeutic bene-
fits in collagen-induced arthritis*® and adjuvant arthritis in rats.>’

In summary, our data revealed a major role of stromal cells
such as FLS in GC-mediated suppression of arthritis to induce
anti-inflammatory acting macrophages. Exploiting the GC-in-
duced anti-inflammatory crosstalk between stromal cells and the
immune system will provide novel rationales for therapies with
higher efficiency and may avoid side effects of steroid therapy.
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