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Could retinoids be a potential treatment for rheumatic diseases?
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Abstract Retinoid, a derivative of vitamin A, is a general
term used to describe compounds that bind to and activate
retinoic acid receptors [RARs (RARa, RARB, and RARY)]
and/or retinoid X receptors [RXRs (RXRa, RXRf, and
RXRy)]. They have been shown to surpress the differentia-
tion of Th1/Th17 cells and induce the development of Th1/
regulatory T cells. They also affect the proliferation of B
cells as both an inducer and suppressor. Furthermore, reti-
noids may induce the maturation of dendritic cells and pro-
duction of interleukin-10 from monocytes/macrophages.
We recently demonstrated that retinoids suppressed the
production of reactive oxygen species, the release of
elastase from neutrophils by inhibiting mitogen-activated
protein kinase signals, and both the migration speed and
chemotaxis directionality of neutrophils. Retinoids, such
as all-frans retinoic acid and tamibarotene, were previously
shown to have positive effects on animal models of several
rheumatic diseases, including arthritis, myositis, and vascu-
litis in vivo. Moreover, retinoids have been used in a pilot
study to effectively treat patients with lupus nephritis and
systemic sclerosis. We herein reviewed the effects of reti-
noids on immune cells, animal models of rheumatic dis-
eases, and rheumatic patients.
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Introduction

Biological drugs, such as anti-tumor necrosis factor (TNF)
monoclonal antibodies, were recently shown to mark-
edly improve arthritis and inhibit bone destruction associ-
ated with rheumatoid arthritis (RA) [1, 2]. However, some
patients do no respond to these treatments, and biological
agents have been shown to increase the risk of severe infec-
tion [3, 4]. Other rheumatic diseases, such as myositis and
vasculitis, are treated with prednisolone (PSL) monother-
apy or PSL combined with immunosuppressive therapy,
which can also increase the risk of infection. Previous stud-
ies reported that biological drugs may be effective for vas-
culitis and myositis [5, 6]; however, these treatments have
not yet been established. Therefore, therapies urgently need
to be developed that are more effective, cheaper, and safer
than conventional treatments.

RA was previously treated with retinoids, but was
unsuccessful because of severe adverse events and low
efficacy [7, 8]. Mucida et al. demonstrated that retinoids
regulated the differentiation of T helper (Th) cells in 2007
[9], which led to a marked increase in the number of stud-
ies examining the immunoregulatory effects of retinoids.
We previously reported that the synthetic retinoid, Am80,
attenuated arthritis, myositis, and vasculitis in the respec-
tive murine models [10-12]. In addition to all-frans retinoic
acid (ATRA), tamibarotene (Am80) was approved for the
treatment of acute promyelocytic leukemia (APL) in Japan
in 2005. We herein reviewed the immunological function
of retinoids, and their potential as therapeutic agents in the
treatment of rheumatic diseases.
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Retinoids

Retinoid, a derivative of vitamin A, is a general term used
to describe compounds that bind to and activate retinoic
acid receptors [RARs (RARa, RARB, and RARY)] and/or
retinoid X receptors [RXRs (RXRa, RXR, and RXRy)],
members of the nuclear receptor superfamily [13]. RARs
and RXRs are transcriptional regulators that bind to spe-
cific retinoic acid response elements present in the promot-
ers of their target genes. Retinoids are critically involved
in embryonic development, organogenesis, tissue homeo-
stasis, cell proliferation, differentiation, and apoptosis [13].
A previous study showed that retinoids also contributed to
immune regulation through RARs and RXRs [14], includ-
ing Th differentiation and B cell activation [15]. Etretinate
has been used clinically for the treatment of cutaneous
inflammatory disorders such as psoriasis and acne [16, 17].
ATRA, which is a ligand for RARa, B, and y, and Am80,
which is a specific ligand for RARa and 8, but not for
RARYy [18], are also used to treat APL [19, 20].

Effects of retinoids on immune cells
T cells

T cells play an important role in the immune system.
Signals from dendritic cells (DCs), macrophages, and
cytokines induce the differentiation of cells into Thl,
Th2, Th17, or regulatory T (Treg) cells. ATRA has been
shown to inhibit differentiation into Thl cells by down-
regulating T-box expressed in T cells (T-bet) expression
and promotes the differentiation of Th2 cells by inducing
the expression of GATA-binding protein-3 (GATA3) and
MAF as well as activating STAT6 in vitro [21] (Fig. 1).
A deficiency in vitamin A was shown to result in an envi-
ronment that was conducive to the differentiation of naive
precursor CD4" T cells into interferon (IFN) y—secreting
Thl cells [22]. In addition, ATRA directly induced the
differentiation of Th2 cells via RAR [21] and indirectly
promoted that of Th2 cells by increasing the production
of interleukin (IL)-4 and IL-5 from Th2 cells, which are
important cytokines for Th2 differentiation [23]. ATRA
can also inhibit differentiation into Th17 cells by down-
regulating the expression of retinoid-related orphan
receptor-gamma t (RORyt) and induce forkhead box P3
(FOXP3)-positive Treg by upregulating the expression of
FOXP3 in vitro [24].

All-trans retinoic acid strongly enhances the produc-
tion of IL-2 from T cells, which, in turn, induces the pro-
liferation of T cells [25, 26]. A previous study demon-
strated that ATRA regulated the migration of T cells into
the gut by inducing the expression of a4p7-integrin and
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Fig. 1 Regulation of Th differentiation by retinoic acid. Retinoic
acid enhances the differentiation of Th2 by inducing the expression
of GATA3, MAF, STAT6, IL-4, and IL-5, and also Treg differentia-
tion through the expression of FOXP3. In contrast, retinoic acid sup-
presses Th1l and Th17 differentiation by downregulating the expres-
sion of T-bet and RORyt, respectively
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CC chemokine receptor 9 (CCR9) on T cells [27]. These
findings indicated that retinoids could regulate Th differ-
entiation as well as the proliferation and migration of T
cells.

B cells

The proliferation of B cells is induced by stimulating the B
cell receptor (BCR), CD38, CD40, CD19, Toll-like recep-
tor (TLR) 4, and TLRY [28-30]. ATRA can also regulate
B cell proliferation as both an inducer and suppressor. The
incubation of B cells with ATRA inhibited their prolifera-
tion due to the stimulation of BCR and TLR4 [31, 32]. In
contrast, ATRA enhanced the proliferation of memory B
cells by stimulating TLR9 [33]. The effects of retinoic acid
on B cell proliferation may depend on the B cell subpopu-
lation and co-stimulations.

Activation-induced cytidine deaminase (AID) is
expressed in germinal center B cells and leads to the
somatic hypermutation and class switch recombination of
immunoglobulin genes. The expression of AID in B cells
is induced by stimulations with lipopolysaccharide (LPS),
IL-4, transforming growth factor-§ (TGF-f), IFN-y, and
the CD40 ligand [34]. ATRA also increased the expres-
sion of AID in BCR-stimulated B cells, which suggested
that it plays a positive role in regulating somatic hyper-
mutation and class switch recombination [31]. A previous
study showed that retinoic acid increased TGF-g-promoted
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IgA-class switch recombination [35] and the CD40 ligand
and IL-4-induced IgG-class switch recombination, but
inhibited the CD40 ligand and IL-4-induced IgE-class
switch recombination [31].

Regarding the effects of retinoids on total immunoglob-
ulin production, there are no reports that treatment with
ATRA altered serum immunoglobulin level in patients with
APL. However, serum [gG2a and IgG2b anti-myosin anti-
body levels, as well as IgG1, IgG2a, and IgG2b anti-col-
lagen antibody levels, were decreased by Am80 in murine
myosin-induced myositis and collagen-induced arthritis,
respectively [10, 11].

Dendritic cells

RARa and RXRa are highly expressed in human mono-
cyte-derived DCs, whereas murine splenic DCs express all
RAR receptors [36]. ATRA was shown to increase the num-
ber of DCs in the spleen and promoted the expression of
HLA-DR, CDl11c, and CD1c on epidermal DCs [36]. In the
presence of inflammation, ATRA also induced DC matura-
tion and upregulated the capacity of antigen presentation
through RXR signaling [36], but elicited programmed cell
death in DCs in the absence of an inflammatory stimulation
[36]. ATRA also suppressed the production of IL-12, but
enhanced that of TGF-f and IL-6 from monocytes derived
from DCs [36]. These effects may contribute to the regula-
tion of Th differentiation.

On the other hand, ATRA has been shown to increase
the expression of matrix metalloproteinases in endothelial
cells, which have the potential to boost tumor-specific T
cell responses by increasing the migration of tumor-infil-
trating DCs to draining lymph nodes [37]. Gut-associated
DCs also enhance the differentiation of Treg cells and
production of IgA in an ATRA dose-dependent manner in
vitro [38, 39]. IgA was decreased in the lamina propria of
the small bowel in vitamin A-deficient mice, and the oral
administration of an RAR agonist significantly increased
serum IgA levels [40]. These findings suggested that gut-
associated DCs stimulated with retinoic acid may induce
the production of IgA from B cells. Taken together, these
findings indicate that retinoic acid has several effects, such
as cytokine production, maturation, and B cell stimulation,
on DCs.

Monocytes/macrophages

All-trans retinoic acid was previously shown to induce the
expression of CC chemokine ligand 2 (CCL2) in human
monocytes derived from leukemia patients [41]. ATRA
also induced the production of IL-10 from monocytes/
macrophages, while ATRA suppressed TNF-a and IL-12
from monocytes/macrophages via interactions between

RXR and NF-kB [42-44]. ATRA could also attenuate
inflammation-induced tissue damage by inducing the pro-
duction of plasminogen activator inhibitor-2 in periph-
eral blood mononuclear cells [45]. In addition, ATRA
increased the number of T cells, natural killer cells, and
macrophages in the lungs and spleen, which attenu-
ated severe infections, such as tuberculosis [46]. RARy-
deficient macrophages exhibited the impaired production
of inflammatory cytokines when stimulated with TLR as
well as a defective immune response to Listeria monocy-
togenes [47]. Therefore, retinoids play important roles in
the activation of monocytes/macrophages with inflamma-
tion, including infection.

Neutrophils

Retinoids inhibit the activation of neutrophils by suppress-
ing the production of the superoxide anion and release of
protease [48-51]. In addition, we recently reported that
Am80 could suppress the production of reactive oxygen
species (ROS) and release of elastase from human neu-
trophils by inhibiting mitogen-activated protein kinase
(MAPK) signals in vitro [12]. Am80 could also inhibit the
migration speed and chemotaxis directionality of human
neutrophils in vitro [12]. Neutrophil extracellular traps
(NETs) also play an important role in innate immunity
[52]. However, the role of retinoids in the formation of
NETSs remains unknown.

Effects of retinoids on animal models of rheumatic
diseases

Several studies demonstrated the efficacy of retinoids in
animal models of autoimmune diseases. Treatments with
13-cis-retinoic acid, ATRA, and Am80 attenuated murine
and rat collagen-induced arthritis [10, 40, 53, 54]. Am80
inhibited Th17 and enhanced Treg differentiation and
decreased anti-collagen antibodies in vivo [10]. ATRA
decreased the infiltration of macrophages into the glomer-
uli, suppressed the expression of CCL2 in the kidney in
vivo, and inhibited proteinuria and renal involvement, such
as fibrin deposits, necrosis, and crescents in NZB/WF1
mice, which were used as a lupus nephritis model [55]. A
treatment with Am80 also ameliorated murine experimental
autoimmune myositis [11]. We recently reported that Am80
significantly attenuated Candida albicans water-soluble
fraction (CAWS)-induced vasculitis, which is character-
ized by the infiltration of neutrophils into inflamed vessels.
Moreover, Am80 inhibited the migration of transferred
neutrophils into the site of vasculitis in vivo [12]. Thus,
retinoids could be a promising therapeutic target for rheu-
matic disease.
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Current status of retinoid therapy for rheumatic
diseases

Retinoids have regulatory effects on immune cells and
have been shown to improve rheumatic diseases in animal
models. These findings suggest that retinoids may be a new
therapy for rheumatic diseases. To date, four clinical trials
have been conducted on retinoid therapy for rheumatic dis-
eases, including RA, lupus nephritis, and systemic sclerosis
(Table 1).

In the first trial, RA patients were treated with etreti-
nate, a synthetic retinoid, for 24 weeks. One mg/kg/day
etretinate was administered to 15 RA patients for the first
4 weeks, and then, the dosage was reduced to 0.5 mg/kg/
day. However, 8 of 15 patients discontinued the treatment
by week 12 because of severe liver involvement, and arthri-
tis only improved in three patients [7].

The efficacy of 4-HPR (300 mg/day), a synthetic reti-
noid, was then evaluated in 12 severe and long-standing RA
patients for 24 weeks [8]. Six of the 12 patients withdrew
before the completion of the study because 2 exhibited
toxic effects (visual problems), 2 flare, and 2 gastrointes-
tinal bleeding. Histological changes and metalloproteinase
gene expression were evaluated in synovial tissues pre- and
post-medication using biopsy samples, and no patient met
the predetermined Paulus criteria treatment response. In
addition, no improvements were observed in the laboratory
parameters, except for a modest decrease in C-reactive pro-
tein and no decrease in the mRNAs of metalloproteinases
or collagenase in the synovial tissue.

Retinoids, such as etretinate and 4-HRP, were not effec-
tive in the treatment of RA patients in these studies. However,
AmS0, a ligand for RAR« and f, but not for RARy (Table 2
[56]), was used to effectively treat murine CIA [10]. There-
fore, the different structures and binding abilities of retinoids

to RAR or RXR may have affected the efficacy of these treat-
ments. Am80 also induces fewer side effects than ATRA [12].
Therefore, Am80 may represent a possible retinoid treatment
for RA. The effects of Am80 need to be examined in a large
number of patients at several clinical stages of RA.

Seven patients with active lupus nephritis were treated
with ATRA (10 mg/day) for 6 months in an open clinical
trial. Clinical symptoms, proteinuria, and hematuria as
well as serum albumin, creatinine, anti-DNA antibody, and
CHS50 levels were evaluated. Improvements were observed
in the clinical symptoms, such as fever and skin rash, and
laboratory findings, including proteinuria and anti-DNA
antibody levels of four patients. Moreover, they reached the
complete remission criteria of nephrotic syndrome. ATRA
was not effective in the other three patients and was discon-
tinued after 3 months. No patient had adverse effects to the
ATRA therapy [57].

Thirty-one patients with systemic sclerosis (7 were
treated with etretinate monotherapy, 5 with etretinate plus
immunosuppressive therapies, 13 with immunosuppres-
sive therapy only, and 6 with no treatment) were evaluated
using the modified Rodnan total skin thickness score [58].
A significant improvement was defined as a 75 % reduction
in the score. The skin thickness scores in 6 of the 7 patients
treated with etretinate monotherapy, 3 of 5 with etretinate
plus immunosuppressive therapy, 1 of 13 with immunosup-
pressive therapy only, and O of 6 with none therapy signifi-
cantly improved. These findings suggested that etretinate
may be a useful treatment for skin involvement associated
with systemic sclerosis [58].

Retinoid trials for other rheumatic diseases, including
vasculitis and myositis, have not yet been conducted. Am80
was effective for the treatment of myositis and vasculitis in
animal models [11, 12]. Retinoids may also be used to treat
these diseases.

Table 1 Clinical reports of the efficacy of retinoids in the treatment of rheumatic diseases

Retinoid Disease (number of patients) Duration Results

Etretinate RA(n=15) 24 weeks Clinical improvement (n = 3)
No change (n = 4)
Withdraw (n = 8)

4-HRP RA (n=12) 24 weeks No change (n = 6)
Withdraw (n = 6)

ATRA Lupus nephritis (n = 7) 6 months Clinical improvement (n = 4)
Withdraw (n = 3)

Etretinate Systemic sclerosis (n = 31) 20-70 months  Clinical improvement

Etretinate alone (n = 7)
Etretinate plus immunosuppressive therapies (n = 5)
Immunosuppressive therapy alone (n = 13)

Non treatment (n = 6)

Etretinate alone (n = 6)

Etretinate plus immunosuppressive therapies (n = 3)
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Table 2 Synthetic retinoids

Structure

Retinoid Activity/specificity
ATRA Pan-RAR agonist
4-HPR RAR agonist
Etretinate

AmS80 RARa and § agonist

Pan-RAR and Pan-RXR agonist

COH

: , OH
HN

(o]

AT
o

5oy

There are currently no ongoing clinical trials on reti-
noids for rheumatic diseases. However, further clinical tri-
als are expected for rheumatic diseases.

Conclusion

Retinoids have immunoregulatory functions, and treat-
ments with retinoids were shown to be effective for arthri-
tis, nephritis, myositis, and vasculitis in experimental ani-
mal models. Some clinical studies confirmed the efficacy
of retinoids for lupus nephritis and systemic sclerosis.
Therefore, retinoids may be a new therapy for rheumatic
diseases; however, evidence for the positive impact of reti-
noids on rheumatic patients is scarce. Further clinical tri-
als are needed to elucidate the efficacy of retinoids for the
treatment of rheumatic diseases.
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