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Fig. 1. Clustering analysis of differentially expressed genes in activated T-cells incubated in

the presence or absence of IFNB. The microarray dataset of GSE14386 is composed of gene

expression profiles by Affymeirix HG-133 Plus 2.0 array of cultured PBMC isolated from 15 CIS

patients activated by anti-CD3 and CD-28 anibodies in the presence or absence of IFNB. The CEL

data was analyzed by GeneSpring GX10.0.2 following normalization by robust multiarray average

(RMA) or MicroArray Suite 5 (MASS5). The statistical evaluation was performed by paired T-test

and multiple testing correction with Benjamini Hochberg FDR. Then, the 40 (MASS5) or 58

(RMA) differentially expressed genes (DEGs) in the presence versus absence of IFNB showing

more than a 2-fold change were extracted. The genes shared between the present study and the

previous study (Zhang et al. J Immunol 182: 3928 -3936, 2009) are marked by dots.




Table 1. Fifty-eight differentially expressed genes (RMA) in activated T-cells

incubated in the presence or absence of IFNB

Ent TERFEROM
Gre‘r::lzD Fold Change (Gene Symbol Overlap i E

with MASS IRG(Type) ISRE STAT |IRF NFkB

68374 493118 CXCLS Y Y{1) Y Y Y
4360 3.1806405 MRC1

9966 2.75809687 TNFSF15

4318 2.4843144 MMPYS Y Y{1) Y Y
23601 2.3458712 CLECSA

4312 2.3377943 MMP1 Y

3582 2.3325033 IL1A Y1) Y Y Y
3578 2.2278018 IL9

8367 2.1467485 CCL22

1116 2.1120112 CHI3L1

2921 2.0152957 CXCL3 Y{1) Y Y Y

The fourty-seven IFNB-upregulated genes are shadowed. Abbreviations: Y; yes.
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Fig. 2. The common upstream search of 58 differentially expressed genes (RMA) in activated
T-cells incubated in the presence or absence of IFNB. The 58 DEGs in activated T-cells
imported into KeyMolnet extracted 75 genes directly linked to 58 DEG. The “common upstream”
search of 75 genes generated a molecular network composed of 140 nodes arranged according to
the subcellular distribution. The network has the most relevant relationship with gene regulation

by IRF (p = 2.082E-17) and NF-kappaB (p = 6.272E-16).
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1. BeiffiE —

LSRR LE

a. BIE - -TH

% MWL (multiple sclerosis : MS)
PR (B - FRE - L) 1) Y SKRE
H, JuEE, SEE L E 2 RIERE
BERL, SHLEMEERYETHBMERET
»5.

b. & %

K TIEERAZBETHREREOFTRD
Zv (LRI KRTRAOIFTAL LY OH
EIE 50~200 N). AHRFBIXEBASTITA
SEANDBETH . DUEEOFREIIHER
3~5 AN/10 F L i s T & /228, IEAERIIM
miZdbh, BIEOBEHIE 12,000 AL L H
EINE, HMORE - 7 LNV —KEB LR,
BEHNEREBEEROWEOBES T LEAT
b5, —HBPIITERERIB THERENS {,
HREECHERE L OBEEN S D, B
FESE#GIE 30 RATHE T, 3PS 5\ 70 5%
DRICRETAZ LTI T, KRS VER
PhoHr (Bih=1:3).

c. ® H

FEHRIEZHELATRVAY, HCHEREICHT LR
BERGEABLT2HCRERBTHE L)
BEP—BHTH 5. HEEREICIE T M,
*ru7 77—, Bk LoRE LB (B
W) 25 EWErrHCHEE L
T, ST VEEHEY 87, JuFt Yy
K& UvnRo R ERBEESNTYS. HERER
BREBETLICH—TERL, BcLoTD
Bh5.
HETRAAELREEFHEMICLD,
HLA-DR % IL-2 ZA K EETFREOEZRIL

1 MS OREIZE DB
BIEMEE, RERTF, BREFVFELHIILIZILD,
AEEAINE (Thl Mifa, Thl7 M, BAifa% L) DiF
B REEARORERENFE I, RENICH
CREN R REIEEOERLIES 5.

MS BEEDOHBEIFHE SN TS, LAL,
— PR AR D MS FEHAE —F KL 30 %RET
»Y, BEEHZERICMZ T, BERTREERE
FOLEELRBREEZR/-TILIIHABTH S, ¥
ANABREOBEHREIIOVTREENLERLD
5%, BEEB YA NVAOHEEIEE SR T
5., ThODERVEMEICHKAE > TMS A
BETLHIEEZOND (H1).

MS OEIE 7N TH 5 EERM B CREHER
#HEK (experimental autoimmune encephalo-
myelitis; EAE) T, {1 ¥ ¥ —7xu vy
(interferon-y ; IFN-y) % B4 3 5 Thl #iflg
BIUA ¥ —u4F 17 (interleukin-17 ;
IL-17) #E4£$ 5 Thl7 Mikass, BEEANT
RIEWH A DAL VR s A VY REELTR
EZFHFETSL (F2). e b MSOKRBETI
Thl HIBOEEUFERINTWEY, Ih
WX IFN-y R 32 VHEEHR S V37T )0
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B#ibg

@:IFN-B

®: glatiramer acetate
@:4iCD20% &
@:FTY720

®: FiVLA4H K

2 MSHEEOERIFAR
R VB B CHERIBCIEML L T Mg, FiEil % &l L CmEhkie ¢ @8y
5. BLIPHEBENTEERILEN, IFN-y, IL-172E0% A Mh 4 VR RERT TN ¥

REAELT, MMERREZEET L.

@ IFN-8; HEHERTOME, @ glatiramer acetate : #l#1E T M0 FE, GOH CD20 Hit
% BHlsnRE, @FTY720: K8 v Sl&2» 50 THRBEHEE, OB VLAdHE: T

A L PR B 3 L

7 RTF FORBMKRE 25 & HC, Thl
MRS EALICE D) MS OBENRED bz L
WIHBELZEISWLERTH S LL,
Thl17 Mifa<e CDS Bt T Mifa D BEEM % /R
ThAHELHY, HOHAESL BHMROWED
BRI ErRIZT. 7, REETMHR%
Wy »@EEME (CD25 B T A,
NKT fifa%z &) ORFEDIHREIN TS,

d. MS OfFR

1) BEEBRICLITHE
BLESEHOBEVSUBELERTRI K
T. CORBEZER -EBAMS L), B
F-BERUMS CHRBEHMIRS RS L,
R, OHELRERERTI LR, HALH
RPEITT DHIHHTL B, TP ZRETE
MS TH5. T/, BERDOFRMIZETT
% MS % —KETEMS L\ ).

2) REMICEIDE

KB, /BN, B, PR, HREL SR

BRICHREDPILL T 5 MS &, HHAE MS
(PR, AER) LR KT MS Lw
AT oORBEET. UK LT, BEAERF
BERI MS 13, HMBALEFHMELHEIELT
HETT HHET, HARICHEBISZ V. &k, &
DFBENZBNT, RF ¥ Y RANVTHETITH
UV 4ICHT 2 ECHEAMRIE S TS Z LA
ST TR o7z, REELIHFITH T 5 RIS tED
WA MS EEhR B2 ENL, MS L
13X B L T neuromyelitis optica (NMO) &I
KR EDEB.

e. EREKER, BWEMR
WRETMICE LT, BAOEE, B, Mk
R, EERE, REERE, BREBERESRE
AHET A, BHER, BRBEERET 2
MBI b DA, HEKRETE, BV
NRIBLITIgG P EAL, FVIT70—F
WMoy BB B (FBEESRIEECKR T 90 %
LLE. bAE T 50~60 %). HZEIE MRI D
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ORER OMWFIRLEMPI T, REZ7TTY
vREREEERE (Vlg), EHMA7oA
ROV AR, RIEWRE - RZHHE, I b
FHyrburpEdRions, HETIERE

FRAARTRETH 575, I VIEEES 3
WKELETNBATBEOTIVBOT V¥ bz
K1) <= —TdH 5 glatiramer acetate (copoly-
mer-1) &, VUV SEROMEANE~OEE % H
ET B VLAY (ed 4 ¥ 720 V) HED,
BRETIRAELEbhTwa, T BHE%EER
T 5P CD20 M OFEHELBES LT
5.

g. TREBIEE
BAE, XFSFRRBEESBRABRORMET
5. FTY720 it sphingosine-1-phosphate (S1P)
ZHREOT I T, THEMZKY ¥/3
HME»OHBOEHET S, TOfl, $1CD52
Pk ERE 3N Tw 5,
FORFIS, it ]



20 Jpn. J. Clin. Immunol., 32 (1) 20~28 (2009) © 2009 The Japan Society for Clinical Immunology

The Memorial Thesis of the Best Poster Award (Recommended article)
Recommender: Chairman of The 36th Annual Meeting of The Japan Society for Clinical Immunology,
Prof. Nobuyuki MIYASAKA

Retinoid signals and Th17-mediated pathology
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summary

For many years, CD4* effector T cells were categorized into two subsets: T helper type 1 (Thl) and type 2 (Th2)
cells. More recent research has refined this model, delineating further subsets; in particular, Th17 cells, activated CD4*
T cells characterised by the production of the cytokine IL-17. Autoantigen-specific Th17 cells are associated with
pathology in a number of animal models of organ-specific autoimmune disease and evidence is mounting that Th17 cells
are also critical in human autoimmunity.

Retinoids, a family of compounds that bind to and activate retinoic acid receptors (RARs and RXRs), are able to
alter CD4 T cell differentiation in vitro though agonism and antagonism of a range of retinoid receptors. For example,
all-trans retinoic acid (ATRA) inhibits Th17 differentiation and instead promotes the upregulation of Foxp3, a key
transcription factor in regulatory T cells. Importantly, treatment with retinoids can modulate Th17-mediated autoim-
munity: experimental autoimmune encephalomyelitis (EAE), the murine model of multiple sclerosis (MS), is amelio-
rated by ATRA administration due to suppression of both the differentiation and the function of Th17 cells. In this
review, we discuss the unveiled molecular mechanism and the possible clinical application of retinoids for the treatment

of human Thl7-mediated autoimmune diseases.

Key words—Retinoids; AM80; ATRA; EAE; Thl7; IL-17; RORyt; Treg; Foxp3; IL-10

Introduction

During an immune response, CD4* T cells can
become activated in an antigen—specific manner and
direct the nature of the response by activating and
counter—regulating other leukocyte populations.
Upon activation, naive CD4* T cells can differentiate
into a range of cell types, which elaborate a tailored
response depending on the nature of the immune in-
sult. These differentiated cell types can be effector
CD4+ T cells, including Th1, Th2, and Th17 types, or
CD4* regulatory T cells (Treg) that deviate the
function of other immune cells, including Tr3, Thi0,
iTreg types. Many factors in the microenvironment
during CD4+ T cell activation tune these differentia-
tion processes, including signals from the antigen—
presenting cell and the cytokine milieu. In addition,
retinoids can act to drive the generation of Treg and
inhibit the differentiation of pro-inflammatory Th17
cells. In this review, we will discuss the potential of
retinoids to influence Treg and Thl7 responses, in
order to treat autoimmune diseases.
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Discovery of Th17 cells

The dichotomous classification of effector CD4*+ T
cells based on their function, into Thl and Th2 cells
was first reported in 1986". It was demonstrated that
naive Th cells differentiate to two functional classes of
cell during an immune response, Thl cells, which
produce interferon (IFN) -y and are involved in cell-
mediated immunity and organ-specific autoimmuni-
ty, and Th2 cells, which secrete interleukin (IL) -4 and
are involved in extracellular immunity and pathogen-
esis of asthma and allergy. Furthermore, a key finding
was that these Th subsets were able to negatively regu-
late each other, explaining how a single Th-type
response is established following a particular immune
insult. This pioneering work fuelled the understand-
ing of the immune system for many years and
remained largely unchallenged.

Multiple sclerosis (MS), the human autoimmune
inflammatory disease of the central nervous system
(CNS), is characterised by perivascular infiltrates in
the brain that display hallmarks of delayed-type
hypersensitivity (DTH). This DTH response was
ascribed to Thl cells? and, following this research,
MS and other autoimmune diseases were thus thought
to be mediated by Thi cells®. Experimental autoim-
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mune encephalomyelitis (EAE), a well-established
model of cell-mediated autoimmunity*®, is also
thought to be generated by the action of Thl cells,
which was supported by the fact that autoreactive
Thl cells are able to transfer the disease. Further-
more, IL-12pd40-deficient mice, which are unable to
mount Thl responses, were resistant to induction of
EAE, supporting the hypothesis that the disease is a
Thl-mediated disorder. Thus, it was predicted that
the administratration of IFN-y, the key effector
cytokine produced by Thl cells, should generate more
severe EAE and conversely the inhibition of the effect
of IFN-y should reduce EAE. In fact, the opposite is
the case: IFN-y administration ameliorates disease,
whilst neutralization of IFN~y with blocking antibo-
dies leads to worsen clinical outcome®?. Further-
more, mice deficient in either IFN-y, or IFN-y recep-
tor, which lack Thl responses are also susceptible to
more severe EAE®. Similar observations have also
been made in other models of autoimmunity such as
adjuvant-induced arthritis® .

Despite such contradicting data, the Th1/Th2
paradigm was upheld for more than two decades until
new data regarding the role of IL-23 allowed the for-
mulation of a improved hypothesis of Th differentia-
tion. IL-12 and IL-23 are both heterodimeric
cytokines consisting of a shared pd40 subunit, but
unlike in IL-12 where this molecule combines with a
p35 subunit, [L-23 possesses a unique p19 subunit!®,
The related structure of these cytokines was able to
solve a long—standing puzzle: why mice deficient for
p40, part of both IL-12 and IL-23, were protected
from EAE induction, whilst IL-12p35 deficient mice
develop worse disease. Thus, when IL-23 pl9
deficient mice were generated, and were found to be
protected from EAE induction, it was concluded that
the protective effect in p40 mice was unrelated to
IL-12Y, Furthermore, anti-IL-23 treatment also
leads to protection from EAE!?, Despite this similar
structural make up of these two cytokines, their
biological activities differ greatly: IL-12 controls the
differentiation of Thl cells, whilst IL-23 does not. In-
stead, IL-23 was found to be associated with effector
T cells that produced large amounts of IL-17A, IL-
17F, IL-21, and IL-22!%13), The pivotal roles of 1L~
23-associate T cells were unveiled by a series of ex-
periments that showed that the adoptive transfer of
these T cells caused severe EAE!4!9  neutralization of
IL-17 via mAD treatment ameliorated EAE, and IL-
17-deficient mice developed less severe EAE with a
delayed onset!®!?, Other autoimmune diseases have

also been shown to be Thl7-mediated, such as rheu-
matoid arthritis'®, and in animal models of this dis-
ease severity is reduced in IL-17-deficient mice and
by blockade of IL~17 signalling!%2,

Earlier work demonstrated that addition of IL-23
to CD4+ T cell cultures led to IL-17 production by T
cells that were initially referred to as Th-IL-17
cells??, but later this became abbreviated to Thl7
cells??. At first, IL-23 was assumed to be a factor
important for the de novo generation of Th17 cells. It
soon became clear that this was not the case, since

~ naive T cells do not express the IL~23 receptor!3:2¥,

Instead, a combination of the immune suppressive
cytokine TGF-f and pro-inflammatory IL-6 has
been identified as the differentiating factors of Th17
cells in mice!3232) | Additionally, there may be a re-
quirement for IL-14 in the differentiation of human
Th17 cells. Interestingly, the differentiation of naive
CD4* T cells activated in the presence of TGF-f
alone induces the generation of induced Tregs, which
express the transcription factor Foxp3?®. At this
point of time, IL-23 is believed to play a crucial role
in the expansion and maintenance of Thl7 cells.

Th17 cells are characterized by the expression of
the transcription factor retinoid acid-related orphan
nuclear receptor-yt (RORyt) 29, ROR@?”, and signal
transducer and activator of transcription—3
(STAT3)282, When EAE is induced in RORyt-
deficient mice, disease has a delayed onset and is of a
milder form than in wildtype mice?®.

In humans, there is a growing body of evidence that
implicates Th17 cells in autoimmune processes. There
are increased levels of transcripts for IL-17 and IL-6
in the CNS lesions of patients with MS3?, and in such
lesions, as well as in cerebrospinal fluid from MS
patients, IL-17-secreting lymphocytes have been
detected’!:3?, Th17 responses have also been associat-
ed with the human autoimmune disorders such as
psoriasis’®3, rheumatoid arthritis’®, and Crohn’s
disease and ulcerative colitis®® .

Vitamin A and its metabolites

Vitamin A (retinyl ester) plays essential roles in a
number of physiological functions throughout the
body, including vision, embryonic development, bone
and blood metabolism, gene transcription, and
immune functions’~3, The recommended daily
allowances of vitamin A range from 300 ug/day in
children to 1200 ug/day for lactating women*®, It is
important to note that vitamin A uptake deficiency
compromises normal immune responses. Retinol, the
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most common metabolite of dietary vitamin A, can
be either absorbed by the gut following ingestion,
or generated from provitamins such  as
betacarotene®’~3, Retinol is then processed into reti-
nal and retinoic acid (RA)4V, All-trans-retinoic acid
(ATRA), 9-cis RA, and 11-cis retinal are the most
active metabolites found in the body3%4?, 11—cis reti-
nal is required for the synthesis of rhodopsin and thus
is essential for vision. ATRA and 9-cis RA bind to
retinoic acid receptors (RARs) and retinoid X recep-
tors {(RXRs) and via these interactions control tran-
scription of a variety of genes, both activation and
repression3’~3943)  ATRA preferably binds to the
RARs, whilst 9-cis RA can bind to both receptor
classes’’3® . As RARs and RXRs both have three iso-
types, o, B, and y, which can combine to a form many
different heterodimers and homodimers, the range of
retionid affinity for this range of receptors can lead to
a great number of possible effects.

Natural and synthetic retinoids in the clinic*

The term retinoids is applied to a family of com-
pounds that bind to and activate retinoic acid recep-
tors (RARs and RXRs), resulting in a range of possi-
ble biological responses. Some natural retinoids, such
as ATRA (Tretinoin), 9-cis RA (Alitretinoin), and
13-cis RA (Isotretinoin), are currently already used
in the clinic. As the clinical use of natural retinoids is
limited by their pharmacological profile, including in-
stability, poor bioavailability, and possible side effect
due to the nonspecific receptor binding of those
natural retinoids, a number synthetic retinoids have
been generated. These include mono-aromatic syn-
thetic retinoids (second generation) , such as Acitretin
and Etretinate, and poly—aromatic synthetic retinoids
(third generation), such as Tamibarotene (AMS80),
Tazarotene, and Targretin (LGD1069) (See Table
1) . The aromatic rings found in the second and third

generation retinoids confer a higher stability and
resistance to heat/oxidation, increased half-lives, a
higher potency, and improved spectrum of action
with receptor specificities.

The most common clinical use of retinoids to date
is in the treatment of acute promyelocytic leukemia
(APL) and Kaposi's sarcoma®54® . APL results from
an abnormal fusion protein PML-RARgq, formed due
to a t(15; 17) (q22; q12) chromosomal translocation,
inducing abnormal promyelocytic cell proliferation.
The efficacy of retinoid treatment of APL has been
reported to be due to the promotion of granulocytic
differentiation and maturation. Importantly, the syn-
thetic retinoids exhibit greater potency in APL treat-
ment compared with their natural occurring counter-
parts: for example the third generation retinoid
Tamibarotene (AMS80) is effective in ATRA-un-
responsive APL patients®”. Further studies have also
suggested that autoimmune disease are effectively tar-
geted with these new generation of retinoids, such of
the skin disease psoriasis®®.

Retinoids have been studied for over 20 years as
potential therapeutic agents in a variety of autoim-
mune models, including multiple sclerosis, rheuma-
toid arthritis, inflammatory bowel diseases, type I di-
abetes, and lupus*9~%3, However, many clinical trials
examining the potential for retionids in treating such
diseases have indicated a efficacy and intolerable side
effects’¥. Previously, as ATRA was shown to effect T
cell differentiation, both suppressing Thl develop-
ment and enhancing Th2 development’®, the amelio-
ration of autoimmune disease by retinoid treatment
was attributed to a deviation of immune from Thl to
Th2. More recently, with an enhanced understanding
of Th differentiation outcomes, the effect of retinoid
treatment on Th17 and Treg cell development and
function has reawakened interested in use of retinoids
to treat immune disorders. Furthermore, this research

Table 1. Retinoids in clinical use

Name Receptors Clinical use
ATRA (Tretinoin) pan-RAR APL, Acne
9—is RA (Alitretinoin) pan—-RAR, pan—RXR Kaposi sarcoma
13-cis RA (Isotretinoin) — Acne
Etretinate — Psoriasis
Acitretin pan—RAR Psoriasis
Tamibarotene (AM80) RARo/B>y APL
Tazarotene RARSB/y>« Acne
Targretin (LGD1069) pan-RXR Cutaneous T lymphoma
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has been facilitated with the availability of a new
range of enhanced, synthetic, receptor—specific reti-
noid compounds.

Retinoids and Th17 cells

It is now well established that Th17 cells constitute
a distinct subset of inflammatory T cells, which are
characterized by the production of IL-17 and the
expression of the transcription factors RORyt and
RORe®. Th17 differentiation is enhanced in CD4+ T
cells that are induced to overexpress RORyt or RORa
and overexpression of both these genes has an even
greater effect?”. Interference with either of these
genes reduces the propensity of CD4+ T cells to
differentiate into Th17 cells and if both RORyt and
RORa are knocked out, Thl7 differentiation is
prevented?”. Retinoids strongly suppress the in vitro
production of IL-17 by polyclonal TCR stimulation
of naive CD4*+ T cells in the presence of IL-6 and
TGF-57~% This inhibition of Th17 cell function is
accompanied by downregulation of RORyt and up-
regulation of Foxp357~9, The suppressive effect of
retinoids on Th17 cell differentiation has been shown
to be mediated via RAR ., Therefore, it is highly
conceivable that retinoids, particularly those with
high affinity for RARa, may be of use in the clinic to
treat Th17-mediated pathology. However, the ability
of retinoids to inhibit Th17 differenition may be of
limited use in alleviating in human autoimmune dis-
ease, as when patients present, T cell activation and
differentiation is likely to be at an advance stage. It is
therefore essential to consider the effect of retinoid on
terminally differentiated T cells.

We have observed that the restimulation of in vitro
differentiated Th17 cells and activated CD4+ spleno-
cytes from mice with active Th17-mediated autoim-
mune disease results in the production of high-levels
of IL~17 secretion, which is reduced by the addition
of the synthetic retinoid AMB80. Additionally, AM80
treatment of these cells also downregulates RORyt
expression. We demonstrated inhibition of Th17 cell
function at AMS80 doses as low as 0.1-10nM,
however maximal suppression was achieved with con-
centrations in the order of 10-100 nM (unpublished
observation) . It is important to note that higher doses
of retinoid treatment have been shown to have a
wide-ranging anti—proliferative and immunosuppres-
sive effect on T cells (unpublished data ands®).
Therefore, for translation to the clinic at the applica-
ble human dose of retinoid must be determined to
ensure efficacy of retinoid treatment without un-

desirable pan—-immunosuppression. Xiao ef al..
demonstrated the potential application of ATRA to
the treatment of EAE, however, in this report ATRA
administration also generated significant anti-
proliferative effects®?. We have determined that the
therapeutic effect of the synthetic retinoid AM80 on
EAE occurs at much lower doses than ATRA. This is
achievable as the pharmacological profile of AM80
allows its administration via the oral route, which
may also be desirable in treatment of human disease.
Critically, we were able to demonstrate that although
these doses strongly downregulated Th17 mediated
pathology, no general immunosuppression was ob-
served.

An interesting observation is that retinoid treat-
ment may actually already be in current use for Th17-
mediated diseases. For some time, retinoids have
been utilised as a standard treatment for psoriasisé?.
More recently, psoriasis has been linked with Th17
responses3334 | thus it is likely that retinoids can be
applied to treat a wider range of immune pathologies,
in particular those associated with Th17 dysfunction.

Retinoids and Foxp3* regulatory T cells

The majority of Treg cells, CD4* T cells that are
able to counter-suppress populations of T cells, ex-
press the transcription factor Foxp3. The function of
these cells is critical in the maintenance of self toler-
ance and defects in Foxp3 lead to widespread autoim-
munity. This is observed in both mice (Scurfy mice)
and men, (e.g. X-linked (IPEX) syndrome)®~6%,
Foxp3+ CD4* Treg can be generated in the thymus
(natural Treg) or be generated in the periphery fol-
lowing activation (induced Treg). In vitro, naive T
cells can also be induce to differentiate into Foxp3+
Treg by activation in a particular cytokine environ-
ment. One such stimulus for Treg differentiation is
TGF-f, a cytokine that is also required for Th17
differentiation. Interestingly, it has been reported that
retinoids, including ATRA and AMBS8O0, are also able
to alter T cell differentiation, inducing Foxp3+ CD4+
T cells (57596669 and unpublished data). Such
differentiation occurs in the presence of TGF-f1
despite the addition of IL-6, conditions that would
normally promote Thl7 differentiation. It has been
suggested that retinoids mediate this effect by disrupt-
ing the signalling of IL-6 and IL~23 through receptor
downregulation and by Smad3-dependent amplifica-
tion of the TGF-B signallingt?.

Intriguingly, a subset of CD103* dendritic cells
found in the lamina propria, and mesenteric lymph
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nodes have the ability to supply ATRA to T cells
during antigen—priming®.79, conversely splenic den-
dritic cells do not produce significant amounts of
ATRAS~6 The upregualtion of Foxp3 induced by
ATRA is dependent on both TGF-f and retinoid sig-
nalling. Neutralizing antibody against TGF-§ blocks
the induction of Foxp3+ CD4+* T cells® and inhibi-
tion of the enzyme required for ATRA synthesis or
blocking retinoid receptor signalling also prevents
Foxp3 induction’®6869)

Despite the upregulation of Foxp3 generated by
retinoids in vitro, treatment of EAE with retinoids
suppresses Th17 cell function without promoting
Foxp3 expressionSD . It has been suggested that a
lack of TGF-f may be the limiting factor’® or that
the adjuvant-induced pro-inflammatory cytokine
milieu, including IL-1, TNF-o and IL-6, may active-
ly suppress Treg conversionS!). Nevertheless, retinoid
treatment is effective in suppressing the de novo
differentiation of Th17 cells in vivo as well as in vitro.
Therefore, we suggest re—evaluation of previous find-
ings showing the beneficial effects of retinoid treat-
ment in autoimmune diseases.

Conclusion

We have summarized the recent findings that Thi7
cells are a major component in the pathology of many
autoimmune diseases and that retinoids, especially
synthetic one such as AM80 with a higher stability, in-
creased half-life, a higher potency, and improved
spectrum of actions with receptor specificities, are po-
tent candidates for disease intervention. Recent study
has pointed out the existence of Foxp3/RORyt dou-
ble positive T cell subset, which produces IL-10 in-
stead of IL-1779, In addition, treatment of activated
T cells with TGF—-f and IL—6 in the absence of termi-
nal differentiation by IL-23 rendered them to produce
IL-10, which are protective for EAE when trans-
ferred adoptively’. IL-10 has been shown to be
another important regulatory component for autoim-
mune responses. Interestingly, our recent work sug-
gested that long—term treatment with retinoids such as
AMSB80 might cause downregulation of IL-10 produc-
tion. Therefore, retinoids have multifunctional target
on immune systems (downregulation of IL-6/IL-23
signals, Th17 function, and IL-10 production and up-
regulation of Foxp3, Treg function and TGF-f sig-
nals) and thus, clinical application of retinoids
should be determined by the evaluation of each com-
ponent to achieve the maximum effect of retinoids.
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