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Immunopharmacological study of Retinoid Derivatives

Satoru NIWA ?*, Hiroichi NAGAI"®

Abstract: Retinoids have been reported to elicit a variety of biological activities such as cell differentiation, cell growth and
anti-inflammatory effect, through the binding with specific intracellular receptors. In this study, we examined
immunopharmacological effects of 4-[(5, 6, 7, 8-tetrahydro-5, 5, 8, 8-tetramethyl-2-naphthyl ) carbamoyl ] benzoic acid (Am-80), a
new retinoid-derivative, and its mechanism of actions. Am-80 inhibited ear swelling in a dose-dependent manner on
2 4-dinitrofluorobenzene (DNFB)-induced contact dermatitis and on contact dermatitis by the repeated applications of DNFB in mice.
In addition, Am-80 inhibited production of inteleukin-6 (IL-6) and interferon-y (IFN-y) on mononuclear cells in vitro, and its
inhibition was observed on a transcriptional level. Am-80 inhibited the elicitation of type II collagen-induced arthritis in mice.
Am-80 inhibited lipopolysaccharide (LPS)-induced IL-6 production in C. Parvum-pretreated mice, but not the production of IFN-y or
IL-4 in T cells stimulated with concanavarin A (Con A) in vitro. Am-80 diminished clinical symptoms and infiltration of
inflammatory cells into the spinal code on experimental allergic encephalomyelitis (EAE)-induced rats. However, after stopping
administration, EAE recurred in DA rats treated with AM-80. Furthermore, the expressional level of IL-6 mRNA was diminished
during the administration of Am-80, but provoked as soon as it was stopped. Therefore, Am-80 cured mice contact dermatitis,
arthritis and rat EAE through the selective inhibition of IL-6 and IFN-y secreted from inflammatory cells except for T cells. This

evidence may suggest the importance of inflammatory cytokines and the usefulness of retinoid derivatives in immune disorders.
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Q) JINVT AR T 7 —ERRESRIRT ALY /) — T (T300-2611 D < IEHARALR 8 Fit)
Discovery Biology Group, Research Division, Tsukuba Research Institute, Novartis Pharma K. K.
(8, Ohkubo, Tsukuba 300-2611, JAPAN)

b) ISR AFEMERE (T502-8585 WRIRBRAT—HRFAKRSTH6 — 1)
Laboratory of Pharmacology, Gifu Pharmeceutical University (5-6-1, Mitahora-higashi, Gifu 502-8585, JAPAN)



38 P . KHEX D LF /1 RSO RGNS

#*

m

LF /A REI EFI2 ADERNEESFTH
% all-trans- L F /1 BB I CELUOERZRT{LE
MOBHTHD, E¥I> AL, KEEOHHKT L
LTRREINLEBETHESY 2 T RAIZELVF /—ib
(EF 32 A) ETOFREERNFREL. HE. BRS
K OVEFHR OHBEHERE. IURIELE. B ORIR O HREIR
B AENAEASEEOSR R EICEET I ENAI6N
Tws, LML, E¥ I A OISR, fholsmiity
72 LMk FEEFNRHNSDHONE L, £OFF
M7 E B SRR ZNE 0N,

VFIA VB LF = s7)a—)b7ke ko
¥r—tBIRVFF—IibFF -k DERE
N EYIL A BERIhD, 88 BEERLUAE
THRIZBIBEY I AKROERIZILF /- IIc4H 3
M, OERIIE, VF /I EREH20WEENLLED
EEESERT Y, LF /A BRI, AT O F-Fn
ARFNENLETY—Z—=N—T7IV—IZBTS
LF /A UBEVETY— (RAR) KA T2 Y, RARIC
i oo pBEY y OZEEOLETY—AEEEIN
TWw3 Y, LF /1 B —RAR #HEEIT. #a0ML
ORI V. BLXUOPIURERRIER iz &, Ll
bls4EBEEE2RT, T OEBERIT. AP-1 &
OEFIERICIVBEINIBRTOREECHH TS
&V HBNEITOE—F —FHBKIT RAR-responsible
clement (RARE) 25U BEFORREE WL TLH L
R DFEEIND Y, KL, LF /A RA. BEARES
SO g R R T A& VY, BEY O TE
FHEOWEMBIC LS 355 F—VEANEER%
HIHIE VW Glo@mEns, YU TREERE
COHCRERBBIUEBHL £ DEREDRERL
LTHEEEINTWS, LrL., EZ<OLF /1 Rid,
AR, BEED X OVEAIME S EOBWER W 1
DEDIZ EEEE L TORACEE OBEERAT
Wb,
HE.EESICEDARINFHL F /1 FFEK
T & % 4[5, 6, 7, 8-tetrahydro-5, 5, 8,
8-tetramethyl-2-naphthyl ) carbamoyl ] benzoic acid
(Am-80) 1&. RARy IZIE#EEH I, RARa BL U
RARB (C3E < fEA L. all-trans-LF /1 VEEL D +E4E
BOVAETIEMAZRT O D, X5, K BBIUEL
73 E DY II T 2 RER. Bt D L
12BN TH all-trans- L F /1 VEBEIDHEBRTNWS Y,

FITEESIT. Am-80 ORAEZEBEFHEHITDN
T. T AD 2 4-dinitrofluorobenzene (DNFB) #% 5 Befi
HEEAPBEIO Y7 AD DNFB RERMICEK 5K HE
RO2BORBRETINERNT,. EHITITAD type

0357 ERBEEGRABILT v hOERNT LI
FUMFHAOHCRERBET N EZHOWTRIL
oo SHIT. FRBFE. BICRIESEY T M1 0ESE
CHT2ERACODVTORF L. TOREESN-H
AMRICBEU T TIBTET 5,

1. <A ® DNFB EFEREMMER MR ICK TS Am-80
DYERITDNWT : HEflME R % 2613 picryl chloride (PC) %
DNFB 78 ED{LFWMEMBATICKE L TR Iz HERT
BLECLVERINSTUVINF—MHEEEBTHS
W, ZORBTIE, KEMRBANDHFHRER. U2 ERBL
CHERZEDOREMBORE L 5N EERRES &
VEREOIEENBER I NS, AR B A ORERFIC
BL TRESDEENREINTHBO. IIZAEFIER
WERR T, BRI R A & N BREMO ZH LD
BBEIEMMSNTVWDS W, HIEAE TR A $
DHIBEEZFEL, FURPEREIRIZED Feel £ 79—
EALUTERELIN, BERICE->TEZRY I, O
F=oBIUPaAAa RN T OB EDELDT I HIL A
TA LY —ZHEMLTRETS Y, —F., BERMT
{3, interleukin-1 (IL-1). tumor necrosis factor-o. (TNF-ay).
interleukin-6 (IL-6) . interferon-y (IFN-y) $ £ O
interkeukin-4 (IL-4)7% & DL DY A N J11 N #s
Fv bT =27 %0 U TKEEMEN OIS LUK
EREZFIERIT Y,

V. UF /A ROV IL-6", 1L-4® B XU IFNy? 72
EDYA MIA L OEEEZEE L XL THIET S &
MWEL OMFEFBICLDHBETN TS, LF /1 R,
LVF /A EBLETH— (RAR)ERE 78 & & K
L. RAR-responsive element (RARE) DEMALSH 5 Wik
AP-1 EOREPUERICE D, B4 DY 1 I L BETF
DEEEHETEILOERBbNS, FITHEAETHE, L
F)A RFEETHD Am-80 DELXDHA A1 D
BENHSNTNS T XD DNFB 5T E R
R BERICIDOVWTRE L.

DNFB BAi~ W A Tid. PR BA% 3B LN 24
BicE— V7 2Ry _HEOEBREVBEI N
(Fig. 1N, Am-80 &, FOREGITI D HBRKENICK
W SEDBEFEA O B2 M U BRI I E L KT S
faino - (Fig. 1B).

ARGSIZ BT 2 B T, B R N E B & %
BELTWBIENHMENTWS, Thabb, FURRIKIC
K0 EM LS N IR B R IC X D E RS
r.tobzrBitoraby i ihEDTI NI
AT 4 L—4%—3 & monocyte chemoattaractant
protein-1 (MCP-1) 3K interleukin-8 (IL-8) 2 & D
EACHER T 2 58 L | 8 FEEVETIES K CRIEEM
DEMEBEEFERET S, UL, An-80 13, BIRHHICH



U B3 ZEFI A AT Vol. 50, 37-48 (2001) 39

A
67 —O— Vehicle
—®— DNFB
E
3
o
o
*
o
£
®
3
(7]
&
w
0 3 6 9 12 24 48
Time after chaillenge of DNFB (h)
B
3h 24h
3 5
£ 3
£ E 4]
A
% 2 o
% % 3]
o o
@ €
£ £ 2]
® 1
Z &
xd %1
S h]
O-Vshich Control 0.3 1.0 3.0 Vehicle Control 0.3 1.0 3.0

Am-80 (mg/kg) Am-80 (mg/kg)

Fig.1 Time course study for DNFB-induced contact dermatitis (A)
and the effect of Am-80 (B) on the dermatitis model in mice. Am-80
was orally dosed just before painting DNFB to ears of mice. Each
value was represented as mean + SE of 8 to 9 animals. * : P< 0.05
was considered as the statistical significance from vehicle group (A)
and control group (B).
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Fig.2 Effect of Am-80 on the expressions of mRNAs for
IFN-y, IL-6, TNF-a and IL-4 in the ears of mice. Ears of mice
were isolated 4 h after application of DNFB. Am-80 was
administered just before painting DNFB to ears of mice.
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Fig.3 Histopathological feature of the effect of Am-80 on contact
dermatitis in mice. At 24 hr after applying DNFB, ears of mice were
isolated, fixed and stained with hematoxylin and eosin. Magnification is
200. Am-80 was administered just before painting DNFB to ears of
mice.
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Fig.4 Effect of Am-80 on the production of cytokines including IFN-y, IL-6 and IL-4 in mononuclear cells by the
hapten-specific stimulation in vitro. Mononuclear cells were cultured for 24 h with DNP-BSA or BSA in the presence or

absence of various concentrations of Am-80 dissolved in DMSO.

* : P< 0.05 was considered as the statistical significance from control (DNP-BSA) group.
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Fig.5 Effect of Am-80 on the expressions of mRNAs for IFN-y, IL-6
and IL-4 on cultured mononuclear cells. Mononuclear cells were cultured
for 4 h with DNP-BSA or BSA in the presence or absence of various
concentrations of Am-80 dissolved in DMSO.
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Fig.6  Time course study for DNFB-induced contact
dermatitis (A) and the effect of Am-80 (B) on the contact
dermatitis elicited by repeated applications of DNFB in mice.
*: P< 0.05 was considered as the statistical significance from
control (DNFB) group.
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Significant difference from the control at: * P< 0.05
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TIT, Am-80 DY U X Cl FREHRIZBITBE
OHMHIER I T 2ERBFEZBHS NI HEKT.
C. Parvum HIZLE~Y D 2B 5 LPS #I# IL-1p,
TNF-a BELUL IL-6 EEICHT 2 Am-80 DIEHICD
WTHREL 72 (Fig.10).
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Fig.10  Effects of Am-80 and prednisolone (Pred) on C.
parvum-LPS-induced TNF-a, IL-18 and IL-6 production. Each
value represents mean * SE of 8 mice. Significant difference from
the control at: * P<0.01
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Effects of Am-80 on the production of IL-6 and PGE, (upper), and on the expression of COX II

and IL-6 mRNA (lower) in MG-63 cells stimulated with 0.5 ng/ml human IL-1B. Significant difference

from the control group responses at: * P<0.05
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Fig.12 The effect of Am-80 on EAE in DA rats in terms of
clinical symptom and histopathological analysis. The
clinical symptom (Fig.12a) and histopathological feature of
the rat spinal cords (Fig.12b) at day 12 after immunization
were examined. In the histopathological study, the spinal
cords of rats treated with vehicle (A), Am-80 at 3.0
mg/kg/day (B) and prednisolone at 5.0 mg/kg/day (C) were
stained with hematoxylin and eosin. *: P<0.05, **: P<0.01



BB IEFIAFATE Vol. 50, 37-48 (2001) 45

INTNE Ty hOERKT LIILF —HMEERICK
9 Am-80 DIEAB LUV FDIERABFZREAL. £0O
ERIZDVWTHRIET 5,

EEBRHNT LIV F—HRERZ (EAE) 1. MHC class 1T
Pt CD4' T MIRRICKVFERINDIECREEREBED
RENLZDHDOTH D, TOEKERT, PHRMERICH
TAREBLVIREEZ #4725 b hOSREBLEICE
PILTW3, ZEFINIZBWT, FIEERLVF /1 K,
Am-80 3. FAEKEFMIZ DA 7 v MIBITS MBP &
¥ EAE ZHIHl L7z (Fig12) . UL, L. Am-80 D5
k45 &, EAE IZEF L 7. —4. prednisolone
(Pred) 57 v b T, BE5HILED EAE OFRITE
LIxNkhol (Fig.13).

administration for 12 days

3
—a— Control
M —O— Am-80 3 mg/kg
5 27 —n— Prednisolone 5 mg/kg
&
®
2
£
o 1
0
0 5 10 15 20 25
Days After Immunization [days]
administration for 18 days
4
—eo— Control
3 —O— Am-80 3 mg/kg

2 —A— Prednisolone 5 mglkg

3

)

]

2

£

3]

Days After Immunization [days]

Fig.13 The recurrence of EAE in Am-80 treated rats. Am-80
at 3.0 mg/kg/day and prednisolone at 5.0 mg/kg/day were
orally dosed for 12 days (upper) and 18 days (lower) after
immunization.
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Fig.14 Effects of Am-80 and prednisolone on DTH response
against MBP. DTH response against MBP was provoked at day 11
(upper) and day 22 (lower) by the intradermal injection of MBP or
vehicle into the left or the right ear, respectively. Each of Am-80
and prednisolone was administered orally for 12 days after
immunization of MBP. *: P<0.05, **: P<0.01
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Fig.15 The expressional level of IL-6 mRNA in rats spinal cords. The PCR products were resolved using
electrophoresis and visualized with ethidium bromide to reveal the amplified cDNA (left) and its
expressional level was normalized using G3PDH mRNA and were semi-quantified using densitometrically

scanning (right).
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Fig.16 The expressional level of IFN-y and TNF-a mRNA in rats spinal cords. The PCR products were resolved
using electrophoresis and visualized with ethidium bromide to reveal the amplified cDNA (left) and its expressional

level was normalized using G3PDH mRNA and were semi-quantified using densitometrically scanning (right).
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