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Abstract—A series of sugar derivatives (7-14) were synthesized from stachyose, a sugar compound of Stachys sieholdi Miq, and eval-
vated for antibacterial activity against Mycobacterium tuberculosis, Mycobacterium avium, and Staphylococcus aurews, and their
structure-activity relationships were studied. The results showed that the compound OCT359 (allyl 0-(2,3,4,6-tetra-O-acetyl-
a-p-galactopyranosyl)-(1 — 6)-0-(2,3,4-tri- O-acetyl-a-p-galactopyranosyl)-(1 — 6)-0-2,3,4-tri-O-acetyl-B-p-glucopyranoside) (12)
exhibited in vitro antibacterial activity. The allyl group at C-1 and the acetoxy groups of the manninotrioside were requisite for

the antibacterial activity.
© 2007 Elsevier Ltd. All rights reserved.

Manninotriose is obtained by hydrolysis of stachyose, a
sugar compound abundantly present in the root of
Stachys sieboldi Miq. Chung et al. have previously
reported the synthesis of methyl O-B-p-galactopyranosyl-
(1 = 6)-0-a-p-galactopyranosyl-(1 — 6)-0-a-p-galacto-
pyranosyl-(1 — 6)-0-B-p-glucopyranoside,’ from
manninotriose (1). Biological activities of manninotriose
are largely unknown. Kubo et al. studied the biological
effect of a stachyose-containing extract from the root of
Rehmannia glutinosa on hemorheology. A 50% ethanolic
extract from the steamed root of R glutinosa decreased
erythrocyte deformability, inhibited polybrene-induced
erythrocyte aggregation, and promoted the activity of
the fibrinolytic system.’ In the present study, we showed
that a new sugar compound derived from manninotriose
exhibited antibacterial activity against Mycobacterium
tuberculosis, Mycobacterium avium, and Staphylococcus
aureus.

The trisaccharide OCT359 (allyl 0-(2,3,4,6-tetra-O-
acetyl-o-p-galactopyranosyl)-(1 — 6)-0-(2,3,4-tri-O-acetyl-
a-p-galactopyranosyl)-(1 — 6)-0-2,3,4-tri- O-acetyl-pB-b-

Keywords: Stachyose; B-Allyl manninotrioside; Antibacterial activity,
* Corresponding author. Tel: +81 52 836 3421; fax: +81 52 836
3419; e-mail: 11 ki phor nagova-on P

0960-894X/S - see front matter © 2007 Elsevier Ltd. All nghts reserved
doi:10.1016/5.bmcl .2007.02.024

glucopyranoside) (12) consists of one glucose and two
galactose residues. This compound was prepared from
manninotriose obtained by partial hydrolysis of stachy-
ose (1), followed by acetylation, bromo-substitution,
and allylation (Schemes 1 and 2). An aqueous solution
of O-a-p-galactopyranosyl-(1 — 6)-O-a-D-galactopyr-
anosyl-(1 — 6)-O-p-glucopyranose (manninotriose),
prepared from O-(2,3,4,6-tetra-O-acetyl-a-p-galacto-
pyranosyl)-(1 — 6)-0-(2,3,4-tri-O-acetyl-a-D-galacto-pyr
(1,2,2',2", 3,3',3",4,4' 4" 6"-undeca-O-acetyl- B-mannino-
triose) (2) known in the literature and positive for Feh-
ling’s reaction, was treated with sodium borohydride to
afford a sugar alcohol as an amorphous powder
(94.6%) which was then negative for Fehling’s reaction.
After acetylation with acetic anhydride and pyridine,
the acetate of a sugar alcohol was obtained as an amor-
phous powder (100%) and its '"H NMR spectrum showed
signals of acetyl groups at é 1.96 (x2), 2.04, 2.05, 2.07,
2.08, 2.09, 2.13 (x2), 2.14 (x2), and 2.15 (Scheme 1).

The allyl group of OCT359 (12) was replaced with seven
other types of functional groups; namely, methyl (7),
ethyl (8), n-propyl (9), i-propyl (10), n-butyl (11), crotyl
(14), and propargyl (13) (Scheme ). The general
method for modification is as follows. The mixture of
0-(2,3,4,6-tetra-O-acetyl-a-p-galactopyranosyl)-(1 — 6)-
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H HOH
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HO™ m [ i
1 H
OH CHa0H
OH

CHz0Ac
AcO-
Ac20, pyridine, r.t

? overnight, 96%

*c.2n ﬁ IE,
AcO

Scheme 1. Synthesis of sugar alcohol of manninotriose.

0-(2,3 4-tri-O-acetyl-o-p-galactopyranosyl)-(1 — 6)-0-2,3,4-
tri-O-acetyl-a-D-glucopyranosyl  bromide (2,2',2" 3,3',3",
4.4’ 4" 6"-deca- O-acetyl-a-manninotriosyl bromide) (6), an
appropriate alcohol, mercury (II) oxide (yellow), mercury
(II) bromide, and Drierite (calcium sulfate) in dry chloro-
form was stirred ovemight at room temperature. After
workup, the resulting syrup or amorphous powder was puri-
fied by column chromatography. The yield of each com-
pound was from ca. 61% to 94% (Scheme 2). The
antibacterial activity of compounds (7-14) was investigated.
The target bacteria were M. tuberculosis Hy,Rv, M. avium
7245, and S. aureus including multi drug-resistant M. rubercu-
losis (MDR-MTB) and methicillin-resistant S. aureus MRSA)
(Tubles Tand 2). The MICs of OCT359 (R=allyl) (12) with
these bacteria were between 3.13 and 25 pg/ml. However, no
other derivatives exhibit antibacterial activity (>400 pg/ml)
(Tuble 1). The isomer (16) of a-configuration did not exhibit
antibacterial activity, either (>400 pg/ml) (Tuble 1). The
deacetylated form (17) of (12) did not exhibit antibacterial
activity (Tuble 1). It suggests that hydrophobic nature of the
compound could play an important role in an integration of
the compound to the thick lipidic cell wall of bacilli.

In conclusion, the allyl group at C-1 of manninotrio-
side is critical for antibacterial activity, The acetyla-

OAc
05M
NaOMe-MeOH,
ri.2h, 100%
HO  GHOH
H
OH
HO  Cy
H
OH 9
3 H :
i OH
OH
NaBHs, H20, r.1,
13 min. 71%
HO  GHOH
OH
% |
?
"1
H L —oH
4 " H

tion of all the hydroxyl groups of B-manninotrioside
is also critical for the antibacterial effect. One of the
compounds with an allyl group, allyl isothiocyanate
(AITC), is found in plants and AITC was reported
to be mutagenic’' and clastogenic,” while other re-
ports indicated no genotoxic activity in this com-
pound.” © Wei and his co-workers also reported that
not only allyl but also methyl isothiocyanate exhibit
bactericidal activity against a rifampicin-resistant
strain of Salmonella Montevideo, streptomycin-resis-
tant strains of Escherichia coli O157:H7 and Listeria
monocytogenesis Scott A." Other groups of researchers
reported that modification of penam sulfones with an
allyl group rendered the compounds to be inhibitors
of P-lactamase.'" However, neither allyl alcohol
(>400 pg/ml) nor AITC (>800 pg/ml) exhibited anti-
bacterial activity against M. tuberculosis Hy;Rv and
S. aureus (Table 1). These findings strongly suggest
that allyl B-manninotrioside (OCT359) (12) exerts
antibacterial activity by a mechanism distinct from
that of AITC. The cell wall architecture of mycobac-
teria is only partly known. Daffe et al. reported that
oligosaccharide fragments, 5-Gal-(1 — 6)-Gal-(1 — 5)-
Gal or 5-Gal-(1 — 6)-Gal, were components in the cell
wall of M. tuberculosis.'' But manninotriose structure
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Acl CHZOA% AcO CH,0Ac
AcO
AcO ? AcO 0
ACQ o, 25% HBI-ACOH, CH
dry CHCB, 0° C, 3h 2
Acom .
AcO AcO

?

2 B
AcO
AcO OAc

C
6 A3
AcO
AcO

2489

OAc
Br
appropriate aicohol,
HgO (yellow), HgBrz,
Drierite (CaS04),
dry CHCB, r.t., overnight,
6195 %
H‘i CH,0OH AcO CH,0A
HO AcO
= 0.5M MeONa- MeOH s
HQ ¢h, AR CH,
H Ac
HO 9 AcO Q
CH, CH,
I AN e At
H CH=CH, AcO R
OH OAc
R
7. -O-CHy
8: -D-CHyCHy
9. -O-CHz-CHz-CH;
10: -O-CH(-CH;)-CH,
11: -O-CHz-CHz-CHy-CHy
12: -O-CH,-CH=CH, (OCT 358)
13: -O-CH3-CH=CH-CHy
14: -O-CH;-C = CH,
Scheme 2. Chemical modification of C-1 site of f-manninotrioside,'”
Table 1. Antibacterial effects of manninotriose derivatives (MIC, pg/ml)"
Compound Organisms
M. tuberculosis Hy;Rv M. avium 7248 S. aureus MRSA 873 MRSA 906 MRSA 908 MRSA 910
4 >800 ne >800 ne ne ne ne
5 >800 ne >800 ne ne ne ne
7 >800 ne >800 ne ne ne ne
8 >800 ne >800 ne ne ne ne
9 >800 ne >800 ne ne ne ne
10 >800 ne >800 ne ne ne ne
11 =800 ne >800 ne ne ne ne
12 313 313 3.13 i 15.1 7.54 15.1
13 >400 ne >400 ne ne ne ne
14 >800 ne >800 ne ne ne ne
16 >800 ne >800 ne ne ne ne
17 >100 >100 >100 100 >100 >100 >100
Allyl alcohol >400 ne >400 ne ne ne ne
AITC =800 ne >800 ne ne ne ne
Anti-MTB Antibiotics
INH 0.075 125 >100 >100 >100 >100 >100
RIP 0.008 0.004 0.004 0.004 0.004 0.004 0.004
ST™M 0.20 0.40 100 >100 100 100 50
EMB 1.25 3.00 >100 >100 >100 >100 >100

* Broth dilution methods '~ using MiddleBrook 7H9 broth containing albumin, dextrose, and catalase for derivatives (ne, not examined). For
Staphylococcus aureus, we used the heart-infusion broth. INH, isoniazide; RIF, rifampicin; STM, streptomycin; EMB, ethanbutol.
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Table 2. Antimycobacterial effects of OCT359 on drug-sensitive and
resistant clinical isolates of M. ruberculosis

Clinical isolates Resistance to MIC for
OCT359 (pg/ml)
Drug-susceptive strains
A-1-1 6.25
A-1-2 6.25
A-1-3 6.25
A-2-5 125
A-3-] 25
A-3-2 25
A-3-5 6.25
A-3-6 6.25
A-3-9 3.13
A-3-11 313
A-3-12 6.25
A-3-15 3.13
A-3-16 6.25
A-3-17 o
A-3-19 313
A-3-20 6.25
A-3-21 6.25
A-3-22 3.13
Drug-resistant strains
A-2-1 INH 3.13
A-2-3 INH, RIF 3.13
A-2-4 RIF 12.5
A-2-6 INH, RIF, STR, EMB 6.25
A-3-47 STR 313
A-4-8 STR 6.25
A-4-25 INH, STR 12.5
A-4-30 INH, RIF, EMB 6.25
C-1-29 INH, RIF, STR, EMB 125
E-1-40 INH, RIF, STR, EMB 6.25
J-1-19 INH, RIF, EMB 313
K-3-6 INH 3.13
M-1-32 INH, RIF, STR, EMB 3.13
N-4-11 INH, RIF, EMB 3.13
N-5-2 INH, RIF, STR, EMB 3.13
P-1-50 INH, RIF, STR, EMB 3.13
P-4-11 INH, RIF, STR, EMB 3.13
Q-4-1 INH, RIF, STR, EMB 6.25
R-1-38 INH, RIF, STR, EMB  6.25
S-1-14 INH, RIF, STR, EMB 6.25
U-2-15 INH, RIF, STR, EMB 6.25
U-4-6 INH, RIF, STR, EMB 156
V-1-16 INH, RIF, STR, EMB 6.25
Z-1-2 INH, RIF, STR, EMB 3.13
Z-1-4 INH, RIF, STR, EMB 6.25
Reference strain
M. uberculosis HyRv 313

Proportion methods using Middlebrook 7HI11 agar plates for INH
(isoniazide), RIF (rifampicin), STR(streptomycin), EMB (ethambutol)
and 7H9 broth for OCT359. Cut off concentrations of each antibiotic
were 10, 10, 100, and 100 pg/ml, respectively.

is not known. But, OCT359 may show anti-bacterial
activity by inhibiting the glycosyltransferases of bacilli.
It should be noted that 25 clinical isolates of drug-re-
sistant MTB and 19 drug-sensitive MTB were sensitive
to OCT359. The MICs of OCT359 with these clinical
isolates were from 3.13 to 25 pg/ml. The results
strongly indicate that OCT359 could be a useful anti-
bacterial compound against M. tuberculosis, M. avium,
and S. aureus.
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the elute provided alkyl B-glycoside as an amorphous
powder in 61-94% yields. The appropriate alcohols used
were:methanol, ethanol, n-propyl alcohol, i-propyl
alcohol, n-butyl alcohol, allyl alcohol, propargyl alcohol,
and crotyl alcohol. Methyl PB-glycoside (7): 74%, an
amorphous powder, [of& + 118.3° (¢ 1.09,CHCly) lit. (2)
an amorphous powder, a}; + 128.2° (¢ 1.70, CHCly), IR
(Nujol) em™":1750 (C=0). 'H NMR (CDCly) &: 1.98,
2,01, 2.05 (x2), 2.07 (x3), 2.08, 2.11, 2.14 (s, 30H,
0Acx10), 3.53 (s, 3H, OMe), 4.45 (d, 1H, J,,=79Hz
H-1), 4.97(d, 1H, Jy yon7 2 = 4.0 Hz, H-1' or H-1") and
5.10 (d, 1H, Jy yo72 = 4.3 Hz, H-1' or H-1"). Ethyl B-
glycoside (8): 95%, an amorphous powder, [« + 120.5°
(¢ 1.15, CHCL), IR (Nujol) cm™~':1750 (C=0). '"H NMR
(CDCls) é: 1.21(t, 3H, J = 7.0 Hz, OCH,CH>), 1.98, 2.01,
205 (x2), 2.07 (x2), 2.08, 2.11, 2.13, 2.14 (s, 30H,
OAcx10), 4.53(d, 1H, J,,=82Hz, H-1), 497(d, 1H,
Jy 2on”y = 3.4 Hz, H-1' or H-1") and 510 (d, 1H,
‘]l',2'or|",2" = 3.4 Hz, H-1' or H‘]”). Anal. Caled for
CaoHs6026: C, 50.42; H, 5.92. Found: C, 50.50; H, 6.00.
n-Propyl B-glycoside (9):68%, an amorphous powder,
[a]5 +1168° (¢ 1.01,CHClL;), IR (Nujol) cm™':1750
(C=0). 'H NMR (CDCls) & 091 (t, 3H, J=17.5Hz,
OCH,CH;CH3), 1.60 (m, 2H, OCH2CH,CH3), 1.98 (x2),
2.01, 2.04, 2.06, 2.08 (x2), 2.12, 2.14, 2.15 (s, 30H,
OAcx10), 347, 3.80(m, 2H, OCH,CH,CH3), 4.05 (dd,
1H, Js6, = 7.3 Hz, Jea 6o = 11.3 Hz, H-6a), 4.17 (dd, 1H,
Js 60 = 5.8 Hz, H-6b), 4.50 (d, 1H, /2 = 8.2 Hz, H-1), 4.95
(dand dd, 2H, J>3=9.1 Hz, J ' y4r"2» = 4.3 Hz, H-2, H-
1’ or H-1"), and 5.16 (d, 1H, J ' 70" > = 3.7 Hz, H-1' or
H-1"). Anal. Caled for CsHss026 C, 50.93; H, 6.05.
Found:C, 50.88; H, 6.09. i-Propyl B-glycoside (10):77%, an
amorphous powder, [:z]§+ 111.8° (¢ 1.17, CHCl), IR
(Nujol) em™": 1750 (C=0). '"H NMR (CDCl) &: 1.15,
1.24 (each d, 6H, CH(CH3)), 1.98 (x2), 2.01, 2.04, 2.06,
2.09 (x2), 2.12, 2.14, 2.15 (s, 30H, OAcx10), 3.93 (m, 1H,
CH(CHs);), 4.05 (dd, 1H, Js4, = 7.3 Hz, Jeu o = 11.3 Hz,
H-6a), 4.17 (dd, 1H, Jse = 5.8 Hz, H-6b), 4.56 (d, 1H,
Ji2=82Hz, H-1), 490 (dd, 1H, J>3:=9.4Hz, H-2),
4.95(d, 1H, Jy yop7 2 = 3.4 Hz, H-1' or H-1"), and 5.15
(d, 2H.J ' 34" = 3.4 Hz, H-1" or H-1"). Anal. Caled
for Ca;Hs3Oq6: C, 50.93; H, 6.05. Found: C, 50.76; H,
6.02. n-Butyl B-glycoside (11): 78%, an amorphous

powder, [a]Z + 127.0° (¢ 0.74, CHCly), IR (Nujol) em™":
1750 (C=0). '"H NMR (CDCl,) &: 0.91 (1, 3H, J = 7.3Hz,
OCH,CH,CH,CH3), 1.35 (m, 2H, OCH,CH,CH,CHs),
1.56 (m, 2H, OCH,CH,CH;CHs), 1.98 (x2), 2.01, 2.04,
2.06, 2.08 (x2), 2.12, 2.14 (x2) (s, 30H, OAcx10), 3.50, 3.85
(m, 2H, OCH,CH,CH,CH3), 4.04 (dd, 1H, Js¢, = 7.3 Hz,
Jeab = 11.3 Hz, H-6a), 4.17 (dd, 1H, Jse, = 5.5 Hz, H-
6b), 4.50 (d, 1H, J12=8.2Hz H-1), 494 (dd, IH,
J‘z.g = §.9Hz, H-2), 495(d, 1H, Jl',Z’oﬂ”,Z" =39 Hl, H-1
or H-1") and 5.16 (d, 1H, J y,v» = 34 Hz, H-1' or
H-1"). Anal. Caled for C4HgoO C, 51.43; H, 6.17.
Found: C, 51.22; H, 6.18. Allyl B-glycoside (12), OCT359:
84%, an amorphous powder, [aJ5 +123.6° (¢ 1.01,
CHCl3), IR (Nujol) em™": 1750 (C=0), 1648 (C=C). 'H
NMR (CDCly) &: 1.98 (2), 2.01, 2.05, 2.06, 2.08, 2.09,
212, 214 (x2) (s, 30H, OAcx10), 4.05 (dd, IH,
Js6a =74 Hz, Jeuep=11.3 Hz, H-6a), 4.13, 4.33(m, 2H,
OCH,CH=CH,), 4.18 (dd, 1H, Js ¢, = 5.5 Hz, H-6b), 4.57
(d, 1H, J;2=79Hz, H-1), 496(d, 1H, Jyyon*» =
3.7 Hz, H-1' or H-1"), 5.17 (d, 1H, J; yon" 2 = 4.3 Hz,
H-1' or H-1"), and 5.87 (m,1H, OCH,CH=CH,). Anal.
Caled for CyHsgO26'H,0: C, 50.10; H, 5.95. Found: C,
50.19; H, 5.95. Propargyl B-glycoside (13): 81%, an
amorphous powder, [a]g + 117.8° (¢ 1.07, CHCL), IR
(Nujol) em™": 1750 (C=0), 2150 (C=C). 'H NMR
(CDCly) 8: 1.98 (x2), 2.01, 2.05, 2.06, 2.07, 2.09, 2.11,
2.13 (x2) (s,30H, OAcx10), 2.59 (t, 1H, J=24Hz
OCH,C=CH), 4.39, 4.44 (dd, 2H, J=159Hz
OCH,C=CH), 4.80 (d, 1H, J,»=7.9 Hz, H-1), 4.96 (d,
1H, Jy yonez = 3.1 Hz, H-1' or H-1"), and 5.16 (d, 1H,
Jy2enz = 3.4 Hz, H-1' or H-1"). Anal. Caled for
CaiHsiOz6: C, 51.14; H, 5.65. Found: C, 50.85; H, 5.60.
Crotyl B-glycoside (14): 61%, an amorphous powder,
[a]F +120.0° (¢ 1.10, CHClL), IR (Nujol) cm™": 1750
(C=0), 1648 (C=C). '"H NMR (CDCl;) &: 1.73 (dd, 3H,
J=6.7Hz, /=09 Hz, OCH,CH=CHCH), 1.98 (x2),
201, 2.04, 2.05, 2.08 (x2), 2.12, 2.13, 2.14 (s, 30H,
0Acx10), 404, 425 (m, 2H,0CH,CH=CHCHs), 4.56
(d, 1H, J;12=79Hz, H-1), 496 (d, 1H, Jyyoyry =
3.7 Hz, H-1' or H-1"), 5.17 (d, 1H, Jy g« = 3.7 Hz,
H-1' or H-1"), 5.50 (m, 1H, OCH,CH=CHCH3), and 5.74
(m., 1H, OCH,CH=CHCH3). Anal. Calcd for Cq;H szOa:
C, 51.53; H, 5.97. Found: C. 51.27; H, 5.98.
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Dihydrotestosterone Inhibits Tumor Necrosis Factor a Induced
Interleukin-10 mRNA Expression in Rheumatoid Fibroblast-Like
Synovial Cells

Yuka ITon,* Hidetoshi Havash1,® Jian Xu,* Takemasa Taki,” Keiji Mrvazawa,” Hiroyoshi ARIGA,®
Tohru AkaHosHL? Yuko WAGURI-NAGAYA,® Takanobu Otsuka,® Takashi Okamoro; and
Kikuo Onozakr**

“ Department of Molecular Health Sciences, Graduate School of Pharmaceutical Sciences, Nagoya City University; 3-1
Tanabe-dori, Mizuho-ku, Nagoya 467-8603, Japan: ® Central Research Laboratories, Kissei Pharmaceutical Co., Ltd.;
4365-1 Kashiwabara, Hotaka Minamiazumi, Nagano 399-8304, Japan: © Graduate School of Pharmaceutical Sciences,
Hokkaido University; Kita 12, Nishi 6, Kita-ku, Sapporo 060-0812, Japan: ° Departments of Laboratory Medicine,
Kitasato University School of Medicine; 1-15-1 Kitasato, Sagamihara, Kanagawa 228-83535, Japan: © Department of
Musculoskeletal Medicine, Nagoya City University Graduate School of Medical Sciences; and” Department of Molecular
and Cellular Biology, Nagaya City University Graduate School of Medical Sciences; 1 Kawasumi, Mizuho-ku, Nagoya
467-8601, Japan. Received February 23, 2007; accepted March 13, 2007; published online March 19, 2007

Rheumatoid arthritis (RA) is a chronic inflammatory disease that affects multiple synovial joints. Proin-
flammatory cytokines, such as interleukin-1 (IL-1) and tumor necrosis factor (TNF)a play important roles as
principle inflammatory and destructive components of the disease. RA is known to be associated with significant
gender differences in its prevalence and clinical features. We found that a potent androgen, Sa-dihydrotestos-
terone (DHT) inhibits JL-] @ mRNA expression induced by TNF& and the DHT effect was inhibited by an andro-
gen receptor antagonist, hydroxyflutamide (OHF). DHT inhibited the NF-xB activation induced by TNF& in a
manner dependent on the androgen receptor (AR). These results suggest that DHT inhibits the TNFa-induced
IL-I¢ mRNA expression by inhibiting NF-xB activation, and contributes to the gender differences of the disease.

Vol. 30, No. 6

Key words rheumatoid arthritis; synoviocytes; interleukin- | (IL-1); tumor necrosis factor (TNF)¢; androgen; androgen receptor

Rheumatoid arthritis (RA) is an autoimmune disease that
is characterized by the chronic inflammation and hyperprolif-
eration of synovial cells in multiple joints. Proinflammatory
cytokines and chemokines produced by synoviocytes and in-
filtrated immune cells are implicated in the disease pathogen-
esis, such as production of proteases and reactive oxygen in-
termediates, proliferation of synovial fibroblasts, cartilage
degradation, infiltration of inflammatory cells and angiogen-
esis.”” Antibody against TNFa, soluble receptor for TNFa,
interleukin-1 receptor antagonist (IL-lra) and antibody
against 1L-6 appeared to be effective in the treatment of RA
patients, indicating that these cytokines are pivotal in the
pathogenesis of the disease.”* These cytokines form a net-
work, such as the induction of IL-1 and 1L-6 by TNFe, and
IL-6 induction by 1L-1.9 Fibroblast-like synoviocytes are
major cells that produce 1L-1 and 1L-6, and TNFa is proba-
bly produced by macrophages.”

There are two types of IL-1, IL-1a and 1L-1f. They bind
to the same receptor, type 1 1L-1 receptor, and transduce in-
tracellular signaling.® 1L-1 contributes to the pathogenesis of
the disease by affecting fibroblast-like synovial cells and car-
tilage to induce matrix metalloproteases (MMPs), NO and
prostaglandin E2, which accelerate cartilage degradation. 1L-
| also inhibits the synthesis of type Il collagen from carti-
lage."~'” By the experiments using animal model of arthritis
IL-1 @ appeared to be important in the early phase of arthritis
and pzanicipates in the inhibition of proteoglycan synthe-
Sislll.l )

Although it is not clarified how and what causes RA, RA
is deviated to women as also observed in other autoimmune
diseases; the ratio of RA incidence in women to men is about
4: 1. The levels of estrogen to androgen in synovial fluid are

* To whom correspondence should be addressed.

e-mail: konozaki@phar.nagoya-cu.ac.jp

elevated in both male and female RA patients'® and the level
of testosterone in serum and synovial fluid is lower in male
RA patients as compared to normal individuals.'” Therefore,
sex hormones are implicated in the gender difference of RA.

In this study, we examined the effect of 5a-dihydrotestos-
terone (DHT) on the induction of /L-/o¢ mRNA by TNFe,
and suggested that DHA inhibits the effect of TNFa by in-
hibiting NF-xB activation in a manner dependent on the an-
drogen receptor (AR).

MATERIALS AND METHODS

Reagents Dulbeccos modified Eagle’s medium
(DMEM) was purchased from Sigma Chemical Co. (St.
Louis, MO, U.S.A.); fetal bovine serum (FBS) was from JRH
Bioscience (Lenexa, KS, U.S.A.); Sa-dihidrotestosterone
(DHT) was from Fluka (Buchs, Switzerland). Hydroxyflu-
tamide (OHF) was kindly provided by Nippon Kayaku Co.,
Ltd. (Tokyo, Japan). Human recombinant TNFa& was pro-
vided by Dainippon Pharmaceutical Co. (Osaka, Japan). The
specific activity of TNFa was 2.55X 10° U/mg based on the
cytotoxic assay using L929 cells cultured with actinomycin
D.

Cell Culture Primary synovial cells from RA patients as
well as MH7A, an immortalized cell line established by sta-
bly transfecting rheumatoid synoviocytes with the SV40 T
antigen gene,'” were cultured in DMEM, with 100 U/ml of
penicillin G, 100 ug/ml of streptomycin, 4mm L-glutamine
and 10% heat-inactivated FBS at 37 °C in air containing 5%
CO,. This study has been approved by the ethics committee
of Kitasato University and Nagoya City University.

Plasmids pGL3-xBwt and NF-xB mutant construct

© 2007 Pharmaceutical Society of Japan
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pGL3-xBm (for NF-xB reporter gene assay) have been de-
scribed previously.'® pcDNA3-F-AR (AR expression vector)
was constructed as described previously.'”

Transient Transfection and Luciferase Assays The
day before transient transfection of MH7A cells, the culture
medium was replaced by phenol red-free DMEM supple-
mented with 10% heat-inactivated FBS that had been pre-
treated with dextran-coated charcoal to remove endogenous
sex hormones. NF-kB reporter plasmid, AR expression plas-
mid and pCMV-fgal plasmid (for normalization of transfec-
tion efficiency) were transiently transfected into MH7A cells
using the calcium phosphate-DNA co-precipitation method.
After 16h of transfection, cells were incubated with DHT for
an additional 24 h and harvested. Luciferase assays were per-
formed with the luciferase reporter gene assay kit (Roche,
Germany) according to the manufacturer’s instructions. The
light emission was measured using a multilabel counter 1420
ARVO (Perkin Elmer, Wellesley, MA, U.S.A.). Luciferase ac-
tivity was expressed after normalization with the S-galactosi-
dase value in the same sample.

Semiquantitive =~ Reverse Transcriptase-Polymerase
Chain Reaction (RT-PCR) Analysis Total RNA from
cells was extracted according to the method of Chomczynski
and Sacchi.'® The RT-PCR analysis was performed as de-
scribed previously.'” Two micrograms of total RNA were re-
verse-transcribed with 50 mm Tris-HCI, pH 8.3, 75 mm KCl,
3mm MgCl,, 10mM DTT, 0.5mM dNTP, 40ng random
primer, p(dN)6, 6 U ribonuclease inhibitor, and 40U Mal-
oney murine leukemia virus (MMLV) RT. One-tenth of the
reversely-transcribed materials was used in the PCR reac-
tions. Primers used for human /L-/a were 5'-ATGGC-
CAAAGTTCCAGACATG-3' and 5'-CTACGCCTGGTTTT-
CCAGTATCTGAAAGTCAGT-3" (816-bp product); for
human GAPDH were 5'-TGAAGGTCGGAGTCAACGG-
ATTTGT-3' and 5'-CATGTGGGCCATGAGGTCCACCAC -
3’ (980-bp product). PCR were conducted as following con-
ditions; 94 °C, 10 min; 30 cycles (human /L-]a or 24 cycles
(human GAPDH) of 94 °C for 1 min, 54 or 56 °C for 1 min
and 72 °C 1 min,

RESULTS

DHT Inhibits the TNFa-Induced /L-I& mRNA Ex-
pression in Rheumatoid Synoviocytes To investigate the
effects of TNFa and DHT on the /L-/ o mRNA expression in
RA synovial cells, three primary preparations of fibroblast-
like synovial cells from RA patients were treated with or
without TNFa in the presence or absence of physiological
concentration of DHT; serum level of total testosterone is
20.10£4.50 and 19.10+4.50nmol/l in normal men and RA
men, respectively. In women, serum testosterone is 0.78=*
0.27 normal women and 0.20+0.06 nmol/l in RA patients,
respectively.?” RT-PCR analysis indicated that TNFa in-
duced /L-]a mRNA expression in these primary synovial
cells, and DHT significantly inhibited the /L-/a mRNA in-
ducing activity of TNFa (Fig. 1).

Androgen Receptor Antagonist Recovers the DHT In-
hibition of TNFa-Induced /L-1a mRNA Expression We
also determined the effects of TNFa and DHT on the expres-
sion of /L-Jao mRNA in fibroblast-like synovial cell line
MH7A. Similarly to primary synovial cells TNFa at either
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primary synovial cells

#1 #2 #3

TNFa - + - + = # = + =+ 4 +

DHT SR

- -+

- -+ 4
Fig. 1. Effect of DHT on the TNFa-induced fL- /& mRNA Expression in

Rheumatoid Synoviocytes

Primary synovial cells were treated with or without 10 U/ml of TNF & in the presence
or absence of 10nv DHT for 8 h. Total RNA was extracted, and expression levels of
mRNA of [L-]a and GAPDH were determined by RT-PCR method. Representative
data of two independent experiments with similar results were shown.
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TNFx - + - +

MH7A
(B)
TNFu + + o+
DHT - - + + - - &
OHF - - - -« + + +

v ———

Fig. 2. Effect of Androgen Receptor Antagonist on the DHT Inhibition of
TNFa-Induced /L-1 @ mRNA Expression in MH7A Cells

MH7A cells were treated with or without TNFa at 10 Urmli (A) or 1 U/ml (B) in the
presence or absence of 10nw DHT and 2 pm OHF for 8h. Total RNA was extracted,
and expression levels of mRNA of JL-/a and GAPDH were determined by RT-PCR
method. Representative data of three independent experiments with similar results were
shown.
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Fig. 3. Effect of DHT on the TNFa-Induced NF-xB Activation

MH7A cells were transiently transfected with pGL3-xBwt, pGL3-xBm, pcDNA3-F-
AR and pCMV-fgal. After 16 h, cells were treated with or without 10nm DHT in the
presence or absence of 10 U/ml of TNFa for 24 h and luciferase activity was measured.
The luciferase activity was normalized by B-galactosidase activity.

10 or 1U/ml induced /L-/o¢ mRNA expression in MH7A
cells and DHT inhibited the effect of TNFa (Fig. 2). To de-
termine whether the inhibitory effect of DHT was mediated
by AR, MH7A cells were treated with TNFa with or without
DHT in the presence or absence of androgen receptor antago-
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nist, hydroxyflutamide (OHF).?" As shown in Fig. 2B, OHF
significantly reversed the inhibitory effect of DHT.

DHT Inhibits the TNFa-Induced NF-xB Activation in
a Manner Dependent on AR NF-xB is a key transcription
factor for induction of IL-l& mRNA*® To determine
whether DHT inhibits the NF-xB activation by TNF« via the
AR, MH7A cells were transfected with the NF-xB-depend-
ent reporter plasmid with or without the expression vector of
AR, and treated with TNF& in the presence or absence of
DHT. As shown in Fig. 3, TNFa induced luciferase activity
from the reporter plasmid containing four wild type NF-xB
binding sites, but not the reporter plasmid containing four
mutated inactive NF-xB binding sites. DHT alone did not af-
fect the NF-xB activity and DHT did not inhibit the TNFa-
induced NF-xB activation without AR overexpression. How-
ever, in the presence of over-expressed AR, DHT signifi-
cantly inhibited the TNFo-induced NF-xB activation.

DISCUSSION

This is the first report indicating the inhibitory effect of
DHT on [L-]a mRNA expression induced by TNF& in fi-
broblast-like synoviocytes derived from RA patients and fi-
broblast-like synoviocyte line MH7A. The inhibitory effect
of DHT was recovered by androgen receptor antagonist. In
addition, the reporter gene assay revealed that NF-xB activa-
tion by TNFa was inhibited by DHT in the presence of over-
expressed AR. We confirmed AR expression in synovial cells
and MH7A (data not shown). As the effect of DHT was not
observed in the absence of over-expressed AR, the expres-
sion level of endogenous AR may not be sufficient to exhibit
its function against transfected reporter plasmid. NF-xB is a
critical transcription factor for activation of the /L-Ja
gene.”” These results suggest that the inhibitory effect of
DHT is due to the inhibition of NF-xB activation by TNF o
via AR, although we do not rule out the possibility that other
transcription factors are also affected by DHT/AR.

NF-xB forms a dimer with Rel family proteins and is
maintained in the cytoplasm as inactive complexes with in-
hibitory proteins, called 1x¥Bs. Stimulation of TNFea or 1L-1
leads to the sequential activation of the adapter protein
myeloid differentiation factor 88 (MyD88), the 1L-1 receptor
associated kinases (IRAKs), TRAF2 or TRAF6, and eventu-
ally, the 1xB kinase complex (IKKa, f, 7). The IKK com-
plex phosphorylates the 1kBs, targeting them for ubiquitina-
tion and degradation by the proteasome. Degradation of 1xB
liberates NF-xB/Rel dimmers which translocate to the nu-
cleus and augment the expression of NF-xB-responsive
genes, including, IL-1a, 1L-1f, IL-8, TNFa;, MMPs and ad-
hesion molecules.™”

AR is a member of the group of four closely related
steroid receptors, the other members of which are glucocorti-
coid receptor, mineralocorticoid receptor, and progesterone
receptor.”” This group comprises a subfamily of the larger
and more diverse family of nuclear transcription factors. AR
can be divided into four domains, an N-terminal domain that
is involved in transcriptional regulation, a DNA-binding do-
main, a hinge region and a C-terminal ligand-binding do-
main. The ligand penetrates into cells and binds to AR in the
cytoplasm. The ligand-activated AR forms a homodimer,
translocates into nucleus, binds to target DNA, interacts with
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coactivators and induces transcription of the genes.

The mechanism by which the DHT/AR inhibits NF-xB ac-
tivation is unclear. In COS-] cells elevated expression of
RelA (p65) repressed AR-mediated transactivation accompa-
nied by the weak interaction between AR and RelA,? and in
prostate cancer LNCaP cells DHT suppressed NF-xB activ-
ity accompanied by a slight increase of 1xB level.?® In a pre-
liminary study we observed that GHA/AR inhibited the
TNFa-induced degradation of 1xB. However, the precise
mechanism how DHT/AR inhibit the NF-xB activation by
TNFa in synovial cells remains to be elucidated.

We have found that estrogen augments the mRNA expres-
sion of IL-1a by activating transcription of the gene via es-
trogen receptor ¢.’” By treatments with 1L-1ra or antibodies
against IL-1a or IL-18, both IL-1o and IL-1f appeared to
contribute to the arthritis caused by the immunization with
type 11 collagen or by immune complex in the mouse.”® In
IL-1 e transgenic mouse membrane-bound 1L-1a from syn-
oviocytes appeared to be critical for the induction of
arthritis.'” Interestingly, the severity of arthritis was corre-
lated with membrane bound IL-1¢ rather than serum IL-l1o
or 1L-1B. Therefore, our study suggests that DHT is a nega-
tive regulator for the induction or pathogenesis of RA by in-
hibiting TNFa-mediated induction of IL-1a and contributes
to the gender differences of RA.
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The interaction with Sp1 and reduction in the activity of
histone deacetylase 1 are critical for the constitutive gene
expression of IL-1a in human melanoma cells
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Abstract:  A375-6 human melanoma cells are sen-
sitive to the antiproliferative effect of 11-1. After a
long period of culturing, we have obtained cells
resistant to IL-1. The resistant clone A375-R8
constitutively produced IL-1a. In this study, we
identified a sequence, CGCC, located at =18 1o
=45 upstream of the transeription start site, 1o be
essential for the constitutive 1L-1a gene activation.
Specificity protein 1 (Spl) and Sp3 bhound to the
nucleotide containing the sequence, Although the
binding level 1o the nucleotide and expression level
of Spl and Sp3 are comparable in A375-R8 and
A375-6 cells, transactivation activity of Spl is
higher in A375-R8 cells as compared with A375-6
cells. Sp3 could not transactivate the 1L-1a pro-
molter. These results suggest that Sp1 but not Sp3
is important for IL-1a gene activation, Trichosta-
tin A (TSA), an inhibitor of histone deacetylase
(HDAC), greatly augmented the Il-la promoter
activity in A375-6 cells to the level comparable
with that in A375-R8 cells. TSA also induced IL-Ta
mRNA expression in A375-6 cells. Spl and Sp3
bound to HDACT in A375-R8 and A375-6 cells.
The chromatin  immunoprecipilation  assay re-
vealed the binding of Sp1 and HDACT 10 the pro-
moter region of the IL-1a gene. The activities of
HDAC bound 1o Spl and Sp3, and that of HDACI
was lower in A375-R8 cells as compared with
A375-6 cells. These results indicate that the redue-
tion in the activity and interaction of HDAC1 with
Spl are eritical for the constitutive IL-la gene

expression. J. Leukoe. Biol. 83: 190-199; 2008,

Key Words: HDAC - irichostatin A - clromatin immunoprecipiia
tion

INTRODUCTION

IL-1 play= an important role ina variety of pathophysiological
reactions, including immunelogie and inBammatory reactions.
-1 also functions as o growth regulatory molecule by aeting
positively or negatively [1]. There are two types of 11 e and

B. and their genes share o similar intronfexon <trneture, Al-

190 Jonrnal ul'l.i'lthtu'_\h‘ “iuhb;{_\ Vodiiie 83, Latnary 2008

though they share the same hiological activities by binding to
the same receptor. type 1 receptor (1L-1R1), the precursor of
[L-18 binds weakly to IL-1R] and cannot exert hiological
activity, and that of 11-la can bind to 1L-1RI and exerts
hiological activity. Therefore. 11-18 works only after proteo-
Iytic: maturation followed by the release from its producing
cells, and I1-Tac can exent biological activity in precursor and
mature forms, H-locis also active in a membrane-hound form.

The gene activation mechanism for human 1L-18 has been
stucied extensively. Studies revealed that the C/EBPB/NF-
IL-6 site, NF-B1 site. cAMP response element-like site, AP-1
site. and NF-kB site are important for activation of the [L-1B
gene [2. 3]. In contrast, the regulatory mechanism of the I1-la
gene expression 1s largely unknown [4]. In macrophages and
monocytes, [L-1a and -B are often induced by the same stimuli
[1]. However. in other cell types. including keratinoeytes [5],
endothelial cells [6], T cells [7], melanoma cells [8], and
avarian tunor cells 9] gene expression of these two 11-15
appears o he regulated rather ill(lf'|1t'1|l|f'lzi]}. In addition,
sustained production of 1L-1ais ohserved and is implicated in
many chronie diseases. including juvenile rheamatoid arthntis
[10]. inflammatory myopathies [11]. selerodenna [12], eystie
fibrosis [13]. HIV infection [14]. gasiric carcinoma [15], and
ovarian cancer [16]. Constitutively produced TL-lec is an au-
tuerine growth factor for Kaposi sarcoma [17] and induces
senescence of endothelial cells [6] and fibroblasts [18].

In varions expermmental models, TH-1 inereases tumar inva-
siveniess and metastasis [1.19] Melanoma eells in culture
produce a varety of growth factors and eviakines, including
-1, -6, and TCGF-o0 and =B [20] 11-1 s implicated in the
pathogenesis of elanoma through effects onits own producing
cells, adjacent cells.and infiltrating lvinphoid cells. T1-1 also
exhibits systemie effects, including fever. diarrhea, anorexia,
sonmolence, and hypercaleemia [1]. The acquired resistance

against antiproliferative eytokines -1 1L-6. and oncastatin M
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15 impheated o mabignancy of human melanoma [20. 21 In
addition, some melanoma cell lines established from a human
melanoma legion produce [L-1 constitutively [11].

We have reported that 1L-1 is antiproliferative for a human
melanoma cell line (A375-0) |22, 23], During the study, we
noticed that the I1-1-sensitive cells hecame resistant 10 11-1,
although they expressed functional TL-1RT [24]. The 11.-1-
resistant clone. A375-R8, constitutively produced 1L-1a hut
not 1L-1B in protein and mRNA levels. As the resistant cells
exhibited many features of advanced melanoma. including

augmented expression of adhesion molecules and production of

eytokines and matrix metalloproteinase [25]. it was suggested
that the 11-1 resistance is associated with the malignant phe-
notype of melanoma. We reported previously that 1L-la stim-
ulates its own gene expression and production through activa-
lion of NF-kB in an autocrine manner [26]. We also noticed
that there 1s a region in the 11.-1a promoter responsible for the
constilutive gene activation. In this study, we analyzed the
molecular mechanism of the constitutive activation of the
IL-1a gene using IL-la-nonproducing A375-6 cells and 11.-
la-producing A375-R8 cells.

MATERIALS AND METHODS

Reagents

RPMI- 10640 medium, Trichostatin A (ISA), and anti-B-actin mAb were pur-
chased from Sigma Chemical Co. (St Louis, M0, L.SA). FBS was ohtained from
HyClone (Logan. UT, USA); anti-specificity pratein 1 (Spl) rahbit antibody
{sc-59) and anti-Sp3 rabbit antibody (se-644) from Santa Cruz Biotechnology
(Santa Cruz, CA. LSA): anti-histone deacetylase 1 (HHDAC]) mouse mAb
{clone 2E10) fram L pstate Biotechnology (Lake Placid, NY, [ SA): and an-
tiphaspheserine rabbit antibody from Zymed Laboratories. lue. (South San
Francisco, GA, LSA)

Plasmids

IL- 1 genomic DNA - fragments were cloned into plL3-hasic (Promega.
Madizon. WL LSA) 1o generate pGL3-1L1a(=421).  pGL3-1L1a=103),
pUGL3 LY a{-70), pGL3-IL a(-61), pGL3-1L 1a(=53). pGL3-1L1a(=51), pGL3-
H Tal=31), and pGL3-(1L1a-GC)y. pGL3-1L1al=421)mATAA, replacing CGCEC
to ATAA at — 348 to —45, and pGL3-1L1a(=42D)ACC, deleting CC at positions
-46 to —45, were generated by PCR. All constructs were verified by sequenc-
ing. pUlneo-Spl, pAC-ANSpl, and pAC-ACSp] were generous gifts from Dr.
Soichi Kojima (Riken, Japan) [27] and ptMV4-Sp3 from Dr. Jonathan M.
Horowitz (North Carmlina State Lniversity, Raleigh, NC. 1 SA) 28], Galacto-
sidase 1 (GAL4)-Sp3 was generated by PCR. pFR-luciferase (Loue; 5XGALLS-
Lue) was purchased from Stratagene (La Jolla, CAL 1 SA).

Cell cultures

Ihe human melanoma cell line A375 was given onginally by Dr. Haymond
Ruddon (National Caneer lustitute, Bethesda, MD, LSA). By limiting dilution.
a sulwlone, 1L-1-sensitive A375-0, was obtained | 23] An IL- 1-resistant sub-
clone, A375-R8. wag abtained by limiting dilution of A375-0 cells. which had
aciuired resistance to 1L-1 after moutine passage for 3 months |24). These cells
were cultured in RPMI-1640 medium supplemented with 15 mM HLEPES and
5% heat-innetivated FBS

Immunoprecipitations and Western blot analysis

After heing transfected with the indicated plasmid. 1 X 107 colls were hysed
in vadicimmunaopres ipitation assay (RIPAR A baffer (50 mM- s 1HCL plE 8.0,
1500 mM NatL 001% SDS, 0.5% deaacholate, and 1% Prton-X 100), <
|-|- mented with prolease inhihitore aml p]u-~|!||.||;|~f- mhibirs. The |}.-.|I-->

were then sulnyected o mmusoprecipitation. amd conpmunoprecipitales o

Fnva of al.

1-2% of hsates were subjectd o SDS-PAGE (12.5%). teansferted  onto
polyvinvhdene diuoride membranes (Milhipore. Bedford, MA. U'SA1 ane
probed with antibodies described in the figure legends. For immunopre: ipita-
tiom, 1 /20 pl hosates of anti-Spl, anti-Sp3. or anti-1 IDACG 1 antibodies were
userl. For immunohlotting, 0.5 pg/ml anti-Spl, anti-Sp3, anti-1IDACT. w
anli-B-actin antibodies were used. The immunoreactive proteins were visual-
ized using ECL W estern blotting detection reagents (Amersham Biosciences,
Piscataway, NI, USA), and the light emission was quantified by a LAS 1000
lumine image analvzer (Fuji Film, Tokvo, Japan).

Transfection and luciferase assay

For IL-la promater analveis and pGL3-(1L1a-GE), transeriptional assays,
A3T5 cells were cotransfected with LL-Toe promaoter reporter plasmid or pG1L3-
(I 1a-6G0)y reporter plasnid together with pCMV-B-gal and pCMV5S in the
presence or absence of Spl or Sp3 expression plasmids (pClneo-Spl. pAC-
ANSpl. pAC-ALSpl. and pCMV 1-5p3) |27, 28| by using Effectene transfec-
tion reagenl (Qiagen. Hilden, Germany), according to the manufacturer's
instructions. For GAL-4-Spland -Sp3 transeriptional assays, the cells were
cotransfected with the reporter plasmid pFR-Lue and GAL-4-Spl or -Sp3
construct with pCMV-B-gal and pUMV5S. To 5 X 10 7 cells, 0.03 pg reporter
plasmid, 0.02 pg pCMV-B-gal, and 0.15 pg other plasmids were transfected.
In come experiments, 24 h after the transfection, the medinm was replaced with
medium, with or without TSA. After 24 h incubation, cell lvsates were
collected, and luciferase assay was performed with the luciferase repotter gene
assay kit (Roche, Gennany), aceording to the manufacturer’s instructions.
Luriferase activity was determined by using the B-gal value as a hasis for
normalization.

EMSA

Preparation of nuclear extracts and EMSA were carried out as deseribed previously
|29]. Samples of the nuclear extracts (15 pg) were anabvzed by 6% nondenatured
PAGE. For supershift assav, the nuclear extacts were incubated with 2 pg
anti-Spl or anti-Spd antibodies befave addition of the labeled probe. The se-
quences of the top strands of the ndividual olignnucleotide probe were as follows;
1, 5-COTAGCCACGCETACTTIAAG-3" 2, 5-TAGCCACGCCTACTIAAGAC-
3% 3, 5-CCACGUCTACTTAAGACAAT-3; 4, 5-ACGCACTIGTAGUCACG-
TAG-3: ml, 5-COPAGCCAATAATACTIAAG-, m2, 5'-COTATAAACGC-
CTACTTAAG-3'. Competition experiments were performerd with the comespond-
ing unlaheled, double-stranded oligmucleotides.

RNA extraction and RT-PCR

Fotal RNA was extracted from A375 cells, and RI-PCR analysis was per-
formed as deseribed previously |24 For RT-PCR analysis, total KNA from
A375 cells wae reverse-transcribed into cDNA. and the amplification reaction
was carried oul using sense and antisense primers for 11 -lac and GAPDII as
previously reported |30 RT-PCR products were analyzed on a 1.5% agarse
electraphoresis gel in the presence of ethidium bromide.

Chromatin immunoprecipitation (ChlP) assay

Formaldehyde was added directly to the cell culture medium to a final
concentration of 1%. Fixation was carried out at room temperature for 10 min
prior to quenching with 0.125 M glyeine for 5 min. Cells containing 1 X 10"
were lysed in Triton harvest buffer containing protease inhibitors, and nuele
were pelleted by centrifugation. The nuclear pellet was resuspended in
RIPA B buffer (10 mM ‘Iris at pll 7.5, 100 mM NaCl, | mM LDTA, 0.5%
socdium deaxveholate, 0.1% SDS, 1% Triton X-100, and protease inhibitors)
and «onicated to an average fragment length 500-1000 hp, The ¢hromatin
suspension was preeleared by centrifugation and then incubated overnight with
b g anti-Spl. anti-Sp3, or anti-HDAC 1 antibodies or a no-antibody control
Chromatin-antbady complex was purified on protein A- or G-Sepharose beads.
which have been preblocked with 100 pg/ml sheaved salmon sperm DNA. The
heads were washed six times with RIPA-B bofTer. After the elation of immn-
noprecipitates and the reversal of the cross-hink= by beating 1o 6570 for | h, the
DNA was recovered by phenol/chloroforme extraction and precipitated by

ethanol. Then the a iation of Spland HHDACT with the 11 e promaoter was

measurcd by PCR. The primers used for the amplihcation of the core 1l -1a
prometer pegion were forwand: TCGGATTTCACGATTIOHGG and reverse:
MGGUGANTT ACAGGG VAL,

Mechanism of constitntive 1-la gene expression 191
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HDAC assay

HEDAC assay was perfimmed asimg the TG assay kit (] p=tate: Biotechnal-
gyl acenrding o the manukomrers mstictions. Brefly, 30 pd immonapre
cipitated proteins were menhated with 20 10 | H acetate-Jabeled 1istone 11
peptide ina total valume of 200 1l for 2 8 bt soom temperature. The reaction
was stopped by addition of 50 @l quenching solution. After contrifugation at
FEOOO g For 2 min. o 100-laliguot of the organie phase was connted in 5 pl

liguied scintilation cockial

RESULTS

Regulatory regions responsible for the
constitutive activation of the IL-1« gene

Az shown in Figure 1. =121 upstream of the transeriptional
start of the human 11.-la gene contained potential transerip-
tional control elements. including glucocorticoid responsive
element (GRE)-like. NF-kB. GC hox. TATA-like sequence,
and AP-1 hinding sites. In previous studies. we found that
A375-RE cells. but not A375-6 cells. constitutively express
IT-1lae mRNA and seerete an active 1L-la molecule [24]. 1L-13
mRNA is not expressed in these cells. To analyze the promaoter
region involved in the constitutive activation of the IL-la gene
in A375-R8 cells, we constructed a series of 5'-end deletion

A
GRE NF-<B GC box TATA-ike AP-1 ,‘;p"'n exon2
| | I |
| | I | /
B I
' {lue 103
| } Iﬁ’[ﬁ .70
R i ol HATS4
v ST
10000 20000 30000
B Luciferase Activity

GRE NF-xB GC box TATA-llke AP-1
3 = -

-70 5D -56-53 N -31
GACGCACTTGTAGGCACGTAGCCAGGCCTACTT ARGACAATT
-61 51 —

70 '_;J.\&
61 T

O A376-6
B A375-RB

5000 10000 15000
Luciferase Activity

C

GRE NF-xB GC box TATA-like AP-1 33
- exoni, 7

TAGCCACGCCTACTT  -421 421
TAGCCACG=---TALTT \CC ACC
TAGGCAATAATAGTT  mATAA mATAA

pGL3-basic

C AY75-6
m A275-RE

S
Soud wauy 15000

Luciferase Activily

Fig. 1. Deletion analveis of the 5 Hanking regran of the human 1 Lo gene
i AT cells 1A Prtative consensus cequences in the 5 upstiean region
ol the Tman T Toe gene aveallusteated. Numbers indicate the distanee in base
pairs from the tanseriphion start. Lach reporter plasnid was tansfected into
ASTH colls which were havested 18 0 alter transfoction. and the Taciferase
activity was measureds Mer nomnalization with B-gal activits, the Tociferase

activity was indicated Mean © <b based on triplicate cultures is <hown
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mulants o the H-la gene with the lneiferase expression
plasmid. These  reporter plasmids were transfected  into
A3TH-RE and A3T5-0 cells. and the Inciferase activity i the
cell Tvsates was determined (Figo 1A} As has heen reported
[20]. 10 A3T5-RY cells. deleton of the upstream sequence 1o
103 resulted inoan
=70, the

El;lllhl‘l'ipli“ll;l' au'li\'ll_‘,« was decreased \'ll]]h‘i—ll]“‘d”_\d as com-

the nucleotide position from - 121 10
augimentation of the actvity. By funther deletion to
pared with <103, The activity was decreased markedly by
further deletion 10 =31, These results indicate that the se-
quence hetween =103 and =70 contained a positively regula-
tory element(s) in A375-R8 cells but not in A375-0 cells. The
positively regulatory element(s) was also found in the sequence
between ~70 and —31. Similar, but less effective. responses
were observed in A375-0 cells.

We analyzed the promoter region between =70 and -31
further hy constructing additional mutants (Fig. 1B). Compared
with pGL3-IL-Ta(=31), pGL3-1L-Ta(=51) exhibited a higher
luciferase activity in A375-R8 cells, suggesting a positively
regulatory element(s) between =51 and =31, In addition. the
sequence between —53 and -51, although less effectively,
contributed to the IL-1a prometer activity. Similar, but less
effective, responses were ohserved in A375-6 cells.

The region =51 and =31 contains a sequence CGCC (— 448 to
~45). To investigate the functional relevance of the sequence
in the IL-l1a promoter activity, we constructed mutant plasmids
in the region by deletion [pGL3-TL-1a(421)ACC] or substitu-
tion [pGL3-TL-1a(421)mATAA]. As shown in Figure 1C. these
mutants exhihited a marked decrease in the activity, indicating

activation,

Sp1 activates the IL-1a promoter activity in a
manner dependent on the GC box in A375 cells:

It is known that Spl and Sp3 hind te the GC box in the
promoler region of many genes. To investigate the effect of Spl
on the IL-la promoter activity. we transfected A375 cells with
an expression plasmid encoding Spl. together with 11-1a
reporter plasmids, and determined the luciferase activity. As
shown in Figure 2A. Spl markedly angmented the luciferase
activity of pGL3-1L-Ta(=51) and pGLA-TL-T1a(=7() in A375-R8
cells. A small inerease in the transeription activity was ab-
served in pGL3-TL-Ta(--31). suggesting that the GC box or GC
box-like element present in pGLA-TL-La(=31) or the vector may
he operating. However. the augmenting etfect was nol observed
in the GC box mutant. pGLA-L-1a(12DACC or pGLA-1L-
La(A21mATAA. These results indicate that Spl o activates
IL- 1o promoter activity ina manner dependent on the GG hox,
Next. we compared the effects of wild-type Spl. mutant Spl,
and Sp3-on the [L-la promoter activity in A375-6 and
A3T5-R8 cells. As shown in Figure 2B, wild-type Spl mark-
edly augmented the 11-Ta promoter activity in A375-R8 cells
andl less effectively in A375-6 cells. In contrast. SplAN and
SplAC. which lack the transactivation domain and the DNA
binding domain. respectively [27]0 and wild-type Sp3 did naol
angment the promaoter activity. These results suggest that Sp
but nat Spdactivates the -lao promoter activity, and the
transactivation domain and the DN binding demain are nee-
essary for Spl transactivation activily.
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