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ABSTRACT

Recently, additional therapeutic potentials of classical antibiotics are gaining
considerable attention. The discovery of penicillin in the 1920s had a major i
mpact on the history of human health. Penicillin has been used for the treatm
ent for fatal microbial infections in humans and has led to the discovery of s
everal new antibiotics. D—-(+)-cycloserine (DCS) is an antibiotic isolated from
Streptomyces orchidaceous and is used in conjunction with other drugs in the
treatment of tuberculosis. To determine whether DCS has anti-inflammatory a
nd anti-melanogenic effects, we investigated the ability of DCS in lipopolysac
charide (LPS)-induced RAW 264.7 macrophages and a-melanocyte stimulating
hormone (a-MSH)-induced B16F10 melanoma cells. DCS inhibited the product
ion of nitric oxide (NO), prostaglandin E; (PGE;) and the expression of proinf
lammatory cytokines such as interleukin—-18 (IL-1B), and interleukin-6 (IL-6)
in a concentration-dependent manner. However, it had no effect on the expres
sion of TNF-a. Consistent with these findings, Western blot analysis demonst
rated that DCS inhibited LPS-induced inducible nitric oxide synthase (iNOS)
and cyclooxygenase type—-2 (COX-2) expression via inhibition of phosphorylati
on of inhibitory kappa B-a (IxkB-a) through down-regulation of phosphorylate
d Akt, ERK and p38. Furthermore, DCS markedly inhibited melanin synthesis
and tyrosinase activity in concentration-dependent manner. Western blotting s
howed that DCS treatment inhibited the expression of tyrosinase (TYR), tyros
inase-related protein 1 (TRP-1) and tyrosine-related protein 2 (TRP-2) via in
hibition of microphthalmia-associated transcription factor (MITF) expression.
These results indicate that DCS may be used as potential drugs for the treat

ment of inflammatory diseases and as melanogenesis inhibitor.

Keywords: D-(+)-cycloserine, antibiotics, anti-inflammation, NF-kB, Akt,

MAPK, anti-melanogenesis, bioactivity, melanin, tyrosinase, MITF
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H, 1A 0 AMEHE FAA L] AZE FofReo] FE Tt dde
Mg EFa dFUth 2@ AIE Fek A= AR A fAs] s, v
AEo] digh zhdel digste]l F24S A AU sy 9 SRR AMEH
AHUTHI-3]. AL AFe ARS 4257 98] AFeEwA, Ay o ziE
= o AFEden, Hd FEE AGHJAFUTHY, 51 FAA ] ARgo] F7t
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ol 98] V& FAAEL FrEHEN gHHgor FEEA K o2 of
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ool o] A}8¥ Al Z¢] D-(+)-cycloserine (DCS)-& Streptomyces orchidaceo
usell A ZE2jd FA Ao, F2 g F 2EHE Ao, St 3 AdE A
ot d AR E A JdFYT9-11]. %8 DCS7F th2 A & v o=
A s B3 AYA g3 A E 3 Rausa glov DCSe 9%
A gy @ owe ZAdo) ek A v AAJAYTH12,13] E AF+E D
CS gAY MEL d5 AR 7IsAs RAbsta, debd A 37

oft

A

A

=A g]lstrl 98, LPSel 938l =¥ RAW 264.7 2 Al*xe a-MSHel
ola] A=¥ BI6F10 AlE 2 A}g3te] DCSY 9= 2 ujwl s #ak AT

g APse

32

GFe gAA £ 24 &4 A9 B WIoE %3 Wolo nE WAY
SAUTHIL A o3 FISE, FATE HF 48 B HUAE

A A sFaL nitric oxide (NO), prostaglandin E» (PGE»), tumor necrosis factor alp

ha (TNF-a), interleukin-1 beta (IL-18) ¥ IL-6¢} 22 vt A5 wiZ/lAE



Z AR A W AL FAsE d BRA N, B B FEd ¢
Ze A4, olEVA NG, B4 B9 4T L 434 4 28} 2 AY

Lipopolysaccharide (LPS)+= WS A2 A 283+ Gram(-) bacteria®l AlXE <]
o] 71 AEAUTHIEL dAAEE AlE Fud Y A4 FEAE F9
LPSe] WAl dd 2 S Aoz AU u(19]. &43te w2
M3EE= TNF-a, IL-18 ¥ IL-6 & H[ES A AS5A cytokined} NO % PGE,
of & 98l A5 eSS AAdste 5ol ded, ol#EA EvE d g5
A w7l A= nuclear factor kB (NF-kB) % mitogen activated protein kinase

(MAPK) 4% Zze @43l o) il fr=4 fade] wag 59 =
4G oH20-22],

NF-kB¥ 3% L& o]F o|gAY FeZ EAlste AAF AAJYUTH23]. A=
Wbz ok Abejol A, NF-kB+ inhibitor kappa B alpha (IkB-a)ol ol A% #
Nz AEAANA dA3] TAFEYLH24]. NF-xB AzZdg4d 2o A3+ kB-

=

a®] 21%3tE =3 proteasome©] 3k ubiquitination % & EIE FEdo
2X zAd¥ =4, o]+ MAPK % phosphoinositide 3-kinase/Akt (PI3K/Akt) Al
IAGARE T 2AEYTH25] NFkB Aaded 27 @435, kBa
7F EAEEA AFEAN NF-kB olgAl= AEAoA oz w=7 o]sat
L, WA FHzbe] ZREH| Agste] INOS, COX-2 B A 95 w/AE
T 34 FAAS AALE 4 s HH26]

MAPKY # ¥ F9 serine/threonine kinase® Az} @& FAF 249, 23} 2
AZ AE/aEE A8 AXZ g T83 TS FIFUTH2T. MAP

K+= extracellular signal-regulated kinases 1/2 (ERK 1/2), c-jun N-terminal ki
nases 1/2 (JNK 1/2) % p382 E3tsl= 3709 @l d kinaseS & -4 H U TH2
8l. MAPK= 14kstel & @At f3a BdS 24dsk= NF-kB 2 acti



33U 29]. webA, NF-kB ¥ MAPK
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s HYge Ry Ln A 2 RAGenyy HAE wud)
Ag WA AE FAL AFUTHI0, 310 FH7F A9 M6l w=EHW, A4 Ax
i+ a-melanocyte stimulating hormone (a-MSH)S #H|gtozx Hed AEE
ASete], FzrAe] Mol Webdgge FEFUTHI2 33] o EA AR e
o 74d AEE Adwel, A9AS WAL L BAAA FE A oA
AR Wk ol 95 W Re] FFEF Aol 2 Agr R F5dte] H
kS B TH34-36]. oA ¥ =Wt

de AgHoziy Mg nEsy] Ad 2@ 4% AW, Be ojge

yrosine-related protein 2 (TRP-2)¢} #& Wrg-& ZFv|st= gt 347 #9
Y40, 41]. 53], TYRS detd AP &% 24 dAE gdsts T8

A, dWod A 27 F dAAA v opn]=Akel
Ak wF3-Al 7 3 4-dihydroxyphenylalanine (DOPA)Z, DOPA| A AF3} whg-
A1A DOPA quinone®. 9] W& Fwjste= H3S Frvh42]. ¢I$, DOPA qu
inone AHHA 4kst B4 S A DOPA chromeo] A% a1, o]ojA] A% DO

=

~tyrosine<

PA chromee TRP-2% # <& 7% DOPA chrome tautomerase°] <3l 5,6-dihy
droxyindole-2-carboxylic acid (DHICA)Z¢] ®W3lo] g Ut}H43]. DHICAE
t}Al TRP-19] ]38l indole-5,6-quinone carboxylic acid® Z3+¥ i, o]%F A%
st RbgS AA I, M2 Ao Wepbdoe] A FHYTH44] Wepd el A
AL Zao o] FasA sy wiol, Bebde] RS TYR, T

RP-1 ¥ TRP-2 ¢} & @49 A3} 22 Adte] dFyth



a-MSHE A oA Aeld gt=24 Z83tE 32292 melanocortin
1 receptor (MCIR)ell Z%3}al cyclic adenosine monophosphate (cAMP) Al &
AEd 25 &Al3}slo] Microphthalmia—associated transcription factor (MITF)
AR 1At BdS F3 A7E oz dEA dFyTH4S, 46]. MITF HAF %
dozte &4gstHd, o ofFste] DNAS TYR, TRP-1 % TRP-29] A4
of ¥ofsk= promoterel Agtelil, zt7he]l FAA LHAS FUAICEMN TYR,
TRP-1 2 TRP-29 AAS zAIddu B 547, 48] weks, MITF
= &

o WAL WY S WP AE 4+ dguh
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L As & A

2 Ao AF8% D-(+)-cycloserine (DCS), lipopolysaccharide from Escherich
1a coli (LPS), fetal bovine serum (FBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-diph
enyltetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), Griess reagent, s
odium nitrite ¥ protease inhibitor cocktail>- Sigma-Aldrich (St. Louis, MO, U
SA)NA Fujstd o, ME wgS g w* = Dulbecco’'s Modified Eagle’s
Medium (DMEM)¥} penicillin/streptomycinS Thermo Fisher Scientific (Waltha
m, MA, USA)o A Fufsl 5yl 3 The enhanced chemiluminescence (E
CL) kit, radioimmunoprecipitation assay (RIPA) buffer, phosphate buffered sali
ne (PBS) ¥ tris-buffered saline (TBS)+ Biosesang (Seongnam, Gyeonggi—do,
Korea)oll A F-ufdtl o, A iz o i AFEH L-N6-(1-Iminoethyl) lysine
dihydrochloride (L-NIL) ¥ N-[2-(Cyclohexyloxy)-4-nitrophenyl] methanesulfo
namide (NS-398)%= Cayman chemical company (Ann Arbor, MI, USA)olA
w35 Ut p-ERK, ERK, p-JNK, JNK, p—p38, p38, p—Akt, Akt, p—IkB-a, I
kB-a, B-actin® E°]% 12} A ¢ anti-rabbit % anti-mouse antibodies 2xF
A= Cell signaling technology (Beverly, MA, USA)ol A Fuf 3 Al83} <5
Yt} o]2lef] anti-iNOS 8A+= Milipore (Temecula, CA, USA)o| Al w3} S &
] anti-COX-2 &A= BD Sciences (San Diego, CA, USA)°lA o354
t}. PGE,, TNF-a, IL-18 ¥ IL-6 =4S ¢ 3t ELISA kitsi= R&D systems In
c. (St, Louis, MO, USA)$ BD Biosciences (San Diego, CA, USA)| A -1 3}

AFUT BE OE AgeEd 24eH o ez ARSslsynh

2. AX W&

sk Al 27238 (Korean Cell Line Bank)ollXl RAW 264.7 A3z BI6F10 Al



= Pt sy AlE S 37T, 5% CO, =794 10% Fetal Bovine Ser
um (FBS)9} 1% Penicillin/Streptomycing % 7}3F Dulbecco’s Modified Eagle’s
Medium (DMEM) ®i#|& AF&3te] 7tz 24, 39 1A AguYd st

.

3. Al AEE H7}

Azl ME ZAS H7EE7] sl MTT assays 58 AE S8 =4
SAFUTH RAW 2647 AEE 1.0 x 10° cells/well®, BI6F10 melanoma A 3%
= 24 well plated] 8.0 x 10° cells/wellZ 24 well plated] 23 24A17F 5<F CO,
7ol Al A et & AlEE AElete] RAW 264.7 A= 244]%F, BI6F10
A EE= 72413 B9k wkSA17 o 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tet
razolium bromide (MTT, Amnesco, USA) A%< 02 mg/mL F== A g 3}¢]
ANZE Fot AAE B9 formazan A S AE AEEEHA =A{J oW, D
MSO=Z &332l microplate readerE 3 540 nmolA S3EE SAHTO=EZH
B7bstAsU AE AEES AlRE AYsA &2 tixa(Contro) ¢ OD

S HluAAEe] MEE 2 YERY A F Y T
Cell viability (% of control) = (sample O.Dsionm / control O.Dssmm) * 100 (%)

4. NO BAZF A

D-(+)-cycloserine®] LPSel 9]3] =% RAW 2647 2 AE delA NO A
de AdlisteA Gdstr] A, AE wike] Lol S4¥ NOE Griess Al oF
(196 sulfanilamide, 0.1% N-(1-naphthyl)ethylenediamine, 2.5% phosphoric acid)
& A}g3lo] nitrite FEIE A4 d5Uth AIES 24 well platee] 1.0 x 10° cel
Is/well2 253t 2423k 2 wiFatd syt ol %, AlsE Aestal 143t L
PSE 1 ng/mL %8 2447 sk Agstdsyh ol %, Aejd AX wjdds
Griess A k¥ 111 &2 E383te] 1087 ¥H3-A171 & microplate readers %

Aty Sodium nitrite (NaNO)o] ZEFHA
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3] 540 nmolA T4 =
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5. Prostaglandin E2 ¥ A @34 cytokine A HF A

D-(+)-cycloserine©] LPSell 23] fX=® RAW 2647 tAAHE Yol A A5 b
S mAAY BES A=A lstr] A, AE wjgd &Hol Z4¥ PGE
o, IL-1B8, IL-6 2 TNF-a¢] A4S ELISA kit2 A&3te] #7batdsyUch A
I 24 well plated] 1.0 x 10° cells/well2 #EF38le] 2447 A w)j et g5 o)
AEE IAZE Sk AAYstal, LPSE 1 ng/mL 52 24417 §F Aestd s
Utk o] 3 AE wigdS 5000 rpm SEE 5EZF 94 BY3 3 ATHS B
3 ELISA kit A=Akl wel wet PGE,, IL-1B, IL-6 3 TNF-a®] &S =
Aty

DCS7} B16F10 Al Ze] #Aetd Aol v G&FS Felstry] 94 melanin
contents assayE A5 YTh 60 mm cell culture disho]l A%E 50 x 10
cells/dish7} =% 3 mLA® #F3to] 24417 A v gdta, tdst w529 A&
9} a-MSHE 200 nM 522 A ste] 72417+ vl Fsl 55Ul kojic acid: 500
M s =2 Aglste] A o m AMgSAsHH. W 5, AgE AExs
WA S A A 27 1X PBS buffers AR&3le] 13 A3 % lysis buffer
(50 mM Tris-HCl (pH 7.5), 2 mM EDTA, 150 mM NaCl, 1% Triton X-100,
196 sodium deoxycholate, 0.1% SDS, 1% Nonidet P-40, and 1% protease
inhibitor cocktail)& AF&3}e] 2057F AXE lysis Al $, microtubed] %71
ol 4T, 15000rpm Z=AAA 15627 Y288t AxXgES AJFYT
e ds AAsST FElE pelletd] 10% DMSOZF #H7Fe 1IN NaOHE 500 LA
o] 100CollA 2083 AgstAsyrh o5 96 well plateel 100 uL® &7 &
oF 405 nmellA &3 =E =A%, a-MSHY @5 283 3 WMES&ZE vl

AZkstel YEb s U



7. ¥ W tyrosinase &4 &4

|\
o

60 mm cell culture dishel A|EZE 50 x 10* cells/dish7} I == 3 mL¥ &5
ato] 2442k A e geta, g sEE AJE9 o-MSHE 200 nM 522 Ag]
alo] 72A17F i %at Utk kojic acidE 500 uM X = AT ste] %A xR
o2 ARgSAFUT MY & HEgH Axe wiAE AlAS L 27 1X PBS
buffers AFg3te] 13 A& & lysis buffer (50 mM Tris-HCl (pH 7.5), 2
mM EDTA, 150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1%
SDS, 1% Nonidet P-40, and 1% protease inhibitor cocktail)E AF-g&3afo] 20487+

jus)

MEE lysisg ¥, microtube®] &7 Hol 4T, 15000 rpm 7oA 153
Agste] AEglES Ao, ojnf 42 Fe5ds A & BCA Protein

assay kitE Abgste]l Ao dwid S FAska, 01 M sodium
phosphate buffer (pH 6.8)5 Al-&38to] @A F%=7} 20 pg/ul7t S =% 3143
AUtk g3 A 20 uLE 96-well plated] 21 7129 L-DOPAE 2
mg/mL %2 80 uL H7FstAFUTE 37TAA 2412 &< wiF = A==
DOPA chrome= 490 nmolA 3 =5 =H3slal, a-MSHY w5 A3k 3
WE& 2 v ALske] YERlss U T

RAW 2647 A%+ 60 mm cell culture dishol AZE 6.0 x 10° cells/dishZ 3
6AIZE A gstd o, gt s A5 LPSE 1 ug/mL= A 2lste] zhz}
¥t Ut B16F10 Al ¥+ 60 mm cell culture dishol Al
¥ 2 50 x 10" cells/dishZ 48A17F A wjUdsldom b3l ez A 89 a-M
SHE 200 nM v=2 AHgste] 2tz gAE AIZE st vt sy A8 4
A ¥+= 27 1X PBS buffers AF83Fe] 13 A2 sFal lysis buffer (50 mM
Tris-HCI (pH 7.5), 2 mM EDTA, 150 mM NaCl, 1% Triton X-100, 19 sodiu

A

)
>,
i
off
o
=
o
ol

m deoxycholate, 0.1% SDS, 1% Nonidet P-40, and 1% protease inhibitor cockt
al)E AFE3te] 2057F AlEE lysise $, microtubed] =7 Hol 4T, 15,000 rmp
m oA 153 A Egste] AEgsf=s dAsHH
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o]l vl staks AZA A FUL. FEe] @Ay 2x Laemmli sample
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tt
ro
o
ol
o
4
—
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(@)
=2,

587F 28] ¥ sodium dodecylsulfate
(SDS)-polyacrylamide gelol] -&%e] @ A5 loadingsti, W7FsS Tl &
Mas A7dE FYstAFUT Gelol #8¥ @9 S PVDF membrane 2 2
transfer ¢k ¥ 5% BSA® overnight blocking st U th 0.1 % Tween 20°]
A 7F¥ Tris-buffered saline buffer (TBS-T)E A}-83}9] membranes 10+% %+
Ao g 63 AMZAH 5 1x FAE AFE3}o] overnight incubation 3t FUYUth 9]
% TBS-TE 63] A& 3}al horseradish peroxidase-conjugated 2z} 3-#|E A}
&3te] 2A12F Agstdsych thAl TBS-T2 631 A% stal ECL kitE AM&-3t
o] membrane®} HF$-A]# Chemidoc (Fusion solo 6S.WL, VILBER LOURMAT,

France) .2 A3t 554 o}

10. EA ¥

BE dolHe 3We 594 AgdozRE ] Hy + SD (7 HAHE A
stAw Ul student's t-testE AFE3le] &
5, *x p < 0.01, === p < 0.001). p <0.05¢] p-value < EA Ao

o PFARALUL
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1. D-(+)-cycloserine (DCS)9 dd=F A
1) AE &S F7)

RAW 264.7 tiA Al Z A 95 e 7HA=A &<lstr] falA, DCS7F R
AW 264.7 AEo] tlstel DCS7F AE 54 F&FS A=A FlatdFy
AE AEE e B7h= MTT assays Ssho] AASAFHTH RAW 2647
AZE 1.0 x 10° cells/well =% 2 24-well cell culture plate®] 24417F =<+ A
Hi kS st UTh o5, do= AT s =2, 4,6, 8 3 10 mM)E D
CSE 24417 A8t sy th(Fig. 1). Ax AEES Aolle Axe nEZE
glo} g4 845 T3 MTT solution (0.2 mg/mL) 7} tetrazolium salt® #
3t ® MTT formazan crystal® S% % 540nmolA ZSHsto 2R A7 5

tH20). DCS+= 2-6 mM (A2 AEE = 90%) 5% HdA RAW 2647 Alx

o AEdel 4B MAA SAHFUT WA, St 5 QA DCSE 2
6 mM FEZ Helske] Agrich
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Cell viability(% of control)

Figure 1. The effect of DCS on the viability of RAW 264.7 cells. Cells were
plated in 24-well plates (1.0 x 10° cells/well) for 24 h, and then treated with
DCS (2, 4, 6, 8 and 10 mM) for 24 h. Cytotoxicity of DCS was evaluated usi
ng the MTT assay. The results are presented as the mean + SD from three
independent experiments. ~p < 0.001 vs unstimulated control group. The resu

Its shown are representative of three independent experiments.
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2) NO BA4%F =73

DCS7F LPSell 93] =¥ RAW 264.7 AlEZolA NO S AT + A=A

ZALsl7] Qe Griess Al oFS AR&sEe] Al wj g wiA] &o] 49 NOo| A4
S oA FeE =AHIPSFYrE T INOS Eol4 oAA1¢l N6-(1-iminoe
thyl)-L-lysine, dihydrochloride (L-NIL)E A tizaro = 23] AME-319 55
Yt} (Fig. 2)¢F #Zel, LPS w5 Ag 2 LPS u A o Hlaste] NO A
A gl dASA Tt HA5Yh INOS AdAl= LPSol <& f=8 NO<
BRE aRHoR AAsdFych DCSE LPSyE A @k A2 (100%)< 1] als)
o 2-6 mM F=elA 275 %, 51.8 % R 605 %% w= o|EA R AU SF
Utk (Fig. 2).
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m Nitrite production (pM) == Cell viability (%)
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Figure 2. The effect of DCS on production of nitric oxide in LPS-induced R
AW 264.7 cells. Cells were plated in 24-well plates (1.0 x 10° cells/well) and
incubated for 24 h, and then pretreated with DCS (2, 4, and 6 mM) for 1 h f
ollowed by LPS stimulation for 24 h. Cytotoxicity of DCS was evaluated usin
g a MTT assays. The amount of nitric oxide in the medium was measured u
sing a Griess reagent. L-N6-(1-Iminoethyl) lysine dihydrochloride(L-NIL) was
used as a positive control. The results are presented as the mean + SD from
three independent experiments. “p < 0.001 vs unstimulated control group. “*p
< 0.001 vs LPS alone. The results shown are representative of three independ

ent experiments.
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3) Prostaglandin E2 A% =A

DCS7F RAW 264.7 WA A|l3Eol Al LPSel| 93] FE¥ PGE, A4S AT F
QA 2AFEE7] 98, ELISAS] o s A ik uj#] 9] PGE,9 %<& 3
7t syt (Fig. 3)9F #o], COX-2 @] Eo]x A AU N-[2-(cycloh
exyloxy)-4-nitrophenyl]-methanesulfonamide (NS-398)& %Al djxato =z 29
of Ab&etss Ut LPS= PGE, A4 43 S7HE =354t COX-2
AsAl= LPSel oa =% PGE, 84S ZdHor AAs3l5HtH59.5%).
DCS+= Ald | Fk=cA PGE; 84S ozt AASATHA3%, 7.7% 2 12.7%)
(Fig. 3).
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Figure 3. The effect of DCS on production of PGE; in the LPS-induced RA
W 264.7 cells. Cells were pretreated with DCS (2, 4, and 6 mM) for 1 h and
then stimulated for 20 h with LPS. N-[2-(Cyclohexyloxy)-4-nitrophenyl] meth
anesulfonamide (NS-398) was used as a positive control. PGE; production wa
s determined by ELISA. The results are presented as the mean * SD from t
hree independent experiments. *p < 0.001 vs unstimulated control group. “p <
0.05, ™p < 0.001 vs LPS alone. The results shown are representative of thre

e independent experiments.
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4) A 934 cytokine A F =R

™
&

TNF-a, IL-18 ¥ IL-63 72 2 &
of o& A st Ay #HeEE A5 S v dEA Uy
YtH29-31]. DCSe A5l gk F714 7FsAS As7] 918, ELISAE
AF&-38Fo] LPSol 98] #A=¥ RAW 2647 A¥o|A TNF-q, IL-18 % IL-63}
2 A A5 AbelETIRIY BAS FASAF U LPS A2 AlE u e vl
A 4e] TNF-q, IL-1B ¥ IL-6 BAS FEstdth Ald ® X4, DCSe
=4 Ao 2 [L-18 (493 %, 80.1 % % 866 %) % IL-6 (41.6 %, 719
% 2 81.6 %)2 LPSel 93 f=d IL-18 ¥ IL-6 AAPS JAI}AS5YY. (Fi
g. 4,5). 184, DCSE LPSel 98] =% TNF-a Aol Fds vAA &3k
4t} (Fig. 6)
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Figure 4. The effect of DCS on the LPS-induced production of IL-13 in RA
W 264.7 cells. Cells were pretreated with DCS (2, 4, and 6 mM) for 1 h and
then stimulated for 20 h with LPS. The production of IL-13 were determined
using ELISA. The results are presented as the mean = SD from three indepe
ndent experiments. “p < 0.001 vs unstimulated control group. *p < 0.001 vs
LPS alone. The results shown are representative of three independent experim

ents.
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Figure 5. The effect of DCS on the LPS-induced production of IL-6 in RAW
264.7 cells. Cells were pretreated with DCS (2, 4, and 6 mM) for 1 h and the
n stimulated for 20 h with LPS. The production of IL-6 were determined usin
g ELISA. The results are presented as the mean = SD from three independen
t experiments. “p < 0.001 vs control group. “*p < 0.001 vs LPS alone. The re

sults shown are representative of three independent experiments.
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Figure 6. The effect of DCS on the LPS-induced production of TNF-a in R
AW 264.7 cells. Cells were pretreated with DCS (2, 4, and 6 mM) for 1 h an
d then stimulated for 20 h with LPS. The production of TNF-a were determi
ned using ELISA. The results are presented as the mean = SD from three in
dependent experiments. “p < 0.001 vs control group. The results shown are re

presentative of three independent experiments.
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5) Western blot &4
(1) INOS EAdWd HdF F3

LPSo| °ol&] f =¥ RAW 264.7 AlxXo]A el DCSe NO A AA &37F iINOS
guld de o] gk AS B3 AAX FAFSHZ] 98, Western blot 412

3135 Ut Western blot #4 ZA3= LPSH @502 2% 1594 iINO

S|
A
2 YebgFYth(Fig. 7). o1& Z¥+= DCS7F iNOS =

e
FozMd NO BAde qAdd= Ae Bol =1 dFuHh
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LPS (1 pg/mL) = T+ + + r

D-(+)-Cycloserine (mM) * - 2 4 6
iNOS — —
p-actin TG GEES CGED T -
15 = iNOS

Density ratio (% of fl-actin)

: _
0.8 -
oy o
0.4 4
0.2 - l
[ — - i i 1

Figure 7. The effect of DCS on the level of iINOS in LPS-induced RAW 264.

7 cells. Lysates were prepared from cells pretreated with DCS (2, 4, and 6 m
M) for 1 h and then treated with LPS (1 pg/mL) for 12 h. B-actin was used
as a loading control. Total cellular proteins were separated using SDS-PAGE,

transferred to PVDF membranes, and detected using specific antibodies agains

t INOS and B-actin.
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(2) COX-2 24adud 2dF =3

LPSel &l =¥ RAW 264.7 Al 3o DCSe PGE, A4 &7} CO
X-2 @d 2o stgdxds T3 AUA FAFs7] flél, Western blot 4

< FsAFY
COX-2 dzge] o
T LPS®E A59 OF2 Tk oEA WA o®R COX-2 wujdel whgoe] okl
Asfs = Aoz YEREY

DCS+= COX-2¢] wid g S ok gaA7l= AS Elstdsu o 23}

t}. Western blot ¥4 A3} LPSyE =07 2% 180 A
3} 3

o] 43 27k¥ AL FAFYLUTE ey, DCS Azl
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D-(+)-Cycloserine (mM) - . 2 4 6
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Figure 8. The effect of DCS on the level of COX-2 in LPS-induced RAW 26

Density ratio (% of B-actin)

4.7 cells. Lysates were prepared from cells pretreated with DCS (2, 4, and 6
mM) for 1 h and then treated with LPS (1 png/mL) for 12 h. B-actin was use
d as a loading control. Total cellular proteins were separated using SDS-PAG
E, transferred to PVDF membranes, and detected using specific antibodies ag

ainst COX-2 and B-actin.
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DCS7F NF-xB 23 AGHAZE T3] 54 AolE7Ie A 2 fF=A g4t
3}

Wzl WeS A=A FAdtr] 9dlA, Western blot #4415 3}o] LPSol

A

os) F=H RAW 2647 AEolA IkB-a % <148t IkB-ad ©@9ld 53§
Utk (Fig. 993 2], LPS= #FAIE Akl A IkB-af] d4kskE
Eshlgyth. 2E]al DCS= LPSel o8 #f2d kB-agl Slttets k= ofE

BE TNF-a, IL-18 % IL-6%7 22 A A4 viAAe #dS mj7istar iNOS
2 COX-29% & 934 Bad WAL FESE dom wu¥n JFUth
o] A¥+= DCS7}F IkB-a®] QI4tstE 2H S 3 kB-ad] #3llE AT =HN

NF-xB &4 35 A4S yelyyr

_24_



LPS (1 pg/mL) - + + + +

D-(+)-Cycloserine (mM) = =

p-IxB-a - - -

IkB-a - e — —

Bractin | -G S—— — —

0.8

0.6

P-IkBa/B-actin
Relative intensity

0.4 4

0.2 4

o 4
LPS (1 pg/mL) - + + + &
D-(+)-Cycloserine (mM) - + 2 4 6

1.2
1
0.8 4

0.6

IxBa/f-actin
Relative intensity

0.4 4

0.2 7 I
0 4 i s

LPS (1 pg/mlL)
D-(+)-Cycloserine (mM)

+ +
M+
&+
e

Figure 9. The effect of DCS on the level of phospho-IkB-a and IkB-a in LP
S—induced RAW 264.7 cells. Lysates were prepared from cells pretreated with
DCS (2, 4, and 6 mM) for 1 h and then treated with LPS (1 pg/mL) for 15
min. B-actin was used as a loading control. Total cellular proteins were separ
ated using SDS-PAGE, transferred to PVDF membranes, and detected using

specific antibodies against phospho-IxkB-a, IxkB-a, and B-actin.
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(4) Akt Q43 Bud TAY =

ol

DCS7} IkB-a®] S14FstE AHS et dsyrh ol d A4+ PIBK/Akt 4
THYE 425 Tl kB-ad #AE FXFOoEA, NF-kB &43E Frste
Aoz BuHEAHFYEHI2] DCS7F PIBK/Akt 425 F38 NF-«kB ZA43E %
Aal=A &F2A3t7] Yal A, Western blot 418 E3 Akte] <12sle] ojgd DC
Se] F&F& Felstazt syt A7 A, DCSE FAIE AlZto Al LPS

ole fF=d Akt IttEE stFEHITS Fled s U (Fig. 10).

|
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Figure 10. The effect of DCS on the level of phospho-Akt and Akt in LPS-i
nduced RAW 264.7 cells. Lysates were prepared from cells pretreated with D
CS (2, 4, and 6 mM) for 1 h and then treated with LPS (1 pg/mL) for 10 mi
n. B-actin was used as a loading control. Total cellular proteins were separat
ed using SDS-PAGE, transferred to PVDF membranes, and detected using sp

ecific antibodies against phospho—Akt, Akt, and B-actin.
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(5) MAPK <Ql4ts} 99z oz =4

DCS7} MAPKY] 2143l s zaet=x xAbsl7] 98, LPSe 938 +%% RA
W 264.7 2 A Zol A DCSY thdst %(2, 4 2 6 mM)oll 4] Western blot &
A& E3] ERK, JNK 2 p389] 2t3lE Z4Ad=# ZAstd 5yt LPS A&

T LPS " A el wlarste] QlAikstE ERK, JNK % p3ge] A3 F7het
Aoz Ve YTh DCS+ LPSOl 93] f=% RAW 2647 AlEA ERK2
NS ot =TS Fstdi e, p38e] QIAtbstel A ekztel FATF uhER
FUTH

_28_



LPS (1 pg/ml) + + * +
D.(+)-Cycloserine (mM) = 4 6 1.2
p-ERK | =-_r — _. | o 1
wE
GUNE £ & F & 3 52 8
= 2
INK C— I ———ar——a—— = 04
02
pp38 | = == = == |
(]
pis [ — — — —| s _ + + + +
B4} Cycloterine (mM} . * 2 4 6
1
14
0.9
L 12 z 08
5; i E,_:j 0.7
ZE g5 08
] g B2 05
13 6 =z 1}
=g 06 04
04 O
0.2
02 L5]
o ]
LES (1 pgimily - + + + # LS (1 pg/ml) + +
14} Cychoserine (mM) - * 2 4 & Dy Cxeboseriie (M) - = £ 4 L]

Figure 11. The effect of DCS on the LPS-induced MAPK in RAW 264.7 cell
s. Lysates were prepared from cells pretreated with DCS (2, 4, and 6 mM) fo
r 1 h and then treated with LPS (1 pg/mL) for 15 min. B-actin was used as
a loading control. Total cellular proteins were separated using SDS-PAGE, tr
ansferred to PVDF membranes, and detected using specific antibodies against

phospho-ERK, ERK, phospho-JNK, JNK, phospho-p38, p38 and B-actin.
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6) FAA Ax JEE L NO A F ==Ed B}

DCS ¢ t& A Fd5 & #sto] &Rlst7] #138l ametycin, anisom
ycin, azithromycin, roxithromycin, spiramycin, splitomicin®] LPSol 2]3] =%
NO9 BA S AAet=A Brietdrt. 2agd Hrle dog= =5 dAs5
6.25 uM-200 uM F%=2] HH oA MTT assays Sl AE AEES H7MeA
ow, Griess A oFa ARE3sto] Al wj g £o 2 E NOY AP FS opdLt
4 FHZ SAIFUY LPS Agl&= RAW 2647 A M A dAAstA 7t
NO A & yetdlsyth ametycin® anisomycine o2 AAH3 »
T ol A RAW 2647 MlxEZ =4S YeEtWASs U Fig. 12, 13). azithromycin
7} roxithromycin< Z+Z} 50 uM, 100 uM F=oA 54 glo] NO9 AAS A
Aot= AS dolstdFU(Fig. 14, 15). T3, spiramycine E& FZoA =
dol yetuAl @kow, LPSol oa Fid NOo #AHS v= o4 Ao
2 At FUtHFig. 16). splitomicin®] 49, BE FEA AX Hgo]
ERubA] gk om, NO9 A e = &4do] yebhA e sks Yo (Fig. 17).

e
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Figure 12. The effect of ametycin on production of nitric oxide in LPS-induc
ed RAW 264.7 cells. The cells were plated in 24-well plates (1.0 x 10° cells/
well) and incubated for 24 h, and then pretreated with ametycin (6.25-200 n
M) for 1 h followed by LPS stimulation for 24 h. Cytotoxicity of ametycin w
as evaluated using the MTT assay. The amount of nitric oxide in the mediu
m was measured using the Griess reagent. The results are presented as the
mean + SD from three independent experiments. “p < 0.001 vs unstimulated ¢
ontrol group. *“p < 0.001 vs LPS alone. The results shown are representative

of three independent experiments.
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Figure 13. The effect of anisomycin on production of nitric oxide in LPS-ind
uced RAW 264.7 cells. The cells were plated in 24-well plates (1.0 x 10° cells
/well) and incubated for 24 h, and then pretreated with anisomycin (6.25-200
uM) for 1 h followed by LPS stimulation for 24 h. Cytotoxicity of anisomycin
was evaluated using the MTT assay. The amount of nitric oxide in the medi
um was measured using the Griess reagent. The results are presented as the
mean + SD from three independent experiments. “p < 0.001 vs unstimulated ¢
ontrol group. *“p < 0.001 vs LPS alone. The results shown are representative

of three independent experiments.
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Figure 14. The effect of azithromycin on production of nitric oxide in LPS-in
duced RAW 264.7 cells. The cells were plated in 24-well plates (1.0 x 10° cell
s/well) and incubated for 24 h, and then pretreated with azithromycin (6.25-20
0 uM) for 1 h followed by LPS stimulation for 24 h. Cytotoxicity of azithrom
yvcin was evaluated using the MTT assay. The amount of nitric oxide in the
medium was measured using the Griess reagent. The results are presented as
the mean * SD from three independent experiments. “p < 0.001 vs unstimulat

*

ed control group. ““p < 0.001 vs LPS alone. The results shown are represent

ative of three independent experiments.
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Figure 15. The effect of roxithromycin on production of nitric oxide in LPS-i
nduced RAW 264.7 cells. The cells were plated in 24-well plates (1.0 x 10° ¢
ells/well) and incubated for 24 h, and then pretreated with roxithromycin (6.25
-200 uM) for 1 h followed by LPS stimulation for 24 h. Cytotoxicity of roxith
romycin was evaluated using the MTT assay. The amount of nitric oxide in
the medium was measured using the Griess reagent. The results are presente
d as the mean + SD from three independent experiments. “p < 0.001 vs unsti
mulated control group. “p < 0.01, ™p < 0.001 vs LPS alone. The results sho

wn are representative of three independent experiments.

_34_



36

i L 120
E
& 30 4 100 E
= ]
[=]
= 24 A ~
_-; Gk - 80 =
= ;3 -8
g 18 4 : L-ds:
E **% ﬁl} _.‘E"
E | *kE ,5
= 12 40 'E
5 - 20 {3
|]_ __- i i i i i I i i |]_
LPS (1 pg/mL) - + + + + + + +
Spiramyein (pM) - - 6.25 125 25 50 100 200

Figure 16. The effect of spiramycin on production of nitric oxide in LPS-ind
uced RAW 264.7 cells. The cells were plated in 24-well plates (1.0 x 10° cells
/well) and incubated for 24 h, and then pretreated with spiramycin (6.25-200
uM) for 1 h followed by LPS stimulation for 24 h. Cytotoxicity of spiramycin
was evaluated using the MTT assay. The amount of nitric oxide in the medi
um was measured using the Griess reagent. The results are presented as the
mean * SD from three independent experiments. “p < 0.001 vs unstimulated c

ontrol group. “p < 0.01, ™p < 0.001 vs LPS alone. The results shown are re

presentative of three independent experiments.
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Figure 17. The effect of splitomicin on production of nitric oxide in LPS-ind
uced RAW 264.7 cells. The cells were plated in 24-well plates (1.0 x 10° cells
/well) and incubated for 24 h, and then pretreated with splitomicin (6.25-200
uM) for 1 h followed by LPS stimulation for 24 h. Cytotoxicity of splitomicin
was evaluated using the MTT assay. The amount of nitric oxide in the medi
um was measured using the Griess reagent. The results are presented as the
mean * SD from three independent experiments. “p < 0.001 vs unstimulated c
ontrol group. “p < 0.05 vs LPS alone. The results shown are representative o

f three independent experiments.
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2. D-(+)-cycloserine (DCS)¢] m = A
1) Ax BEE F7}

BI6F10 melanomacllA DCS¢] AE =4S H7FsUH. AlE2E 7243 &<
thFek F% (2,4, 6,8 2 10 mM)S] DCS® A&ttt (Fig. 18). B16F10 me
lanomacll A &] A E 542 RAW 264.7 A A E8} np7iA 2 nEZ=glof &
Th EA4E E3) tetrazolium salt® Hd¥E MTT formazan crystals Z4 32
ZHA H7FEATH20]. DCSE 2 mM o449 TR Asds w, X 5]
Uebt7] wjitel, $& Aol 1 mM olste] HE & DCSE AdstgdsuyTh

P
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Figure 18. The effect of DCS on the viability of B16F10 melanoma cells. Cell
s were plated in 24-well plates (8.0 x 10° cells/well) for 24 h, and then treate
d with DCS (0.5-10 mM) for 72 h. Cytotoxicity of DCS was evaluated using
the MTT assay. The results are presented as the mean + SD from three ind
ependent experiments. ““p < 0.001 vs unstimulated control group. The results

shown are representative of three independent experiments.
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2) Melanin A% =4

DCS7} depd A Gd3Fs mA=A gelstz] 94, BI6F10 AlZe 4 mel
anin contents assaye &3l H7FstAFUTE AXE o] YERUA 82 H |9
DCSE vh¥st 5%(0.25, 05, 1 mM)Z A st on, g4 dx= 2= kojic aci
d& A&l FUL ofF AR AgstA &2 ol Hldl a-MSHE A3 &
melanin®] Aol FoHor F7Ighe FQlstAsUrt &3, ny G4 S e
Wtk 2 4E 7 kojic acidE 500 uM =2 A3 A, a-MSHel 938
TE dade] S faete S Felstdsyn DCS+= (Fig. 19)9F 2ol

AstAF U
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Figure 19. The effects of DCS on production of melanin in a-MSH-stimulate
d B16F10 cells. Cells were plated in 60 mm cell culture dish (5.0 x 10* cells/d
ish) and incubated for 24 h, then treated with DCS (0.25, 0.5 and 1 mM) for
72 h in the presence of a-MSH (200 nM). a-MSH was used as the negative
control and kojic acid (500 uM) was used as the positive control. The results
are presented as the mean + SD from three independent experiments. “p < 0.
001 vs unstimulated control group. “p < 0.01, “p < 0.001 vs a-MSH alone.

The results shown are representative of three independent experiments.
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3) Al¥ Y tyrosinase §4& &4 H7}

DCS7F a-MSHol ¢J&] 2% #Hebde] S #ZAA 7= Al tyrosinase &
20 9]3te] melanin A3 o] 2AEE=R 838l 7] 9)EA] tyrosinase T4
&

S Folstazt dIFUT a-MSHE 200 nM =2 Aglstar, thsl

|
a

o,

DCSE A& (0.25 05 1 mM)st & 72AZkel AEZES A ASF] AL Yo
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Figure 20. The effects of DCS on tyrosinase activity in a-MSH-stimulated
B16F10 cells. Cells were plated in 60 mm cell culture dish (5.0 x 10* cells/dis
h) and incubated for 24 h, then treated with DCS (0.25, 0.5 and 1 mM) for 72
h in the presence of a-MSH (200 nM). a-MSH was used as the negative con
trol and kojic acid (500 pM) was used as the positive control. The results are
presented as the mean * SD from three independent experiments. “p < 0.001
vs unstimulated control group. ““p < 0.001 vs a-MSH alone. The results sho

wn are representative of three independent experiments.
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4) Western blot ¥4
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Figure 21. The effects of DCS on the level of TYR, TRP-1, TRP-2 in a-M
SH-stimulated B16F10 cells. Cells were plated in 60 mm cell culture dish (5.0
x 10 cells/dish) and incubated for 48 h, then treated with DCS (0.25, 0.5 and
1 mM) for 24 h in the presence of a-MSH (200 nM). a-MSH was used as t
he negative control and arbutin (200 uM) was used as the positive control. 8
—actin was used as a loading control. Total cellular proteins were separated u
sing SDS-PAGE, transferred to PVDF membranes, and detected using specifi
¢ antibodies against TYR, TRP-1, TRP-2 and B-actin.
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Figure 22. The effects of DCS on the level of MITF in a-MSH-stimulated
B16F10 cells. Cells were plated in 60 mm cell culture dish (5.0 x 10* cells/dis
h) and incubated for 48 h, then treated with DCS (0.25, 0.5 and 1 mM) for 24
h in the presence of a-MSH (200 nM). a-MSH was used as the negative con
trol and arbutin (200 pM) was used as the positive control. B-actin was used
as a loading control. Total cellular proteins were separated using SDS-PAGE,
transferred to PVDF membranes, and detected using specific antibodies agains

t MITF and B-actin.
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T 7R 7 EAQE =Y 2 COX-1& AAA L Ao PGE A AT, CO
X2 9% &Y AAFHA PGE° 3 Aibs fsity dEAd sy
[66, 67]. o] Aol A, DCS+= LPSel & =% PGE:9] HAS oF #a

Aow, o] Avsh AR PGEE F4L vl FELS COX-2 wuldel
BHe 2aATE AS AAdeyn

LPSo| ol &Alsle 2 A E+= IL-1B, IL-6, TNF-a9t #Z2 cytokine?] Zd
S Fx3sH, o] 37FA] cytokine WA MES] dF HE&S FEd=
S Y68 IL-18% A¥xS2, #3F 2 apoptosisES E3F3e thsk A E

FEol polsul, 4F Wl FLI AR ITHEY, 701 E

ST A
A o] cytokineo] ©]g COX-2¢] fr=e 9548 &5 ANTd 79 = A
2 d#A AFYEHTL] IL-6= dAAEAA NF-xB 2lsdd H=e] 843}
ofEstH, dul, 4 9 dIT, FaT, sy, A =F, 49
ok, A FHE S BddY 22 vSd A4 29 9 B oy ady
W, 9% B At AAds A5sva defA dssyn72, 73] TNF-as ¥

Axs 2dstes WAAG Fddoz g4 @A vhes HddYu74]. o cytoki
ne <, apoptosisell ©§ ME AME, 9%, cachexias FEstal IL-12 IL-6
o] AALS =3) sepsisel]l WFE-3Fo] tumorigenesis®}t viral replicationg A 8l g}
SUTHT5, 761, ¥ AFolM, DCSE A A5 wiZhAIel TNF-a9
A A A2 YeElgA kA IL-18, IL-69] ¥dS F% JEHoz 7

K
kT
K
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52
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