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Cyclooxygenase (COX)-2 is generally known as an inducible enzyme, and it produces arachidonic acid
to prostaglandin E, (PGE,), which has been demonstrated to play a critical role in inflammation. In
the present study, we investigated the effects of the extracts of fermented beans including soybean
(FS), black agabean (FBA) and yellow agabean (FYA), on the expression of COXs and production of
PGE; in U937 human promonocytic cells. Treatment of phorbol 12-myristate 13-acetate (PMA) sig-
nificantly induced pro-inflammatory mediators such as COX-2 expression and PGE; production,
whereas the levels of COX-1 remained unchanged. However, pre-treatment with FS, FBA and FYA
significantly decreased PMA-induced COX-2 protein as well as mRNA, which is associated with in-
hibition of PGE, production. Moreover, FS, FBA and FYA markedly prevented the increase of nuclear
translocation of nuclear factor kappa B (NF-kB) p65 by PMA. Our data indicate that the extracts of
fermented beans exhibits anti-inflammatory properties by suppressing the transcription of pro-in-
flammatory cytokine genes through the NF-kB signaling pathway.
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Nuclear factor kappa B (NF-kB)= redox-sensitive tran-
scription regulator2 4], 3| BYDNA motif 3} 23322 A
e FAREY AL 84S BT A 3
A& A EZZA inhibitory subunitq] inhibitor kappa Ba (Ik
Bo)¢t Aol HBAHFS FAst AR in-
flammatory cytokines, mitogens, UV, 18] 1 oxidant 5|
ofg] A=l ols) IkB @) do] Q14bshEE NF-«kB= 8 ghe
2 o]F3te] 3l DNAY promoter, enhancer 59 2884
2 A83tH4,31]. o 71A F& F, 53] NF-kBT prosta-
glandin (PG) pathwayE S4AZ 024 AFHSS F
e Aoz gEA UH7,17,222930] o8 ThFd 27 o)A
EAOAE 2H5te PG 829 57 ol d#e &
3 &%, @9 24, 2 7, o5 2 59 220U
07 7150 Belae B4 F shheM, 9 B4 52
frarsithal 4E A o PGE arachidonic acid25-E ¥
HH, olmf cyclooxygenase (COX)Zte FA7F Btk
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[1,2,8,17,20,29].
COX+¥ thromboxane, prostacydin, prostaglanding 33}
3l prostanoidgtal 8= F 88 biological mediator®] ¥
e 9 EAEHN PG FA = IuE o2 2744 isoform
ol COX-1 2 COX-27} #odate Aoz deA AvH2,10,34].
COX-12 tf 9] ZZ oA housekeeper enzyme S 2 &/
A FAE #BHEn ded ¥Ele COX-2E inter-
leukin-1 (IL-1)% 22 cytokineo| v} & 441}, F
A4 5 A=l sy ermtﬁﬂ‘ll
Z2 oA FA YERFTHL,2,6]. COX-2
=718} apoptosisE JAISHH A2
S ZA e ZoG A4
3 AP Fa3 G3-g 3,
AZzA A @AY H
COX-2¢] Al A A o] I3 angiogenesis9} &
Ao M COX-29 Aed - 23t
A TH11,14,17,23,30,31].
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327 (Bacillus subtilis) ol <]
A G| A& ”Natto”,

It} o]g e 1soﬂav0neJJr isoflavone©| %Pr
&7 o] 9 gty AYA
e & A SoRNE o 0}
RHo g de)A UvH13,14,16,18,28]. 3+ 7
2 SAH A ol7}FE j(},—_a} 0}7}4_) 045
(7u47é> 0}7}%)t isoflavone®] o] thg F=ol Hlg W%
EE ALE Il HojHong oprtF e Ayt b F
Hls) B E2 Aol AZEn5,25].
% "1'?01]/‘1: 7, o7k 3% B 459 AR o9
%S ZAR8E7] 9138k phorbol 12-myristate 13-acetate
A o) FEH COX-29 ¥, prostaglandin E,
(PGEz)O A2 9 NF-xBo] &4 z7]’[12 19,21,26]°l "=
ol

a9t

A rll‘ o{ﬂ

EJJr USRS

Az 2

M|ZEHHQF

B A7 AHE U937 QA EAEE xS AT

2(KRIBB, Taejeon, Korea)oll A & Wqtom, A9 wljk&
A3l 90% 2] RPMI-1640 HJ A (Gibco BRL, Grand Island, NY,
USA), 10% fetal bovine serum (FBS, Gibco BRL)l| 1% 9] pen-
icillin ¥ streptomycin (Gibco BRL)¢] 23 8l A& A}-&-3}
Ao 37°C, 5% CO, 27 3fol|A] wj st

AZZH H A2

w A8 AHE AR AlFolA rls s tiFe AR
Sael X FF FAHHAR o7k 35 (it o) B 43(H
3 0}7P%)§ Aol AHEATh A& FHIE A8 FES
FABIAL 4417 HAANZ H 7RFSAR § Ao me
w2l 7 Bacillus sp sm26S 50 g3 1 ml E 3] 37°C,
7277k v eFatglal, 1 % 70% EtOHZ &
mented soybean (FS), black agabean (FBA) and yellow aga-
bean (FYA)3H] BEIZ B5EBL AAS F 5347 ALE3)

At

Z[extracts of fer-

MTT assayoll o[t MZ MEAX 05 ZA}
6 well plateo] U937 Al E£Z 75x10" 7} /mlZ EF3}1L 62]
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7t 53k vk FS, FBA 2 FYAE A 2|3t & A9 tetrazolium
bromide salt (MTT, Amersco, Solon, Ohio, USA)E 0.5
mg/ml FEZ 51“3}04 200 pl¥ FF3taL 2A413kE <t wl st
Ak gl Ed & MTT A<FS A AL dimethylsulf-
oxide (DMSO, Amresco)E 1 ml¥ 33} wellell 4/3E
formazang EF 521 % 96 well plated] 200 ul® &AA
ELISA reader (Molecular Devices, Sunnyvale, CA, USA)=
540 nmo A FREE SAHFAT AL ZF A HE o
o o gt Hd EF L AE Microsoft Excel T21
oz stk

CHHEo] 22| M7|FES 3 Western blotting

Ay Aol ofsf z710] &) PMAY 94t T3
ZZCZ FS, FBA 2 FYAS AT Aol vjfd AZs
o A2 2] lysis buffer [25 mM Tris-Cl (pH 7.5), 250 mM
NaCl, 5 mM EDTA, 1% NP-40, 1 mM phenylmeth-
ylsulfonyfluoride (PMSF), 5 mM dithiothreitol (DTT)]E 7}
3ho] £°C A 1A17F ¥HSA1Z] F, 14000 rpm O 2 308 4%
ﬂfg]-oq 1 /bl-%_ll]_% _A ].0:]1;]. )\}Zoﬂg] D]—Hﬂ}(] =L E
Bio-Rad @& A=A F (Bio-Rad, Hercules, CA, USA)&
AHgete] AEgt oy %9 Laemmli sample buffer
(Bio-Rad)E 410141 samples TH=th o] FA W& F7F9
99 4S sodium dodecyl sulphate (SDS)-polyacrylamide
gels ©o]&ste] @795 o=2 EEach TEd WA s
3¢ acrylamide gelS nitrocellulose membrane (Schleicher
and Schuell, Keene, NH, USA)S.2 7 o] ] o AA 13t
FAE A2t 4°Coll A overnight A171 § PBS-TZ A4 3}
A" 12 FAl g 23 FAE AFEste] Aol A
HGAIZE WA AT A PBS-TZ A 33}l enhanced chei-
luminoscence (ECL) &% (Amersham Life Science Corp.,
Arlignton Heights, IL, USA)S #-&A]7] Xray filmel 7+ A]
A SAGNAY & FA5H. B 47 AHeE A=
< Santa Cruz Biotechnology Inc.olA FY3tA2m,
ImmunoblottingS 913} 22} FAZ AME-E peroxidase-la-
beled donkey anti-rabbit immunoglobulin ¥ peroxidase-la-
beled sheep anti-mouse immunoglobulin> Amersham Life
Science Corp.olA T3+ Th.

Reverse reaction
(RT-PCR) &4

Y 24X Bl gE U937 MEE] TRIzol reagent
(Invitrogen Co., Carlsbad, CA, USA)E 4°Col A 1717t &<t
A2kl RNAS &85t £2¥ RNAS AZe &, 47
9] primer (Table 1), DEPC water 12|11 ONE-STEP RT-PCR
PreMix Kit (Intron, Korea)E 1l Mastercycler gradient

so] ZEa40. 2

transcription—polymerase chain

(Eppendorf, Hamburg, Germany)& ©]-&
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Table 1. Sequences of primers used for RT-PCR

Primer Sequence
coX1 Sense 5-TGC-CCA-GCT-CCT-GGC-CCG-CCG-CTT-3
Anti-sense 5-GTC-CAT-CAA-CAC-AGG-CGC-CTC-TTC-3
COX2 Sense 5-TTC-AAA-TGA-GAT-TGT-GGG-AAA-AT-3
Anti-sense 5-AGA-TCA-TCT-CTG-CCT-GAG-TAT-CTT-3'
GAPDH Sense 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
Anti-sense 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3

PCR 2259 4 2fol& gelst] flste] 1X TAE buffer2
1% agarose gels THEIL well § ZrZH] primere] 3%93t=
PCR 4FZ9] DNA gel loading solution 41014 loading %
F 50 VolX H7]19ES Bttt 1719522 DNA &7
7} ¢ gelS ethidium bromide (EtBr)& ©]-&3l 4%t
T UV gtoll A 2@ e Aol & &QlekA oM, glyceraldehyde-
3-phosphate dehydrogenase (GAPDH)E internal control®
AH&-sHA T

Prostaglandin E»2| X

PGE, 44 % 5745 918} AH&-3 PGE; EIA kite Cayman
Chemicals (Ann Arbor, MI, USA)el| Al )8}t U937 M|
oﬂ theksl 5o FS, FBA l:u FYAS 1A17F A ;‘ﬂg] _‘?F/ PMA
40 nM)E A 23w Ao 6417 B AIEE wjFAZ] &
%A ol §5}e] PGE; EIA kitel A48 Wyl we} 22)
St Th ELISA readers ©]&3 420 nm9] F3EE W39
AeE A5

2 o

MZZAl0f| O|X|= FS, FBA X FYAQ| g3t

ThoFst =59 FS, FBA ¥ FYAZ} A2]® U7 A E9] %2
AA| AF-E dolr 7] $J3te] MIT assays ©] 83 Th. Fig.
14 YERE uhe} o] FS, FBA 2 FYAE 6A|17HESH 5
mg/mle] FE7A 280 B 80% AT AELL HY
on, AEANE A2 HFE A Foeh webs 80% o) d ]
AES B 3 mg/ml FES A 27 =g Ak

COXs9| &&{0f O|X|= PMAS| &k

U937 AZAA PMA HElel| ¢$ COX-1 ¥ COX-29] &d
W3} =5 Western blotting® 2 FALSI Tt PMAS A4
SR 010 AL AT COX19) AE o
37} AAE A AR COX-29] A5+ 40 nM9] F = A
A BEEE AS FAT 4 A THFig. 2A). T3 PMA
A Aol & TEHA % H w3 2 A3 COX-12 obF-¢
W7 SIAA T COX-2+= AT St whe) dEd ol
F7hslo} oAbl A AASA F7HEE g BB AN

120
100 |
=
= gor
£
S 60}
o
= —i—FS
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Fig. 1. Effect of fermented beans extracts on the cell viability
in U937 human pre-monocytic cells. The cells were in-
cubated with indicated concentrations of fermented soy-
bean (FS), black agabean (FBA) and yellow agabean
(FYA) for 6 hr. The rates of cell viability were measured
by the metabolic-bye-based MTT assay. The data shown
are means of three independent experiments.
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Fig. 2. Effect of PMA on the levels of COX-1 and COX-2 ex-
pression in U937 cells. The cells were treated with vari-
ous concentration of PMA for 6 hr (A) or 40 nM of PMA
for the indicated times (B). The cells were lysed and then
cellular proteins were separated by SDS-polyacrylamide
gels and transferred onto nitrocellulose membranes. The
membranes were probed with anti-COX-1 and anti-
COX-2 antibodies. Proteins were visualized using an ECL
detection system. Actin was used as an internal control.

Th(Fig. 2B).

PMAO| 2fst COX-29|
FYA| o8t

U937 A Eol| A PMAd 2|3t COX-29] & HAbo] o3t
FS, FBA @ FYAS] 93-S ZAMsL7] 943he] FS, FBA 2 FYA

2SS0 OjXl= FS, FBA %



< COX4
<+ COX2
<+— GAPDH
FS 3 mg/ml
FBA 3 mg/ml

R : +  FYA 3 mg/ml
c + PMA 40 nM

(©) ‘--——-———‘-— COXA

‘ Y
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2
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1]
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9
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Fig. 3. Effect of fermented beans extracts on the levels of COXs proteins and mRNA expressions in U937 cells. The cells were
incubated with 3 mg/ml of FS, FBA and FYA for 6 hr after 1 hr pretreatment with 40 nM of PMA. (A) Total RNAs were
isolated and reverse-transcribed. The resulting cDNAs were subjected to PCR with indicated primers and the reaction products
were subjected to electrophoresis in 1% agarose gel and visualized by EtBr staining. (C) Cellular proteins were isolated,
separated by SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes were probed with
anti-COX-1 and anti-COX-2 antibodies. Proteins were visualized using an ECL detection system. Actin was used as an internal
control. (B and D) mRNA and proteins levels of COX-1 and COX-2 were normalized by GAPDH mRNA and actin protein.

£ 3mg/mlY] FEZ G5 A3t 459 PMAS
g3 & FS, FBA ¥ FYAS A es}
COX-1 2 COX-29] HHAATE HA} 2
aFth Fig. 39] Aol A & 4= 9l5ko] COX-12
o WS YEhYAl kAR PMAC &sjA @
COX-29] 7%+ mRNA % @3 9§ wEo| A FS, FBA
2 FYAS] Aol oA #A 3] Faste A
53] FYA A 7tol 35 FS 9 FBA A 2|+
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._L

AJAL
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U937 Al o)A PMAo] 2|3 PGE2] A4 Z7}ol v x&
FS, FBA 4 FYAS 93F& 2AL8}7] 913k, WA PMA H2)
o 9siA PGES B¢l dAstA F7lske A &3t
ThHFig. 4). 12v PMA Aol oJ3te] Z71E PGES] Aol
FS, FBA % FYAY A d gate] dAatA A=A,
PGE;®] A4 Ao A= FSell Hlall FBASF FYA A 2]<t ol A
0 @37 o|dtt. o= FS, FBA ¥ FYAd| 93 COX-29]
wF A5k o Axz =AT $ dch

FS, FBA

NF-kBQ| translocationdi| O]X|= PMAL| ¥t
PMAE A7PEE A& 39S w & kO 2 translocation

H NF-xBo] Wds a3t 2%, AA7 S7tel whet 8
Woll EA3t= NF-xB| & o] %7}0}%10&1 53] PMA A
2 $ 2712 Aol AatA %}fﬁ < 39 5 A =9
PMA A 2] $ 147t S5E A|7to] Ao tﬂra} A EA &
AshE kB Edo] AA3] Aaste AL FIT & AU
t}. g PMA7} [kBo] Q143 E f-itA|Z) 0 2 4 NF-kBS

8 QtO 2 translocation AlZ1THe A 18 thFig. 5).
L]
E_ 200
g
i’
2w |
LA E A E L
- + + - = FS 3 mgiml
* = - » + FBA 3 mg/ml
+ " » - + FYA 3 mg/ml
+ + + + PMA 40 nM
Fig. 4. Effect of fermented beans extracts on the PMA-induced

PGE; production in U937 cells. The cells were pretreaed
with 3 mg/ml of FS, FBA and FYA for 1 hr followed
by incubation with PMA (40 nM) for 6 hr. The PGE,
accumulation in the medium was determined by an EIA
kit as described in materials and methods. The data
shown are means*SD of three independent experiments.
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‘ ‘4— NF-«B
Cytosol | | B B b« |« B
[ - ——— v o |« Actin
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Nuclear ‘ “— kB
‘ ‘._ Actin

Fig. 5. NF-kB translocation by PMA in U937 cells. The cells were
treated with 40 nM of PMA for the indicated times, and
cytosol and nuclear proteins were prepared. The NF-kB
in nuclear proteins extracts and levels of IkB in the cyto-
solic protein were determined by a Western blot analysis.

FS, FBA 2! FYAO|| 2|8t NF-kBQ| translocation 2|

PMA g9 93] & ¢t & translocation® NF-xkBo| ¥Hal
w3l W X= FS, FBA ¥ FYAY] 93-S ZAMeH 27, PMA
o] 9J3] & ¢t© 2 translocation® ¥ NF-kB7} FS, FBA &
FYAS] A9 98} translocation A =7} AA8HA TAaE
Row, XA PMA Mo 3] ZA=HAY kB ¢d
o] FS, FBA 2 FYA #2]0] ]3] k7t Z7lakes AL gold
F AN th(Fig 6). ©14e] A7= FS, FBA 2 FYA7} PMAY
93 NF-xB9| &4 F71E dASHA A A=< vlste
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(A) ‘-------- ‘4— NF«xB
Cytoso' ‘h - - . ‘G—hCB
‘----ﬁ---“— Actin
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B g u
el
530 |
Ecgt
2t
TE4 T
R
g = [ 0 [
+ & z = + = & FS 3 mg/ml
- + - - - + - FBA 3 mg/ml
+ = = = + FYA 3 mg/ml
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izt

1

Phorbol ester?] €& 9.2 tumor promoter! PMAE diac-

ylglycerol# o] A% W @A Q143 A7) protein
kinase C A2 ARolx, s22 2 A %o Az

2315 248 cytokinedl] 93 712+ AFeted AH-E
™, cytokine B lipopolysaccharide$} PFH7FA 2 o8 N2 E
oM COX-29 Fd B PG} A& M7= A5 <
A A lth212,19,23.26]. & ;Loﬂ M= U937 HE &
W4 FS, FBA @ FYAS] 3¢ ° 29157 959
PMA Azl o3 F7t5 = 9% A5 9] W&ol v] 3]

o] a3E st 01 ko] U937 AlEe] 22
01] FS, FBA % FYA7} o]H3h = 22 odolr 7
A3 MTT assayoll 93 A F2] JA| JHE 23 A3,

40 °‘“
z
o, olr

675 F3 FE9 5 mg/ml oM E AEE0] 80% FE
o AEAPEe] FEEHA ¥e AL FAFozN HE
=20 FS, FBA 2 FYAZ} AR H o7 2 93kS n|x]#] &9

&S ¢ 5 AATHFig 1). T U937 A F o)A PMA] g
COX-2¢9 Bd< S7F A = e 208 T A48}
6

25k, PMAES thekst TR 2 6417 B¢ A8 39S 4
£, COX-19] #Hdol= 2 W7} gl ey, COX-2= 40 nM
o] Z%EHLOM A5 EEol FvkE e AL s

!

223 40 nM PMA9] 93 C
74 ddo] w4 JErthFig. 2).

A7 ezl o2l 74A g9F dEEY A8 F

Stue PG §485 dAlste AlolH, ol PG A 3

T 549 COXsel A4 2w AAlol <Jgk Aolthe).

‘ . s G = — -

Nuclear ‘

‘ |+~ Actin
* = = % * = = FS

3 mg/ml
- - - - FBA 3 mg/ml
+ - - - +  FYA 3 mg/ml
- PMA 40 nM

—_
O
NS/
=nasm=SER
—

relative to Actin

Nuclear NFxB intensities

.. luns

+ E = = + = = FS 3 mg/ml

- + - - - + - FBA 3 mg/ml
S + & & s + FYA 3 mg/ml

PMA 40 nM

+ + + +

Fig. 6. Effect of fermented beans extracts on NF-kB translocation in PMA-stimulated U937 cells. (A) The cells were pretreated with
3 mg/ml of FS, FBA and FYA for 1 hr before stimulation with PMA (40 nM) for 6 hr, and cytosol and nuclear proteins
were prepared. The levels of IkB protein and NF-kB localization in cells was determined with anti-IKB and anti-NF-kB
antibodies. (B and C) The levels of IkB in the cytosolic protein and NF-kB in nuclear proteins extracts normalized by control

protein (actin).



© AA COX-1 % COX2& 5=, 53] COX-29
4 ‘E%ﬁﬂ, AgS T AA Y Tt RS dod)=
89107 #Z83TH1,2,6,10,19,23,29,34]. COXoll & T4 5
T PGE BF 8 THE ¢ loH, tdd 24x &4
ALS 2-3ted, 1 F 45 e fEske Ao 4y
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PGE:9] 7591 = FS, FBA % FYAS AF3tH s W dA 3]
AqAE = AL FelstogM, FS, FBA % FYAS] Ao <3t
COX-29] & Al7} PCES) A4S dAMNA =S 42
T AATHFig. 4).

& NF-kB= DNAY] AALE 24dsle Tl A B34 2 A,
Aol 91 AEolM NFkBE AlZAA 154 54 A3
AR deA e kBt AFE o vds} 2 EAFT
H| G4 3LE NF«kBE 79 BE FEARES] AEAA B
W ~Ed 2, cytokines, free radical, UV, oxidant, mitogens
a3 53 22 A=) o5 F43tEtH7,20,21,22,32).
NF«B9] 242 A7} 455 wro} kB B o] IkB kinase
(IKK)ell oJ3) A4ts} =HA A2, kB9 #2] ¥ NF-«kB&=
3 oto & o]Fo] fols|AA H}. & ¢toE 07+ NF-kB
+ DNAS] promoter ¥ enhancerg9] ZH 842 243+

dl, Foh3 NFkB2| &4 S7h= 954 A8s L339, o,
AV A, Ay £, vio]H A

r

g gy AR

Loﬂwﬁ 3 AE 017 4,17,31,32]. B AT ©E
Foll e g dAEC] NFkBY 48 AT 4 =
Ao 0134;@ [324], & A7olA AHEE T EE FEE]
PMA®| ¢t NF-kB9] &A4¢l] ojwst J3-S mx =] 2AFSH
Atk o] E 93t PMAE @5 AHI34S 73-°r Al 223
oA o] NF-xBo} [kB9] Wsts &elgh A3}, PMA ARt
S7kol met, AlEAd EAste kB T ok | ZHas o
], & © 2 o] NF-kB translocation®] &7}s= A& &915tH
Ch(Fig. 5). 3FAI%F FS, FBA ¥ FYAS Y9502 A2|g 499
+ NF-xB9] translocation €42 #2% 2] gkon, PMA]
9]3} NF-kB translocations A s}A A5, A2 4
o EAlste kBe HAFe] F7hske A& FelstAth(Fig.
6). °]= FS, FBA 2 FYA7} U937 Ao A PMA A2l 23]

10.

11.

12.
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