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Inhibition of Phorbol 12-myristate-13-acetate Induced Cyclooxygenase-2 Activity by Three-step
Fermented Soybeans. Cheol Park, Jeong Ok Lee', Chung Ho Ryu' and Yung Hyun Choi. Department
of Biochemistry, Dongeui University College of Oriental Medicine, Busan 614-052, Korea; 'Division of Applied
Life Science, Institute of Agriculture and Life Science, Gyeongsang National University, Jinju 660-701, Korea
- In this study, we examined the effects of the fermented soybeans by Bacillus subtilis (FSB) and the
novel three-step fermented soybeans (TFS) on the expression and activity of COX-2 in human leuke-
mic U937 cell model. Treatment of phorbol 12-myristate 13-acetate (PMA) significantly induced pro-in-
flammatory mediators such as COX-2 expression and prostaglandin E; (PGEy) production, whereas the
levels of COX-1 remained unchanged. However, pre-treatment with FSB and TFS significantly attenu-
ated the PMA-induced COX-2 protein as well as mRNA, which was associated with inhibition of PGE,
production. Moreover, TFS exerts a much better inhibitory activity than FSB against PMA-induced ac-
tivation of COX-2 and production of PGE; in U937 cells. Taken together, these findings provide im-
portant new insights into the possible molecular mechanisms of the anti-inflammatory activity of FSB
and TFS.
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AA el frgEs dEuhgel o)A prostaglandin
S AZEENY FHd FFE Fo2A 747 AA 2H 9
s A3 Fag 4EE e Aoz A AT
Prostaglandin®] gl 27}A9] cyclooxygenase (COX)
isoformo] #ej 33 gleul, COX-1¢] 7%+ housekeeping
genel 22X HHES HoA UG FFOE HHSE
QA P4 FA% ABE 5500 Bojahe
COX-2¥= interleukin-1, tumor necrosis facter-o, plate-
let-derived growth factor, epidermal growth factor, lip-
opolysaccharide (LPS) ¥ tumor promoter 5o ¢]3}e] z}ut
A5, & TFF AR AR E B39} 988 4% ¥
Y A8 @y AP QoA FAF L I
[1,6,1527]. o]#§ COX-29] #& A& AAA 2 v
o FR9 FAXgN g FEoE FHHT glow,
COX-29] 2& & SHAZ ¢ apoptosisoll T3+ AgA &
7HE H o8 Bol 53] 43887 &7 AxY gl gl
o|M= COX-27t B3 AAE /Mty £ 4 I0H3,818].
EE COX-29] #pddel o3 gzAdAe @Ay 2 A
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o]%0] EolA|al apoptosis7} HAE e A7 COX-2 5o
Z A3 Aol &3 angiogenesisst TFEA AAl T A
A A o] frAXY A3 A 93t ¢t Ao YT
3 5lon[8,2530], AYA AE, HEH 4%, T 5H #
H 32 promoter Yo} 2Fst] 15 FHAAE
Fr =38} nuclear factor kappa Bol| &3l COX-2 &g

Hoe HasdME COX298 38485 2 4 4+ 4
TH30]. atA gk COX-2¢0 g A7e FAAY AxoA &
o] o] oA Y& B FATAAY 71H HajME F &
A4 AA 431 Aok HIee g QA AN o
FZUAERAY 93lY f=de COX-29 HHAA ] #Hg
A7 Bol AZRHOZH YATgA 9 AFuNELE]
71A& AEs] Wl HFo| sMsAL QltH519,21]

&d tumor promoter?! phorbol 12-myristate 13-acetate
(PMA)= fr32e) AAL, Mo 433 #3], apoptosis, H
Qg 2 protein kinase C A& AZAE E3F receptor de-
sensitization S3 2-& thbsl A ¥uleS ZHEE oz
A A Yrh2,13,14]. E3F PMAE 7838 PKC activator2
A growth factors, hormones ¥ A X9 A&7 £315 24
SHe cytokined] 9 7]3e AFahzu) AgHM[2223],
cytokine 2 LPS$} vli7l A2 of ] AT E A COX29 &
@ ¥ prostaglandin®] A4& F7HA71E Aoz &#A 3§l
TH[9,11,16,24].
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tideql bacteriocin (nicin)&- 2

A F B5FE BT 28 READ O O 127
< A¥std 39 2aA7 &

soybeans) AVE[20]¢] F9Z Hsho) UE ABEHH )AL
ZALEIAT o) S3te} AAPF AT UBY AERY
o PMAS] ¢/ COX-2 2 prostaglandin®) @& 3} &1
= 3 gX3d JEo] PMAd) 98 f =8 COX-2 & pros-
taglanding] W] oHF JFL vNEAS ZAGA.

sublilis)& AEste] 9 HaAAZ SRz FFA pep-
= 1

R

AlZZH % MZtHe

+ A% AH8-¥ g1 %(fermented soybeans by Bacillus
subtilis, FSB) 9 ¥ 2]3tk(three-step fermented soybeans,
TFS) 422 Lee S{20]8] ol Zatel Az AL ALE
Sttt U937 M ¥ A F8hed 7 4(KRIBB, Taejeon, Korea)
oA E4 wgtony 90%] RPMI-1640 H] A(Gibco BRL,
Grand Island, NY, USA), 10% fetal bovine serum (FBS,
Gibco BRL)¢l| 1% 9] penicillin % streptomycin (Gibco BRL)
ol X349 WA E AHg-3te] 5% COy 37°CE) 273k A )
Fshi

MTT assayOfl QJ8t MZE MIAR| XAt

AE wj %4 6 well plated] U937 A EE 5x10° 7} /mlz
®F3kaL FSB 4 TFSE &8 3 647 9 sl gsigich.
6417 ¥ WA & A AJ}I tetrazolium bromide salt (MTT,
Amresco, Solon, Ohio, USA)E 0.5 mg/ml ¥%7} 57 )
AR 845t 2 ml¥ B33 347 S9 CO, incubator
NA W FAZ T MTT Alkg 7228k A AAST dime-
thylsulfoxide (DMSO, Amresco)Z 1 mi® 533519 welld]
AR E formazing BT =9 I 96 well platec]] 200 pl¥® £
AA ELISA reader (Molecular Devices, Sunnyvale, CA,
USA)E 540 nmollM FF L2 2484t 2L 25 4
HE stQo, 1o g FFYH £F 23S Microsoft
Excel Z2 9808 73}y ch

DAPI stainingOf 25t MZso| Hej zha

FSB 5l TFS A 2ld o1& 3o) Hej g wWalg d2slr) 9
gt FHlE AZE 22 & 37% formaldehyde 2 0.2%
9] Triton X-100 (Amresco) &40 2 TA 3, 4 6-dia-
midino-2-phenylindole (DAP], Sigma, St. Luis, MO, USA)
Aoz F2dA o 1087 FHsigt. 449 NEE
PBSZ Z &3l A% 5k1 absolute alcoholg o] &3}¢] &4
I8E AR F, ¥4 v (Carl Zeiss, Germany) S o] &5}
o] 400919} W &2 7t Txo] wE AT o] Fe W3l
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Western blot analysisOil /5t B WHio] &

A719 FUF 2R E Frld AEES PBSE Ao
3 A9 lysis buffer [25 mM Tris-Cl (pH 7.5), 250 mM
NaCl, 5 mM EDTA, 1% NP-40, 1 mM phenylmethylsulfonyl
fluoride (PMSF), 5 mM dithiothreitol (DTT)]E #7}3}¢]
4°Col M 3087 TAIZ F, 14,000 g2 3083 Al ¥}
o 1 ZF9E At A5 A d¥d FEE Bio-Rad
@A g Alek(Bio-Rad, Hercules, CA, USA)E A}g-3}of
AP o whEl % 3 O F 3] Laemmli sample buf-
fer (BioRad)® 401 sampleg WS AT o2/ TE £
Fo g AS sodium dodecyl sulphate (SDS)-polyacryl-
amide gel& o] -3l AV|9F oz 3t £g8 &
WAL &F3 acrylamide gel$ nitrocellulose membrane
(Schleicher and Schuell, Keene, NH, USA)2.2 Ho|A|7]
%, 5% skim milkE ##¢ PBS-T (0.1% Tween 20 in PBS)
£ Aeisko] MSo] 4 UM AEo] th3k blocking® 345
%th FH ¥ membraned] 13} IAE X]ste] 420 1
A7} o] = 4T A overnight A}7l TS PBS-TZ A&
S AF 13 o) D 27 FAS ALEFA FE o)A
1A A= 9k-3 A7) t}A] PBS-TE A& 3}a enhanced
chemiluminoscence (ECL) &% (Amersham Life Science
Corp., Arlington Heights, TL, USA)S A-&A171 t}L <14
A Xeray filmol Z3A1A SHGRA g EAFAT
Immunoblotting & )3} 23 A =Z AlE-H peroxidase-la-
beled donkey anti-rabbit ¥ peroxidase-labeled sheep an-

Jzx

ti-mouse immunoglobuling Amersham Life Scienceol] A

FY s

Reverse transcription-polymerase chain reaction
(RT-PCR)0i| 2/8t mRNAS| £4

Y ZANMA vldE MXEZS PBSE A F st TRIzol re-
agent (Invitrogen Co., Carlsbad, CA, USA)E 4°Col|A] 1A]
b E< AE3te] total RNAS H]3¢ ot #2)8 RNAS
Age 3, 4719 primer (Table 1), DEPC water 71811
ONE-STEP RT-PCR PreMix Kit (Intron, Korea)s ¥t
Mastercycler gradient (Eppendorf, Hamburg, Germany)&
ol &30} ZE3lqrh 7t PCR ABES FH zfo| 2 s}
7] 943819 1X TAE buffer2 1% agarose gel& =11 well
9 2}7+¢] primerdl| 338t PCR AHE-o] DNA gel loading
solutiong- 410}A] loading & 3 100 VoA A79 5L 8
31tk 719522 DNA 271 B¢ gelS EtBre o] &
st} QA & UV 3lo] A &<138}a Picture works” photo
enhancerg ©]&3te] AL HYE 3k ol house-
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Table 1. Gene-specific primers for RT-PCR

Gene name Sequence
COX.1 Sence 5"-TGC-CCA-GCT-CCT-GGC-CCG-CCG-CTT-3'
Antisence 5-GTG-CAT-CAA-CAC-AGG-CGC-CTC-TTC-3
COX-2 Sence 5-TTC-AAA-TGA-GAT-TGT-GGG-AAA-AT-3
Antisence 5-AGA-TCA-TCT-CTG-CCT-GAG-TAT-CIT-3
GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3'
Antisence 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3

keeping A& glyceraldehyde-3-phosphate dehydrogen-
ase (GAPDH) #4A}& internal control2 A}g-3}53t}.

Prostaglandin E-°| §3

Prostaglandin E; (PGE;) A4 <9 =38 93 PGE
EIA kit= Cayman Chemicals (Ann Arbor, MI, USA)ojl A
THFHA LA, PR ¥& Z437] 93te) URBT A X
U4 $59 FSB 2 TFSE 1417 A g & PMA (40
nM)E AT wAGA 612 Bt AEE wjFAZ IS
ATt o] &3t AAE Wl wgt A o ELISA
readerE &3¢ 420 nm9] FRE=E g I E FH3
ek

g 9 na

MIZS| EAl0) OjXi= PMA, FSB ¥ TFSQ| &t

FSB & TFSE 95 A& 7499 PMAS} o] X&)
< A7 U937 AE F4d A 9L dolry) s
o MTT assayE ©] &8} t}. Fig. 1A 2 Bojl A Uehd uie}
2ol FSBE 6415 AP e B-¢E 3.0 mg/mld] &
7HA ob-d WSyl vehdA ggw, TFSY 7%+ 25 ¥
3.0 mg/mle] T HE9 F2o| 3oz ZHas
AA T 20 mg/ml o3} FEME Wy} #AHA 4t
th. w3 Fig. 1C 2 D9} 2+o] FSB 2 TFSE 1417+ M e]d
th 40 nM9] PMAE 6212H5 <t A28 S 79 2 mg/ml
o FETA] M E F4o oA Wiyt ABHA o)
ol4te} Asto] A 40 nM¢] PMAS} 2.0 mg/mle] FSB 2 TFS
€ U7 NE FA0 o}l 4FS XA e AL ¢
4 AA

MIE Eejoil DIXlE PMA, FSB % TFSQ| g

PMAS} FSB 3 TFS9] Azl ©t2 UB7 AE 9] AxZH<l
He| wislE golry] 915te PMAS 1417 A4 @ ke
FSB @ TFSE 6A17t A28t A% Fig. 1E|A B upe}
2ol Axe Ber ZAsA gpow AT P
371 Sl & 4 ATk £ Fig. 1FolA vehd v 2
o] U7 AX 3o Feix Wsls BARe 4% g9432

$%0] ol apoptosis7} Yoldt MTeIA AYHoE #3
5= apoptotic body7} #2514 BT Bl Feirt Tl
A A4o2 da5)9lch ol PMAS FSB 2 TFSe] A2l
He AE 34 2% & FHHE stk

COXs2| Walo) 0|Xl= PMAS) &

U937 A XA PMA Xt v A w2 COX-2
g Aol wd P E Western blotting. 2 F23gch
Fig. 2Ad] A vtetd vio} o] PMAE F2HE 6A1 -5
A HE A5 COX-19 Afe ohFdd W3yl #3sA
LA T COX2¢] AL+ 40 nM9] FZo X 2E 7337
HHEE AE U & ¢ YA TF o2 PMA HAZH
o W& COX-29| HAYEE &3 27 Fig 2B 49} 2
o] PMA A& 2A1774 A= o}F-4 Wiy} veptA] ggA
gk 4A1ZHE-E COX-29] W o] vehty] Algste] 647t
Me A F718le AE #2E F AU o4 4
#}E 49E o) PMAE UB7H XA 4 2 COX-19] &
o= 2 9L PAA ZapAw @52 Fa3 4
& e COX29) 2de F/MIASS ¢ & Utk

PMAO| 218t COX-29] &8l Z710ll lX/= FSB X TFS
o gzt

AAY Ael BE AZA COX29] FHRAL g 7A
492 doslt 8ol HE Ao YHAUA oJoF o
ZuAAAS AAe) B A7 ol AWHL Y& AF
o|tH4,8,12,19.26]. watA U937 MEo|x PMAd] <
COX-2¢] #2d A4l v FSB B TFSS| 938 s
7] $138t] FSB 2 TFSE 2 mg/mle] T8 @5 A3
& 7499} PMAZ 143 4423 ¥ FSB 2 TFSE A 25}
o 6A7 A3 F9 COX1 2 COX29 #d AEE
Western blot @ RT-PCR W o2 @&t} Fig. 2C ¢
EolA UEh whe} o] COX-19) A$E o}7dl W3y} ¢l
A7 PMAS] 9514 ade cox2d A$e wud 2
mRNA 28 2504 FSB @ TFSe] 4Azd a4 8
8 Fashs 202 Yy 53 FSBol HlejA TESE 4
ADNNRE S COX2 B AAREI} Z7heke Ao
2 229,



Journal of life Science 2008, Vol. 18. No. 2 183

B
B

160
g° 3
= @ =
S 3
. _
2 i 4.5 15 2 25 3
FSB (mgimi) TFS (mgimi)
120 D) 12
100
g @ 3
3 8
o L :
a (] 4.5 k] 15 2 ] g 8.5 1 1.5 2
FSB (mgimi) TFS (mgimi)
PMA {40 nM) PMA {40 nM}

FsB
TFS
[} ] 1 2 {mg/mi}
PMA {40 n
F) {40 nM)
FSB
TFS

¢ [ 1 2 fmg/mi}

PMA {40 nMV}

Fig. 1. Effect of fermented soybeans by Bacillus subtilis (FSB), three-step fermented soybeans (TFS) and PMA on the cell pro-
liferation in U937 cells. The cells were incubated with indicated concentrations of FSB and TFS (A and B) or 2 mg/ml
of FSB and TFS for 6 hr after 1 hr pretreatment with 40 nM of PMA (C and D). The rate of cell proliferation was measured
by the metabolic-bye-based MTT assay. The data shown are means+SD of three independent experiments. (E) The cell mor-
phology was visualized by light microscopy. Magnification, x200. (F) The cells were stained with DAPI solution. After 10
min incubation at room temperature, cells were washed with PBS and nuclear morphology was photographed with a fluo-
rescent microscope using blue filter. Magnification, x400.
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Fig. 2. Effects of FSB, TFS and PMA treatment on the levels of COXs proteins and mRNA expressions in U937 cells. (A and B)
The cells were incubated with various concentrations PMA for 6 hr or incubated with 40 nM PMA for indicated times.
(C) Cells were incubated with 2 mg/ml of FSB and TFS for 6 hr after 1 hr pretreatment with 40 nM of PMA. Cellular
proteins were separated by SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. (D) Protein levels of
COX-1 and COX-2 were normalized by actin protein. (E) The cells were incubated with 2 mg/ml of FSB and TFS for 6
hr after 1 hr pretreatment with 40 nM of PMA, total RNAs were isolated and reverse-transcribed. The resulti=ng 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. (F) mRNA levels of COX-1 and COX-2 were normalized by GAPDH mRNA.

FSB ¥ TFSQ| PMAOI 2/8t PGE2 A9l X

A4 ABS TFY GF AANSIN PGEE AT
Bdolu 240 9 202M 2% Ao fu A
of Heiste Aoz FelA 910m[891928], PMAE WA}
24745 HAL F54o] PCE2) AL ZAAI7E A
o2 HuEy Iu}10,20,29]. mekA U7 AlEojx PMA
o 9% PGEr9 44 Z7}ol WX FSB % TFSe] e

ZAHe A3, Fig 3914 B nhel o] PMA Al ¢Js)A
PGE9] Aol @A F7lete A& & & AL, EF
FSB ¢ TFSS] Aol 93le] PGE,9 Aol ol A ¢
& ¢ & A o8 PCRY A4 A4 vAe J3e
FSBol} Hl3te] TFS Ae|atolA Bl &df&0|t. o4
A#E AHE o FSB 2 TFSE BF COX-29) &4 Az
A3 PGE9 A4 AAA&o] AeS & + UUTH
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Fig. 3. Effects of FSB and TFS on the PMA-induced PGE; pro-
duction in U937 cells. The cells were pretreaed with 2
mg/ml of FSB and TFS for 1 hr followed by in-
cubation with PMA (40 nM) for 6 hr. The PGE, accu-
mulation 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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F 2 mg/mle] FEAAN 6AAAE HEZAd o}d
*%k:% AIA A AL PMA Ao JAE AT 2o
Ha7h giden, Axe de 2 89 ez PMAg)
FSB 5! TFSe] Ao oJs)A ol¥el Wk} ehtA] ek
o 28t COX-29] WE e AxE PMA Had osjH =
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