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Effect of Doenjang with Black Soybean on Cytokine Production and Inhibition of Tumor
Metastasis. Sun-Young Lim, Myung-Suk Bae', Kun-Young Park' and Kwang-Hyuk Kim™. Division of
Marine Environment & Bioscience, Korea Maritime University, 1Depif. of Food Science and Nutrition, Busan
National University, “Dept. Microbiology, Institute for Medicine, Kosin University College of Medicine - We
investigated the effect of black soybean and doenjang with black soybean on production of cytokines
including interleukin-2 (IL-2), interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) compared with
yellow soybean and doenjang with yellow soybean. We also determined inhibitory effect of two types
of soybeans and doenjang on tumor metastasis produced by colon 26-M3.1 carcinoma cells. The cyto-
kine productions of mouse splenocytes increased by the exposure of lipopolysaccharide (LPS, 1 n
g/ml) compared to without treatment of LPS. The LPS-induced IL-2 production was highest in the
black soybean methanol extract, while the methanol extract from black soybean doenjang fermented
for 2 mo showed the higher levels of IL-2 without LPS (p<0.05). In case of LPS-induced IL-6 pro-
duction, the methanol extracts from control, yellow soybean, black soybean doenjang fermented for
2 and 7 mo showed higher levels of IL-6 compared to those of black soybean, and yellow soybean
doenjang fermented for 2 mo (p<0.05). The methanol extract of black soybean doenjang fermented for
2 mo showed significantly higher levels of TNF-a in both with and without LPS (p<0.05). In experi-
ment of tumor metastasis, the treatment (1 mg/mouse) of methanol extract from black soybean doen-
jang fermented for 7 mo inhibited tumor metastasis by 50% and had the highest inhibitory effect
among other samples (p<0.05). From these results, doenjang manufactured with black soybean modu-
lated the production of cytokine and showed anticancer effect, suggesting that this effect was in-

creased with increased periods of fermentation.

Key words : Black soybean doenjang, tumor metastasis, cytokine, interleukin-2, interleukin-6, tumor
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coli (serotype 026:B6)ollA] &8 HAE EF(Sigma Cat.
18274, USA)S AHE-31 S th IL-2, IL-6, TNF-a & Z43}7] 9
Sk A]2F-2 Mouse IL-2, IL-6, TNF-o. ELISA kit (eBioscience,
USA)S o]&3t4lth.

3 F£ 3 28

FFstE PHRIeE ART 2 =TT WEE Az
27 9 =2 HUkste EgE 3 32°C incubatordl] A 2
29 7714 2a 2 SANA 893S Azt 449
& 52 A2 3 vyt ’\] ofl 208 (v/w)<] e
< F7bste] 122417 wRkS 33] WHESH 3 o Fsto] 3]H

7% 5% 7](EYELA, Tokyo Rikakikai Co. Japan)Z &3
o WEhE FEE(methanol extract) S AU o1& FF
£ dimethylsulfuroxide (DMSO)ell 3] 48te] A3 o AL&-
O}ﬁ‘:}.

UQLJZm}orhl:\.é—ld'
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HIZA 2 &5

Az A5 Erle e EHE ARAE A
AE 10%7F HA 4 =Hold A& 71gk RPMI 1640 (Gibeo,
USA) HIAZ ml F 2x10° M%7} He2 zdsie, 24
Wells tissue culture plate (Costar, USA)o]l 1 ml 4 EF3g

F A% 10 ugs 4% Xm"‘]ﬂ 37°C, 5% CO, Hj 710l ©
oko}odq_ tt:;s]. /\]E_ 10 Hg 1 1PS 1 Hgﬂ'“] Ezﬂ-x}%_,_ 3)
A NPtk RS DMSONS ALgatgon Hj oA
& 3718 239 A2 Gt v ko] B = A
IR —’Fﬂa o5 300 goﬂfﬁ 103, 10,000x gof A]
Sy A& O RIS afo] -70°Cel ®.#st
SATH13].
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IL-2, IL-6, TNF-o &8

") 2] 96 wells microplate®] mouse IL-2, IL-6, TNF-g°l
3l ¢ apture A E coating buffero] 343t 100 ug A&
T F 4°CollA a5 BA s T plates Al A
& SFdo 2 58 A He F assay diluent 250 plS +F3
T4 %01]"1 N ZHERE BRI AT A2 g ghFdo R 5H
A2 3 5 plate?] 7 welloll A& 100 ple A3}ste] A&of
}\«] 2)\]7]- Eo]- HPx]o]-%{\ﬂr /\ﬂx—]_Q_ Q.Zonoi 5H /q]i_«]g—].
& detection A 100 pl& B53 F A2 1A T
WA e Ald e g5Ao g 51 A2 5 avidin-horse-
radish peroxidase® 100 plS #3s}ste] thA] Aol A 30+
ol x5l Th A AL =R oz 7H AHS T tetrame-
thylbenzidine©] :%_?}5] 712 #1100 pl& FH3laete] 2ol A]
158 & W3 F stopd 50 pl& 71t Tk Stopd 50 pl

< 718t ¥E-g-& A A A AT Optical density= microplate
reader (Bio-Rad, Model 550, USA)E ©]-§-3}f 450 nmoll A
=743 A TH14].



266 A 318ks %] 2009, Vol. 19. No. 2

B Ay Balb/c w}--2~(3t= 3}t
&, HA)E, AFo] 25 ¢ AF9 AL A3 g

oo
R
>

£ . Ho o rr U
X,
ol
407
o
£
—_
)
>
rv_}]_‘
) !
hy
(o
frtl
o'??
=
&
]
=3
(@]
<
0
=3
o
o
N
ol
4

carcinoma cell& 100 unit/ml¢] penicillin- streptomycin¥}
75%9] fetal bovine serum (FBS)°] #-+¥ Dulbecco’s
modified Eaggle’s medium (DEME) ] 2] & AM&-3t4 37°C,
5% CO, incubatoro] A sttt woks zhzbe] Az =
UFUol 2~33 refeedingdtil 6~74 Tl 0.05% trypsin
EDTAR 728 AES Eejste] ddLea & 44 ¢
M| 3] phosphate buffered saline (PBS)E 21 I3 o2 ¢
HE7} 2% BAEEE F Egste 100 pl (25%10° ml)
£ Balb/c vh§-29] meje] A9 FAIA. 7 I 5vte
2 sdon, AEE TENEHT 2944 st FAHA
o Hold T4 B TFHET 14U T 2 E §
AAA FE 4718 HE A= v, Bouin's &Y
(saturated picric acid : formalin : acetic acid =15 :5: 1,
v/v/v)ollM dold %S 1FAN F FF LHAFE
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$(Fig. 1A) x7% 27) 9 was 43 94 vag 33
E(10 pg/ml)ol A 7H ¥ 102 A4S YeR) A LS (1
ug/ml)E A2 F(Fig. 1B)°l=
M Ee L2 RS RYT bz
e A th(p<0.05). Fig 2% ©]4}e] A5

Eof o3t IL-69] AAS UEPH Ao 2 53] IL6

I I 57
| | | 0\

@d S

Corartrations (1010/m)

Fig. 1. Effect of methanol extracts from various kinds of soybeans and doenjang (10 pg/ml) on the levels of interleukin-2 in mouse
splenocytes cultured for 72 hr. A: treated without LPS, B: treated with LPS (1 pg/ml)
Control: no agent, YS: yellow soybean, BS: black soybean, YSF (2 mo): yellow soybean doenjang fermented for 2 months,
BSF (2 mo): black soybean doenjang fermented for 2 months, BSF (7 mo): black soybean doenjang fermented for 7 months
““Means with the different letters are significantly different at p<0.05.
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Fig. 2. Effect of methanol extracts from various kinds of soybeans and doenjang (10 pg/ml) on the levels of interleukin-6 in mouse
splenocytes cultured for 72 hr. A: treated without LPS, B: treated with LPS (1 pg/ml)
Control: no agent, YS: yellow soybean, BS: black soybean, YSF (2 mo): yellow soybean doenjang fermented for 2 months,
BSF (2 mo): black soybean doenjang fermented for 2 months, BSF (7 mo): black soybean doenjang fermented for 7 months
““Means with the different letters are significantly different at p<0.05.

o] AFUAZE B AEE 43N A WIS ZEAY A %S Wb LPS (1 pg/mhE A g & & tho] B9 7]er A
2 FHE ST e 25 2 s Aol A e et T HE 9802 £ TNF- A4S Yeh) ot
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LPS (1 pg/ml)E A3 72 -%(Fig. 2B), &, =TF, 274 oA HOE EIEL TY FrolX 9%6%2 AAAHE e
49 70E daE 4T dEE FE5(10 pg/ml)oll A A Wtk Bustsdeh w3k CTLLAES o] &3 0|5 £ &
2T LN Bad v IdF B9 fgg FEE(10 pg/ml) S 9329 B4 57 a3E AHEGE v g x|
oA Hop FoHoz & FAE YERATHp<0.05). Hl3l oo 7 g ES T IL-2 AAo] EFRoBR =
TNF-09] AJAol v]X & JFS 243 H kS uf(Fig. 3) 270 € &F @A g X FA JAERE 29 22 Aol
Had AT WEe FEE(10 pg/ml)S LPSE A 8HA| EF A SR w2 WY 99 AE €43 489 @

A B
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O\

B Yoo BCOw B0 @ B B Y@ B@o B(o

|

Conoartrations (10 L) Conoertratians (101g/m)

Fig. 3. Effect of methanol extracts from various kinds of soybeans and doenjang (10 pg/ml) on the levels of tumor necrosis factor-a
in mouse splenocytes cultured for 72 hr. A: treated without LPS, B: treated with LPS (1 pg/ml)
Control: no agent, YS: yellow soybean, BS: black soybean, YSF (2 mo): yellow soybean doenjang fermented for 2 months,
BSF (2 mo): black soybean doenjang fermented for 2 months, BSF (7 mo): black soybean doenjang fermented for 7 months
“®Means with the different letters are significantly different at p<0.05.
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metastasis produced by colon 26-M3.1 carcinoma cells.
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kinds of soybeans and doenjang (1 mg/ml) on tumor

Fig. 4. Inhibitory effect of methanol extracts from various
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