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In the present study, ethanol extracts and their subsequent organic solvent fractions were extracted
from the lees of Ehwa Makgeolli containing oriental herbs, a commercialized traditional Korean rice
wine, and the prepared lees samples were designated as from KSD-E3-1 to KSD-E3-5. First, their ef-
fects on cell viability and on the expression of pro-apoptotic ATF3 and NAG-1 genes in human color-
ectal HCT116 cells were investigated. Among the treated lees samples, the hexane fraction (KSD-E3-2)
and the ethyl acetate fraction (KSD-E3-3) of lees extracts from Ehwa Makgeolli significantly reduced
cell viabilities, in a dose dependent manner. The treatment with KSD-E3-2 and KSD-E3-3 also in-
creased the expression of pro-apoptotic NAG-1 and ATF-3 genes and their proteins, which were de-
tected with RT-PCR and Western blot analysis, respectively. In addition, poly-(ADP-ribose) polymer-
ase (PARP) cleavage was detected by treatment with the fraction KSD-E3-3, indicating that KSD-E3-3
could induce apoptosis in HCT116 cells. Interestingly, this PARP cleavage was recovered by trans-
fection of NAG-1 small interfering RNA. The results indicate that NAG-1 is one of the genes respon-
sible for apoptosis induced by the fraction KSD-E3-3 from Ehwa Makgeolli. Overall, the findings may
help in understanding the molecular mechanisms of the anti-proliferative and pro-apoptotic activities

mediated by the lees of Ehwa Makgeolli.

Key words : Anti-proliferation, apoptosis, Ehwa Makgeolli, lees, NAG-1

MoE

WSS 27] S0l AY flo 271dde] ofHrha &

Adom, A vt & ARE 495 ARG o
< FEY 44 8% A &AHF 8o w
BuEa Qioi5]. 2 ads Wi o
= U ddE =2 9 AF ALS
Y UTH4, 16]. A=A T
Ao g EEEC] I X0l & AEc] BoH, X
F4¢ 4= & FEA b (anthocya-
nin) [19], o} EAd (acetogenin) [2] 123 B (taxol) [1]

Fol .

olgFE ¢ 1E BE £2 QA AgE
2 %ol Y3 AZFF Ro] SAoln, HFo] B W} HTE

*Corresponding author

Tel : +82-54-820-5798, Fax : +82-54-820-7705

E-mail : jsk@anu.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

HE FER AL TS
=2 deA vk H2
kojioll H&} -3k 3]
HAT13]. =3, d=xo @ gAY HE
3 A S S 7HA T Qei[3, 20] ool

AF QA% Bx AFd HUEo 4 E&H 1 AT &
ATl AFEE Y olstFE Yut o]t LA AA A ThY

1

[e}
g A ggol Hag 47kA] ARl Tz, 7714, ] o
AR 2E A7 ALE2A[13], 7718 E ©] & <
ko ek AEFolA o M=o 44 5 A
st sl
Feuet gdegE w

Z

o m

-

ot
2
of

A,

Ir
of2
o2k

U

KeN
=2
[e)

N

A 1-3 r
58
&
|
Ik
>
=
)
BN
>

o
o

s
MY
o

4o o

)

2 oo off
pous

fu e

2

e
Eu{n
—4r
4
ml
M o 4
o

oo ox
22
o X I
2oz o
oox
o

=
Iru
~
i_l‘l
=

X
A

=2

ol
-
=2
o
5
X9
a

oo 2 n2 H oox
fole ol

:i

N

>0

K

oz

_ﬁ'i_l’
=
il
i
fuj
=

w e
ol
=
‘-_‘olt

(o

~
=

=l

ES

dlo W
o
b g

%0, rr

N
ol

b e RIoyo

X0
rlr et b
1% OF?

o>

(T
;gi
rr %o
o}ii
b =
o S
SuAN)
~
e
E
‘{No{v
=
w
N 12
1z o
= >
ool
Jo £
%m



242 BBULRIX| 2016, Vol. 26. No. 2

A5 3 gt Ay S dFToEN T 2§
AE FUA7IE d77F Bastta dddn

€ d7olA e ol FH 222 H o9 &4 F
718 BEES Axsta, ¢ AEZF HCT116914 ©] 5
NEo o3 & A4 24, AZAE 2 71-S A8t
o3 ATAIE HEF Ax A BAHE FAEQ Fito]
ANEL AHE Fd9 & ds A3 A28 =49 A4
o7 &89 F deS ANEH

Mz ¥

o Fue] g FFE2 AE 15 kgl %% HE 6 LE
3%k 23] FZ o9l o H3 F 60T oA
o St TR AxSAY. EE 4 ge 20 dEHD

pa
=)
%, n-hexane, ethyl acetate % butanol& ] &3t ¢4 o2
=)
U

gsta HFAH R E AFES I8 H. ol FA #FHd
A 8E 77 KSD-E3-1 ~ KSD-E3-50 2 %% -4 T (Table 1).
F2E4 £YEL dimethyl sulfoxide (DMSO, Sigma, St

Louis, MO, USA)oll =¢] 20Tel| A Bsie] Aol A&3}
At

MIZH{S & THZ

g Al 25 HCT116+= American Type Culture Collec-
tion (ATCC, Rockville, MD, USA)oll A F43t %tk Al EF
H e} 10 % FBS (Fetal Bovine Serum, Gibco, Grand Island,
NY, USA), 1% penicillin & streptomycin (WelGene, Gyeong-
san, Korea)& # 7% Dulbecco’s Modified Eagle Medium
(DMEM, Gibco)& AH&-3tG T Ml ulj k& 37T, 5% CO, 3t
o k7oA A s

NZE MEE o7
A A EF HCT1169 A o3t 38 228 9§

7189 £ & A7t AZ AEL vAE dFe AT
A8l cell viability assayE 333t 5, 96 well platec]
1x10° cells/well®] A ZZ HE81, 47 Fof Fufol g3

FH AEE 47 1 mg/ml o8] FE2 At hzxT
2 8419 DMSOE 4 ddw  7H¢ B2 4oz Agd
AE ¢ Tl APttt ABE UM T A
81 MTS (3-(4,5-dimethylthiazol-2-y1)5-(3-carboxy-methox-

yphenyl)-2-(4-sulfophenyl)-2 H-tetrazolium) €% (Promega,
Madison, WI, USA)& 7} welld 20 Wl #7het & 443t F<F
He A A, whgo] Ed % NanoQuant Plate™ (Tecan
Trading AG, Switzerland) & AH-&-3to] 580 nmoll Al 3 EE
AT A 23 FAE 5719 SHA welldl X 3
S k< Sigma plot program 10.0< ©] &3t EA% & ¥
ZE Yehhid.

Western blot analysis

A Z o] %4 60 mm dishol HCT1164 ZE 2447+ 53k
dg T dolstF: FH ARE 240 wet At ¢
83 Al ZE 4X RIPA (Cell Signaling, Beverly, MA, USA)
&4E 718k sonications ¥ § YA Ee] 8+ total pro-
teing #2330t FEF @A L Bradford protein assay
kit (Bio-Rad, Hercules, CA, USA)< o] &3} A& 3%t}
F A 20 pgs A719%F & F, 4714 2 E membrane
2 transfer & & Western blot] A839 0. 12 FAZ &
Actin, ATF3, cleaved PARP (89 kDa), PARP (116 kDa),
NAG-1 &A1& A43tdth NAG-1 &A= v+ NIEHS
(National Institute of Environmental Health Sciences, RTP,
NG, USA)9| Dr. Eling group - 238 A 39k om NAG-1
< A9 ZE FAE Santa CruzAh (Santa Cruz, CA, USA)
2 Cell Signaling/At(Beverly, MA, USA)l A T93te] AH&
34t 23 A 2= HRP-conjugated anti-mouse, HRP-con-
jugated anti-rabbit A& AHE3IH T 244 A E 1A% B
21 2] 3t & enhanced chemiluminescence kit (ECLTM, Amer-
sham, Pittsburgh, PA, USA)E ] &3te] A= w347 ¥
C-DIGIT (LI-COR, Lincoln, NE, USA)E ©| &3} ©wl 4 1
& Flstgh

Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)

83k HCT116 M EFZHE RNeasy mini kit (Qiagen,
Valencia, CA, USA) < ©]-&dte] 2| 2] w7 ol whe} to-

Table 1. List of organic solvent fractions of lees extracts from Ehwa Makgeolli

Source of lees Sample name

Extraction solvent

Sample name Extract or Fraction

Ehwa
Makgeolli

KSD-E3

80% EtOH

KSD-E3-1 Extract
KSD-E3-2 Hexane fraction
KSD-E3-3 Ethyl Acetate fraction
KSD-E3-4 Butanol fraction

KSD-E3-5 Water rediue
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Table 2. Sequences of oligonucleotide primers of human ATF3, NAG-1 and GAPDH genes

Gene name GenBank Acc. No. Sequence
F: 5-TGGTGTTTGAGGATTTTGCT-3’
ATES NM_001040619 R: 5-ATTTCTTTCTCGTCGCCTCT-3
F: 5-CTCTCAGATGCTCCTGGTGT-3’
NAG- NM_004864 R: 5-GAATCTTCCCAGCTCTGGTT-3
GAPDH NM_ 002046 F: 5-CTGACCTGCCGTCTAGAAA-3

R: 5-GAGCTTGACAAAGTGGTCGT-3

tal RNAE 23t F%3 total RNA 2 nge $HO 2
PrimeScript™ RT-PCR Kit (TaKaRa, Japan)Z o] &3}
DNAE #A3tdth F45E DNAE FHOE st FHA
E o] A4l oligonucleotide primer (Table 2)& ©] &3} PCR
(Polymerase Chain Reaction) #4-& 3 3t3{th. PCR ¥&
2 94T A 5% denaturation Al 713, 94T A 30%, 58 T
oAl A 30%, 2CAA 3029 cycded % 304 W58 5, vpxg
S 2 72CoA 103 37T AF2 Q0 PCR products=
7719% % Gel Image Analysis System (CoreBio, Seoul,
Korea)& o] &3t} ALY 2933t

siRNA transfection

Azt AL AEF< HCT116 A EFE 60 mm dishol
AE %, ¢ 2477 F 9 lipofectamine 2000 reagent (Invitro-
gen, Carlsbad, CA, USA)E ©] &34 siRNAE transfection
Sttt dl272 AH8F Negative Control (NC) siRNA
(SN-1003, Bioneer, Daejeon, Korea)Q} NAG-1 siRNA (SN-
1061367, Bioneer) construct< serum free DMEM H]A] 50 ul
o lipofectamin 10 ul9} 6 ug®| siRNAE 27t d7bek § &3
3k transfectionAl 2. 4413t & FBS7} 2 7He DMEM Wi A
2 a8 3 UA T ¢ FUF Mg o T A EE 24
o we} ZJE]OP%E} FHASE 14N TS At Ax
£ T34t

T AL J43 33 oY HEAPS 4
TrRFUAE YEH AL, 4 ’“85.75_449] T
9 AE= "] 7t 2GS A &2 2T

dent’s t-testol] o}l B3 0m p<0.05 &
i Ao

m[o
>
>
ol
38
lo
=

B O[3 FY £E20| R7ISH 2H20| ME 4T
DXl g

& 4% A4S Haug v 7] £ AT A& Table 190
= uLo]g].Z ZH]-
o gh-& FZEE(KSD-E3-1), ©]
% (KSD-E3-2, KSD-E3-3, KSD-
KSD-E3-5)°] HCT116 Al £
Tt 2 A 13 AE A
8 53} KSD-E3-3 £&8 &9 93 7}
e F9% UM (Fig. 1A).
HAE KR FE KSD-E3-2 2YEF
29 5o ©E A7 HCT116M E B &£
o 1117‘4h AE¢E A8t &, HCT116 Al 50 B3 &
2 £ 01,025 05, 283 1.0 mg/mle] FEZ 244 7F A
T AE AELES SAST O A9, KSD-E32 #9955

oy
2

=
S
it w

lo
oX,
ol
-
A,
N
rr
of2

o

ol 7
A4S BAE DEE 7

w

KSD-E3-3 £9¢
0,

ﬂﬂf’f} 39 05 mg/mle] 5 g THH cell viability7}
HaEE GAT 9%, KSD-E33 8= Aed 4§
0.25 mg/mle] 5 AT #HE FA3A cell viability7} 2
28-S F9stATh(Fig. 1B). o2l d Ao ZAst >3 4
P& A% Ag 55 KSD-E32 £ EL 05 mg/mlZ A3}
1, KSD-E3-3 £ &¢& 0.1 mg/mlE A3},

77120 220 25 ATF32 NAG-1 FHA} & Bl
ol ¢ F7¢

I 0|3 Furel £

3] & KSD-E3-2 (hexane 3 &)9}
KSD-E3-3 (ethyl acetate ¥ %]&)°] pro-apoptotic % #¢l
ATE38} NAG-19] @l mA& &S d7shdth KSD-E3-
2 BEEL 05 mg/ml, KSD-E33 £ EL 01 mg/mle] 55
2 47 UAT 59 Y3 o, NAG-13 ATF3Y] #3419
1S SR Fig. 2404 B vie} Zo] F+ £ E9
Ao sl ATF3%H NAG-1 7o) 2do] BF F715
o =3, 93 £3F Ag Aol M ATE3S NAG1 &
L Q13}7] 913e] Western blot analysis< 4~
St Th 1 A, Fig 2BollA B uke} Zo] T EEE A
o3 ATF3¢} NAG-1 @¥ld BF @go] FrtHgloH,
KSD-E3-3 £8& Al 4+ KSD-E3-2 £8= AT &
0 % FEYo|E EF3la ATF3S NAG-19 g9
#E& 44 =4 F7HAF . Activating transcription factor-3
(ATE-3) A= B HAE e Aega &2 e T
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Fig. 1. Effects of organic solvent fractions of lees extracts from
Ehwa Makgeolli on HCT116 cell viabilities. (A) HCT
116 cells were plated at 1x10° cells/well in a 96-well
plate and incubated with five different samples from
lees of Ehwa Makgeolli for 24 hr. And then, cell via-
bility was measured using MTS proliferation assay.
(B) Cells were treated with five different concen-
trations of KSD-E3-2 and KSD-E3-3. *p<0.01, ***p<
0.001.

ol =, o3 A g o3 AzAE 5 &
o &A43 #do] 28 Aoz HuHAYTHS, 12]. Non-ster-
oidal anti-inflammatory gene-1 (NAG-1) %7+ TGF-beta
superfamily®] stUtZA HZ & dA Lo o3 I+ &
Ao T8 TAAY ATl B Fdo] BuHATH21].

NAG-1 siRNAQ| TQI0f /st M= AtHO| 315

KSD-E3-3 (ethyl acetate &8 &) & &0 o A ZHES
o #ao) delo] apoptosiseh BHo] A=A &AUstr] 9t
o, apoptosis®] A #2172k F9] 31}<l poly (ADP-ribose) pol-
ymerase (PARP) ©¥ 2 9] cleavage® 2“3_]’3} th. PARP &
DNA repair @22 A ZollA £35A 3t o Al 7%
< 8, MEZAE 5 Al 116 kDa] poly (ADP-ribose) poly-
merase (PARP) & W EZEgo} 25 53 434 cas-
pase-3 o ]3] 89 kDao.2 HitE = EA0] §
AL stz A o] &5l

m[o

210 apoptosis®]
A5, 17, 18]. Fig. 3A0]A B

A KSD-E3-2 KSD-E3-3
VEH 0.5 0.1 (mg/ml)
ATF-3
NAG-1
GAPDH
B KSD-E3-2 KSD-E3-3
VEH 05 01  (mg/ml)
T
s — | NAG-1
e s e | ACTIN

Fig. 2. Up-regulation of ATF3 and NAG-1 by the treatment
of KSD-E3-2 and KSD-E3-3. HCT116 cells were in-
cubated with KSD-E3-2 and KSD-E3-3 for 24 hr. And
then, total RNAs or proteins were prepared from
treated cells. (A) Total RNA was used for RT-PCR
with NAG-1 and ATF3 gene specific primers. (B)
Western blot was carried out by using ATF-3, NAG-
1, and Actin antibodies.

uh¢} o] KSD-E3-29F KSD-E3-3 &8 &8¢ A ¥ 4¢ KSD-
E3-3 £8 =9 Al o)Atk 89 kDao.2 23] PARP7
#ZEHAG. o]H 3 ATAAE o r ¥E 5901
mg/mle] KSD-E3-3& &2 Aol 93l apoptosis7t =
&= 8, 0.5 mg/mle] KSD-E3-2%8 &9 Azl oeiA e
apoptosis7} FE5 2 &S YERT. KSD-E3-3 8 &°
Ag el o3 F+E5 & apoptosis?l pro-apoptotic 7 Akl
NAG1 ¢ #d S7he #do] 9l=A sty fstal NAG-
1 siRNAZE °]g3td S35l 5, HCT116 Al ZF0) =
T2l Negative Control (NC) siRNA$} NAG-1 siRNA%E trans-
fectiondt ¥, 24417+ o KSD-E3-3 £ &% 0.1 mg/ml &
=2 Ag §2 DMSOE ﬂalﬁk‘}it} Fig. 3BoI Al ®.= uhe}
o] NC siRNAE transfection ¢ ¥ KSD-E3-3 2 &S A
2 ¢ NAG-1 d¥ o] @A 3stA F7h L, = PARP
cleavage® ## ¥ 02 M apoptosis’} AFHOE doj &
galatitt. ¥HH, NAG-1 siRNAE transfection § KSD-E3-3
TdES AYT A, NAG1 & 9| wrgo] dAskA 2
239901, PARP cleavage =3 #A 3 Zad S 33}
SAtH(Fig. 3B). o2l ¥ AT AFe FolgF FH FEE2
ethyl acetate ¥ &% KSD-E3-3¢] A2l &3} apoptosis7}
=5, o] 8 g apoptosist pro-apoptotic 4 2+$] NAG-1
o BAFT A #EA] des AT FF,
KSD-E3-3 3] & 2 %-E| apoptosist A H A< #HA o] S+



A KSD-E3-2 KSD-E3-3
VEH 0.5 01 (mg/ml)
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| Cleaved-PARP
S ess————  ACTIN
B NC siRNA NAG-1 siRNA
VEH KSD-E3-3 VEH KSD-E3-3
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ACTIN

Fig. 3. Induction of apoptosis by the treatment of KSD-E3-3
and recovery of apoptosis by NAG-1 siRNA trans-
fection. (A) HCT116 cells were treated with 0.5 mg/
ml KSD-E3-2 or 0.1 mg/ml KSD-E3-3 for 24 hr, and
treated cells were collected for Western blot analysis
using PARP, cleaved PARP, and Actin antibodies. (B)
Either Negative Control (NC) siRNA or NAG-1 siRNA
was transfected into HCT116 cells. After 24 hr, cells
were treated with DMSO (vehicle) or 0.1 mg/ml
KSD-E3-3. After 24 hr treatment, cells were collected
for Western blot analysis using NAG-1, PARP,
cleaved-PARP, and Actin antibodies.
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A2 BHIO[EF T £520 o3 UNE SNF U
1 =1 1 =2 3

Aoy olsE' BIS' 2287 MSH - UBY

(FYLFTSGD A, HYAE LD AFFY

(hexane )7} KSD-E3-3 £ = (ethyl acetat

e
T B 9o ERYEAHOE NI HEE0] Ta
AAg gl Bdo] 37}

A9l NAG-13% ATF-39

g ojstF o] FHOERE JEe

3z

o

o
=
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