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ABSTRACT

Purpose: Previous studies have shown that treatment with Smilax china L. leaf extract (SCLE) produces antidiabetic effects
due to a—glucosidase inhibition. In this study, we examined the mechanism underlying these antidiabetic effects by ex-
amining glucose uptake in HepG2 cells cultured with SCLE. Methods: Glucose uptake and glucokinase activity were
examined using an assay Kit. Expression of glucose transporter (GLUT)—2, GLUT—4, and HNF—1a was measured by RT—
PCR or western blot. Results: Treatment with SCLE resulted in enhanced glucose uptake in HepG?2 cells, and this effect
was especially pronounced when cells were cultured in an insulin—free medium. SCLE induced an increase in expression
of GLUT-2 but not GLUT—4. The increase in the levels of HNF—la, a GLUT—2 transcription factor, in total protein extract and
nuclear fraction suggest that the effects of SCLE may occur at the level of GLUT-2 transcription. In addition, by measur-
ing the change in glucokinase activity following SCLE treatment, we confirmed that SCLE stimulates glucose utilization
by direct activation of this enzyme. Conclusion: These results demonstrate that the potential antidiabetic activity of SCLE
is due at least in part to stimulation of glucose uptake and an increase in glucokinase activity, and that SCLE—stimulated
glucose uptake is mediated through enhancement of GLUT-2 expression by inducing expression of its transcription factor,
HNF—ta
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sensing< &l Q&
o] ¥ GLUT-29] W&z cHAMl ﬂm—
oF 4= itk GLUT-29) ¥Hel-S Z:é!ﬁ}t transcription factor
= hepatocyte nuclear factors (HNF)-1o, HNF-40, forkhead
box A2 (FOXA?2), sterol regulatory element binding protein
(SREBP)-1c, CCA AT-enhancer-binding protein (C/EBP)B %
o] &+e#jA] ¢l o™ 71 2 human GLUT-2 promoter®]] 235}
L transcription factor®+ HNF-1a”9} C/EBPR*7} KL
Hojgler < human GLUT-29] promoterof] 33+ thoFst
A7} A&7 Qick GLUTse] oJaf A2 o) 53 gt
2 A glucokinase (GK)el 2J8l glucose-6-phosphate (G6P)
2 ASE=r) oA H2hE 2T o] thAF B A

etz Aol Yar "ok HEe] dAte] sk 3
oAk} A WA 5491 GKO] S5 S7HIA 892
7l A7 AFYEIL ek o o] f2 T HAAES
0] &3t glycolysisT# AAE0 WaGE Sof Hsk
A&z o2 AYPE ot ?

olo] & Atold= AuleigE o B FEEE o83t
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HepG2 A= (hepatocellular carcinoma)~= SF=-A| 3252
3) (Korean Cell Line Bank, Seoul, Korea) 2. 2 X-& HoF rF
o} AH-8-519it}. HepG2 Al 3= 10% fetal bovine serum (FBS,
Welgene, Daegu, Korea)™} 1% penicillin-streptomycin (PE-
ST, Welgene)©| Z7}= Dulbecos Modified Eagle's Medium
(DMEM, Life Technologies, CA, USA) BiZ|ol|A] 37T, 5%
CO, 271ollA vijeFstict. B aof whe} DMEM Hix]2] 2%
G == 1 mM, 5 mM, 25 mM& 27} AR5

A EZE=A]L- Cell Counting Kit-8 (CCK-8; Dojindo labora-
tories, Kumamoto, Japan) assayS £3f 3¢5tk HepG2
cell& 96-well tissue culture plate]] 1 x 10* cells/well2 100
ul# 1AL 24A07F B3 vl & FBS7F H7beA] o

Hjz]o]| SCLES H=E A28t & Azl Aajsh & 244]
7 &}t 37ToA viek SESITE 24417 & ulekEel wixlol

CCK-8 reagentS 10 ul¥ 7}sfF=aL 3417 B¢ 37°Col|lA] Hl
9kt 3 ELISA microplate reader (EL808; BicTek, Winooski,
USA)E AHE3] 450 nmollA] S3EE S48 2
(control)®] F&% G 7150 2 A25AES v|uslgl

Glucose uptake

Aujgidz o & FEE (SCLE)2] Aol u}-2 HepG2 Al
329 glucose uptake HSH= glucose uptake colorimetric assay
kit (Biovision, Milpitas, CA, USA)& o|-&-3}o] =333}r).
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Z HepG2 M|EZZE 96-well platesol] 1 x 10° cells/mlE &
3 5 24417t 54F vjeFet & FBS7F 23tE|A] o8 HlA]
2 wA|sko] 24417k B vieFsieint viFE AliE= 2% BSA
7} 3£8}e]o] Q)= KRPH (Krebs ringer phosphate HEPES)®
WA 408 £, 1 uM9] Ql&# ¥} SCLE (0.25 mg/ml)
£ Agste] 20 £7F 521 o wijoFst o2 10 mM 2-deoxy-
glucose S 2057F A3kt Aol Assay buffer 8 ulek
enzyme mix A 2 ulE A2t & 37004 1417t F9F k33t
% extraction bufferg ©|-83| MEFZES 3553t
85T oA 40871 7183t & 24| 418 2™ neutralization
bufferg A7F5FEE 500 rpmol|A] 1027 YRSkl A
A Hotom, Z+7+2] welloll glutathione reductase 20 ul,
DTNB [5-5-dithiobis (2-nitrobenzoic acid)] 16 ul, recycling
mix 2 ulE F71eE & 408 5 ¥hg-& AlFH e ELISA
microplate reader (EL808, BidTek, Winooski, USA)S A&
sto] 405 nmol|A FF=EE S5l

Total RNA £& ¥ cDNA &4

HepG2 AlEE 6-well plateso]] 1 x 10° cells/ml22 £
3t 5 244)7F 52t wijokel & SCLEE 0.1 mg/ml Az]3}
o] 24AZIA] vljoFs3itt SCLEZ} &35 B E AA S &
QIAzol lysis reagent (Qiagen, Hilden, Germany)S Z+ wells
of 1 mI¥ EF3to] H|EE lysiss}Att Lysatet= chloroform
200 plE &55t0] 1527 A1%ich 1 % 12,000 x g 158%F

e 3hef 44590 isopropanol 500 ulo] S 3= 7

Table 1. PCR primer sequences

Gene Primer Sequence (5' — 3")
GLUT-2 Forward GAT GAA CTG CCC ACA ATC TC
Reverse CTG ATG AAA AGT GCC AAG TG
GLUT-4 Forward GTT AAT CGG CATTCT GAT CG
Reverse GTG AAG ACT GTG TTG ACC AC
HNF-1a Forward GAA TGC ATC CAG AGA GGG GT
Reverse GTG GAC CTT ACT GGG GGA GA
B-actin Forward ACA GGA AGTCCC TIG CCATC
Reverse AGG GAG ACC AAA AGC CTT CA

Table 2. PCR condition of each primer

Hof g7 A0tk thA] 12,000 x g 1027+ YAlEe] 549,
71 A=lS A ASE 3 100% ethanold} 0.1% diethyl pyro-
carbonate water (DEPC)E 75 : 252 410] W= 75% ethanol
E ZF FEO 1 mI¥ E3310] 12,000 x gollA] 587 LAE
2t H ASHE AAT F A2oflA ARAPFTE Nuclease
free waterg 40 ul¥ £33k =21 & RNA 5 ulell 0.1%
DEPC waterE 995 ul& 75l 260 nmolA &4 4
5to] total RNAY-S HeFsteich

First strand cDNAE $H33F7] 915+ AmfiRiert Platinum
c¢DNA snythesis Master Mix (GenDEPOT, Barker, TX, USA)
£ o] 8351tk 33 RNA (2 ug)?} RNase free water®
9 ul& WL 70Cof|A 587 BESAIZ] & 2 X ¢cDNA syn-
thesis €H5-8-91 10 ul, cDNA synthsis Enzyme Mix 1 ul&
Alo] 11 pl¥ ZF PCR tubedll TIgh 5 25To A 5&, 427004
6042, 70TOA 157 ¥H-3-A1# cDNAE $/d5}3ith

RT-PCR

GLUT-2, GLUT-4 ¥ HNF-10.2] mRNA 2H&#8 =43
7] $J5te] cDNAZ RT-PCRE AAJsIGIc) Ago] AHg-gt
primer sequence+= Table 13} &t} PCR tubedl Go Tag
Green Master (Promega, Madison, WI, USA) 10 ul, forward
primer (15 uM)%} reverse primer (15 uM)E 22} 0.5 ul, nu-
clease free water 8 ul, 433t first-stand cDNA 1 ulE 3
7tsto] & A& 5 PCRE AdYsldlon Z+2+9] primer?)
PCR#&71-2 Table 2%} 2tk PCR AHE-2 0.002% ethidium
bromide”} A7F8t 1.2% agarose gelofl 100 VoA 3087+ &
7196 UV Fom 442 s dopHsith T e
9] 7}= = image] (National institutes of health, Bethesda,
MD, USA) 4 Efo]5 o]-8-35fo] 4] AJeFs}oirh

-

HepG2 cell fractionation

HepG2 AIZE 6-well platese]l 2.5 x 10° cells/ml& &5
St 5 24A17F B2t vljekst & SCLES A2|ato] 24417 B
48417k 59t o vljoFst o2 4CE cooling®l PBSE 33] AlA]

?}‘l— _‘T_ Scraper—% 0]%——5 Oq /\‘“E‘%‘ harves‘ring??_]‘ﬁl’. '%]_/\\:!T"i"al

Gene Pre-denaturation Denaturation Annealing Extension Final extension
. 94T 30sec 59T 30sec 72T 30sec .
GLUT-2 94T 5min 72T 5min
26cycle
. 94T 30sec 59T 30sec 72 30sec .
GLUT-4 94T 5min 72T 5min
30cycle
. 94T 30sec 57 30sec 72T 30sec .
HNF-Ta 94T 5min 72T 5min
25cycle
. . 94C 30sec 55T 30sec 72°C 30sec .
B-actin 94T 5min 72T 5min

18cycle
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(5,000 rpm, 5 min)E &3l MZEE -2 F cell fractionation
kit (Cell signaling technology, Tokyo, Japan)2] AF-gxHo|
upef Al 221 28kt 5, AlEZ7F E1 tubedl] 250 ul
9] cytoplasm isolation bufferE @il 5% =9 vortexing@t
< iceoll 52 Bt AR YR (500 X g, 5 min)E &

3] cytoplasmic fraction (A5-H)S E2]51aL pellet-S mem-
u

=]
brane isolatopn buffer 250 ul& ¥l 15% 52} vortexing
Tk & icedll T 5+ &}t FAIRITE A2 (8,000 x g, 5
min)E %3} membrane fraction A5M)-S E2]3t = pellet
2 t}A] nucleus isolation buffer 125

5}Fo] nuclear fractions EH33T)

.
15 ¥37 sonication

Western blot analysis

HepG2 M2 6-well platese]] 1 x 10° cells/ml= £
3 5 24171 3t v St 3 SCLES A &sto] 24413 =
48A17F =2k tf ujoFst o} lysis buffer (10 mM Tris-HCI,
pH 74, 0.1 M EDTA, 10 mM NaCl, 0.5% Triton X-100, pro-
tease inhibitor Cocktail)& ©]-&35}0] 404 &3fA7] &
A4 (14,000 rpm, 10 min, 4C)5ke] - 0] 5=
& S5t FYst oFo] A (30 ug)¥} B-mercapto-
ethanolZ 33} sample bufferE 1 : 12 &3 & 100T
of| A 357t 7HEskGl). ulE Tl AME-2 Bio-Rad mini-
gel systemE ©]-85}] SDS-PAGE 3 polyvinylidene fluoride
membrane (0.45 um, PVDF transfer membrane, Thermo,
Rockford, 1L, USA) 2 & thilzS o3}tk Membrane<
0.1% Tween 207} 5% Skim milkE &Rt Tris-buffered
saline (TBS)ell 1417} &<t blocking 3Lk 1 3 GLUT-2
(200 : 1) == HNF-1la (500 : 1) 12} antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA)7} 27} buffero| Al
IAIZF 59t Hk-8-5F & TBS-T (TBS containing 0.1% tween-20)
25871 3xgo A4 MAEskIcE 19 t3 membrane
22} anti-rabbit IgG conjugates horseradish peroxidase an-
tibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
7} 24718 bufferg QL 2ol A 1AI7TF 524t vhg-3 & 55
@2 3zteo] AA A|lA skt EA-2 enhanced chemi-
luminescence method& ©]83t x-ray F&oll FAH
t}. 1 Hi=9] 7%= image] (National institutes of health,
Bethesda, MD, USA) &2 Ego|5 o]-&5}o] 4] 4=sl3l
o} YR 2L actin (Santa Cruz Biotechnology, Santa
Cruz, CA, USA)& AH&-51S

Glucokinase (GK) &M &8
Glucokinase -2 hexokinase colorimetric assay kit
(Abcam, Cambridge, MA, USA)E ©]-&3}o] =43}k

Glucokinase &4ol 2Jsl] AAl% glucose-6-phosphate (G6P)
7} G6P dehydrogenase (G6PDH)2} 5H3-8F W] nicotinamide
adenine dinucleotide phosphate (NADP')7} NADPH=Z 2}
U= AL 0]83+ glucokinase BEE S45k= e
olt}, A2 Bacillus stearothermophilus -212) glucokinase
(Sigma, St. Louis, MO, USA) 1 unit?} SCLE (I mg/ml)<S
Z}z} 50 ul¥ EFsto] S & A4 204 52t incu-
bationd}AT}. ZF well B assay buffer 34 pl, enzyme Mix 2
ul, developer 2 ul, coenzyme 2 ul, hexokinase 10 ul& #|
23t 3 450 nmol|l A 187F FEEE SHSUE 5 &
NADH A&34E o]-85fo] ofefjo] Ao 2 Aiksglr.

= Sample Hexokinase activity = X Dulution

B
AT X V)
factor = mU/ml

SHEN

Aol A Aozl Aol FAA 724> SPSS (Statitical
Package for Social Sciences) program< ©]-&35}9] mean
+ SDE ¥AI3F AL, one-way ANOVA test & p < 0.05 4

FollA] 2F A 7 e A
Z o

Ao d=2 o 2 FEE (SCLE)Y MZ=A X glucose
uptake &4

SCLEZ} HepG2 A3Zo]| ]2 M|32=4] 2 olucose uptake
S S A= 22} Fig. 1, 29 2t Fig. 19] A=
d A82 SCLE 0.1 mg/ml, 0.25 mg/ml, 0.5 mg/ml, 1 mg/
ml FEoA BRI Aitr W= FeoA HAdo] IHEE R
ekth Glucose uptake= 2-deoxyglucose (2-DG)2] Af| LY
g SR =N F7HE =), Foftt a5o] e
4 55 H2E3 23 (data not shown) 0.25 mg/mle]|
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0.1 mg/ml 0.25 mg/ml

0.5 mg/ml 1 mg/ml
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Fig. 1. Concentration-dependent effects of SCLE on HepG2 cell
growth. Cell viability was analyzed using the Cell Counting Kit-8
(CCK-8) assay kit. Each bar is the Mean + SD, derived from three
independent experiments.
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A o] =gl oM f%k—f? S ool HEE A
0.25 mg/mlef| A £33k SCLE 0.25 mg/mlS #]2]5}o]
glucose uptake SAIHI}= *E St A} tfj 2t} vl skl
< o TS AHEohr] =2 FollA= SCLEY] Azl 9
3} 52.28 + 2.15 pmolol|4] 77.86 + 3.62 pmol= F-2Jgt 57}
£ BYAE Q&S Hegh FollAl= 112 + 412 pmolof|A]
108.21 £ 7.92 pmol= SCLE®] A&7} SAX S ZE 94
U= WSS kA ottt

e
o
Mo

SCLE7t GLUTs mRNA &&i0j| 0|x|= g8t

k] FQ glucose transporter (GLUT)Q! GLUT-2¢} ¢l
2 o)&Z o7 Ei} Suto] Toldl= GLUT-49] mRNA
S HepG2 All2zof| A T2t 23 Fig, 3¢} 22 A&

] Normal
[ Insulin

60

40 A

2-DG uptake (pmol)

20

0

Control SCLE

Fig. 2. Induction of glucose uptake following Smilax china L. leaf
extract (SCLE) treatment. HepG2 cells were incubated for 20
min in a KRPH buffer containing SCLE (0.25 mg/ml). The 2-deoxy-
glucose (2-DG) assay was performed 20 min later, as detailed in
“"Methods.” The 2DG uptake was expressed in pmol in normal and
insulin conditions. Results are presented as the Mean + SD of
three independent experiments. **: p <0.01, Normal control ver-
sus Normal + SCLE.
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olsh 4= Uitk GLUT-29] ¥Hdo] Zxrof o) s
% & Nordlie 5'"9] A7-AatollA] B i1g v} Qlck & A
HAAE L (I mM), N 6 mM), H (25 mM)E ZEg2| 5%
FAAFE o GLUT-29] o] F7tEl= 2ol &<l
3l 0&1 SCLE (0.25 mg/m1)<] Al zwrto) og Z7}15
GLUT-29] Ha%)s SAZCRE FosiA < S7HHh
1 mM] Z =g ujzjol A SCLES] 2]+ GLUT-2¢] mRNA
S A 5HA] E5FARE 5 mM, 25 mM EEY uﬂx]oﬂ
A= SCLES] A& ol 2412 39%, 35%2] &d S7H&
=319t GLUT-4+ Ql&d 9220 2 Hhgo] TrEElwl e
A Eol/do] QAT A 2 GLUT-494 S ZetA A=
SR ks A0 R delA glom WY A|iL = A4
= ﬂiE«l iEE*Ol IS 7“*171 7ﬂ 2 44 9l

mu&i,lw

)

7V\1 5 GLUT- 4—4 “Hﬂol S7kete @ % =9

U SAKO 2 fogt =22 ol9lem, SCLE2] Ao
93X GLUT-4 mRNAS] Wr&-2 F7akA] gkttt Ql&d
FAY AdefollA Ago] 2 olf= AR o= Fig. 1
A Zolgt vl 9l ¢lE] 9j& 29l glucose uptake”} HepG2
Alazof| A BabE|A] o= Aatel ¥ Sl Aolet whhrt

SCLE7} GLUT-2 THeZ! dhsiof o]x|= HE

Fig. 32] mRNA H3AISS H}Fti GLUT-22] thaal
2l Bhelgt A7) Fig. 49 2 2
mRNA @&l J3F-g v]x2] 231 (1 mM)E ALjskal
SCLEAZ] &37} ¥ N (5 mM)I H 25 mM)2] E=
F 5ol A 0.25 mg/ml SCLES #|2|3t Ax} 48A17171#] th
a0 ofo] Fteh= AL Bl T 4= QUQTE N 5o 2

Actin

0.5 1

GLUT-4, expression/actin (fold)

B 0 T T T 1

L N H L+SCLE N+SCLE H+SCLE

Fig. 3. Measurement of GLUT-2, -4 mRNA expression. A: Effect of a Smilax china L. leaf extract (SCLE) treatment on GLUT-2 mMRNA ex-
pression in HepG2 cells. B: Effect of SCLE treatment on GLUT-4 mRNA in HepG2 cells. Values are the Mean + SD of triplicate determi-
nations. *: p <0.05, N versus N + SCLE, =*: p<0.01, H versus H + SCLE. L: Low glucose levels (1 mM) N: Normal glucose levels (5 mM) H:

High glucose levels (25 mM).
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GollA] SCLES] A2] & 24417k A
o] oF 2.5l F7FeE AL &l 2 o}
7] S7VhE A I 4= QIIth H 9] Z oA
= 24~48A1717HA] GLUT-2 ©hiizlo] oF 3ul} Z7}3H

QIgh 4= QUQIth H 5% 9] Z oA GLUT-29] & ulj4=
7} e AL 27] OA|7F GLUT-29] thlal ¥k oko] N %
Lo oA Hrh =7] il Ao g sk SCLE
o] Aol WE GLUT-42] thila vhglo] Wl ke

1=
okolt} (data not shown).
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SCLE?7} transcription factor HNF-1a.2| gtsi0f| O|X|= gt

GLUT-29] promoter®l] 2}-8-8}+= transcription factor % 3}

GLUT-2, expression/actin
w
Il

[ ]

0h

, |l

Oh 24 h 48 h 24 h 48 h

Tine of SCLE freatment
H + SCLE

Tine of SCLE freatment
N + SCLE

Fig. 4. Measurement of GLUT-2 protein expression. Time-depen-
dent effects (at 0 h, 24 h, and 48 h) of treatment with a Smilax
china L. leaf extract (SCLE) on GLUT-2 expression in HepG2 cells
cultured with 5 mM or 25 mM glucose. Values are the Mean =+
SD of triplicate determinations. *: p < 0.05, **: p < 0.01 com-
pared with 0 h N: Normal glucose levels (5 mM) H: High glucose
levels (25 mM).
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