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Nelumbo nucifera Leaves Extract Reduced the Production
of Hepatitis B Surface Antigen on HepG2.2.15

Yun Hee Lee, Li Jung Kang, and Seong Gene Lee’

Department of Biotechnology (BK21 program), Division of Applied Bioscience and Biotechnology,
Chonnam National University, Gwangju 500-757, Korea.

ABSTRACT : Nelumbo nucifera (lotus) is known to be a useful medicinal plant and leaf extract contains several flavonoids
and alkaloids. To analyze the effect of Nelumbo nucifera leaves extract (NNL) on the HBsAg production, we treated NNL on
HepG2.2.15 cells which contain the hepatitis B viral genome and secrete surface antigen into media. NNL suppressed the
production of hepatitis B surface antigen as a dose-dependent manner. To analyze the effect of NNL on HBV DNA replica-
tion, PCR analysis was performed. NNL was not affected the HBV DNA replication and HBsAg mRNA expression. To
understand the effect of NNL on the production of HBsAg, we carried out the analysis of lipid-metabolizing gene expression
using one-step RT-PCR. NNL reduced the gene expression of FASN and SREBP2 and increased the expression of LDLR.
Triglyceride content of HepG2.2.15 cells was not decreased by treatment of NNL. This result suggests a possibility that NNL
may have an effect for the inhibition of hepatitis B surface antigen by modulation of lipid and cholesterol metabolism.

Key Words : Hepatitis B Virus, HepG2.2.15, HBsAg, Lipid Metabolism, Nelumbo nucifera

M

2

el T4 o 4
I e, 7ere] El Tkedle 14
o] fgle] of Wsk= A7t A
o, b e 29ES Hole e BY

o} Ugo

g Zkdolnh. A AAF o= 29 W

& 7he ke

gl gl

7k wlolgi o] €
el BE 74wl

glzo)] mZEo] glom, vid sHrt ®o] AEAl BYE
Hlolgi2o] AEEE Aoz HyHY Sith o] Zhed 4

o] 7% 5-10%, AAore] 90% ool
Aoz uus glom, B8 ool 49
o] 75%7t W Ho R A Ko w
Z d#A Stk (Merican et al, 2000).

sk 2o

AR kol eahd vt 2000 M APEES
3 EARe] 8- 33.9%, A= 1099 E e
AR Bare) s 7k Aol 2|3 APES P}
123% (16,678%8), oA AFg=ke] 4.0% (4,426%)7

h—

N
—
o
=
o

d

>~

bgsisinh. ekt 9wy 0919] 70% of
vpo]& 2 (Hepatitis B virus, HBV) 7+ol
vlo]# 24 7HA9] 60% o, T &84
oF 73% <JA] HBV el <3t o=

100 W
O
-
o}
oft
P

o2 o
oy o2

v
i
oL

A

>,\l

N
—

)
Fmﬁr
i)

- F83 A4 F shueltt (Kim
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B A= Eslal HBVE &57F AR, F9A], 7],
il o] ZhlMvE S4E = e SAHSE Qs Akl A
ofo] lo] gt 1991 W= ZAJoeRe- thete] Korba HAL
58 HBV 1A ARt 7hMA 20l ©98le] HBVZF 52,
AAkEE EAS 7K HepG.2.15 AlEFS A 231001 o]
£ o]&st 3 HBV oFagdd Al2glS sHEsiSith (Korba
and Mulman, 1991; Korba and Gerin, 1992). HepG2.2.15
AEE o83t P 558 A4S A+=2= 7L A,
E22}, % 52 o]&ste] BE 7 wlolg F2lol m]A|
9S BHE 8F o} (Kim er al., 1999).
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date] ofgfalido] FEEA Qlest THE FHOE EY, &
o] &5 oMok MRS =, dE Sl EE E¥Eske
AT HEE, 22 B3 A )R ol8Eo] ke
™, A3 e A8ste] ik ejselr A S (i)
oz} sl WAL, FEH -, EY, AR oBAR, ofx=

Z, H5agol 2olx, o JROTE AEAGH WYAE
o] 9l+= roemerine, nuciferin, armepavine, n-nornuciftine,

pronuciferine, d-n-methylcoclaurine, liriodenine, 434k, 1
Ah AR 3R, il ol EfrEel dE Ao By
I A} (Yuk, 1990). & Z7)= A GlEfR)eleka sk, 1)
EFRl3} wu|2ke] &efo)] H)|w A ol Ay 2 uke] g ao
wo o|&E)n, We)Z7]9} Fulis okgo Relwo] o))

= gtk 9 ol8% AN B4 A7 A9, 924, 4
G, QM 9%7) 5 DUE dxgowry wad ok

A FE2EL2 FE ZYoA HT &% (Ono er al,
24 (Wu et al, 2003), F2] #]AX]HA L]

AA B =2 (Ohkoshi e al, 2007), =385 2L A5}
A 2EYXZRE B34 (Jung ef al, 2008) 5°] R

Ark. Ao 274 e FEES BRY Fo T8
< ¥9s 2dske &40l BEard vh Stk (Mukherjee
et al, 1997). A A FEEL herpes simplex virus type 1
(HSV-1)2] ICPOL} ICP4¢] mRNA 23S Asfigho A ulo]
2l S S ks FulolEs 5ol el BALEL §)

o (Kuo er al, 2005). =3 ALJSZHE] coclaurine®]

norcoclaurine, quercetin 3-O-B-D-glucuronide 53 72 #-&

AZEA EZo] 2y HAHHACM, coclaurine?} norcoc-
laurine& 7323k & HIV 84S 7K T e ZAos By

3L )t} (Kashiwada et al, 2005).
ool B AtoM= AY (Nelumbo nucifera leaves, ©]3}
NNL)C 2 A FEE8 AZ310] hepatitis B Hlol2{

FAAS 7 U= HepG.2.15 A EF2 o] &8l 37k

52 AESIZA, 94 F=EE°] HBVE] ®H & (hepatitis
B surface antigen; ©|3} HBsAg) &&ol| vx|= 92 #4135}

31, HBsAgZ7} M2 vro g uld uf &3 Ao S ZHE
I A2 AFYES 8= Stk HAIZHRE (Lin e dl,
2003) AFAHAE =} Aol w FES A

2=

T
1. &8 Mg 2 FEuY

£ Afel] AMEE ARE 20079 62 7 A sid A
A QXA AFsIATE 5418 A 100 g2 7= 2
A 5 1000 BE Fket] M7 EFE 23] Nk 3
3t & AZFE A3l 450 x g2 PAEE] (Hanil Scientific

Co., Seoul, Korea)dte] A=-S 3]d ¥ 5=7] (EYELA,
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Japan)E ©]-&-3t] eS¢ & Aol ARSI
2. M B

ZFAAE HepG2oll hepatitis B virus (HBV) DNAE
transfection 3}o] A)Z3F stable cell line HepG2.2.15 (3 3]U]
gha, gejHsh, YA wF AlF)E B Al o&sidich
HepG2.2.15 M2EE 10% fetal bovine serum (FBS)©] %
Dulbecco’s Modified Eagle Medium (DMEM)Z 8] X] ]|
G418 200 pg/mb-2 A7k, 37C, 5% COE 3H=e &

2 AE wg1elA vl skl

7
o

3. M

=M 24

o137 A} XTT assay (Wel-GENE, Korea)S A&}
Atk 96-well plated] A 9 x 10° cells/well®] F=Z vjSE
HepG2.2.15 A2, NNLE 7, 14, 28, 55, 110ng/md &%
E AL 24x7F EF v ¥, XTT [2,3-bis(2-
methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide
inner salt]?} PMSZ 50: 18 412 % 20ulE well & 7}
ate] 3A17F F3F 37Tl whgAIZL - 450 nm 3% 690 nm o]
Aol T35S 54T § ODssp-ODgo®l #hs ¥ 5 dix

@3] Vg Bal A AEAESS AN,

4. B Z2¥H Hpolg{~ EHM

24-well plateol] X 2x 10° cellswell®] F%XZ HepG2.2.15
AES], NNLS 7 ng/mi3-E] 110 ng/mi7H] thst S22 2
g8k 24417k, 48417 FF ket &, Wi S dof
HBsAg ELISA kit(KOMA biotech, Korea)S ©]-&3&l>] BH
7+ vlolgls FHYL(HBsAgyS AE3IATE AEE 96
well plated]l Z}Z} 100ul 2 Y32 HA Y 25ul ¥ 93 &
Egs ok 37CelA 1A17F 301 B9t WESAIZIT 53] AF
& 5, 71-AE 100 b A FAL 37°CollA IATE ERF RS-
AlZL 3, HESAA NS 100 10 A H7Fet] WSS A AJA

Skl ELISA 24

450 nm oM FF=E SAEIAT

5. HBV DNA ZA! 24

HBV DNA 52]¢] Hgls 24sp7] flse] BY 744 39
&9 ELISA E4JolA 53 HepG2.2.15 Al E ujelS: o]

83t PCR WHS ©]83l9] HBV DNA A8
5-ATCCTGCTGCTATGCCTCATCTT(L)-3'¢}  5-ACAGTGG
GGGAAAGCCCTACGAA-3'S PCR primer® AR89

313bp°] PCR bandE &RI5IITt. PCR WHE-271S g
55 template® ARSI S™, primers ZZF 5 pmol &,
200 uM dNTP, 1U Taq polymeraseS H7}sle] HZE Hy
20 /4 2 PCR WHg-5 48J3I9it}h 94CollA 3 minZt 1 cycle

ZA1 0.
o=




el FE=22 I 55
Table 1. Gene list for RT-PCR.

Gene Right primer (5' — 3 Left primer (5' = 3) Product size Tm
FASN AGTACACACCCAAGGCCAAG GTGGATGATGCTGATGATGG 200 60
LDLR CCCCGCAGATCAACCCCCACTC AGACCCCCAGGCAAAGGAAGACGA 369 60
SREBP2 CGCCACCTGCCCCTCTCCTTCC TGCCCTGCCACCTATCCTCTCACG 390 65
PPARG GCAGGAGCAGAGCAAAGAGGTG AAATATTGCCAAGTCGCTGTCATC 352 60
HBsAg ATCCTGCTGCTATGCCTCATCTT ACAGTGGGGGAAAGCCCTACGAA 313 60
[B-actin GGACTTCGAGCAAGAGATGG AGCACTGTGTTGGCGTACAG 243 60

kg3t 5 94 CollA 30%, 48°CollA] 30%, 72ColA 30 A reader (Molecular Devices, Silicon Valley, USA)S ©]&3}

44 cyclesS

t}. PCR AHE-2 2% Agarose gel 7]

HHESlaL FE 72Co0A 57k vkt

pad

5 Zaslo
F F239

6. One-step RT-PCR &4

NNLel| o3 frdzt @d Wsts £4s8h7] 918te] Tri-
Reagent (Molecular research Center, Cincinati OH)E ©]-&
3t total RNAS A)ZAL] WhHol| wa) 323} TF Reverse
transcription (RT) PCR HF-8-2 one-step RT-PCR PreMix
kit (iNtRON, Korea)& ©|83td F7#F &3-S #4381
RT-PCR ¥F3-oll= total RNAE 20 ng2 template® ARE-3151
o, primer= 27 Spmole 2 FH7FSE & diethylene
pyrocarbonate (DEPC)-DWE 13 iU & 78l HF Fu&E
20 U= 3t WEEIATE Whg 270 45Tl 30i7F vkS-
3L, 94Tl 527k AA a5tk 94TellA 30%, 60Tl
Al 30%, 72CelA 30% 4 343] HHE gt & 72CelA] 5%
7+ w33k & 738tk PCR BHS AHES 29% Agarose
gel 7] 3kl FUATE RT-PCRO ARE-g primer=
Table 19 2|35 tt. HBsAge] RNAS EA1317] 98k 5-
ATCCTGCTGCTATGCCTCATCTT-3'% 5-ACAGTGGGGGA
AAGCCCTACGAA-3'g AFE3IH 9™, product 27]& 313
bpe]tt.

7. Triglyceride 2H&F 244

6-well plate] A 5 x 10° cells/well2] Gl
HepG2.2.15 Al Eol, NNLES 7 ng/mbH-E] 110 ng/ml 7}A] T}k
St F=E A2IBlal 24417 FF wl et &, cell scrapdhed

FE F

pud

o 1=

homogenate buffer (2M NaCl, 2mM EDTA, 50uM NaPi,
pH 7.4) =21 % sonication®Z cell> 451t Wz
AEE71E ol8ate] 4CellA 13,200 pmOE 1087 4] &

RL

sty A2 cell lysateol butanol, Triton X-100: MeOH
(1:1, wv) €45 2:2:19 HEE 4olE o 10-302%F

HRSAZIT ukgo] FFE cell lysateS 1087F 13,200 rppm e
2 94 Besle] A= 10 L5 FH3I F triglyceride reagent
9} free glycerol reagent (Sigma-Aldrich, USAYE 1:4 H|&
2 EHEE AxT F, 200 45 FH7Vste] oA 102 54t
30CoA wrEAIFT HHgo] FEET SpectraMax 340
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540 nm A9 FFE=E STt Triglyceride (TG) &

=

(1g/mg of proteiny THHA Frepo 2 Hstsle] AlLkslr] 23l

Z} cell lysate®] ©uld &5FS Bradford £241% (Sigma-
o

Aldrich, USA)C.& A 2F&13]t),

8. SAHIX2]

BE 34 die 30HE o)) S¢Sl AdoA &9
g3 7] Ht (mean)z} EFHA} (standard deviation; SD)
Z YepiAY ZF AT 7ke] AolE Student's t-tests AR
ste] BAISH 48 S, P<0.05 3 A5l 5
Aoz fFeoldo] U= Aoz I3

=M

1. ME 54

AN FZFE (NNL)©| hepatitis B virus (HBV)E 7}
U= HepG2.2.15 A2 A WX FEFe E48H7] <
slo] XTT BAHS AAsTh 24 A3 Fig. 1914 1o
FE ek Z2o] 10ng/ml o] =7 s B3] AE 548
A Ve e AoR BoH, 110ng/ml ¢] o]ike] Ewo|
M AlE 548 e ARl olske] Ao =
T 110ngmt ol3le] FEg AMEe] Ae s

o 1-=

2. B 2Kd 7Y ok 25 Sl HBY SAol| OIXl= A%
=4
AE 548 YRR ¢ s=2 110ngml ©)8ke] &

oAl w2 EH|E= HBVY %Wl HBsAge] ke
ELISA -8 o]&sle] BAlalSlt). 2417k} 48X17F &<1F
NNLS A2]3te] HBsAge] &S A3 Azt FA 2|l

o
o= pul
2477k vt vlatsksls W 48417k wiFsld HBsAge| A

o] oF 40% Fx= S7I8IATE NNLS A28k HepG2.2.15
AEE HBsAge Aol NNL sk oj&8oz 7HAEs

[e]
e

Hoom, o] Tz 48A17F wlgellA AFE VERA
AT} (Fig. 2). F-A2)?3} vwsle] @ NNL 55ng/ml o]

OFO. o

2] EwolA HBsAg 2 kS oF 50% o4t 7+ A|FAT
HBVY|] #¥ @ WS IAlsks &5S #E uet
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Fig. 1. Cell cytotoxicity of NNL on HepG2.2.15.

HepG2.2.15 cells were plated on 96-well with 9 x 10? cells per
well and treated with various concentrations of NNL for
24 hours and assayed the cell cytotoxicity with XTT assay
kit (WelGENE, Korea) as followed in Materials and methods.
All experiments were carried out at least triplicates.
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Fig. 2. Level of HBsAg in NNL-treated HepG2.2.15 cells.

HepG2.2.15 cells were treated with various concentration of
NNL for 24 hours and 48 hours and analyzed the level of
HBsAg in the media with ELISA assay. ‘P < 0.05 vs. control;
P < 0.01 vs. control.
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HBVS| S2%= oA Al7|=A] #ds}7] §lste] wiA= &4
== HBVS] DNAE £4351th. 71E2] HBV particles &
geto] DNAS FEske WS o84 ¥4 wixlE PCR
g0 FYPo g o]gsle] DNAZ #4she 43 UiS
1) T2 viA] 5-10 (S FE o2 1] PC
1218k A3} vll-g- 2402 HBV DNA S
ew, HBVE ZElate] PCRE 4% W3} PCR
g A3, T AT 7ol ol Holx| %P
AATH (LR dole). 1A i E FIPo=
MO NNLo| HBVE] F4]o] ojufdt g3k
ST (Fig. 3). NNLE == A2lste] 244]7F,
8A17F ik & wjR]ell Exeh= HBV DNAS #43F A3},
NNL2 Hlo]2|s DNA S48 Al e 2oz eyt
o} (Fig. 3A). AlXW HBVS] #3172 W&ol NNLe] ojufst
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Fig. 3. Effect of NNL on hepatitis B virus replication and expression.

(A) HepG2.2.15 cells were treated with various concentration of
NNL for 24 hours and 48 hours and analyzed the level of
HBV DNA with PCR analysis. (B) Total RNA was purified
and analyzed the level of HBsAg mRNA with one-step
RT-PCR analysis.

nxE A B£A3517] 918t RNAE #2]3}3L one-step
RT-PCR "J'HO 2 HBsAg®] RNA @S E243F Az}, NNL
< HBsAg®| 37 B3-S AAN7]= &5 flSs
sttt (Fig. 3B). ol&jgt A3 A= HE NNLO
HBsAge] A4 9Ale HBVE| Z4olu 43141 Wl
< H|X= B0 assembly”}t of2} MEUjoljA] AdE HBV
HH o] Ax yroz FujE uf S v Row F4
A =k HBVE| 39 gelo] ZyEo] #H]E o] <5
Ao FEl2HE B Ado] asiths At Ak (Lin er
al, 2003). HBsAge YoM e] UFO=E viral nucleic acid’}
o= o] EPUR EHEe Aoz duEA o
HBsAge] WS 749 o] dnbAQl do = ulolgf &ljto]
Ao o]H g YAES G NN A EL] A 9
75e AT AoRE AAXIL Slvh. =, HBsAge] 75
subviral lipoportein particles24] 77H4E MAEZHE ZHHo
2 A€ HBsAgZh =] 2HE W 100200719 &
gEte|l=7t AdtsiAl =W, ofu] A4 phophatidylcho-
line (~60%), cholesteryl ester (~14%), ZHZHE (~15%)
230 triglyceride (~3%)= A= e FOE BHIEI
At} (Gavilanes er al, 1982). NNLo] HBsAge] A2 <
Alsivk HBV DNA S0l d32 PIAA] & 2oz 7E

o 1 BT
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Fig. 4. Effect of NNL on the lipid metabolism-related gene
expressions in HepG2.2.15 cells.

HepG2.2.15 cells were treated with various concentration of
NNL for 24 hours and analyzed the expression of FASN,
LDLR, SREBP2, and PPAR-y with one-step RT-PCR.
Normalization was performed with B-actin.

NNLo| A1 4 =ik dds =43

ek,

£ oy #4%

3. AI2UAE 2 7TAL 2 2

A Al Aefste A
HepG2.2.15 AlES Th3l 9]
g & RNAS ZElakleh A AL A F21 fatty
acid synthase (FASN)3} low density lipoprotein receptor
(LDLR), sterol regulatory element binding protein 2 (SREBP2),
peroxisome proliferator activated receptor gamma (PPAR-y)
frAte] WS RT-PCR WHOE AT} (Fig. 4). 4
A3} FASN3} SREBP2&= NNLoj| 9J3l] F& oExos W
o] ke & FFsIh LDLR #3872 7% NNL %
o me} wdo] S7HEE S UERHRITE PPARS] 75
NNL Ao we& a4 e 2345 45 47 fileh
FASNZ A4k eHdoll #Aofehs 538 E48A acetyl-CA
¢} malonyl-CoAZFE Frgiks sk v Fvf &
Th FASNG] W& e APt Sdapo] AslsEe 2R
F=3 F v}k T3 SREBP2E ZFHIZHE ATl oo
st FA7F BeS 2dske AARRERIAEA], SREBP2
Azpe] W e SHZEIES] AR ek Aol
T} (Eberlé, 2004). FASNZ} SREBP29] A= 7HA|ES] A
2 Al ddFS vA HBsAgel BHS A 7
ol M-t E5& AASKL Utk FPIEAE LDLR 4]
$He NNL o wah F7hstgl=t], LDLRS low
density lipoprotein (LDL)YS Al WE k=] #Hosl=
FHAZ LDLE €9 ol SHZHE carrier® 285k &
Wdolt}, Wb LDLR F32= g vjo] S8 28E
g 288 F= T8 AR g8 Atk (Kong e
al, 2006). LDLR §3%}] 75 Zolle IAEFS fdshe
Rog d#A vk T2|=E FASN7} SREBP2 f-37fo]
@ 749t tEe] LDLR f7te] 3 F7H= NNLo| A2
gAEE 2ddthe As Witk stk 22v PPAR-y
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Fig. 5. Measurement of triglyceride (TG) content.

After HepG2.2.15 cells were treated with various concentration
of NNL for 24 hours and 48 hours, the cells were
harvested and sonicated. The cell lysates were measured
the TG level using triglyceride and free glycerol reagents
and normalized with the protein content. The TG content
was indicated as pg TG per mg of protein.
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