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Effects of Nelumbo nucifera Root Extract on Proliferation and Apoptosis in HT-29
Human Colon Cancer Cells
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Abstract

Our study is investigated the effects of Nelumbo nucifera root extract on HT-29 colon cancer cells. The anti-proliferative
effect of 70% ethanol extract from Nelumbo nucifera root on HT-29 colon cancer cells was identified based on cell viability,
Hoechst 33342 nuclear staining, apoptosis analysis, Western blotting and RT-PCR analyses. In our study, Nelumbo nucifera
root extract inhibited the growth of HT-29 colon cancer cells in a dose-dependent manner. Concomitant activation of the
mitochondria-dependent apoptotic pathway of HT-29 colon cancer cells by Nelumbo nucifera root extract occurred via
modulation of Bax and Bcl-2 expressions, which activated cleavage of caspases-3 and -9. The findings of this study indicate
that Nelumbo nucifera root extract induces apoptosis in HT-29 colon cancer cells, and this phenomenon is occurs via the death
receptor-mediated and mitochondria-mediated apoptotic pathways.
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1. Al 3 elX]|

Al&of] AL2% uj=|] RPMI 16403} fetal bovin serum(FBS),
penicillin-streptomycin(PS), Trypsin-EDTA+= GIBCO BRL
(Grand Island, NY, USA) A &S AF-5191 11, DMSO, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT),
Phosphate buffered saline(PBS) 5] Al<F-2 Sigma Chemical
Co.(St. Louis, MO, USA) A &< AHg3lth

2. A2 &4

Ad A7 AL 20129 59, FAE
AtEO|| A Fufjste] AR-SFGATE A Tko] A
BI71A] & ER AF2oA 2Y B ARA & AxE
10gS 70% ethanol® 80C water bathol|A 1A]7F B9k &
sta1, o] B2 33] REESIGITE F59 S o 72| (Whatman
No. 1, England)$} 294 #2]7](Sorvall Instruments, USA)
= Abgste] oAt oJakd FEAS rotary vacuum
evaporator (Eyela, Japan)= 1St 5538 & —80TolA &2
AZ(Ope- ron, Korea)alith. 8 A|l5E A|lZ3l AxE
o] BAZ 243 I(FEF 1 1.6435 g), 100% <ol =
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3. M= & 3 Mz s{t

7 242 A EZ(FHC, CRL-1831TM) % Human colon epi-
thelial cell¢] HT-29, HCT116 A ¥ ATCC(USA) 2 Korea
Cell Line Bank(Seoul, Korea)ol| A Fd3sle] A&l AL-8-313
o B5 W2 M EFE 10% heat-inactivated FBS®} 1% peni-
cillin-streptomycing 3 7}t RPMI-1640 HjA| & A1-8-31] 5%
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4. M=Z Z4] AYF(MTT Assay)

HT-29 2 HCT116 AM329] 2 H =5 MTT assay= 7%
o} A EZ 96 well plateell 1x10* cells/em’ =7} &%
F3lo] AJ8Z 0, 1, 3, 5 mg/mL FE= 2447 v kg
T MTT A9 2 mg/mL FE2 50 uLE 2zt welloll %12]3l
37°CellA 4A3E WEEAIZ] B vjA] S A 71skal DMSOE %
o] 8449 formazan A 2~ES E3A17A 540 nmoIA] Mic-
roplate reader(Bio-Rad, USA)Z SF =5 =33k AXE
SHES AR FHEE UxTY F3= dg ¥iEs
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5. Hoechst 33258 23144

HT-29 A|EZ 6 well platecl] 3x10° cells/om® Y =2 ¥
3lod 24417 H LR T A E 0, 1, 3, S mgmL FEE A
stod 24417t Bt wiFetsict vix| & A A Stal PBSE 23]
M E =g o]l T methanol & 4204 308 ot A|E
E 17g3ta, PBSE 23] A3tk Hoechst 33342 HF &
%7} 2 ug/mL7} F| =5 PBSel| 3]Asle] AlxEZe] H7lela,
15 &Rt o7& el dAg £ &3 dn]74(Olympus,
Japan)©. 2 23} tHRyu & Chung 2011).
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6. Flourescence Activated Cell Sorting(FACS) Analysis

HT-29 M3Z2] apoptosis H]-&S 33171 2130 flow cyto-
metry A&-S 3T HT-29 HEE 6 well plateol] 1x
10° cells/em’ D=2 5310 24A|17F w3t § A8 F5
ES0, 1,3, 5 mymL == H7teto] 2443t 2t v et
Atk AlE @35S PBSE 28] Aol 3 trysin-EDTARZ #
23l 2,000 rpmell A 10327F A EE ko, AEES F5
3t & Annexin V¢ Propidium lodide® 443+ &, FACS
analysis(Beckman Coulter, USA)S %3l apoptotic cell 5
=339 tHRyu & Chung 2011).

7. CHEHZL bS] AlS{(Western Blotting Analysis)
Al APEF S213 BdE 5% S o] S western
blotZ AAIste] 18I Th HT-29 AIEZE 1x10° cells/mL
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slo] AZlS Hol Alg R ARSI 12% gradient SDS-
PAGEIA e thil A8 Joadingsle] il d-S ¥a]3k
%, nitrocellulose membrane®l] 13} antibodyE 4C, overnight
HHE-A17] 31, TBSTR 1583 384 A28k & thA] 23} goat
anti-rabbit IgG-HRP(Santa Cruz Biotech Inc., USA)E 1A 7F
FoF WhgAl7]2, TBSTZ 1583 334 Mojll & ECL
solution®. 2 A 3FATHRyu et al 2014).

8. mRNA & AH(RT-PCR)

1) Total RNA 2|

RT-PCRE Ryu er al (2013) “Hel 23] TGEF»loiD}
HT-29 Aol F2 A4 2 AP ff= &3} mRNA

NN & GEFe nA=A] dotrr] $18te] RT-PCRS 53 0}
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2) cDNA &HAd

7 &8 RNA sample F°] 1,000 ng®] ¥ == tubeol] 4]
3}, 10 mM dNTP mix, Random hexamers(50 ng/pL)E X
state] F7Fe] 10 uL7} F| =5 diethylpyrocarbonate waterE
A7Vt AJEE 70ColA 10E-7F incubationdtaz, o 7]l
reaction buffer(5xfirst standard buffer 4 pL, 0.1 M DTT 2 uL,
10 mM NTP 1 pL) 7 uLE F7}slke] 42°Col|A 523t incuba-
tiond}aL, superscript I reverse transcriptase 0.5 uL& 3 7}8}
o 42°TCoA 1058, 70T A 15%7F incubationA] 71Tt} 7]
A RNase 0.5 pLE ¥ar 37Col|A 1217t incubation 3,
diethylpyrocarbonate waterg 80 pL& d°] —20TCol|A B3

ao] ALgIgT.

3) Polymerase Chain Reaction®Z DNA &=
FH] % sample©l] 2.5 mix buffer(10xPCR buffer, 50 mM
MgCl,, 10 mM NTP mix, autoclave water)<} sense, antisense

primer Taq polymeraseE &35} cycleS 283}, ethidi-
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Fig. 1. Effects of Nelumbo nucifera root extract on cell
viability in FHC cells.
The cells were incubated in serum-deprivation medium containing
0, 1, 3, 5 mg/mL of Nelumbo nucifera root extract for 24 hr.
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HCT116 Al ZAME 56.2%2] AlE YE&S UYERASI (Fig.
2). ©]& A8 A7(Chung HS 2013)°4] AZ FEE2 02,
0.4, 0.8, 1.0 mg/mL ] A] 72A|7tell HT-29 AFE&°] 66.5,
69.6, 58.7, 52.7%%1 A7} vlwd wf i stk

3. Al=Rol| 2st HT-29 M|zZeo| HEf st
HT-29 % HCT116 A= A=
A F2le] 7 io}&’i D%

}. ’\]La AeletA] 2 tZae] 7% plate vhel Al
7} PgA o= FAtw] o] HAFHRl FAlo] o] Folxl Kol
#AREJ o, AIRE A Al AT, sEEE AX
2ol AL, plate® FE A E7}F el = o] bl ol
T3k BEo)Ql) B3k AlE F % 3 mg/mLoi|A] *ﬂi )
7} ¥zkshr] AlAbet oH, 5 mg/mL 2] Al AlE 537G
o] Yehr] Al&teta, F53 AlXE & 48 = *ﬂlﬁ.‘j—}ol
g E]o] AlEAPE] o] FARNE & F UATHFig. 3).
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Fig. 2. Effects of Nelumbo nucifera root extract on cell
viability in HT-29 and HCT116 cells.
* p<0.05, significantly different of control cells.
The cells were incubated in serum-deprivation medium containing
0, 1, 3, 5 mg/mL of Nelumbo nucifera root extract for 24 hr.
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Fig. 3. Photomicrograph of morphological change in HT-29 cells treated with Nelumbo nucifera root extract.
Nelumbo nucifera root extract exposed cells undergoing apoptosis are shown by their characteristically shrunken cellular shape by

microscopy at X40 magnification(A : 0 mg/mL, B :

1 mg/mL, C : 3 mg/mL, D :

5 mg/mL).
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Fig. 4. Effects of Nelumbo nucifera root extract on cell death by apoptosis in HT-29 cells.
HT-29 cells were incubated in the absence or presence of various concentrations for 24 hr, stained with Hoechst 33342 dye, and observed

under a fluorescent microscope(magnification, x40)(A : 0 mg/mL, B :

$] =] 3+ phosphatidyl serine(PS)©] A|ZH5} WFo & o] Fdl= ¢
2 & o] &3t W o7 PSol] Eo|d o2 H3El= Annexin V
9} popidium iodidie(PT)2] 4|9 T3-S o] 8-3le] AL S
9] early apoptosis(Annexin V-FITC positive, PI negative), late
apoptosis(Annexin V-FITC positive, PI positive)2] H]&2 3+
stttk AR Ad, ARE AgobA] 2 tETellA early
apoptosis 13.1%, late apoptosis7} 8.4% A= o], & Z13¢
A3 APEo] 215%™, 1 mg/mL &

tosis 21.3%, late apoptosis 9.9%% A 3E
VERE R, 3 mg/mL =A== early apoptosis 37.7%, late
Z 48.6%°|™, 5 mgmL FEoAE early
late apoptosis 14.2%=Z A3 APE o]
Mleshs Aoz selgdn

oA = early apop-
APEo]l & 31.2%=

apoptosis 10.9% =
apoptosis 52.3%, ZL2] 3L
F 66.5%% AR A7 Fx=of
(Fig. 5).

6. AlZ7} Mz Atof ofxl= A

nEZe=z]o} ¢jdtel| Ea)3l= Bel-2 family @A -2 cyto-
chrome ¢ W& A3 2 2ZM apoptosisE =4 31 (Reed
JC 1998b, Korsmeyer SJ 1995), caspase+= initiator caspaseQ]-
effector caspase@ %™, A E APE 24 QAE 2H838l=
dl, ©] % caspase-9-2 apoptosis initiatorZ 21831, n|EF
cejo} who] Fapdo] FrtEo] AlEH = WEH cytochrome
coll ol &d3l= 1(Cory et al 2003), apoptosis®] A
EA] o #o3l= PARPI| G &S Fo(Villa et al 1997) apo-
ptosisE = &tHChae et al 2011, Debatin KM 2004). & <1
TFollA= HT-29 A2 AlZ AFES fEd A2 55
o] caspase2] gl P& F3S FAVSH7] 13, ca- spase
24 FEQ cleaved caspaseE<2] T A S #EAs] 9
3l], Western blot= A|283}93 T HT-29 A ¥o] A& FE2ES
Z2]38t 5 controlE AFEE B-actin@ V] W3S
mErt 2asklar, v Bax WE7F S7HE S 8918
AT T3 cleaved caspase-391r cleaved caspase-9°] 57|53}
$al, FHE PARPE AE Fke] &0z Frsh
(Fig. 6). =, 9 F=F Ao 23t initiator caspaseS!
cleaved caspase-92] TH-2 2] FLo &40z F)y

1 mg/mL, C : 3 mg/mL, D: 5 mg/mL).
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Fig. 5. Flow cytometric analyses treated with Nelumbo
nucifera root extract in HT-29 cells.
The cells were incubated in serum-deprivation medium containing
0, 1, 3, 5 mg/mL of Nelumbo nucifera root extract for 24 hr. The
dual parameter dot plots combining annexin-V-FITC and PI fluo-
rescence show the viable cell population in the lower left quadrant,
apoptotic cells in the lower right quadrant and upper right quadrant
and necrotic cells in the upper left quadrant(A : 0 mg/mL, B : 1
mg/mL, C : 3 mg/mL, D : 5 mg/mL).
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Fig. 6. Effects of Nelumbo nucifera root extract on the
protein expression levels of Bcl-2, Bax, cleaved caspase-3,
caspase-9, pro caspase-3 and PARP in HT-29 cells.

mRNA ol v = ks dEstr] Al Az Abda &
dE FHAE o] ot A6t AXE AFES HAlske
FHARI Bel-29F AFE2S frEshe BaxE B izl B
-actin@} ¥l FAEI T A9 A A2 —ir%Eo =7t
S7Fe 5 Bel-29] mRNA Tdo] w2 oJFEH o 71—}\0]'

om "M E Bax| ¥HS F7F=AHFig. 7). Bel-2 family
= nEZ=glole] 9 B33 cytochrome CE &3l Al
APEE 2Ashe 2o R dHA Ut old &3sh= Bel-2w
anti-apoptotic A2 T EFE=2|olZFE cytochrome C2]
WES JAsle &S 3lal, Baxte pro-apoptotic TALE
nEZ=gole] A QS TAAIA AEXEZ cytochrome C
E HEA7| B R A E APES 2A7IT) o] B2 A& di-
merZ EA3H T8 Z o] F1 YA|TE, TFo| ZfXA =
H nEZ=g]ol2RE cytochrome C2| WEo] 714 9] ca-
spase cascade?] EA3tE F3) ME APEES f=siA ot
(Adams & Cory 1998). & A @A A FEE5 A=A
S ] & A F449] Baxe] mRNA &L £71819 a1

=
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an)
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Fig. 7. Effects of Nelumbo nucifera root extract on Bax
and Bcl-2 expressions in HT-29 cells.
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=1 ?rﬂﬂé E—ZL?L 9 SFE s s, 9S
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