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Porphyra tenera induces apoptosis of oral cancer cells
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ABSTRACT

Objectives : Laver (Porphyra tenera), a red algae species, is one of the most widely consumed edible seaweed
in Korea, Laver contains various substances such as essential amino acid, fiber, minerals and polyphenols that
benefit human health, In the present study, we prepared ethanol extracts from commercially processed product
of Porphyra tenera, and evaluated the growth inhibitory effect against human oral squamous carcinoma
YD-10B cells,

Methods : Cell viability was measured by MTT assay. Apoptosis was confirmed by TUNEL assay and flow
cytometry with the green fluorescent dye FITC annexin V entering apoptotic cells and the red fluorescent dye
PI not entering, The expression of the relevant proteins was detected using Western blot,

Results : Ethanol extracts of Porphyra tenera (PTE, 50—200 ug/m{) caused a significant decrease of cell viability
in a dose dependant manner, The cell death occurred as a result of apoptotic process as determined by TUNEL
assay and flow cytometric analysis, In line with this observation, decrease in procaspase proteins and increase
in cytosolic cytochrome ¢ were observed in cells treated with PTE. In addition, exposure to PTE decreased the
expression levels of Bel—2, and induced PARP cleavage and AIF translocation from mitochondria to nucleus,
Conclusions : In conclusion, PTE exerts anti—cancer effects by inducing apoptosis via caspase activation and
AIF nuclear translocation in YD—10B cells. These results provide evidence for the possible therapeutic effect of
Porphyra tenera in oral cancer cells,
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Tkt BARAE FAA o] A==Hi ot BEHXEA
Aol AA|ZoA BolFoz IIEE EAE BHO=E
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AN|EZZ7]|ZH(cell cycle regulation), 31 (angiogenesis),
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o} 2] AZAEAapoptosis)E EWHF | dAH Apr)=t
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1. Aok

3—(4, 5—dimethylthiazol—2—yl)—2, 5—diphenyltetrazoleum
(MTT), dimethyl sulfoxide (DMSO):= Sigma (St. Louis,
MO, USA)oJA U3}, DMEM, fetal bovine serum
(FBS), antibiotics (penicillin—streptomycin)= Gibco/BRL
(Eggenstein, Germany)2+XE 33tgEch 12F antibody$l
actin, AIF, Bel—2, procaspase—3+ Santa Cruz Biotechnology
(Bergheimer, Germany)olA Y3t
cleaved PARP, procaspase—9< Cell Signalling Technology
(Irvine, CA, USA)A FY3tgch 22+ antibody= 12F
antibody®] hosto] @&} anti—rabbit IgG—HRP (Actin,

cytochrome ¢,

procaspase—3, procaspase—9, cleaved PARP)2} anti—mouse
IeG—HRP (AIF, Bcl-2, cytochrome )2 Cell Signalling
Technologyoll Al st ARS-sHEATE

FE2E9 A=z
A(FL: Porphyra tenera)<
At TFH7L &,
S A% AMgEIT oEE FEEL AR FH405 g

A AN T
sEsm A ol2de AAR o

o] 10ufol FEE oEge] MRt 7247 B¢ &S
o 31H FYs571(EYELA, Tokyo, Japan)® Ha5st

I freezer dryer(Labconco, MO, USA)Z FZ ZAZXs}Y
}E 28 X2(0.933 95 ssigen, A AL
f7kR] —20°Col|A BBt A et FE2E(Porphyra
tenera extracts, PTE)o] digt & $£&& 0.23%%2oH,
DMEM Hjz|¢] = Ago| ARS-sHT

3. AlZuig 2 AEAH

Human-83] oral squamous cell carcinoma cell line?l
YD—10B cell& 3H=tA|ZF23) (Korea Cell Line Bank,
Seoul, Korea)oZ HE FYstgon, 10% fetal bovine
serum, 100 units/ml penicillin®} 100 mg/ml streptomycin
o] Z3E DMEM iA|olA 3719 =9t 5%9] COx7t 44
= Ao A vidstETE AT RE cellsE 80~90%
9] confluence®|A A¥3}IF L, 20 passages—— d71x] &2
cellRt ARESFGTE, Al ZAYE < #3517 Y8 PTES
7‘13101'7‘] o vjx|RE ‘?Jb']’ ’*ﬂia EHJ—T'__LQE staaL, Al

2 MR EF3I 242 50, 100, 200 ug/mle] PTEE
11110} o}, o]%o] AFoMe R0 wg/m)Tt FF =9
PTE AAH(100 ug/ml)& A7gste] AlZApALe] gt &t
E AT R

4, MTT assay

YD-10B cell& 12 well plate] 1x10° cells/well2 B335t
o2, PTEE H=9¥(50, 100, 200 ug/mQ)Z2 A A|3}te] A|E2]
AEES Fatant. wigAZ MTT 841 mg/ml)E 500 ul
Y3 4A7F wjgste] ABAIE formazan crystalsg DMSO9]
o] Titertek Multiskan Automatic ELISA microplate
reader (Model MCC/340, Huntsville, AL)S ARg3}o] 570 nm
i FFEE A AZYEEL ARE AXSH] ¥
2] oigh WEE2 Jehfeltt. [viability (%) = 100 x
(absorbance of treated sample) / (absorbance of untreated
control)].

5. TUNEL (TdT-mediated dUTP—biotin nick

end—labeling) assay

4 well chamber slide®] welld 1x10°7]9] =7} =7
HZE vjFst PTES 24A17F A3kt Cell2 PBSE 2

3] washing® %o 4% paraformaldehyde® A3} In
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Situ cell death detection kit—POD (Roche, Mannheim,
Germany)Z ARg3le] kito] ZFE protocole] 2 EA5}H
9t =, paraformaldehyde® A E cell& 0.3% Ho0.2
ARE3}Y] blockingA]7]al 0.1% triton X—100/0.1% sodium
citrate2 permeabilisation AE|Z W= Fof TdT—enzyme
o] XE|e BNOZ labelingdsttt. PBSZ 23] washingdt
30| Converter—peroxisase(POD)2 37CoA 3087 2
3} DABE 23t light microscope® a3}t

6. Flow cytometric analysis

B2 Fadyorel propidium iodide (P} 224 ¥
FgAeFe]l FITC annexin V (Molecular Probes, Eugene,
OR)E AME3}lY] apoptotic cellE B8t 1x10°9] cells
< 10cm?® plastic plated] ZI 70-80%<] confluencyS &
A3ttt WA cellsol 2447F MR TZAL dla, The 244
7t &% PTEE AAsY #2HE cellsE trypsing A3
slo] 343l B] cells? trypsin# A cellsS 2% 70%
ethanolZ resuspensiondt®] —20CoA] overnightdte] 14
ANZ 2A3E celle 1x10%7]/mee] == PBSY|| suspension
ANZl & FITC annexin V¢ PIE A=]dle] G20l 20
B7F wkEAlA flow cytometer (Particle Analysis System,
Partec GmbH, Mnster, Germany)& 2X35}it},

7. Total cell lysates®] ZH]

WjoF AEL WIXS AASHL PESE AIME Fo| protease
inhibitor cocktail®e] ZgE RIPA £HOF lysiss}HTt
Lysis® AlZ= 15,000 x gollA 15 87t &g st 777
£ AASIL A5HS FHdl total cell lysateZ ARE3}IFITH,

8. Cell fractionation

PARP cleavage ER1S $3t Az dEIELS AUHE
nuclear extraction kit (Thermo scientific, Rockford, IL,
USA)E AREst A=A ofimde] wat wiek NEZEZEEH
FE314t. mEZ=gole] ATF proteindt AI2ZEL] cytochrome
¢ protein®] WAL A 8 AE BFL Mitochondria
Isolation Kit (Thermo scientific, Rockford, IL, USA)S
o] g3t FH|gt9TH,

9. Immunoblot analysis

Zulg oA A7 AL BCA protein assay kit
(Thermo scientific, Rockford, IL, USA)E o|&3l%itt &
A3t oFo] TA-S SDS-PAGEZ £33} nitrocellulose
membrane® 2 &7|1 1x} antibody2 2A]7F WESAIFHTE,
TBSTZ 33] washingdtal 22} antibodyZ 1A17F © ¥FAIF1
Bof ZF2F9] protein band® ECL western blotting detection
reagents (Amersham)E ARESte] LMstgich Wy & 7¢
izl o] WhEeke BHr15lr] €5le] image analyzing system
(Ultra—Violet Products Ltd., Upland, CA, USA)& o|&
3} densitometric analysisE AA|SFA T}

10. 34 &4

RE AP 33 o WkE AAEGoer AF Ade=
mean = S.D.2 Yt 94 HABL Y=$§ SPSS
17.02 A}FE3}9] one way analysis of varience (ANOVA),
Turkey test (multiple comparison) ¥]o g2 BASIgon],
pael 0.05 mRtd wf FARCR {osirta @S

2 3
1. PTE7} YD-10B cell®] HZZAle] mxE

Y

PTEZ} +73¢F Ml225221 YD—-10B cell®] A|ZFA]of| u|X|=
IS A Yot thekst H%=(50, 100, 200 ug/md)=
A8t 24A7F T2 48A17F B9t vFste] MTT assay=
cell viabilityE &35ttt 24A17F vk 3 PTEE A X5}
7 2 g2 ME YEEES 100%2 192 W PTE
50, 100, 200 ug/m¢-& Z+ZF 85.0%, 40.7%, 9.2%2] A|ZAY
&8 yehgled, 48AzF uiFolA 70.9%, 35.2%,
9.1%9 AE&S Uedo] 5=, AIZME NEANE 2 Ax
4 AR a7t I AcHFig. 1).
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Fig. 1. Effects of PTE on the cell viability of YD—10B cells.
YD—10B cells were exposed to PTE (50, 100, 200 ug/ml) for 24 or
48 h, Cell viabilty was assessed by MTT assay. Data represent
the mean £ S.D. with three separate experiments (#; significant as
compared to control; M,o<O.O1).

2. YD-10B cellolx] PTE®]| <&+ AJEAFEA}
(apoptosis) ¥%= a3}

dutd oz ME NEsg NEZFA D NZAPEY A3
o zdEE ZACE, Fig. 194 £ v} Zo] PTEE
YD-10B cell®] ANZAPEE Fo5tA(p<0.01) F=FFo=ZH
MEZZAE JAIS . PTES 93t A|22APE ] apoptosisell
7118H=E &<lst7] 93] FITC annexin V/PI o]5 |4
S AAEH] flow cytometry®E BA5IHTH Fig, 2004 RE
Hiel Zro] M ZAEAE FPH AM|EZE FITC annexin VO
FAE Adeo]H(Q2¢t Q4), B3] PI A oo wzt PI(+)
late apoptosis(Q2), PI(—)= early apoptosis(Q4)7} A
FU<S AujEitt, PTE(100 wug/m)E 24A17F Bt WHSA|
A3}, control AEo] B3 =718 NEATA AEZE 3
S 4 YUATKFig. 2A). Control M|lZEx= 24413t ik 5o
742 @A A efell BE BRESEA] g live cell(QDE &

Ao

-0,

A
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B2 giEE ZA8FF L apoptotic cell 2.5%F oY, PTEZ
A2 E MEZE 29.5%2] apoptotic cell populatione UEY
o] PTE®] 2]dt YD—10B A|ZAFHo] apoptosis signaling©]
F3HA(p€0.01) FATE & 4 UNATHFig. 2B).
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Fig. 2. Flow cytometric profile of YD—10B cells stained with FITC
Annexin V and Pl.

YD—-10B cells were treated with 100 ug/md of PTE for 24 h and
applied to flow cytometer after stain with FITC Annexin V
(FL1—green) and Pl (FL3—red). The population was separated into
three groups: live cells (Q3, left low) showing only a low level of
fluorescence, apoptotic cells (Q4, right low) showing green
fluorescence and necrotic cells (Q2, right upper) showing both
red and green fluorescence (A), and the % population of apoptotic
cell was calculated (B). Data represent the mean £ S.D. of three
separate experiments (* significant as compared to control; #p
<0.01).

T4 MES YD-10Bo tigt PTEQ] apoptosis -F=a3t
= TUNEL assayg AAIstd & © 93] 48z} st
24X7F ] PTE A& Ak, controlol H|st g 24
o g(shtE)E 7H MEEC] FHIA TR (Fig.
3A), o]AL apoptosisell 23 DNA & (fragmentation)©]
dojt A|azo] do] TUNEL stainingol ®¥H8-ste] yehd A
©2 PTE7} YD-10B A|Z2] apoptosisE® {E31932 9
ulgity, TUNEL stain®] F4% AlZ7F A &Rl=r] g2
control(6%)°ll 8|3} PTEX TUNEL positive A|E2] &
64%%2 Z7NFHHFig. 3B). ©|83t Zil= flow cytometry
A (Fig. 2)¢ ©E°] PTE7} #4YAEFS] YD-10B AlE
ol4 apoptotic cell deatholl ¥AEHS FE8HA HoETt,

(A)

) p/ml of FTE

T

100 pgiml of PTE

TUNEL + cells { %)
EEEt i

0 wo  PTE(ngwh

Fig. 3. Induction of apoptosis by PTE in YD—10B cells.

Apoptotic cells were detected by TUNEL staining after the treatment
with 100 pg/ml of PTE for 24 h, Arrows indicate TUNEL—positive
nuclei stained dark brown (A). TUNEL—positive cells in random
microscope fields were determined, and apoptotic cells were
expressed as the percentage of TUNEL—positive cells over total
cells (B). Data represent the mean £ SD. of three separate
experiments (#, significant as compared to control; ”p<0.01).

3. MEAEA B2 gude] wdo| PTE} )
e %

T Al PTE] 98 WYehte apoptosis =
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A3 EE= caspase?t EATE caspased] QF] AdEE
PARP(poly ADP ribose polymerase) THHZ-S &AME HE2E
QAL EE 4 = 58S 4248 apoptosisE F%
314 =t} Western blot 232 X4, PTEX procaspase
3/99 AL FroEF oz FAAF oM HhEH(cleaved)
PARP ©hldo] WHdS Z7MAIFICHFig. 4). ©] A= caspase
9] activation® PARP T 9] mtuj7} A|Z9o] DNA EA]
9§ dEd BHE ASEAE F¥FE 0] apoptosisE
8 AEAPE 7RSS ouigitt B3 nEZE = ot
93t apoptosis AZ AR TddH= Bel-2, AIF (apoptosis
—inducing factor), cytochrome ¢ Tzl W&d = PTES]
Ao g3l F= JEHoR sttt PTES 93] anti
— apoptotic regulationg 3= Bel- 29} nEZ=gol 2
g £9 ATF @i B3-S fgamglon, Azdz Rud
cytochrome ¢ H@2 F7HE 922 ERIsHcHFig. 4).

Procaspase 9
. Procaspase 3
| Cleaved PARP

— — - 1 Bel2

I e —— ‘ Cytochrome ¢
[- — | AIF
[ -— e e | Actin

0 S0 100

PTE (pg/ml)

Fig. 4. Effect of PTE on the expression of apoptosis regulator
proteins.

Apoptosis—related proteins were assayed by Western blot with specific
antibodies. Procaspase 3/9, cleaved PARP and Bcl2 were
analyzed in total cell lysates. The mitochondrial and cytosolic fractions
were prepared by differential centrifugation and used to detect the
protein levels of AIF and cytochrome ¢, respectively. Actin protein
expression was measured as an internal control.

o

AAtsle choret Age] WAoo Jof w2 BirAd
g et PAA 2EFGHAR Qste] At 2L AR
dho] Z7beta gl SAoltt, ole], IulAR ZAE 95t
of thakgt )24 A A7rt SYPHT on, I sEE
Aol vja] BRFgo] Aoty QAHT Q= HAR A7t B
AL wrw gtk Ae SEjuetelA] b wo| aHjEE sz
£ 29 sptz ZR2er}t Bu W ofuliate] ERslH, A
<3 vey FFY 9Be s nFAEo, Hao A
So] g2y 7o g7 an'l¢ g2y g an's v
3t chakst AR BALS Ad Aoz BuEe] AE oite] 7}
A2 Ad AAB2 gifse] A1 Yok £ AFoAL
oehe FZES Zu|sle] AN T AEHE YD-10B
AM|azof tfgt NZAFE EIHE RARSE 23} apoptosisE B3
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T7Iet Alaze] Apdo] PSS RIS [ FE2E2 caspase,
PARP, Bel-29} 22 apoptosis ¥ ©ilidEe] ddAE =
Ao 2N AANEZE A IA 2 APEE FEoth

Apoptosis= FH Ao AsiE FA gon 49 27
4 NEZES AAsk: B4EU AR AAF EA4LE
Aol & A== programmed cell death (PCD)o|th
9 o]t apoptosis T WL FMEe] Bak 24e
7FsHAl sted e Ay 9 Xde r|oge s, EY oFE
OJ%t apoptosis®] == & BT 5 e #Hol £
JoH> AAE FIA Fw HFL ¥ AT AREL A
HEH, AEZ AP o R A S Wt BEES
target cellolAl apoptosisE F=do=ZH I TS YeERf
AcH"'® Apoptosis ZHgol o8] Uehts e A4S
2L plasma membrane?] W3}o]| 23t phosphatidylserine
(PS)9] flip—flop¥} DNAQ] EA&3Kfragmentation) 5= & 4
o™ =AML 7] 2ZE Ao s YD-10B
MEZoA o] T 7R @o] ol T 5 UdH <
249 flip—flop PS¢}t A= ¥ FA(annexin—V)
S g3ty flow cytometry® Eelslgon, £4% DNA
+ TUNEL stainingS &3 &34t

Protease®] ¥%£<2l caspase= apoptosisE ¢t =+
S Jdshs TR Z A, apoptosisol] #IF W2 HApEo
caspase®] EAEC| 9&d= pathwayd] 28& Fi1L
Ho| gH*? Caspase®] BASH= AME9] oz 49l
HEZEeo}l oEFog NPH 4= St} Apoptosis AlZ7}t
nEZE=goto] ZE51A HW bel-22F 22 anti—apoptotic
regulator£9] W@ st nEZE=eo}l ¢ute] Fabd
Z=lo] cytochrome 7} cytosol® o= EIF”, Cytochrome
9] W&EL caspase—9& A7) 3L, EA3}HE caspase—9
2 H&EHOF caspase—39 EAES Z7HAA apoptosisE
=3 "t o] Igeolla] Sefa] &4 DNAE 44(repair)
3lo] M|Z2] RZo| 7]oj5l= PARP: caspase—3°l| &3] &
dEo] HESHE 2N, apoptosisE APAZl=Hl HTE
gobatd fo? 2 dAFelA 7 2EEL apoptosis A
chlZo] bel-29F procaspase—3/99] WEE A IA L,
cytosol &3] £9] cytochrome c®} cleaved PARPS] ¥&2
Z7M0Het o] AmE= 7] FZEo] cytochrome ¢ W&,
caspase activation, PARP cleavageZ Q4%EE nEZCE
2ot F3 caspase BT HRol| FostASE u]ditt,

tEo] I FE=2 vEEEeol £9] ATF giid Ide
Aefstant. S4E nEZEgol2RE {&H AlF= apoptosis
ATE 3 Y2 A7l 982 A Eo &, ZAd Ax
o] nEZEg ot EAst= AlF= apoptosis IHoflA] 3o
Z o]%3}e] DNA fragmentation®} nuclear condensation
& NI Hae] AFSe] oW, AIFQ nuclear
translocation(3U] ©]%)2 PARP inhibitoro] 2&J3] Asi€
4 Sleu}t caspase inhibitorel]l &JsiNe AEX P20l
BOEPh? o]= AIF7} caspase H]9JEF apoptosis
pathwayoll @S uist= AR 3 FEEC] 97]9
HFEHoR Fofst Ao AREY, nEZEod] ATF ©
i ke ZkAet PARP EA43HE AEskeE AlsIgoA 3
FEEY Aot 9T F o AFE Jystojof AHE &
A Aol

2}
ot 9

ool Adts FEsle], AA 77t AZESF YD-10B
HZA 7] 2&E0] nERE|o}E E3} apoptosis pathway
£ 53 AlZAPES fEdith= o] ERIEA AldTellA
A AAM|ZEAA apoptosisE FoZ 4 Uth=E 2 AA|
oAz 283 53-8 LT ¢ US3S duldles AL
B A3 dgass Ad AGEYerEez wAd & =
E2EAQ ol gt o7 a5 & HoFes A= & 5
Pz

2 E
B d7olde QA 7Y A=) YD-10B cellofl gt
4 g FEE9] A2 4% IA % A2 viAE 9=

A e 2 A2S A

1, 4 e 2252 30Y AlZFQA YD-10B celld

diste] AZPE, s=d AEAME B3-S YERHSITH

2. Apoptotic cells HME 4= 9= TUNEL assay®t
Flow cytometryE o835t ¥4 A3} 3] ot &
ol o3t Al AbEo] apoptosisel 7]eE & 4
Ak,

3. MEZAEAIA Fo38t TS gste BdEe]
RAE B9, A FEE0| nEE=aore] Aol(dysfunction)
o} AFE caspase B3t Y nEZSaol o] AR

9y A 5ol oo 2N apoptosisE: FEIS &
o

g
A1t

=
A
TR

olgdt AIEL T4 AES] apoptosis A1E YT

AN A FEEo| AEshe 71 ol Fe=H dAE

AEAZA ol e BE 7Fs S ANk ek

ke 2

o mES WIHE RREAFzIER) Ago &

FATAG]  AYe wob FPW ATYUT (o,
2012R1A5A2A42671316).
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