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ABSTRACT

Anticancer activity of ostreolysin purified from Pleurotus
ostreatus through caspase dependent apoptosis in FaDu

human hypopharyngeal squamous carcinoma

By Kim, Eun-Sik
Advisor : Prof. Ji-Su Oh D.D.S. Ph.D.
Department of Dentistry,

Graduate School of Chosun University

There is a common saying, 'Medicines and foods have a common origin”.
Edible mushrooms are a manifestation of this idea in constituting both
a nutritionally functional food and a source of physiologically beneficial
medicine. in several centuries ago, medicinal properties of edible
mushrooms have been recognized in Korea. Although from ancient times,
edible mushrooms have been treated as a special kind of functional
foods, they have received a remarkable interest in recent decades. Major
medicinal properties attributed to edible mushrooms includes anticancer
activity, antibiotic activity, antiviral activity, immune response-
stimulating effects, anti-hypertensive and blood lipid lowering effects.
Some edible mushrooms have gained special consideration due to their
various medicinal values in addition to high nutritional value. For
example, Lentinus edodes were reported to possess anti-tumor, anti-
hypertensive, hypocholesterolemic and antibacterial activities. The beta-
glucan polysaccharide has potential application in immune surveillance
and chemoprevention of cancer. Furthermore, ostreolysin, an acidic, 15 kDa

protein from the edible oyster mushroom such as Pleurotus ostreatus
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(P. ostreatus), is a toxic, pore-forming cytolysin from cancer cells.

To explore its potential anti-cancer effect on FaDu human hypo-
pharyngeal squamous carcinoma cells, we examined whether the puri-
fied ostreolysin from P£. ostreatus could inhibit the growth of FaDu
human hypopharyngeal squamous carcinoma cells and investigated
molecular mechanism of anti-cancer activity. Purification was performed
by size exclusion gel filtration in Fast Protein Liquid Chromatography
(FPLC) using Superdex 200 100/300 column. FaDu human hypopharyngeal
squamous carcinoma cells were treated with different concentrations of
ostreolysin purified from P. ostreatus for 24 hours. Then, the cell viability
was determined using colorimetric MTT assay. Ostreolysin (15 kDa) purified
from P. ostreatus caused a significant inhibition on the growth of
cancer cells in a dose-dependent manner. To understand of molecular
mechanism whether its cell death is related with apoptosis pathway,
we performed DNA fragmentation assay. The formation of a DNA ladder
was observed by treatment of ostreolysin (15 kDa) purified from 2.
ostreatus. In addition, western blot analysis showed that ostreolysin
(15 kDa) purified from P. ostreatus decreased the pro-caspase 9, 3,
and activated cleaved PARP. These results might suggest of adjuvant
chemotherapy that the ostreolysin (15 kDa) purified from P. ostreatus
induced cell apoptosis through mitochondrial caspases dependent pathway

in FaDu human hypopharyngeal squamous carcinoma cells.
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A Tl EEEelo} o2y AEAEE fEals Aew FeA kG, 6).
v} ekt PAEGA AEAE W Az ofAlel dia gekat B Aol
g A7 Mgt Alolth(7). oloh o] A4 AR AL o847 AFol}
ojobE el et FAlo] Z4E T glen] Alad B web ohe} vl o

w2 S g Hokw thokslrh(8-10).

o} o o] 2AY ATl A5 AL, 12), Ehd A AP
S 5ol BAel TAA Bk AEE 2 1A Q7S wEkez 1 Ak 4

0 A fEe] 9 4 Gl Ak, 9|8 A go] b5 A7) Basieh(13, 14).

obo rlo %0,
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1. &&=

T
gl

e Palsle] FRAE FEI T AReE ol gsle] FMAA g =
w215 phosphate buffer saline(PBS)el =<l 3 A nlefole]] 3]43}o] Al-8-3}
9t} Pro-caspase 9, 3, cleaved PARP and actin(Cell Signaling Technology,
Beverly, MA)S G983l Apgslglon] 7|e} B4 AekE-S analytical grade:

FeJate] Ahg-ahalet

2. Ostreolysin £2|
el AlodA] &3 2l AlS sodium phosphate bufferel] 3531 & %13}A

ARvIE 29 E o] g3} ostreolysing #2]3Fith.

3. M= bHgk

FaDu 3}l AHAEZ(ATCC No, CCL17)+= 10% fetal bovine serum (FBS,
Gibco BRL, Rockville, MD, USA) 2 344(100 #&/ml penicillin, 100 Unit
streptomysin)7} &-F% Dulbecco’s Modified Eagles Medium(DMEM, Gibco
BRL, Rockville, MD, USA)& AH-s}3ic}.

ele|WAlolA FE8 FebilA 9 ostreolysinel] td FaDu AlZe] AHEES
zAk87] 93te] 12 well culture plateel 3x10° cells/well |22 seedingd}ir
24 A1ZF F bl 3 oosteolysing X2l F 12 well platee] 9= wlFH-S A

3k 5 450 0 DMEM sieFiz} 50 10 3-(4,5-Dimethylthiazol-2-y1)-2 (MTT)
A8 AHrkste] 37T 5% CO, mlF71olA 4 AzE ubg-A17] 5 ekl A A sl
DMSOE 500 #t  #H7}sted =9l 3 96 well culture platedl] 100 ubE H53}o]
Microplate Autoreader ELISA (Bio-Tek Instruments Inc., Winooski,
VT)E AHE-3td 562 m F33 %5 SA3] Alx AEES Flakadct.

7&k
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5. DNA 2&3} &0l

DNA #3& das za1sl7] 98] 3x10° FaDu AlZ2 12 well plateol wijek ¥
el Aol A E2]8 ostreolysine AElsle] 24 A7F A 3 AEE FA AT
AEZZE 500 #b lysis buffer® €347 37C incubatorell 2 Azt &<t vk-g-A17)
5 12,000 rpm o2 5 i Fob dAlEe st ASdE AR TR &3 T
PCI(phenol/chroloform/isoamylalchol) solutiong 93 -20CeA] 1 A7k 3t
B3 & 12,000 rpmeZ 20 ¥ Fot AR sle] genomic DNAS 2|3t}
+2]8t genomic DNAE ethidium bromide’} 3% 1.2% agarose gels |4
3k 150 voltageolA 30+ <9t #7]%d53ted UV transilluminator(Spectronics

Corporation Westbury, NY, USA)3}el|A genomic DNA #3428 #&3}git}

6. ® 01t 24 U N-terminal THEE MY 2N
HAF 72718 ApolE o] 83 HE|E HATEE 7= resin(gel)®] EARA &l
o8l AEA= resin®] WH7FA] AFsted A o] Fdhs vbH A= resin (A
Ate] & whEA o] FFoRA AF W EA3hs thekdt hilAs FEld 5 glvh Ee
3

SDS-PAGES

s
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2
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OO
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4o
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3
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3

o
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0

]

@

=
v
N
)
o

19 B4 2)=stel r14Re FAR,

22 4 & F laelsgodog = W A|Hslal, protein lysis buffers o] &3}
ozl fe2]gk & BCA Protein Assay Kit (Pierce, Rockgord, IL, USA)S ©]
S35k] o Ad-S AeFsladch. 50 1g TAS 12% SDS-PAGE®) loading & %
120 voltageell#] 2417k &k #1714 shadch. A AellA Ee] & &AS western
blot analysise F33}7] 93] polyvinylidene fluoride(PVDF) membraneel
o] 5% ¥, blocking solution(5% nonfat dried milk in TBS containing
0.1% Tween-20)< °o]83le] 1417 &<t vkg3ksdc}t. 12k &4 pro-—caspase 9, 3,
23 cleaved PARP(Cell Signaling Technology, Beverly, MA)Z} actin
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(Santa cruz Biotechnology, Inc)& TBS-TE °|83}e] 1:1000 v]-&= 3|43k
F 4C z7s}el 16 A7 FF wkgsideh. TBS-TE ol&ste] Al W AlA F 23
A anti-rabbit T+ anti-mouse antibody(Amersham Biociences, UK)+=
TBSTE ©|83td 1:5,000 ¥]&= 343t 1 A7k 9-8- - ECL kit(Amersham
Life Sciences, Arlington Heights, IL, USA)< ©¢]83}%] western blot

analysis= 33}t

2E AdAALe i + AR Jepya, 2 AP folA AR ANOVA
Fo)| student t-testZ 3dFgdew, p-value’} 0.05 vlwk(*, p<0.05)3} 0.01 ==t
(**, p<0.05)8] Z-FolM FAA el U= AR 735k
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m. 2 =

1. El2|HA EHE =EES FaDu MIZO0 XN2|5t0{ MEMZE X 1t

—-_-—0 O

FaDu AlZdl efe]mAl ohild 3583 Helste] 1Cs 2 AZEAR A 2345
2137 S8 s FEES theksl FX(100 #g/ml, 125 ug/mﬂ 150 wg/ml, 175
pg/mé 200 pg/mb)= 10 ub 22]ste] 24 A7 F MTT assay < S33ksicl. ¢}
Al sl 2255 FaDu AlXEe] 24 A7F A7 ¥ 125 ug/mﬂ ol 10 1

7(0

|
228 welloll A ¥ 50%9] AEAA o] 7F4agke shalslgdc)t (Fig. 1).

Total protein from P.ostreatus

control

@

Cell viabilit}r {%}

175 wg <00 vy

Figure 1. Effect of total protein from P.ostreatus on cell viability in
FaDu human hypopharyngeal squamous cell carcinoma. Cells were
treated with various concentration of the total protein purified from
P ostreatus in FaDu human hypopharyngeal squamous cell carcinoma.
Cells viabilities were determined by the MTT assay. The percentage
of cell viability was calculated as a ration of A570 nm. Results were
expressed as percent of the control. Each data point represents the
mean+SD of three independent experiemtns.

_6_
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2. d of1} ZZOIEOMIIE 0|2510f =El2|H{ANIM ostreolysin £2|
SDS-PAGE M7|¥=2=Z ostreolysin 37| &0l

A oz} 3 RuE g9 o]gste] elg|uAleA] ¢k 15 kDa2l ostreolysins
Zelstede). #e2]8k ostreolysing 12% SDS-PAGEe] #7]°d%53}e] ostreolysin
o] =71& #Flsksict. (Fig. 2).

F2

|

HEERI
11

Absorbance (mAlLl)

: F 015
& | o .- 2 | Ostreolysin (15 kDa)

Redension ime

Figure 2. Purification of ostreolysin from P.ostreatus. (A) Size exclusion gel
filtration chromatography on Superdex 200 100/300. (B) SDS-PAGE
of active fractions from various purification steps. Proteins obtained
from each purification step were electrophoresed on 12% SDS-PAGE
and stained with Coomassie Brilliant Blue R-250 to visualize. Lane
1, crude extract; lane 2, from Superdex 200 100/300 size exclusion
column chromatography. Approximately ostreolysin of 15 kDa in size
is indicated (C). SDS-PAGE of osteolysin purified from P ostreatus
purified osteolysin was electrophoresed on 12% SDS-PAGE and
stained with Coomassie Brilliant Blue R-250 to visualize
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3. =EI2|HA0M 22|8F ostreolysin EHEE MY 2AM

N-terminal =& opn|pAt AAEAE 53] olv|Al HES B3 Ay} A{do]
Ala-Tyr-Ala-Glu-Try-Val-Iso-Iso& #helzg]on] o]= NCBI data baseZ o|&

sto #A43F A3 ostreolysin? F& AHsAdS 2 gl whAIglE Rl

(Table 1)

Table 1. Determination of N-terminal sequence analysis

Alignment of the N-terminal amino sequences of purified enzyme with P. ostreatus

product N-terminal amino acid NCBI
sequences accession
AAX21097.1

ostreolysin ALY A QoW VoI

ostreolysin purified from P, ostreatus # Y A @ W v 11

_8_
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4. =Ef2|H{X0j|AM 22|58t ostreolysin0| FaDu MZE MZ{M[0| O|X|= &3}

FaDu Al&ol =ele]w Al F2ldt ostreolysin® &3k ICs ¥ AlE AR A
35 AR fdE FEES ookt l"—t(l pg/me 5 pg/me 10 wug/mé 20 wg/m) =
ZF wellell 5 ub H=]sle] 24 A|7F 3 MTT assaye 3t ct. FaDu AlZelA
:E}E]HPHOHH #2]gk ostreolysine Ag] ¥ 24 Az % 10 1g/m F=2] ostreolysin

= 5 Aegt AzelA <k 50% AEAA] s E]lEiglon] olegt AFE
7HA AL el Aol A E2]dE ostreolysin®] ICsy WFFAAFES 5 184S &<lsll
t}H(Fig. 3).

ostreolysin (15 kDa) purified from Postreatus

120 4

a0
60
40

o

Mo treated sodium phosphate 20 ug
buffer (pH7.0)

Figure 3. Effect of ostreolysin purified from P.ostreatus on cell viability
in FaDu human hypopharyngeal squamous cell carcinoma. Cells
were treated with various concentration of the ostreolysin purified
from P.ostreatus in FaDu human hypopharyngeal squamous cell
carcinoma. Cells viabilities were determined by the MTT assay. The
percentage of cell viability was calculated as a ration of A570 nm.
Results were expressed as percent of the control. Each data point
represents the mean * SD of three independent experiemtns.
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5. =ER2|HA0IM E2I8t ostreolysin0il 28 FaDu MIZS| genomic DNA E&%t

el Aol #2]& ostreolysinel 21§ FaDu AlE AAAA7} Al EAPE ] <]
A ehte S Falslr] S8l 5 18] ostreolysing Hzldte] 24 Az F A
E5 T35 DNA 4o vehds lsigl o olefgt Az AxzAPH] 23|
Az A o] A1 gl (Fig 4).

M 1 2 3

—DNAfragmentation

—_

Figure 4. Fragmentation of inter-nucleosomal DNA by osteolysin purified from
P.ostreatus on cell viability in FaDu human hypopharyngeal
squamous cell carcinoma. Cells were seeded at 3x10° and then
treated with 5 #8 of ostreolysin purified from P, ostreatus for 24 hours.
Genomic DNA was subjected to 1.5% agarose gel electrophoresis.
Lane 1, no treated; lane 2, sodium phosphate buffer (pH 7.0): lane
3, ostreolysin.
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6. “El2|HAONIAM 22I8t ostreolysinO| OJEZE2E|0} 2|&EM caspase family
CHIHZ] dIS{0| 9|8t FaDu MEAIYE |RE

el AlodlA] E2]3F ostreolysine] FaDu AlZE AAAAS Aoy Ex1A 7]
A Flsr]9lsl] AzAPde] F83 AAZ e Qli= caspased] FA3IE Fal
skt WA AlZAbE SEolx] hatelx] A3} Elo] 4132 AYsl= pro-caspase

9, 39 &

Fo] ks salsilet. olel’t A3E EdE caspase @43} i

o] PARP?] Axle] dojuir] Alzr} AbdE= s o 5 ik

]
-
I_ |

caspase-9

caspase-3

o K. . cleaved PARP

]
_N- .

PARP

Cleaved PARP

~— —d actin 2o I

carn Bt ar——y

Figure 5. The expression levels of apoptotic related proteins and caspase

dependent proteins by the ostreolysin purified from P.ostreatus
on cell viability in FaDu human hypopharyngeal squamous cell
carcinoma. Cells were seeded at 3x10° and then treated with 5 u8
of the ostreolysin purified from P ostreatus for 24 h. Pro-caspase 9,
3 and cleaved PARP protein levels were determined by western blot
analysis. Whole lysates were seperated by 12% SDS-PAGE. The
amount of protein normalized by a comparison with the actin
levels. The data are reported as meanzSD of three independent
experiemtns. *P < 0.05, *P < 0.01 as determined by the Student’s
t-test compared to the control. Lane 1, no treated: lane 2, sodium
phosphate buffer (pH 7.0); lane 3, ostreolysin.
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ghelstar gleh(15, 16). ol AFAtEo] AHPA &L o]
oﬂz‘yo].ol-;q] ) a“j]—k]a‘]-%]—xﬂvq I‘/]—X o7 %}Eq;‘(l %Lxﬂ

jis p=4

woll A Ay ©Ael A AEe] AlgE A giek(17-19).

2 AFelAs el AlgAler Avlsta gl =Ee|MAl F5%5 FaDu o
Aol AHzlste] Al AR = AlEAPEe] 27t FtEI} = EAPH 71l diE
Ags skt el AlolA gt ostreolysing FaDu A X7 £ MTT
assay 7IWH& ol&3ted Ax AAAAE &lsldrt. FaDu A2l ostreolysin
S tefd T2 APske] 24 AZF F ostreolysin 5 ugoll AZAAAS 50% A
A7l 23S ik (Fig. 3). & d723 = olvl a<taabt d8A sle A4
Aoy w2 T3t §hHrElolRl ARt wEA A EAAE AAEk=d] AabH
A& Folaldrl, zele|wAlelA E2]3 ostreolysin®] FaDu SHIZE A &
7} AzApde] ogk AQlA] deolrr] $fs] DNA +A-3pF =e=A gl
DNA 243} dA-2 Azapde] x4 dAes Ca?t 2/&4 endonuclease’} &
A3} =lo] m=wEle] 7] DNAZF %=1 nucleosomal DNA #4-& o] FA )
olg|gt dAS o7tE s AloflA] EA3}; R AT 5 vk Epe|wAleA gt
ostreolysing FaDu Al Zel ostreolysin 5 #8 A7 A 52& DNA ladders
sl o], gz eZ AR5 sodium phosphate buffer(pH7.0)E 2] A]
g A3t A= dehA] 9452 Feldlgitt. old AdE FEliA e Al A
F2]8F ostreolysingd FaDu $tAHlEel A2jsldS wl AlZEAPE ] 23 212 730
o8] AzAAe] AAE-S skt w3 AlEAPEe] FxpA 71 hejshes o
Ae] whels #alaly] sl viEZ=elob ool Exfsle AlEARE A dAdw
217 9l= pro-caspase 9, 3.9 =i el k4 2 PARP #A43tE #qlsp

12

_
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&l whid wiof HbAnS eesigit. e AlellA E2I3F ostreolysing A
=7

=
ol n|EZ=zlo}l 2]&A pro-caspase 9, 39 whA wlgo] 7F4%HS Fl

9 15}
oo w3l v|EFZcg|ol o]&A] caspase 713l o FHEAH o7 PARPI) dAubES-
lsld). 99} 2o oly] /A AFE BEdlE elewAloA] Eeldt ostreolysine
FaDu st 2ol Azlab AlzApde] 544 A2 stz defA sle veZcelof
caspase family ¢]&A4el &3t MEZAPE S 28l A2 AlgF e}

73_%7“5’—1 B ATelAe 71Ee] FdEIL sle dew od#A ole wAlEc
AT = & =4S Ps] S8 = ARske e AlE o831

FaDu °Hﬂ.+_°ﬂ 2 g3sle] d7sisiet. 2 AF ostreolysing Ae]shA =W w|EE
=2]o} caspase family &4 AEAPE S fEdhe 224 714ES 53] FaDu <
Ao e whE A7F Well AAA = ol B ofel Al A deF TR
Aol F 5 glow, FRIFtel BolA]l A RA it EFol H 4 9lE A

o Alm
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V. d £

B dqollA el Al E2]3F ostreolysin®] AlEAPEe] ok ExpH 7]AdS
Trstaal MTT assay, DNA 43t 2 shifdd iy 55 st 2

ASE Thest o] A sisit

Lele|AlolA] B3k 2ohia 125 pgS FaDu SHAlZel A7 A 50% AZAAA
A5 Felslsict,

—

2. elg|yjAlollA] E2lgdt ostreolysin 5 #8& 8] A] FaDu ¢HHEel 50% AE

37 AAE Felslkadch

3. ele]AlolA £l ostreolysine FaDu HA|E2] 3o a3} genomic

DNAE 243t A ozs AL bae Fugs skl

4. Pro-caspase 9, 39 whiizd WS 7FAA7) PARPS] Axtel s AlxAbE
o] fF=¥S Folsld o o]zgt A= vlEFE=e|o} ©|&A caspase AlEAY
| dodS shelslgict

=

shael o|§ AEAPE A 7)Ao

$9} 22 A= ostreolysing ©]-83te] FaDu $AIE AFdel gt #2124 7|4 &
shelslglar, o] vopr) dielsAlS Zhe whl EAlS EEAIG o o] 8-ale] 7]l duA
A= sFlF A EA Hrp 2 AlZ2e Ao kAl X sA U BEA siute] ok
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