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ABSTRACT

Anti—cancer activity of the protein extract from ZLyophyllum

shimeji in KB human oral squamous cell carcinoma

By Jung, Jong Won
Advisor : Prof. Su-Gwan Kim D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

There are various mushroom proteins with interesting biological activities,
such as flavonoid, lectins, ribosome inactivating proteins and other proteins,
which have become popular sources of natural anti-tumor agents. Many
mushrooms have been reported to have cancer-preventing properties. However,
little research has been conducted verifying the anti-tumor activities of
Lyophyllum shiemeji mushrooms.

This study examined the effect of protein extract from ZLyophyllum shiemeji
on anti—cancer effect and molecular mechanism of KB human oral squamous
cell carcinoma. To understand of molecular mechanism whether its cell
death is related with apoptosis pathway, performed DNA fragmentation,
western blot and LIVE-DEAD cell staining. to explore the anti-cancer
activity of the protein extract from Lyophyluum shimeji, we performed MTT
assay. KB cells were treated with protein extract from Lyophyllum shiemeji
at 100 rg/me, 125 wg/ml, 150 pg/mé, 175 ng/mb and 200 1g/me for 24 hours. The

protein extract from Lyophyllum shiemeji displayed the inhibitory activity
=il =
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against KB cells with an ICs value of 150 #&/ml and the strongest inhibition
percent was 91.66% at the concentration of 200 #g/ml. It was observed that
the protein extract from Lyophyllum shiemeji induced genomic DNA ladder
formation. In addition, it was confirmed that protein extract from Lyophyllum
shiemeji induced significantly increase cleaved caspase-7 activation and
PARP cleavage in KB cells. Activation of cleaved caspase-9 induced by
protein extract from Lyophyllum shiemeji suggested that protein extract
from Lyophyllum shiemeji -induced signaling was mediated through a mito-
chondrial related pathway. Furthermore, protein extract from ZLyophyllum
shiemeji treatment KB cells dramatically increase the red color (apoptotic
cell) by fluorescence microscopy.

These findings demonstrated that protein extract from Lyophyllum shiemeji
-induced apoptosis in KB human oral squamous cell carcinoma involves
the mitochondrial intrinsic apoptotic signaling pathway. It also suggest
that protein extract from ZLyophyllum shiemeji be developed as a chemothe-
rapeutic agent and adjvant for the management of oral squamous cell

carcinoma.
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T, ) AR % ol e wHE WS ENS Teln Y
Fol alek(2, 3). gl A r)He ok AR kA dubd oz ol

. F7keke] g 8l R e FAF 5, wlelel, waAlog Al AlFakt 4
FAge] dEA rk(4, 5). 2013l wxHE = Fok EF B AR
2011l Eletellrs o1 218,01742] sto] WA=l Ed, o 5 s Py
g ol 5337A°® AHA oF v 0.2%F AXskdct. 22 3t &) oA
2= 60tH7} 28.0%= 7P W, 70tH7F 25.0%, 50tH7F 22.0%°0]1w $-2|ufebust
ofel AA 7] I7lell % vl53t FE} {3E Holw 77 Qlgsiew g
AED} APgEo] Al F7kska Qlth6, 7). Tk §eke® whHo] 7hgste] 2714
o] golatar v} el wls] WAMIEL= ko) oA Ert Eol 5 ol AEEo]
50% AE= vl-g- 2WAe|ch(8). AA7MA] et A E= dubgor oI o o
E

=
HAAIA Role H7hA el o R oFEA RS Walshe 497} stk el sl 4
] A

N

5-Fluorouracil (5-FU), cisplatin carboplatin, taxol &9 dAE ARSI
glov} My 7hrz 4sls|A § = Fag)e ;qg} moly A5l T3 7he Alzkal
FARSo R ]lal] ARge| Z AlFRE WA QIoh(10-13). skl RS FH A3
Asl HZols = - -2 wAl, Sl x2F 1e|a —’F*L%ﬂ e AAEZ Y SR
= 7= A =4S 2 A7t e o] Folx] A gith(14-16).

WAL o Z5E gt B3} akstayt &) JiA, FU2EE A A, W AA
733t & ohkRE AR A RS A sle AeE RaEdoH(17, 18). R WAl
(Lyophyllum shimeji)2 = A8HAloRE deix glon F84+H-° 2= polyphenol,
flavonoid, lyophyllin, lyophyllum &°| %3t=o] 9low ket hits) stasr}
= Aeg oA glrh(19). AF Aol gl BE o)A b (ribosome inactivating

r°"
HE
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protein) 2 &#A 9+ 20 kDa<l lyophyllin A1 84 H4 chzle] Eajshs, AxE
Well4] 2]HEe] E2hAdstel] o3k il o] g emy AMEAPES sk A
o= oA Qlrh(20, 21). BEFE] B3} o3t x5S 2 AlEA AR
+ o}B&l(abrin), 28] (robinin), #4l(ricin), ZE® (crotin) o] &gk}, A
4 542 44 9l okEd(abrin)S Junket gt Az A2sslS o vE
Zrelo} ofutel] EAfsk= Bel-2 AlEAFE A whAe] S ZRaAA AEAR
cytochrome C& WEsle] caspase -3, -9 A3} AA AEAPES fresks 7o
2 A Qlvh(22). Wb Al el 2255 Q17 @ s AlEF HL60 A
alsls ul TF S A Bt 9lew(23), Rk wiAle] WwkE =3 il
ZREFE B3 2E2ES 7 AlZF HepG29 AR AlZF HT29¢ A2 39S
W AEZF7] 2HAAE dHA Sl= Gl cycline®] Wo] ZtAagkowA AlxF7]¢]
Gl SAE Adste] FoF AR Sle 2o Hauwsdrh(24). 9]¢} 3ro] Wi
Aol chekst AledA] EAlo] tlekdt shAllxelA WY A4S FUF AA dstEAE
el HollA 75 vk QIrk(25, 26). £ AFolx= KB Al 77 93 hAl 2]
b WAl el 258 AREte] SetadE FEelEta vep) A 71Ae AT

iy
sfo] Fgstel R A2 AT fel o AR 2] W Aoz Az
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1. wbs A il 2229 Alx
27b WA 100 g8 #aliste] & 200 g A7 F 4CeA 3k Fol FE8ha,
[e)

EES oIAE o gsle] 19 ot 4ule] oES Mg F, 4CelA 6 ATk
ql_

Wiz Z=ZRo glAkelalle]| o] B A nljefolle] 3]Asle] AREsleIt) Anti-cleaved
caspase9, -7, PARP(Cell Signaling Technology, Beverly, MA)$} actin
(biocam)S AHg-3}eit}.

2. A|x ulje

A 7 H1 oHAE(KB, ATCC No, CCL17)+ 10% fetal bovine serum(FBS,
Gibco BRL, Rockville, MD, USA) % 3AA(100 #8/ml penicillin, 100 Unit
streptomysin)”7} -5 Dulbecco’s Modified Eagles Medium(DMEM, Gibco
BRL, Rockville, MD, USA)S AFg-3}eit},

3. MTT assay

e WAl w25 gk KB AR 77 HE Al 2] AEES BARP
9l8te] 12 well culture plateel 2x10° cells AI£Z seeding &L 24 A|7F ¥ 1t
7ht WAl bl 2558 100 #g/ml, 125 rg/me, 150 rg/me, 175 pg/me, 200 ug/me
o] thekgt wx= At ubybe Al el 255 AHE|g 12 well plateel]
A= kA AlA g 3 100 #b MTT €H& A7} 3tgdchk. MTT §Heo] Hrkel 12
well plateZ 37C, 5% CO, viek71ollA 4 AZF whg-A17] 3 wfefalS- A8t 500
wee] DMSOE #H71st] AlEE 4l ¥ 96 well culture plateel 100 #¢ A&
+7-3}] microplate autoreader ELISA(Bio-Tek Instruments Inc, Winooski,
V)& A3l 562 mn F3 5= Al AEES Fssict.

5. DNA fragmentation assay
DNA 24 A4S z241317] 918 4x10°22 KB A 774 99 M 2E 6 well

_3_
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platecl wieF sled vyl WAl ol 2258w 150 18 A2]star 24 AlZF 3 A
EE5 FAEIE A AlEdd 500 sk qlakekEwt 55wl lysis buffer@ £ A7
4Ce] 20 # FoF wks A7 F QAR slo] AEdS A2 FHel %A 5‘&4
phenol:chloroform:isoamylalchol(25:24:1) solutiong ¥iL Aol 5 & 5%

HhS- & 7 fAEe] dked genomic DNAS #8]sldct. #8]8F genomic DNAE 2
19l 100% ethanol® 1/102] 3M sodium acetate® go] -20Ceollx 10 £7F ks
gk ¥ A= kel genomic DNAE A7t genomic DNAE 3%k S50l
43l A1A ethidium bromide’} 3% 1.5% agarose gel= ©]$3}le] 100 voltage
ol 40 ® #7]dF sl UV transilluminator(Spectronics Corporation

Westbury, NY, USA)3}el4 genomic DNA 48 #3319t}

d

6. Western blot analysis

2x10°¢] KB AlZE 12 well plate o wieF ¥ wiriet WAl ohald 2555 g
150 v Ae|star 24417 = 4] ste] Al2E FAlsle] akstgdos & i AA
st =l lysis bufferg o]83ske] ©id FE2E58 F8lsled BCA Protein
Assay Kit (Pierce, Rockgord, IL, USA)S o]&3le] Aekslgic). whild 55
20 &S 8%, 12% SDS-PAGE-® loading & % 120 voltageelx] 2 A7t s<+ &
7135 shdch. AAF oA He] ¥ A western blot analysisS 33171 £l
polyvinylidene fluoride (PVDF) membraneel ©]5A1Zl ¥ blocking solution(5%
nonfat dried milk in TBS containing 0.1% Tween-20)< o]-§3le] 1 A7t &
ot blockingdtsdrt. 12 &4 cleaved caspase -7, -9, PARP(Cell Signaling
Technology) ¥ actin (Biocam)= TBS-T(TBS containing 0.1% Tween-20)%
o]g3lo] 1:2,000 Bl&= 343 F 4C ZAsll 16 A2k E4F vkgslgict. TBS-T
= olgslo] Al W AlF F 2% 34 anti-rabbit(Amersham Biociences, UK)2
TBS-TE ¢]83le] 1:2,000 v]&= 3]A4ste] 1 AIZF ¥kg-3ka ECL kit(Amersham
Life Sciences, Arlington Heights, IL, USA)-S ©|-83}¢] western blot analysis
= T3kt

o

7. Live/Dead cell staining
LIVE/DEAD cell staining kit(Invitrogen, Molecular Probes, Eugene,

_4_
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Oregon, USA)& A& Az 2 AESS Hrlshed dubEoz 2851 gle
w LIVE/DEAD cell staining kit= 1 mM live-dye(FITC-annexin V)<} 2.5
mg/mé propidium iodide(PI)E =] sich live-dyew= =t Fapdoln] e AlE
S FAkete] ditel] AAlEe] A FHsgE eIt wbH Pl m]RIdolw AlE
o] Akl Ao dakel] | E A F2A #ag-E vehdtl FITC-annexin Vo PI
HFEAR QA A Aolgl= A|lEel| FITC-annexin Vel oJsl|A 5oz dAlo] =]
S Axe Ploll 9fsiA 2oz A s} uepr] 2 Agdd= FITC-annexin
Vel PI& FAll KB AFF 774 3 AlEstel] 22]3kslet

8. AdxEY FATAH HA
BE AP i £ 3R ey, 2 AT el HAS ANOVA
o) student t-testE 3}1om, p-value”} 0.05 "IRH(*, p<0.05)2] 7454 EAA

felAo] Q= Aoz Tl

ol
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1. ab7be Al Sl 25Eo] KB AM 77 99 Al 22 AR oA 23

KB Argt 77 |5 shAlZoA] wbrie WAl ©hilldd S5 o3k Al2AA AR
2 2Abl] $8] whilA 35S 100 wg/me, 125 wg/mb, 150 wg/me, 175 ug/ml,
200 wg/me] Fxg xelsle] 24 A7 F MTT assay < 3stgict. = 23 KB
Abek 7y A9 shAlEe] mid 150 18 FEZ 223 wellelA 50% AEAA ] 4
3 Fhalstglen] ICs @hel 150 wg/mb <l Flspedom mied 200 18 FiEolA]
90% o174 AxzAAe] AAES ElskschFig. 1).

KB oral squamous cell carcinoma
120 -

100

80 -

60 -

40 -

20 I '

0 : : : : e

control 100 ug 125 ug 150 ug 175 ug 200 ug

cell viability (%)

Figure 1. Effect of the protein extract from Lyophyllum shimeji on cell
viability in KB human oral squamous cell carcinoma. Cells were treated
with various concentration of the protein extract from Lyophyllum shimeji
in KB human oral squamous cell carcinoma. Cells viabilities were determined
by the MTT assay. The percentage of cell viability was calculated as a
ration of 562 nm. Results were expressed as percent of the control. Each
data point represents the mean + SD of three independent experiemtns.
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b A gl 22 9% KB AMY 4 99 A= 3 U AEA}

g Yushy 54 3al

wbbet wAl el &R oldh KB ARE 77 W shAlEe] AgedAlsl Ak
ol 9Jafjx veht= %‘% slolsly] <8 Mtk 150 18 HE2 2lsle] 24 A7F &
oF vljef & A|ZE £33} genomic DNA #4do] oS- &alsleicHFig. 2).

¥

)

M Control extract

=

GenomicDNA &=%4 2H#

.ﬁ _____________

Figure 2. The protein extract from Lyophyllum shimeji induced DNA
Fragmentation in KB human oral squamous cell carcinoma. Cells were
seeded at 4x10° and then treated with 150 #8/m¢ of the protein extract from
Lyophyllum shimeji for 24 hours. Genomic DNA was subjected to 1.5%
agarose gel electrophoresis.

3. Wb wiAl A FEEo] KB A 77 H% sHAE AEAbd f=
A4 714

b Al el 22so] KB ARE 77 13 sl AlEAbEE dod|=
2 713E #elabr] Q1 AlEAPdel 7Y Fad oxk® d#lA Sl caspase®]
A3 Felsisich. Wil AlEAbE friee] shibelld B4t FHo| 43S Adshs
cleaved caspase -7, -9°] &S F<lsla, caspase A} f=Hd e}l PARP
o] Aeto] ddofu} AxAbHo] frEgS Elslgic). v FE5+5 A=EHA ¥ KB

|
At 7 19 Al el = AP douA] skt (Fig. 3).

et

¢
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Cleaved caspase 9 Cleaved caspase 7

200 - % 200 %
S | T —|

o
= ] 0
s 190 S 150 - ==

= =
£ 100 - |
g = 100
S g

g 50 - -a_ 50 -

E1.]
& g
o ¢ 0 T . |
Control extract Control extract
Cleaved PARP
200 -

o . x control extract

k=]

g 150 - EI Cleaved caspase-9 (37KDa)
=

?., 100 EI Cleaved caspase-7 (20KDa)
~—

1G] L = | Cleaved PARP (89KDa)

u T 1
PR | Actin(43KDa)

Control extract

Figure 3. The expression levels of apoptotic related proteins by the
protein extract from Lyophyl/lum shimeji in KB oral squamous cell
carcinoma. Cells were seeded at 2x10° and then treated with 150 #g/ml of
the protein extract from Lyophyllum shimeji for 24 hours. cleaved caspase
-9, -7 and PARP protein levels were determined by western blot analysis.
Whole lysates were seperated by 8%, 12% SDS-PAGE. The amount of
protein normalized by a comparison with the actin levels. The data are
reported as mean=SD of three independent experiemtns. *P < 0.05, **P (
0.01 as determined by the Student’s t-test compared to the control.

4. Live-Dead cell staining kit-& ©]-4& 97l MiAl il &5 93t
KB Attt 774 "9 kAl =z A ZAME
KB Abr 774 23 shAlEelA] v Al il S55o] AlEabdel 43S &
lsl7]9l8l live-dye2} PI A4S E3&l &lslsict. LIVE-DEAD cell staining
kit (Invitrogen)+ A& AEJT F2 AlZFS Hrisked dubgoz A4 =1
sith. LIVE-DEAD cell staining kit 1 mM live-dye<} 2.5 mg/m propidium
iodide (PDE A=l glvh. live-dyew o F3Adolw BE Alxehs F3ste]
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Abol] AAEle] 4 g3g Vepich Wb PLE o ] Sak o]w] AlEue] sakEl A

Alol] 1 AE) 5 o8 Hae vekdich, KB ARE 77 919 Azl wokeh viAl

i 2E% 24 A7 A F dAS Ed S A3 wd 2E2e A Alx
2

£ A% Sdsck(Fig. 4),

Control Extract

Figure 4. Live and dead cell showed by the protein extract from Lyophyllum
shimeji treatment in KB human oral squamous cell carcinoma. Cells
were treated with 150 #8/m¢ of the protein extract from Lyophyllum shimeji
for 24 hours. The cells stained using live-dye/PI. The live cells stained by
live-dye(green color) and the dead cells were stained by PI(red color).
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v, & =

n7bel wAle] QAR © 2= polyphenol, flavonoide} 728 3353} lyophyllin,
lyophyllums-¢] whdo] glct, o]zgt spsbAdto|vt whld 2 gtz kst &3
7Rl AR ouA ol HZ AFRae o5k nbie wAl wEke e 2
3 E55o]| AR ZRHAHIE HepG29F AASHAIE HT 29, $IsHAIES]l SNU6382] AlZ
Akl oJAlghs B3t e Aoew A ook flof o] §uiE o]gste] ®byp}
A4 SIS 53] vheddh shAlE AR Aol thate] W Age] aE
o}, HITEA] Wb Aol A whilAls Fefsle] shAlE AR Aol g A=
vk Adeolr). & dFrellA= uirbe WAl w555 KB AR 774 |5 A
shell x2J3le] MTT assay, DNA fragmentation, western blot analysis, live-dead
A} e ekt AE esle] Al EAAA A A 2 A A6l diste] A
akadet.

et BAl ghalzl == KB A 7 H9 Al xete] Ag]ste] AxAdAS &
Qlsk7] $1sl 100 ws/mb, 125 ﬂg/mfé 150 pe/mb, 175 pg/ml, 200 pg/me] FE=z 247k
3 Hsled MTT assayg F33te] AZ2AA AA1E Flsisict wbe HAl szl
FEES g 150 48 AHB¥F FxollA 50% AEAA A= 200 wg/mb A2
1 90% o)A} A|EAA ] JAES st (Fig 1). $JoF 2] wbrpet wAl whul
ZZ2o] KB AR} 17 5 AEgke] AEAAR AA|ET= 720 gkeleiie] 94
A Aoy FEstx FEERT FHold AAlEE Jeplch(27, 28). =
thila 2ZFo] KB ARF 77F 29 AlEo] AR AdA|anr} AEAFEe] 28k #1417
oolr ] $J8ted 3 W genomic DNA® #4845 &<lstaAt DNA fragmentations
s3399c}t. Genomic DNA #4 AR AlzApde] dg4¢l ety EAow o
A4 glor AE W Ca®t 9FA4 endonuclease’} EAI3} Eo] GAAle] 817) DNAY}
AetzE]o] nucleosomal DNA94 FAo] viehdr}, wbrbet wAl vl 2EE5-8 ml o
150 18 24 A7k *2] ¥ genomic DNA lysis buffers o]&3] A% W genomic
DNAE 83l otz Alel| A7) dtd &l 3k A3} genomic DNA +43}
= IIEAH(Fig 2). 9ok 22> A3 A3E BEd= ubypd Al ol 35359
KB At 7 H19 Ax2e] A A &= AlEabde] 23] dojup= AoR Akud

m

>i

>~
rg’h it

S

N
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ot} AEAPEE] 7| A BEapA A nEZce]o} o|&EA] A|EApdoe] git) mEE
zejol= ¥ cytochrome C7} WEE L v|EFE=g|ol 2Hx19]9] AAlo] whAghe 2.4
caspase family?] &3P} dojun] FEH o2 PARPE Aulgte 24 3 uf DNA

5 Adste] AZzAAAS At o WAl ©hilal 5] AlEAFES] A1 7
AL ol dojuh=A] Falstr] $15}e] western blot analysis® 33ttt KB AF
s 77 1E Aol wbrbe WAl Tl 2258wl 150 48 X2|ste] AlZAbE
Eolx o2 #A3}E]= cleaved caspase -7, -9 #H&lo] Zrlsla, PARP7} Auts
= e FAdeglnt oleld AAE BEdE Rbype wiAl ol 2555 KB ARE 7

o

133 AlEel A2 sholE ) vIEZ=e]o}t caspase family 24 EAHH 7]xdel <)
AEAFEe] e Fig. 3). a2y thE AFR A vt vlAle] FEES
HepG29] ZksHA|Z9} HT299] ZAAE Alxell Azl 39S vl AZxFr] 2Hx=2 &
27 9li= G1 cycline dependent kinase®] Wale] Zhisle] AxF7] Gl wHA A}
o]l ofaje] dojubiz AEFY] oAl EAPY Z1Ael ojsle] shlE S JAlskE A
S X gk uv} qloh(24). $ef 2 Al Adle]] oJste] ubrbe wAl whlEl FEEo|
KB 77 913 Axd] Hzlste] A Ax U A= Azt = Axzks 9r)sr]
f3td LIVE-DEAD cell 94 a3lslet. dubd o Aolgl= Al¥+= esterase
axdo] =3 AlEdto] ehAsle] live-dye] n]EFEAo]dnl Ho| Alolgli Ao
estrasecl] 93] EaEHA] =08 HA Hy, 2 AE=

A=l Alxatoe 2 PI7) Eolr) aixly)l A sl BoMow
A FEFES w150 1gS 24 A7 3o ziz}r:ﬂ?‘,s} Az} KB :rL70L A AxE

Wi

ru

A
oA BA A A ARAvIACR el Sich(Fig 4
® T AR el ot P e Aﬁ}s}z SorEsrh el

H

A5 AAE AMEstAl b wAldA whiAS FE35ke] KB AR 7 #
3 A|E zelsle] ikt AYS Ei) AxAHA JAE9 2 v EZ=z]o} caspase
ozl vkad 3EAISlol] 93t M| EAPE S ek AP 71A Y-S v}
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w7 wAl el 2258 o] 83t KB AR 7 Y A2 AR A mTte}
A ZzApEe] BE21A 71AS FHstaA MTT assay, DNA fragmentation, western

blot @ LIVE-DEAD cell stainings 33l o33} 22 A= &9l shqict.

AR, vt WAl s KB A} 77F #3 ohA|Eol theksl w2 g
alodS w) 150 ugollA] AZEL] AAE 50% A AFHeH 200 vg AElEele W 90%
oA} A7} AL Felsld o, HelshA| o2 dixTels HilrF 9.2 4l 3

st

d
flilo

tlo

Al R Al s 2EEe KB ARF 73 9% HIEe] 8 el EAahs
S|

A KB ARt 77+ 915 Al W cleaved capase-7, -9 24315 53l PARPE
Aetghel wet Alxapde] feds #]lsiglon oledt A= vEFE=e|o} oA
caspase AlZAGTA | o3k BAFA 7]Ao] Aol st
171t AN (Lyophyllum shimeji) T4 F25-l 93t KB AR
T2 1R oA EL] A g EAPA 7S #9l e, o debrt st Al
ol SetEAE 2 o eAlS Fejste] s A EA AR FHAst & 4

ES
e Hrp v AEE Ads el @Al ARl tidl 72 el F83F 2o E

do
lo
N
o
Y,
"
4,
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