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ABSTRACT

An Experimental Study on Mistletoe Extract-Induced Apoptosis in

Oral Squamous Cell Carcinoma

Gyun—-Haeng Heo - Jae-Hoon Lee - Chul-Hwan Kim
Department of Oral & Maxillofacial Surgery, College of Dentistry, Dankook University

This study was performed to investigate mistletoe extract-induced apoptosis in
oral squamous cell carcinoma.

In vivo study, HN22 cells were xenografted in nude mice. After tumor was
experimentally induced, mistletoe extract was directly injected on the tumor
mass. The specimens were evaluated using light and transmission electron
microscopes.

In vitro study, HN22 cells were cultured and exposed to mistletoe extract. The
cells were evaluated using transmissin electron microscope. To evaluate

apoptotic cells, flow cytometric analysis was done.
The results were obtained as follows:

1. Light microscopic view of tumor mass showed necrosis at 2-4 weeks.

2. Transmission electron micrographs of tumor mass showed apoptosis and
necrosis.

3. In TEM view of cell lines, necrosis and apoptosis were shown with mistletoe

extract at 300ug/ml, apoptosis was shown with mistletoe extract at 100ug/ml.



4. In flow cytometric analysis, early and late apoptosis was shown when using
caspase—-3Ab and annexin-V, but no significant change was noted when using

mebstain and Apo2.7 Ab.

In this study, mistletoe extract induced necrosis and apoptosis in the tumor
mass was Induced by HN22 cells, early and late apoptosis in vitro study.
Mistletoe extract was likely to induce cell death in oral squamous cell carcinoma

through apoptosis.
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1) FEu$2 2 A2 F A (cell inoculum) 4]

BALB/c/nu/nu(charsliver®, Japan)& 238 &2 A gsgon, AE 551
of 25g W elol FA S AFESIAT. AnHE AN AEE =3 AR

st RE AFS mdwF &l A /\]533}91‘:}. AAT=Y BETSH F71E
Qe AEE FoF 12A1 04 =49, At

HN22A| 3 5 (Main state university, USA)ES 7|2 AEF 2 3o 10% FBS
2 ~EdEnto|Al/AYAYS E£3sE= DMEM (Dulbecco’s modified eagle’s
medium, Hyclone®, USA)S  ul o of AL-8-3) S o

o]
HldE AZHFAE FuEvbs2Y FS5 =50 oAstel 448 =7 (2F 500
mAE)e] AFAEYES FEF F UEE FEE(ABNOBA  viscum®
ABNOBA Heilmittel GmbH, Germany)S X9 <F ol AFH FAs o
AzxzAre] AngFS Fxste] ke 20mgH 150 23] Fojg & 2,4 9 65
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2, 4, 67 AAY AT dxae 2SS 0.1M cacodylate buffer(pH
7.4)3F2] 2.0% glutaraldehydeol| 4°CollA4 1A1zF 24 ¥ 01 M cacodylate
buffer(pH 7.4)3F2] 1.0% osmium tetraoxideo 4°ColA] 1A1ZF $314 s}
graded ethanolol4] &< % Epon 812(TAAB Lab, Berk)el v % LKB
microtome®] 4] diamond knifeE ©|&3te] ZuIAH S A 25 2L, uranyl acetate
lead citrate® A3t T o] F H-800 TEM (Hitachi, Tokyo Japan)ol A #2331
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HN22 AZFE 10% FBS ¥ ~EfEvlo|2l/dUAdds x338= DMEMS Hj
FHOo g7 AFG3Ee] 37°Cele] 5% CO. W7ol Al v kst o] % 100mm Al 3 vl
FHANA 5x10° Mo MEES FF35to] 547k Trypsin-EDTA & 48 A&
ato] Al o v &3k Sl o

2) oAl A HE

100mm A ] G4 Aol A HN22 A ZF 5 2x10°4 AE2 Ao EFetar
doth 32 F A 2 °1 100pug/mt 2k
300ug/mtE Fol ¥ A7t AF A o wiFe Ak ol F fAAEAN A sl A
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3) FAIE AS A+ (Flow cytometry)

e MEF vEE FE2EY F55 259 100pg/m 2t 300us/mE F
of & Z}Z} 48AItE o M gstdth. ol FAIE ASS AT HAAE AP St
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(1) Annexin V-FITCZ o] &3 &

HlFE AMEE PBSE AFESte] AlHE & dAdEstay AFFAZH. o] %
dilution binding buffer® AF€3te] 1x10° cel/m 2 WHETH 32 ¥ Annexin
V-FITCZ ¥ 1 =9 propidium iodideE FH7}3t}, ot o] A& QoA w3t
. o] % FAE AFES AP

(2) Mebstaines ©] &3t 4]

15m PA e tubeol 2x10° cell/ml7b = Al dto] 2% BSA7F Z g% PBS
2 5 9 AHsta 4% PFAR 3143 §, 02% BSA7F 2¢d PBS=Z F
Al A gkl -20°Cel A 3041t incubation Al A A] permeabilizationgtth. 4l &2 5
FHAS wEga 02% BSAZE x3E PBSE 7 W AlFgth RHAs
TAT €< %7} ¥ incubationdtt}. 0.2% BSA”F X3 PBS M7l & 94
s & AFe BHAE Wi 02% BSAZF X3¥ PBSE ANYF F A
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(3) Caspase-3 antibodyE ©]-83F &4

PBSZ M# & 1x10° cells/0.5ml7} 7 cytofix/cytoperm ™ &Ho]] &7t}
o]% 89 oA incubationdt}h. cytofix/cytoperm'™ &H& W] 1 perm/wash™
buffer®} antibody & 412 & HAl AFF Azl = Ao incubation T}, Al H

T AFF AAM AST

(4) Apo 2.7 antibody S ©] &3+ #A]

1x10° cellss ¥elate] AeolA QaEe F FHAL wlglu PEEA Apo2.7
monoclonal antibody$} digitonins % 7Fsle] 2/ A7 & S99l A incubation
AlZItE o]% PBSE F7hste] dAliel & AHds wga PBSE AT 7 A
5 A3

4) FRAAANAE AT

70~80% =9 ZF9Hd(preconfluency) ejoll A wjek®l HN22 AXFo| H&SE
FEES F5=@E00xg/ml, 100pg/m)E Hldte] Fo F 0.1M cacodylate
buffer(pH 7.4)3F2] 2.0% glutaraldehydeo] 4°CellA 1Az A 5 0.1M
cacodylate buffer (pH 7.4)3}¢] 1.0% osmium tetraoxide®l] 4°CellA 3 143} t}.
graded ethanolol 4] &< % Epon812(TAAB Lab. Berk)el Xwjst % LKB
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(1) Annexin V-FITCZ o] &3 24

NEE FEE 300ug/mE T3 ol 2F oA wrgo] A e
ow o] 3 & apoptosisEUtF #AFS] Aol BHhil A HATH 100pg/mE F
o Lol A= 47 8o A whgo] dAASHA YEFY apoptosis &= 7F =AU
Bt Aol B ¥ v (Graph 1.

(2) Mebstain®ol] 2] 3+ &4
HMEE FEE 300pe/mE T3 Lol Ay 100pg/mlE T3 oA iz
T3 H] 13} apoptosis TE A Wt A YEFUA 2t (Graph 2).

(3) Caspase-3 antibodyE o] &3t 24
E 100pg/mE Folgt Ao A iz vluste] BT oA &
AL Qo apoptosisE FEEH A E7F Zo] A=H A (Graph

g

MEE 3%
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MEE FEE 100ue/ms FoAst & AS3 A BFEolA dxzaeol Bl
ded Yol vdErW oy Aol= miw k]

Apoptosist= A& WS oly, WA AHAAME YEIYE & S BHE
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7NA, FFe B T v AEe AHelA vEhdth Apoptosis %
A=, WA, dEE, TS EAA, cytokine T
2 dow djopdEy wAH, HYg Fo
ﬂuﬂx—qy Z& i ll A a3 £A7|s0 H7|% o AASE H
a3ke] apoptosisE Ca®’/Mg” ¢#4 endogenous endonuclease® Ao <
af A= FHAAQ AEe ALdHFolr. AR HE el o3 Al

=X
¥ apoptosis® P = AlxTo FFd2 A44Ad 29459 =5, &

>
[

A
sot7] 1% A AT AH, endonuclease® wETH Tl FFES wow F&
Ao A apoptosis FEEZ, B Ao Fo & MN¥EALY A Ao F
FAZE F2aA7E Aoz Sz
Apoptosis# Aol = o2 F/F @9 B a4 FHA T TdHA B o9
FEAgo] e YA Hw oA TS B2 Aol Aol apoptosis®] FAAAL
o] UElUA "P? o] F p53 EdAWolE Atge FFelA diRE e
90 APH FFol} BFF o Fo dAyol Jdvtam FgHP ge A9
p539] ‘A2 apoptosis®] Aol AdE ol 9low DNAS &X4o] digh whg
= S/HA Y. 28y pb3e EA7E ofEoll os] fFEE Al E ARl A WREA
QTEHA = FEY. TR FHS T FE 9 FE¥ apoptosist
po3e o EHolA] &S Fr gom AN FE 9 =¥ apoptosisel
A ph3e FE TN, &, T H =AW T thYd adle dF=

W= 5912 cyclin-dependent kinase(cdk) inhibitorZ #83E FQ
cell cycle proteinol™, AXEF7]HAHS ZA3= tumor suppressor pbd32]
downstream mediator?] @3g t}?0 Wild type p539l o8 FH A< p21
o] FEE cdk EAHE A THA SAAZIA @k H mutant EE
null pS34| ¥ 2] apoptosisol A/ DNA £ o] gk A+ Al p2l gened 2
d Z7he p53 Wl E4 apoptosis FE9 A& o] Fo] vehgrp

Baxi pro-apoptotic Bcl-2 family protein® Z cytosold] =23} ™ apoptosis
5 A REFZ=dolo A WEFEt Bax: HEFZ = olo A cytochrome C
o e HAHFHOoZ FE3H caspaseEs FAFAZITh W] Bel-2&
apoptosis7} 8= A E|A cytochrome C¢ &= Az, 28}
Bcl-2 A4S tumor suppressor molecule p53ol o] & o A | 33

Apoptosis # A& FAAIIAY JAs=dH Hofste dwldS Ikt ¥
FE5E52 MEIAA Holx 15719 Bel-2 family7} ZAF AT, ZE Bcel-
family < 47019 Bcl-2 homology domain (BH;olA4 BH.)% 3&tvho] 49

2
o
ftlo



domains 7FA 3 At}. o]F apoptosisE ZF = pro-apoptotic Bel-2
familyoll &= 2 A Bcl-29F FAF3F Bax, Bak, Boks ©] ¥3t% = Bax subfamily
9} BH3 family® Y% ™ anti-apoptotic ©¥ o= Bcel-2, Bel-xi5° o™
pro—apoptotic @ EL  anti-apoptotic @ E 9  antagonist® #8359
apoptosisE FEdt=d #ostHy ZF Bel-2 familyE2 A3t 7|58 <3}
A7 apoptosis H A& 2HsE Ao oA Yo

17t telomerase, cellular reverse transcriptase(hTERT)+= nuclear
ribonucleoprotein enzyme complex® telomeric DNAY A 3 3o o3tk
tho o] 4T gREY JATSAAE FAEHY HAAY AAEAANE I

A et 2 A telomerase M EAFS} T dF T QlojA] Fo% 9T S
skth, = telomerase? A FAAFole] A AA  FIFAMEL Ao

o

A og PH

telomerase?] A &4 S F= = Aolt}, 28 22 telomerases dE
F FE] AFoAY dide]l 2 4 dom Y=o proto-oncogened} tumor
suppressor genes < HIHH A 02 telomerased] F&FS E 5 Y

[e]
Apoptosis Z7] GACAREYH AE ##AE= A F  cytosolic protease

ofr
-

series® 312l caspased FE7F d+=4dH o5 caspases @Wr|HES B
&tal apoptosis®] FH A SHS LAV = JZ= FH. Apoptosis Al Z 9
A3 3o oA caspase cascade?] FFE7F &5 ™ o]F caspase-3+
apoptosis =7 @A &EF = T2 protease® & H A Atk ApoptosisZt Z
A= MEANAWL B F g 3} % caspase-3+ 163 12kDa subunit?
heterodimer® A% o] o™ o5 32kDa®l proenzymel ZHH 2%
t}. &4 3tH caspase-3& WHlE ST ofygl ttE caspaser® A3 A7)
H cytoplasmW ¢ D4s~GDIY & 2] PARP (poly ADP-ribose polymerase)#
S dayE FHERE A3 A7 A @), 116kDa PARPE caspase-3 subnuit
=9 3R caspase-3 EA3lE apoptosisEQ DNAES A3 A 7] a1 o] 943
Al PARPE 85, 25kDao @ 22 A 71t Caspase-3% cysteine protease©] 1
PARP¥ utol 42} DNA-PK(DNA dependent protein kinase), actin, fodrin L
2] a2 Fas/Apo-, TNFa-mediated apoptosisol] A ¢l laminin® 33t} ol A
caspase?] @A 3= 22 biosubstrateE # | tA iz DNA EH3H T}

A dHEYA " = PKC-69 PARPS £33l oA = PKC-67F PARPHE
WA EaEa. Apoptosis frEl wE o] &AM ] ZAL] A &
PKC-86¢ aspartate 330014 ¢ ©®is] &37F yeyw ol Astd
40kDa C-terminal =4 & o] & A ®Ht}. Caspase-39] 2|3 PKC-6§29 &3+
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apoptosis® A& A E o A phenotype S e A B s o ol A
= full length® PKC-67} Ald@#d AF A  cystein protease
cpp32(caspase3-like protease)ol 23] DMQD 330No| A &A3tE Ed=
AH A, Hzol Rae ostH PKC-§9 inhibitors apoptosis® mediator
2 Z83}+E reactive oxygen species(ROS)9 # &S TAAAA TA T A
=& F7MA Y. old AR PKC-69 early cleaved activatione ROS#E &
22 F A AL ] A go Tolati= A 2o, o=@ A caspase family protease:
159 precusorZ 5B £ theksl proteolytic cleavage®] <3 A 8 ® o)

H < caspaseE ZAZAIE 2719 FAHEV HFEHEY FyE  death
receptors A Aol wE sty HEIZE=otolA A= Aot
Death pathwaye CD95% 2 death receptoro] A caspase-8 protease®] FADD
S vile & 43 AAS AAA HY e AR MEIZE=otdA B2
apoptosisell g AT oz A ZEoO  Z]A]E =4, caspase-9 protease”’}
cytochrome C 2]& 4 apoptosis A 2o WxE Aot} Al X7} apoptosis A= 2
o wEFE=glolo] A g ® cytochrome Cx= dATPe 74 EF79

4

Ced-4 homologue?l Apf-1 (apoptotic protease activating factor)¥} 2 3%}3a}H
o] A% E S caspase-9= A 3MA| A apoptosisE 7| Al 3= caspase-3, -6, -7
proteaseE &4 8} A] 71 Tt}

ATl HN22 Alx5d ek FEE5
slo] caspase-3° AEES A=At 100xg/ml o
M ETF caspase-3 FAE Fof & FHEZH7]GANA B4 F 2z o
S7td Wbgol uEstew ol caspase-3° T7hE 4
Caspase-3+ % 7] apoptosiso A &z ¥ v EZ =g o}9
FEES HN22 AEFAA 2719 apoptosisE =3t}

L} caspase-8, -9 w9 HATAY A= Aol diF HAFS HIAoHA fof &
A MEE FEEY apoptosis & FAN EET F ARen FF
= o

gt A B o A7 RgHojor & Aow Atgd

o|N

MO N

caspase-3& A+

Apoptosis Al E A tiEA WIFo Gyl PEZE=gote Wi F
permeability transition pore®] opening= "] E &= o} transmembrane?]
potential ¢ 31} 3] o 7118k, F3A 9 WM 3li=  reactive  oxygen
intermediate(ROI)¢] & 3} phosphatidyl serine(PS)e] A E & uho] A o] &
Fes fFragtth. o] W= apoptosis® $71dd YEFUA Hw DNAS A
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DNA w43t digt HEE 93l Mebstaing o] &3 =d oA &4
¢l TUNEL W< ofzF ¥WdAA HR4e& £ AF kits AF&s
Biotinylated dUTP”7} DNA #4d¢] 3-OH end°l] %

o] avidin-conjugated FITCE At&3dto] FAX B4 =3k 300ug/

nl ek 100pg/me o] Folat Bl A o g X 2

HbA 02 TUNEL Y& ZAAZA AL&Ho] gton AELFo Aol
A

AP M= A& 5 o] DN sk o Al E S
B FAE ZA AR RN AlEe] 337t wel yEY apoptosis®
TE FAZ 27 dE dHdol dvu AZdrt. w3 3 7] apoptosise] #HE
WRiolofA FAXE AS A7A AE FA & F= Av & AN
= HMEE FEEY Fo F A4S 7Iud F AHAE AFT vl Al E Y

N

apoptosis %= ol Holm FFIZ AFo| = ALY FAd =4
AAg Fol7 Za
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Graph 3. Active Caspase-3 Expression
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Fig 1. Microscopic view of Tumor Mass Tissue (H&E, x200)
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Fig 2. Microscopic view of Experimental Group (at week 2) (H&E, x200)

Fig 3. Microscopic view of Experimental Group (at week 4) (H&E, x200)
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Fig 4. Microscopic view of Experimental Group (at week 4) (H&E, x200)
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Fig 5. Microscopic view of Experimental Group (at week 6) (H&E, x200)
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Fig 6. Microscopic view of Experimental Group (at week 6) (H&E, x200)
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Fig 7. TEM view of Tumor Mass Tissue
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Fig 8 TEM view of Experimental Group (at Week 2)
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Fig 9. TEM view

of Experimental Group (at Week
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Fig 10. TEM view of Experimental Group (at Week
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Fig 11. TEM view of HN22 Cell Line (with mistletoe extract at 300ug/ml)
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Fig 12. TEM view of HN22 Cell Line (with mistletoe extract at 100ug/ml)
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