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Abstract

The enhancing of radioresponsiveness of tumors by using radiosensitizers is a promising
approach to increase the efficacy of radiation therapy. However, success of this strategy
is limited by normal tissue toxicity. In this study, we showed that the extract from the stem
of Derris scandens Benth powerfully increases the radiosensitivity of human colon cancer
HT29 cells, while being less toxic to cells of the non-cancerous retinal pigment epithelial
RPE cells and not affecting their radiosensitivity. Pretreatment of the cells with
D. scandens extract was found to reduce radiation-induced G2/M phase arrest only in
HT29 cells, but not in RPE cells. Furthermore, the exiract was found to enhance radiation
induces apoptosis, micronuclei and nuclear fragments formation, to increase Akt
activation, and to decrease Erk1/2 activation in HT29 cells. This finding indicates that D,
scandens extract effectively sensitizes human colon cancer HT29 cells to radiation-
induced cell killing. This study provides a molecular basis for developing of a new

potential radiosensitzer, with a highly selective and potent efficacy for cancer treatment.

Key words : Derris scandens Benth, radiosensitizer, colon cancer cells (HT29), medicinal

plant
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W&z 15 pg/ml U33MM39F 0, 2, 4 uaz 6 Gy

m‘mﬂﬂanmﬂsmmmsmﬂ‘lufﬂﬂnLﬂaﬂmaamaawmmniﬂiusaﬁ lanls
Lﬂ'iad Fluorescent activated cell sorting ﬁnnnﬂﬂmmLﬂamﬁmnmmnmmnmmumn
namam‘mmmwLﬂuwmam‘:wuﬁmmmmmmama Lo T@ﬂmumaumsmaaoﬂam
msidparadlumnadsasadeia 6 ¥ TIUINLTAS 40,000 Laddangy Yy duplicate
doslwamsssadSunas 1.5 ml 'I,u@uw*r*mmmaaﬂanmnu 37 ayITALToE 5%
coz i 12 $alus ﬁmmnuu%mmsmummﬂmaa'lﬂluuﬁaawa‘"mﬂmm”}m"nuw
0, 5, 15 pg/ml lagluudazamanaiuaua=vinny duplicate usndnaTaddedniluig 24
i lug i i lanesdlnSuna 9 Gy i lﬂnmlﬂmm LHoaihwam 48

139 Lmemmsyamﬁmammaulfmmﬂsﬁu mlﬂﬂmmmw 1,000 rpm uwa 5

W nmasn Lo lusudvasszab3inags 500 LU filsznavsn 584 mg/l NaCl, 1,000
mg/l Na-citrate, 10 mg/l RNAase, 0.3 mg/l Nonidet P-40, and 50 ng/ml Propiodiumiodide
(PI) LLﬂ’J(ﬂamlmam%ﬂuﬁaﬂﬂunm 30 Wi mmuwamumﬁ MoUsuas 500 il ﬁ
Usznauaay 15 g/l Citric acid, 0.25 mM Sucrose, and 50 ug/ml PI wauliignny L&A
l’i’luﬂmanmnu 4°C aunishlUiianzimsinong EJIﬂ‘i‘WJLﬂGEIﬂG]’JULﬂSEN
Flowcytometer Iﬂﬂn’]‘iﬂ‘i”mumn Histogram 284 cell cycle distribution profile m lulasy
mmanmavmawwﬂmwmaw DNA agnantaag azﬂu‘i”u* GO0/G1

a
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4. MINAdaUNAYBIFITANANAGaIfINT DB

myanzwiginsoaslesniai Cell oycle analysis Lﬂumimmaamwa?um
mmo}ﬁﬁﬂm‘maw mmaamaum‘lsﬂﬁm HT29 ;Jmmlmammwmumalmumsanﬂmn
l3adilseg lanildunaunmageuinianny mMsnagauwlSuawaimsiialulas
H‘)LﬂaﬂﬁﬂﬂﬁL‘Hﬂﬁ‘HﬁJﬁﬂﬂiﬂ?UWﬁTﬂUI‘ﬁLﬂ‘SaJ Flow cytometer laufituaaumsnaansda
mmmuatmﬂsﬂummammaa“zjuﬂ 6 wau s 40,000 L IRSAaNaY Yl
duplicate tapsluomsiioaimadlsunas 15 ml Tumm,mmf,‘naanamﬁnu 37 89N
L“]jﬂl.‘]mﬁ 5% CO2 ua 12 52lu9 ﬂmmnumammnmmmnﬂaa‘lﬂ'lwﬁaatwn.,mm
fianadudu o, 5, 15 pg/ml T,ﬂu'lmmam'nmmmummuuu duplicate u§uRLITRSHA
dnuduan 24 Falug mnuumm‘lﬂmmm‘luﬂsmm 9 Gy mnuum‘lﬂmml’i’[um
meaﬂ\uﬂunm 48 Talua LLE]’J?NWITI"I?UBUL‘DRGWJEJLEHﬂ‘IﬁJYI'Sﬂ‘EH mlﬂﬂmmua‘n
1,000 rpm Wuian 5 wifi 111L6ﬁaaﬂ‘1mlﬂnaunumm:muﬂimm 500 pl fisznausan

584 mg/l NaCl, 1,000 mg/ Na-citrate, 10 mg/l RNAase, 0.3 mg/l Nonidet P-40, and 50
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ng/ml  Propiodiumiodide (Pl LLé’fwﬁﬁa‘H’ﬁammnﬁﬁauﬁunm 30 Wil gy
fIazanslunas 500 ul ﬂﬂ?'*naumn 15 g/l Citric acid, 0.25 mM Sucrose, and 50 png/ml
Pl uauldianng ummmu'l’i’lummamunu 4°C uniasih lienzvalansas
Flowcytometer Tﬂnn'mtﬂ‘mmgfan‘Mﬂﬂ‘%}:ﬂmﬁumnm'}uﬁmaamsﬁaaummaa
Propiodiumiodide  luudaziad  dsamuduenisiSosuaaings silugadrulapasiny
USunuas DNA mau'lumiaa Tﬂﬂl‘ﬁﬂﬁ‘r’lﬂﬁlu‘i”ﬂ“’ GO/G1 aziifSunmans DNA ilu
ﬂNHlN’}.!E]dL‘D'EIﬂﬂE]U']M‘LU» G2/M amwaeﬂmwuv S wiTmas DNA innninluszes

GO/G1 wdasninsza: G2UM n'mu.ﬂﬁ:m:m‘lﬁ’lmamsmL1Jawmmmmt,maa"lu's:u:mas;

91N Histogram 83 cell cycle distribution profile
5. ﬂ']i‘ﬂ(i]ﬁﬂl”»la"ﬂBﬂﬂﬂiﬁﬁﬂ@iaﬂﬂiﬁﬂﬂﬂaﬂtﬁaﬁ

NMINAFaUNKRT apoptosis marker @I8NISHaNGTY Annexin V Ilaz Propidium
lodide LwammmmmwmmaauﬁamJ 159 HT29 dovilbiaaaiiona e Hamuiue
‘lﬁ"%’ummnﬂmmmmmﬂim T@znrnnfmmﬂ:mnummaaLsnaaua:mnmiﬂ@aauimu
m3gaulmad HT29 she Annexin V uaz Propidium lodide uenrinisieszdmelangas
yanssmivgos g mumimaaamuﬂamn’mammaﬁ‘lummammamuﬂ 6 nay
FIUIULTRE 40,000 L ERURNEH desluamsianaaasiiings 1.5 mi lumwummmaaﬂ
annnd 37 aventmaldioa 5% coz tilwaa 12 $alug waNId s msGuEnsarassly
'I.w.mamm:mmwm’lmww 15 pg/ml laglundazamaduduas ity duplicate W&
\Wpaasaesnuae 24 $alus mbE e @S 9 Gy v lUEn
Tilugime afpaduim 48 Talusudvimstomeasans Annexin v Uas Propidium lodide
Lmelmlﬂﬁzmmﬂnaawammuﬂaammmm mmamaam‘ﬁgwuaunﬁ apoptosis 11
sztzusnaztanda Annexm V iggatinaden wdldiatingszoziuues apoptosis Wip

necrosis La#9: Uﬂ&lm(ﬂm Annexin V Wiz Propidium iodide

m'sfiLﬂiﬂ:ﬁﬁ'ﬂﬂmxuazﬁmquwaaﬁ'amﬁﬂﬁnnﬁqmﬂ fEMItaNdnaIams
H8uR Hoechst 33342 Lwawm'}mﬂn'ﬁmﬂmawnaau 159 HT29 darltimadianylade
Nﬁl.wwlluL;Jﬂle]‘iUﬁ’l'iﬁﬂﬂﬁﬂﬂm’]’mUL'IJ‘SEN fmumimaaamuﬂamm‘mmvﬁaa'lumm
Roaaadsiia 6 WA IUIULTRE 40,000 \Taddangy wssluemadsasadysinas 1.5
ml 'l,umm,muumananmnu 37 svenaaidis 5% CO2 ihwaa 12 alue nasmiugs
mn'ﬁmumiﬁnﬂaa‘lﬂlumaaLm»mummwmwnu 15 pg/ml lasluudazanududues
Yuuy duplicate ududssiraddodniluig 24 ialag nnidailanesaglultnm 6
Gy mnuum'lﬂmﬂa'l’i’l,umwwamtﬂunm 48 Flusudwnmsdemaaserss Hoechst
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YA} lﬂﬂﬂ‘ﬂﬂﬂ‘i’l’liﬂﬂ

6. msu13aaslisanlasds Western Blot

WumsmasauiiawilSuwaslysén ﬁitﬁ'm'ﬂ"aaﬁ'unﬂ‘lnm‘saanqwﬁ:ummiaﬁﬂ
NnaIatSos lasasiamrzay activated form w8311/56u p53, Chk2 was Akt, Erk1/2
mlmﬂ"naa activated form Waz total protein mwmmmaaamuﬂamnmammaé‘lumﬂ
Lamtsnammﬂ 6 vau SwIuLTad 80,000 Laddangy wosluamsdonsadiinas 1 5
mi lugdine Lammaaﬂamﬁnu 37 aveaading 5% coz hwaan 12 529 nateniiuds
MmMadussanaag lﬂlumamm%am'ﬂmmmmu 15 pg/mi lasluudazamududues
MU duplicate udnapaRsdaandum 24 Talug v lanssadlwSina 9
Gy ﬁrmuumlﬂl,amli’lu@twmamLL&?ﬂWﬂﬂjﬁﬂﬂIﬂiﬂi&ﬁLaaﬂ 0, 1, 3, uax 6 Balug
NRINNANYITIF 11’111J‘5ﬁu,ﬁ‘1ﬁ‘lﬂtmnﬁ'aUmf:Lm‘[w“ﬂwmuﬁﬁmmmmaamiﬁﬂ SDS PAGE
electrophoresis Ltmmm‘smﬂﬂwummmu PVDF mmﬂ‘iad electro blotting (37) mnuu
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1. MIENANIEENDDINISNOFDL

anaSNduiManzaN 0@ iR INMINAFAURBVDITIIANARDNTIINTI 0
YBITAE (cell viability) lap MTT Test WU SzAUA MU NI RN AN R S
ﬂmlmsnaauq,rswaamaum’la"lwm HT29 fim3ans 50 wasidud (IC50) fo 47.8 pg/ml
e ﬂmlmqaamammmumsmU 50 Wasifud (1IC50) fn 62.9 pg/ml HAMINARDIN
LLK@J].WE‘]JT] 1 ua,Lﬂuﬂmmnmwmsanﬂmmm'saﬂLﬂmwmﬁmﬂuwwamaawm
maamanm’[aﬂww HT29 mmmmﬁmaﬂnmmomammm RPE

L’h L n e 2 Y ey 2 L% 2 as e g = .d'
nnuanmesasiilagiasisladenlsanududusasmsanannionidulSoedt 5
o e~ [ - - L2 %) s ' M o v o~
ng/mt uaz 15 pg/ml lumsnameulusdudaly iasvinfianudududins i livilkife
mimy‘ummaaﬂnmaamamwm RPE uazvilviliansenpvaaaagy: mmaamaum’la
lway HT29 dninanas 20

0.8

0.6

relative cell viability

0.4 4

¢ RPE
B HT-29

Linear (HT-29)
—— Linear (RPE)

4 | -4
: . : ; i
¢ 20 40 60 80 100

0.2

D.Scanden extract concentration ( pg/ml)

‘an 1. NTWURAY relative cell viability maamaauvmmaamaum’lfﬂﬁm HT29 uaztnag

ﬂnmaamam‘mm RPE L&Ja‘lﬂiﬂﬁ’]‘iﬂﬂﬂ’ﬂﬂﬂLﬂ']’]ﬂﬂlﬂ'iﬂdﬂﬂ?’lm‘lm’ﬂuﬂ’]{]‘]

USamsedmnanzas nnmnagaulasmaidmurssiseadiondiannns
NuFIFlands tryphan blue staining wunUSumiIg 2 Gy, 4 Gy, uaz 6 Gy i
vnaawwwam.naua'ﬂé’lﬁm HT29 fimimpiasa: 80.6+5.9, 61597, uas 55.6410.8
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MU 'lwumzﬁvﬂaﬁﬂn@‘imauﬁaqnﬁm RPE {imimusonns 47.6+1.7, 38.3+24,
27.9+2.0 MuAL MUTINUIIFEN 9 Gy uaz 12 Gy MldAanmImyasmasUnauasia

YLadhin RPE gan*ﬁﬁaua: 80

Nnuammasenlarisedldidanlsisimmiig 2 oy, 4 Gy, uaz 6 Gy lunIm
aaNMIsaafiaveasadlasis tryphan blue staining uazlHUSumad 9 gy lumsm
Vinawasnsiialulasiiuadosveass lunmmaaaslugaudaly

o 1 a ar @ g
2. m'mmmsn‘lum‘smumflNloma5a§ﬂaaﬁﬁanmmmmqamﬂ%m

D0TINIYANBINTadTaaua N A UL NNNINAFIUMIBATIMITANTT 0
VaUTSFLATT tryphan blue  staining WumsanenoIaiilissvnlvanalde e
°11aatmaﬁmﬁmaatﬁam‘iﬂﬁlﬁm HT29 wﬁ"m;uati’mﬁﬁﬂﬁ"m”mmmﬁﬁ (5 pg/ml, p<0.05 uas
15 pg/ml, p<0.01) Imﬂmm’m’ma@mmaomm HT29 fiUSunnsad 2 Gy (SF2) difanas
9N 0.80+0.04 LilW 0.50+0.06 Uaz9IN 0.34+0.20 LialFasarion Uty 5 pg/ml Uas
15 pg/ml audey dnnlSinasidimldsanmyandinusgas HT29 aaaudu 0.37
(D37) fla 9.1 Gy + 0.6 Gy, 4.9 Gy + 0.3 Gy, Waz 2.8 Gy + 02 Gy AATTUTHIEIES
§Na 0 pg/ml, 5 pg/ml ez 15 pg/ml MUEOY wazden radiation enhancement ratio WaIa"s
anafia T 5 ng/ml 1% 1.6 uaz 1.8 Wadwinane SF2 uas D37 AR §In
#1 radiation enhancement ratio ‘}Ja\‘lﬁ’lmﬂﬂﬂmwruu‘ﬂu 15 pg/ml fia 2.4 uas 3.3 Lﬁa
UM SF2 Uz D37 @Ney (m!,mmlmﬂn 2 A uaz B) dawilunnzung
L‘HRQﬂﬂGI”lIE]GlUE]ULW]W] RPE 92 wmmhmmmmm'maam Liamaawaumlﬁlnm HT29
LLﬂLuaLamvnﬂalmﬂlﬁmmnﬂmnmemﬂimummlﬂmmmﬂlwwmwmmnﬂmn
Lmuamﬂma‘lﬂmalumsmmml’;@]aimmam.snaaﬂnmmaamamiﬂm RPE  udntala
(muaﬂalmﬁn 2C uaz D)

Ynaasmsinalulasinefsavesrasudsonlasys Usunawaslulas
ﬁ‘)tﬂﬁﬂﬁlﬂuﬂ"lﬁﬂduaﬂﬁdﬂ’l’]mﬁ’ﬂw]ﬂﬁlﬁﬂ%ﬂﬁm‘ﬁﬂi{ vnmsgnimelassafinieann
miwumqmﬁuwmamswuﬁnim mwfmmsmaaawmuua'lﬁm'iﬁnmmmmaamﬂsm
I.WENE]El’]{lLGIEJ'JthmUL‘HGRLW’}DLﬂﬂﬂﬂlﬂuﬂ’]iﬂﬂﬂaUﬂGﬁm‘ﬁuﬂ gaana lalavinliiSunm
vovlulasiiuadomAndn LfiaLﬂ%‘ﬂmﬁﬂnﬁuam’rﬂnﬁﬁ‘laj'lﬁmiﬁﬁ’ﬂ (mmﬂalmﬂ‘n 3A
uaz 3B) sza'mm‘i-mm‘ea’lmwmamuam'luﬂimr:u, 9 Gy wuinsinululasfinndog
VOILTRAUE Liwaal,uaum'lé’lum HT29 ﬁwmﬂu 4 v wanfeldssanaaslyluag
HT29 fin sty 5 pg/ml win 15 pg/mi WU'J’TIJ‘J‘&I']IIQI&!IF]?WJLﬂﬂﬂﬁﬁd’ﬂuﬂﬂ 13 Waz 10
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Laud1a LﬁaLﬁﬂun”uama:ﬂnﬁﬁ‘lai'lf%aﬁﬁn"mu,a:‘himuﬁﬁ (@“&melugﬂﬁ 3A) &
'meaﬁ“ﬂnﬁmami’iaqwﬁm RPE  wudhssanaanoiadidoe i ldusunomwaslylas
ﬁutﬂﬁnag\rf{u nga'luﬁm?:ﬁ‘lﬁm‘mﬁ'ﬂaEhaLGﬁ'Uaﬁ?a'ldmmn”ﬂﬁauﬁﬂzmU's"aﬁ (@auaaaln
gﬂﬁ 3B) mammﬂaaaﬁ'fmnmwﬁmwmssaw‘ﬁ‘%maamaa"ua:mnﬂ%mﬁﬂm
faduaiiiad a;ﬂ‘l@‘ﬁnmsan"’mmnLm'Taﬁtﬂ%‘mﬁqn%’lunmﬁumm‘h@ias"cﬁmaa

induziisvaaioyildlng) HT29 LLGth’ﬁHﬂGiﬂL%ﬂﬂ"ﬂﬂﬁ?}ﬂdLﬁaqnﬁm RPE

>
m

HT-29 calls HT-29 callz
120 b O 0 ”g}r‘r‘f 100 ]([;T:_—_‘—'_'g——-_.______ﬂx—
= 100 - B Sughmi = N n e
i B 15 jigémi — \}\*x._ﬁ_;
S 0 E N
c £ R \{
3 60- 2 104 ~
@ o ¢ 0pgiml 'y
T 40 - = 2 Sug/ml
¥ 20 | B A 15 ug/im
D 4= 14 T T —T
4 6 0 2 4 6
irradiation dose [Gy] irradiation dose {Gy)
c D
RPE colls RPE colls
120 - 100 g
" 2“351?}—__
= 100 - B0 pg/mi = B S
= 8 5pgim & *ﬂ;:-_‘__g
g 801 | 15 pgim g
: o
% 60 3 10 ¢ O0pgimi
2 40 5 ® 5ugin
B K A 15 pgimi
€ 20 g
0 -JJ 2 il - A= - 1 T T ==}
0 2 4 6 0 2 4 6
irradiation dose [Gy] irradiation dose [Gy]

A 2 ndanmssendiavensadideldsihansinm 0, 2, 4, usz 6 Gy lay
uﬁuuLﬁﬂm:wmm'i‘lﬁ%“um'im'iaﬁﬂmmmi’mﬁﬂ%‘mﬁmmL‘fl’m]'uemq A WA B UFGY

é’ﬂﬁn’mﬂm"ﬁ"?m"uaavﬁa&u:ﬁwaaLﬁaqﬁﬂ'lﬁ'lmgj HT29, C uaz D usesdamnyIaadia
BavTRdINAvaioysii RPE
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A HT-29 colls B RPE celis

40 - 40 1
- oo Gy 35
0o Gy
] B9 Gy 201
y ™ = W9 Gy
S 251 g 254
g 2
§ 201 § 20
E E
= 15 4 e 15 1
10 4 10
5 54
0 o l_lhﬁMﬁ
concontration of D, scandens exlract [natml) concentration of D. scandens axtracl [ngdmin]

ﬂlﬁ 3 nvusasasiaudmaialulasinedosanaagie e o Gy law
LﬂiﬂULwnusmqwaﬂ‘lmla'mammmwm‘ﬂammnmmmmmmﬂmamwmwu 5 pg/ml
uaz 15 pgiml - A LLa@laLaJasLémmmimmlzﬂﬂsmmmmaaLmamuiamaamaumlé’lﬁm
HT29 uaz B umdmaimucﬂmim@luimmmaUamaalfnaaﬂﬂmaamamimm RPE

a

3. HazasErIEnAvI ML At Fsendldaindnuansas

MNNMYIATIRAIDINSBaS 0N Cell  oycle analysis 1o lgmssian
Lm’i’azﬁﬂ?uﬂﬁh"uLsnaa‘m%%mﬁaamﬁ@ﬁmmL“ﬁ'mTu 3 pg/ml waz 15 pg/mi iwnan
24 Flag wummmnﬂmlmwmwaaLﬁnaamulmvm G2/M WRuiwEniay (@uaadlu
‘ilJTl 4y dlaRmsonludwasdue nwaamaumlﬁlﬁm HT29 wuindaanssaglimy
waslulSinm 9 Gy mmumam&maﬂau’mrw G2/M fisAninan 5% 1ilw 36% was
Wevhmslaasanafanusud 5 ng/ml w3a 15 pg/mi 1wl 24 salusnaumsansssd
wmwmmumaamaﬂaﬁ’[usmum G2/M IMIaasIMABINGY 24% Waz 27% enusay (@9
LLﬁm'luiﬂ*n 5 1) mawm'sm'lumwuaamaaﬂnmmmau i RPE wudnileannas
IHﬂUL‘Hﬂﬁﬂ,%ﬂ?M’]m 9 Gy mmwaatsﬂaamulmwﬂu G2/IM umlwwummn 1N 8%
lu 66% uas Luamn'ri’lﬁa'ﬁﬂnﬂnﬂ'nmmmu 5 pg/ml w38 15 pg/ml W 24 2l
naumIannsIa WU’A’]ﬁ]’m‘}WHE}GL‘HﬁﬂYIaUlui,,u., G2iM fnmstlFowulaaiatnn (AR
'lmﬂn 5 §14)
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nsdninluamuizginsaamadfiszs

usiin RPE wwiuldadneduseaninmn Twwmeiinalniisise

vaudaydldlng

HT29

A o o a &1 A A
G2 L1a397n ﬂqjﬂﬂﬂqﬂ’lﬂﬂq ﬂ‘f\jﬁ‘[ulfﬁﬂﬂﬂﬂ@ﬁ]aﬂlﬂﬂ

ansmwannitluaagy =5y

count

uazaaiulylégqn ssnaNOMafidsoasiudinalingln
as 1 =1 =% F-Y ¥ =
ananddszinSmwaaadllsn

A o ngimi G1 7941395 jig/ml G1 733+ 14]15 pg/ml Gl 759113
S 132+26 S 154108 S M2+12
G2/M 50+18 G2/M 10.1 + 1.0 G2IM 79409
HT-29
€L B : .
3
S |[ ongiml) 61 312245 pom G1 732429 [15 ng/ml Gl 770204
S 7.2+23 5 13.5+3.0 S 92+1.0
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RPE
| &/ L] i | A
DNA content
4
s1lh

a

4 UHWMWUEGIEN U9 anTadlsasuassuiuts pazvawadluidazizes Ty
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5 & - o 1 ' & - A aa
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HT-29
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E S 72+23 S L6+0.1 i L7100 S 21408
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RPE
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—
DNA content
Gi e L & ° hog 1)
gﬂ‘n 5 LHUMNURAIEN m:wamgammaowmaua:mmma Ua:maamaa“lmma:im:

wWitufisusznitemslylasusa nudalasussiUsum 9 oy luann

=A i ldmsanauas
. as e g = A g
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Waz 15 pg/ml MMWUY

nﬁmamﬁaqnﬁm RPE
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5 & P ° . ) s
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5. HRYDIRITENAGD NSANHUDILTAE

Apoptosis marker AINMINAFILW apoptosis marker Lwaﬂ’lﬁ’lm@mm‘lﬁ
Lﬁnaawmmaawaumlﬁlﬁm HT29 umm‘hﬂasam.wwmua"lmum?ﬁnﬂmmm'mou‘ma
Iﬂﬂ?’l’]ﬂ’ﬁ‘]lﬂi’l:ﬁﬁm:}m:"ﬁmL‘]Iﬂﬂl.l.ﬂ:i]'mn']'iﬂﬂﬂﬂlﬂﬂUﬂ’]‘irjam‘]mﬂ HT29 @98 Annexin
V uaz Propidium lodide uﬂ'm'm’mm‘nw'ﬁmﬂ'l@]naawamiﬂuwaaaﬁmﬂmﬂ ‘namamma
VINEULIUNIT apoptosis Tuszozusnazdayia Annexm V 1WENaE19L8 87 ummal‘ums*m
nevas apoptosis %38 necrosis LTRE9: Uauﬂﬂm Annexin V U8z Propidium lodide Han5y
naassugadliiiuindoaruidsunm Gy wianslamsananianiagiuSoafineaing
W szeanmsmits i Ik Aamsans apoptosis UR=%3a necrosis tAATWlMTRE
HT29 LLﬂL@Jammslamsanmmnum'smmoawmmmimummlﬁLnﬂmimmmu
apoptosis WA=W38 necrosis qumﬂmmﬂummuaaam'] mmﬂmumyunnn'ﬁmuﬂﬁﬁ?a
ldasanauiosasinagon wamimaaaﬁmamlugﬂﬁ 6 Uaz 7

Bright Fleld Annexin V

Annexin V

Merge Propldlum lodide

Propldium lodide

control DS treatment

3UN 6 nwimad HT29 s nmissauaad §18 Annexin (fd87) uaz Propidium lodide (&

- PR a A P '
wa9) lag control fawsas HT29 7dnslunizing ; DS treatment fialadianslasldans
ar a g =t
gnanangaliss 25 ug/ml
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Bright Field Annexin V Bright Field

Meige Propldium lodide Propidium lodide

IR 6 Gy DS pretreatment+ IR 6 Gy
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Abstract

Enhancing of radioresponsiveness of tumors by using radiosensitizers is a promising
approach to increase the efficacy of radiation therapy. However, success of this
strategy is limited by normal tissue toxicity. Recently, the ethanolic extract of the
medicinal plant, Derris scandens Benth has been identified as a potent radiosensitizer
of human colon cancer HT29 cells, while being less toxic to and not affecting the
radiosensitivity of non-cancerous RPE cells. Here, we show that treatment of HT-29
cells with Derris scandens Benth extract in combination with gamma irradiation
synergistically sensitizes HT-29 cells to cell lethality by apoptosis and mitotic
catastrophe. Furthermore, the extract was found to decreases Erk1/2 activation, These
suggest mechanism for D. scandens extract-mediated radiosensitzation via at least
two distinct modes of cell death and by silencing pro-survival signaling of HT-29

cells.

Keywords: radiosensitizer, Derris scandens Benth, radiotherapy, apotosis, mitotic

catastrophe



Introduction

Radiotherapy is the most common treatment for human cancers worldwide
[1].1ts efficacy depends on the tumor’s responsiveness to the fatal effects of radiation
[2]. However, several malignancies are relatively radioresistant, leading to treatment
failure. Radiosensitizers are agents 1o enhance the sensitivity of cancer cells towards
radiotherapy [3]. The enchantment of radioresponsiveness of tumors by using
radiosenstizers is suggested to be a promising strategy to improve radiotherapy
efficiency [4-6]. Since decades, numerous studies have been attempting to search for
novel radiosensitizers. Nevertheless, only very few substances are clinically used due

to lack of efficacy [7-9].

Frequently, cancer cells encompass multiple defects in failsafe mechanisms
such as cell cycle arrest and cell death pathways leading to the resistance of cancer to
radiation-induced cell death [10,11]. Indeed, lethality of cancer cells in response to
radiation damage processes via different modes of cell death including apoptosis and
mitotic catastrophe [1,10-13]. It is a challenging strategy to search for substances for
combined use with radiation to trigger those programs of cell death that are still intact
in cancer cells. Interestingly, the radiosensitizing potential of numerous botanicals and
their derivatives is reported in several studies for cancer cells [14-18]. Notably, their
radiosensitizing activities are found to process via several mechanisms including
disturbing of cell cycle regulation, cell survival or cell death pathways. Since the
radioresponsiveness of a tumor is influenced by multiple factors, further studies are
needed to not only search for new radiozensitizers, but also to provide essential

information of the mechanisms of their actions.



The Asian plant Derris scandens Benth (D. scandens) has been widely used in
traditional medicine [19]. Its stem extract has been used for the treatment of several
discases such as arthritis, muscular pain, and inflammation. Morcover, D. scandens
extract has been report to inhibit u-glucosidase activity, scavenge free radicals, and
inhibit migration of several cell lines [20,21]. Recently, we demonstrated that
D. scandens extract powerfully increases the radiosensitivity of human colon cancer
HT-29 cells, while not influencing the radiosensitivity of normal retinal pigment
epithelial cells [22]. However, the mechanisms underlying this radiosensitzation
activity of D. scandens extract has not been clearly identified so far. In this study we
investigated the mechanism of action of D. scandens extract on the enhancement of
radiation-induced cell death in HT-29 cells and demonstrate that the plant extract

sensitizes HT-29 cells towards radiation-induced cell death via apoptosis and mitotic

catastrophe.



Materials and Methods

Chemicals and antibodies

Dulbecco’s Modified Eagle Medium (DMEM/F 12) and fetal bovine serum were
purchased from Gibco (Invitrogen, USA). RNase A, Hoechst 33342, and Giemsa
were purchased from Sigma-Aldrich (St. Louis MO, USA). Amersham ECL Plus™
was purchased from GE Healthcare (Buckinghamshire, England). Antibodies were
obtained from the following companies: actin (I-19 sc-1616) and alpha tubulin (sc-
5286) from Santa Cruz Biotechnology (California, USA), Erkl/2 (4695), phospho-
T20'2/Y204—F,1‘k1/2 (9101), phospho-T68-Chk2 (2661), phospho-Y15-Cdc2 (9111),

and phospho-S15-p53 (9284) from Cell Signaling (Beverly, MA).
Cell culture

HT-29 human colon cancer cells (ATCC, HTB-38) were maintained at 37°C, 5% CO;
in DMEM/F12, containing 2.5 mM L-glutamine, 10% fetal bovine serum, 0.25%

sodium bicarbonate, 40 units/ml penicillin G, and 40 pg/ml streptomyecin.
Preparation of D. scandens extract

The stem of D. scandens was collected at Bangkratum province, Phitsanulok,
Thailand. The stem was sliced into small pieces, dried at 60°C, then ground with a
mixer grinder. The dried powder was macerated in 95% ethanol for 3 days. The
extracts were subsequently filtered, evaporated till dryness under reduced pressure. A
thin layer chromatography fingerprint of the extract was made and kept as a reference.

The plant extracts are kept at -20°C.



Treatment of cells with D. scandens extract and gamma- irradiation

For D. scandens extract treatment, the medium was aspirated from the culture plates
and then replaced with fresh medium containing 5 or 15 pg/ml of D. scandens extract
diluted in DMSO. The treated cells were incubated for 24 hours before gamma-
irradiation. For gamma-irradiation, a Cobalt-60 source (Theratron Phoenix) with a
dose rate of 2.1 Gy/min was used for irradiating cells with a single dose of 0, 2, 4, or
6 Gy at room temperature. The source to sample distance was 80 cm. After
irradiation, cells were maintained at 37°C in a 5% CO2 humidified atmosphere and

collected at different time points for further experiments.

Clonogenic cell survival assays

Exponentially growing cells were seeded in duplicate into 6-well plates. The cell
number seeded per plate varies with the radiation dose, so that the colonies can be
counted conveniently. The seeded cells treated with or without 5 or 15 pg/ml of
D. scandens extract for 24 hours were irradiated with a single dose of 0,2, 4, or 6 Gy
at room temperature. The cells were allowed to grow for 10-14 days until the
surviving cells produced macroscopically visible colonies that could be counted
easily. The cells were fixed with 95% ethanol for 10 minutes and then stained with
Giemsa for 10 minutes. Colonies containing more than 50 cells were counted and
survival fractions were calculated as ratio of the amount of colonies formed from

treated cells and untreated cells, corrected for plating efficiency.

Terminal deoxynucleotidyltransferase dUTP nick end labeling (TUNEL) assay

HT-29 cells were seeded onto sterile glass cover slips and cultured in 6-well plates

overnight. The cells were treated with 15 pg/ml of D. scandens extract alone or



combined treatment with 6 Gy gamma-irradiation. Forty-eight hours after irradiation,
a TUNEL assay was performed according to manufacturer’s protocol (Click-iT®
TUNEL Alexa Fluor® 647 Imaging Assay, Invitrogen). The stained cells were
visualized by fluorescence microscopy (Zeiss). For each treatment condition, the
number of TUNEL-positive stained cells was counted from randomly selected fields

and expressed as a percentage of the total number of nucleated cells.
Cell cycle analysis and micronuclei assessment

Approximately 8x10" cells of exponentially growing HT-29 cells were seeded into 6-
well plates and cultivated for 12 hours. Twenty-four hours prior irradiation, the cells
were treated with or without 15 pg/ml of D. scandens extract. Subsequently, the
treated cells were gamma-irradiated with a single dose of 0 or 6 Gy. For cell cycle
analysis, the treated cells were trypsinized and collected 24 hours after irradiation and
DNA staining was performed as described previously [23]. For micronuclei
measurement, the treated cells were collected 48 and 24 hours after irradiation and
DNA staining of isolated nuclei was performed. Flow cytometry (Becton-Dickinson)
was used to analyze cell cycle distribution and quantify micronucleus formation of

propidium iodide-stained, isolated nucle;.
Immunostaining for analysis of nuclear morphology

Approximately 8x10% cells of éxponentially growing HT-29 cells were seeded onto
sterile glass cover slips and cultured overnight, Then, the cells were treated with or
without 15 pg/ml of D. scandens extract for 24 hours. Subsequently, the cells were
gamma-irradiated with a single dose of 0 or 6 Gy. Forty-eight hours after irradiation,
immunostaining against a-tubulin followed by staining with a rhodamine-labelled

secondary antibody was performed. Nuclei were counterstained with Hoechst 33342



as described previously [24]. The stained cells were visualized by fluorescence

microscopy.

Western blot analysis

Total protein was extracted from HT-29 cells at indicated time points afier each
treatment as described [23]. Thirty pg of protein from each sample were separated by
SDS-polyacrylamide gels clectrophoresis and electro-blotted onto PVDF membranes.
The membrancs were blocked in TBS-T containing 5% nonfat skim milk for 1 h at
room temperature. After that, the membranes were probed with a primary antibody
diluted in 3% BSA in TBS-T overnight at 4°C. After washing 3 times with TBS-T,
the membranes were incubated with a horseradish peroxidase-labeled secondary
antibody diluted in blocking buffer for 1 h. The membranes were washed 3 times with

TBS-T and bands were detected by chemiluminescence on X-ray films.

Statistical analyses

The mean + standard error was calculated from at least three independent
experiments. Effects of plant extract treatment, gamma-radiation and combined
effects of both factors on cellular survival were tested by two-way ANOVA analysis

of the In-transformed values for surviving fractions (SPSS, version 17.0).



Results

D. scandens extract synergistically sensitizes HT-29 cells to radiation-ind uced cell
death

Clonogenic survival of HT-29 cells after irradiation is decreased by pre-treatment of
the cells with D. scandens extract at concentrations of 5 pg/ml and 15 pg/ml (Figure
1). These concentrations cause less than 20% cytotoxic effects to HT-29 cells after 48
h exposure time as determined by MTT assay (data not show). Consequently,
treatment of the cells with plant extract only (without irradiation) reduces cellular
survival to 97% and 89% at a dose of S and 15 pg/ml, respectively, compared to
untreated control cells. Both factors, plant extract treatment (p=2x10") and gamma-
radiation (p=6x10"% significantly impact cellular survival. Notably, a significant
effect of the combination of both factors is observed (p=0.03) on cellular survival.
Synergistic enhancement of radiosensitivity by plant extract pre-treatment is reflected
by decreased D37 values (radiation dose at which 37 % of cells survive compared to
untreated cells) of 7.1, 5.7, and 3.0 Gy for plant extract doses of 0, 5, and 15 pg/ml,
respectively. Thus, plant extract treatment radiosensitizes the cells by a factor of 1.2

and 2.4 for concentrations of 5 and 15 jig/ml of plant extract, respectively.

D. scandens extract induces apoptosis in HT-29 cells

Apoptosis is one of the most common forms of cell death induced by ionizing
radiation. To investigate whether D. scandens extract induces apoptosis in HT-29
cells, treated cells were analfzed by TUNEL assay.. TUNEL-positive cells were
determined by fluorescence microscopy. Treatment of the cells with D. scandens
extract alone for 48 h significantly induces 12 + 1 % of the cells to undergo apoptosis,

whereas 6 Gy of gamma-radiation induce apoptosis in 3.1 + 0.1% cells only.



Treatment with 6 Gy of gamma-irradiation in combination with D. scandens extract
induces apoptosis in 5.9 + 0.4% of the cells (Figure 2A, B). Thus, D. scandens extract

is a more potent inducer of apoptosis than ionizing radiation.

Mitotic catastrophe is a predominant form of cell death in HT-29 cells as
response to irradiation
Mitotic catastrophe is another main form of cell death induced by ionizing radiation
[12]. The most prominent morphological characteristic of mitotic catastrophe is the
appearance of giant cells with gross nuclear alterations such as micronuclei,
multinucleated, and  multilobulated nuclei [13]. To investigate whether mitotic
catastrophe might be a major mode of cell death in HT-29 cells in response to
radiation damage, nuclear morphology of the cells was analyzed. Cells pre-treated
with or without 15 ng/ml of D. scandens extract were irradiated with a single dose of
6 Gy. Two days later, the cells were stained with an u-tubulin antibody and Hoechst
33342 and visnalized by fluorescence microscopy. Treatment of the cells with
radiation alone predominantly induces mitotic catastrophe in HT-29 cells indicated by
the presence of micronuclei and giant cells with multiple nuclei. Treatment of cells
with plant extract alone induces apoptosis reflected by the presence of fragmented or
condensed nuclei, while mitotic Calasttophe was not observed. As expected, cell
populations that received a combined treatment with plant extract and irradiation,
contained cells with features of mitotic catastrophe as well as apoptotic cells (Figure
3).

In addition, DNA staining of isolated nuclei for micronuclei measurement by
flow cytometry was performed. The result shows that micronuclei-formation in HT-

29 cells treated with D. scandens extract alone was slightly increased (9.740.7 %) as



compared to control cells (7.1%1 %). Remarkably, a strong increase of the
micronuclei population was observed after irradiation alone (27.1+ 2.2%) and
combined treatment of cells with D. scandens extract and irradiation (20.0+ 0.2%)
(Figure 4).

Taken together, these observations indicate that mitotic catastrophe is the

predominant mode of cell death of HT-29 cells induced by irradiation.

D. scandens extract decreases phosphorylation of Erk1 and Erk2 (Erk1/2)

Erk1/2 are effector proteins of the MAP3 kinase pathway that mediate cell survival
through inhibition of the apoptosis cascade [25]. Immunoblotting of total lysates of
HT-29 cells was performed to examine the impact of D. scandens extract on the
activity of Erk1/2. Treatment of HT-29 cells with D. scandens extract strongly
decreased the phospholylation level of Erk1/2 within 1 hour after treatment and the
level remained lesser than that of control cells during the observation period of 24
hour after treatment (Figure SA). The phosphorylation level of Erk1/2 significantly
increased in HT-29 cells that were treated with radiation alone. In contrast, increasing
of phosphorylation level of Erk1/2 was not observed in cells that were treated with

D. scandens extract before irradiation (Figure 5B).

HT-29 cells do not arrest at G2/M in response to radiation damage

In response to ionizing radiation-induced DNA damage, activation of DNA damage
checkpoint signaling is crucial for human cells to prevent cells with damaged DNA
from entering mitosis [26]. To investigate the efficiency of DNA damage checkpoints
of HT-29 cells in response to gamma-irradiation, the cell cycle and the levels of

phospho-p53, phospho-Chk?2 kinase, and phospho-Cdc2 kinase were analyzed. The



G»/M population of HT-29 cells upon 6 Gy irradiation was slightly increased as
compared to unirradiated cells. Treatment of the cells with D. scandens extract had no
impact on cell cycle distribution of HT-29 cells (Figure 6A). Induction of phospho-
p53 and phospho-Chk2 kinase were clearly observed in response to gamma-
irradiation, whereas the level of phospho-Cdc2 was only slightly altered (Figure 6B).
Notably, treatment of the cells with D, scandens extracts alone or in combination with
irradiation had no effect on the activation of p53, Chk2 kinase, or Cde2.

Taken together, these finding indicate that the G2 checkpoint of HT-29 cells in

response to radiation damage is not fully effective. .

Discussion

In the present study, we clearly demonstrated that D). scandens extract synergistically
potentiates radiation-induced cell death of human colon cancer HT-29 cells. This
effect was dose dependent as demonstrated by a radiation dose reduction factor (for
D37) of 1.2 and 2.4 for 5 and 15 ng/ml of D. seandens extract, respectively. This
long-term survival result obtained by clonogenic survival is consistent with the
finding generated from a short-term cel] viability assay (trypan blue staining) in our
previous study [22] .

D. scandens extract was found to induce apoptosis in HT-29 cells. Notably,
the apoptosis-inducing potential of D. scandens extract alone is stronger than that of
gamma-irradiation or gamma-irradiation combined with D. scandens extract
treatment. On the other hand, data from clonogenic survival assay show that
combination of the extract with irradiation is the most potent approach to persuade the

death of HT-29 cells. Since the clonogenic survival assay measures the sum of all



modes of cell death, it is most likely that apoptosis is not the only mode of cell death
m HT-29 cells in response to radiation damage generated in D. scandens extract pre-
treated cells.

Mitotic catastrophe is claimed to be the main form of cell death induced by
ionizing radiation, especially in cancer cells that encompass checkpoint defects
[12,13]. The result from our study indicates that G2 checkpoint of HT-29 cells in
response to radiation damage is not fully effective. This could be an explanation why
mitotic catastrophe is a major form of cell death in HT-29 cells in response to gamma-
irradiation. Mitotic catastrophe is predominantly induced by gamma-irradiation,
whereas apoptosis is the predominant mode of cell death of HT-29 cells induced by
D. scandens extract. Thus, the combined application of irradiation and plant extract
treatment leads to cell lethality by at least these two distinct modes of cell death.

The mechanism of interaction between D). scandens extract and radiation
remains to be clucidated. Activation of ERK cascade has been reported to promote
cell survival by regulating the expression or activity of pro-apoptotic proteins and
anti-apoptotic menbers [27,28]. The evidence that D. scandens extract decreases
Erk1/2 activation in HT-29 cells suggests an inhibitory activity of the extract on this
pro-survival pathway.

In conclusion, trcaiment of cells with D, scandens extract prior to irradiation
synergistically sensitizes the HT-29 cells to radiation-induced cell death by enabling
the cells to die by apoptosis and by mitototic catastrophe and by silencing pro-

survival signaling.
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Legends to the figures

Figure 1:

D. scandens extract and gamma-radiation synergistically induce cell death in
HT-29 colon cancer cells, Cellular radiosensitivity of untreated HT-29 cells
(diamond), cells treated with § rg/ml of D. scandens extract (square) or treated with
15 ng/ml of D. scandens extract (triangle). Cells were seeded into 6-well plates and
pre-reated with or without D. scandens for 24 hours hefore gamma-irradiation.
Clonogenic survival of gamma-irradiated cells was determined at day twelve after
gamma-irradiation. The plot shows the mean surviving fraction + standard error from
three independent experiments. Significant effects of gamma-radiation, plant extract

treatment and combined treatement were tested by two-way ANOVA (see text).

Figure 2:

D. scandens extract predominantly induces apoptosis in HT-29 colon cancer
cells. HT-29 cells were pre-treated with or without D. scandens extract for 24 hours
before gamma-irradiation. Forty-eight hours afier irradiation, TUNEL imaging was
performed to detect apoptotic DNA  fragments (red). Nuclei were stained with
Hoechst 33342 (blue). Representative fluorescence microscopic images of control
cells that received no treatment (control), 15 ng/ml of D. scandens extract treated
cells (DS), 6 Gy gamma-irradiated cells (IR), 15 png/ml of D. scandens extract treated
and 6 Gy gamma-irradiated cells (IR+DS) (A). The percentages of TUNEL-positive

cells counted from a minimum of 800 cells are shown as mean + standard error (B).



Figure 3:

Mitotic catastrophe is a predominant form of cell death in HT-29 cells in
response to irradiation. HT-29 cells were pre-treated with or without D. scandens
extract for 24 hours before irradiation. Forty-eight hours after 6 Gy of gamma-
irradiation nuclear morphology was assessed by fluorescence microscopy. Nuclei
were stained with Hoechst 33342 (blue), alpha-tubulin (red) was stained by
appropriate antibodies. Representative fluorescence microscopic images of normal
nuclei of control cells that received no treatment (control), 15 pg/ml D. scandens
extract treated cells (DS), 6 Gy gamma-irradiated cells (IR), 15 pg/ml of D. scandens
extract treated and 6 Gy gamma-irradiated cells (IR+DS). Cell with fragmented nuclei
(circle), giant cell with multiple micronuclei and multilobulated nuclei (arrowheads)

are shown,

Figure 4:

Micronuclei formation of HT-29 cells in response to irradiation and D. scandens
extract treatment. HT-29 cells were pre-treated with or without D. scandens extract
for 24 hours before irradiation. Forty-eight hours after 6 Gy of gamma-irradiation,
micronuclei frequencies were quantified by flow cytometry. The percentages of
micronuclei fractions of control cells that received no treatment (control), 15 pg/ml of
D. scandens extract treated cells (DS), 6 Gy gamma-irradiated cells (IR), 15 pg/ml of
D. scandens exiract treated and 6 Gy gamma-irradiated cells (IR+DS) are presented

as mean + standard error from three independent experiments.



Figure 5:

Impact of D. scandens extract on the activation of Erk1/2 Treated cells were
collected at different time points for total cell lysates extraction. The levels of proteins
were determined by Western blot analysis. Levels of phosphé-Erkl/Z and total Erk1/2
in cells that were treated with 15 ng/ml of D. scandens extract (A). Levels of
phospho-Erk1/2 and total Erk1/2, phospho-Chk2in cells that were treated with (H) or
without (-) 15 pg/ml of D. scandens extract for 24 h followed by 6 Gy of irradiation

(B). Detection of actin was used as a loading control.

Figure 6:

Impact of D. scandens extract on the activation of DNA damage checkpoint
signaling. Treated cells were collected at different time points for cell cycle analysis
and total cell lysate extraction. Cell cyele distribution profiles were assessed by
floweytometry (A). Levels of proteins were determined by Western blot analysis.
Levels of phospho-Chk?2, phospho-p53, phospho-Cdc?2 in cells that were treated with
(+) or without (-) 15 pg/ml of D. scandens extract for 24 h followed by 6 Gy of

irradiation (B). Detection of actin was used as a loading control.
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