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Abstract

Background  The marine actinomycetes genus Micromonospora has long been recognized as an
important source of its secondary metabolites. It may provide novel structural diversity to be discovered
and hope to improve therapeutic properties.

Objective To investigate the anti-cancer activities and molecular mechanisms of the extraction
from Micromonospora in human carcinoma of nasopharynx (KB cells)

Methods Micromonospora strains (MAG 9-7 & MAG 9-19) were extracted and treated with KB
cells. The viable cell number is based on MTT colorimetric assay. Apoptosis was assessed by nuclear
staining. with DAPI, agarose gel electrophoresis for DNA fragmentation assay and quantified by flow
cytometry analysis of cells stained with propidium iodide. Caspase-3 activity was measured by a
colorimetric assay.

Results The MAG 9-19 was non-toxic but the extract of MAG 9-7 inhibited KB cells with IC,,
of 83.46 £ 3.9. The combined MAG 9-7 (50 pg/ml) or MAG 9-19 (300 pg/ml) with DOX (1 pg/ml)
treatment produced greater cytotoxicity associated with the increasing of chromatin condensation, DNA
fragmentation and cells in sub-G1 phase compared with treating cells with each agent alone. Apoptosis
enhancement of combination treatment was accompanied by increasing in the relative activity of
caspase-3 which was significantly attenuated in a caspase-3 inhibitor.

Conclusions The induction of apoptosis by combined MAG extract + DOX treatment involves the
activation of effector caspases-3. Thus, the combination may provide one other important advantage.
MAG extract would represent a promising source for its ability to discovery of interesting anticancer
compounds. The elucidation of the apoptosis-related others intracellular targets will be addressed in

future studies.

Key words Micromonospora, KB cells, Anti-cancer, Apoptosis, DNA fragmentation, Caspase-3
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uanlagtumadiu 50 pl lysis buffer 15uran 30 1 vl ¥l dum3oedi 4 ° c, 14,000g, 5 W1
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< X g & ' Y o .
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(DOX) A NEY 0-10 pg/ml (positive control) HaE 0.21% EtOH (negative control) 111 96 well plate 1w
@& s :’1 1= J ¢ o d‘i Y g a p=:4 LY
a1 48 1 Tue nasniulssiiuglisveurad anvazdeduwad anvazlylanai®y dnyuzms
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1 A v g ¥ = s L a [ ' A 1
gUsunay Woduwaditlugaih (bleb) uaz ly Tawarduvguse dnvazmameium ldiniv Werwguuie
¢ & oy yr ! C oAy ' P Ay ¢ P
radngaaniiui 1dhe daunguiiindas DOX wuduwadidnvaznan Werusaduaz lsTanardy
&J a ] 1 o N o P2y o a
Y3952 Msimeiu iy woadasesiuiwinn uazietiindineimuiumssensinveusad
M a ' Jed oy o Ao et AHa Y
Aemnaiin MTT WUIUTaaNUNA015aAA 1Ay DOX USUIUraaN oAt InanadnIua g uduved
44 & ' P oAy VAW o & @ Jda Y a
AIAUAVTULANANIINNGUAVNAIY 0.21% EtOH peniivdiany Fwamsiuaadiiinaiemaina
MTT fianudurusfumsAnudnyaizveasadiiondad stereoscope
¥
a a o o o o o 1 [ @
Usz@nsamuesdsata MAG 97 TumsdudimsnigyvouraduzSaresayn nunasana
MAG 9-7 NANuAudU 30 pg/mi SududimsnIyau Tavouwaa 18 uazanududuvesarsanaivilf
maws A Invouradanad 30, 50 4AT 80% (inhibitory concentration; IC,, IC,, tag IC,) fiaumiiy
¥
33.26 + 2.35, 83.46 £ 3.9 UAY 141.43 £ 8.4 png/ml MUAED uazasodusimsnsyAuInldifou 100%
Aanududy 250 pyml G1 1) Tuvueh doxorubicin A1 IC,, 11AY 2.0 pg/ml (1 2) diovhaisada
MAG 9-7 fiszauanududud1q (0 - 100 pg/ml) WaNUus Ay DOX AszAuaNUduTUme (1 pg/ml)
L as g ~y % ) q. = o a’ g} =) g 1
FUAY WUMSBRNGNBIATUAY FremudszinEmmmsdudimsnsyveasad ldundulszuis 10 i

Tagfifian IC,, anaunfionios 8.8 1.2 pg/ml (31 3)
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MAG 9-7, ug/ml

31 1 UseAnFamwvesaisana MAG 9-7 Aemsfudan1sioiued KB CELLS Wan1snaasd

nanslaenl MEAN + S.E.M. (N=3)

100 - L=
80

60

20+ i\.
. .

1 T 1 ! 1 T I ' 1 M T T T M i T i T 1 v 1 M 1
1 2 3 4 5 6 7 8 9 10 11 12
Doxcorubicin, ug/mil

% Cell viability
1N
o
1 1 "
/

51U 2 Ysz@nFA1wves DOXORUBICIN fion156U69n15193y489 KB CELLS HANTNARDAUITAY

TaeA1 MEAN + S.E.M. (N=3)
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8o -\§
2 0l « \§\ MAG 9-7
o - \ —
Z 40 ) "
8 ] \Q*
= 204 \? MAG 9-7 + DOX (1 ug/ml)
J *)
0- ¢ —y
O 20 40 60 80 100

MAG 9-7, ug/ml

51U 3 Usz@nTamvoamstuans MAG 9-7 $9uAY DOX A9N156U69N15195999 KB CELLS Wa

N15NABDAAIIAYAT MEAN + S.E.M. (N=3), P < 0.05 VS MAG 9-7

2 o o

aseia MAG 9-19 fianududhuannnt 800 pg/ml wu WifluRusdomad saiudahasas
MAG 9-19 (300 pg/ml) UN3UAY DOX (1 pg/ml) wu:hmmimﬁnﬂizﬁw%mwmsaaﬂqm%ﬁug’ams
winvouraduza Ideduiitodfymaada (P <0.05) Tas DOX (I pg/ml) aursadudamsniyvos
aauzFald 30.94 +3.39 % uAifoIMAG 9-19 (300 pg/ml) 11390V DOX (1 pg/ml) WL WITE

o & a o d =2
UM ITTUVDUFAAUSLINNT 81.12 £ 9.9 % (gl’ 4)
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% Cell viability
IN
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Y —

U T 1 I ! 1
0.3% EtOH  MAG 300 ug/m! DOX 1.0 ug/ml  MAG + DOX
MAG 9-19

7V 4 dsz@nTamuoanisivats MAG 9-19 39uAU DOX foA156U69N15195v89 KB CELLS

NAN1INABBILAAIIAUAT MEAN + S.E.M. (N=3), P < 0.05 VS DOX

wamsinzimsuanves DNA Tay agarose gel electrophoresis

' B 3
NATOUNITBONGNTVRINIANAADAITUANYDI DNA lautdies KB cells sty 1x10° cells/ml
y L o & ¥ g 2y Y Y@
Tameiuiiunm 24 9 Tue nmiududieasasa MAG 97 aududuniriush 1c,, uas IC,, DOX
(positive control) AN UIMIIAUAT IC,, A958R MAG 97 (50 pg/ml) VUIINAY DOX (I pg/mi) uaz
. d & 3 ¥ . ¢ ¥ ¢
0.21% EtOH (negative control) (Juiaa1 48 %1103 1u flask U511A5 25 em’ Minduriuwadnavue (wad
z o .

imziuuazIradLYINADY) W1AAA DNA A28 GF- 1 Tissue DNA Extraction Kit (VIVANTIS) 118211111

a o s/ . 3/ i

UATIZTANTUANVYDI DNA 798 1.5% agarose gel electrophoresis 1agl¥nsia'TW#1 100 volt iy 45 w7
loTmaeimsunnyes DNA udamudn nguiltindas 0.21 % EtOH (Rauay (band) MuuRes 1

1~ 12 d' d' [} ' ' ,.:; ] 3 [

uay uaasnil DNA vualngandenn 14 1 lna uanasnnlunguiniudemsada lasnuuaunu 1
uovuazlidnumzily smear band s178901 nansnguAtinadd ISR (RAmsuanyed DNA ¥ld

=1 1 s . & ) FY LY oA o
UUUIUDY DNA Lmnmwﬂu"lﬂ (DNA fagmentation) “NGI":’TNaﬁﬂﬂﬂﬁGQﬂUﬂQN'ﬂUNl‘ﬂﬁaﬂiﬂ DOX ung

AANANATa i MAG 9-7 1ius7uiY DOX (51 5)
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namsfingdnuazns morphology ves DNA Tas DAPI staining

4 ' a ¥
MINATDUGNTVOIA1IANAADNITIAA nuclear fragmentation 1ALAEI KB cells ANudNdY 1x10°
cells/ml 1RIMzUU cover slide FausTu 6 well plate WU 24 T2 Tue MINUTULNSILEITARR MAG 9-7 (50
Y 1 o o
pg/ml), Dox (1 pg/ml), ¥ITANA MAG 9-7 Y4SINAY DOX LAy 0.21% EtOH (negative control) (I ut1a1 48
o ¥ . . e s ty ) & ' A&y % =< M
%1 Tue 911N cover slide NTlwadimzogdoudo DAPI Fannsorubeduad 1 uasAnudnyne
a  a Yy v . 2 oty < . LA .Y
Huadeanelandos fluorescence microscopy 3 DAPI Utth#u1en nucleic acid BN excitation AIGLUAY
A .. Y = 3 a seldaa o a
ANEIAAY 358 nm 9% emission IAUENTUISH (461 nm) WAGTNTINIEHUSNHUZMIAAT DAPI
' ° ¥ a i y o o o U
NT¥908190UUTUD (homogenous) aapaneilundoe Tuvmzi apoptotic cell %zﬁmiimmnmﬂuﬂqu
4
fouvoudulyoTasuiAu (chromatin condensation) 39AAF1TUYBY DAPI WUy LaziiTuAGavA
[~ v a A o = . 2 a o« o T
@nnnd tezdiowuMIUANYEIUATEY (nuclear fragmentation) TenumsAaduvunsznedundeun
iofiny Ny Yo UTnAN bright field Tunguiludau 0.21% EOH wuiiwadnanyaizimien
wefuadeuivoundany (U 7 @) shvasiindvaveusadeinmsiad DAPI (1 7 @) wuh
s a oy =] = o & d @ ' a
IFAANINUA (100%) ART 19D DAPI uuuFeufsuasuays ¥ailudnyazvoswadynd
efnydnymzouzaduuy bright field Tunguitndivansadia MAG 9-7 (50 ug/ml), DOX (1
ng/ml), UAZEITANA MAG 9-7 JUSIUAY DOX WuraaauinnTanyuzaanay llwtea Woduwad
[~ v Y o 4 o v
(Wuguwad (bieb) Fvlanmrauvgvse uaziiwivveusadanauiiofousunguaiuny U7 ©, © &
@) (519 1)
4'1 =& o/ =Y o 4 a 1 J d' ] 9/ [
WRANYIANYULUAARIAVDUFAANINMTAAT DAPI wunnguiliudeeisana MAG 9-7 (50
o ada P=1 a A Y =3 ~ :: d' 4 J dy
ug/ml) (31U 7 @) numadUnatifundvadad i eudlouaitaus 75.73 + 2.99% YUTNAd NGl
P=Y a =1 ' . =y v . I
Ut undeanaaih (DAPI) L‘]J‘u‘ﬂﬂﬁ]ll“] (nuclear fragmentation) wseAaa WY (nuclear condensation) W
WU 24.27 + 035%, Ty DOX (1 pg/ml) (31 7 @) wuwadunAfidundsaRad i uuuioudion
auaue 7032 + 6.46% vuzadnguilliiundoadndily (DAPY 1Hunbeus (nuclear fragmentation)
A o oy ' . di o < A o o
Hiona gy (nuclear condensation) Lﬂummum 29.68 £ 3.49% UagiupuIaTana MAG 9-7 (50
pg/mi) YN3WAY DOX (1 pg/ml) (51 7 O) wuraddnalifiundeadadfluuuboudouasiiauoanas
A w6 W aa A o a VoA oy - V- P a
BUNNUYTIAYNEADA (p < 0.05) WoNeUAUNGUNUNAIY MAG 9-7 it ufsn  Taswiwadlna

ifeq 25.36 = 3.27% vauziimadnquiliiiundeadad 1 (DAPY 1Wuneons (nuclear fragmentation) 13®

a ] [~{ o g
And# iy (nuclear condensation) I UFIUIMNINTUT 74,641 6.19% (@154 1)
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a1319 1 Wosduamsiia APOPTOSIS Tay MAG 9-7 31nmséeuiiuadeadae DAPI, *=P<

0.05 1oAY MAG 9-7 11a% DOX

%Normal cells % Apoptotic cells
(homogenous DAPI) (condensed or
fragment DAPI)

0.21% EtOH 100 100
(negative control) . .
MAG 9-7 75.73 £2.99 2427 £0235
[50 pg/ml]
DOX [1 pg /ml] 70.32 + 6.46 29.68 +3.49
(positive control)
MAG 9-7 [50 pg/ml] 25.36 + 3.27* 74,64+ 6.19%

+ DOX [1 pg /ml]







18

ofnydnunizusuradoin bright field Tunguiliudas 03% EOH wuTuwadidnumzvion
BofuradzouTlveumadainy U 8 @) anvazilundsaveusadinmsiad DAPL (U 8 @) wuh
Wadanua (100%) And#ves DAPL vy sufiouminaye Jadludnuasvouwading

ANy IS NHAL VD UBARUUY bright field °lumjuﬁﬂuﬁ'mmiﬁﬁﬂ MAG 9-19 (300 pg/ml) WU
waddnannddnyuziuladfefietumaddsuiveuwadan U 8 @), daunguit1d5y pox (
pg/ml), HaTAITANR MAG 9-19 YN AL DOX Wumad avunnlianyazraanan lumioa L?}aﬁ’mmaﬁ
Wuguwes (bleb) o Tanmauvguse uazﬁﬁmuumamaﬁ'ﬁﬂmxf}mﬁﬂuﬁmdumuau GUs® & @)
(®15792)

WofnudnuusiunduaveuradeInmsAnd DAPI wunguiitindasesdia MAG 9-19 (300
pg/ml) (31 8 @) nuadUnANiuadsaRed o suiflouaiuauoinni 94.38 £ 3.49% vafimad
nquiltiiundvafindfudundony (uuclear fragmentation) W afadHuin (nuclear condensation) 11fu
Tunudosnaies 5.62 = 0.38%, dm3 DOX (1 pg/ml) U 8 ®) wumadUnAfidundeaAndiiuy

¥
1 Ao

= P! ° { = a o o) ' .
Senilouaiuaue 78.27 + 3.49% vuznwadnquilliundeaaadfudundeny (nuclear fragmentation)

q

P-4

A a oy ' B o o . A& o @
ERGIRA T {nuclear condensation) WU wIude 21.73 + 2.37% {azivuIaITana MAG 9-19 (300
ug/ml) Yu3IUAL DOX (1 pg/mi) (31 8 @) wuwadUndliinndsadedfuwuBouiouaiuauoanag

[]
(4 (=]

[} a4 o o w aa d' = [ 3/ = 1 = o a

f]U']\HJUUﬂ']ﬂﬁJ‘V]Nﬁﬂﬂ (p < 0.05) !MalVIUUﬂUﬂQNWUNﬂ’JU MAG 9-19 (WD Y8Ry TﬂUWUlcﬁﬁﬂﬂﬂﬂ

“ ] ¢t Ada o oa a d ! . A A oy

(WY 35.37 £ 5.33% Sumzmcmaﬂquunmmaaamaﬂuﬂumam (nuclear fragmentation) CERIGIALR
1 . =] o X =

$UU (nuclear condensation) WuT1WIUNNIUDY 64.63 + 5.38% (M1519 2)

a1519 2 WosiFudnisiia APOPTOSIS Ty MAG 9-19 91an15dauilnadead e DAPL, ,*=P<

0.05 11D EURY MAG 9-19 11ag DOX

%Normal cells % Apoptotic cells
(homogenous DAPI) (condensed or
fragment DAPI)
0.3% EtOH 100 100
(negative control)
MAG 9-19 94,38 + 3.49% 5.62+0.38
[300 pg/ml]
DOX (I pg /ml] 78.27 % 3.49 2173 £2.3
(positive control)
MAG 9-19 [300 pg/ml] 35.37 + 5.33% 64.63 + 5.38*
+DOX [1 pg /mi]
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w W

namsanziiginaeaa (cell cycle)

msmaa‘una"lﬂmiaaﬂqméﬁugqmm‘%nﬂamaﬁnzﬁa Tasmsainsgniginsmas  (cell
cycle) 11 KB cells 111UNA288715eAR MAG 9-7 (50 pg/ml), Dox (1 ug/ml), @1590A MAG 9-7 1iNFINAL
DOX a% 0.21% EtOH (negative control) (iui3a1 48 2 Tu3 Soudfio1uad0 Propidium iodide (PT)/Triton
X-100 HAMSNARDINUITAE 1UTEUE sub-G1 (hypodiploid) e 2.76% Tunguatungu ilotindas MAG 9-
7 (50 pg/ml) Az Dox (1 pg/ml) WUITAG UL sub-GLIRUANITY 13.13% Uz 10.51% AIWEIE
lunassdunguiliudromsasa MAG 9-7 $2ufy DOX numadluszes sub-Gl tRuUTY 34.15% $4
LmﬂﬁhaethaﬁﬁﬂﬁﬁmummaﬁtﬁmﬁUUﬁUﬂfjuﬁ"lﬁ'%’U MAG 9-7 tigapeiuae (1 9) wanisnaaea
wuhfimsiiueadluszey sub-Gl uaaaldifiuimadngautailuszer 61 dawaldimsazauead

. a g & v v o9 ot 2 g
328% sub-G1 (apoptotic cells) INLUNYUTITDAATDINUIIUIUFDANATUNLIY

200
200

1
o] 0.21% EtOH | ] DOX
"12.76% ~110.51%

CEE E 1ug/ml
£ 1 i 5 1
Q [ 3 P

34 [l o8 E M

] i 1‘ | ) ] [ \} |

24 Y S M —

k< 4 ; [ ;l "‘«,.,",lr' }‘2- 1 b E‘h 1 I‘f, ‘43‘”“\ )'M.'

o {rume T rr\”hv Sy T o e v T AR Y T T
0 200 400 600 800 1000 0 200 400 600 800 1000

Propidium iodide (PI) Propidium iodide (PI)

3 g

g MAG 9-7 | ] MAG 9-7

~113.13% 50 ug/ml | .| 3415%

& ug/mt | gj + DOX
5 ‘;'il 5 ]

%3 A o8 A

:f——-l J( ! | 1 A\ |
e IR RN 3?1\ A} ™1z " i
EK““ i J”"‘ \., ] Al“'"-’g\ - j‘j .
PP - o v '
°73 200 4b0 . 600 b0 1000 O 200 40 600 800 1000
Propidium iodide (PI) Propidium iodide (PI)

gU 9 T9¥hsves KB 1wadniud1e 0.21% ETOH, #15ain MAG 9-7 (50 pG/ML), DOX (1

pG/ML), a15eiA MAG 9-7 Uu$Iuf Y DOX Jins1e¥inalas FLOW CYTOMETRY

1§19111 KB cells 3NUUAWA15ANA MAG 9-19 (300 ug/ml), Dox (1 pg/ml), @158AA MAG 9-19 1y
59UAL DOX 1ay 0.3% EtOH (negative control) Hunat 48 12 lue deuFdisuade Propidium iodide

(PI)/Triton X-100 HARTNAADINLIHAA 1UTZ8L sub-G1 (hypodiploid) (fies 1.21% lunquanugy oty
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A X VoW
G,]l’JEJ MAG 9-19 (300 pg/ml) ita Dox (1 pg/ml) WUL“‘;!a’cﬂu'iZEJ:: sub-GUWUVUININD 4.92% LAY 13.68%

]
=

o o v [ \ Y o a &’
audey Tunassdnguiniudiga1sana MAG 9-19 $20AY DOX WUIXAH 115282 sub-G1 (HNALDA
é v [ S o o o aacﬂ' =1 LY 1 d‘ Yo =1 [ .d
27.31% Fwananedniilvdidynadadefisuiungui 1450 MAG 9-19 1fissedader (J1 10) wa
= a o Y~ v o Y] [ Pt
MINARBINYNUMIHMrad luszee sub-GluaadMimuiugadrgauuin lussee Gl danaliims

< X 4 v o o4 4 X
ALAMHARTLUL sub-G1 (apoptotic cells) IRNNINTY Feaandoenuiuluzad Ay

o Q
&7 &
k 0 .
511.21% 0.3% EtOH || 2313.68% DOX
el 1 ug/ml
£ | ] £ ]
R ;' '\ Sg
] { b bl
.,-: 1] !1 \ { e-:i M‘.,I f q‘.'\ }
AL ) T
° -oww'ﬂz 4 o 0 800 1000 R TR 0 Y
l’rnpi(qloum iud?gc (P 0 200 l'mpijiqgn iudidocogl’l) 800 1000
g 8+
214.92% MAG 9-19 | 2177.31% MAG 9-19
| / 5
o\ 300ug/miffq + DOX
3_ 3 | 3 _
o8 B ; I&‘ o8 e rx\
)4 | I |
< —-L W1 } ‘Y“'r._. 12 ] ?'5' 5\ W1y ) ){ I‘\ﬂ{,ﬂ%‘-‘xﬂ 1
o ree] T M:‘.M‘VV\ T T T e 1 T T hac T T
0 200 400 600 800 1000 0 200 400 600 800 1000
Propidium iodide (1°1) Propidium iodide (')

31 10 Tinsves KB 1wadNuuA1e 0.3% ETOH, @15aia MAG 9-19 (300 pG/ML), DOX (I

RG/ML), 815988 MAG 9-19 1iy59uf U DOX 31AS12H KA lAs FLOW CYTOMETRY

nanmsnageumainuvewsylei caspase 3

msiansvhauveseu s caspase 3 Tuad Taetin KB cells Uudsaisana MAG 9-7 (50
ng/ml), Dox (1 pg/ml), #158AA MAG 9-7 UNSIUNYU DOX 182 0.21% EtOH (negative control) ndJunm 24
%’JTNQ mmf’uﬁﬂﬁwaﬁtmﬂﬂﬂ lysis buffer Wau supernatant mﬁmgjﬁ?mﬁu substrate: Asp-Glu-Val-
Asp (DEVD)-p-nitroaniline (pNA) NANTTNABBINUIIN relative activities YOI caspase—31uﬂtjuﬁvlﬁlguﬁ15
aAn MAG 9-7 (50 pg/ml) A% Dox (1 pg/ml) nﬁuﬁumﬂﬂ'ﬁmqfumuauﬁq 2.05 + 0.07, 2.15 = 0.04 111

auiey Tuvaeiian relative activities 499 caspase-3 lunguin IdTumsana MAG 9-7 Uiusaufy DOX i
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A 3 v 1 =} v &R d a [ A v o o aa A =

AURVTULINNIINGUAILANDY 3.67 + 0.31 1M1 FuTumsinedalilod1Ayn1Iada (p < 0.05) ooy
1 E4

AuNauUN 1A5U MAG 9-7 38 DOX 18988197 (JU 11) WBNIINUAT relative activities YOI caspase-3

v v ' £ $ 1 @

1ugndudilay DEVD-fmk (caspase-3 inhibitor) (1@A431NA1NMIDOAGNTYBY MAG 9-7 NUusIWAY

v
DOX HUATUN caspase-3

B
o
I

1

w
9)]
]

w
o
| I

Relative caspase-3 activity
NN
o o
1 I 1 l

1 .0 = y
0.5 4 ////A
0.21% EtOH MA extract DOX MA + DOX MA + DOX
[50 ug/mI] [1 ug/mi] + Caspase-3 Inhibitor
MAG 9-7

31 11 1 RELATIVE ACTIVITIES ¥83 CASPASE-3 91n@135afin MAG 9-7 a1lunguaiugu
iy 1 uazmidaldlunguudusulSoufoudungquatugy, *p < o0.0silaifeudungui

1#5ua1safia MAG 9-7, DOX o MAG 9-7 + DOX + INHIBITOR

msianmsiauveueulosf caspase 3 Turad 1ae1i1 KB cells 11ud1ea15980 MAG 9-19 (300
ug/ml), Dox (1 pg/ml), A158NA MAG 9-19 Yu35IUAY DOX uag 0.3% EtOH (negative control) L‘ﬂunm 24
#1Tus vnduriifesaduanlae lysis buffer Hdaau supernatant mﬁwﬂﬁﬁ?mﬁu substrate: Asp-Glu-Val-
Asp (DEVD)-p-nitroaniline (pNA) WAN15NAABINLIIA1 relative activities Y04 caspase-3 1Unqui 1aT U3

Qs l:l ig 1 ' ]

afn MAG 9-19 (300 pg/ml) 18 Dox (1 pg/ml) HNIUNIANNAGUAIUNY 1.2 % 0.16, 1.81 % 0.47 ¥
AUAIAY THYENIA relative activities Y8 caspase-3 TUNGUN IRSUMITAA MAG 9-7 15701y DOX T
A X ' ' 2 v & g A " Mo o o aa & o
AUNNTUNINNNNJUAIVYNAL 2.7 = 0.25 1M %Jlﬂuﬂ'lﬂwuﬂEJNJJUEJ?T'Iﬂiyﬂ'Nﬁﬂﬂ (p < 0.05) Wwoainey

as J :i Yas A =1 [} r=1 g' . o ey
ﬂunquﬂ"lﬂsu MAG 9-7 170 DOX I1Wei0g13iae1 (3‘1.] 12) HONAINUAN relative activities YD caspase-3




5%-7%
#rinveanyn avninen Sy 03760)

fAUAUGY 81093 9.98YF 20131 23

y 2 1 Q( { 1 v QI
Wugndugalay DEVD-fmk (caspase-3 inhibitor) era3T1na lnMIvengnives MAG 9-7 Niuswdy

DOX HUAIUTY caspase-3

4.0

3.5
,g |
'g 3.0

] [

@ 25-
% {
g 15- |
R 1 T
T 4
hd 1.0 -

0.5 T T T T 1 T f — T 1

0.3% EtOH MAG 9-19 DOX MAG + DOX MAG + DOX
[300 ug/ml] [1 ug/ml] + Caspase-3 Inhibitor
MAG 9-19

31 12 1 RELATIVE ACTIVITIES %83 CASPASE-3 31n@150AA MAG 9-19 f1lungualugu
(Y P Ao 3 VoA [~ v < @ ' A = o r o
Miny 1 LlﬁﬁﬂWVI’Jﬂ‘lﬂ‘luﬂQllﬂulﬂuﬂﬂﬂ‘%UU!VI'EJUﬂUﬂQ?Jﬂ'JUﬂiJ, *P < 0.050aitngunungun

18¥uarseada MAG 9-19 uag DOX

316516
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a a d
9n1)518/331591 (Discussion)

wond lusiodnnsynvegia I luumaymssaunaluszuuilnamimeody ade udhuuuney
b4 T
wunead luledn 1duin ualunzeazwunianuvainnauasay Inivesriiainuunnil 1619
Y] d' a 3/ a o = Q( =) 1 . 9/ 3’ ==
puruTogiuinga 1dvinuend ludbdm Tgnan19yImMuMaInnaIeuerythromycin ATUIFDILUANITY,

X . &' a .. J o o .
amphotericin B ¢’1}1ul“ﬁﬁli’l, avermectin ﬁwumaw&wﬁ, doxorubicin MUAOULI5I LAzl anthracyclinones

T
a ad g

a 1 o 4 [y A . 1
‘Uuﬂﬁl‘ﬁlﬁqLﬂua'lilllmTUﬂqﬁ“ﬁnWUﬂuﬂﬁﬂﬂqﬂﬂqﬂlcﬁa Micromonospora sp.{Sousa et. al., 2012) UAZWUN

]
b g t

wond lufednfivieoinlunziatiy 1aginn1L061989 Micromonospora  sp. UAMUNAINHAGUOITUA
Y g v Qs ] = Y ] 1 Q‘{A ] d'd
musoad e lulansudvasslnd q uasluwrIduiuivgnuaisosngnin v q nl
o @ o = o @ [~ o I~ v &
mmmﬂiymammwm&umzuﬁﬂﬂmwqﬂumiwmuuﬂumsﬂyﬂsﬂumma"lﬂ (Lam, 2006) H4U4INI9
& o 4 A = o q ¥ ¢ g . o & Ao A4 =
nwilalumsSau lsauzsenomanienhldioaduzi5ameiuuy apoptosis  AIHUIIUITBHIIANY
a a o’ T o z’z’/ a a d ]
UsganTnwvesmsana MAG semsdudamsinsaau InveuaaduziTasoayn (KB cells) nazfnun
na lnmsagluszduTuana
=2 :’; dy 1 w = X2 g a a
lumsenuiasalinuNarsana MAG 9-7 A1 1C,, = 83.46 = 3.9 ug/ml Fuilulszansnwly
[ ) 14 = d ] [ $ Y 1
seavunaslumsdudimsedyvouraduzswosayn ualuvsziiaisana MAG 9-19 il
a a Y g’/ o o o t
Useantamlumsdudimsnsyuouraaug Woyn 31NN1INAABUNINTUAN (biochemical tests) 1AL
. & o o ' ' " A o o & a
16S rDNA sequencing "UfNL‘D’EJﬁﬁIWM‘Q‘IjW‘IJ’J"IE]E‘Jju genus Micromonosporas ualishasanansgeeyiin

; 1 Al o/ ; 1 L) = QI g []
@A NUEuTui19) 1UNTWAY DOX (YaaNuEutuA) wunlidssantatwnniu K1lF 1

Da,

4 g . .. . :
yurnenanadle (o990 DOX HiTasead1uilu quinone-containing anthracycline Feiiimungoangns
d' = ¥ . o 4 o . - v A
mwIz1zaei DNA USmmgiiatalu minor groove ¥11%1ou 90 topoisomerase 11 Favimiilunis
ARNBINGEIYB4 double helix Tamsaianld msdunsizd DNA Tangans uaziniionhldivadate
3 [ =] o et =t P v
WU apoptosis (Wang et. al, 2004) uape1dlsnaiunisld pox dullnadrufvedt lufisdszasdun
&R o AY

Y g 3 2 -] s s a’l gl L4 ' %
iiieannesngnimasaadinisie Sadsiidedidalums 19 duiuainnamsnaasnialinonmsada

2 a a o % a < 4 [ o - )
MAG LWMﬂigﬁ'ﬂ‘ﬁﬂTWﬂ'lSEJ']JENﬂ?ilﬂiﬂﬁlﬂ\il‘ﬁﬁﬁu?&ﬁ\uﬁﬂuJJi'JJJﬂ“U DOX "lumimumuﬂﬁ'maﬁmﬂ

o

P=d [}

) @ [ o, L. g 2 a a
{UY apoptosis TNUNIVEUINITONA MAG AL TRISIRY chemo-sensitizing agent otnlszanininms
Y Y A A 8 o
$nunazaanatiafiesh luiedszasa
aw 4 o < Y v 3 . ' g o 1Y ~
uIteRafy Tsauzd s lulepuniulnmadin cancer biology 8813 lsAmINMsSnYIA 0813
Y

o W 4 [ o t @ . ¥ v a &' o A
fodrinunn iesmndilwdnzaouausremsineiluszezusniniy denufinmsosvi Idde iy

43 ol gl v o a = ] o 1 L% 1 L]
VYUTAYTIUVU ﬂﬂuuuﬂjﬂﬂ1ﬁ1ﬁﬂ§$\3ﬁl@ﬂﬁluﬂ'Iﬁ"li‘lfuﬂﬂl‘ﬁMi]'lﬂ‘ﬁ'iﬂ.l‘mﬂﬂgﬂﬁﬂﬂl’lﬂ1 AIDYTIUYU
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¥
Tetrocarcin A (TCA) 910 Micromonospora NRRL 11289 UfUTUUANG antibacterial LAY antitumor Tag
o o g . [ ) ..
milgnih Ifiraduzs w18 18N TUIUMS apoptosis MIFABULITINAEUIIA (Nakajima et. al., 2007) A3
3 ¥ ¥ H
Funsied TCA analogs mmzuag"luﬂmmauﬂlaa preclinical trials (Fang et. al., 2008) aadunmsiniionild
o T ° o 1Y o d & % ] Y
[FAAMBULY apoptosis VT ULUINWFMTUMsHANNONTAE TIANLITI FarTnui Tsanes sunnilagu
{ 4 o d . ' . <
Atna lnlumsmiisnhl¥fsaduzSsmeuuy apoptosis 1R doxorubicin (Lee et. al., 2002) 1JudAu
A o a o q ¥ s g . A ¥ v
rWefny1na Invesmsana MAG Tumsmilenhldiwaduzs meuyy apoptosis Honseduld
a ar [ 4 ' 7 & . 4
Wadyaunelumaduda i ldmaaimsaounlasglsuame fo 1vadnadi (cell shrinkage) 109
= o o . a v @ [ .
ﬁ'umaﬁuaﬂymmﬂuqd (plasma membrane blebbing) HAROATINAIAULUY (nuclear condensation) 1AS
o . . I T = ;
UINUINENQU (chromatin condensation) DNA gﬂﬂﬂﬂl‘ﬂu‘v‘umﬂ‘] (DNA fragmentation) uaﬂu‘s:axqﬂﬁw
[ o T o Q” [~ . . 5 ' ' ! .
dauvouzadinisuangeailuduian Son apoptotic bodies F1¥1ABE1UTIIA1G AIUVBI apoptotic

o_ o

. o ay w 3 1 =2 1 a a o/
bodies 939N Tauiwad Iuszvugiduay 18un macrophage 39 liiAanisnszarvoanersaninllds

K] q

&

sy To g ¥ a o P o R y R
LSHAAVIIUAYUY ﬂ@"llwnnh’ilﬂﬂﬂ15@ﬂlﬁulﬂNQUﬂUﬂ15¢]15LlUU necrosis (Elmore, 2007) ‘U’Og’ﬂ‘nvlﬂmﬂ

o

< 2 1 o ' ¢ - Y . A A Yy
ﬂ'liﬁﬂ‘H'lﬂi\iuW‘U’J'liJﬂ'Ii!ﬂﬁElul,L‘LIa\’igﬂiNL%’aﬁi}'}ﬂﬂﬁﬂﬂ‘HWﬂ’Jﬂ microscopy IHNUBUAUNNATINUIN AU
1 d . . & 1 o a I ay o s a
uailumsnagovlunasananed (in Viro) Fuwad bigni1dalaewad luszuuniduiu wadnifa
. o 1 o R . s/
apoptosis m%wmuma"lﬂzﬂu late apoptosis [181& necrosis hlﬂ
2 o a g a v
MsANEIAIY agarose gel electrophoresis c'?iuﬂumsamswmm@mmw (qualitative analysis) WU
41580 MAG 9-7 M ldiRan1suanvee DNA uadnihaisana MAG 9-7 LusauAy DOX lag #15ann

MAG 9-19 11320AD DOX ¥ 1¥ifamsuanwe DNA MNNNAILUNAIETTNA MAG 18998191507

=t Y

[y 1 @ d 4 o o 1 A s
TAINUANHYULUDY smear band IFUABIAVITAANUNAIY DOX &4 smear band 11JUAI19%71 DNA AnNAeA
[ 2 d o
Tag laiTuuumy (non-random digestion) FUYUSAYULUDIMIABUVL necrosis (Lieberthal et al.,, 1996)
UANIT MG apoptosis WNUANYMUY ladder band FUAAVIAAITHINUVD caspase 3 QT caspase
. @ A a . v & g Q
activated DNase (CAD) lidna1e DNA AU internucleosome 1R UFUEA f1e] YUIA 180-200 bp IIUATY
¥ e} o 1 o o
DNA 15114 mono-nucleosome 14a% oligo-nucleosome WsizagunIullu I ldnmsasanldnulu
¥4 oqu s g : . Y s 4 d )
AIIU 'ﬂ1‘114msaauzmﬂmwawgnmmmu apoptosis uazqﬂ‘nwwamﬂaﬂuuﬂm;ﬂu secondary necrotic
cells T4NY smear band NINAIA DNA fragment YD late apoptotic cells (azN1AIIUI9Z WY ladder band T

a 1 t g 1w r 2: &’, 1
1AA91N DNA fragment U949 early apoptotic cells $I1A38 uaiuld LiFanu fsaiulumsinyinee

'
A o

AsMsanEIfnaIn1eg MuRemnaiminzauivi 1¥i0a ladder band
=® a =) ;Y ad .. & a d a 2 . .
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Sensitization of KB Cells to Doxorubicin by MAG 9-19 Extracted from Micromonospora in Marine
Sediments (M3UszyuinmsassInenauauuvalseme Ing aaft a1 szl 2555)

Chantarawan Saengkhael*, Jantharat Pumpunpholl, Rattanaporn Srivibool2

Introduction. The search for new anticancer drugs to induce apoptosis is urgently required. The marine
actinomycetes genus Micromonospora has long been recognized as an important source of its secondary
metabolites, including therapeutic antibiotics for antibacterial, anticancer, antioxidant, and anti-inflammatory.
The coastal marine sediments are largely unexplored source for Micromonospora, however, little is known
about its ability to produce anticancer activity and molecular mechanisms. The aim of the study was to
investigate the apobtosis-modulating activities of MAG 9-19 from Micromonospora extraction in human
carcinoma of nasopharynx (KB cells).

Methods. Micromonospora strains were extracted (MAG 9-19) and treated with KB cells. The viable cell
number is based on MTT colorimetric assay. Apoptosis was assessed by nuclear staining with DAPI, agarose
gel electrophoresis for DNA fragmentation assay and quantified by flow cytometry analysis of cells stained
with propidium iodide. Caspase-3 activity was measured by a colorimetric assay.

Results. MAG 9-19 extraction (>1,000 }ig/ml) was not cytotoxic in KB cells. Nevertheless, the combined
MAG 9-19 (300 [lg/ml) and doxorubicin (DOX) (1 [Lg/ml) treatment increased significantly the number of
nuclei fragmentation with chromatin condensation, DNA fragmentation and hypodiploid cells (sub-G1 phase)
compared with MAG 9-19, DOX alone. Apoptosis enhancement of combination treatment was accompanied
by increasing in the relative activity of caspase-3 by (2.7 + 0.25) fold which was significantly attenuated in a
caspase-3 inhibitor. The morphological evidence indicated a diminished size, rounded and easily detached
when compared with polygonal adherent cells in normal shape.

Conclusions. The induction of apoptosis by combined MAG 9-19 and DOX treatment involves the activation
of effector caspases-3. MAG 9-19 significantly sensitized KB cells to death induced by DNA damage and kill
cancer cells by mainly apoptosis, therefore, it is suggested that this compound is a promising anticancer agent

for nasopharynx cells.
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Abstract
Background: The search for substances sensitizing cancer cells to apoptosis is necessary The
potential activities of Micromonospora may provide novel structural diversity to be discovered.
The coastal marine sediments are largely unexplored source for Micromonospora, however, little
is known about its ability to produce anticancer activity and molecular mechanisms.
Objective: To investigate the apoptosis-modulating activities of Micromonospora aurantiaca in
human carcinoma of nasopharynx (KB cells).
Methods: Marine Micromonospora aurantiaca (MA) were extracted with methanol and ethyl
acetate and treated with KB cells. The viable cell number is based on MTT colorimetric assay.
Apoptosis was assessed by nuclear staining with DAPI, agarose gel electrophoresis for DNA
fragmentation assay and quantified by flow cytometry analysis of cells stained with propidium
iodide. Caspase-3 activity was measured by a colorimetric assay.
Results: The extract of MA and doxorubicin (DOX) alone inhibited KB cells with ICsg of 83.46
+ 3.9 and 2.0 £ 0.1 pg/ml, respectively. The combined MA extract (50 pg/ml) and DOX) (1
pg/ml) treatment produced greater cytotoxicity associated with the increasing of chromatin
condensation, DNA fragmentation and hypodiploid cells compared with treating cells with each
agent alone. Apoptosis enhancement of combination treatment was accompanied by increasing in
the relative activity of caspase-3 by 3.67 £ 0.31 fold which was significantly attenuated in a
caspase-3 inhibitor. The morphological evidence indicated a diminished size, rounded and easily
detached compared with polygonal adherent cells in normal shape.
Conclusions: The induction of apoptosis by combined MA extract + DOX treatment involves
the activation of effector caspases-3. Thus, the combination may provide one other important
advantage. MA extract would represent a promising source for its ability to discovery of
interesting anticancer compounds. The elucidation of the apopt051s -related others intracellular
targets will be addressed in future studies.
Key words: KB cells, Micromonospora aurantiaca, Doxorubicin, Apopt051s, Caspase-3

Introduction

Actinomycetes are filamentous gram-positive bacteria belonging to the phylum
Actinobateriaceae which are considered an important natural source of bioactive secondary
metabolites from natural products. Because the marine environments are particularly different
from terrestrial, the marine actinomycetes have developed unique pharmacological activities that
would not be observed in terrestrial microorganisms [1, 2, 3]. The anticancer secondary
metabolites produced by  actinomycetes such as anthracyclines (doxorubicin), peptides
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(bleomycin and actinomycin D) etc. showed significant activity in medical treatment {4, 5]. The
secondary metabolites derived from actinomycetes display different biological activities
including anti-bacterial, anti-fungal, cytotoxic, anti-oxidant, anti-inflammatory and
immunosuppressive agents [6]. Actinomycetes isolated from the samples collected at the
different marine environments, such as the deep sea floor, marine invertebrates and coastal
sediments represent unique ecosystems that cannot be found anywhere else in the world [7].
~ Among the marine actinomycetes, the genus Micromonospora has become a focus in the search
for novel secondary metabolites.

Micromonospora species are best known for synthesizing antibiotics, especially
aminoglycoside (gentamicin and netamicin), enediyne, and oligosaccharide antibiotics which
contribute their impact on medicinal usage [8]. Furthermore, Micromonospora species has been
intensively investigated and isolated anti-cancer antibiotics such as anthraquinones [9],
anthracyclines [10], alkaloids [11], and macrolides [12]. Recently, the four new anthracyclinones
were isolated from a strain of Micromonospora species associated with the tunicate Eudistoma
vannamei. Two compounds were cytotoxic against the HCT-8 human colon adenocarcinoma cell
line, with ICso values of 12.7 and 6.2 pM, respectively, while the other two compounds were
inactive [13]. The alkaloid from Micromonospora secondary metabolite, diazepinomicin, has
demonstrated with a broad spectrum of in vitro and in vivo cytotoxicity and has been completed
by Ecopia BioSciences Inc.as an anticancer agent [l11]. Streptonigrin isolated from
Micromonospora sp. IM 2670 induced apoptosis through a pS3-dependent pathway in the human
neuroblastoma SH-SYSY cells [14]. Tetrocarcin A (TCA), produced by Micromonospora
chalcea NRRL 11289, induced apoptosis via activating the caspase-dependent cell death
pathway [15].

The potential activities of Micromonospora may provide novel structural diversity to be
discovered. The search for the substances sensitizing cancer cells to apoptosis induction by
chemotherapeutic agents is urgently required in the current strategy and hope to improve
therapeutic properties by using combinatorial biosynthesis approaches. The coastal sediments
from the gulf of Thailand are a largely unexplored source for Micromonospora with the potential
to produce biologically active secondary metabolites, however, little is known about its ability to
produce anticancer activity and molecular mechanisms by inducing apoptosis. The aim of the
study was to investigate the apoptosis-modulating activities of Micromonospora aurantiaca
(MA) extraction in human carcinoma of nasopharynx (KB cells).

Materials and Methods
Chemicals

The following chemicals were purchased from the following suppliers: propidium iodide
(PI), 4'-6-Diamidino-2-phenylindole (DAPI) and SYBER Gold from invitrogen, Ltd. (Paisley,
UK); dimethyl sulfoxide (DMSO) and [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide] (MTT) from Sigma Chemical Co. (St Louis, MO, USA); Cell culture media or
materials were purchased from Gibco BRL (Gaithersburg, MD, USA) and InVitromex
(Grevenbroich, Germany).

Isolation and identification of marine Micromonospora

The coastal sediment samples were collected at 1.3 meter in depth, in Na-Klua sub-
district of Chonburi Province, which is located on the east coast of the Gulf of Thailand. Sample
soil was diluted, inoculated and isolated on Mineral Agar Guase 1 in 50 percent sea water adding
with nystatin (50 mg/l) and novobiocin (20 mg/l). After incubation at 30°C for 14 days, all
colonies with different pigmentation and morphology were chosen for isolation.
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Micromonospora strain (MAG 9-7) appeared on Mineral Agar Guasel in orange-black colonies
after 10-days incubation at 30° C of 100 pl aliquot inoculation on petri dish. After purification,
the pure colonies were preserved in 20% glycerol at -80° C for further studies. Standard
morphological property and chemotaxonomic analysis were proved, including molecularly
identification by 16S rRNA gene sequencing [16, 17]. Analysis of the DNA sequence revealed
genomic features characteristic of Micromonospora aurantiaca.

Crude Extract Preparation

Micromonospora aurantiaca was cultured in 1 litre ISP2 broth medium and 105 rpm
reciprocal shacked at 30 °C for 10 days before extraction. The culture cells were separated from
medium by centrifugation. Cells were extracted with methanol and ethyl acetate and medium
was extracted with ethyl acetate. Evaporated the solvent off with vacuum evaporator and dry
crude extract was kept in vial at -20 °C.

Cell culture and viability assay

KB cell line, human carcinoma of the nasopharynx, was obtained from National Cancer
Institute of Thailand. KB cells were cultured in RPMI 1640 medium supplemented with 10%
inactivated fetal bovine serum, 1 mM sodium pyruvate, 100 U/ml penicillin and 100 pg/ml
streptomycin. Cell cultures were maintained in a humidified atmosphere of 95% air and 5% CO;
at 37 °C.

Measurement of cell viability was determined using the MTT [3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyl-tetrazolium bromide] assay. This assay is based on cleavage of the tetrazolium
salt by mitochondrial dehydrogenase of viable cells to formazan dye [18]. At least three separate
experiments for each sample were used to determine the cell viability. In brief, cells in
exponential growth phase were incubated with absolute ethanol (EtOH) (0.21%), MA extract (0-
300 pg/ml), Doxorubicin (DOX) (0-10 pg/ml) and MA extract + DOX for 48 h incubation. The
MTT-formazan was measured at 570 nm with a microplate reader (Cecil Bioquest 2000 Series).
Under these conditions, EtOH (0.21%) was not toxic and cell survival in vehicle control was
assumed 100%.The percentage of cell viability was demonstrated in relation to control.

Nuclear staining with DAPI

KB cells were placed in the six-well plate attached with cover slide. Following various
treatments, the cells were washed with phosphate-buffered saline (PBS) and fixed with 2.5%
glutaraldehyde. RNase A (100 pg/ml) treatment was performed in the dark for 30 minutes at
room temperature. The fixed cells were washed with PBS, and stained with a 4,6-diamidino-2-
phenylindole (DAPI) (5 pg/ml) for 10 min at room temperature. After remove unbound dye,
cells were mounted on a glass slide with mounting solution (1:9; PBS: glycerol), sealed the edges
with nail polish and then visualized with fluorescence microscope (Olympus BX51) at 100 x
magnification. For each treatment group, approximately 500 different nuclei were counted in
random microscopic fields. Data were expressed as percentage of nuclei in different phases [19].
At least three separate experiments for each sample were performed.

Agarose gel electrophoresis for DNA fragmentation assay

The GF-1 Tissue DNA Extraction Kit (Vivantis) was used according to the
manufacturer’s instructions. After treatments, floating and adherent cells were washed with PBS
and then lysed with digestion buffer containing proteinase K (400 pg/ml) at 60 °C. RNase A
(100 pg/ml) was added and incubated for 10 min at 37 °C. Genomic DNA was extracted with
ice-cold absolute ethanol. High-purity genomic DNA is eluted in low salt buffers and has
absorbance 260/280 ratio between 1.7 and 1.9 making it ready to use. Equal amounts of DNA
samples (300 ng) were mixed with SYBER Gold (0.1 mg/ml, 1 ul) and loading buffer and then
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loaded onto pre-solidified 1.5% agarose [19]. The agarose gels were run at 125 V for 30 min in
TBE buffer. Gels were observed and photographed under transilluminator (Clare Chemical
Research).
Flow cytometry analysis for measurement of sub-G1 phase

Each group of cells were harvested and washed once with cold PBS, fixed in 4%
paraformaldehyde (cold) for 15 min and stored at 4°C. Prior to analysis, the cells were washed
twice again with PBS, suspended in 1 ml of a cold propidium iodide (PI) solution containing
RNase A (100 pg/ml), PI (50 pg/ml), EDTA disodium (0.1 mM), Triton X-100 (0.1%) (v/v) and
further incubated on ice in the dark until analysis. Flow cytometry analysis were carried out
using a flow cytometer (FACS Calibur, Becton Dickinson, USA). Data were analyzed by using
CellQuest software (BD Biosciences, USA) which was used to determine the cellular DNA
content based on the presence of Pl-labeled cells [20].
Measurement of Caspase-3 Activity

Caspase-3 activity was measured by a colorimetric assay kit (Clontech, Texas, USA)
according to the manufacturer's instructions. Briefly, cell lysates from 4x10° cells in each group
were prepared using the lysis buffer (50 pl) and then incubated on ice for 30 min. After
centrifugation at 14,000 g, 4 °C for S min, the supernatant (50 pul) was collected and mixed with
50 pl 2x reaction buffer and 5 pl caspase-3 substrate (DEVD-pNA).The samples were incubation
at 37 °C in the dark for 4 h and were read on a spectrophotometer at a wavelength of 405 nm,
which represented the intra-cellular activity of caspase-3. Data were expressed as fold increase
on the control level [21].
Data processing and statistical analysis

Data were expressed as mean + standard error of the mean (S.E.M) from independent 3-4
experiments and analyzed with the software Microcal TM Origin 6. Statistical comparisons were
performed using Student's t-test. A P-value < 0.05 was considered statistically significant.
Results

Combined MA extract and DOX treatment inhibits viability in KB cells

KB cells were exposed to 0-300 pg/m! of MA extract for 48 h. The MA extract treatment
significantly inhibited the cell viability in a concentration-dependent manner as determined using
MTT assay. It was found that absolute ethanol (0.21%) is not toxic for cells. At 200 pg/ml of
MA extract, the viability of KB cells was reduced to less than 15%. The ICsy values for MA
extract and DOX were 83.46 + 3.9 and 2.0 £ 0.1 pg/ml, respectively (Fig. 1). Direct observations
by inverted microscopy demonstrated that KB cells treated with MA extract or DOX indicated a
diminished size, rounded and detached from the monolayer, condensed cytoplasm accompanied
by transforming cell into a cluster of membrane-bound bodies when compared with cuboidal and
polygonal adherent cells in normal shape. In the combined treatment, the MA extract (0-100
pg/ml) + DOX (1 pg/ml) produced significantly greater cytotoxicity compared with that
observed by treating cells with each agent individually (Fig. 2). Overall, the ICsy value for
combined treatment was 8.8 + 1.2 pg/ml and it was approximately 10 folds lower than treating
cells with MA extract only.

Combined MA extract and DOX treatment enhances apoptosis in KB cells

To determine the mechanism of the cytotoxic effect of the combined treatment, KB cells
treated with MA extract, DOX and MA extract + DOX for 48 h were carried out using
fluorescence microscopy, agarose gel electrophoresis, and flow cytometry. Nucleic acids were
stained with DAPI and observed under a fluorescence microscope. In the control group, the
nuclei were homogeneously stained and the quantitative estimation of normal cells was 100%.
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The apoptotic nuclei showed fragmented in nuclei with chromatin condensation. When the KB
cells were treated with MA extract (50 pg/ml) and DOX (1 pg/ml), the apoptotic nuclei was
2427 + 0.35 and 29.68 + 3.49 %, respectively (Fig. 3). The sensitization effect of the
combination treatment was significantly evident in the increasing apoptotic cell as 74.64+ 6.19%
(Table 1).

Agarose gel electrophoresis indicated that treatment with MA extract and DOX alone
induced some fragmented DNA. DNA fragmentation induced by combined MA extract + DOX
treatment was progressive accumulation of nucleosomal fragmentation and the intensity of
smear-like DNA degradation was more prominent compared to solitary treatment (Fig. 4).
Therefore, flow cytometry analysis was used to determine the magnitude of apoptosis. KB cells
treated with MA extract, DOX and MA extract + DOX were stained with propidium iodide. In
normal cell cycle, the percentage of hypodiploid cells was 2.76% that revealed very little in sub-
G1 phase. After treatment with MA extract or DOX alone, the hypodiploid cells in sub-G1 phase
were increased to 13.13 and 10.51%, respectively. On the other hand, treatment with a
combination of MA extract + DOX resulted in obvious increase in hypodiploid cells in sub-Gl
phase to 34.15% (Fig. 5).

Combined MA extract and DOX treatment enhances caspase-3 activity

To further evaluate the apoptotic pathway, the activities of caspase-3 were detected by
colorimetric analysis. After treatment with MA extract and DOX alone, the relative activity of
caspase-3 increased by 2.05 = 0.07 and 2.15 + 0.04 fold, respectively when compared with the
control. The relative activity of caspase-3 in combined treatment increased significantly by 3.67
+ 0.31 folds which was statistically different (P < 0.05) compared with non-combined treatment.
The z-DEVD-fmk (caspase-3 inhibitor) prevented the MA extract induced caspase-3 activation
(Fig. 6).

Discussion

The marine micro-organisms, particularly Micromonospora, have been proven to be a
rich source for the discovery of novel secondary metabolites. Although collecting soil and
marine sediments are relatively inexpensive, their pharmacological potential has not yet to be
fully explored. With growing and intense interest, Micromonospora is being investigated for the
discovery of new bioactive compounds that have no terrestrial equivalents [2, 3, 4, 7]. During
cancer progression, cancer cells are conferred with capacity to proliferate independently and
produce their own growth factors, which can make growth factor receptors more responsive to
stimulation. Thus, the anti-proliferative effect of natural products produced by microorganisms
on cancer cells is one of the mechanistic ways in chemoprevention and chemotherapy.

In the present study, Micromonospora aurantiaca was collected from coastal sediments
on the east coast of the Gulf of Thailand and extracted with methanol and ethyl acetate to be dry
crude extract. The MA extract showed a moderate cytotoxicity (ICso = 83.46 £ 3.9 ug/ml)
against KB cells. These results did not meet the criterion set by the National Cancer Institute
(NCI) for the crude extract in that the acceptable 1Csq value is lower than 30 pg/mL [22]. Further,
the MA extract is about 42-fold less toxic than DOX. However, MA extract in combination with
DOX caused 10-fold enhanced cell death at concentrations that each agent alone is poorly
effective. Furthermore, the enhanced cytotoxicity of the combined treatment may result from
augmentation of DOX-induced apoptosis by MA extract.

The induction of apoptosis in cancer cells is one of the advantageous strategies for
anticancer drug development and many studies were performed for screening of apoptosis
inducing compounds from marine actinomycetes [1,4,5,7]. The search of novel substances with




35

considerable potential for chemosensitization was ideally suited for enhancing the cytotoxic
activity of chemotherapeutics. In this present study, the MA extract in combination with DOX at
each sub-cytotoxic concentration exhibits the morphological and biochemical changes that
characterize apoptosis in vitro. The combined treatment significantly increased apoptosis as
shown by loss of cell viability (Fig. 2), chromatin condensation (Fig. 3), DNA fragmentation
(Fig. 4) sub-G1 phase accumulation (Fig. 5) and relative caspase-3 activity (Fig. 6) as compared
with single treatment. Based on these results, the mechanisms of such enhancement seem to be
related to caspase-3 dependent cell death pathway in KB cell line. Because no phagocytic cells
were presented in vitro, the apoptotic cells eventually reached a late stage similar to necrosis. At
any time point, the cell asynchrony would demonstrate a mixture of apoptosis events together
with necrosis or late apoptosis.

These results were comparable with the finding of others studies. Micromonospora has
been intensively investigated and also produced several active secondary metabolites, such as
anthraquinones [23], anthracyclines [13], alkaloids [24], and macrolides [12]. The macrolide, a
spiroketal lactone structure, is produced by Micromonospora sp showed cytotoxic activity
against mouse leukemia P-388 and human lung nonsmall cell A-549, colon adenocarcinoma HT-
29 and melanoma MEL-28 cell lines [25]. The aminoquinone antibiotic streptonigrin and its
novel derivative from an actinomycete strain, Micromonospora sp. IM 2670 induced apoptosis
through a p53-dependent pathway in human neuroblastoma SH-SYSY cells as the model system
[14]. Four new anthracyclinones were isolated from a strain of Micromonospora. Two
compounds were cytotoxic against the HCT-8 human colon adenocarcinoma cell line, with ICs,
values of 12.7 and 6.2 pM, respectively, while the other 2 compounds were inactive [13].
Additionally, doxorubicin belonging to anthracyclines caused DNA damage as a result of
topoisomerase II poisoning that inhibits cancer cells by mainly apoptosis [26].

Thus, the use of combinations may provide a matter of great interest for improving the
anticancer activity of DOX because it allows lower and safer doses of each compound. Natural
compounds are ideally suited for this application because they allow a variety of large
combinations to be used safely. The different components in the MA extract may have
synergistic activities and may offer greater therapeutic or preventive activity when used in
combination. A well-designed combination of compounds has attracted special attention for
further studies. Taken together with this present study, the elucidation of the apoptosis-related
others intracellular targets will be also addressed in future studies. However, cancer is a
multifactorial disease, which demands multimodal therapeutic approaches. Recent studies
indicated that marine microorganisms are economically and biotechnologically attractive in that
many are not general cytotoxic agents but rather display a broad spectrum of biological activities
including anti-microbial, anti-fungal, anti-inflammatory and immunosuppressive agents [6]. So,
the combinations or synergistic interactions provide one other important advantage. MA extract
would represent a promising source for its ability to discovery of interesting anticancer
compounds.

Conclusion

In summary, this study demonstrates that the methanol and ethyl acetate extraction from
marine Micromonospora aurantiaca significantly enhanced human carcinoma of the
nasopharynx (KB cell) to apoptosis induced by DNA topoisomerase II poisoning (doxorubicin).
This apoptotic response was associated with caspase-3 activation. Thus, the combination may
provide a more effective treatment for nasopharynx cancer. The MA extract would represent a
promising source for its ability to discovery of interesting anticancer compounds. A well-
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designed combination of compounds and the apoptosis-related others intracellular targets will be
addressed in future studies.
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Figure 1. Effects of MA extract and Doxorubicin on viability of KB cells. Cells were
treated with MA extract (0-300 pg/ml) or Doxorubicin (0-10 pg/ml) for 48 h. Viable cell
number was measured with MTT assay. Control cells were treated with 0.21% EtOH.
Data were expressed as mean + S.E.M of n = 3 samples.
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Figure 2. Effects of MA extract and Doxorubicin in combination on viability of KB cells.
Cells were treated with MA extract (0-100 pg/ml) alone (BR) or MA extract (0-100
pg/ml) + Doxorubicin (I pg/ml) (@) for 48 h. Viable cell number was measured with
MTT assay. Control cells were treated with 0.21% EtOH. Data were expressed as mean +
S.E.M of n = 3 samples. The significance was determined by Student's t-test (*p<0.05 vs.

MA extract)
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Figure 3. Correlation of surface morphologies with nuclear features. KB cells were
treated with 0.21% EtOH, MA extract (50 pg/ml), Doxorubicin (1 pg/ml) and MA extract
(50 pg/ml) + Doxorubicin (1 pg/ml) for 48 h and then stained with DAPI. Cells were
detected by bright field and blue filter (DAPI) at the same view point. N: normal nuclei,
F: nuclear fragmentation and C: chromatin condensation. Data were expressed as mean +
S.E.M of n = 3 samples. Scale bar is 10 pM. similar results were obtained in two different
experiments.
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Figure 4. A photograph of the SYBER Gold-stained agarosegel. KB cells were treated with
0.21% EtOH, MA extract (ICso and ICgg), Doxorubicin (ICsp) and MA extract (50 pg/ml) +
Doxorubicin (1 pg/ml) for 48 h and then DNA was extracted and electrophoresed. Similar results

were obtained in two different experiments.
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Figure 5. Histograms of flow cytometric analysis. KB cells were treated with 0.21% EtOH, MA
extract (50 pg/ml), Doxorubicin (1 pg/ml) and MA extract (50 pg/ml) + Doxorubicin (1 pg/ml)
for 48 h and then stained with PI. M1 was the percentage of cells in sub-G1 phase. Similar
results were obtained in two different experiments.
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Figure 6. Relative caspases-3 activities in KB cells were measured by spectrophotometry.
The control group (0.21% EtOH) was set as 1, and the values of other groups were
standardized against it. Data were expressed as mean + S.E.M of n = 3 samples, *p<0.05.

% Apoptotic cells
%Normal cells (condensed or
(homogenous DAPT) fragment DAPI)
0.21% EtOH 100 100
(negative control)
MA extract 75.73 £2.99 24.27 +£0.35
[50 pg/ml]
DOX[1 pg/ml] 70.32 + 6.46 29.68 = 3.49
(positive control)
MA extract [50 pg/ml] 25.36 + 3.27* 74.64 % 6.19*
+DOX [1 pg/ml]

Tablel. Percentage of apoptotic nuclei stained with DAPI. KB cells were treated with
0.21% EtOH, MA extract (50 pg/ml), Doxorubicin (1 pg/ml) and MA extract (50 pg/ml)
+ Doxorubicin (1 pg/ml) for 48 h and then stained with DAPI. Cells were detected by
bright field and blue filter (DAPI) at the same view point. Data were expressed as mean +

S.E.M of n = 3 samples
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2. MINMMTUTOOUS | 5,000.- 30,000.- 183,800.- 206,600.-
lﬁﬂ]”}ﬁx 2500 U

3.a17%q
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Vent Cap 100/cs.

-Syringe  Filter 26 | 2,000.- 209,500.- 180,900.-
nm.0.2 um. SFCA,S,

50/cs.

-Fetal Bovine Serum 25,680.- 5,350.- 240,530.- 149,870.-
-Cryospeed Nitrogen 3,825.- 3,825.- 248,180.- 142,220.-
-Ethy Acetate, CG20L | 6,500.- 254,680.- 135,720.-
-Methanol, CG 20L 2,900.- 257,580.- 132,820.-
-GF-1 Tissue DNA 4,718.- 262,298.- 128,102.-
Extraction Kit

-GeneRuler 1 kb DNA 4,601 .- 266,899.- 123,501.-
Ladder

-Caspase 3 activity 34,600.- 301,499.- 88,901 .-
-DNA Polymerase 12,500.- 313,999 - 76,401.-
-Trizol Reagent 7,500.- 321,499 - 68,901 .-
~-RPMI 1640 6,750.- 328,249.- 62,151.-
-Pencillin Strep 4,320.- 332,569.- 57,831.-
-Microcentrifuge 2,140.- 334,709.- 55,691.-
-T 25 Flask 5,638.- 340,347.- 50,053.-
- Stripette 5, 10,20 ml 10,352.- 350,699.- 39,701.-
-Tip 10, 200 ul 2,514.- 353,213.- 37,187.-
-Becton Diskinson tube 4.601.- 357,814.- 32,586.-
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