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ABSTRACT - Aloin [1,8-Dihydroxy-10-(B-D-glucopyranosyl)-3-(hydroxymethyl)-9(10H)-anthracenone], is a
natural anthraquinone from aloe. It has been shown to have antioxidant and anticancer effects in various types of
human cancer cells, but the anticancer effects of aloin in human colorectal cancer cells HT-29 have not been eluci-
dated. In this study, possible mechanisms by which aloin exerts its apoptotic action in cultured human colorectal can-
cer HT-29 cells were investigated. The results of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay shows that treatment with aloin (0, 100, 200, 300 and 400 uM) reduced cell viability in a concentration-
dependent manner in HT-29 and showed no effects on cell proliferation in A375SM and AGS cells. In addition, it was
confirmed that apoptotic body was significantly increased as shown by 4',6-diamidino-2-phenylindole (DAPI) stain-
ing, and increased apoptosis rate by flow cytometry in HT-29 cells treated with aloin (0, 200 and 400 pM). We con-
firmed by western blotting that aloin activated Bax (pro-apoptotic), cleaved-poly (ADP-ribose) polymerase (PARP)
and caspase-3, -8 and Bcl-2 (anti-apoptotic) were not changed compared with the control. Aloin induced up-regulation
of phospho-p38 and down-regulation of phospho-extracellular signal-regulated kinase (ERK)1/2. Therefore, aloin
suppressed the growth inhibitory effects by the induction of apoptosis in human colorectal cancer cells and has poten-

tial as a cancer preventive medicine.
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Fig. 1. Chemical structure of aloin.

2 A aAE JERIT. At AollA aloin <l
Hot ZoA B oEF 0 Z A EXAHALES FEF o
™, HeLaS3A|ZA 52 a9} ME APEES S7HAF
Ol BAEHPTHO, Eg Q17 Aol STl cell
cycle arrest® YO 7|3 STAT3 EA3tE Autsro zH
TH R A 9 S AT U A7 oiEy
Azl A Welld FF 79 8 FFSE dEdHew
AT BAE I wEA aloin ofE ol
A o] S Holg dAlstH IRl EAM 9 TS
BelFa AT Yo Tate] o) Y AFE ok
n&3sk AAo|t)

M EAFE Al (apoptosis) 3 H7Z44 91 Maze] 4G Ag=
sl A} 252 A PPES /A AFE o
¥ M ZAPE (programed cell death, PCD)Z shfolth. Al
FAUARE GAESL THE A ATAA FFS F
A ) Wge] 4SS wow M BAL $EAA %
2] AF5ES FI3k= necrosiset ZFol7t k. M zAE
e =g Aoyt 38HA A=S WA| =W DNA &74deuv
A4 2EF 2o 95te] Bel-2 family, MAPK(mitogen-
activated protein kinase) pathway, XIAP(X-linked inhibitor
of apoptosis protein), poly ADP ribose polymerase(PARP)
5 98 pathways T3l g =0, % MAPKE
serine/threonine protein kinase THZ = *1] QJE 2 HE
Az E I =z desto] Alze] 4%, 231 2 AMES £
Aot ATHAGREAEA A ZAA AZAEALE Do
71 F8 71dolth. MAPKE WHS-3le 712 we}
ERK(extracellular signal-regulated kinases), JNK(c-Jun N-

Y ol

terminal kinase), p38% =7 4 AT+,

B oAge gt AEQ HT29, SIGHIE AGS, 34
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Aze] S nRle TS golH kT TS aloine] Ul
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Materials and Methods

Ao Abgg IS AE HT-29, SAF Alx
A375SM, 91 A2 AGS= SHAH| 2723 (Seoul, Korea)
A FHstATh AEw gl AHE-S RPMI-1640, fetal
bovine serum (FBS), Dulbecco’s Modified Eagle Medium
(DMEM)2 Welgene (Gyeongsan, Korea)ollA T43F3i2
™, streptomycin/penicilline Gibco BRL (Grand Island, NY,
USA)IA FYatith 2 Ado] AFEE aloingt P wEZ Q)
AlSFE-2 Sigma-Aldrich Co. (St. Louis, Mo, USA)A]
A3} 3L, anti-rabbit IgG, anti-caspase-3, anti-caspase-8, anti-
Bcl-2, anti-Bax, anti-PARP, anti-p-ERK1/2, anti-ERK1/2,
anti-p-p38, anti-p38, anti-B-actin="Cell signaling Technology
(Danvers, MA, USA)IA 4 3skich.

Cell culture

g X HT-29, 919 AlXE AGSE= 5% FBS, 1%
streptomycin/penicillin®] Z3¥ RPMI-1640 HiX| & A}&-3}
o, zgﬂ% A3 A375SM-S DMEM H|A & ARS8 T} 7t
A ﬂ = 37°C, 5% CO, 7} A== incubatorell A w1l 33

32, flaskell Al 80-90%7F =S w Alchul st viA]
A= 2-39 7HHo 2 3183

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) assay

HT-29, A375SM, AGS®lI41€] aloin®l] ©]g+ Al A7 <]
A S B2st7] 9dl MTT assays 2 ASFA T 96-well
plate®] HT-29, A375SM, AGSE 2x10* cells/mLE &3t
T 247708}t i Fskltt. 2 F aloing 0, 100, 200, 300,
40049 SEL 22t Heldiel 120052 WAL,
72A17F & WA E A ASIAL 40 pLA MTT solutions A
IA1ZF 30852t CO, incubatorol| A Hl F3}SiTh.
%45 3&,‘% % MTT solution A 73} 7 DMsoE 100 pL

2] sled welloll A E formazane =< %, ELISA

reader (Bio-Rad, Hercules, CA, USA)Z 595 nmoﬂ/ﬂ &
=& SA3S.

JS?SE

4', 6-diamidino-2-phenylindole (DAPI) staining

H]ﬁ;}\:ﬂ,\}o] _E_o];G oz Llr]:)rurb 6149,] ?_E'JEHTS‘]-X_"]?_]_ =2
312 AF3L7] 98] DAPI stainingS 383kt HT-29
MEE 60-dishol] 3x10° cells/mLZ FF3}L 24/\]7PEJ
ik 2 3 Al Eo] aloin2 0, 200, 400 pMe] &
2 Hz|sle] 72417H5<¢t CO, incubatoroll B FSIATE 72
A7ZF 3 wjAE A AL PBSE F H AFHE O 4%
paraformaldehyde solution® 2 15%-7F T HA AT 2 &
paraformaldehydeE A At FolleE NS A A



913l PBSE Al 3ISAtE A& S DAPI solutions 2mL
2] 3le] ¥ s3dm 7 (Zeiss fluorescence microscope,

Carl Zeiss, Thornwood, NY, USA)S.Z 2008 AJofol|A] &

#3513 DAPI-positive cellsS g Zs}sle] B89t}

Flow cytometry

A ZAPEALS 89138}7] 13 annexin-V staining kit (BD
Pharmingen"™, San Diego, CA, USA)E ©]&3le] =43}
ATt HT-29 cellS 25-cm? flaskol] Wl Fsle] 244752t
Hj e & aloing 0, 200, 400 ngl TE2 A3t Co,
incubator®l] 8l 3} T}, 72/\] F  cell scraperg ©]-8-3
AxE T dE= e 5 94 2211200 rpm, 5 min,
4°C)3te] pelletS AATH. Cell pelletS A& T 1X annexin
buffers ©]&3] g4t HT-29 cell2 1x10° cells/mLZ
A Esl St} Fluorescein isothiocyanate (FITC)-conjugated
annexin-V}  phycoerythrin - (PE)- conjugated propidium
iodide (PN F7IAA 1587 HSA17l & FAEEAS
3l A5k

Western blotting

Aloin®l| ©JgF A EAE FHH Tl H o]
& western blot2 3 3FATE 75-cm? flaskol] 37°C, 5%
CO, incubator| Al H] FA]Z1 HT-29 cellell aloin 0, 200,
400 uM 9] FE==E A Zstar 72417F wFstdt. 72417 &
cell scraperg ©]83) HMEE Ff JHZ THE & A&
2](1200 rpm, 5 min, 4°C)3}A . YE 2] 3] AL cell
pelletel] cell lysis buffer (Invitrogen, Carlsbad CA, USA)
£ @7kl 4°CollA 2087 WA AT 2 & 13000 rpm
NA 5 Ft AT st A& FFAE cell lysate=
AHgslitt. FE3 WA o] 5= Bradford protein assay
£ o] &3] HFsth. Dl E-E 12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)=

THFS 2] 9
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A71H=E E2] % nitrocellulose membrane (Bio-Rad)2 2
o] FAI At Membrane2 5% skim milkZ 2A] 7HE <k
blocking ¥ anti-Bcl-2, anti-Bax, anti-PARP, anti-p-ERK1/
2, anti-ERK1/2, anti-p-p38, anti-p38, anti-p-actinS % 7}3}
o] 4°CellA overnightsIATth 3 TBS-TZ M2S}3L anti-
rabbit 1gGE FH7tste] 2A17HE<Qt WEEAIZl $ ECL
detection reagents (Promega, Madison, W1, USA)E ©]&
af 4¥ A#E Bt

FAXE
B AFeA 4 ddAH= 39 J

way ANOVA®| o] 7zt 7} H]E’_l‘\: Dunnett’s #-test &
wake] P ogre] 0.05 wRkd
HE FATHORE Folsirtal A AT

Results and Discussion

Aloino] LN Z2] “g%go] UlX|= T
Aloino] TS AlE HT-29, 3MF AE A375SM, ¢
o AIE AGSS] 4l mAl= FFS dotrr] fsf 7t
z} 0, 100, 200, 300, 400 uM2] F=Z 72A]7F 223 &
MTT assayS &3l AlE BEES ST HT-299014
A ABEE-S 200 uMol A 64.6%, 300 pMoll A 49.9%,
400 pMOA 41.1%E $5 gEFHOZ 7hAisteE A
£ 4 ou(Fig. 2A) A375SM#F AGSE aloin 2] &3}
AgsHA] &2 RS HAsIAS o MlE AEENA
oA Aot gl A FAT 5 AUTHFig. 2B, O).
olg gt A¥+= Pan 57 Aol WEH gL M2
SW6203Jr HCT116°1] aloin 0, 80, 120, 160, 200, 240 uM
207 APE W, F AE BF AE AESES F
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Fig. 2. The effect of aloin on cell viability. (A) HT-29, (B) A375SM and (C) AGS were treated with aloin (0, 100, 200, 300, 400 uM) for
72 h, and cell viability determined by MTT assay. The results are shown as meanststandard error (SE) of three independent experiments
performed in triplicate. Significance wes determined by Dunnett’s #-test with *P<0.05 considered as statistically significant compared

with non-treated controls.
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o] Ao mEH FHY HE MCF-7, SKBR-39] aloin
0, 40, 60, 80, 100, 150, 200, 300 pg/mLS 96417 2] &}
R W, T AE BT G |EH R AX A& T
AT BT, ol & =20l HT-299 A3
oF frAkgk Ao R1ek3itt. gHA, Tabolacei ' 4
Tol W=, S A E B16-F10014 aloin 0, 25, 50,
100, 500 pM= 72417+ F<F AFstRS o, v o4
o7 MXE AESS dA AaAZ= B =FollA
= o7k T AlE A375SMOllA] aloin 0, 100, 200, 300,
400 pM& 72X 7HESE A EEls wolle ME AES
A Yt ole e FAF Axe g A
29| 7]de] tE27] wj&ol o]¢} 22 Apo|E Hole A
o2 gAY Wang 509 Ao w=w 919 Alx
MKN-28, HGC-27 Al 39l aloin 0, 25, 50, 100, 200, 300,
400 pg/mLS 2441 7HE< A3 S o M AESC] F
AXE BT 55 EXH0ZE A el & dTolae
ALAE AGSOl aloins AP stA S o, AE PEE&0]
astA eastt. ol 22 A EE EdHol7t &
Ate AX7F T27] wiiEo] vebhd A ekl Az
A} O Z aloinS NAHE HT-29914 o we} &
ojFoz ME F2d FFE VA= AL Ielsd=d
o]+ A375SM, AGSS} HT-299] EWol7} Uojt 993
o] Afolof w Axpear Azttt

oft Mg

Aloin Hz]o] oJ¢t M ZEXIEHAL &

A EAPEANE dibd o= ‘f‘n_“?i“% =3} 223 2 olA
AE Js FAE7] A8 A 7R dojutal Al
Z7F AWolut frall Edel oa &4E wok e ol

7120 2 WA gt Al Eapdoe] dojud A2 F53 §
A ME 713 o g, olAde dXE 5
AFolm o] A& Al APEE] BT,

MTT assay 23l wel ME AEL0] Fo81A4 74

(A)

Aloin (nM)

gk gt Al HT-29 Al Eol aloin 0, 200, 400 uM2] &

2 T AFHES HastArh. Aloin Aol o]k Al A
& vt AlEApEAL] og AR gelatr] {8
DAPI staining®} flow cytometryS A3}tk HT-299014
0, 200, 400 uM2] F%==Z aloine *]2|3F T DAPI staining
P3RS o, tFLol A= apoptotic body”t H.0]A]
LA TE aloin 200, 400 uMelA] apoptotic body7} <73}
Aol BZ= A3 (Fig. 3A, B), =3t DAPI staining} #}
A7 E HT-2990 aloing F=% (0, 200, 400 uM)ZE A 2]
SIaL flow cytometryZ M EZAPHALE 243 A3, t2T-
4 ¥ e wf aloin 400 pMS X 2| g M| ZAA 24
© 2 apoptotic cello] 78I tH(Fig. 4A, B).

Lee 599 Aol m2H FUAE A5499F H1299]4]
aloin 0, 100, 200 UM< 72X 759t 28] & DAPIE =4
g A3} apoptotic body7} #ZE A, flow cytometry =
AZAEANE ST A3 A1 2 wxe wet Alxapd
APE frelFom F7kgE Zlo] By Ednt B3 Wang &
o] A= Yg AlEZ MKN-28, HGC-27¢1 aloin 0,
100, 200, 400 pg/mLS 2471 7H5¢t 2] § DAPIS} flow
cytometrys 579 A3}, 7} Ao DNA sty &
ZE 5L, MKN-28, HGC-27 Al¥ BF ¥k oEX o=
apoptotic cello] F2JZ o7 Z7MItty B %A},

H AToA aloin 0, 200, 400 M-S THASAH E HT-29

o] 72A7HE<t A2 31-S W], DAPIE 3l apoptotic body
7F 30 0H, flow cytometryS ©]-&3+o] annexin-V,
PIE &43I9 S W F= 9S8O =Z apoptotic cello] F
71staied o] A= Lee 599 A9 Wang 5709 &
T Aol fARE ARE BT oA tdd X
N4 aloinell &g+ FE AT} MEAPDAL] g AOoR
AARA AL & A A8 LA E HT-29914 &= Al
ZAE ofgk gt e AR 1/}5}"“’“1 °ol&
aloin®] o2 ¢hollA et 3= Yepd + Sl= A &

S rlr 50 o

o

(B)
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Fig. 3. The effect of aloin on DAPI staining. HT-29 cells were treated with aloin (0, 200, 400 uM) for 72 h, and apoptotic body stained
with DAPI. The arrows chromatin condensation in the HT-29 cells(A) and apoptotic cell express for graph(B). Cleaved nuclei were
examined using a fluorescence microscope (X200). Indicated bar is 10 um. Significance wes determined by Dunnett’s ¢-test with *P<0.05
considered as statistically significant compared with non-treated controls.
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B

Propidium Iodide

Apoptotic cells(%)
S b3 8 2

°

Aloin(pM)

Annexin-V

Fig. 4. Effect of aloin annexin-positive apoptotic cells numbers in HT-29 cells. HT-29 cells were treated with aloin (0, 200, 400 uM) for
72 h, apoptosis was measured by annexin-V and PI double staining. Apoptotic cells were analyzed by flow cytometry. The results are
shown as means+standard error (SE) of two independent experiments performed in triplicate. Significance wes determined by Dunnett’s
t-test with *P<0.05 considered as statistically significant compared with non-treated controls.
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Fig. 5. The effect of aloin on apoptosis protein in HT-29 cells. HT-29 cells were treated with aloin (0, 200 and 400 pM) for 72 h and cells
harvested to measure protein levels of PARP, Bax, Bcl-2, caspase-8, caspase-3, p-ERK1/2, p-p38, ERK1/2, p38 by western blotting. The
blots were probed with anti-B-actin antibodies to confirm equal sample loading.

z1i)\19] TFsAL AA AT wEbd aloino] oA
I HT-2994] M ZAIE S £

AloinO] N ZEATH H T Wio] OjX|= Y
Aloin°] A EAFE #d @il nA= JFS st
71§13l HT-299l aloin 0, 200, 400 uMS 72A]7+&
APt AlE Abd Ad o
2 % pro-apoptotic protein¢! Baxt F% o|EFHo=R F
715+ 2™, anti-apoptotic protein®! Bel-2& Tt} H]

2|3k 3 western blot=

WEHE W, = wEt WMol gllth AEZAEARS
Al Al caspase-3, -8 F718FM 3L, DNA 2o

#o 5= cleaved-PARPS 5715+ tHFig. 5A).

Wang 5202] o] w2 aloin 0, 100, 200, 400 pg/mL
= 24M7Fst Agsidle W 3t ¥laL A] cleaved-
PARP®] Z7}FalaL, Wan 579 Aol w2 #H|hA|
E A5499 48A17H5<E 0, 100, 200, 300, 400 uMS X
23t S o, 2+ vl sle] Bax, cleaved caspase-3,

9% F7HAZTE B3, Zhang 57 Ato| wEH Ht
ME A5499) T}t F=9] aloin (0, 50, 100 uM)L-Z A
231598 W, caspase-3, -82] WS FUMAAHET ©l9} £
AbsHAl & Aol At Al HT-2991 aloing #2331
< o, Wl AEe] thEZ Q] el d Baxol 2914 AR



500 Eun-Seon Yoo et al.

9] caspase-8 12| 3L cleaved-PARP, caspase-3¢| Z7}3l=
RO Z Hol aloine ME APHES] Yol ¢ 9Jold A=
E Bl Alx AMES frske AoE AzE. mebA
aloin t7d AlAZ HT-29914] Bax, PARP, caspase cascade
& A3t AEAEARE fFEske o= AlsdH.

o

Aloin®] MAPK pathway g THEX] uiso] D]X|= &

MAPK (mitogen activated protein kinase)= 32 T
71489l B4 ME 9 EFodS AXIAT|I L FHA}
A, A B, AN 2 223 S50 o2 Al
g 3ttt MAPK % ERKI12% FW9sHA w3
p38

=

2, #4 Y § 289 Belshy
| KR
=

=
ZAHsly 328 9

ox, Er rlo rﬂt =R =)

T

s

3 74 2EYEE HES g2 tE A=
SETEY. Aloino. & Slall =8 A EAEAL)
918l MAPK pathwayoll -3t ERK1/2, p-38<]
P =5 FESI T MAPK pathwayollAl p-ERK1/2+=
Z2-3 v e S u FAES A, p-p38 fo]8qo =2
7}&F tHFig. 5B).

Wang 520¢] 7ol wk=m aloin 0, 100, 200, 400 pg/mL
S 24X 7FE¢ 919l E MKN-28, HGC-279 A2 3819S
o 23 H]W Al p-ERKE 438 p-p38e 5713
T B EJOH, Wan 5729 Aol mER H A
A54901]A1 aloin 0, 100, 200, 300, 400 uM<- 48A]7} A 2]
stS W o3t Blaste] p-ERKe ZH4Astal p-p38e
%—7@3}1 By ol B Aye e AxE
Uehitt. o]9} B2, Zhang 52| 7ol W=, A549
cellol ©hkat Fx9] aloin(0, 50, 100 uM) 2 ]2 5}
< W p-p38e] A2 7HAEkSlaL, p38e] shel QARSI p-
Cdc25B, p-Hsp 279] HHE 7HAste] 2 =73 p-p38<
A7} e Wang 500] AF3 9J9H £ MKN-28,
HGC-273 Wan 5220] A8k HLAE A549 celloll A p-
p3go] Z718E A0 2 Hol o= 9AME Fo] i} tE
A7t et 2oz A7tEn 98-S w, Aloine
AE ZAEAF A2 F p38 MAPK AEES 53 AlZAd
AMe frEshs o= Al ET

o e o

N,
ol\ é (17

1o o>
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Aloin [1,8-Dihydroxy-10-(B-D-glucopyranosyl)-3-
(hydroxymethyl)-9(10H)-anthracenone]> 2ol A F&3k

Md

A qrEeli=olt) Ha

[e)

‘[T R
As}, et @it Qe Aoz WA 2 o
A3 HT-29914 aloin®] &F &= BHS{AA] &9kt &
Aol M= aloino] 17+ thdF HT-29 Al 324 A3 A}
W 28-S 2E3 & 9t wAYZLS ZARKIY. Aloin

o] ME AEE YT VA=A golrr] flal et
M E HT29, M= AlE A375SM, 1 Al E AGSS
aloin(0, 100, 200, 300 % 400 pM)©-& 23S o, HT-

299 E T EHOZE ME AELES T2ANHI,
A37SSMaJr AGS M ZAE AHE HESY 747t B
o|A] ekoltth. o]# s HT-29914 <] ME AES 7427} Al

FAEALR 213 7141 3elstr] 98] DAPI staint
flow cytometryS AA]SH A3} apoptotic body’} F2]2 S
2 F7bskal Al AEAPE STk S ER1E U
t}. o]¢} 2 A¥E o= aloino] WSt AlE HT-
29014 M2 APE el d ol mXe 93
< #3871 A3 western blottingS A A3 T Aloin
Bax, PARPS] H4S 5% o&X 02 Z7MAF AL, caspase-
3, -8& SASAHA T, Bel-2& dizwtoll Hls] ¥srt §
Atk Aloinol] olaf Fr¥ AlZAPEAL 7S FRlE]
sl MAPK pathway 5 p-p382 p-ERKS] @S 32l
3t A3 p-p38S up-regulationr] 7] L p-ERKS] down-
regulation® F+=3T}. weEbA, aloin 17+ Tt A &
A 7 oA &3 2 E APE F = el kA
249 7k 7ol ATkal Al E TH
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