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Extract of Alnus japonica Induces Apoptosis of Human Colon
Adenocarcinoma Cells through the Mitochondria/Caspase Pathway
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An extract of Alnus japonica (Betulaceae) cortex has been traditionally used for purifying blood, and curing feces
containing blood, enteritis, diarrhea, alcoholism and cut wounds. In the present study, we demonstrated that the
ethanol extract of Alnus japonica (EAJ) exhibited significantly cytotoxicity in human colon adenocarcinoma HT-29 cells.
The results showed that the induction of apoptosis in HT-29 cells by EAJ was characterized by chromatin
condensation and activation of caspase-3. EAJ-induced activation of caspase-9 and -3 caused the cleavage of poly
ADP-ribose polymerase (PARP) and the release of cytochrome c. The expressions of Bcl-2 and Bid were reduced by
EAJ in HT-29 cells, whereas pro-apoptotic protein Bak was increased in the cells. EAJ-induced, dose-dependent
induction of apoptosis was accompanied by sustained phosphorylation of MAP kinases (JNK and p38 MAPK), ASK1,
and p53. NAC administration, a scavenger of ROS, reversed EAJ-induced cell death. In conclusion, these results
indicated that EAJ can cause apoptosis through a ROS-mitochondria-caspases-dependent pathway in human HT-29
cells.
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2. Al

FoFuke HT-29 Al 10% FBS, 100 units/mL penicillin,
100 pg/mL streptomycin, 0.25 gg/mL amphotericin BE 7715
RPMI 16408 AF&3t 37C, 5% CO incubatoro] A i %35l
ok a3 4847 FUI12 wgAS wAE FReH 0.25%
trypsin EDTAZ A|¥E wolujol At} wjeshsics.

3. ME AEE =3
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A|7F ujj ¥t Ak 3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyletetrazolium bromide(MT-T) §94< 0.5 mg/mLo| &
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Astar AoA HxAZ F DMSOZ &3jAA ELISA
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4. Hoechst 33258

HT-29 A ZE 6-well H]FE 7)ol 3x10° cell/welld] ==
S 244 F BBt XS FAAIZ &, Hg o=
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5. Western blot #4]
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25 $A3FS lysis buffer(50 mM HEPES, 150 mM NaCl, 1%
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mM PMSF, 10 ug/mL leupeptin, 10 gg/mL aprotinin) & 4T |
A 607 831417 %, 13,000 rpmoll A 3087 AAEE] o
°é—3— ;ﬂg_ %3]]@]1_8_ Bradford H]—B—LQ_ o]}l-;g].c;] :}uu ;dxq FJ:—% 3
Act T AlE BafH (T 100 pg)S 2xsample buffere}
233ste] 95TolA 583 #Q ¥ 12% SDS-polyacrylamide gel
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PARP, ASK-1, p-38, SAPK/JNK 5¢| =33}a4} sh 134 &4
€ 747 A7rste] 4TAA 16413 e AN 2417 WHEA]
Zth TBSTZ 33 A|H &
IgG conjugated horse-radish peroxidase$} 1A]ZF WHGA|Z T
TBSTZ 33] M# $ WEST-ZOL®)(plus) Western blot detection
system(iNtRON, Korea)& AHE-3l¢] ChemiDocCZ &3} th.

o]x}38}A] anti-rabbit, anti-mouse
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200 pg/mL F=olA 24X 7 & 89% 85% 64% 41% 36%, 48417+
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ATk HT-29 AlZol| A oghe F52E5S 7h7} 50 ,ug/mL, 75
ug/mL, 100 pg/mL T== 74‘“43} AIZE a3 & G sk
gFdv oz FE3AY. Z2FAM = apoptosise] &4 H
A Feirt BEHA FR o (Fig 24) HF dgeFEE A
TAM = JEHOR o] $5 3 THE AL B2 5 3
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Fig. 1. Effect of EAJ on the cell viability of HT-29 cells. HT-29 cells
were treated with EAJ at 37°C for 24, 48 hours. The proportion of survival cells was
measured by MTT assay. The experiments were performed in triplicate. Data
presented as means * S.D. of three independent experiments.

Fig. 2. Effects of EAJ on the chromatin condensation and
fragmentation in HT-29 cells. Cells were treated with EAJ or without EAJ for
24 h at 37°C. HT-29 cells were stained with hoechst 33258 and then were observed
under a fluorescence microscope. A: Control, B: 50 xg/mL EAJ, C: 75 ug/mL EAJ,
D: 100 wg/mL EAJ.

2. Caspase @4 ddo mxe FI

Caspase= cystein proteaseZ cell repair £AES A7)
3 o8 7}A] apoptotic T AE &3} A A apoptosisE YL
7€ Aoz dA Utk &S AT FAE 7H caspase-3€ Al
Z WellA 32 kDa® HIZA 3 (pro-caspase-3)o.2 |35t
apoptosis A& A 93] &3} =™ DNA F5o #Hod3}=

poly ADP ribose polymerase(PARP)E 3¢t} Caspase-82}

¢ Apoptosis fr= ZH-&

-102 apoptosis®] ZH A &3} HZe #AH hiE A A
Al AAZ  Fas, TNF, tumor necrosis factor-related
apoptosis-inducing  ligand(TRAIL) Sl &3  wizi= ]
apoptosis 374 Z 7] #3t}. L3 Caspase-92 7| Al caspase
o &3 PEZZolE BRI apoptosis?t d# Ui
cytochrome ¢ &2 <18l B2 Apaf-17H9] 2ol <
3 sl At o] FA &3}t caspased] A EAHoZ U3
AZ UlellA 32 kDa?l RlIE&AZ P o2 EA38 pro-caspase-3&
A58 Aok AY B FEES 449 v At
H] 23t & western blotS ©]83}e] A5k A8 Ad} Hk
Nt FEE 4 23 pro-capase-3, -8, 9°] T EFHog 7+
28 S A F SISUTH(Fig. 3A-B).
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Fig. 3. Dose-dependent effect of EAJ on the protein expression level
of pro-caspase-3(A), -8(B), -9(B), 10(B) in HT-29 cells. Cells were
incubated for 24 h at 37°C with the respective concentration of EAJ. Equal protein
of the total lysates were analyzed by gradient 12% SDS-PAGE. The reduction of
pro-caspase-3, -8, -9 were detected by Western blot.
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Bcl-2  family AL pro-survivald] &3t=  Bcl-2
subfamily(Bcl- 2, Bcl-xL, Bcl-w)9} pro-apoptosis®l] 43t Bax
sub-family(Bax, Bak), BH3 sub-family(Bid, Bad, Noxa, PUMA,
Hrk)Z U 4 Atk Apoptosis 2157t A=W Axzddl &)
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Fig. 4. Effect of EAJ on the protein expression levels of Bcl-2 familiy
in HT-29 cells. Cells were incubated for 24 h at 37°C with the 50, 75 xg/mL
of EAJ. Equal protein of the total lysates were analyzed by gradient 12%
SDS-PAGE. The reduction of Bid, Bcl-2 and expression of Bak were detected by
Western blot.
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Fig. 5. Effect of EAJ on the release of cytochrome c in HT-29 cells.
Cells were incubated for 24h at 37°C with the 50, 75, 100 xg/mL of EAJ. Equal
protein of the total lysates were analyzed by gradient 12% SDS-PAGE. The release
of cytochrome ¢ were detected by Western blot.
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Poly ADP ribose polymerase(PARP)= DNA 5o {3}
T 842 Z438H caspase-39l 93l PARPL #H o] oy
H}. o]g A £ ¥ PARPE DNA® S50 7]
D2 apoptosis7t dojuA Aok HAY dE@SFEES
/mL, 75 pg/mL FEE AP 24X AES wjgI F
western blotS ©]&3to] FQIsIHch A3¥ ZI 116 kDad
PARP @il o] 2k 75 pg/mL 5o A 89 kDal 2 3} &
s #EE F UAUH(Fig. 6).
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Fig. 6. Effect of EAJ on the cleavage of PARP in HT-29 cells. Cells
were incubated for 24h at 37°C with the 50, 75 xg/ml of EAJ. Equal protein of the
total lysates were analyzed by gradient 12% SDS-PAGE. The cleavage of PARP
were detected by Western blot.
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Apoptosis signal-regulating kinase 1(ASK1)
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p38 MAPK, c-Jun N-terminal kinase/stress activated protein
kinase(JNK/SAPK), signal
1/2(ERK1/25% < p44/p42) L2 s 4 Ut} Stress kinaseZ
ERHEE INKS p38 MAPK:= AHlZAME 58 dode Aoz
A Atk A AGEFEES 75 pg/mL FEZ AP etal
AP E A8 western blots ©]8-3to] Stelstitt. A
A3 A geFEE A F 308 FH ASKIo] ZdHE 2

=
o

=
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extracellular regulated  kinase

HEE 5 e 4AEE pp3s, pNK TEHES #ET

KN
% l2lth(Fig. 7A-B).
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Fig. 7. Effect of EAJ on the protein expression level of ASK1(A),
MAPKs(B) in HT-29 cells. Cells were incubated for time-dependent at 37°C
with the 75 wg/ml of EAJ. Equal protein of the total lysates were analyzed by
gradient 12% SDS-PAGE. The expression of p-ASK1, p-JNK, p-38 were detected by
Western blot.
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Fig. 8. The recovery effect of NAC on EAJ-induced cytotoxicity in
HT-29 cells. The cells were treated with 75 xg/mL of EAJ for 24 hours in either
the presence or absence of 10 mM NAC pretreatment for 2 hours. The proportion
of survival cells was measured by MTT assay. The experiments were performed in
triplicate. Data presented as means*S.D. of three independent experiments.
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7. NACel o3 A2z oA a

E A¥EY Y FE2E2 HT-294 29 apoptosiss =
sttt weEba A GFEE 93 Al ZAbd o] ROSSH ##E H o
A=A ROS AHHAQ] N-acetyl-cysteine (NAC)= ©o]-&3te] ZA}
%}%EP HE ANGSFZE 50, 75 pg/mL FEN A 24A13F F A
FAZEE 242} 67%, 57% Stk etk NAC(0 mM)< 2417
A A F AF NG FEE 50, 75 pg/mL HHFE 47
102%, 88% = AEEC] 35 = Ach(Fig. 9).
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¢ Apoptosis fr= ZH-&

cytochrome ¢, PARP, ASK-1, JNK$} p38MAPK ©udg
western blotS ©]&3te] <l &) cysteine aspartic acid
proteases?l caspaseS A EAME S ZH3te Fad 2HAAR
Azl A B84 JeQ proenzymel 2 EA|5HH, 2422 &
= UE caspased] o3 FHEo] FASETE Caspases
initiator caspase®} effector caspaseZ 4% 1, initiator caspase
+ death-inducing signalell ]3] 48} 0] effector caspaseE
gdststal &AJstE  effector caspase= lamin A, DNA
fragmentation factor, a-fodrin® PARP 5< ©#d 9 B3&
E3t] MEZAES FEFGY. B AN g dEeFEE
2 2843 pro-caspase-39] WS aHFoE ZAAIFT.
caspase-39] &4 initiator Caspase‘ﬂ caspase-8%} -9¢] 9J3| &
43t He AoZ & EHA U, caspase-82 A E o] )3}
+ Fas receptordl| ligand”} 233t S48t = 94 HZE &
3 dAdslE = v caspase-92 nEZEg ol v ExA] =7}
93] WZE = cytochrome coll 23 W& 2o o3 &Adsdth
0 Hg JHLFEE 3 FEE caspase-35 A3} dle
ZHAE A3 2 ZH pro-caspase-8, 99 HHE T=
HoZ TAANRAAN caspase-99] FAHAEI} H Frtse
g 4= AT (Fig 3). Poly ADP ribose polymerase(PAR
243 3}5 caspase-39] ¥ WA Z DNA repairel] F23F
3l 9lo | PARPY £H-2 apoptosisZ g M EA}
féL F e AR 2 B AN AY cdgeFEE
% PARPY| &4 #4de] #&HJaL(Fig. 6), o2 AHE &
& ASGEFEE2 FasE A3 caspase-87 P EZ =0}
3t caspase-9° 93] FAdslE caspase-37} PARPY]
cleavageE =32 Z M apoptosisE Yo7|= RAoZ HQITh
Ao Aol A caspase-99] &gl P& F= Bcl-2 family
@A} cytochrome ¢ WE9 Td ws

=
=
anti-apoptotic protein?l Bcl-2 @A) @S AP,
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5
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pro-apoptotic proteinq! Bak @ d o] w2 7k B
o] wHe WEr glthFig. 4). 2 HIE & A3
A truncation® tBid T Aol WwHe A A APAN, F
Bid @A o] Td-e HAaH 7] Wil Bid7} tBidE Agd A
o2 & 4 Ut(Fig. 4).

Bcl2 family= PIEZEgo} v ERAS =
2 lEZ=oo} vl EASAY ALY FEH Tl
EZsool oz ojEae] AEAUL 2L TR
< gt Bol-2 family @9 A2 anti-apoptotic protein(Bcl-2 and
Bcl-xL), pro-apoptotic protein(Bak and Bax), Bcl-2 homology
domain(BH)3-only protein(Bid, Bad, Noxa, PUMA, Hrk)2 &
¥t Bax, Bak @ A2 anti-apoptotic protein®l Bcl-2¢] ©j|
&) 2 Zgo] JAER?, £33 Bcl-2 familyd] &ate Tz
9 2y Wiste mEZE=Zob YA Bel-2 familyihe]
dimer ¥/ol o4& Z#] cytochrome ¢, Apaf-1,
Smac/Diablo, AlFs P EZ=g o} WREAE] WEs A2
S 24 apoptosisE YOI AP, 9o A Ao A Bl-2
family T AE ] &d Wl | EZ= o} 2 FHA Y o
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< ©}7]3} cytochrome c9] WES FE3519S
(Fig. 5).

ASK1& 170 kD9 @83 s} 2~Ed 2, TNF alpha,
endoplasmic reticulum stress 5ol <J3l 43} =Hof 319 AT
¢l p38, INK9| ¢14HelE f = doha gejx AP, Mitogen
activated protein kinases (MAPKs)«= M EZ23} 23}, A XA
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