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The purpose of this study aimed at examining the antiproliferative effect of kimchi (kimchi B) adding
mistletoe extract known as an anticancer function to improve the functions of kimchi. The study in-
vestigated the antiproliferative effect through hemocytometer counts and MTT assay, apoptosis in-
duction through DAPI staining, and mRNA expression through RT-PCR using human lung carcinoma
A549 cells. The standardized kimchi (Kimchi A) was used as a control group. As a result of hemocy-
tometer counts and the MTT assay, it was found that kimchi samples inhibited the growth of A549
cells in a concentration-dependent manner. Kimchi B induced apoptosis in A549 cells through DAPI
staining. The apoptosis induced by kimchi B was associated with the increase in the expression of
pro-apoptotic Bax and with the decrease in the expression of anti-apoptotic Bcl-2 and Bcl-xL. Also,
kimchi B influenced the increase in the expression of p21 mRNA, but did not have the effect on the
expression of p53 mRNA. In conclusion, the antiproliferative effect of kimchi B was due to apoptosis
induced by increasing Bax and decreasing Bcl-2, and increasing p21. The findings will be utilized to
develop kimchi with the improved function for the patients having cancer.
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Table 1. List of gene-specific primers for RT-PCR
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Gene name Sequence
Bax Sense 5-ATG-GAC-GGG-TCC-GGG-GAG-3
Antisense 5-TGG-AAG-AAG-ATG-GGC-TGA-3
Bel2 Sense 5-CAG-CTG-CAC-CTG-ACG-¥
Antisense 5-GCT-GGG-TAG-GTG-CAT-3
Beloxl, Sense 5-CGG-GCA-TTC-AGT-GAC-CTG-AC-¥
Antisense 5-CTT-CAA-CCG-CTG-GTT-CCT-GA-%
Sense 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
pS3 Antisense 5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3
Sense 5-CTC-AGA-GGA-GGC-GCC-ATG-3
p2l Antisense 5-GGG-CGG-ATT-AGG-GCT-TCC-3’
GAPDH Sense 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-¥
Antisense 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3’
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Fig. 1. Growth inhibition of human lung carcinoma A549 cells after treatment with kimchi. (A) A549 cells were plated at 1x10°
cells per 60 mm plate, and incubated for 24 hr. Cells were treated with variable concentrations of kimchi for 48 hr. The
cells were trypsinized, washed with PBS and the viable cells were scored by hemocytometer counts of trypan blue-excluding
cells. Each point represents the mean + SD of three independent experiments. (B) Cells were plated at 1x10° cells/ml in
96-well plate. After 24 hr incubation, the cells were treated with various concentration of kimchi. MTT assay was performed
after kimchi treatment for 48 hr. Each point represents the mean + SD of three independent experiments.

--

Control Kimchi A Kimchi B

Fig. 2. Induction of apoptosis by kimchi treatment in human lung carcinoma A549 cells by DAPI stain. Cells were incubated with
kimchi for 48 hr, and then stained with DAPL After 10 min incubation at room temperature, the cells were washed with
PBS and photographed with a fluorescence microscope using blue filter. Magnification, x400.
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Fig. 3. Induction of Bax and inhibition of Bcl-xL by kimchi treatment in A549 human lung carcinoma cells by PCR. Cells were
incubated with kimchi for 48 hr and total RNA was isolated and RT-PCR was performed using indicated primers. The
amplified PCR products were run in a 1.5% agarose gel and visualized by EtBr staining. GAPDH was used as a housekeeping

control gene.
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Fig. 4. Induction of p53 and p21 by kimchi treatment in A549 human lung carcinoma cells. Cells were incubated with kimchi
for 48 hr. Total RNAs of each sample were prepared reverse-transcriped and amplified by using specific primers for p53,
p21 and GAPDH gene. PCR products were electrophoresed in 1.5% agarose gel containing 0.5 pg/ml EtBr and photographed.

GAPDH was used as a housekeeping control gene.
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E=5: 40| E2FEE I AR A549 oA HE MZE SANH 21t

AAE @A 71 A7) e FEAFOIH, g AFdA oA, FHn EF T XS A A
B7168 AFLE B1E St & @85.01]‘ T AAY 71548 E w7 Hstd el dER Aol
FEES AUbeto A A4S 214 (kimehi B)S] GAE S4 AT 2 1 71 A tete] AESATE QA
F 3 ASA9M L& o] &3] T4 A3 &9} apoptosis frE P FHHAEH mRNA 44 Sdol| = FFE FF
3o D:] fz2To2s EF8A (kimchi A)E ’\} SHTH A549 A HY MEE o] &3 7 A APl A
MTT 3% hemocytometerg ©|&3te] GAE F& M A3, A E A7 ol 55 JEH R F2
A &£37h et oen, 53] kimchi BE 74 EOM H =& 4974 &35 9% 4 At DAPI 4
S E8) YT Ao e EAL A A kimchi BE A78 Lol M DNAT#H o] &AFH o], A549 A
A AT F4 A ETE apoptosise] o3 Ao 2 BZEHUT. Apoptosis®] 7] H L %_LOPEﬂ A3t Bel-2

famlly (Bax, Bcl-2, Bel-xL) @ 3} p53, p21 s 4% 43, kimechi BE A7H 2ol A Bax FAA= 7kt

I B2 FAA B@ o] Faste], o] FHA LA} #HHH | apoptosis7t FEHANETES FAT F Ao,
o] FAAEY THL p21 TH F7ol g 22 Hol kimchi BE A 2|3 A549U A H A E = ps3 vl &
2l p21 2EF 7t 9]5]1 FAE SHAS A5 Yetd A2 AZHT o] AFE B oE ¢SS 9
g 7150l 318 AA Ao &&o] 7ted AR JtE



