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Anti-tumor Effect of Kaempferol, a Component
of Polygonati Rhizoma, in Lung Cancer Cells

Young Seok Jeong, Ji Cheon Jeong*

Department Internal Medicine, College of Korean Medicine, Dongguk University

Kaempferol, a component of Polygonati rhizoma, is one of the herbal flavonoids, which is used in therapeutic
agent for anti-hypercholesterol, anti-hypertension and anti-diabetes. And it is also known to be effective in anti-cancer
therapy for breast, prostate and other type of cancers. However, the anti-cancer therapeutic mechanisms are pooly
understood. To address molecular mechanism underlying kaempferol-induced anti-cancer effects, we determined the
effect of kaempferol on cell growth of the lung cancer cell lines, A549, H1299 and H460. From the FACS analysis,
measurement of caspase activity, DAPI and tryptophan blue staining, and DNA fragmentation assay, we found that
kaempferol induces apoptosis and H460 cells are most sensitive among the tested cell lines. In addition, we performed
microarray to identify the genome-wide expression profiling regulated by kaempferol. Lots of cell cycle-related genes
were under-expressed, whereas the genes related to TGF-beta/SMAD pathway were over-expressed in
kaempferol-treated H460 cells. Additionally, kaempferol also increased expression levels of apoptosis related genes
such as death receptors, FAS, TRAIL-R and TNF-R, and casepase-8 and caspase-10. Overall, our results suggest that
kaempferol promotes anti-lung cancer therapeutic effects by inducing G1 arrest and apoptosis through TGF-beta/SMAD
pathway and death receptors/caspase pathway, respectively.
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HLAZFA oG] T2 &2 Kaempferol®] ¢ &%

59 Aol F&Fo| gp). #KkEe F8 AR kaempferol
Aol A AHE flavonoid F9 shuEzA File}, FAT, I
T A% Fol WA om™, ghaE o) AL (apoptosis) &
=3te] Ao Belshs Ao BuEYot),

AAE L f“ﬁ«] i Hﬁi Aol HYel® A Yetd Ao
91 kaempferol®] &# < gl 1 g
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1 A=
1) ok
S ATEdT
gAske] AH-stAh
2) Aok
kaempferol, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT), propodium iodide (PI), hoechst (1ng/ml),
7-amino-actinomycin ~ D(7-AAD),  DAP],
Dimethysulfoxide (DMSO)< Sigma (ST. Louis, MO, USA)l| 4|
TY3t9 . Cell cultured media (RPMI 1640)9} FBS (Fetal
& AHgsan.

oA, o, WAnTNA P

tryphan  blue,

bovine serum)= Invitrogen(Carlsband, CA) &

2.
1) A4 =4

Wik 300 g & FA B3] 3w F*QI 95% methanol& 7}3}
o] 60T THOE UMY 33 W8 FE5te FEH4&
AUtk o] FEAE Ao WAL Cq;‘]i o] 7hgh thg of
AE A AYEF7)E AHESt] ARAA FEE 11012 g (7
& 36.71%)& Aol DMSOZ Ado] o3 w22 343l A}
&3l
2) AlZ A 3 e A

HIZAEZ #H 4 M EZF(non-small lung cancer cell line)$l
A549, H1299 ¥ H460 M3ET heat inactivationd 10% (v/v)
FBS, antibiotics/antimyotics (Invitrogen)& X33 RPMI 1640
medium$ ©]-83}e] 5% CO,, 37C ZZoA vt ik
FZE, kaempferol @ DMSO+= Ao a3 w2 A5t
&4 717 W Fet At
3) MTT assay

A549, H1299, H460 Al E Z+7+S 500 cells/well®] =2 96

3 & N FEE & kaempferols FEW

nEE

N

well plateo] £
2 Azglsted 72243 <k gkt Bsoﬂ =2l MTTE 05
mg/mlo] EA gl ste] 442 T g T WA E A A3, 150
mle] DMSOE welld] 2o]F & 540 nmol| A EFTE =43}
Ak Ee, AE AFES

kaempferol e 7}7Ze] M Xo A7t =
assayE TH A

4) FACSE ©] 43 subGl 2 AFEAHE =73

5
2437 9lstel, 25 M9
A2l F Wjogshel MIT

1 x 1074 ¢] AlZe] DMSO HEE 25 tM¢] kaempferol =]
g F 1, 2, 49 U wjFSdTh g F A4 AEES
80% olgr-e=Z 11gA17l T3, propodium iodide(P)< ©]-&-3}
HAAIZl F, FACSCaliburTM  Flowcytometer®}  CellQuest
software (BD Biosciences)& ©]-§-3Fo] 43t} e, Aolgl
T A AEdT e AEE 4317 9814 1 x 1074
A Z o DMSO E+= 25 uM kaempferolS 2] 3t & 2% F <t vl
&3t o5, hoechst(l ng/ml)9} 7-AAD(sigma ; 1 ng/ml)E o] &
3t MEE G438 & FACSE F3te #4339

5) Western blot, DAPI €413, tryphan blue 441 ¥ DNA
fragmentation - ©]83F AXE AlE EA4

AEZEL DMSO == 25 uM kaempferols
T WG o, dMEs FEIAY FEF duMds
6-12% SDS-polyacrylamide gel ©]-&¢ A7|FEH o2 £
th, nitrocellulose membranedll %%l ¥ caspase-3, -8, po
ADP-tibose polymerase(PARP) ¥ actin(th&) A& o] &3t
o A=At
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Aot Tk, U3 A7t @ AMEE 04% truphan blue §942

2 g% g5 @nAE o]&sto 1,00070¢ AEE 451
1 F FaE deldle AxY 5 EA3AT

Kaempferolel 3 DNA®| &4 (fragmentation) 8EE &
2817] 9380, 99 SY8HA A2 E Ha60 A Z oA DNAE A=
3t S, 08% agarose gel¥ ©]&3le] DNA9 24
(fragmentation) JE}E vl 431
6) Microarray 3 A3} &4

AZeA EZ 3 total RNAE 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA)S ©]&3l9 A 9 A%
495 P35t RNA integrity number (RIN) #ko] 9 0]*}9»]
A BE At Al gAY AP WS TIELR st F
ate Cy3st Cys + B O EAF &
microarray ‘3ol A #4313t} The Lowess (locally weighted
linear regression curve fit) and dye-swap normalization % 4]-&
o] &3l microarray ollX YERE AT A7]¢] Bl& (Cy5/Cy3)
< A&t B4 235 FHEAY SRE Ade 7 g
Az A7l EH?:‘YL AL B3 94 FF F94 (p<0.05)
A ZASLe A, g3 28 databaseE ©]-&3}4
genome-wide —’r—f | GAzLe] WHE kAL wlw BAEYT

Gene Ontology (GO)-based functional categories(http://www.

Agilent’s human ohgo

geneontology.org)
KEGG (http://www.genome.jp/kegg/)
DAVID Bioinformatics Resources(http://david.abcc.nciferf.
gov/)
7) RNA F& 3 A3 Jdx FFFas ddusd
(quantitative real time reverse-transcription PCR; real-time
qRT-PCR)
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RNAE TRIzol reagent (Invitrogen)S AHE-3te] #2lst &,
2 ug® RNAE MMLV reverse transcriptase®t random oligo
(dT) primers (Invitrogen)& ©]-&3t JxAL WH-E-S APgo
A 732 H 20 DNA(complementary DNA ; ¢cDNA)E F£HI 3}
Attt FHE cDNATE o} primer setE Al&(Table 1)3}4
SYBR green reaction system¥ CFX96TM real-time system
(Bio-Rad) © 2 real-time gRT-PCR W& 53l FaAe #d A
=2 gt
8) &/ A=

7t A3 Aate) Hagst e LAE o)t wAISSl L,
Student’s t-testE® E3to FoAS AAS AL

Table 1. The lists of primer set for real-time qRT-PCR
Name Forward primer(5'—3’) Reverse primer(5—3')
FAS  GGAATCATCAAGGAATGCAC  GTGGAATTGGCAAAAGAAGA
TRAIL-R GCACAGAGGGTGTGGATTAC  TGGTCGTGGTACAGGAACTT
TNF-R  GCCATGCAGGTTTCTTTCTA ATTCTCAATCTGGGGTAGGC
CASP10 GGTAACAGAGCCACAAATGG  CTGTACACAGCTGCCCTCTT
CASP8 GCCTACAGGGTCATGCTCTA  ATCCAGTTTGCATTTGGAGA
[kBa  CAGCAGACTCCACTCCACTT  GGGGTATTTCCTCGAAAGTC
NFkB  GAGATTTTTCCCCCACAGAT  AAGCTGGACAAACACAGAGG
BAX  GTAACATGGAGCTGCAGAGG  AGTTGAAGTTGCCGTCAGAA
SMAD3 AAACCAGTGACCACCAGATG  TAGGTAACTGGCTGCAGGTC
P57 AGCTGCACTCGGGGATTT GAAGAAATCGGAGATCAGAGG
P21 CTGGAGACTCTCAGGGTCGAA  TTAGGGCTTCCTCTTGGAGA
GADD45 ACTGTCGGGGTGTACGAAG AGAGCCACATCTCTGTCGTC
GAPDH CTGCACCACCAACTGCTTAGC GGGCCATCCACAGTCTTCTGG

a2 3

1 454G FEE) AX 54 53

Hk AFFQ A549, H1299, H460 A Eo) ik +25
5, 5 mg/ml A AHste] 39 FF v g

Aﬂ;A *ﬂé%e—ﬂ,% MIT ®4WES o83t ZH3
DMSOE Aeg MEE RO 2 A&l Hlwg A3, A
T AL 50% FFo 2 A FEICS0)E 47 A549(
B )ANEE 1.25 mg/ml, H1299 A %( @ )& 1.13 mg/ml, 17|
I H460 M ¥E( O )E 0.70 mg/mlE UrE}wD}(Fig 1A). 5Y3
W o 2 kaempferol?] A E 5t A3}, Alxe A%
£ 50% FFOE AAStE FEE A549 Al EA 961, H1299
Az A 1375, 123 H460 Al EolA 789 uMZ Zhzh ey

T} (Fig. 1B).
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Fig. 1. Polygonati rhizoma and kaempferol inhibited the growth rate
of leng cancer cells, A549, H1299 and H460. (A-B) Effects of Polygonati
rhizoma (A) and kaempferol (B) on the cell viability. To determine the IC50values,
A549(l), H1299(@) and H460(0O) cells were analyzed by the MTT assay in the
presence of various amounts of Polygonati rhizoma (0 - 5 mg) and kaempferol
(1 - 200 uM). (C) Effects of kaempferol on the cellular proliferation. Each cells
incubated in 50 M of kaempferol (—)or DMSO (--) for time-dependent manner
(0 - 5 days) were estimated by MTT assay. Data shown represent the means=S.D.
from three independent experiments(P<0.05).

2. Kaempferol®] A|Z Alde] mx]= g3k

Kaempferol®] *glol <3t M ZZFE A (Fig.1C)7t
A A (apoptosis)oll &gt AJA MEF7] AA(cell cycle
arrest)ol] 23t AJRAE A7) H8ted, MEo] Z7F 25 uM
EE 2 kaempferols A3t 44zt wj g oy FEAE £
AW (FACS analysis)S 538t #4189 tH(Fig. 2). DMSOE
3 A549 A ZEMNZT)ANAM G171 Eol7FA 23 subGle)
AZEF7F 1, 2, 499 9, 14, 12% 9 21 kaempferol A2 ¥, 21,
28, 29% 2 7}t L uq H1299 A9} 735- 6, 10, 15%° A 24,
32, 38% %, H460 A|X 2] F$E= 12, 10, 18%l A 26, 30, 77% =
Z7t= Atk (Fig. 2A).

A ZW ] APE 7)o E0i4 A E(apoptotic cel)E #
Al A, AEere] AT F¢= DNAE 4T + =
hoechst(live cell)9} Al Z=o] §lo] =& 5 o] = DNAS} 2T
3t ¥3-& Ue 7-AADY BA 3Fo] gES 0133}04 A
£ hoechst9} 7-AADZ GA% F, FE5AX Fagoz FA3)
% tH(Fig. 2B). th2T(DMSO A 2])e] 7359 Hl3), m Akl
ZA4= late-apoptotic cell®] 71 F71He AL FAgozH
kaempferol& FHGHEFAM HNE AMES fF=dle 2oz 3
91 5] 91 t}(Fig. 2B).
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Fig. 2. Kaempferol induced apoptosis in lung canccer cells. (A-

Effects of kaempferol on the cell cycle regulation. Cells |ncubated in the
presence of 25 uM kaempferol for 2 days were subjected to FACS analysis. The
sub-G1 fraction (apoptotic cell fraction) (A) and population entering cell cycle(B)
were calculated using the CellQuest software (BD Biosciences)(P<0.05). (C) Effects
of kaempferol on the caspase activity. Each cells incubated in 25 uM of kaempferol
(Klor DMSO (M) for 2 days were analyzed by western blot used indicated
antibodies. (D-F) Effects of kaempferol on the cellular apoptotosis on the H460
cells. The cells incubated in presence of various amounts of kaempferol(1 = 100
uM) for 2 days and then subsequently stained with DAPI(D) or tryphan blue
solution(E) and analyzed DNA fragmentaion(F). Fragmented DNA(l) and
apoptotic DNA(A) observed on the cells which is treated with more than 10 uM
of kaempferol(D). The tryphan blue stained cells were observed under light
microscope, and percentages of apoptotic cells were estimated from 1000 tryphan
blue-stained cells per each samples(E). (F) DNA were extracted from parallel
samples as above (D-E) and subsequently electrophresis on the agarose gel.

3. Kaempferolol] 93 =
Kaempferoldl 23] =
7] 93l, H460 M2l 25 uM<] kaempferol©] L} DMSO(H] =)
< A & 297 wdstd RNAE FE3 vy, 3718 9
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H3 2u) o] ZAsteE AR A AT (Fig. 3A). £ AE
F7)(cell cycle)st AHE FHA W3tE 462705 20307t F
Zbatewl HlEf 259707t ZHadte Ao 2 JEbEthFig. 3B).
Az AE g AEFVE fFEste o8 A | 42 F
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microarray A%-E £48te] A& 154 o] THEE FAATE
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£ %8 #2413} 91 th(Fig. 3C and 3D).
A 23, kaempferol “5 39 487 (death receptor)”’gt &=
2]&= FAS, TRAIL receptor, TNF receptor =5 ZIMAA
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NFgBell &g A ZAPE S =l FaFs ”] A Aor B4
= A h(Fig. 3C). &, A AA}(transcription factor)?] NFxBE
Ba9} A3l vl&d FElE FATOEZN HAFAA A
AAstE Ao EelA lon, NFkBY ZH2 AE AMES
Tile T8 AR Ul o deA Stk

L3, kaempferol> AX9] AMES fFE3le A o]Ydx,
A EZF718 AA(cell cycle arrest)dl= A2Z 21+
3 A EF7] HAE smad2, smad3, smad4?] 715 F3F Gl

a2V
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e
_ﬁ_

710l ME=27 3l= Gl arrestE f-=3= TGFB A 2E 53l=
Aoz 45 th(Fig. 3D). Kaempferold] A& HNEF7|E
APt ag g FHAEY THS JA e wE, AE
F7) AAE ¢ 42 F TCFBY AZE 53 faAE9] @
S EolFor ZIIAZOEHA Gl arrestE: FE3e Ao
A=A

©]’¢2] microarray®} KEGG database #4& %3 4%
FAA F 12709 FAAE Adste] dd e wsE

1]
RT-PCR ¥ real-time qRT-PCR—g 3t FA3AH(Fig. 4).

cDNAE &g E"F 5%
DNA 4& A &3l vlws G oh(Fig. 4A). 1 A7}, microarray
A Ztzt 1508 o] F7HE FAAE-L real-time qRT-PCRO
ME 142 o] F7tE e RS 50 H (Fig. 4B), 0268 3+
2% §7249] NFKBE real-time qRT-PCRAIA 0278 7Hadhe
Ao st

Microarrays 53l F3x #d S Rl A
=3
o o

kaempferol2 “Z-&9] F-8-A|(death receptor)’E9] S7+H&
caspase A& AGE 53 A X APE = 2 TGFB/SMAD HZE
538 Gl arrests fE3H= o2 5 JthFig. 3 and Fig. 4)
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Fig. 3. Genome-wide RNA expression profiling revealed kaempferol
induced apoptosis and G1 arrest. The experimental conditions were the
same as those described in Figure 2, were used. (A-B) Gene clustering file for
apoptosis (A) or cell cycle related genes(B). Gene clustring files revealed 2-fold up-
(red color) or down-regulated genes (green color) in kaempferol-treated H460
cells(H460K) compared with DMSO-treated H460 cells (H460). (C-D) Apoptosis (C)
and cell cycle pathway(D) from KEGG. Genes up-(red color) or down- regulated
(green color) by kaempferol were based on the microarray results.

®

LIH460
H H60K

FAS TRAL TNF CASP CASP IkBa NFkB BAX SMAD P57 P21 GADD

Fold change (normalized by GAPDH)

R R0 B 3 4%

(B)
Gene Micro gRT- Gene Micro qRT-
Gene bank ID  array PCR Gene bank ID  array PCR
FAS NM_000043 427 478 NFkB NM_003998 026 027
TRAIL-R NM_003840 566 533 BAX NM_004324 156 144
TNF-R  NM_001065 1.68 1.42 SMAD3 NM_005902 334 150
Caspasel0 NM_032974 347 194 P57 NM_000076 8.14 145
Castase 8 NM_033355 1.59 145 P21 NM_078467 353 476
IkBa NM_ 020529 350 4.83 GADD45 NM_001924 521  6.67

Fig. 4. Real-time qRT-PCR revealed kaempferol induced apoptosis
and G1 arrest. Parallel total RNA with microarray was used to generate
reverse-transcribed and amplified by real-time qPCR using indicated primers(Table
1). The fold-increases in MRNA expression by real-time qPCR are normalized to
the mRNA level of GAPDH. Data shown represent the means+S.D. from three
independent experiments(P<0.05).
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ThFig. 1). ol& g ANE A% AA &7 kaempferold] 9|3t A
A8 fmd o8l dehie AS SsdthFig 2. A A}
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“Z&9 FEA(death receptor)’zt EE]= FAS, TRAIL
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£ B3l AR7E AP c]ERE fEse Ao® EHHUT
(Fig. 3CS} Fig, 4). w8, AL 23} A2 AP ol
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Microarray 2% #4& 53}, kaempferol®] &3}= A E
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< Ao=E gl T8 A

= Kaempferol% AP HNE
% A5 AAlske v, A ZEF7] A A
(cell cycle arrest)dl] H Qg %%ﬂx}%«] HHe Skt A=
U ThHFig. 3B). Eol3tAlE S7HE FHAEL TCFB AE2E
53 =715+ smad2, smad3, smad42} smadol] &3] wdo] =
HE= P21, P57, P19, P15 59 fr3da &do] S7h5 0 d&&
2139 th(Fig. 3D} Fig. 4).
ol Hied waw, #HE
kaempferol-& MEK-MAPK ZZE F3l9 AX A1EE =3
g Bag9 bt 9o}, B dFo A MEK-MAPK 72 & o]9]
of “F&9 4&A|(death receptor)’s} &= FAS, TRAIL
receptor, TNF receptor 59 S7}&
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