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Effect of fisetin on UVB-induced apoptosis and DNA single strand breaks in NIH3T3 cells. Se Jin
]eong Don Young Kim, Seol Hee Han, Sang Min Shin, Jae young Cha, Nou Bog Park’, ]ung Sup
Lee’ and Jong Kun Park’. Division of Biological Science, Wonkwang University, Tksan, Chonbuk, 'Institute
of Basic Natural Science, Wonkwang University, Tksan, Chonbuk, *Department of Floriculture, Korea National
Agricultural College, Suwon, Department of Biotechnology, Chosun University Kwangju — In the present
study, we have investigated the effect of fisetin on the apoptosis and DNA single strar\d breaks in
ultraviolet light B (UVB)-exposed NIH3T3 cells. Exposure of cells to UVB light (200 J/m’) and post-
incubation in growth medium for 48 hr resulted in about 50% of cells with apoptotic nuclear
fragmentation. Addition of various concentrations of fisetin in the postincubation medium, however,
significantly reduced the apoptotic nuclear fragmentation as compared with the values expected when
the effects are additive and independent. DNA single strand breaks induced by UVB exposure were
also significantly decreased by postincubation with fisetin. By Western blot analysis, fisetin post-
incubation was shown to attenuate the p53 upregulation upon UVB exposure. Furthermore, the de-
crease of proliferating cell nuclear antigen (PCNA) level upon UVB exposure was alleviated by fisetin
postincubation. These results suggest that fisetin decrease the apoptosis and increae DNA repair in
a possible association with alteration of p53 and PCNA levels in UVB-exposed cells.
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Fig. 1. Protective effect of fisetin on UVB-induced nuclear
fragmentation in NIH3T3 cells. Cells exposed to 200
J/m* UVB light (grey bars) or vehicle (white bars)
were postincubated for 48 h with growth medium
containing various concentrations of fisetin (0-500 uM)
followed by DAPI staining. Each data point represents
the mean + SD of the percentage of cells with apop-
totic nuclear fragmentation determined from triplicate
experiments. Circles represent the expected values
when the effects of UV and fisetin are independent.
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Fig. 2. Analysis by alkaline gel electrophoresis of DNA single strand breaks induced by UVB in NIH3T3 cells. (A) Cells were
exposed to 200 J/m® UVB light or vehicle and postincubated for 48 h with growth medium containing various concen-
trations of fisetin. Cells were then embedded in agarose, lysed, and electrophoresed under alkaline conditions. After electro-
phoresis, the gel was neutralized, stained with ethidium bromide, and photographed under UV transillumination. (B) DNA
size index of cells exposed to 200 J/ m® UVB light (grey bars) or vehicle (white bars) and postincubated for 48 h with
growth medium containing various concentrations of fisetin (0-500 uM). Each data point represents the mean = SD of tripli-
cate experiments. Circles represent the expected values when the effects of UV and fisetin are independent.
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Fig. 3. Effect of fisetin postincubation on the expression level
of p53 protein in NIH3T3 cells exposed to UVB light.
(A) UVB (200 J/m’)-exposed cells were postincubated
with growth medium, medium containing fisetin (0-300
uM} for 48 h. Each blot is the representative of three
similar experiments. (B) p53 level index of cells ex-
posed to 200 J/m® UVB light (grey bars) and post-
incubated for 48 h with growth medium containing
various concentrations of fisetin (0-300 pM). Each data
point represents the mean=SD of triplicate experiments.
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Fig. 4. The effect of fisetin postincubation on the expression
level of PCNA protein in NIH3T3 cells exposed to
UVB light. (A) UVB (200 J/m%)-exposed cells were
postincubated with growth medium, medium contain-
ing fisetin (0-300 uM) for 48 h. Each blot is the repre-
sentative of three similar experiments. (B) PCNA level
index of cells exposed to 200 J/ m’ UVB light (grey
bars) or vehicle (white bars) and postincubated for 48
h with growth medium containing various concen-
frations of fisetin (0-300 pM). Each data point repre-
sents the mean + SD of triplicate experiments. Circles
represent the expected values when the effects of UV
and fisetin are independent.

Z*}fﬂ Z gk A vk AEdk AEET vdgo| 2545%

Z7lsbe AL BgEthFig. 4B). o] UVB ZAld] o3&
DNA 33 R ofel o3 AIZALL fiseting] Fx 2] s
ZaEo] AFEd 4EL F7H8taL DNA B4 o 353
#ddg PCNA @ do] 843537 BTo|st AZd

I &

A9 A, 53] 290-320 nm9] S
S8 A A5 UVBY g3 S A
e NEF7] A, AEIAL AEZ4 18
X9 3 Fo] THM, YREY THFEAZE
2o sie] A4H0E wad o okl BUS $E g
t}10,16,18].

2859 AY dFdA UVBo) 93 XA} £33
B 2 o]y ®a AHEQ fisetin FH o 23] AP S 71
S THI3L £ g7 e UVBYl 93 AT AHE ofvzl
DNA g &9 A& d93sl= DNA gAE 3} DNA 43



68 4B UETIX| 2007, Vol. 17. No. 1

°ﬂ “’JZ.}??} pb3 % PCNA @ d o] 253 A@sto

}?SP flsetm AT HEY AEXA 34
% UrEMt— Ao AL A AR vk RS AR
o EAH0Z 497 BAE HYrkFig 1). o] UVB
93 N L TALE fisetino] A8t M T Y& REHF
T A7} Y5 AAFETE o) 2] fisetindl] 9 ML TLAL
23 g B35 aFE fisetino] DNA 3)50] #ajste] DNA

daje) AE $2E e EL 180 FEHUR, B
A DNA ©A} 8 #48 s8al) Hich 4 23 A9

A ZA}E fisetin 2] AR A wjckat vl wale] DNA =
719 Hdgs ST TEEE ¢+ A= (Fig
2), o] fisetino] T3] MEIALY Aol AR ok
2} DNA 35 37 2ao] #oqslo] DNA a9 32 %
Fed 7ldste Aoz AzEn.

DNA Asjo] o8t AT uAle) ojaf wasA He o

© A& p53, Bax, Mdm2, Gadd450] ¥ 351 DNA &3}
A e IHA2 PONA, A Z 7] A% sle 9
cyclin A, cyclin D, cdk2, cdk47} &3t A #ch14]. p53 &
WA A3 & DNA 4al} Qoly § HEF7)2
248 F& 2% "&‘i’i"%i[lzl FTAEAl o /g3
91 2ol AU HEFAE A AED

e
AL 8 oro) oA

g Agsted oM Bad pid wde
3hel p53 Bt Fo] FA ool 1 V|F S A LA o

[20]. p532] B4 Z7)o) )3 B4EE p21e cyclin/CDK
EA o At olEY AiE} HA VTS AsPon
W AEFI)Y A& P32 DNA JEEE HE34} 34
& Foldle AHE HoFed rldste 2o dEA &
t}{4,16].

B dFojME UVB 2ALE fisetin®] @7} p53¢)
9} PCNAS] Z7to] 7184 AAsE . 53] p539
v BEAF §odAg 283 g0 24 fisetino] DNA
o) $F& 7HAAIA p53o] &7 EHE MERA FH &
SAH &S AlAbe. Fiseting] o] 28 37} SetRizols
% 9] 3}l silibininel] W3] B 15 &), silibinino] 2}
A AsiA 848 e pi3Y FEE UM, 2= Q1
21"*o] A8t Ely 1 p21"ATe. PCNAY} DNA 4
AAA AZLe AT F4& As)Al7) 1 UVBd 9% 5
2Z3%E dAgdx X11*11:»1"”4[15]. £ dFdMe @A
PCNAS] eze] 3717t #@sled) ole g9 2A% A
T £33 zoldlA 7]91E = dor Bt FA A 7%
of g A7t Basioh

41

1

o

i1

N

d
S

o

ﬂ

2 %

2 dFoME UVBal ZALE NIH3T3 M EojM AMxz

ALl DNA ©hAl thol} x| = fisetin 332 9] Ao ofsf
A A7sgth AE UVB (200 J/m)E ZARSH A
Ao A 48217 B G A E Y] A E ALY FrtEE HEE
& 50% Az MEoA FRHUH FHEFAT W FA
o fisetino] H7}e A YERAL Holk AL MEE 4
G FAaE WY @8] otE2 A g DNA ¢4}
A BA A YA 2AF E fisetin A2 E BAHA v
ARt datbdde RIRE #AAA DNA 2719 3718 &
39t o]E fisetino] UVBY 93k DNA AH3] 9] 3] &0
SAA ERE veEhd S AALSHTE Western blot #2449 ¢
& fiseting 29X ZAt] o3 Sl e pS3Y FES
fFold FFo2 A A gaje A7 L3
o] FAo] $ulEE PCNAY 74 43S o g3 A
o]2)3t AIE & fisetino] DNA 389} B48 E3) AT
Abe} Aol 71993t o] A oA p53 P PCNAS] FF8
ste} #Hste] FF T AAET .

At 2

“o] =R A et 200435 wBlATA Y 9sto

3188

1. Courdavault, S., C. Baudouin, M. Charveron, B. Canguithem,
A. Favier, ]. Cadet and T. Doukia. 2005. Repair of the
three main types of bipyrimidine DNA photoproducts in
human keratinocytes exposed to UVB and UVA
radiations. DNA Repair 4, 836-844.

2. D'Errico, M., T. Lemma, A. Calcagnile, L. P. De Santis and
E. Dogliotti. 2006. Cell type and DNA damage specific re-
sponse of human skin cells to environmental agents.
Mutat. Res. in press.

3. Dashwood, R. and D. Guo. 1993. Antimutagenic potency
of chlorophyllin in the Salmonella assay and its correlation
with binding constants of mutagen-inhibitors complex.
Environ. Mol. Mutagenesis 22, 164-171.

4. El-Deiry, W. S. 1998. Review: The p53 pathway and cancer
therapy. The Cancer ]. 11, 229-236.

5. Fotedar, R., M. Bendjennat and A. Fotedar. 2004. Role of
p2IWAF1 in the cellular response to UV. Cell Cycle 3,
134-139.

6. Guengerich, F. . 1989. Roles of cytochrome P-450 en-
zymes in chemical cacinogenesis and cancer chemotherapy.
Cancer Res. 48, 2946-2954.

7. Hayatsu, H, N. Inada, T. Kakutani, S. Arimoto, T.
Negishi, K. Mori, T. Okuda and I Sakata. 1992.
Suppression of genotoxicity of carcinogens by (-)-epi-
gallocatechin gallate. Prevent. Med. 21, 370-376.

8. Hwang, S. ], J. S. Lee, B. H. Jeon, W. S. Kim, E. R. Woo
and J. K. Park-2002. Extracts of Caesalpina sappan L poten-



10.

11.

12.

13.

14.

15.

16.

tiate the apoptosis of NIH3T3 cells exposed to MMS. Kor.
J. Life Sci. 12, 182-187.

. Hwang, 5. ], ]. Y. Cha, 5. G. Park, G. ]. Joe, H. M. Kim,

H. B. Moon, S. J. Jeong, ]. S. Lee, D. H. Shin, S. R. Ko and
J. K. Park. 2002. Diol and triol type ginseng saponins po-
tentiate the apoptosis of NIH3T3 cells exposed to MMS.
Toxicol. Appl. Pharmacol. 181, 192-202.

Ichihashi, M. M. Ueda, A. Budiyanto, T. Bito, M. Oka, M.
Fukunaga, K. Tsuru and T. Horikawa. 2003. UV-induced
skin damage. Toxicology 189, 21-39.

Kadekaro, A. L., R. ]. Kavanagh, K. Wakamatsu, S. Ito, M.
A. Pipitone and Z. A. Abdel-Malek. 2003. Cutaneous
photobiology. The melanocyte vs. the sun: Who will win
the final round? Pigment Cell Res. 16, 434-447.
Kawagishi, N., Y. Hashimoto, H. Takahashi, A. Ishida-
Yamamoto and H. lizuka. 1998. Epidermal cell kinetics of
pig skin in vivo following UVB is enhanced in hyper-
proliferative skin condition. . Dermatol. Sci. 18, 43-53.
Kim, D. Y, E. H. Hwang and ]. K. Park. 2005, Effect of
Rhus verniflua Stokes extract and fisetin on UVB-induced
apoptosis in NIH3T3 cells. Kor. |. Life Sci. 15, 141-146.
Li, Y., M. Chopp, C. Powers and N. Jiang. 1997. Apoptosis
and protein expression after focal cerebral ischemia in rat.
Brain Res. 765, 301-312.

Mallikarjuna, G., S. Dhanalakshmi, R. P. Singh, C. Agarwal

and R. Agarwal. 2004. Silibinin protects against photo-
carcinogenesis via modulation of cell cycle regulators, mi-
togen-activated protein kinases, and Akt signaling. Cancer
Res. 64, 6349-6356.

Matsumura, Y. and H. N. Ananthaswamy. 2004. Toxic ef-
fects of ultraviolet radiation on the skin. Toxicol. Appl.
Pharmacol. 195, 298-308.

17.

18.

19.

20.

21

22,

23.

24,

25.

Journal of Life Science 2007, Vol. 17. No. 1 69

McGowan, C. H. and P. Russell. 2004. The DNA damage
response: sensing and signaling. Curr. Opin. Cell Biol. 16,
629-633.

Ouhtit, A, H. K. Muller, D. W. Davis, S. E. Ullrich, D.
McConkey and H. N. Ananthaswamy. 2000. Temporal
events in skin injury and the early adaptive responses in
ultraviolet-irradiated mouse skin. Am. J. Pathol. 156, 201-
207.

Read, M. A. 1995. Flavonoids: naturally occurring anti-in-
flammatory agent. Am. ]. Pathol. 147, 235-237.

Renton, A, S. Llanos and X. Lu, 2003. Hypoxia induces
p53 through a pathway distinct from most DNA-damag-
ing and stress-inducing agents. Carcinogenesis 24, 1177-
1182.

Sawyer, D. E., Mercer, B. G,, Wiklendt, A. M. and Aitken,
R. J. 2003. Quantitative analysis of gene-specific DNA
damage in human spermatozoa. Mutataion Res. 529, 21-34.
Szu ts1, D., C. Christov, L. Kitching and T. Krude. 2005.
Distinct populations of human PCNA are required for ini-
tiation of chromosomal DNA replication and concurrent
DNA repair. Exp. Cell Res. 311, 240-250.

Wu, C. H. and G. C. Yen. 2004. Antigentoxic properties of
Cassia tea (Cassia tora L.): Mechanism of action and the in-
fluence of roasting process. Life Science 76, 85-101.

Xu, J. and Morris, G. F. 1999. p33-mediated regulation of
proliferating cell nuclear antigen expression in cells ex-
posed to ionizing radiation. Mol. Cell. Biology. 19, 12-20.
Yen, G. C, D. Y. Chuang and C. H. Wu. 2002. Free radi-
cals in foods: Chemistry, nutrition and health effects. In:
Morello, M. ], E. Shahidi, and C. T. Ho (Eds), ACS
Symposium Series No. 807, Washington DC, pp. 201-212.



