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Abstract

An aqueous extract of Kefir, fermented milk originally produced in the Caucasus mountains, suppressed morpho-
logical changes of human melanoma HMV-1 and SK-MEL cells and human normal fibroblast TIG-1 cells caused
by UVC-irradiation, suggesting that UV damage can be suppressed by the Kefir extract. The addition of the Kefir
extract after UVC-irradiation of HVM-1 cells resulted in a remarkable decrease in intracellular reactive oxygen
species (ROS) which had been increased by UVC irradiation. The Kefir extract also stimulated unscheduled DNA
synthesis and suppressed UVC-induced apoptosis of HMV-1 cells. A colony formation assay revealed that the
Kefir extract rescued HMV-1 cells from cell death caused by UVC irradiation. The Kefir extract, as well as methyl
methanethiosulfonate which is known to enhance the nucleotide excision repair (NER) activity, exhibited strong
thymine dimer repair-enhancing activity. Epigalocatechin exhibited a weak NER activity but vitamins A, C, and E
and catechin showed no NER activity. The thymine dimer repair-enhancing factors in the Kefir extract were heat-
stable and assumed to be molecules with a molecular weight of less than 5000. The treatment of HMV-1 cells with
the Kefir extract during or before UVC- irradiation also prevented the generation of ROS and thymine dimmer, and
suppressed the apoptosis of HMV-1 cells, suggesting that application of Kefir can prevent UV damage.

Abbreviations: BrdU, bromodeoxyuridine; DCFH-DA, 2′,7′-dichlorofluorescin-diacetate; DSB, double strand
break; FBS, fetal bovine serum; HBSS, Hanks’ balanced salt solution; MMTS, methyl methanethiosufonate; NER,
nucleotide excision repair; ROS, reactive oxygen species; UDS, unscheduled DNA synthesis; UV, ultraviolet ray.

Introduction

Ultraviolet ray (UV) is categorized into three regions,
UVA, UVB and UVC. UVA has a wavelength range
from 320–400 nm and forms about 90% of solar ul-
traviolet radiation. UVB has a wavelength range of
290–320 nm, and forms about 10% of solar ultraviolet
radiation. UVC is in the 190–290 nm wavelength re-
gion. UVA generates reactive oxygen species (ROS)
such as 1O2, O−

2 , H2O2 and ·OH, which cause ox-

idative DNA damage (Fu et al., 2000). ROS cause
structural alterations in the chromosomal DNA such
as base pair mutations, rearrangement, and deletions
(Wiseman et al., 1994). Unrepaired oxidative DNA
damage results in genetic mutation, cell death or cellu-
lar carcinogenesis. ROS can also modulate the activity
of proteins and genes that respond to stress, and reg-
ulate the genes that are related to cell proliferation,
differentiation, and apoptosis. The base excision repair
(BER) system recognizes and repairs oxidative dam-
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aged chromosomal DNA (Nyaga and Lloyd, 2000;
Garcia et al., 2000; Mitra et al., 2001).

UVB directly produces several kinds of photo-
products in DNA in addition to indirect oxidative
DNA damage (Ravanat et al., 2001). The major pho-
toproducts in DNA induced by UV are pyrimidine
dimers, especially thymine dimmers (You et al., 2001).
Pyrimidine dimers are generated by a photochemical
cycloaddition between adjacent pyrimidines, leading
to covalently linked bases and altered DNA conform-
ation. This structural change is recognized by cellular
enzymes and is corrected via the nucleotide excision
repair (NER) pathway (Cleaver and Crowley, 2002).
NER is the repair-system that removes a wide range of
DNA-damage including UV-induced thymine dimers
and modification induced by chemical substances. De-
fects in the NER system can result in skin cancer
(Venema et al., 1991; Sancar et al., 1996).

UVC acts on biological systems in basically the
same manner as UVA and UVB, but UVC causes more
serious damage because the light’s energy is greater
(Petitfrere et al., 1996; Heo et al., 2001). Since UVC
is blocked by the ozone layer, it does not usually reach
the earth’s surface. However, ongoing environmental
pollution, the appearance of a large ozone hole above
the South Pole, and the thinning ozone layer above
Australia and New Zealand have resulted in increased
UV damage by UVB or even by UVC, which might
increase the incidence of skin cancer.

DNA damage induced by UV-irradiation is re-
paired by the DNA repair systems. The p53 pathway
recognizes DNA damage, chromosomal aberration,
and DNA breakage, inducing the G1 arrest to enhance
DNA repair. However, on severe DNA damage, it
triggers apoptosis to prevent the proliferation of DNA-
damaged cells (Amundson et al., 1998). Mutations
that are not repaired by the DNA-repair systems or re-
moved by apoptosis, permanently alter DNA to induce
cancer or many other diseases.

The search for DNA repair enhancing factors and
ROS scavenging factors is important for finding agents
that can suppress cancer or other diseases. It is known
that various types of inhibitors that act against muta-
gens and carcinogens exist in our daily food, and are
believed to have important roles in reducing the risk
of mutagenesis and carcinogenesis in humans. Two
main chemical groups of inhibitors against various
mutagens, desmutagens and bio-antimutagens, have
been identified based on their mode of action (Kada
et al., 1987). Desmutagens are substances that directly
deactivate mutagens before they damage DNA. Bio-

antimutagens are substances that reduce mutation by
enhancing DNA-repair activity or by inhibiting DNA
replication in DNA-damaged cells.

DNA-repair enhancing factors in foods would be
beneficial in preventing cancer and many other dis-
eases. However, only a few substances have been
reported to have this ability, including S-methyl
methanethiosufonate (MMTS) from cauliflower (Na-
kamura et al., 1996, 1998), epigallocatechin (Shimoi
et al., 1986) and gallocatechin (Matsuo et al., 1994).
Kefir is a fermented milk drink, originally produced in
the Caucasus Mountains, that is known to have numer-
ous benefits including an anti-cancer effect (Shiomi
et al., 1982; Kubo et al., 1992), an immunopoten-
tiative effect (Murofushi et al., 1986; Osada et al.,
1994; Thoreux and Schmucker, 2001), an anti-stress
effect (Kabayama et al., 1997), an anti-diabetes ef-
fect (Teruya et al., in press) and a probiotics/prebiotics
effect (Zubillaga et al., 2001). Kefir contains unique
products derived from a very complex fermentation
process with more than 30 kinds of lactic acid bac-
teria, acetic acid bacteria and yeasts agglutinated with
polysaccharides. Many polysaccharides isolated from
fungi, lichen, yeast and bacteria are known to have
inhibitory effects on tumor growth (Murofushi et al.,
1986; Pool-Zobel et al., 1993).

Here we report that the Kefir aqueous extract con-
tains active substances that can efficiently scavenge
UVC-induced intracellular ROS, stimulate thymine
dimer repair and rescue UV-damaged cells from ap-
optosis.

Materials and methods

Reagent

Vitamin C (ascorbic acid) (Wako Pure Chemicals,
Tokyo), (+)-catechin (Sigma, St. Louis, MO, U.S.A.),
and (–)-epigallocatechin (Sigma, St. Louis, MO,
U.S.A.) were dissolved in a phosphated buffered saline
(PBS) solution and diluted in F12 medium imme-
diately before use. Vitamin A (retinal) (Wako Pure
Chemicals, Tokyo), vitamin E (α-tocopherol) (Wako
Pure Chemicals, Tokyo), vitamin K3 (2-methyl-1, 4-
naphthoquinone), and MMTS (Sigma, St. Louis, MO,
U.S.A.) were dissolved in ethanol and diluted in F12
medium before use.
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Cells and cell culture

A human melanoma cell line HMV-1 was provided by
the RIKEN Cell Bank (HeLa contamination was indic-
ated by RIKEN). Human normal fibroblast TIG-1 cells
and human melanoma SK-MEL cells were obtained
from the Japan Cell Resources Bank (JCRB). HMV-1
and SK-MEL cells were cultured in Ham’s F12 me-
dium (Nissui, Tokyo) supplemented with 10% fetal
bovine serum (FBS) under an atmosphere of 5% CO2
at 37 ◦C. TIG-1 cells were cultured in Ham’s MEM
medium (Nissui, Tokyo) supplemented with 10% FBS
under an atmosphere of 5% CO2 at 37 ◦C.

Preparation of the Kefran-Kefir aqueous extract

Four grams of Kefram–Kefir™ powder, supplied by
Nihon Kefir Co. Ltd., Fujisawa, Japan, was dissolved
in 20 ml ultra pure water and centrifuged at 12 000 rpm
for 2 h to remove the insoluble fraction. The su-
pernatant fluid was filtered with a 0.2 µm filter and
used as the Kefram–Kefir aqueous extract sample. The
weight of solutes in the sample was determined after
lyophilization. The aqueous extract was diluted in F12
medium supplemented with 10% FBS to give a fi-
nal concentration of 9.6 mg ml−1. The Kefir aqueous
extract (13.9 mg ml−1) was fractionated in two frac-
tions (>5000 and <5000 molecular weight) using a
Sephadex G-25 column (NAP-5 column, Pharmacia).

UVC-irradiation

The source of UVC was a National 15 W germicidal
lamp (National GL-15) capable of delivering radiation
at a wavelength of 254 nm. The distance from the
cells to the source was 30 cm. The energy of the UV
irradiation was determined by a UV intensity meter.

Detection of the redox state in cultured animal cells

HMV-1 cells (5.0 × 105 cells) were seeded in a 35 mm
culture dish and cultivated overnight. The cells were
then UV-irradiated at 60 J m−2, washed with PBS and
incubated with the Kefir extract in a fresh medium for
5–10 min. After washing twice with Hanks’ Balanced
Salt Solution (HBSS), the cells were incubated with
0.25 µM 2′, 7′-dichlorofluorescin-diacetate (DCFH-
DA) in HBSS for 3 min at room temperature. After
washing twice with HBSS, fluorescence images were
observed using con-focal laser scanning microscopy
(Molecular dynamics, U.S.A.) (Shen et al., 1996).

Measurement of unscheduled DNA synthesis (UDS)

A cell-proliferation assay (Amersham Pharmacia Bi-
otech, Buckinghamshire, England) was used to meas-
ure unscheduled DNA synthesis (UDS) (Anna et al.,
1994). UDS was detected by measuring the incor-
poration of bromodeoxyuridine (BrdU) in the DNA
using a peroxidase-labeled anti-BrdU specific anti-
body. HMV-1 cells (2 × 104 cells) were seeded in
96 well microtiter plates and cultured overnight in
Ham’s MEM medium supplemented with 10% FBS.
To measure UDS, HMV-1 cells were cultured in the
medium containing no thymidine. Cells were UV-
irradiated with 15 J m−2, washed with PBS, and in-
cubated for 1–24 h in a fresh 100 µl labeling medium
containing 10 µm BrdU and the Kefir extract. The
cells were treated with 50 mM hydroxyurea (Wako,
Tokyo) to minimize replication of DNA as a result of
cell division. After removing the labeling medium, the
cells were treated for 30 min with a fixative solution
at room temperature. After removing the fixative solu-
tion, cells were incubated for 30 min at room temper-
ature in a blocking buffer (50 mM Tris-HCl; 50 mM
NaCl, pH 7.4), which contained 1% protein. After re-
moving the blocking buffer, the cells were incubated
in a peroxidase-labeled anti-BrdU working solution
for 2.5 h at room temperature. Following the removal
of this working solution, cells were washed three
times with a washing solution. The cells were then
incubated for 30 min at room temperature with 3,3′,5,
5′-tetramethylbenzidine (TMB) substrate. The color-
ing reactions were determined by an ELISA reader at
450 nm after adding 25 µl of 1 M H2SO4/well. The
enhanced UDS rate was evaluated as a percentage of
the increment of the color values measured 1–24 h
after UV-irradiation against the value for the control
cells with no UV-irradiation.

Detection of apoptosis

To detect apoptosis we used an apoptosis detec-
tion system, fluorescence kit (Promega, Madison,
WI, U.S.A.). Apoptotic cells were detected by
the TUNEL (terminal deoxynucleotidyltransferase-
mediated, dUTP-incorporated nick end labeling)
method, which detects the 3′-OH end of chromosomal
DNA breakage generated by apoptosis (Gavrieli et al.,
1992). HMV-1 (2 × 105 cells) cells were seeded on
chamber slides (Nunc, Tokyo) and cultured overnight
in F12 medium supplemented with 10% FBS. Cells
were UV-irradiated with 60 J m−2, washed with PBS,
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Figure 1. Suppressive effect of the Kefir extract on UVC-induced morphological changes of human melanoma HMV-1 cells and SK-MEL cells
and human normal fibroblast TIG-1 cells. (a) HMV-1 cells (1.0 × 106 cells) UV-irradiated with 60 J m−2 and incubated with the Kefir extract
(9.6 mg ml−1) for 5 h. (b) SK-MEL cells (1 × 106 cells) irradiated with 60 J m−2 and incubated with the Kefir extract (19.2 mg ml−1) for 48 h.
(c) TIG-1 cells (1.0 × 106 cells) UV-irradiated with 60 J m−2 and incubated with the Kefir extract (19.2 mg ml−1) for 48 h. All experiments
were triplicated independently and a representative is shown.
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and incubated for 5 h in a culture medium contain-
ing the Kefir extract. The cells were then fixed with
4% formalin overnight at 4◦C. The cells were washed
twice for 5 min with PBS and blocked with 0.2%
TritonX-100/PBS for 5 min on ice. The cells were
then pretreated for 5 min with an equilibration buffer.
After removing the equilibration buffer, the cells were
incubated in a reactive buffer (equilibration buffer,
Nucleotide Mix and terminal deoxynucleotidyl trans-
ferase (TdT) enzyme) at room temperature for 70 min.
The cells were then exposed to 2 × SSC at room tem-
perature for 15 min. After removing the 2 × SSC,
the cells were washed twice with PBS. Images were
captured using con-focal laser scanning microscopy
(excitation at 513 nm, emission at 535 nm) (Molecular
Dynamics, U.S.A.).

Detection of the colony forming ability

HMV-1 cells were seeded in a 60 mm culture dish and
cultured overnight. The cells were then UV-irradiated
with 4.6, 6.9, 6.9, 9.2, 11.5, and 13.8 J m−2 and
washed with PBS. The cells were incubated for 5 h
in a culture medium containing the Kefir extract. The
cells (1 × 103 cells) were then seeded in a 24 well mi-
crotiter plate and cultured in fresh medium for 1 week.
After washing with PBS, the cells were fixed with
methanol for 5 min. After removing the methanol, the
cells were air-dried and stained with Giemsa solution
for 10 min. After removing the Giemsa solution, the
cells were washed with distilled water and air-dried.
The number of colonies were counted and the colony
formation ratio was calculated as a percentage of the
control (Kasten et al., 1995, 1997).

Detection of thymine dimer

HMV-1 cells (2.0 × 105 cells) were seeded on cham-
ber slides (Nunc, Tokyo) and cultured overnight in
F12 medium supplemented with 10% FBS. Cells were
UV-irradiated with 60 J m−2, washed with PBS and
incubated in fresh medium with the Kefir extract for
2–4 h. The cells were then fixed overnight with 4%
formalin. The cells were washed twice with PBS and
blocked for 2 h with 0.1% TritonX-100/3% FBS/PBS.
Next, the cells were incubated for 2 h at room tem-
perature with a 1/100 dilution of the mouse mono-
clonal antibody anti-thymine dimer (KYOWA, Tokyo)
in 0.1% TritonX-100/3% FBS/PBS (Koji et al., 1990;
Razzaque et al., 1994). The cells were washed twice
with PBS and incubated for 2 h at room temperature
in the dark with a 1/200 dilution of affinity-isolated

Figure 2. Enhancement of UDS by the Kefir extract. HMV-1 cells
(2.0 × 104 cells/well) were UV-irradiated with 15 J m−2 in a
96-well microplate and incubated with BrdU and the Kefir extract
(9.6 mg ml−1) for 1–24 h. UDS was determined by using the im-
munoblot assay. All experiments were triplicated independently and
the standard error bars were shown in the figure.

goat anti- (mouse immunoglobulins) gamma and light
chains human IgG absorbed fluorescein conjugate
(BIOSOURCE) in 0.1% TritonX-100/3% FBS/PBS.
After washing three times with PBS, images were cap-
tured using a fluorescence microscope (OLYMPUS,
Tokyo).

Results

Suppressive effect of the Kefir extract on
morphological changes of animal cells caused by
UVC irradiation

UVC-irradiation causes morphological changes and
apoptosis in animal cells. As shown in Figure 1, hu-
man melanoma HMV-1 and SK-MEL cells and human
normal fibroblast TIG-1 cells were all morphologic-
ally changed 5 h after UV-irradiation. However, the
addition of the Kefir extract after UVC-irradiation
significantly reduced these morphological changes,
suggesting that the Kefir extract contains active sub-
stances which could protect cells from UV damage.

Scavenging effect of the Kefir extract on
UVC-induced intracellular ROS

DCFH-DA is commonly used to detect intracellular
ROS, especially accumulated intracellular hydrogen
peroxide. UVC-irradiation generated a remarkable
amount of ROS in HMV-1 cells (data not shown).
The level of intracellular ROS rose considerably im-
mediately after UVC irradiation and then decreased to
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Figure 3. Suppression of UV irradiation-induced apoptosis in HMV-1 cells by the Kefir extract (9.6 mg ml−1). HMV-1 cells (2.0 × 105 cells)
were UV-irradiated with 60 J m−2 and incubated with the Kefir extract for 5 h. Apoptotic cells were detected using immunoblot assays. All
experiments were triplicated independently and a representative is shown.

60% after 5 min. However, the high oxidative state
was maintained even after 10 min. On the other hand,
the addition of the Kefir extract after UVC irradiation
resulted in a rapid reduction of the level of intracellu-
lar ROS to 20% after 5 min and to approximately 0%
after 10 min, the level before UVC irradiation. These
result suggest that the Kefir extract contains potent
antioxidants which effectively scavenge intracellular
ROS.

Enhancement of UDS by the Kefir extract

Scheduled DNA synthesis designates normal replica-
tion of DNA for cell division whereas UDS reflects
DNA synthesis for repair of damaged DNA. After
UVC irradiation, UDS was enhanced in HMV-1 cells
time-dependently by 32, 38 and 45%, 1, 2 and 4 h
after UVC-irradiation, respectively (Figure 2). UDS in
HMV-1 cells which were treated with the Kefir extract
after UVC irradiation was enhanced by 62, 60 and
62%, 1, 2 and 4 h after UVC-irradiation, respectively.
These results suggest that the Kefir extract contains
DNA repair enhancing substances.

Suppression of apoptosis by the Kefir extract

Since UVC-irradiated cells undergo apoptosis we ex-
amined the ability of the Kefir extract to rescue UVC-
irradiated cells from apoptosis. Apoptosis was iden-
tified by the TUNNEL method in which 3′-OH ter-
minals of fragmented DNA were detected. As shown
in Figure 3, apoptosis of the UVC-irradiated HMV-1
cells was drastically suppressed after 5 h by the ad-
dition of the Kefir extract. The suppressive effect of
the Kefir extract was observed dose-dependently in a
concentration of more than 900 µg ml−1.

Enhanced colony formation of UVC-damaged HMV-1
cells by the Kefir extract

UV damage causes growth inhibition and apoptosis in
animal cells. In order to examine if the Kefir extract
can completely rescue animal cells from UV-induced
cell death, the effect of the Kefir extract on the colony
formation ability of UV-irradiated HMV-1 cells was
examined. As shown in Figure 4, the colony formation
ratio for HMV-1 cells decreased depending upon the
intensity of UVC-irradiation. However, the addition of
the Kefir extract after UVC-irradiation, significantly
increased the colony formation ratio to 11%, whereas
for the non-treated cells it was 0.14% when UVC
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Figure 4. Enhanced colony formation of UV-damaged HMV-1
cells using the Kefir extract. HMV-1 cells (5.0 × 105 cells) were
UV-irradiated with 4.6, 6.9, 6.9, 9.2, 11.5, 13.8 J m−2 and then
incubated with the Kefir extract (9.6 mg ml−1) for 5 h. The
UV-irradiated cells were seeded at 1.0 × 103 cells in each well of a
24 well microtiter plate and cultured for 1 week. Solid line, control;
broken line, the treatment with the Kefir extract. All experiments
were triplicated independently. The standard error bars are shown in
the figure.

of 13.8 J m−2 was irradiated. These results demon-
strate that HMV-1 cells rescued from UVC-induced
apoptosis proliferate to form colonies.

Enhancement of the thymine dimer excision repair
pathway by the Kefir extract

The rapid increase of UDS by treatment with the
Kefir extract suggests that the NER system in UVC-
irradiated HMV-1 cells was enhanced by the Kefir
extract. UVC-irradiation generates thymine dimers in
DNA. We examined the effect of the Kefir extract
on the UVC-induced thymine dimer formation, which
is the main cause of cell death by UVC irradiation.
Thymine dimers were detected by immunostaining
using an anti-thymine dimer antibody. As shown in
Figure 5, a number of thymine dimers were formed
in HMV-1 cells upon UVC irradiation and this number
did not decrease significantly after 2 and 4 h. However,
the addition of the Kefir extract after UVC irradi-
ation resulted in a remarkable decrease in the number
of thymine dimers, suggesting that the Kefir extract
contains active substances which enhance the thymine
dimer excision repair pathway.

We compared the effect of the Kefir extract on the
UVC-induced thymine dimer formation to those of
other antioxidants (vitamin A, C, E, K, catechin, and
epigallocatechin) and MMTS that are known to en-
hance DNA repair activity (Table 1). The Kefir extract
dose-dependently stimulated thymine dimer excision

Table 1. Effects of various antioxidants and the Kefir extract on the
thymine dimer repair in the UVC-irradiated HMV-1 cells

Antioxidants Concentration Stimulation of

(µg ml−1) thymine dimer repair

Vitamin A 10 ±
Vitamin C 500 ±
Vitamin E 1 ±
Vitamin K 1 ±
Catechin 14500 ±
Epigallocatechin 15300 +

Methyl methane 10 +++

thiosulfonate

Kefir extract 21000 +++

14000 +++

7000 +++

3500 +++

1800 +++

900 +

450 ±
0 ±

HMV-1 cells were irradiated with UVC (60 J m−2) and formed
thymine dimers were detected by immunostain using anti-thymine
dimer antibody. The suppressive effects of various antioxidants and
the Kefir extract on the formation of thymine dimers were evaluated
by measuring the fluorescence intensity using a confocal micro-
scope.
±, Less than 10% of suppressive effect; +, 10–30% of suppressive
effect; ++, 30–50% of suppressive effect; +++, more than 50% of
suppressive effect.

repair in UVC-irradiated HMV-1 cells in a concen-
tration of more than 900 µg ml−1 as well as MMTS,
whereas, epigallocatechin exhibited a weak enhancing
effect at 15 300 µg ml−1. However, Vitamins A, C,
E, and K (Vervoort et al., 1997; Rhodes et al., 2000)
and catechin did not exhibit detectable thymine dim-
mer repair-enhancing activity in the concentrations at
which their anti-oxidative effects were expected from
references, suggesting that anti-oxidative activity is
not necessarily related to the DNA repair-enhancing
activity.

To characterize DNA repair-enhancing substances
in the Kefir extract, two fractions with molecu-
lar weights of more than 5000 and less than 5000
were tested (Table 2). The thymine dimmer repair-
enhancing activity of the Kefir extract was detected
in the fraction of molecular weight of less than 5000.
The active substances in the fraction were heat stable,
as demonstrated by the fact that the thymine dimer
repair-enhancing activity was not lost by autoclaving.
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Figure 5. Enhancing effect of the thymine dimer excision repair pathway by the Kefir extract. HMV-1 cells (2.0 × 105 cells) were UV-irradiated
with 60 J m−2 and incubated with the Kefir extract (9.6 mg ml−1) for 2–4 h. Thymine dimers were detected by immunoblot assays. All
experiments were triplicated independently and a representative is shown.

Suppression of UVC damage in HMV-1 cells by the
addition of the Kefir extract during UVC irradiation

UV-cut cosmetics are known to contain UV-absorbing
materials which protect the skin from UV damage. In
order to examine if the Kefir extract has a similar ef-
fect, HMV-1 cells were treated with the Kefir extract
only during UVC-irradiation. The intracellular ROS in
untreated cells increased significantly with UVC irra-
diation. However, treatment of HMV-1 cells with the

Kefir extract for 1 min during UVC-irradiation resul-
ted in a remarkable suppression of intracellular ROS
generation (data not shown). The redox state of the
HMV-1 cells treated with the Kefir extract shifted to a
more reduced state than that of the control cells, even
after UVC-irradiation. This suggests that the Kefir ex-
tract can scavenge intracellular ROS generated by the
normal respiration activity of cells. Thymine dimer
formation in HMV-1 cells treated with the Kefir extract
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Table 2. Characterization of active substances in the Kefir extract on the thymine
dimer repair in UV-irradiated HMV-1 cells

Sample Stimulation of

thymine dimer repair

Kefir extract +++

Kefir extract with M.W.a of more than 5000 ±
Kefir extract with M.W. of less than 5000 +++

Autoclaved Kefir extract +++

Autoclaved Kefir extract with M.W. of more than 5000 ±
Autoclaved Kefir extract with M.W. of less than 5000 +++

The Kefir extract (13.9 mg ml−1) was gel-filtrated using a Sephadex G-25 column
and two fractions with molecular weights of more than 6000 and less than 5000
were obtained. The Kefir extract and the gel-filtrated fractions were autoclaved. The
meaning of ± and +++ was described in the legend of Table 1.
a M.W. = molecular weight.

during UVC-irradiation was considerably reduced 5 h
after UVC-irradiation, compared to the control (Fig-
ure 6a). The apoptosis of HMV-1 cells treated with
the Kefir extract during UV-irradiation was also sup-
pressed 5 h after UV-irradiation (Figure 6b). Since the
Kefir extract exhibited UV absorption of which the
peak was at 280 nm (data not shown), the protective
effect of the Kefir extract from UV damage may be
attributed to its UV absorption effect.

Next, HMV-1 cells were pretreated with the Kefir
extract for 5 h before the UVC-irradiation. Pretreat-
ment of HMV-1 cells with the Kefir extract before
UVC-irradiation resulted in a notable suppression of
intracellular ROS generation (data not shown). Ana-
lysis of the intracellular ROS level revealed that pre-
treatment with the Kefir extract kept cells to a more
reductive state than control cells, even after UVC-
irradiation. The thymine dimer formation in HMV-1
cells pretreated with the Kefir extract was also notably
reduced, compared with the control, 5 h after UV-
irradiation (Figure 6c). The apoptosis of HMV-1 cells
pretreated with the Kefir extract was also suppressed,
compared to the control, 5 h after UVC-irradiation
(Figure 6d).

Discussion

Since UVC has high energy, it increases the intra-
cellular ROS level and causes oxidative base damage
in DNA like the formation of 8-OH guanin (Dob-
son et al., 2000). Furthermore, UVC directly pro-
duces photoproducts like cyclobutanepyrimidine dim-
mers and (6–4) photoproducts and inhibits DNA and

RNA synthesis (Petitfrere et al., 1996; Perdiz et al.,
2000). This DNA damage results in apoptosis. Ap-
optotic cells exhibit morphological changes. Actu-
ally, UVC-irradiated human cultured cells exhibited
morphological changes, remarkable elevation of in-
tracellular ROS, an increase of UDS, an increase of
thymine dimmer, an increased number of apoptotic
cells and a decrease in colony formation ability. The
Kefir aqueous extract which was added after UVC
irradiation suppressed the morphological changes in
human melanoma HMV-1 and SK-MEL cells and hu-
man normal fibroblast TIG-1 cells, suggesting that
the Kefir aqueous extract contained active substances
which could suppress apoptosis by UVC irradiation,
irrespective of cell type.

UVC-irradiated HMV-1 cells exhibited an ex-
tremely high level of intracellular ROS which was
maintained even 10 min after UVC irradiation. This
meant that the cells were continuously exposed to
a high risk of oxidative stress, mainly by accumu-
lated intracellular H2O2, even after UVC irradiation.
However, the addition of the Kefir extract after UVC
irradiation resulted in a rapid decrease in intracellular
ROS level. The UVC-irradiated cells recovered to as
low an intracellular level as the non UVC-irradiated
cells, 10 min after UVC irradiation. These results
suggest several mechanisms, one of which is that
the Kefir components directly scavenged intracellular
ROS after incorporation into cells or on the outside
of the cells. Another possible mechanism is that the
Kefir extract stimulates the ROS scavenging enzymes
such as superoxide dismutase and catalyse. Although
Kefir contains strong antioxidants effective in vivo, the
chemical structures of the antioxidants in Kefir have
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Figure 6. Suppression of UVC damage to HMV-1 cells by the addition of the Kefir extract during or before UVC irradiation. (a) and (b):
HMV-1 cells (2.0 × 105 cells) were UVC-irradiated with 60 J m−2 in the absence or presence of the Kefir extract (9.6 mg ml−1). Cells were
washed to remove the Kefir extract and then cultured for 5 h. Thymine dimmers (a) and apoptotic cells (b) were detected using an immunoblot
assay. (c) and (d): HMV-1 cells (2.0 × 105 cells) were pretreated with the Kefir extract (9.6 mg ml−1). Cells were washed to remove the
Kefir extract, UVC-irradiated with 60 J m−2, and then cultured for 5 h. Thymine dimmers (c) and apoptotic cells (d) were detected using an
immunoblot assay. All experiments were triplicated independently and a representative is shown.



135

not been reported (Kubow and Fotouhinia, 2001). The
antioxidants in the Kefir extract may be grouped into
desmutagens in foods, because they can scavenge ROS
as mutagens before ROS damage DNA.

UV-irradiated cells exhibited elevated levels of
UDS because the DNA repair systems were activated
(Dell’Orco and Anderson, 1981; Ceaver et al., 1999).
In addition to the rapid scavenging effect of intracel-
lular ROS, the Kefir extract elevated the UDS level
of UVC-irradiated HMV-1 cells, suggesting that the
Kefir extract contained DNA repair-enhancing sub-
stances. In fact, the Kefir extract stimulated the thym-
ine dimmer excision repair activity, suppressed the
apoptosis of UVC-irradiated cells and increased the
colony formation ratio of the UVC-irradiated cells.
These results suggest that the Kefir extract activ-
ates the DNA repair systems and DNA damage in
the UVC-irradiated cells is repaired to the extend to
which cells can pass through the p53 DNA check
point without triggering apoptosis. The DNA repair-
enhancing substances in the Kefir may be grouped into
bio-antimutagens in foods, because they can reduce
mutation by enhancing the DNA-repair activity.

DNA repair-enhancing substances will be effective
for the prevention of cancer and other many dis-
eases. However, only a few substances have so far
been reported to have this DNA repair-enhancing abil-
ity. Many antioxidants have only the ROS-scavenging
ability and not the DNA repair-enhancing ability.
MMTS found in cauliflower directly or indirectly ac-
tivated the NER by modulating the SH enzyme activit-
ies (Nakamura et al., 1996, 1997, 1998). Epigallocat-
echin suppresses UVC-induced mutagenesis of E. coli
based on the promotion of the excision repair system
(Shimoi et al., 1986). Gallocatechin activates the DNA
repair activity by suppressing the cell cycle irrespect-
ive of its antioxidant activity (Matsuo et al., 1994).
Emodin, which is contained in aloe and R. japonicus
Houtt, a plant indigenous to Okinawa, enhances the
NER of UV- and cisplatin-induced DNA damage in
human cells (Chang et al., 1999) Emodin up-regulates
the expression of ERCC1 among the NER complex
and increases calcium influx.

The Kefir extract exhibited a strong thymine dim-
mer excision repair-enhancing activity as well as
MMTS (Table 1). Epigallocatechin exhibited a weak
activity but not vitamins A, C, E, and K or cat-
echin. These antioxidants can suppress UV-induced
cell damage by scavenging intracellular ROS (Blume
and Teichmueller, 1999). These results suggested that
the DNA repair-enhancing activity is not related to

the antioxidant activity. It is suggested that the DNA
repair-enhancing substances in the Kefir extract have
a molecular weight of less than 5000 and are stable
against autoclaving.

By the addition of the Kefir extract only for 1 min
during UVC irradiation, elevation of intracellular ROS
level, the formation of thymine dimmer and apoptosis
were remarkably suppressed (Figures 6a and b). Since
the Kefir extract exhibited UV absorption, especially
at 280 nm, it is suggested that the Kefir extract might
protect the cells from UV damage by cutting off UV.
The application of Kefir to cosmetics is anticipated.

Furthermore, the pretreatment of HMV-1 cells with
the Kefir extract for 5 h before UVC irradiation was
also effective in preventing the elevation of intracellu-
lar ROS level, the formation of thymine dimmer, and
apoptotic cell death (Figures 6d and d). These results
suggest that the active substances in the Kefir extract
incorporated into the cells or adhering to the cell mem-
brane before UVC irradiation, may protect the cells
from UV damage by suppressing the generation of
ROS and enhancing the DNA repair systems. Mice or-
ally administrated the Kefir extract for 12 days before
X-ray irradiation at dosages of 0.5 and 1 Gy exhib-
ited significantly suppressed apoptosis of colon cells,
suggesting that the Kefir extract had a radioprotective
effect (Matsuu et al., 2001).

Purification of antioxidants and DNA repair-
enhancing substances in the Kefir extract is ongoing.
Identification of those substances will be beneficial
for developing new foods with the physiological func-
tion of preventing UV damage, irradiation damage and
many diseases like cancer.
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