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Phorbol Ester-induced G1 Arest in BALB/MK-2 Mouse Keratinocytes Is
Mediated by dé and n Isoforms of Rrotein Kinase C
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We investigated the possible negativieegulation of the cell cycle by potein kinase C (PKC) iso-
forms in synchronously gown BALB/MK-2 mouse Kkeratinocytes, in which PKC isoforms wee
overexpressed by using the adenovirus vector Ax. Cells at thelE boundary of the cell cycle
were the most sensitive to the inhibitory effect of ®-tetradecanoylphorbol-13-acetate (PA), a
PKC agonist, resulting in G1 arest. TPA-induced inhibition of DNA synthesis was augmented by
overexpression of the n and & isoforms, butrescued by the dominant-negative and antisensgiso-
forms. In contrast, the a and { isoforms showed no effect on DNA synthesis with or without FA
treatment. Immunoblotting indicated cell cycle-dependent exgssion of then isoform, being high-
est in cells at the G/S boundary. The present study povides evidence that they and & isoforms
of PKC are involved in negativeregulation of cell cycle at the G/S boundary in mouse kerati-
nocytes.
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PKC has been implicated as a key enzyme in the regu?KC family, then isoform is expressed predominantly in
lation of signal transduction pathways of cell growth andepithelial tissues, such as the skin, tongue, esophagus,
differentiation® 2 Agonists of PKC such as TPA stimulate stomach, intestine, trachea and bronchaossitu hybiid-
or inhibit DNA synthesis depending on the cell type andization and immunohistochemical studies of various epi-
the conditions. In epithelial or endothelial cells, PKC ago-thelial tissues showed that timeisoform is localized in
nists inhibitDNA synthesis and cell growf? suggesting differentiated or dferentiating epithelial cells rather than
that under cdain conditons PKC may mediat@hibitory in the proliferating basal cell8.In the skin, it is localized
signaling of cell cycle progression. exclusively in the granular lagewhich is composed of

PKC is a complex family of 10 isoforms, which can be terminally diferentiated keratinocytes with keratohyalin
divided irto three groups based on their structures andyranules.
activation mechanisms; (a) €aPS and DG-dependent In a previous stug we found that thn isoform is acti-
conventional PKCd, I, Bll, andy isoforms); (b) C&- vated to a much greater extent by cholesterol sulfate than
independent novel PK@(€, n, and 6 isoforms); (c) C4 by PS plus phorbol est® In the presence of cholesterol
and DG-independent atypical PK ard A/1 isoforms).  sulfate, phorbol ester only mgnally activated th n iso-

We have cloned the) and 6 isoforms from a cDNA form, suggesting that cholesterol sulfate itself acts as a

library of mouse skif.® Unlike other members of the second messenger foretim isoform We dso demon-
strated that cholesterol sulfate is a transcriptional activator
of transglutaminase¥, a key enzyme for keratinization

— - ; X ; that crosknks precursor proteins ahe cornified enve-

T\AIiD;gzwei?(t)tZﬂ?{ffi/-la?lwliig:\?rlokl(;osilgggite of Life Sciences, Iope_.l“) Cho_lesterol sulfate inhibits tumor promo;ion when

*Present address: Department of Cancer Cell Research, Institu@PPlied topically at the tumor promotion phase in the two-

of Medical Science, University ofokyo, 4-6-1 Shirokanedai, Stage carcinogenesis of mouse sRin.

Minato-ku, Tokyo 108-8639. In the present styd we investigated the possible

5To whom requests for reprints should be addressed. involvement of PKC isoforms in FA-induced growth

The abbreviations used alTP, adenosine 5-triphosphate; DG, jnhibition of synchronously growing BAB/MK-2 kerati-

diacylglycerol; DMSO, dimethylsulfoxide; H& epidermal . . K . )
growth factor; EGA, ethyleneglycol bis(2-aminoethylether)tet- gocytdes, I.nto Whlcr:j the .PKCthéfc_’l_rrT genelsi were ,'(;mo
racetic acid; FCS, fetal calf serum; PKC, protein kinase C; psUUCECd USING an adenovirus € results provide

phosphatidylserine; FA, 12-O-tetradecanoylphorbol-13-acetate; €vidence that the cell cycle machinery in mouse kerati-
SDSPAGE, sodium dodecyl sulfate-polyacrylamide gel electro- nocytes is regulated negatively byt andd isoforms of
phoresis. PKC.
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MATERIALS AND METHODS heim, Germany), IuM ATP and 5 uCi [y-*2PJATP, and
incubated for 10 min at 25°C, followed by SIPAGE on
Cell culture and synchonization BALB/MK-2, a cell ~ 12% gel and autoradiograph
line derived from mouse keratinocytéswas grevn at Immunoblotting Cells were solubilized in standard SDS
37°C in Eagles minimum essential medium (Gibco BRL lysis bufer and bdied d 95°C. Protein extracts were sub-
Life Technologies, Inc., Grand Island, NY) containing ajected to SDFAGE at 8% and blotted onto nitrocellulose
low concentration of calcium (0.05 M), 8% dialyzed membrane filters. After having been blocked with 3% gel-
FCS and 4 g/ml of EGF. BALB/MK-2 cells were syn- atin, the membranes were probed with the respective anti-
chronized in the G/G1 phase by EGF depletion for 3 bodies, followed by treatment with horseradish peroxidase
days andsubsequent stimulation of cell growth by the conjugated with goat anti-rabbit IgG antilyodEnhanced
addition of EGF at 4 gfml.'” The cellswere grown in  chemiluminescence (Du Pont NEN, Boston, MA) was
12-well culture plates, and were sampled at the indicatedised for detection.
time-points for determination of DNA synthesis, sensitiv- Autophosphorylation Cells were solubilized in 0.5%
ity to TPA and expression of the PKC isoforms. Triton-X 100 in an extraction lffer containing 250 il
DNA synthesis and flow cytometry DNA synthesis was sucrose, 2 i EDTA, 0.5 mM EGTA, 50 mM 2-mercap-
determined by measuring the incorporation of [methyl-toettanol, 100 ug/ml leupeptin and 2 M phenylmethyl-
*H]thymidine (1 uCi/ml)(Amersham International, Buck- sulfonyl fluoride. Then isoform was immunoprecipitated
inghamshire, UK) for 2 h. After having been washed threewith anti| antibody and prein A-Sepharose in the
times with phosphate-ffiered saline, the cells were solu- extragion bufer without 2-mercaptoethanol at 4°Che
bilized with 0.5N NaOH and neutralized with il HCI. immunoprecipitate was incubated in g0of an autophos-
Trichloroacetic acid was added at a final concentration ophorylation reaction mixture containing 20Mirris-HCI
10%, followed by filtration through glass-fiber filters (pH 7.5), 1 uCi of [y-*P]JATP (6000 Ci/mmol), 5 mM
(Whatman GF/C, Whatman International Ltd., Maid- magnesium acetate, IMNEGTA, 50 ug/ml PS, 50 ng/mi
stone, UK) and measurement in a liquid scintillation TPA, 100 mg/ml leupeptin, 2 M ortho-sodum vanadate
counte. For cell cycle analysis, the cells were suspendecand 20uM ATP, in ice for 20 min, followed by SDS-
in citrate bdifer (250 nM sucrose, 40 M sodium dtrate PAGE at 8% and autoradiograph
and 5% DMSO); 0.003% trypsin and 0.1% Nonidet P-40Adenovirus constructs The recombinant adenovirus vec-
were added and the suspension was rotated at room tertor pAXxCAwt was derived from human adenovirus 5
perature for 10 min. After addition of 0/4g/ml trypsin  lacking the E1 and E3 regioff$.t contained a composite
inhibitor and 100ug/ml ribonuclease A, the cells were CAG promoter consisting of cytomegalovirus immediate
stained with propidium iodide (416gfml) for 20 min in  early enhanae chicken B-actin promote a rabbit 3-
ice in the dark, followed by analysis by flow cytometry globin polyadenylation signal vith evokes strong induc-
using a Becton-DickinsorACScan and the SFIT pro- tion of any inserted cDNAY PKC cDNAs encoding the
gram (Becton Dickinson Immunocytometry Systems, Sarrabbit a isofom2® mouwse & isoform?” mousen iso-
Jose, CA). form® dominant-negativen isoform and mouse iso-
Antibodies Polyclonal antibody against thg isoform  form™ were blunted by Klenowfragment and inserted
was raised in rabbits using a synthetic peptide ofinto theSwd site of pAxCAwt.?¥ These cosmids were co-
its D4 region having the amino acid sequence transfected with ADSDIXDNA-TPC by the calcium phos-
[*NQDEFRNFSYVSPELQE®.™M Anti-a and-{ antibod-  phate method into 293 cells, in which recombinant ade-
ies and anti-cdk2 antibody were purchased from Santaovirus vectors we generated through homologous
Cruz Biotech (Santa Cruz, CA). Asdiantibody was pur- recombinatiorf? The controllacZ gene construct (AXCA-
chased from Seikagaku Kogy®okyo). lacZ) carryingB-galactosidasegene was a gift from Dr. |.
cdk2 kinase activity Immunoprecipitates by anti-cdk2 Saito (Inst. ® Medcal Séence, Uni. of Tokyo, Tokyo).
antibody were subjected to measurement of kinase activitells were harvested 48 h after infection and lysed by
using H1 histone as a subséraln brief, 50ug of cellular  repeated freezing and thawinyirus titers were deter-
protein was immunoprggitated with 1ug of the anti- mined in terms of the plague-forming activity in 293
cdk2 antibody in 20Qul of a lysis buffer containing 50 cells?® For each vectp a single batch of the adenovirus
mM Tris-HCI (pH 7.4), 120 il NaCl, 0.5% Nonidet P- stock with a high titer was used.
40, 100 nM NaF, 2 mM EGTA, 50 ug/ml leupeptin, 50  Construction of a dominant-negdive n isoform of
ug/ml aprotinin, 0.5mM phenylmethylsulfonyl fluoride. PKC A dominant-negé&ve mutan of then isoform was
Immunocomplexes bound to protein A-Sepharose beadgenerated by substitution of the lysine residue with ala-
were resuspended in 4@ of reaction buffer containing nine at theATP-binding site (384 codon) in the catalytic
50 mM Tris-HCI (pH 7.4), 10 v MgCl,, 1 mM dithio- domain?
threitol, 1 uM histone H1 (Boehringer Mannheim, Mann-
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RESULTS

sion, BALB/MK-2 cells were arrested at theO&1

A

phase by EGF deglen for 3 days, and subsequently the
cell cycle was allowed to progress synchronously by the
Synctronization of cell cycle In order to examine the addition of 4 y/ml EGF (time 0). As shown in Fig. 1A,
involvement of the PKC isoforms in cell cycle progres- DNA synthesis increased after a lag time of 9 h, reaching
a peak at 21 h. Flow cytometric analysis indicated pro-
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Fig. 1. Synchronous culture of BAB/MK-2 cells in terms of DNA synthesis (A) and cell cycle analysis (B). A. BALB/MK-2 cells
were arrested at theOBG1 phase by EGF depletion for 3 days, followed by the addition gff /INnEGF to allow synchronous pro-
gression of the cell cycle. DNA synthesis was measuredHithymidine pulse-labeling for 2 h. Vertical bars indicate $B<3). B.
Analysis of cell cycle progression using flow cytometry.
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Fig. 2 Cell cycle-dependent (A) and dose-dependent (B) inhibition of DNA synthesis by TPA in synchronously growBVIKAL

2 cells. A. TPA at 20gYml was added for 2 h at the indicated time points to synchronously growing BA{-2 cells. PH]Thymi-

dine incorporation into DNA was determined at 19—21 h. B. Synchronous cultures were treated at 9 h with TPA at condentrations
the range of 1-100giml, followed by measurement of DNA synthesis at 19-21 h. Control 1, negative control without EGF addition
or TPA treatment; control 2, positive control with EGF addition at 0 h but without TPA treatmhé&nt Significant difference from

the control 2at P<0.05 orP<0.01, respectively.
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Fig. 3. G1 arrest of cells treated with TPA(20 ng/ml) at 10-12 lacz WT
h after the addition of EGF (A), in comparison with cells treated { - a— -

with TPA at 0-2 h (B).

Fig. 5. Expression (A) and kinase activity (B) of PKC isoforms
introduced by Ax, an adenovirus vector, into BALB/MK-2 cells.
A. Ax vectors carrying the PKC isoform cDNAs were infected
A at a multiplicity of infection (m.o.i.) of 6 into BALB/MK-2
IP IgG cdk2 cells. After 24 h, total cell lysates were subjected to SDS-PAGE
| i il I on 8% gel and probed with the antibodies against the PKC iso-
forms. WT, wild-type; D/N, dominant-negative; As, antisense.

EGF + - + + + Ax-lacZ was used as the control. B. BALB/MK-2 cells were
infected by Ax carrying the) isoform and its mutants. The
TPA - - - Oh 9h immunoprecipitatedy isoform from Triton X-100-soluble frac-
1 2 3 4 5 tion was incubated for autophosphorylation in the presence of 50

ug/ml PS, 50 ng/ml TPA andyf?P]JATP, then subjected to
SDS-PAGE on 8% gel and autoradiography.

B induced growth arrest, a synchronous culture of BALB/
MK-2 cells was pulse-exposed to 20 ng/ml of TPA for 2
h at the indicated time-points after the addition of EGF,
followed by measurement of DNA synthesis at 19-21 h
_ AN _ ~ by assessing®fi]thymidine incorporation after incubation
Fig. 4..hCetII ﬁycle-d.ep?k?dent t|n.h|b|t|0n of. CdITZ k:n(aBs)e :c}_lwty for 2 h.
A) without change in the protein expression level (B). A. Lane - .
(1,)control IgG; Ia?le 2, neggtive contPoI without EGF addition or As shown in Fig. 2A, t'he |nh|b|tor¥ effect of TPA was
TPA treatment corresponding to control 1 of Fig. 2; lane 3, posi-CeII .quIe'depend,ent’ being most evident at 9 h after the
tive control with EGF addition corresponding to control 2 of addition of EGF, i.e., on cells at the G1/S boundary. Inhi-
Fig. 2; lane 4, treated with 10 ng/ml TPA at 0-2 h after thebition of DNA synthesis by TPA at this phase was dose-
addition of EGF; lane 5, treated with TPA at 9-11 h. dependent within a dose range of 1-100 ng/ml (Fig. 2B).
Flow cytometric analysis demonstrated that TPA treatment
at 10 h led to accumulation of cells at the G1 phase (Fig.
3). This inhibition was accompanied by a decrease in
gression of the cell cycle from the G1 to the S phasecdk2 kinase activity, while the level of expression of the
cells in S phase constituted 6% of the total cell populatiorprotein remained unchanged (Fig. 4).
at time 0, and the percentage increased with time, with These results indicate that cells at the G1/S boundary
70% of the population being in the S phase at 18 h (Figof the cell cycle are the most sensitive to TPA treatment,
1B). resulting in G1 arrest.
Cell cycle-dependent inhibition of DNA synthesis by Involvement of the & and n isoforms in TPA-induced
TPA Phorbol esters inhibit the growth of normal humanarrest of cell cycle To examine the possibility that a
keratinocytes and mouse BALB/MK-2 keratinocytes, butPKC isoform(s) mediates the cell cycle arrest induced by
not of fibroblasts (data not shown). To examine the possiTPA, we used the adenovirus vector Ax, which allows
ble association of the cell cycle with phorbol ester-strong expression of the inserted PKC isoforms and their
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mutants at an efficiency of 100% under the control of thewere strongly expressed in cells infected with the Ax con-
composite CAG promoter in BALB/MK-2 cells. As taining the respective isoforms, compared to |&cZ-
shown in Fig. 5A, then, 8, n and { isoforms of PKC infected control cells. Immunoblotting detected expression
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Fig. 6. Cell cycle-dependent, TPA-induced inhibition of DNA synthesis in synchronously growing BALB/MK-2 cells that overex-
press they, 9, n and{ isoforms of PKC. A, Without TPA treatment; B, TPA treatment at 0—2 h (GO/G1 phase); C, TPA treatment at
9-11 h (G1/S boundary). BALB/MK-2 cells were infected with lagZ (lacZ) or Ax-PKC isoform cDNAsq, 6, n and{) 24 h

before the addition of EGF. These cultures were followed by no treatment (A), TPA (10 ng/ml) treatment at 0-2 h (GO/@) phase) (

or TPA (10 ng/ml) treatment at 9—11 h (G1/S boundary) (C). DNA synthesis was measured at 19-21 h. These experimental protocols
are schematically illustrated on top of the panels. Control 1, a negative control without EGF or TPA treatment; contitiZ a po
control with EGF addition at 0 h but without TPA treatment. Vertical bars, SDs of 3 samplésSignificant difference from the

control 2 atP<0.05 orP<0.01, respectively.
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Fig. 7. Dominant-negativg and antisensg rescued the TPA-induced inhibition of DNA synthesis. BALB/MK-2 cells were infected
with Ax-lacZ, dominant-negativey (D/N) or antisense (As) 24 h before the addition of EGF. These cultures were treated without
(A) or with 10 ng/ml of TPA at 9-11 h (B). Vertical bars indicate SBs3). Controls 1 and 2, see the legend to Fig. 6.
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0 3 6 9 12 15 18 21(h) domain of then isoform. As shown in Fig. 7, the domi-
nant-negative) and antisensg were found to rescue the
inhibitory effect of TPA at 9 h (Fig. 7B), while in the
absence of TPA treatment, the dominant-negative and
antisensen showed no effect on DNA synthesis (Fig.
7A). These results indicate that thesoform is involved

in TPA-induced inhibition at the G1/S boundary.
Expression of PKC isoforms during cell cycle Possible
cell cycle-dependent expression of ted, n and{ iso-
forms was examined using synchronous cultures of
BALB/MK-2 cells. As seen in Fig. 8, immunoblotting of
the n isoform increased 6-9 h after EGF addition, i.e., at
the G1/S boundary, while that of tGasoform decreased.
The expression levels of tte and d isoforms remained
Fig. 8. Cell cycle-dependent expression of PKC isoforms inunchanged with progression of the cell cycle. The expres-
synchronously growing BALB/MK-2 cells. Expression of the  sion pattern of thg isoform coincides with the sensitivity

_6, n andZ_isoform_s was examim_ed by immunob_lotting at the tg the inhibitory effect of TPA.

indicated time points. The locations of these isoforms were

determined by a parallel run of Ax-infected cells overexpressing
the isoforms. DISCUSSION

o S sl <

C__--—- — -

In the present study, we demonstrated negative regula-
tion of the cell cycle by thg@ andd isoforms of PKC in
of the dominant-negativg isoform, but not of the anti- BALB/MK-2 keratinocytes, based mainly on the follow-
sensen isoform. Kinase activity was demonstrated by ing findings; a) cells at the G1/S boundary are the most
autophosphorylation of the immunoprecipitated iso- sensitive to TPA-induced inhibition of DNA synthesis,
form (Fig. 5B). resulting in G1 arrest; b) overexpression of thend d

When synchronous cultures of BALB/MK-2 cells were isoforms using adenovirus vectors inhibits DNA synthe-
infected with the Ax-PKC 24 h before the addition of sis; ¢) TPA-induced inhibition of DNA synthesis is aug-
EGF, thed and n isoforms were found significantly to mented by then and 6 isoforms, but rescued by the
suppress DNA synthesis at 19-21 h, whereas no inhibitiodominant-negative and antisengesoform; d) thea and
was observed with tha and { isoforms (Fig. 6A). This  isoforms have no such effect on DNA synthesis; e) the
result indicates that overexpression of &er n isoform n isoform is expressed in cells at the G1/S boundary at
is inhibitory to DNA synthesis. higher levels than in the other phases of the cell cycle.

In the experiments shown in Fig. 6, B and C, Ax- We used a synchronous culture system of BALB/MK-2
infected synchronous cultures were treated with TPA for 2cells, in which the cells were arrested at the GO/G1 phase
h, at 0 h (GO/G1 phase) and 9 h (G1/S boundary), folby EGF depletion and then stimulated to grow synchro-
lowed by measurement of DNA synthesis at 19-21 hnously by the addition of EGP. Results of pulse treat-
DNA synthesis was inhibited by TPA treatment at 9 h, butment with TPA suggest that TPA arrests cell growth
not at 0 h (control 2 versus lacZ in Fig. 6C; also see Figbefore entering the S phase, resulting in accumulation of
2A), indicating that cells at the G1/S boundary are sensicells at the G1 phase. However, once the cells had entered
tive to the inhibitory effect of TPA. In the cells overex- the S phase, no inhibition of DNA synthesis was induced
pressing thed or n isoform, DNA synthesis was by TPA treatment.
remarkably inhibited by TPA treatment at both 0 h and 9 Expression of theg isoform was found to be associated
h (Fig. 6, B and C, respectively). Overexpression ofdthe with the cell cycle, being at a high level at the G1/S
andn isoforms thus augmented TPA-induced inhibition atboundary, i.e., at the phase most sensitive to TPA-induced
the G1/S boundary. In contrast, no TPA-induced inhibi-inhibition of DNA synthesis. To our knowledge, no report
tion was observed in cells overexpressingdhand( iso- has been published previously on cell cycle-associated
forms. These data suggest that theand n isoforms  expression of PKC isoforms. The higher level of expres-
mediate the inhibitory effect of TPA. sion of then isoform in cells at the G1/S boundary may

Further evidence of the involvement of theisoform be linked to TPA sensitivity.
was obtained from experiments in which the dominant- One of the standard strategies used for elucidating the
negative and antisensgeisoforms were applied. The dom- possible function of a gene of interest, is to generate cell
inant-negative mutant was generated by site-directedines that express it at a higher level. However, epithelial
mutagenesis at the ATP-binding site in the catalyticcells possess a drawback, in that it is difficult to introduce
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foreign genes into these cells using conventional transfedhat thed isoform-overexpressing cells enter the S phase
tion methodsWe overcame this problem by using an ade-inappropriately and are delayed in passage through the S
novirus vecto,*®'® which allows introduction of foreign phase. In vascular smooth muscle cells, phorbol ester and
genes into keratinocytes with 100%i@ency and expres- DG potently inhibited serum-stimulated DNA synthesis
sion of these genes at a high level for at least 72 h. and transition from the 8BS bounday.*® However, the
Using this method, we found that the introduction of theinhibitory effect was not observed inPR-pretreated cells
n ard & isoforms by itself resulted in inhibition of DNA in which at least th a and € isoformswere down-regu-
synthesis in synchronously growingABB/MK-2 cells. lated. Freyet al” demonstrated that treatment with PKC
Furthe, TPA-induced inhibition was counteracted by agonists resulted in cell cycle arrest in the G1 phase, in
introduction of the dominant-negative and the antisens parallel with the activation and subsequent down-regula-
isoforms. Although no further experiments were donetion of thea, & and € isoforms. In rat renal proximal epi-
with the dominant-negative or antisensésoform, these thelial cells, treatment with phorbol ester caused
observations strongly suggest thaé tp ard o isoforms  stimulation of cell growth and down-regulation of the
are involved in PA-induced inhibition of DNA synthesis isoform?” These studies suggest the apparent association
in BALB/MK-2 cells. of phorbol ester-induced inhibitiéstimulation of DNA
Several reports have been fished on the involvement synthesis with down-regulation of a particular isoform.
of PKC isoforms in the regulation of the cell cycle. But such an association in itself does not imply that the
Livneh et al?® demonstrated that ectopic expression ofobserved #ect is mediated by the down-regulated iso-
the n isoform in NIH3T3 cells resulted in inhibition of form.
cdl cycle progression and also indiet of adipocyte dif- The specific #ects of individual PKC isoforms on
ferentiation. Although th n isoform is expressed at a DNA synthesis and ¢k praliferation vary accordingo
high level in epithelial cells in close association with dif- cell type and cellular conditions. These specificities may
ferentiation®? this experiment suggests that thésoform be mediated by substrates dfeetors with tissue or cell-
acts as a regulator of cell cycle and an inducer of cell diftype specificiy. A full understanding of the mechanism
ferentiation under ectopic situations as well as undeiby which PKC isoforms mediate cell-type specific regula-
physiological conditions. tion will require identification of their downstream path-
Watanabeet al?® demonstrated thatPR treatment of  ways.
CHO cells overexpressing éhd isoform blocked cell
cycle progression. This inhibition was specific to e ACKNOWLEDGMENTS
isoform: the growth of CHO cells overexpressing the
Bl or ¢ isoforms was not inhibited. It was also specific to We thank D. Izumu Saito of the Laboratory of Molecular
the @/M phase, based on the results of floviocyetic Genetics, Institute of Medical Science, UniversityTokyo, for
and morphological analysis. Harringt@t al® reported  providing the adenovirus vectdThis study was supported by a
that DNA synthesis in capillary endothelial cells was Grant-in-Aid from the Ministry of Education, Science, Sports
markedly inhibited by PA treatment when & isoform  and Culture of Japan.
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