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—— Abstract

EXPRESSION OF PROTEIN KINASE C ISOFORMS IN CHEMICAL CARCINOGEN-INDUCED
NEOPLASTIC TRANSFORMATION OF HUMAN EPITHELIAL CELLS*

Ki-Jeong Byeon*, Lak-Won Hong, Chin-Soo Kim
Dept. of Dentistry, Ulsan University Hospital®
Dept. of Oral and Maxillofacial Surgery, College of Dentistry, Kyungpook National University
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with exposure of MNNG was further enhanced in the presence of hydrocortisone.

cer.
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Protein kinase C (PKC) is known to play a pivotal role in neoplastic transformation cells and its
high expression is often found in a variety of types of tumors including oral cancer. While PKC 1is
associated with the altered signal transduction pathway of the tumor cells, it is still unclear which
isoform is involved in the carcinogenesis process. Since the cellular distributions and the roles of
PKC are isoform-specific, it is very important to identify the specific target molecules to improve our
understanding of the carcinogenesis processes. Thus, the present study attempted to perform chemi-
cal carcinogen-induced neoplastic transformation of human epithelial cells and analyze the specific
isoform of PKCs involved in the cellular transformation. The study analyzed overall PKC responses
upon MNNG(N-Methyl-N" -nitro-N-nitroso guanidine) exposure with *"HJPDBu binding assay. PKC
translocation was observed at high doses of MNNG treatment in the presence of extracellular calci-
um. Such effects were not observed in the absence of extracellular calcium. Translocational effects

The result suggests that the type of PKC involved may be Ca**-dependent classical isoform and
steroid hormone enhances PKC activation. Among ¢cPKC isoforms examined, only PKC-¢ and r
showed significant translocation of protein levels from cytosolic fraction to membrane fraction, as
analyzed by immunoblot. PKC-€ in nPKC class showed an increased translocation, but other forms
in this class did not show the effect. None of isoforms in aPKC class was affected by MNNG treat-
ment. The study demonstrated that there was a certain specificity in the patterns of isoform induc-
tion follwong chemical carcinogen exposure and helped identify all the types of PKC isoforms
expressed in human epithelial cells. It was revealed that PKC isoforms were activated in an early
resonse to chemical carcinogen, suggesting that PKC be associated with carcinogenesis process from
an early stage in this particular cell system. The study will contribute to improving our understand-
ing of chemical-induced carcinogenesis in human cells and may provide a scientific basis to introduce
the specific PKC inhibitors as an anticancer drug of epithelial cell—origin cancers including oral can-
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1. AR Al L XY

12—O—tetradecan0y1ph0rbol 13-acetate(TPA),
MNNG, agarose 2 71e} A|FEL Sigmart A ES AL
39°2™ DMEM(Dulbeco s minimum essential
media) & M ZMY BAA)FE Gibco BRLAF western
blotell AH8-8 A|%F2 Bio RadAt, (*H) phorbol ester2
AmershamA}, PKC isozyme anitbody® Transduction
LaboratoryAlel A <18}t

2. det=E AN

70% confluencyE Hole AAFHA Lo MNNG
(0.05% DMSO : Dimethyl sulfoxone, 0.001, 0.01,
0.1, 1.0pg/mDE Fshe Mt S 647 Al ¥
100% conﬂuencya o[ FE AlHellA 1: 39 HE&E A
ettt 1§ passageo] wel AE 2 B
%t} PKC isoform® ¥} 4 2 phorbol ester bind-
ing assay= MNNGE 1581 A28 & AAHUc}

3. QA au| Mlzbyet

AANIAMEE 37C2 5% CO2 wlF7]olA wi sl
3, Hjd-& DMEM] FBS(Fetal bovine serum) 10%,
hydrocortisone (5ug/ml), antibiotics & 9o} A&}
Atk AE7} confluencyE ©|F+ Al 1: 322 A
RIS i=



4. Soft agar colony formation.

Noble agar 1.2g° dH20 35ml& 22 3087 A5
7258 2 15ml9 dH209 FBS 25ml, 2X
EMEM(elementary modified essential media) 50ml<&
Yol 0.9% agar base® WEL}. 5mle agar baseE
petri disholl ¥& th& A} 37C incubatorel Ft}. 0.9g
Noble agarell dHz0 50ml< ¥ol 3083t AHgE AL =3
the dH20 7.2ml, FBS 7.2ml, 2X EMEM 14.4ml< ¥
o] 0.36% top agarg etk FH|® base agaro] 1x
10%ells/dish® E&3l= top agar&4E 2ml¥ petri
dishell ¥=tt. 2 ¥ 0.3mme]’d9 2712 A9 colony
TFE A,

5. Cell density X

A|32e| contact inhibition®] ®3lE F43817] A8l 5x
10%ells/cm*E &7]° ¥ wjdetc} wjddl e 3Ynjc}
MEA Zobar A E7F confluentd AEjol] =26l S o
9 A G AT 5 ARSI,

6. Cell aggregation &%

Soft agar assay%t 22 WHOE Base agarg W&
5ml¥ Petri dishel ¥t} ¥4 37T incubatorel] & th
=, 10% FBSE X3t ujkdo] 10%ells/dish® A L&
HEFG  490] At A A gl o] A8tE Imm
ol 719 colony TAHE S FHTH.

7. (*H) phorbol ester binding

12-well culture plateclA ¥l %¥® M EE Locke s
buffer2 A A3 = MNNG 2nM (*H) PDBu(phorbol

B8tx dotsjol) ME Protein Kinase C9f 28l 18}

ester diphenyl butyric acid) & &3 Locke s buffer
o2 1587t Wt wigd & AAstn g3do 33
AHg ¥ 0.1M NaOH 1ml2 £8417) & 0.7mlE 9ml
9] Ultima goldell 41 scintillation spectroscopy2 A}
T 3.

8. Western blot

PKC isoform® AlZW @82 &5 5437 948 o
4 £2]7]2 membrane fraction¥ cytosolic fraction® 2
w2l thF PKC isoform 2t7+e] &A1& ARE-3icth. Cell
lysate(20ug) & 471953 T Nitrocellulose paperg
semi-dry cell (Bio Rad)l ¥3 15VE 30% &<t blot-
ting3tct. blotel ' paperdl PKC isoform antibodyS
HPH &R 3N fdoz weAl T o)xAE He
gt & PierceAl?] Superfluoro system 2.2 E33HH ).

.4 #
1. MNNGO| 2|t Mjzgtetst Hot

MNNGE 647t Aejstn 73] A< Ahujokst 2z
0.01pg/ml 2 0.1pg/ml FT9] saturation density”}
1.5u), 1.4u0% z+zt Z7}elt). soft-agar colony for-
mation®] 72-¥% 0.01pg/ml B 0.1pg/ml FAFNA 2.1
w2 2.20% Z7 SUheEE el ) Alxe] vt
Imm ©]/4<Q] colony® 33 A2 0.01g/mloA 107) o]
2, 0.1pg/mlolA = 570 ©]/¢<] colony7} B H(Table 1).

Table 1. Properties of human epidermal keratinocytes after 6-day treatment of MNNG and 7 subsequent subcultures

Dose(¢g/ml) Saturation density (x10%cm) Soft-agar colony formation(%)  cell aggregation® ()1mm)
DMS0(0.05%) only 4.1+0.08 0.23+£0.03 -
0.001 4.5+0.10 0.30£0.07 -
0.01 6.1+0.05* 0.48+0.04* ++
0.1 5.8+0.10 0.51+0.17* +
1 4.8+0.12 0.33+0.11 -

*

: p€0.05 as compared to control cells
+1 - < 5colonies, + + ) 5 colonies, ++ ) 10 colonies
The data are mean +SD with 3 different counts
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FAF 2 fociz} Y= A71E 0.01pg/ml 7
of Zo| X 38Uo] At passage-b, 0.1ug/ml FAT
AE 4790] AP passage-60lR W I ¥l & T
o] A= 59%o] At passage-8lA ZmlEt focidl 7+
Uehhoith 53] 0.01pg/ml F47& passage’t 7H
o wheh a3 focil F7He UePSIT (Table 2).

oy o

2. MNNGF0{ & TPAX 2ol 2 MZ2etst Ha

MNNGE 6¥7t Fo3 & 10pg/mle] TPAZ 547t 2]
g 43 0.01ug/ml 2 0.1pg/ml FATAA saturation
density®] 717} 1.84), 1.9914 Z+2F Vbt Soft-agar
colony formation®] 7% 0.001xg/ml FAToA = 2049
2718 Jeplen 0.01ug/ml 2 0.1ug/mllA = 3.080,
2889 Z718 el cell aggregationd 0.0014
g/mielA} 570 o] colonyE 291 ¥FH 0.014g/ml 2 0.1
wg/mlelME 1070 01789l colony® WERNZITE. DMSOR!
A" control?® 71 & %ol FAE 1ug/ml Tzl
€ cell aggregation?] F518 W37} $1Uc} (Table 3).

Fociel £d Al7[& 0.01pg/ml, 0.1pg/ml MNNG%

TPAZ Ag] £ 38%°] A passage-591A WER}7] Al
g o 0.001pg/ml2 1ug/ml FAZANE 47 pas-
sage-TolA foci7} YEPET}. control#& 59% A\d pas-
sage-89llA Zv8tA foci7t EHT. 0.01pg/ml FATol
XN passage 27t 37 focid) F7F F7kge] HAEA
t} (Table 4).

3. MNNGOI| &|3t protein kinase C&| translocation

Ad
]

Hr

ol 4t ol 0.001, 0.01, 0.1 B 1ug/miel MNNG
2 Bo&tn 15% H PKC translocatione (*H) phorbol
ester binding assay® £M% Z3# 0.01pg/ml % 0.1
pe/mleld EARCZ g Aol (p<0.05)F HERARL
o (Fig 1), o19 2& fod-& AE9 Zgol gle de

UERA @3tk Fig 2).

0.1ug/ml hydrocortisone® ZAjatel|A] MNNGel o} &
PKC9 translocations 273§ 23 MNNG 0.1pg/ml,
1.0pg/ml &3 A membrane® 23 PKCS %ol &
7Fer& UepITHFig. 3).

Table 2. Morphological alteration of human epidermal keratinocytes treated with MNNG (#g/ml)

Passage Cumulative no. of days in culture Dose (#g/ml) 0.001 0.01 01 )
after treatment DMSO
1 10 ° °
4 25 °
5 38 + °
6 47 + + o
7 53 ++ + °
3 59 + ++ ++ +

§ : + : moderate, ++ : severe

Table 3. Properties of human epidermal keratinocytes treated with MNNG and TPA(10#g/mh)

Dose(ug/ml) Saturation density (X 10%cm) Soft-agar colony formation(%)  Cell aggregation® ()1mm)
DMS0(0.05%) only 3.5+0.02 0.2610.02 -
0.001 3.8+0.08 0.52+0.06" +
0.01 6.4+0.04* 0.79+0.12" ++
0.1 6.9+0.12" 0.72+0.18" ++
1 4.5+0.06 0.29+0.03 -

* - p{0.05 as compared to control cells

+:-: < 5 colonies, + ) 5 colonies, ++ ) 10 colonies
The data are mean £SD with 3 different counts
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Table 4. Morphological alteration of human epidermal keratinocytes treated with MNNG(ug/ml) and TPA(1 Org/ml)

Cumulative no, of days in culture Dose (#g/ml)
0.001 0.01 0.1 1
Passage after treatment DMSO
1 10 . . . . :
4 9% . . o
5 38 ° + + ¢
6 47 ’ + + °
7 53 + ++ + +
8 59 + ++ ++ +
$ '+ moderate. ++ : severe
— 2m | . —
2 o *
£ = 100
g g
- 10 -
o o
X X
1] 1}
DMSO 0,001 0.01 0.1 1 DMSO  0.001 0.01 0.1 1
MNGU (g/ml) MNGU(zg/ml)

Fig. 1. Effects of dose-response on (*H) phorbol ester
binding by MNNG in human keratinocytes in culture in
presence of exracellular calcium. * { 0.05

]

DMSO 0,001 0.01 0.1
MNGU (ug/ml)

=

% of control

Fig. 3. Effects of dose-response on (*H) phorbol ester
binding by MNNG in human keratinocytes in culture in
presence of hydrocortisone. * { 0.05

4. MNNGO| 2f3t cPKCel 24

cPKC®?l a, 81, 81, 7 isoform@ A2 Western blot

Fig. 2. Effects of dose-response on (°H) phorbbl ester
binding by MNNG in human keratinocytes in culture in
absence of extracellular calcium.

& Edlo] BX3l1 cytosol fractiond] W3 membrane
fraction®] ¥ Thld & v &R JERYGITH ELEF
o L&2uA] @& FAAHAM « f1, BT, 7 isoform|
membrane fraction protein®@o| 2t £5& & 4 ot
(Fig. 4).
0.01pg/ml MNNGE 1587 Mgl & £4¢ 27« ¢
701]"1 membrane fraction® 718 Yehfisler (Fig.
, 0.1pg/ml ATl M e a D yoll A z+zh 1.84), 1.740
4 7+ B4 (Fig. 6). 23v #3155 1.0ug/ml
gAe 238 ¥ s5o Hl8] membrane fraction® 2
PKC A o] o] o] 73ttt (Fig. 7).

5. MNNGAf 2J8t nPKCe| &M
nPKC9 9, €, 8 isoform?] FAEE PKCY 2o W
o2 Mg A3 MNNGAH 28R && Addee #xe

0 @ 694 membrane fraction protein®] %¥o] cytosolell
Hla) @9 o e membrane protein®e) thr w2 AL
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Ratio(membrane/cytosol)

PKC-a  PKC-pl  PKC-pl  PKC-y

Fig. 4. Ratio between membrane and cytosolic fraction
of classical PKC isoforms without MNNG treatment.

Ratio(membrane/cytosol)

PKC-a  PKC-l  PKC-pt PKC—y

Fig. 5. Ratio between membrane and cytosolic fraction
of classical PKC isoforms following 0.07ug/m! MNNG
treatment.

Ratio(membrane/cytosol)

PKC-a  PKC-gl  PKC-p1  PKC-y

Ratio(membrane/cytosol)

PKC-a PKC-gl PKC-gl PKC-¢

Fig. 6. Ratio between membrane and cytosolic fraction
of classical PKC isoforms following 0.1pg/mi MNNG

treatment.

Fig. 7. Ratio between membrane and cytosolic fraction
of classical PKC isoforms following 1.0ug/ml MNNG
treatment.

Ratio(membrane/cytosol)

1l

PKC-8 PKC-e PKC-0

Fig. B. Ratio between membrane and cytosolic fraction
of new PKC isoforms without MNNG treatment.
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Ratio(membrane/cytosol)

111

PKC-5 PKC-¢ PKC-e

Fig. 9. Ratio between membrane and cytosolic fraction
of new PKC isoforms following 0.01zg/ml MNNG treat-
ment.



2 Jedtt (Fig. 8). 0.01ug/mloIME basal level® 2}
o] & JehlA] koo (Fig. 9), 0.1ug/mloAE PKC-¢
9} membrane fraction®] 1.8¥} Z7}etdct. 6 2 6 =&
Azte] F7HE YRR (Fig. 10). £ 1.0pg/ml A2
TAME cPKCS ht7Ex| 2 AW Q1 membrane frac
tion® 29 translocation®] Zadhes 2 YeRldt
(Fig. 11).

6. MNNGo| 2|8t aPKC2| 24
aPKCx A, 1, ¢ isoforme] &3] 912™ cPKCS} % %

Hog B3 A QA Aa M 2o AHARQ Al T
A2 8 9 membrane/cytosold] ¥F H|go

Ratio{membrane/cytosol)

PKC-3 PKC-¢ PKC-e

Fig. 10. Ratio between membrane and cytosolic fraction
of new PKC isoforms following 0.1ug/ml MNNG treat-
ment.

Ratio{membrane/cytosol)

PKC-a PKC-p PKC-3%

Fig. 12. Ratio between membrane and cytosolic fraction
of atypical PKC isoforms without MNNG treatment.

3}31% wrelsjolf w2 Protein Kinase C9l ¢& i3}

E58AY %2t membrane fractionoll A-$HA 1o
{forme &4 A ¥4 Fig. 12).

MNNG 0.01pg/mlA e} Aol £xd ¥stE A9 +
2 ot (Fig. 13), 0.1pg/ml A2l Alelle ¢ isoform
oA ekzke] Z717F A (Fig. 14), 1.0pg/mlelX & £
F9] #3}7} it ( Flg 15).

7. ME welstol| ofpt PKCol 84 Hot

MNNGe]| gt A xe] wstale] PKC7} oJ2A s}
EAE B8] Y8 MNNGHE S5 MNNGS TPAS
Bﬁag .roq &} x—]]_:;-_?— = 7]—ZP *ﬂjﬂ Hl—Ol—;]._,] Ex o] Eﬂa}

= MRSt PRCY #H3E 43 A3, MNNG &5

PKC-8 PKC-o
]

PKC-¢&
Fig. 11. Ratio between membrane and cytosolic fraction
of new PKC isoforms following 1.0xg/ml MNNG treat-
ment. .

Ratio{membrane/cytosol)

Ratio(membrane/cytosol)

0 l . I .
PKC-» PKC-p PKC-3

Fig. 13. Ratio between membrane and cytosolic fraction
of atypical PKC isoforms following 0.014g/ml MNNG
treatment.
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Ratio(membrane/cytosol)

| I I
0

PKC-A PKC- PKC-3

Fig. 14. Ratio between membrane and cytosolic fraction
of atypical PKC isoforms following 0.1xg/ml MNNG
treatment.

Fig. 16. Immunoblot analysis of PKC-alpha in the trans-
formed cells. 1: 0.05%DMSO, 2: 0.01#g/ml MNNG
only, 3; 0.01zg/ml MNNG only, 4; 0.01xg/ml
MNNG+TPA, 6 0.1pg/mi+TPA.

ou]8] MNNG+TPA Azl#e] R} 52 39|
< H%EH), °]E $ MNNG 0.1pg/ml 2 TPAS %
oA PKC« 2 PKC-y9] &do] 714 wA vebd

%
Gl
&
(Fig. 16, 17).

ly
of
o
V.o

dolub SFet 22 ety 2dEdo] HA
lE 31etA wokede] 347 oy PGS

121 93! Ko} E%O] 5]‘— "ﬂi l-ﬂk]]gf;
= c‘>_] ﬂ)‘kl]/‘ﬂiﬁ o].Q.'cs]- §].6L24
& #agoEA TR 2e 4
JAE 7149 %° TS olglshe b 7]distuat
akgiot.
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Ratio(membrane/cytosol)

0 l I
PKC-2 PKC-n

Fig. 15. Ratio between membrane and cytosolic fraction
of atypical PKC isoforms following 1.0ug/ml MNNG
treatment

Fig. 17. Immunoblot analysis of PKC-gamma in the
transformed cells. 1: 0.05%DMSO, 2: 0.01¢g/ml
MNNG only, 3; 0.01ug/mi MNNG only, 4: 0.01ug/ml
MNNG+TPA, 5: 0.1xg/ml+TPA.
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soft agar colony formation, cell aggregation®| Z7} 2

fociol 27] 28 F9 AX HAE 7P Falo] Yehhgl

on, lug/ml FATAM = AEEA So2 A& 294
A

9 EEo] dAlE ez FHdT 2 4F zAdME
MNNGe| AIZ 2942 &8 A s Jehigl

=3

MNNGE M E2) DNA adduct® 427 &g 2
F2EA (initiator) 2 224 Qlch webA 7hg g AR
5& BIEAEA (promoter) 2 TPAE Faldled ol 4
HMlEe wAFAERE S8 0.01ug/ml FAF
oAl ¥ek ohgt 0. 1pg/mlTolA e F3ieh ATLgA S
UYEhll s MNNGY= FojA] B} saturation density.
soft agar colony formation, cell aggregatione] R %
Vg & 4 T E3 focizt 283k AV E @4
=0 n|Fo] B o & AF] ASE AEmee] el
14 & initiation= AA promotion®l & YA FEUE

oK
% 4 Sk, 5% TPAS AelA MNNGE Aelstd] %
ZINE slokshtol BSYE el A TPAS 9

i

o] ME Fof] HEste E4E Axe] Ao #oqFS
Algta o}

PKCe AXe] 4%, Azdde off 583 48& 3}
o PKC 259 H3le Alxdgsiel 238 #AE 714
3 Atk EhekA £91 glioma cell?] A% A 429 astro-
cyted Bl3l 1,0008) 7} PKCY 4% £& AL
B3E b ok g ol2dt 2 PKC 84Ee YA %
ol 443 4dAE /A a gler EGF, FGF, PDGFst
2 gAolad) 9 A=e PKC E4-S o2 FUAH
AEE4AE A8 AN olet Zo] PKCE
autocring/paracrine factorell &Jgt M x e} Hgow F
83 43 3l

PKC9] E4& cytosoldl] e B84 Aeie] PKC @l
Zo] HEwo g o)Fal=(translocation) Y& &3
M H71E & ot PKC/T Al 2% T2A] Afsles &
A& DAGOI2Z o]9} AR F29] phorbol esterg ¥
oAt Addte Fe SHICZH AXY =23t
PKC %8 248 + itk £ dF 23 MNNG &
PKC translocationZ &% 9EHoln] A X9 Zdgo] 2
THE RS & F AchFig. 1, 2). o] A2 Z%
of <3k g ¥sl= MNNG 23 PKC #Ald&
Ca®* 2]ZA9) classical PKC isoforme] #oldln A&
Al 2l

Hydrocortisone2 31812 wbglo] mh& ohixo] 434
= FNe Ao deA Aded" 0.1ug/mi hydro-
cortisone? Az ZAI ez HAZdA PKCY
translocation®] 57Fst 2 corticosteroidell &]3F Al
29| 7l PKC7F #5HE BoFde IPAEA FA2

B3ty gfotslof ME Protein Kinase C2of 243 widt

Ata gt Fig. 3).

M E9] % corticosteroidE confluencyA] A4
A MFEo £51E F2A7]9, FA T e JdlH ez 4
A& FXATe Ao g A op

PKC isoformE¢] Ztzell gk Sol A 7)14o] <3jA 9
A & AN PKC isoforme] 243818 43171 9
&4 immunoblotting© & &9lak= HhEL 743 W aet
Foo g A7 2 gl A PKCY cytosol frac-
tion protein %7} membrane fraction protein %2 3}
g &2 Yehd o 24 PKC isoform®] 2438 37
o2 dta 4= 9llt} PKCS &4 ¢ transientd A7
gl tiolol A tedslel 271 dAlo PRCY 98-E PKCo
dobdle] BHNE FHete © 23 AR AlgHU
w2bd 2 Ao s MNNGE 1587 =247 £ PKC
o] WiglE #AsF =, classical PKC2 2% basal lev-
el = & isoformE°] membrane fraction®] 43t &
gtovt 0.1ug/mixE TollXe PKC-e% PKC-y7} 58
g translocation® B9 A wrsle] 27w FH
PKCe| &4do] A2 Jepligi}. ol st PKCe &4
< AEAZEAY 188 A WalE 7hx e wekgl
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