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Table 2. Immunoreactivity for MAPK in melanocytes
(left clolumns) and epidermal keratinocytes(right columns)

in NIRN(a) and IRN(D) e



Fig. 1. Nonirradiated melanocytic nevus, showing negative
staining in nevus cells for p~-ERK (x200). .o, 17
Fig. 2. Irradiated melanocytic nevus, showing positive
staining both in nevus cells and proliferating keratinocytes
for p-ERK (x200). 17
Fig. 3. Nonirradiated melanocytic nevus, showing negative
staining in nevus cells for p~JNK (x200).  eereeenin, 17
Fig. 4. Irradiated melanocytic nevus, showing negative
staining 1n nevus cells, except a few dyskeratotic
keratincyte for p—JNK (x200). L 17
Fig. 5. Nonirradiated melanocytic nevus, showing negative
staining in nevus cells for p—p38(x200). e 17
Fig. 6. Irradiated melanocytic nevus, showing diffuse
positive cytoplasmic staining both in nevus cells and

keratinocytes for p—p38 (x200). 17



ABSTRACT
MAPK Family Expression

in UV -irradiated Melanocytic Nevi

Park, Mann-kyu

Advisor : Prof. Chung, Byoung-soo, M.D. Ph.D.
Department of Medicine,

Graduate School of Chosun University

Ultraviolet B(UVB) radiation in particular constitutes the major contributor to
many adverse cutaneous effects such as erythema, edema, blistering, hyperplasia,
and nonmelanomatous skin cancer. Ultraviolet irradiation may function as both an
initiator and promotor in the course of multiple steps melanocytic tumorigenesis, but
very little is known about the molecular mechanism underlying its cellular effects.
Mitogen-activated protein kinase(MAPK) is an important molecule in transducing
extracellular signal from cell surface to the nucleus. MAPK family includes
ERK(extracellular signal-regulated protein kinase), JNK(stress—activated c¢—Jun
N-terminal kinase), p38 kinases. Not only various growth factors and cytokines, but
also other signals such as UV lights are able to activate MAPK, resulting in
various cellular responses including proliferation, differentiation and apoptosis.

To investigate the effect of ultraviolet(UV) irradiation on the expression of
MAPK, melanocytic nevi from healty volunteers were partially covered,
irradiated with a defined UV dose, and excised 1 week thereafter. The
irradiation and the protected parts were examined separatedly by immunohisto
chemistry wusing p-JNK, p-p38, and p-ERK. In the nonirradiated half of
melanocytic nevus, p-ERK, p-p38, and p-JNK were undetectable in nevus cells.
After irradiation, p-ERK expression was observed both in nevus cells and
proliferating keratinocytes in 7 of 10 cases and p-p38 was stained diffusely in the
cytoplasm of the keratinocytes and nevus cells in 6 of 10 cases, but there was no

immunoreactivity of p-JNK.
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Table 1. Patient's summary and histopathologic findings

Case Age Sex Site Diagnosis
1 26 F trunk JMN
2 25 M trunk CMN
3 25 M trunk CMN
4 26 M trunk JMN
5 25 F trunk JMN
6 25 M upper arm CMN
7 26 M trunk JMN
8 21 M trunk CMN
9 26 M trunky CMN

10 23 M upper arm CMN

JMN: junctional melanocytic nevus
CMN: compound melanocytic nevus



Table 2. Immunoreactivity for MAPK in melanocytes(left clolumns)
and epidermal keratinocytes(right columns) in NIRN(a) and IRN(b)

p~ERK p-JNK p—p38
a /- /- /-
1b -/+ -/- -/-
2 /- /- /-
2b +/+ -/+(Dk) +/+(C)
3 /- /- /-
3b +/+ -/- +/+(C)
4a /- /- /-
4b +/+ -/+ -/+(C)
5 /- /- /-
5b +/+ -/- +/+(C)
6a /- /- /-
6b +/+ -/+(Dk) +/+(C)
7a /- /- /-
b -/+ -/- -/-
8a /- /- /-
8b +/+ -/+(Dk) +/+(C)
9a /- /- /-
9b -/- -/- -/
10a -/- -/- -/
10b +/+ -/ -/

+: positive, +: weakly positive, NIRN: the nonirradiated part
IRN: the irradiated part, C: cytoplasmic staining, Dk: a few dyskeratotic cells



kel
M

AL 9% A7 AEe How A9Hy] gaME Ao du el (BAX
x) wgol Basw, Aasz BAKH  AvelAst e @A A (nuclear

transcription factor)E @43 A#A DNA #AL7} oA Ak, dd o wwl 7))o}

T

A S E335= MAPK(mitogen activated protein kinase)= Al3E o] 7}38] A= cytokine,
AT TAZEY 281 AE 2Ed2 59 9F Ao osto] &A5H 1, o
F AE WSS xdste doem dHA dv. AbgelAd MAPKE
ERK(exteracelluar regulated kinase), JNK(Jun N-terminal kinase), p38%] A|7}#] o} &
o] =A@, ERKE F=2 ¥4 AAHEGH 0 oete] @485 n° AE o] e

SAG A Fdr= Fh. INKE € %72 (heat shock), 54 cytokines, A5
B33 (osmotic imbalance), ZH]A ZAL 5o AE 2EH 2z oste] B wn’

AL ng ma ol ZEA A pojsts Ao DA Auh. p3_e

X
bl
lo,
olN

r
2,
rr
)
v
rot
=
o=
el
=~
N
of\
o%
1o
i3
ok
N
2
=
- o
L2
=
Kuf
rlr
L2
v
re
-
it
i)
il
o
s
R
)
2



A% (melanoma insitu) ¥ A FEjstd WES BolvtE Bavh du wes 249

A 27 G4 WAy mie] MAPK Bdd] ojWd @8 vArA Lol

ERKE ZIAAFAA, ABAAAR, 2 FEA40x e odte] FE5HIL, ras,
raf-1, MEKeo] 9siA &A3tdc). o]g)3 ERKE MEY AAE 4o AL 4

I AE b WEe] BoldtE Ao® BuE T Mishma 57 77 #H A X ol
FAEe oA 2 B A Fgrin BIetgl o, Albanell 57
4 =% F9 wg e Ho A A A Ee A ERK #do] F7h¥ dvhal ®ilsh
[k webA ol A= ERKO o] Y =3 #H¥o] S e A AlAE
= Aolgt & = Ay, gy ZAIAAE F5 o] &3 AFoA Nakamura 5 &
Q] B ZAFe] o) sto] JNK¢F p38e] @A 3st7 f s+ v ERKS 24 3t= v
g Aow Hueom, Assefa 502 A9 FAbol o g ERK &4 3} JNKol ]

A1 ERK7}

of\
N

ste] WA AASA B o) AEHA Ra= Ao Wusdth = Tada SV
A Wt dAME FE5 o] &3 AFolA Ao BxAbel oste] p383 JNKO| <14hs}
7} dojuAuk ERKE @43 5A v Busge. B dFods 9gHas %

% p-ERK7}I S4& B AAYPAHMEeG A EuA XA #Hdo] T/l AAE

>
el

AR A3t 1A st R AR o, Ao el ot A FAA LY F
Aol JojumA ol xy FAC B FTIAAAFAATE EybAxe] ERK Zd &
FES & dvtam AZE Atk Rudolph 5% A9l zalgl wWeldAza 2k
Z+AFH A A Eo| A Ki-67, topoisomerasella, PCNA %2 @& o] F7}5 o

A EZ Y T2 #Ho] UFS FAAUT A el Ao FES B 5

B
REA|E7F Apojd ol AR A Aol oste] dA4std & gloem, T3 9 Z4dYA
o

Az oahe] Bulns Bdoy AL} ML PEE BH APAA ATl 5o
G WS FE xm, dSol AHol 5 Vs o] £yEo mur ALY FA

o] Y % 9L Ao AZH



Ao M A= AP AE Ue ERK9 INKE 5 ZA3A L & oy o F
A7 e ARdE Zolzh Arh JNKE 9ol oste] mj$ EnAo
P43ty = i ERKE Adld oz 34 FAsE o] INK7F A Ao td 3 4
29 oz 4#A 9th Chen 57 INK-27F Z2HE A §5E ofAds
A3l dge| Bojdves Ay ZH(E R}

)

Ao A INK-2v FFAE]

ol}]
1>
s
12

il

At} Derijard S 29 M ZAIE wo ¥ HEEo A EoA JNK-10] @&, o
#H e INK-12 c-Jung A43tE 73t T4 TS A7+ AAZA ZEega
o] o)

st B AFoA A A T mwbA| LA p-IJNKo &2 ##s £ g

AztH A MAPKE @43t A7« o 7HA oy A3 =
58] Aol oate] JaFE W JNKe T4 24 o #AH BA e AL
2 g8 gow, wd AFe ofEITEA XL Fola 9lSo] HuH A
Nakamura ‘s MAPK®| a1l p38o] #Apof/del ofsto] &AJ3slu o] A9 ofxZE
Alzo] #ojsid INK= o] e 2] ol o] g p38y | ol XL EA XS oA gt
T st9irh 18y Fuchs 5 ph3e] Aol® AfolAE F 4P INKE ~E9
2o 93] FE=E pb3 o EA ol X X E A A (p53-dependent apoptosis)ell #eghciar )
oM, Chen 57 E 29]Mo] o7 ofEXEA A7} NKO &4 3ts} @

Seich 2 AgolA FUzo AL E)e o] R7aEe molt AR LA A

.

3 7T F8% 9Fe v, p38L AFAYFGHE EFAY AEZ 2EGd 9ste] &

A AR JNKSE $ A9 el o s M= @4 stE ). Hildesheim 5%& 291 o] o

g st p38E ENH AEE EHH R AAG Y] At dF W& ofxEE
2]

B oHFAe % E4E 249 By welstt Aow wuserh p3e

TET NEAY, A= Bz AT olE3 A TR 18 dsuperoxide WA T&
Bato] 9% wgo] Fad 9T G w=d oo =@ AP A E

-9 -



e IL-1, IL-6, TNF-a So] ®n5m® o]g)d Alo]E7}<lo]

Lo,
QL
£
gk
oX,
o
i,
(o)

w
(0/¢]

o 9@ PEWeH MRgwe) Sgol ALFYATY AFAE FEs] E72 A

AL THAH L

rlr
Py
o
fr
e
il
2
hoe
fuj
By
to
2
BN
>
o
lo,
_?L
=
b
lo,
o|N
1>
B=)
of\
o2
=2
o
=

AP-10] #olstn o2& ool 9§ AP-184 3] p38e] Fad &S st A
o B o B AfoA A9H A F AR ZAFAPAE HTAF R
AlEZ o] MEAoA wrkg o2 p-p38e] W@l FrtEglon, olelg Aie oA
AR BAE 9 Ro o5 whEI wrdEsto] pp38e] WHEE F As Aom A7
t}. @\ MAPK7F PLA2"U RSK®2e Al Zul9] 7)vtelAe =43
2 AYHA FaE olyqd AlE e JyoiAy e vE ARE
2T & dve Bavk v wEkA p-p38el AlE Ao A EAE Zlo] ALl

=3
°jgk ERK 2@ g7 Ax FA349 B4 7t wiAT
o

&
g2
rir
poy
o
fru
oX,
N,

_10_



8o} AE

29 S ZAFeL A e Watd A EA ko] Al p-ERK, p-JNK, p-p38< 5 A
Fotth, A ZAME A 10d F 7ol9] EubAE o)A p-ERKS wdo] F7lE o

A
W p-JNKE 23R ki, pp38S 6ol A BWHAIEL] F2 ALAA FA o=
dd gl Ao el FAbE EHEA XA A E F23 FHo] = p-ERKY wd o]

Z7bd & goul, pp3se F2 AT vwgor wATe A 23

- 11 -



p
ke
M
ol

1. Henriksen T, Dahlback A, Larsen SH, Moan J. Ultraviolet-radiation and skin
cancer. Effect of an ozone layer depletion. ZPhotochem Fhotobio/ 1990,51:579-582

2. Brash DE, Ziegler A, Jonason AS, Simon JA, Kunala S, Leffell DJ. Sunlight and
sunburn in human skin cancer: pb3, apoptosis, and tumor promotion. / /nvestig
Dermatol! Symp Proc 1996;1:136-142

3. Canman CE, Kastan MB. Signal transduction. Three paths to stress relief.
Nature 1996; 384:213-214

4. Petrazzuoli M, Goldsmith LA. Molecular mechanisms of cell signaling. In:
Fitzpatrick TB, Eisen, AZ, Wolff, K, Freedberg IM, Austin KF, editors.
Dermatology in General Medicine. 5th ed. New York: McGraw-Hill 1999:114-131

5. Cano E, Mahadevan LC. Parallel signal processing among mammalian MAPKSs.
Zrends Brochem Scr 1995;20:117-122

6. Assefa Z, Garmyn M, Bouillon R, Merlevede W, Vandenheede JR, Agostinis P.
Differential stimulation of ERK and JNK activities by ultraviolet B irradiation
and epidermal growth factor in human Kkeratinocytes. J ZJnvest Dermatol
1997;108:886-891

7. Donawho C K, Kripke ML. Photoimmunology of experimental melanoma. Carcer
Metastasis Kev 10 1991;10:177-188

8. Kopf AW, Gold RS, Rogers GS et al. Relationship of lumbosacral nevocytic nevi
to sun exposure in dysplastic nevus syndrome. Arc/ Dermato/ 1986;122:1003-1006

9. Geilen CC, Wieprecht M, Orfanos CE. The mitogen-activated protein kinases
system(MAP kinase cascade): its role in skin signal transduction. A review. /
Dermatol Scr 1996;12:255-262

10. Bost F, McKay R, Bost M, Potapova O, Dean NM, Mercola D. The Jun kinase
2 isoform is preferentially required for epidermal growth factor-induced

transformation of human A549 lung carcinoma cells. Mo/ Cell ZBio/

- 12 -



1999;19:1938-1949

11. Derijard B, Hibi M, Wu IH, Barrett T, Su B, Deng T, et al. JNKI1: A protein

kinase stimulated by UV light and Ha-Ras that binds and phosphorylates the
c-Jun activation domain. Ce// 1994;76:1025-1037

12. Chen YR, Meyer CF, Tan TH. Persistent activation of c-Jun N-terminal Kkinase

13

14

15.

16

17

18.

19

20.

21.

1(JNK1) in gamma radition-induced apoptosis. ./ Zio/ Chem 1996,271:631-634
. Xia Z, Dickens M, Raingeaud ], Davis R], Greenberg ME. Opposing effects of
ERK and JNK, p38 MAP kinases on apoptosis. Sczerce 1995;270:1326-1331
. Fuchs SY, Adler V, Pincus MR, Ronai Z. MAKKI1/JNK signaling stabilizes and
activates pb3. Proc. Natl Acad Sci. U/SA 1998;95:10541-10546
Gioeli D, Mandell JW, Petroni GR, Frierson HF, Weber M]. Activation of
mitogen—activated protein kinase associated with prostate cancer progression.
Cancer fles 1999;59:279-284
. Magi-Galluzzi C, Mishra R, Fiorentino M, Montironi R, Yao H, Capodieci P, et
al. Mitogen—activated protein kinase phosphatase 1 is overexpressed in prostate
cancers and is inversely related to apoptosis. Zab /nvest 1997,76:37-51
. Senger DL, Tudan C, Guiot MC, Mazzoni IE, Molenkamp G, LeBlanc R, et al.
Suppression of Rac activity induces apoptosis of human glioma cells but not
normal human astrocytes. Carncer Fes 2002;62:2131-2140
Oka H, Chatani Y, Hoshino R, Ogawa O, Kakehi Y, Terachi T, et al
Constitutive activation of mitogen—activated protein(MAP) kinases in human
renal cell carcinoma. Cancer fes 1995;55:4182-4187
. Ito Y, Sasaki Y, Horimoto M, Wada S, Tanaka Y, Kasahara A, et al. Activation
of mitogen-activated protein kinases/extrecellular signal-regulated kinases in
human hepatocellular carcinoma. Hepatology 1998;27:951-958
Gee JM, Barroso AF, Ellis IO, Robertson JF, Nicholson RI. Biological and
clinical associations of c—-jun activation in human breast cancer. Zns / Carncer
2000;89:177-186
Albanell J, Codony-Servat J, Rojo F, Campo JM, Sauleda S, Anido J, et al

_13_



22.

23

24.

25

26

217.

28

29.

30

Activated extracellular signal-regulated Kkinases: Association with epidermal

growth factor receptor/transforming growth factor a expression in head and

neck squamous carcinoma and inhibition by anti-epidermal growth factor

receptor treatments. Carcer Fes 2001;61:6500-6510

Kricker A, Amstrong BK, English DR, Heenan PJ. Dose intemittent sun

exposure cause basal cell carcinoma? A case-control study in western

Australia. /nt / Carncer 1995;60:489

. Kricker A, Amstrong BK, English DR, Sun exposure and non-melanocytic skin

cancer. Cancer Causes Contro/ 1994;60:118

Petrazzuoli M, Goldsmith LA. Carcinogenesis: Ultraviolet Radiation. In:

Fitzpatrick TB, Eisen, AZ, Wolff, K, Freedberg IM, Austin KF, editors.

Dermatology in General Medicine. 6th ed. New York: McGraw-Hill 2003:371-377

. Garbe C, Buttner P, Weiss ]J. Risk factors for developing cutaneous melanoma
and criteria for identifying person at risk: Muticenter case—control study of the
central malignat melanoma registry of the German Dermatological Society. /
Invest Dermatol 1994;102:695-699

. Skender Kalnenas TM, English DR, Heenan PF: Benign melanocytic lesion: Risk

markers or precursors of cutaneous melanoma? J Am Acad Dermatol/

1995;33:1000-1007

Tronnier M, Smolle J, Wolff HH: UV-irradiated melanocytic nevi simulating

melanoma 1in situ. A J Dermatopathol 1995,17:1-6

. Mishima K, Yamada E, Masui K, Shimokawara T, Takayama K, Sugimura M,

et al. Overexpression of the ERK/MAP kinases in oral squamous cell

carcinoma. Mod Patfio/ 1998;11:886-891

Nakamura S, Takahashi H, Kinouchi M, Manabe A, Ishida-Yamamoto A,

Hashimoto Y, et al. Differential phosphorylation of mitogen—activated protein

kinase families by epidermal growth factor and ultraviolet B irradiation in

SV40-transformed human Kkeratinocytes. ./ Dermato/ Sci 2001;25:139-149

. Tada A, Pereira E, Beitner-Johnson D, Kavanagh R, Abdel-Malek ZA. Mitogen-—

- 14 -



31.

32

33

34.

35

36.

37

38

and Ultraviolet-B-induced signaling pathways in normal human melanocytes. /

Invest Dermato/ 2002:118:316-322

expression of Ki-67, Topoisomerase IIa, PCNA, pb3 and p2l

WAF/Cipl

Rudolph P, Tronnier M, Menzel R, Moller M, Parwaresch R. Enhanced

reflecting

proliferation and repair activity in UV-irradiated melanocytic nevi. Hwm Pathol/

1998;29:1480-1487

. Chen N, Nomura M, She QB, Ma WY, Bode AM, Wang L, et al. Suppression

of skin tumorigenesis in c¢—Jun NH:-terminal Kkinase-2-deficient mice. Carcer

/fres 2001;61:3908-3912

. Hildesheim J, Awwad RT, Fornace AJ Jr. p38 Mitogen-activated protein Kinase

inhibitor protects the epidermis against the acute damaging effects of ultraviolet

irradiation by blocking apoptosis and inflammatory responses. J/ Znvest

Dermatol 2004;122(2):497-502

Ward RA, Nakamura M, Mecleish KR. Priming of the neutrophil respiratory

burst involves p38mitogen—activated protein kinase-dependent exocytosis of

flavocytochrome bsss—containing granules. / Zro/ Chem 2000;275:36713

. Abeyama K, Eng W, Jester JV , Vink AA, Edelbaum DE, Cockerell C]J, et al. A

role for NF-kappaB-dependent gene transactivation in sun burn. J Clin Invest

2000:105:1751-1759

Chen W, Bowden G T. Role of p38 mitogen—activated protein kinases in

Ultraviolet-B  irradiation-induced activator protein 1 activation in human

keratincytes. Ao/ Carcinog 2000;28:196-202

. Lin L, Wartmann M, Lin A Y, Knopf J L, Seth A, Davis R J et al. cPLA2 is

phosphorylated and activated by MAP kinase. Ce// 1993,72:269-278

. Xing J, Ginty D D, Greenberg M E. Coupling of the RAS-MAPK pathway to

gene activation by

1996;273:959-963

RSK2, a growth factor-regulated CREB kinase.

_15_

Scrence



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

LEGENDS OF FIGURES

. Nonirradiated melanocytic nevus, showing negative staining in nevus cells

for p~ERK(x200).

. Irradiated melanocytic nevus, showing positive staining both in nevus cells

and proliferating keratinocytes for p~-ERK(x200).

. Nonirradiated melanocytic nevus, showing negative staining in nevus cells

for p~JNK (x200).

Irradiated melanocytic nevus, showing negative staining in nevus cells,

except a few dyskeratotic keratincyte for p—JNK(x200).

. Nonirradiated melanocytic nevus, showing negative staining in nevus cells

for p—p38 (x200).

. Irradiated melanocytic nevus, showing diffuse positive cytoplasmic staining

both in nevus cells and keratinocytes for p—p38(x200).
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