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=Abstract=

Human Cytomegalovirus Replication and Ca* Response in Human Cell
Lines of Neuronal Origin

Kyung Hee Kang and Chan Hee Lee

Department of Microbiology, Chungbuk National University, Cheongju,
Chungbuk 361-763, Korea

Human cytomegalovirus (HCMYV) replication and Ca® response in human cell lines of neu-
ronal origin were investigated. SK-N-SH (neuroblastoma cells) and A172 cells (glioblastoma
cells) were used. SK-N-SH cells were permissive for HCMV multiplication with a delay of one
day compared to virus multiplication in human embryo lung (HEL) cells. The delay of HCMV
multiplication in SK-N-SH cells appeared to be correlated with a delay in the Ca® response. The
cytoplasmic free Ca™ concentration ([Ca*])) began to increase at 12 h p.i. in HCMV-infected SK-
N-SH cells, while [Ca*]; increase in HCMV-infected HEL cells was observed as early as 3 h p.i.
On the whole, the level of the increase in [Ca™); in SK-N-SH cells was about 30% of that in
HEL cells. On the other hand, in A172 cells infected with HCMV, neither production of in-
fectious virus nor detectable increase in [Ca™], was observed. Treatment with TPA of HCMV-in-
fected SK-N-SH cells resulted in [Ca™); increase at 6 h. p.i. The stimulatory effect of TPA on
HCMV- induced [Ca™]; increase continued until 12 h p.i., but TPA failed to stimulate the Ca®
response in SK-N-SH cells at 24 h p.i., suggesting that the effect of TPA had disappeared in SK-
N-SH cells at that time point. In conclusion, SK-N-SH cells are permissive for HCMV re-
plication and the delay in Ca™ response may be a consequence of the lower responsiveness of
SK-N-SH cells than HEL cells to HCMV infection.
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Human cytomegalovirus (HCMV)& AEH o2 Zol A% A AMole) F 1% FE HE Ao
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ol AN 743 FaisA velve 943 24
2 AN, 3 Aolst 2 FF3ARAEY A
olt}. glo} Aol A HCMVe)] = o] Hojd
Aol 60% FEE A3 Bz Fo & Hol
T o] 59 80% o] AL 3 Ao] H7| A Y7L
goju A "o [2,34] W d3FH FA7 2
°] HCMVe] A= o Bojyte olo] &9 43
FAME aFo| FLRel, A FAH3} 5 A8 ¥
o) FFAAAEL] ARFAH Age] Yehie
AE B ¢ At o8& 7 ol HCMV7L 2
Az RAEF Urist AR zA] viHe] wf
gt A< deda A

HZ AU ZY T (AIDS)o] T g w
2} AIDS SR AM YElE Z4F blolgxA,
AT, F%o14 AL EC) FEE 23 Ut
HCMVE AIDS 3Hatol A A7y w2 2717
d3ld N PAY 2HE 2P F ed, B2
8zlo] 79 glial cell, =+ neuronal celll] A
HCMV®] DNA &4} & 432 dd e A%}
AAN = At [5,6,7). wet HCMVSE A A
Toe YHT A oy ofF ARFAH X
HCMV7E A =EAE o ojd AR 2@ s}
o, #3844 2E vX & AR, =& HCMVE]
Aol e AFAE W3} So dstde &
g2 A QA gt

ABAEN 2 NN5S FPsted 2 ol
o] 83 J&& Ive AL & LA U=
Aldolth. ¥ HCMVe] ZHE ATl HE
W #8 #Zg9 5% W37 23, o] HCMV
FAz SE9 DHG BAE 7K Y& ©]
U] B39 vt 3o} [8,9,10]. Nokta 52 2443 Al
¥<¢l HEF (human embryo fibroblast) A3 o] A
HCMV 2 ¥ AT 259 #40l dolv,
ol A &HQ AEU #a ZF FE (C*))
9] Z7W} #EHEe AL 2udc 8L & 4
FHAANE H L3 Ao BFHJYLH, ol
& [Ca*} 271 HCMV S 27] §34 23388
ZAAA FA 9] E ZE 49 dAAE
HCMV FAlz7] fAx 2d& dA399
[11). Vol7} HCMV FA|Z7] fAzE oA
[Ca™*) 71 F=3IR Tt [10]. wetd HCMVE]
Z4, T FAA 23 g AR Ao
gon, dgol FaF 4L e AFH KL
HCMV7} 4@ 7 ¢ wolgjae] F47 #4
A 2@ oH Pelo)d Lgold T =4

< wg Aol n ARt o) 3 AN £
AFEe HCMV, AAA %, 281 9 BAE
ool R 17}t s ot
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E

ANE
MIZ 3 vjolHA

2 478 9ol ALY AE 3 HOMV 343
ZaA vrolgxel FFE 9814 human em-
bryo lung (HEL) ¥ & AH-&31%th. HEL A 329}
] ekoll = 10% fetal bovine serum (FBS)S 3 7}%
Eagle's minimum éssential medium (EMEM)Z At
43t 37T CO, Wjg7elA W3t A
A7 o+ £ 2 human neuroblastoma 4] <1 SK-N-
SH A 3 ¢} human glioblastoma 4} £91 A172 M ¥
' Aed A FFAEF LY BFEY
t}. o] & 417 ¢4 £ RPMI H]A]of] 10% FBS&
A 713l 5% CO, EA 3ol A vl gt

EE 4ol AH&€ o]z 2+ HCMV strain
AD1690}1, o} ulo]z} A& University of Texas
Medical Branch (Galveston, TX, US.A.)¢] Dr. T.
Albrecht2 38 29} HCMV stock2 471 9
3 A 80cm® Al Tuj Y& FtAAojA A HEL
A X9 w@=d ¢ 0.01-0.05 plaque forming unit
(PFU)/cell2 ulo] 28 HF3ta 15 ¥ TF L
2 7PEA £80] Fo] 37CAA 1 AN T F
FA AT} vlolH A d 45 4 F AEAPE
37} ol A% Vel #iA & A4 E fA
A2 ZolFa vo]H A 4 810 & ¥ &3
A} wlolg 2 Eak2A AAE -70TH -
H 37CAA B GAESF F1E302 F
ot 2L uE sk o E 3,000 pmo 2 10 £
 SARYS FE AL 50 ml 9 E B
Y3 pellet A} R39) ¥ g A@Es
o A 2L HEHEYc) )RA AL ulol
2 stockZ EF7I2 2 4L F2ml EE SmiY
Yol ¥ -70Co) B#Ad

ZHH o dloj{Aael MY

A7 A E A e HCMVE F24 o B & Leigh-
ton tubedllA] A A EtZolAe ZFgdol 3
€ ol 2E AFFozn ARG AX
@20 m.o.i. (multiplicity of infection)7} 1-3 PFU/
cello] A o] A& HFAZ T} vio] 229
F3 (37CA 1 A|The] B 96 A1t Ao 75T
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Plaque assay

HlolH AE Lo 107 348t 02 mle
35 mm FHE ) wjFE HEL A X H2o
HEE 33704 1A B¢ F3A7 e
vhol B 28 A A 83 13} overlay mediume WY
t}. Overlay medium& EMEMoj 2% FBS, 0.25%
agarose, 40 pg/ml gentamycin, 1 pg/ml fungizone-g-
ol AbE3tglt). HlolZ A8 A% £ 7 Do)
Z1U4E thA] overlay medium& THEo] 13} over-
lay medium 9] Qo] FQ}. 21} overlay medi-
umE WX 79 % 10 % formalin®. 2 N T E
23R} 24 A2t 2 overlay mediumS A A5}
i 0.03 % methylene blueZ & A3led &% @A)
4 2.2 plaques| & Aglch.

MZEY 7al & sTo &3

HCMVo] }AA7l AEU o8 71x] oA &
A E AN f2 BH =2 2438
71 918 AHg-3tE fluorescent indicator2 = Fura-2/
AM (Molecular Probes, Eugene, OR, USA)& Al-&
Sttt ulolg 2} FAE A PR A A3}
o] At A Aol 81+ D-PBS (Y 2H B KC 02
g KHPO, 0.2 g, NaCl 8 g, Na,HPO, 1.14 g, pH 7.4)
E AEDEZFE FE 4% Og Fua2/AME
loading buffer (10 mM Hepes, pH 7.4, 130 mM
NaCl, 5 mM KCl, 1 mM MgCL, 10 mM glucose,
10 mM sodium pyruvate)ol] 3 pMo] = A ) a) s}
o 40 £31 WA o] %A Bhof Fura 2/AM
& AZHE FYND 5, EIA A9 o)
AZE 588 9, DPBSE 5w AojE Te
fluorescence  spectrophotometer ~ (Hitachi, Tokyo,
Japan; model F-3000)2 330 A& =AY
t}. Excitation®} emission 3}#}-& z}z} 340 nm <}
500 nm=z 3}9 o}

Plasmid

HCMV 5A27) $48% 280 o3 4 %)
2 TF T W3S Lol 9§ A}
plasmid DNAE pEQ273, pEQ326, pEQ276 2 o] =

< ZtzZ} HCMVY] FA|27] §4A $ MIE],
MIE2, 18] 3 MIE1+2& 233tes Aoz Mg
et FAFHATAY I AY mFzry
T3 o€ plasmidE FE3}7] &)X E. coli
M 1099] FAABAZHH, 714 de FA
A¥F o2 HE DNA 22 alkaline lysis
e AFsA AgEt FAAETTS ¢
A A7t £¢E Luria-Bertani #}2] (LB ¥} %]: 1 &
E| 2 tryptone 10 g, yeast extract 5 g, NaCl 5 g)oi]
A g o, dA RS FAE +835
o} £94 1 (50 mM glucose, 25 mM Tris-HCl, 10 mM
EDTA, pH 8.0), £ I (0.2 N NaOH, 1% SDS),
221 89 Il (5 M potassium acetate 60 ml, gla-
cial acetic acid 11.5 ml, 5-{F < 28.5 ml)E 314
2.2 HJIst ute glolg o AlZ) F, isopro-
panolZ DNAE IAA|Zch JAE DNAE TE
buffer (10 mM Tris-HCI, pH 8.0, 1 mM EDTA)Z
=9l ¥ 7] CsCLe} EtBrg H7}sln 45,000
pmol| A 48 A7} Y4 21§ Z isopropanolZ EtBr
< AAFL CCliz FAo] 93 AAst 20T
o B#slgh

Transfection

Plasmid DNAS] M ZW} 9] Lipofectamine
(Gibco BRL, Gaithersburg, MD, U.S.A)& A}&%
lipofection Wi & o] &3t AL E uj otz
3% T AE7t o 80%2) confluencyS H.o]7
=™ Lipofectamine 3 pl9} DNA 1 pg& 4 & g
AE A Zo YoJFA Tt o] & 37T CO, W%~
oAAt 5 A Ft MiFsta, 10% FBSE ¥ 3t
€ A€ 9o FAT. DNAE Y& 24 A3 5
o E t}hA] 10% FBSE ¥ et w2 Zo} 3,
o] ¥ 24 Azte] A F &9 WYOoZ Fura2o]
A FFHE 2334

2

2

2UA| AZ M ZoA 2l HCMV S4

HCMV7L Q1A AR LGH FoNE JFHoz
S48 4 9lEA] doli 7l 96t neuroblastoma
M EF9Q SK-N-SH A £ 9} nE3l9 glioblastoma
A EFQ A 1724 ¥ HCMVE ZgA)7) 1 24
At BA o2 FEEE vlolH Ao FE Y
At A9 AFHE 2317 95t HCMVS
A 3% F A £ HEL A £l 48] HCMV A=
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Figure 1. One-step growth curves of HCMV in
SK-N-SH, A172 or HEL cells. Confluent mono-
layers of the cells grown in Leighton tubes were in-
fected with HCMV (strain AD169) at m.o.i. of 1
PFU/cell. Infectious virus titers were determined at
the times indicated by plaque assay. (O), HEL cells;
(), SK-N-SH cells; (A), A172 cells.

Zro] toln gkr}. Figure 19 VEbH AF Z3}o)
A B 4 Sle kel 2ol HEL Al XA & nlo

22 2 48 A1 FE A Htel 2 Aol

FZHQ o, SKN-SH M EoME wpolzja
A 72 Aol A FRE A mbol 27t
AZH AT o] f SK-N-SH A Zol A 2] 144
npol gy 29 =X} HEL M| XA ZF4H ulo]
H2 k] oF 10%cl AFste Folt. W, A
12 LA M & upol 27t A F4eA R
o 72 A FRE e A vhelF 29 7t
232 7ZHastd T} (Fig. 1). @b SK-N-SH A
& upol3 29 Y4 A7 ko] HEL Al £}
%zke] Aolzt 1oyt HCMV7E st 54
g ¢ sFAEHE A F 0o A
172 Al £+ SK-N-SH A X9} Z-2 brain-derived
cell lineo] A gk HCMVe| F4-& A dste A E
4E ¢ F o

Al 2MZo|AM HCMV 2t Mz fe
Lo wa

HCMV7} SK-N-SH A} Zol A Al Ao g Z2]
FAohE A2 HEL A ¥olA B, vpolejx 7+
4 Fell dolvte A8 A sy #3e A
3 A et £ Qe teds HoEd
a8t -4 HEL A XA Hole #g F%
9] W37} SK-N-SH A TAE Lo YeAE

Fluorescence ratio
(HCMV-infected/mook-infacted)

Hours postinfection

Figure 2. Changes in cytoplasmic free Ca” con-
centration following HCMV infection of SK-N-SH,
A172 and HEL cells. Cells grown to confluency in
35 mm dishes were infected or mock infected with
HCMV at m.o.i. of 1 PFU/cell. At the indicated
time points after, cells were loaded with Fura-2/AM
(3 pM), and the Fura-2 fluorescence was measured
as described in Materials and Methods. (O), HEL
cells; (), SK-N-SH cells; (A), A172 cells.

ZA sl T HOMVE ZgAI7 2 2 AR E A
Zroll Fura-2 333 gloll 2@ A X 2] 2w %
$o] W3 E dolHgith Hlolg A ZFE ¥ 6 A
A e Wt e, 12, 24 Aztddle
Fura-2 834 gko] Z+z} 17, 24%2) &7}, 48 A7k
e 45%9 FHE BYoh (Fig. 2). °|AL
HCMV Z+<d¢)] o8 HEL Al Xo|x¢] Fura-2 &
B kel Zvlskel ofF 30%9] vl e FFEolH
SK-N-SH A Ao} ¥ ulo]gjx &% 1
Hatd 283 44T & de A 444
th. ¥hE A172 Al EA e HCMV el o
24 FEo Wsis} wpolg 2 7E 96 AR
#RHA goron, utolga ol o3 AX
By g9 AF FAHA] gt o] A
A YollX el HCMVS 34 171 Zg 5%
9 F7tet AAA oz FAH YEHE BAE
o}

744 A EQ HEL A XM= HCMV 3
2} wdo] QA ow AEY F2 FEE Tt
Al7led #oste Aoz HnHAUG [10] &
o] = A3 A3} SK-N-SH A Lo A = HEL A &
X s} o] HCMVE F2]o] dojuim, A L
2 28 FEE A7IFoz AdEI e s
Z7bete AL st o8 @ AR E EXE 3
o HCMVE] ZA|Z27] FAAE A X =914
713 olRo) AXY F ZHe FEE ¥



Table 1. Effect of TPA on cytosolic free calcium concentration in HCMV-infected SK-N-SH cells

Fluorescence intensity (+S.EM.)'

TPA (nM) : Ratio’
Mock-infected HCMV-infected
0 49.4+5.87 48.2+6.27 0.98
1 52.0+6.54 54.4+0.54 1.05
10 46.2+-4.74 66.51+-4.28 1.44
100 47.9+9.71 62.0+1.30 1.29

1. Measured at 6 h p. i.
2. Fluorecence in HCMV-infected cells
Fluorecnece in mock-infected cells
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Figure 3. Effect of HCMV major immediate ear-
ly gene transfection on the cytoplasmic free Ca™
concentration in SK-N-SH cells. SK-N-SH cell
monolayers grown in 35 mm dishes were transfect-
ed with plasmid DNAs containing HCMV major IE
genes using Lipofectamine (Gibco BRL). Mock-
transfected cells received plasmid DNA containing
only the promoter region of the major IE gene.
Transfection and the Fura-2 fluorescence meas-
urement were performed as described in Materials

and Methods. HEL: human embryo lung cells, NB:
SK-N-SH cells.

4 5 EA] LolEgtoh Fig. 3o|A B uisl
Zo] pEQ326 (MIE1)¥} pEQ273 (MIE2)S &= &
ZA$-ol M= Fura-2 33 groll lo] ¥ 30% A=
9] F7+2 B2} pEQ276 (MIEI+MIE2)S &
PAIL A Eo M= 2 H3} glid. 44 &
AR =09 AMEANA 238 o} ¥zr} ¢l
R AHL o] HEME F F7e
7] $AA (MIE1, MIE2)7} A2 435 Zese
o FAVE Aok teA & BolF

HCMY Zedof M2 Mz fa| 2& vl
ol th8l TPAS] &%t
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=
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HCMV7t A2 215 el AA ) 4

1 a9 THE JAAEY AEY 5=& A3
ke AHd2 ojnf Baud bt ok o FellA
= 53] 2% Ao AEW #7 #F (8 9
CAMP [12]9] Fxeolt}. o8 g A S Higo=
protein kinase C 83 Q) TPAS A&l gt oA
o] HCMV g @& A% 7 2F 529
W sld] oA GgE FEA Dot} A
HCMVE 79 A7l SK-N-SH 4| o) TPAE o 2]
T2 A F AFY #8 Zgel A Wt
A e vlolgdx AE F 6 A A Zg @
85 o}y gty TPAE A&t &2 A X
M o435 vhe} o] Fura-2 333 ko] W slst
] ¢ke uhH, TPAE 10 nM, 100 nM = 2] 8+ 4]
FNE A4 4% 29%° =/tE BEJ(Y
(Table 1). T}& 2 8= HCMV 2 3 A&AH o
2 TPAE A 3tE& 9 TPAY} Hiolgxef 9
g A& Ao Fto) old e nA A
A& golH gttt o] 2 3] TPA (10 tM)E A
28tz diolgj & 7+ ¥ 7; A|ztdiel] TPAZ A
B8 Fx & A X9 v wte] Fura-2 % 3t
o] W3l A= & AT (Fig. 4. 48 23,
ZE F 6 A7k TPAE A8 F4 &2 AX
A& vte]g 2 o) &3 Fura-2 3§33 Fho)
A& FrtskA] @2d vls) TPA AHelof 93
25%7} gl on, 12 A7t Fol= TPA &4
ol&] ntolg A 7hAo] o & Fura-2 83 el =
7}7} 32%9 X 70%E 1 Eo] AFt a8l
g 24 A 7toll= upolH A e o8] Fura-2 ¥
% gkol 671% 7tk o TPA Aol o3 &
7}Eo] o AAR = &3t} ol o]n] vlolg &
Zdof ol ol 223 P T =Y Ut
7t FEHA L ALole 19 tBe] = AT
el AAL B3 A8 PKC SHA = g
F TPAZY 42 4 Bd7) JEelgdn 4%
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Figure 4. Effect of TPA on HCMV-induced in-
crease in cytoplasmic free Ca® concentration in SK-
N-SH cells. SK-N-SH cell monolayers grown in 35
mm dishes were infected or mock infected with
HCMV at m.o.i. of 1 PFU/cell and 10 nM of TPA
was added. Fura-2 fluorescence was measured at in-
dicated time points after virus infection.

F4HoE, HCMVE F5473749 2E 4
¥ 2T F de Aoz A oy [5
13] o] 22 A Yolel HAAHE FAAoA Ho)
© A7 Zgal 23 #do)] Qe Aze
o 28y o A X HCMVSY 4 2y
gle Aoz ¥ n ¢x HCMV DNAS] &
A F-F9F in situ hybridization®} PCR 7] o] €]
3} FAHJUG [5,14]. HE H ZF A9
HCMV Z4 ] dig 2740 FA71 lch A
2} brain-derived M L& A}83 4 3¥ & HCMV
o] Z4 71eAE dFa =l [15] e
neuroblastoma$} HCMV7l A A Ao 2 g o]
Aol BEHHR oM [16] o] & A AAH Eol
A2l HCMV &3] 7454 & A48 33 o) $
2]l 48 ZAAx AR A FEA e HCMV 2
7HeE 4S8 FE 9 o8 MR 7)d
w2k HCMVe] £2] 871 235 Ade 2
oEdh 2 AF 2F9} FA18HA Jault 5 SK-
N-SH A L1} U373-MG (astrocytoma/glioblastoma)
A EA A& HCMVE] F43 {A4 ddo] &
oJuAwt A1724 Z el 4= HCMV #A wHg
o] AFHTh= A B [17) 2t
oH 7R & A1724 £l A HCMVS] fAz} @
dol}t F4o] dojur F& o] f7} nlejg 2~
7} QX o B Solrte EaARA) ohyH u}
olglx F2lo a3 ME Azt R AQ
A gAstA w8 =2 ket

HCMVe] F4 3 §A7 48, 53] FA27]
A2 Fde AXY feEldEs oo I
ZAZE AT [9,10,11]. HCMV F2 o] oy
SK-N-SH A Ze|x] HCMV 2dd] wat A Xy
#2 ZE =7t S7HH, B HCMV F40]
dojuix] @& AIT2 XM E w5 559 &
7}7F & HA geves E A7 A& HCMV
ST ZF Alele] FR8AL YA W BoF
3 Uk AZtE o)A 3 kR 3dE 1
= AL HCMV 749 % 6 A] 7ol HEL A X oA
= 30% A X9 Fura-2 §3F ko] 712 Hol=
Wk, SK-N-SH M| ZoA &= A3 F718tA &gk
th= Aol th o] AL ofnlk Al E W A $7
o zolztn AzZ@d. %, SK-NSH At
HEL A 2o E&Asle AAES] 3‘4017} HCMV
o 9% MES weg AAANIN7] REL Ao
gu JAZG, vl & vkgo] AT Be X9
Wslo)7] &= A upolg 2o FH o] wat A
ZU £ ZE9 ¥l F/tE AL FH=
= AHdolt}.

SK-N-SHA| E o] A} HCMVE] Z2 o)} D4 5
=9 F77F oA AL HCMVS] /A% &
Aol R&o} A7t B4 45 AMEQY HEL A
2o tz2y] YRojzte A S gotir] ¢
& % A Xo] HCMVE Z9AY 2 SA 27 &
A=A AbZ o thal western blotg F&IJ T 1
A3} SK-N-SHA Zo| X = FA 27] A2 A
Al717F HEL Al 0] ¥j& 2o E &A% 5 3l
1t} (data not shown). ©]i= SK-N-SH A} i A
HCMVe] F2o] ZoXAY Zg whgo] Fo
Ae AL FAA Tdo] AAHAAY =1 &
EA4o] ¥ wiEolgtE AME Ho|Foh AF
SAH Fo X HCMVE] o|E 27] fAA w¥o]
2¢& dde Burt dAT 29 Adere
HCMVe] ZX|27] §AX 289 72, 86 kdo
g3 FAE AR 2o 1 9 & FRHe
27| AR AR tiEl e dolRA £33

SK-N-SH A Z oA} HCMVe] Z2 o)y} %7
FRAA FE A7V BE Fojdde AE 1Y
3 FAZ7] KA =Y F o Wt d
ojure Al7] T3 Fold f glemz ZAIRT)
SAAE EYAZ] F HEL A ZA Tge] =
7}7F oj e 42 A3t o] Fof o] 3 A sks A
o =] GotE gttt A4 A A4 =94 F
96 AIZAA T obF-A Wyt A HA kgl



(data not shown). ZHEZ A7} & ZA| X7
A Ed A7 2R 7] R M X
Za $=9 /P AQdny] Hohe Az

7] fAz W ME g, = TH Ak}

BAE BR9] EAo| %jA7] wRo)ale A
Ztol B B§g4o] Ut ol 7t5A S Golr
7] 913 ZEUNAE 38 4 3lE TPAS AL
st} Holth o A3 e 30 T4 2 =
7}2 Mol SK-N-SH M Zol 4 TPA Hzd] 2
3 ZF FEY F719) Zo] AR}E Injze
ARE 22 & AU Bty B a7 Ang
£ 1 SK-N-SH M XM Htolgi & o) o
€ A% Ao] AA, 2 FAX= E3] protein ki-
nase C9] 80| GolX Z¢ Z7l7t AU S
Aolgtn A + . & Z2F9 neu-
roblastoma cell lineol A TPAE 4 £29] 84
A &L e Aoz Hudo glon [18],
TPA7} neuroblastomadl] ©|X]i= <& ojgt =
©& HEidAME TPA7} neuroblastoma cellof) A]
neurite®] 4GS A Prie AHLL B
(19]. 2822 99 AN TPA el <
8 dg T=7 F7HEATHE A o] TPAS) of
H Z3to] o ARAAE o A7} Wasy
protein kinase?] &3 #AE o FA & A1 %
o8 Hiolg 29| £83 Az ¥1e S Fus)
Y7bA SK-N-SH M ¥} HEL A ¥ ujo)a]~
FHEol 43 ME Ay2etE zpo|7l oW x| &
F Y& Aot}

&

£

UA A7 LA Zo HOMVE G A A ulo] g
29 43 NI f2 24 55 WIS So}
2% g 2L 282 Y 4 9t

1. A AZLANE F SK-N-SH A AN &=
HCMVe] F43 XY &8 T4 55927}
7t &= WA, A172 A Z oAM= vlo] g 29
34 2 Z# 5= A3 94294 g9 o
A A 2] 71919 wek HOMV o) o g ub
ol dE RELE L F YUt

2. SK-N-SH AZoAe Zg e Z7te
HEL A 2] ¥ &3, O Z71F0] Bt} o]
© FAZ7] FAHA FH oF Az 88 2
F FZ 571 %3] HEL A Z M9} o} g A5}
BAZ glegletn AztEct

3. Protein kinase C @4 #4]¢] TPAE HCMVO]
Fdd SK-NSH A ZoX 9] feddd 5= F
7HE FAANAFAS.

AL AL
o] =22 19944 x &3 FeAFAGY T
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