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Purpose: To understand the pathogenesis of the
disease that presents abnormally proliferated vascular
endothelial cells, a model of DMH(1,2-dimethylhydra-
zine)-induced abnormal proliferation of HUVECs(Human
Umbitical Vein Endothelial Cells) was made. We indire-
ctly determined that Protein Kinase C(PKC) restricts the
cellular proliferation and inhibits the manifestation of
growth factor by using several inhibiting substances of
the transmitter through our previous studies. Thereupon,
we attempted to observe direct enzymatic activities of
PKC and its correlation with the abnormal proliferation of
vascular endothelial cells.

Methods: 10° HUVECs cells were applied to 6
individual well plates in three different groups; A control
group cultured without treatment, a group concentrated
with 0.75 x 10° M DMH only, and a group treated with
DMH & 5 x 10°M Calphostin C, inhibitor of PKC. In
analyzing the formation of intracellular PKC enzyme,
protein separation was performed, and separated protein
was quantitatively measured. PKC enzyme reaction was
analyzed through Protein Kinase C Assay System
(Promega, USA), and the results were analyzed
according to Beer's law.

Results: Enzymatic activity of PKC presented the
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highest in all reaction time of a group concentrated only
with DMH, and the lowest in the control group. The
group treated with DMH and the inhibitor revealed
statistically lower enzymatic activity than group only with
DMH in all reaction time, although higher than the
control group.

Conclusion: From the enzymatic aspect, most
active and immediate reaction of the PKC was observed
in the group concentrated with DMH only. The group
treated with DMH & PKC inhibitor showed meaningful
decrease. Accordingly, PKC holds a- significant role in
DMH-induced abnormal proliferation of vascular endo-
thelial cells.
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Y A3 A (angiogenesis) 9] 7| A& FEL 2
ol o 4L dckn geElA gdon, Ay
4128 (neoangiogenesis) 2] ¥4 gt AFAa}E o
Bel A2 A=Y H2WoL ol§Eo)d 4 Yok 4
A3 J9ME dAYAY BEE 293 AgQ I
% (hemangioma)ol tj 8j4 ‘%8 AT7} o] F01 A %%Hl,
RFL A7t V)5S AT 9o o)d) Ui
7h AT el Y e AHE ATE
ZINHAA T ok &3 717o] WA UA °
o2 ol Zﬂx E& I3 UTAE vAAH F40|
el Zgd) i 2R L ol8iE}r] s, o)A 7]
% ATl DMH(1,2-dimethylhydrazine)o]] ]33+ ¢
AR 514 ZHUVECS)S) BI4AA2) 54 Eg%
WEYL HANA F4 BN BEHE 47 A%
£<% RT-PCR(reverse transcriptase-polymerase chain
reaction)& 53] Ak’ 0|5 dAE Evz w4
HY AESHT Ze ARGk AEAGRY L S
df B7) A, o8 7HA AsALEAS g AsAS
o]-8-3 A& o)A protein kinase C(PKC)7} B A2 Q] =
4 QoA 713 ABA0) Bee HHAR o & 99
B olo] ol # g A A Aol tjalA PKCo| B &
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A8AQ HEL £3) PKCo A4S AH AHEOEHN,
DMH¢l 93+ HUVECsS] vlAAHZE Q1 &2 A A PKC
7t 2% 98 stex B33 Bz st

. ME 3 oy

7b MEF HiY U A=A

d7 YN EY HEZFE ‘Modern Tissue Technolo-
gies, Inc.(MCTT, Seoul, Korea) 2 5-E] &FE-L A A
AW YAHNZEE ol &aHn, AduY S5 2 23
oA 832 ¥71A Fdth AXE 5% COp 37T 2219
ZhE w7 oA kst

HUVECs< 6 well plated] Z+ well & 10°74% £33}
1, EBM £+A4) A [Endothelial cell basal medium, 0.1%
hEGF(human epidermal growth factor), 0.1% hydrocor-
tisone, 0.1% GA-1000, 0.4% BBE(bovine brain extract),
2% FBS(fetal bovine serum)]2 1Y u} %3}, 29 = &
974 A2 2AS] 197 Mgstach of F ohra 3

g ZojehA 9 M%E QA ANPH WHAETE
fzEog Agton, 345 DMHE 075 X 10°M 3%
2 Agste] YA AN WIAETY #AFHE fE
3t 29 DMH AHaw, Z& Aj7]el protein kinase C
(PKC)e] AsAQl calphostn CE 5% 10°M FEZ
DMH 075 x 10° M3} 54 Ag& & AshA Adze
2 Ao} MZ v WA

L}, CHHE =E0H

AE Y PKCY 29 YAFEE 437 98t &
wd BEE o3y 2 BPOoE AL, E ¥
& 4T ol M AlFE AT

H) ¥ 4) ¥ & HBSS(Hank's Balanced Salt Solution) & A
sl ALto] AAF ¥, PKC extraction buffer[25 mM
Tris-HCl(pH 7.4), 0.5 mM EDTA, 0.5 mM EGTA, 0.05%
Triton® X-100, 10mM [-mercaptoethanol, 1 pg/ml
leupeptin, 1pg/ml aprotinin, 0.5% PMSF stock solution
(100 mM PMSEF in 100% Ethanol)] & Yo Axe & 4
th Az EEo] £3E 4L 15ml tubeE &7 ot
homogenizerE o]&3te] HMEE ofF ZA 3L,
o] Zof 14,000 gol Al 587 4TE A 31HA A&l 8t
%t} AZAS diethylaminoethyl cellulose columne] %
#}A)71 &, PKC extraction bufferE columnol} & A
A &5t4 ) PKC extraction buffer-NaCl2 columnd] 2
T, column ¢+0 2 E|UoE &AL 15ml tubed] H&
Z, 23 ghlde 70T sk Easkdnh
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7+ ¥kgAlZl &, spectrophotometer(Phamacia biotech,
England)E o] &-8}e] F3= 562 nmof| A &l d <ol w2
EAEE 53 AFE A=, ol BSA(Bovine
Serum Albumin)E o] &3t} F&F BAof ALEE Ao
3t standard AL 9% AE=E RFHohFig. 1).

2. PKC 22818 B4

223 @wAL protein kinase C assay system
(#V5330, Promega, Madison, USA)& o] &3l AW
L AR YTy 54888 vlwaly] 98k, PKC negative
controlol]= PKC activator 5 X buffer, Pep Tag® PKC
reaction 5 X buffer, Pep Tag® Cl peptide, peptide pro-
tection solutiong &334 1, PKC positive controlo]=
negative control?] 47}x]¢} FAH PKCE EF3oH,
PKC standardolE= 99} U3 471x9} AxoA 23
g ko] whild A28 EFete 37kA]9] 4 AEE
W=t 3714 A& E 30T oA 3083 §REAIRAL, 95T
A 1087 Fol aa WHeg AAAA ¥EE vl A
7o) 80% glycerolZ %718 ¥ 50 mM Tris- HCIZ W&
0.8% agarose geldlA 100VE 1587t A7 53Act ©]
w Q14kslE PKCE ‘+'F o2 o] Fata H|QItstd PKC
vZ0g o|Fae) T el WESl YERtTHE 2).
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Fig. 1. Standard curve of reagent for quantitative analysis. BSA:
Bovine Serum Albumin
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Fig. 2. The results of electrophoresis after the phosphoryla-
tion of PKC.




W83 T8 M ZNAM PKC 84 24

NS T3 asiubgo] dojt vl do] £3d
gel™Z £t 1.5ml tubed] B3 gel solubilization
solutiong 713t 95TAA gelo] SHHA BS w77
T % 52 899 IRE Hof gel solubilization solution
7} glacial acetic acid7} E¢]¢le 1.5ml tubed] ¥ F
413 96 well plateZ &7 Holr, scanning multi well
spectrophotometer(ELISA reader, Molecular Devices,
USA)E AHE-3te 570 nme] mpel|l A &%
sity, OD)& Z43}%th

% (optical den-

HiAHY
A& 7R Ao W3 FFEES

af. PKC EAEM A
15 L
o] wat Arstgeh Beer's WA

a2A9E of %
0|83} Beer's
o3 gom,
A=¢BC
£=A/BC
C=A/¢B
Peptide MW=1,684(.".

m* ol

_|>_"4_L_40>

21g peptide = 1.187 nmol)

£=The molar absorptivity of the peptide in ¢ /mol - cm™

A=Absorbance of the sample

B=The width of the light cell=0.7

C=The concentration of the peptide in mol/ ¢ of the
sample read
=(number of mol) + (volume in ¢)=(1.187 x 10”
mol) + (5 x 10™ £)=2.374 X 10° mol/ ¢

S 548 ol gstel ofehs} Lo] AT,

e=(Negative control Asp X 2)/(0.7 X 2374 x 10

Cp=positive control Asp/(e X 0.7), Cs=standard Aszn/ (¢
x 0.7)

Np=Cp X 5 x 10%, Ns=Cs x 5 x 10*

Tp=Np/30, Ts=Ns/30(pmol/min.)

Activity(p)=Tp/sample vol., Activity(s}=Ts/sample vol.
(unit/ml)

Ht. SH M2 2 AAN

2E A9 HHe 93] wiEsgon], 0,4, 8 12, 24 4]
PE2 27, DMH A7 2 AsA Mg2ate vn
A+ Tukey testE
< 00019 Ao st EAFH FoAAS Fosigoh

n & =

QU7 ARA R4 Eo) DMHE o] 851 19172)

AHgete BAFoE BAEYT, p

15

---#---control
—g— DMH
—a—DMH&Calphostin C

Aj //A\
/ i

PKC Activity{unit/ml)
®
o

ooy

¥

Ohr anr 8hr 12hr 24hr
Time course

Fig. 3. The activity of PKC depending on time in three
groups: control, DMH, DMH & calphostin C group.
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BzTel Agie] TE PKCS] B4 wate A
0ARE A2 F 1222714 PKC B40] ehetd) 2713}
Wt 2 o) FRE 24421717 243tk DMH 4229
PKC 84 Wse el F 4714 348 2718 Hol
W A F 1247747 B40) Zrtstl, e & 24
BAAE Fashe e BT Al A FAHE
PKC 24 W7} 2] 3 8171 Z7harlont ol %
Basie AL ¢ 4 AN

PKCO| 84¢ A2 ¥ ZE Al7ttjo] DMH # ) 2o
A AR BRT, dEFAN 71 Itk A A E
& DMH 95 H2lzd) vls) $AH02 SolahA 2t
1, hE2 HaAE B4 dehkort A2 1247 ol%
o tzEd ke Ase nyo
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37 42l T 9A Aol N Fue] HHL o}F
83 Aol oo dg B A7 IPHD Y,
48T dgolMe BT 2 R 7)Y 59 A%
of g A2H AL AN Aze dB Y49 AU
olsig Fdart »1‘412 AZES 83 T4 o] vy
49 W F40) D A7/ IBAA 7)We] Yopue
v oS el Holet AZ4EA Hol A FEAF A
HFTHE et ge)d DMH(L2-dimethylhydra-
zine)§ o]-&3le AHAQA A wd(in vitro)S WHEQ
t}’ ¢]& Eugi2 DMHY) 3 HAANH 08 Z20] G
¥ 9% UAEN A5Hoz BEnE AREL
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DNA microarray W& o83t gstgoH, o]E <
A5 thsjr] RT-PCR(reverse transcriptase-polymerase
chain reaction)& E3) Alzte] @2 T FFE EH3H
B3 F4 1A H4EE A% 71248d A8
< % YA olelF oW AFARE o BB ¥
A 1AL Lopr 7] &, AEHEFHA (signal transduc-
tion pathway)ol X F83 wi/jEA2 FELL 9= 37t
A &2, protein tyrosine kinase(PTK), protein kinase C
(PKC), oxidaseol s} z+z-e) AsjAlE AHg-ste DMH
of oa FrEE HFSH AXFAFEAN AxE9
ARES B A F=E Yo} B A3k, PKCY A A
2l calphostin CZ 54 H&l& FolA 7k on] A A
8 5371 B4 vebsttiFig 4)° ol PKCe #ad
A% A FAo] BlFA] AEFHT 7HF A AR
2 M Reg dEFF § AU 2 olE A
ztztel A AGEAEY AFHA Ao e AE 87
F2 Y2EH MRPOEA AESH AB4E A
o2 s B Aeg PKC A9 &4 wsht &4
A AW FAF AL ohy Ut webx DMHe] 3]
FEHE 0T ATFH3H hajA PKCS} A7
el #EAL AT Pyt o aLFH FHelA
PKCe &4 F=E AESA HUH-

PKCE AIXE AFolY 23 AN F28 24 AR
24 oy 71X A4 B4 Fol ¢EA deH, vIdd
isoform& 7}A| 1 1o} 1 7)%F0) oA 7R &3] ¥ A
QA GTh A g Fo] 247 YAMEY RHANE T
3 98 3 Aoz A 91 Ay HX FUHAE
JME tekat Geso] #FH T ok ojze) AP
ol A PKCO Ago] uiAAA AEFHT 42 Q&
o] J& AYL A2 FAY F YU A= 22
Wgog AgHG '

old A7t wIAE A AgH WML}
DMHE o|&3l4, Al 7tA| 2.2 v+ @id & 34

Growth Rate
o
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Fig. 4. Measured growth rate depending on time after treat-
ment with DMH and inhibitors of growth factors. (A: control
group, B: 10" ng/ml DMH, C: DMH and Calphostin C)
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st e, o€ Pierce WA olgti: ). A
v g ZASIA & W 22 2E Y
il o] Fa o]&(Cu”, Cu')E F9(reduction)
4g ol4d Aol oA 4% €
£ AT Qe AL 2F T Foln, 4
459 Go YA TANE PKCE EASEE, DMHO
oA HIRRH o2 EA A PKCY H=E Lo}
17] 93] protein kinase C assay system(Promega, USA)
& o)43gth o]Ae PKCrt 9le AlE9 PKC} Sle
Ag, 283 Foln iz ste AEE W7 FF3 &4
85 PKC RETHS ELISAS o] §3ld §3=& A5
1, o]u] ¢ Beer's A& o] &3t &std PKCY
A= ¢ & Y

DMHo} els) @3 WslAxe] 134el F4o]
9 4% ZE AdelA PKCe 849 w7t 7
gelston, 58 A8 474 48] Fbshe
B4t} 283 calphostin Coll 93 AsjE B¢ §
Hog Rt Fashe Aeg BA uAdAd
F}AGo] A PKCY Heo] F2FE & & AU o=
A A7) A calphostin C H2]TAlA AZ HRBEC] o
A AYE A & iz 7P FARHA dER Y
Azg guPshs A0 B+ Aok ot AsfA A
GzlM AT AFES dz2TH AY Ay
PKCY &4 AxE dzTht 24 Yetgted, AX 4
A5 DMHd 9% B EdE F5z8o=
Uehd Ao}, PKC B4 =& 7+ A7t o] PKCY
&4 AEE 224G Ael7] Yotk Bt A A
3 PKCS) 24 AEs} AE AFEFE AA3A Bk
1} DMH 2% #2leit SASHoR fols wow
A Az) F 87 O|FHE PKC BHo) 343 FLYL
B 5 9902 KO 39 488 3 208 AR
g,

A% & BCA(Bicinchoninic acid) protein assay "%
g W
[e}

E 1 jo

Hr r2
lo o 4 =

[s)

=

V.2 B

g WA T HIFFAH F29 9o e
Ago] thg A AP L olEsky] A3 DMHE AHE-3
‘in vitrg' 20& o]&3te] AATAHQ WA PKCY 24
< Ay Aurgith 2 23, PKCo 842 tharHn
DMH A ZoM Ekon, DMHM TR As)A A
glsto A ggieh. o] ZA-& DMHO) 98 fE8 ‘in vitro &
@'o) ) PKCE wig3A g i3] HE349 sy
g 27190 FAHQ TS doA AE e A
2 Agst Az A4 BHY B2 T, 440
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