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Many studies for verifying angiogenesis have been in
progress, especially in the field of abnormal vascular
proliferation to explain the pathogenesis and to develop
a treatment of several diseases. In our previous experi-
ments, endothelial cell proliferations were induced by
DMH stimulation in vitro, and the 177 factors(142 up-
regulated and 35 down-regulated factors) were identi-
fied. Among the up-regulated factors, 9 substances
(EFEMP1, CTGF, CYR61, ITGB1, FHL2, SERPINE1,
MYC, PTTG1 and MSH6) were selected, which were
related to cell proliferation and showed high signal in-
tensities. The RNA was isolated from HUVECs at the
time of 0, 6, 12, 24 hours after the DMH treatment, and
RNA of control group HUVECs was also isolated.
Genetic information of selected molecules was used to
make primer for each, and RT-PCR was performed to
analyze both groups. In control and treatment groups,
each substance presented variety of manifestation de-
gree according to time differences. EFEMP1, CTGF,
CYR61, ITGp1, FHL2 and MYC were related to abnor-
mal vascular proliferation steadily and SERPINE1,
PTTG1 and MSH6 were related secondarily. CTGF was
related to both normal and abnormal proliferation, but it
played a more significant role in abnormal proliferation

from earlier stage. EFEMP1, CYR61, ITGB1, FHL2 and
MYC were similar to CTGF, although the relation ap-
peared lately. Further study should be performed to
analyze the expressions and the interactions of growth
factors, which could be utilized in the new therapeutic
development.

Key Words: Dimethylhydrazines, Endothelial cells, Umbilical
veins, RT-PCR
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1 ¢# 3 DMH(1,2-dimethylhydrazine)E o] &3}
o 2 in vitroo) A HUVECs(human umbilical vein endothe-
lial cells)?] Z4]& 8l A8 3195, DNA micro-
array 7|®& o]-&3te] DMHe| 93] wRH oz F2]0]
FEE 3 WA RN 2FHeT FEEE AAES
91g 4 91Tkt oo B AT A DMHY 93 25
Aoz wddE AAE] uigt RT-PCR(reverse transcrip-
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tase-polymerase chain reaction)& £3] Aj7te] wt& 2y
d& EAstal DMHe €8k HUVECS HIA4AQ =
A9 713 AHsly] A e 2uA Ak

AAEL o]z AFd)A, HUVECY t}3t %9
DMHE A8 a3 DMHE A8 ¢ uzd

o tjate] DMH x2] & Azhei2 zhzke] ol thgk MTT
748 (Tetrazolium-based colorimetric assay)S A]3) &}
1ng/mlz} 10" ng/mle] DMH &P M 2] & 244
WA Gzl WA FANCL feold 248 §0Y

& A (p<0.05)(Fig. 1), #4¥ HUVECY )3 DNA
microarray #4-& Al thEFo HlE] AE5FHeRE
= s 1777 AAE(TEHE7} QA 1427, FE A 9
2} 3570)& ERlstge! & Aol e DMHe o5 2
o] 3748 AT B WIAAL F4o) BT FFL

ZohuA), AR B0 AL BAS 9 99
249 YA Aol |59 DMH A3 F Azkjdel
FAPIE FHRDA Aok

7L, DMHO|| 28t HIZAX LHG|ME S4|2 Z#E
3157| o|x|.o| Me
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Fig. 1. Measured optical densities depending on time after
treatment with various concentrations of DMH (A: control
group, B: 10ng/ml DMH, C: 1ng/ml, D: 10" ng/ml, E: 10°
ng/ml, F: 10° ng/ml) (from Kim HO, Kang YS, Bae YC, Park
SY, Nam SB, Hwang SM: Gene expression profiling of 1,2-
dimethylhydrazine-stimulated human umbilical vein endothelial
cells. ] Korean Soc Plast Recontr Surg 31: 858, 2004; with permis-
sion)
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71 913+ 2Ho] Frtd QAE F TEAEI =
FRAeH Al o) AZ9FFH Bl Aka &
A7 E4ES 9 Adsign. e 22L& EFEMPL
(EGF-containing fibulin-like extracellular matrix protein
1), CTGF(connective tissue growth factors), CYR61(cys-
teine-rich, angiogenic inducer 61), ITGBl(integrin beta 1
(fibronectin receptor, beta polypeptide, antigen CD29 in-
cludes MDF2, MSK12)), FHL2(four and a half LIM do-
mains 2), SERPINEI](serine or cysteine proteinase inhibi-
tor clade E(nexin, plasminogen activator inhibitor type
1)), MYC(v-myc myelocytomatosis viral oncogene homo-
log), PTTGl(pituitary tumor-transforming protein 1),
MSH6(muts homolog 6)] 97}#]o]H(Table I, II), o]El
A1 DMH ] AJ7b8 28 Jrest s vasts] st
o RT-PCRE ANtk A8e Aol oy $24
oqo] 9= §A4 YU ol&ste] zhzhe] specific
primer?] 71N EBE AA3 Y HTable II). AE AAE
o] primerx Bioneer Corp. (Seoul, Korea)ol| 2| 2|3}o] A
Ao

L}. Specific primerg 0|8t RT-PCR

MEEAY FABEE o8-8t 242k specific primer
2 AR stYa, AN ES(10° cells per well)e] HUVECs
£ 96-well microplatesol] £F3la] 1947+ F12K ghan) 1]
(F12K nutrient mixture, 10% FBS(fetal bovine serum),
0.3 mg/ml ECGS(endothelial cell growth supplement),
0.1 mg/ml (heparin, penicillin/streptomycin)Z Hl %3}
3, 29AE 583 WA E wA st 1493t wjFstaitt 3
979 10" ng/mle] DMHE Azlate] o8 Adzoz
3l DMHE A#3}A] &2 HUVECsE UIZRToE 3
of Zhi 8] HUVECsE wistlil, DMH A2 & A3t
w2}l 0417 6A17L, 124)7Y, 2447k RNAE -3
RT-PCR 7§o.2 A3 AASY FHYFE vl £
2l

1) RNA £8 Y 9EA 012

RT-PCRE B3 fFAAe] Sy & viwsty] faiA
= RNAE oA A (reverse transcnphon)/\]Z_l cDNA(com-
plementary DNA)E o] &322, =g 10? ng/ml&]
DMH #2792 HUVECo] X RNAE £d3le= 34L& o
=3 Zo] AlqstAth. 2T AT platec) A Bk
IR E A7 &, A ¥3%L HBSS(Hank's base salt solu-
tion)Z Al &3t 0.25% trypsin-EDTAE A 2]s} Aok 55
H AEE 15ml Tl Fo} 1,000 rpmol] A 587 44 &
YL, # vt Ax gojgiut 37 &S A9

mlo
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Table |. Selection of Up-Regulated Factors in Proliferated HUVECs by DMH

Gene ID* Print tip Normalized M" AT Title
NM_018894.1 1.049422116 1252197704 EGF-containing fibulin-like extracellular matrix protein 1
NM_001901.1 1.348069043 1236061057  connective tissue growth factors
NM_001554.1 1.103765185 11.63771594  cysteine-rich, angiogenic inducer, 61
NM_002211.1 1.082311212 11.36068413 E‘Sﬁ‘gﬁ?gc‘fﬁ?esl(%%E?Cﬁgé‘i‘;?pm’ beta polypeptide, antigen
NM_001450.1 1.31927755 112426349  four and a half LIM domains 2
NM 000602.1 1066344099 9110209929 serine(or cystein.e) protfeinails.e inhibitor, clade E(nexin,
- plasminogen activator inhibitor type 1)
NM_002467.1 1.625622434 8.264438013 v-myc myelocytomatosis viral oncogene homolog(avian)
NM_004219.1 1.19727221 7.26288371  pituitary tumor-transforming protein 1
NM_000179.1 1.907222731 6.0858173745 muts homolog 6(E. coli); mshé

* Gene ID in Gene Bank of NCBI(National Center for Biotechnology Information) web site
" Print Tip Normalized M is M Value after Print Tip Up Normalization

TA is Intensity Dependent Normalized M

Table Il. Functional Classification of Selected Factors in Proliferated HUVECs by DMH

Function Title

Adhesion proteins
Cell growth factors

Protein turnover

EFEMP1(EGF-containing fibulin-like extracellular matrix protein 1)
CTGF(connective tissue growth factors)

CYR61(cysteine-rich, angiogenic inducer, 61)

SERPINE1(serine(or cysteine) proteinase inhibitor, clade E(nexin, plasminogen activator inhibitor

type 1)

Receptors

Oncogenesis

ITGB1(Integrin, Beta 1(fibronectin receptor, beta polypeptide, antigen CD29))
FHL2(four and a half LIM domains 2)

MYC(v-myc myelocytomatosis viral oncogene homolog)

PTTGl(pituitary tumor-transforming protein 1)

MSHé6(muts homolog 6)

AAF %, 1ml TRIzol®(phenol + guanidine isothiocya-
nate)S 47180tk RNAS] W&o] §0]3 =2 w9 A}
&3] WrEA o2 Hetsla] Aol 587 w71,
chloroform #7}8te] 12,000 rpm, 4T A 1527 QA8
2t d4EE) ¥ 89 F FolX RNAYL &89
HAFANE 2Tl 15ml #o2 7|2 1sopropanol
< H7F8IH Y 12,000 rpm, 4 T4 1027+ 94 R s
RNA gojgtt @72 JeA A48 AA3Q 0.1%
DEPC7} Agld E& TE 75% ethanol2 | H3+¢1 7,500
tpm, 4T A 5ET A4 3t RNA Hojg] & 37T
oA 7bA AZAIZ] ¥ RNase 7} THHA % B2
RNAE §aA7]1, AL WYEid Bastygoh

277 10" ng/mle} DMH 2] HUVECH| A %
2% RNAS DNAZ F8A7)e d3A B8 2zt
100 ng RNA$} 100 pmole ohgo dT primer& 41 A 70C
oA 5EZF ¥FE-AIZ B, 48 HYolA AF Tt 200 units
M-MLV RTase®™
Seoul,

reverse transcriptase(Bioneer Corp.,
5 X M-MLV  RTase® reaction buffer
(Bioneer Corp., Seoul, Korea), 100mM DTT(Bioneer
Corp., Seoul, Korea), 25 mM dNTP mixture(Takara Bio
HE 51 20 17} ¥ == RNase
free waterE 715 5 & HH grale] 42T A 60ES F
L, ThAl TN 5EZE B AT ABA} e vl
EAL 4T Bt

Korea),

Inc., Shiga, Japan)-& 21
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Table Ill. Specific Primer’s Sequences of Selected Factors in Proliferated HUVEC by DMH

Name Sequence
EFEMP1 sense 5-gce cic ctg gat atc aga e;g (684-703, 20mer)
antisense 5'-gca cag acc tat cag atc g (1301-1283, 19mer)
CIGF sense 5'-gca gct ggg cga get gtg cac cg (331-353, 23mer)
antisense 5’-gce tga cca tge aca gge g (866-848, 19mer)
CYR61 sense 5-gct gga atg caa ctt cgg cg (442-461, 20mer)
antisense 5-gec gea cet cac aaa tcc g (1028-1010, 19mer)
ITGB1 sense 5-gct gga gga atg tta cac g (923-941, 19mer)
antisense 5'-gee ctt cat tge acc tge acg (1609-1588, 21mer)
FHL2 sense 5'-gce ctt tge tge caa gga gg (813-832, 20mer)
antisense 5-gca gtc gtt atg cca ctg ccg (1323-1303, 21mer)
SERPINE1 sense 5-gce gtg gac cag ctg aca cg (609-629, 20mer)
antisense 5-gee act cte gtt cac cte g (1140-1122, 19mer)
MYC sense 5-gca gag cga get gea gee cee g (488-510, 22mer)
antisense 5-gct gec ctg cgg gga gga cic cg (1083-1061, 23mer)
PTTG1 sense 5'-gca cce gtg tgg ttg cta ag (89-108, 20mer)
antisense 5'-gca att caa cat cca ggg tcg (625-605, 21mer)
MSH6 sense 5-gca gaa ggg cta taa agt agc acg (1509-1532, 24mer)
antisense 5'-gcc att get tta gga gec g (2419-2401, 19mer)

2) Specific primer0il CHst SFUS

cDNAS} specific primer®] PCR ##4& PCRE
100 ng ¢DNA, 10 pmole primer, 1 unit Taq polymerase
(Bioneer Corp., Seoul, Korea), 10 mM tris-HCl reaction
buffer(Bioneer Corp., Seoul, Korea), 40 mM KCl reaction
buffer(Bioneer Corp., Seoul, Korea), 1.5 mM MgCl, reac-
tion buffer(Bioneer Corp., Seoul, Korea), 250 yM dNTP
(Bioneer Corp., Seoul, Korea)& Y3 #&E4-5 20417} 5
L5 FHTE ettt 28l 7 primero)] thE Tm
(melting temperature)o] Th20 8 F 712 P o2 ¢
o] PCR #4¢ ARshsich

CTGF, CYR61, FHL29]| th3t primer7} 3719 & %
Toll A 58 2k ¥hgA17] 5, 94T (30%)-61C(18)-72°C(1
£) 3388 214 WhESka, 72Tl 527 vhe-& 48]
At

EFEMP1, ITGB1, SERPINE1, MYC, PTTG1, MSHé4)] o
gt primer7} H7HE #& 94T A 5E7F WH8A17 H, 94
T(30%)56 C(1%)-72C1E) HPL 218 whEals, 72C
oA 587 WES ¢EsATh

-

3) MJ|¥E ¥ PCR HHEe g2z &3

PCR 4h8-2 vpzxl 898 1% Argarose gel2 A719%
8191, Ethidium bromide(Sigma Inc., St. Louis, MO)&
o]-&3tad PCR @S AT §48 PCR e Gel
image analysis system(UVItec Ltd., Cambridge, UK)&
AH&-3te] PCR we] #9719 57 A= g Stes s
I ARE Ao, $LF ZIAAA UV 365 nm 3730
£ 7} PCR @99 g F2=E SAsAh =3 54
3 FREE ol8ste] agzr AEAZL, 4749 T

g o] &st] AFEZ e thxaTsd AT At
g ato) g HwEA A

e} AeH AT FHE BLEAS] A8l 242t
9] specific primerE ©|83}d RT-PCRE& Al Asl=
oS 2ot

EFEMPLS] 3% Bl22e 6AZrolA $7hsta, 12412
o s, Bl A3k F7HSE BT BEE B
Hou, AT 0ALRE WA A&HoE 37}
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Fig. 2. (Above) DMH activates EFEMP1 mRNA expression in
HUVECs. HUVECs were treated with DMH (10" ng/ml), the
cells were collected at 0, 6, 12 and 24 hour. V: vehicle (before
treatment), C: control (non-treatment), T: DMH treatment.
(Below) Measured optical density of amplified products.
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CYR619l| W3t Aste 2T A e 12471744 23 g
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E T ATk AYTL 6417717 M3l Qe 1 o3 =
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Fig. 3. (Above) DMH activates CTGF mRNA expression in
HUVECs. HUVECs were treated with DMH (10'1 ng/ml), the
cells were collected at 0, 6, 12 and 24 hour. V: vehicle (before
treatment), C: control (non-treatment), T: DMH treatment.
(Below) Measured optical density of amplified products.
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Fig. 4. (Above) DMH activates CYR61 mRNA expression in
HUVECs. HUVECs were treated with DMH (10" ng/ml), the
cells were collected at 0, 6, 12 and 24 hour. V: vehicle (before
treatment), C. control (non-treatment), T: DMH treatment.
(Below) Measured optical density of amplified products.
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Fig. 5. (Above) DMH activates ITGf1 mRNA expression in
HUVECs. HUVECs were treated with DMH (10'1 ng/ml), the
cells were collected at 0, 6, 12 and 24 hour. V: vehicle (before
treatment), C: control (non-treatment), T: DMH treatment.
(Below) Measured optical density of amplified products.
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Fig. 6. (Above) DMH activates FHL2 mRNA expression in
HUVECs. HUVECs were treated with DMH (10" ng/ml), the
cells were collected at 0, 6, 12 and 24 hour. V: vehicle (before
treatment), C: control (non-treatment), T: DMH treatment.
(Below) Measured optical density of amplified products.
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Fig. 7. (Above) DMH activates SERPINE1 mRNA expression
in HUVECs. HUVECs were treated with DMH (10" ng/ml), the
cells were collected at 0, 6, 12 and 24 hour. V: vehicle (before
treatment), C: control (non-treatment), T: DMH treatment.
(Below) Measured optical density of amplified products.
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Fig. 8. (Above) DMH activates MYC mRNA expression in
HUVECs. HUVECs were treated with DMH (107 ng/ml), the
cells were collected at 0, 6, 12 and 24 hour. V: vehicle (before
treatment), C: control (non-treatment), T: DMH treatment.
(Below) Measured optical density of amplified products.
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Fig. 9. (Above) DMH activates PTTG1 mRNA expression in
HUVECs. HUVECs were treated with DMH (10" ng/ml), the
cells were collected at 0, 6, 12 and 24 hour. V: vehicle (before
treatment), C: control (non-treatment), T: DMH treatment.
(Below) Measured optical density of amplified products.
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Fig. 10. (Above) DMH activates MSH6 mRNA expression in
HUVECs. HUVECs were treated with DMH (10" ng/mf), the
cells were collected at 0, 6, 12 and 24 hour. V: vehicle (before
treatment), C: control (non-treatment), T: DMH treatment.
(Below) Measured optical density of amplified products.

o 1277t e AH2lete] 2do] xRy =goy,
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ool AAE A EHE WA 7 FolMe] ERAEY
HAYSE AHE 23, DMHE X8R ¢ dx79
A ZUo) A} EFEMP1, MYC, PTTG1& A|7bo) wha} 27
Al wde B, o)t &8 CIGF, ITGp1, FHL2,
SERPINEL, MSH6-2- A7 7 #tof] whe} 2|48 0 g2 dd o)
Z7HE oM, CYR61E 12A]7F 1 o] 3 RE wdo] Z7}
g s Bgnt wedx CTGF, CYR61, ITGBL, FHL2,
SERPINEL, MSH62 47829 88 yjAlxe] Fe=
FEFE vA= A2 BRIt DMH A g Aglre A
T A= EFEMPL, CTGF, ITGB1, FHL2, MYC®| A A7+
o oz} A&AQ LHZVME BYA, CYR61L 6471 o]

SHY ddo] F7isiych whE, SERPINEL, PTTGI,
MSH6& 12A)1717+A] el =717 R &E Tt 244 7o
A sk @2do] Yeytth wiebr, EFEMPL, CIGF,
ITGB1, FHL2, MYCe w1349l S8 A&Hoz o
o] 9l= Ao & Ho|n, SERPINEL, PTTG1, MSH6L H
Bl FEe] Jot 1A A HAoE B
of HIA} F219] o) QS WX Ao F2Hn)

B3 24 =20 s dxTd M) A7hE 2
o]& Hlws)| ¥ A3}, CIGF= DMH # g % ups
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Z Ao g43& vxw, EFEMP1, CYR61, ITGB1, FHL2,
MYCE 6417t o] % HZG Falo s vAe A=
BRI} o]gjdt TP Y}E F3 CTGF= DMHe) 93] &
A WS Hole Edolgtn AL £ glow,
EFEMP1, CYR61, ITGB1, FHL2, MYC 5% DMHo¢| ¢]3
HBGAQ AE S B dFE vAe ez Hel
t}.

o]3¢] Bl oA, o] A9 microarray 4 F#FIIE B
2 AAE 1o} RT-PCRE F3 tizrde] ddnnE
53] olg g AAES ddFI AAH o2 DMHe| <
g ¥AG4E ARz FH8 dB8E HEE g4
g & Aith E=3 o] FoA M FRE ARE He
AL CIGFo|H, o] £4-2 DMH Ao 3] wa ykg
I A BE AEFHY At oA fExFET HHo)
¥1 DMH A ¥ AEF2 o] dojvte A} 3d
78] Aztdi7h R3S Bo, AESA AHEA 4
TS HAAY Z2 FHEd AAAAY 214 S T}
4 Aoz Az

gagde 239 3442 4ol B5F FAo]
W, el Afik TANR, 449 AABFOE A3
A ool gtk ey B@e) WRHL FAL F

oX
o o

%9 Aoy tE HFYA A= dF 7}
5 8% 34 € 43 #Eg 3o FEslnzE, F
o AIA 711 AEE A7 A NEY ALY F
840 & R4 Y31, o EopollA A7} A=H
I Stk o] @ o|FE, in vivod| N RAFEFE AR
Zogo] HAZ 2 AEE o835t e AN Z
A 71HE WIHe A7 Bol o]FojAa glth

A RAF L] dF7E 9 in vivo ZEL HY E7]
£ o &3ste] HHED $¢, A E AMel AH =
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