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Difference of Gene Expression in Venous
Malformation
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Purpose: Venous malformation(VM) which often
causes pain and discomfort is the most common type of
vascular malformations. Although it is presented with
disfigured appearance and associated soft tissue or
skeletal hypertrophy, the molecular bases of VMs are
poorly understood. Differentially expressed genes(DEGs)
of VMs were investigated to illuminate the molecular
mechanism of the disease entity.

Methods: Gene expressions of VM patients’ sub-
cutaneous tissue were studied in comparison with
normal persons’ by GeneFishingT"’I technique using the
annealing control primers (ACPs) to identify DEGs.
Candidate genes were sequenced and screened by
basic local alignment search tool (BLAST) afterwards.

Results: Among seventy DEGs identified, forty DEGs
which had shown significantly different expression
pattern were sequenced. Twenty eight out of 40 were up-
regulated while 12 were down-regulated. BLAST
searches revealed that 37 were known genes and 3
were unknown genes. Many genes were involved in the
differentiation and remodeling of smooth muscle cells,
opposed to the previous hypothesis that a lot of
angiogenetic genes would be involved. Furthermore,

Received June 25, 2007
Revised September 17, 2007

Address Correspondence: Ho Yun Chung, M.D., Department
of Plastic and Reconstructive Surgery, Kyungpook National
University Hospital, 50 Samduk 2-ga, Chung-gu, Daegu
700-721, Korea. Tel: 053) 420-5685 / Fax: 053) 425-3879 /
E-mail: hy-chung@ mail . knu.ac.kr

*H QTE 005UE AEdstg ARostaTa
AEECINEEEY

* 32 20064 A 617 o4 ol ahets]

FRE YL

SERE

satig]oA

o

475353}

671

several transcription factors and related genes, as well
as cell signaling and metabolism regulators, were up
regulated.

Conclusion: It suggests that analysis of DEGs in
VMs provide basic knowledge about its pathophysiology.
and new therapeutic approaches.

Key Words: Venous malformation, Differentially expressed
genes(DEGs), GeneFishing™ technique, Annealing control
primers(ACPs), Smooth muscle cell
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L}, 2X} cDNA &Hd(Fist—strand cDNA Synthesis)

Hu7)e BhAe] oA &% RNAL o 4AE
Z~(reverse transcriptase)ol] &Jafl 4] Uz} cDNAE &4
sl=d] o] &% gltt. 9 AAKreverse transcription):= %
A ¥ RNA 3 pg, 5 x reaction buffer(Promega, Madison,
WI, USA) 3 ul, dNTPs(Zt2F 2mM) 5 ul, 10 uM dT-ACP1
(5'-CTGTGAATGCTGCGACTACGATIIIIT(18)-3") 2ul,
RNasin® (RNase inhibitor; 40 U/ul; Promega) 0.5 1l
7123 Moloney murine leukemia virus reverse
transcriptase (200 U/1l; Promega) 1 nulS 323H3F 20 uf
S 27TCo|A 1AZE 3087 Algstint. AEH LI}
cDNA+= S5/ 80 ul& H7}sto] 343k 7, 20T ol A
A kst

C}. ACP(Annealing Control Primer)—based
GeneFishing™ PCR

2} -8 A A= GeneFishing™ DEG kits(Seegene,
Seoul, Korea)& ©]-8-3}] ACP-based PCR H'H O 2 A
H3l4th(Fig. 1). =, ©]*F cDNA(second-strand ¢cDNA)
o, 3-511(F 50ng)2] 34" U3} cDNA, dT-ACP2
(5'-CTGTGAATGCTGCGACTACGATIIIIT(18)-3', 10 uM)
Tul, 10uM 9] ACP 1pl 18|31 2 x Master Mix
(Seegene, Seoul, Korea) 10 ul& 233t 2% Q585
20 plE o]-g3to] U} PCR 3 W14 cycleol| A &/d st
At ]2} cDNAS] /S 913t PCR FA& 94T o
Al 187, 50T oAl 387, 72T olA] 187 13] A3 st
At o|2} DNAZ/ o] &R =W 94T oA 40%7F, 6
5CollAl 40x%t, 72Co|A 40%7t, Z12]al 72°Co|A] 5
25 403] WhESk= oA PCRe Al3YsHelaL, o]
uhah FEE PCR AdHE2 X3t oErfgo] d4H
2%9] of7k2= Zl(agarose gel)ollAl 7] JE3FATH
(Fig. 2). A7|d&E0] B 5, ALAlol k=ZAlAH 27}
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ACP(Annealing
Control Primer)

Conventional
longer primer

Non-target tail sequence

Target core sequence

) Regulator

- —

Target site Non-target site

No false positive Non-specific products

5 3
First-strand cDNA . [[&r 3T ACPi v g
synthesis o =}

ﬂ 5
T dT—A;JPZa

First-stage PCR for

., Arbitrary ACP
58!%::?\:rlyﬁ' +
second-strand cDNA

Mty
Vi

synthesis Arbitrary ACP ll 1 cycle (gﬂ 3()
dT-ACP2 Arbitrary ACP
TS T
\
Second-stage PCR for T ——%
amplifying the second- 35 ~ 40 cycles ﬂ(ﬁs °C)
strand cDNA =

;f[f

Electrophoreses PCR products on agarose gel

Sample A Sample B
(Normal) (Venous Malformation)
! RT a
First-stirand cDNAs First-strand cDNAS
i} GeneFishing™ PCR Il
PCR products PCR products
. J
Display DEGs on agarose gel
Combinations of primers : AL/T  A2/T A3/T A4/T AS/T
RNA sample : AB AB AB AB AB
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Fig. 1. Annealing Control Primer(ACP)
structure. APC technology provides a
primer with annealing specificity to the
temple and allows only real products to
be amplifies, such that it enables the
researchers to find only real products as
a result.

Fig. 2. Flowchart of GeneFishingTM
technology which includes first-strand
cDNA synthesis, first-stage PCR for second-
strand cDNA and second-stage PCR for
amplifying the second-strand cDNA. (dT-
ACP1: 5-CTGTGAATGCTGCGACTACGA
TIIIIT(18)-3' dT-ACP2: 5'-CTGTGAATGCT
GCGACTACGATIIIIT(15)-3").

Fig. 3. Design of the Study. Samples
from patients having venous malforma-
tion and samples from normal were
collected and specifically amplified through
GeneFishingTM technology. DEGs were
compared to each other. (Al-5: samples, T:
primer).



674

2 g
Z,
>
o2
N
M ol
>
M
>
5
g
3
5
©
fljo
_?L
8
P
es!
QQ

oz dreE QAR GENCLEAN I Kit
(Q-BIO gene, Carlsbad, CA, USA)E ©|-83dlo] AR R E
Ha|g|o] 2|5 (reamplification) TS AZ T, HHA
¢l Al A|(universal primer, 5-GTCTACCAGGCATTC
GCTTCAT-3")& AH&-3F ABI PRISM 3100-Avant Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA)
2 Ay fA497 N9 BEAR FH% 714D
=2 BLAST (Basic Local Alignment Search Tools)&
olgslo] 71ze SEH0N AR /AL Aw
(sequence database)?} H|nl F435}%T},

m. &

gl

W)Y S mHA  FEU
mRNAS GeneFishingTM 3|

PCRE &

Moy gake] 2ol A YAkelnt thE 707)e] A
WHGAAE WA 5 YT T F wAR |7} By
243t otrs A

o
S
=)
=

g 1o

S
Wi
e
e
ek
Jo
)

2

5y i

ol

ox,

o3

H

ol

o

N

)

[

ox,

=

MB, ACTAl TPM2, TNNI2, MYH7, MYL3, MYHS,
MYH11, MYH1, MYL2 F3} o] Z&A20] T H
© A=}, NFE2L1, APOBEC2, HDLBPS} o] A A}of 3
A A, CALM1, CRYABQ} 7+Ql M| ZAIE 9} T
H 42, TNXBeF 2o Alaze)7]dy s 44t
So] W3] 715 H¢lth(Table I). Atid o= JUP,
S100A89} Zro] AZAA o] Bely G AR 7FAaw v
S Kol Agko] Qlgirt(Table II). ¥3F 1 A3kst

a2 7] oke QAR E0] =) Bo 7hAawE b
iL oA et d7lA g A H = BLAST| 9
Ao W2 37709 fAAES 7]|Eol d7IAFo]
Rl °7<*7<P2} 95% olAke] dx& H ¢, DEG 19,
T WA 3709 FAAES oA A A &
= %784 F7IME 2 e

<
K
et

UEF A Y o)A

i stA & @ 718k 3] 2] Vol. 34, No. 6, 2007

oFel s WATTHR elA ek A Bl

AT 1 AL FoPt WL S| 99

oh A Eaa Pmae W RS a4 A =
23 2 4 vt J

d 7% A (vasculogenesis), 8 TAIAY

(angiogenesis) 12|31 333 A (lymphangiogenesis)
olty, WP ujolembryo)ol A ko] FAEL
A0 2 A E (angioblast) o A 1 Y (tube-shaped)
_4 F2E0] WEAT A ZAE B (primary
capillary layer)S @/dst= AL zHgo|rt. ofof H
s Apae dudAel AP wEolH A

BAETEY A AFHS Bl F o BHA G
W, % Bu, mAEE, 39 o) 44 dnAE 14
S wAolth. YEBgAe BUYN A wse

-T’—Pﬁ% AA 7 PR A EZ(lymphangioblast)of] 4] &
grsolA|E Aol mE B TSl thapal
1]( gonist)} Z3}A(antagonist) 2] A& 2o 9
] 011]1:} o]aal- M—gxl—&_,] E;,Lo:lc] g3
Ew 4 9leks 744 stoll ol 4 ATEol
Bl AR T Aol
ot 3 AR o

—_—

N

g wel 407 AEUEEAA
x}h 7@]0:] 31011] o]‘:_ A}
7H4 e g Fofl

e}, olefdt w4 Az
FAAZE B9 gl

718 5o gAA X m

E %E}"E‘ /\‘é‘

4

~rﬂ1¥m

D9 o
jub) 3:0

WA SR TE A Ho|
& 7HAE A7t gt A 100] Wz
2 TG FolA o] Ao HE
2 Atk oS Sof VMCMI
& o143 9p21 Aol ZAIHEA A SHOw §
A= w) 5ot @”*94 Zé““ﬂ%‘ %“3

pacs

N
—_

TEK(tyrosme kmase, TIE—Z)Oﬂ /\1 A &
oW 7ol i el ek 2k )
Q3

ok TIE29] %$ AT} Ao 835 g
= st= OX*XPE W AT7F Hollet Wul Az
TIE-2 =8A| ] o] ¥ Ang-1, 29}] EatF & ¢l 29
e dEEA oM FavlREdse] ¥4
(recruitment)o]] FFS w|AH FPVIFL IO FiA
25 dod 5 & Aer dEA . =8 Wy
A2 A A S (cell signaling)S &0 FYL50f A



)
10
=N
ol
ox
12
N
oftl
e
)
Jo
2
2
e

Wi
)
L
Shs
1

675

Table I, Database Information of Complementary DNA Clones(Up-regulation)

Clones  Genebank Database

DEG 2 Homo sapiens myoglobin(MB), transcript variant1,2,3

DEG 6  Homo sapiens actin, alphal, skeletal muscle(ACTA1)

DEG 8  Homo sapiens nuclear factor(erythroid-derived2)-likel(NFE2L1)

DEG 9  Homo sapiens apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like2(APOBEC2)

DEG 12 Homo sapiens tropomyosin2(beta)(TPM2), transcript variantl

DEG 13 Homo sapiens genethoninl(GENX-3414)

DEG 14 Homo sapiens troponinl type2(skeletal fast)(TNNI2)

DEG 16 Homo sapiens myosin, heavy polypeptide7, cardiac muscle, beta(MYH?)

DEG 19 (BLAST:EST) xt03b03. x1INCI_CGAP_Ut4 Homo sapiens cDNA clone IMAGE: 27780293'similar to contains Alu
repetitive element; contains element IVR repetitive element

DEG 24 Homo sapiens myosin, light polypeptide3, alkali; ventricular, skeletal, slow(MYL3)

DEG 27 Homo sapiens ATPase, Ca++ transporting, cardiac muscle, slow twitch2(ATP2A2), transcript variant2

DEG 28 Homo sapiens ATPase, Ca++ transporting, cardiac muscle, slow twitch2(ATP2A2), transcript variant2

DEG 31 Homo sapiens myosin, heavy polypeptide8, skeletal muscle, perinatal(MYHS)

DEG 34 Homo sapiens cDNA FLJ11177fis, clone PLACE1007402

DEG 38 (BLAST:EST) ZqO.l(.iOS.sl Stratagene muscle 937209 Homo sapiens cDNA clone IMAGE: 6284313'similar to
contains Alu repetitive element; mRNA sequence

DEG 47 Homo sapiens crystallin, alphaB(CRYAB)

DEG 49 Homo sapiens full length insert cDNA clone ZD51E06

DEG 51 Homo sapiens myosin, heavy polypeptidell, smooth muscle(MYH11), transcript variant SM2B, SM1A

DEG 52 Homo sapiens myosin, heavy polypeptidel, skeletal muscle, adult(MYHI)

DEG 53 Homo sapiens neugrin, neurite outgrowth associated(NGRN), transcript variantl,2

DEG 54 Homo sapiens glutamic-oxaloacetic transaminasel, soluble (aspartate aminotransferasel)(GOT1)

DEG 57 Homo sapiens troponinT typel(skeletal, slow)

DEG 61 Homo sapiens actin, alphal, skeletal muscle(ACTA1)

DEG 63 (CloneA)(query : 825) Homo sapiens high density lipoprotein binding protein(vigilin)(HDLBP)
(CloneB)(query : 854)(BLAST : EST) AGENCOURT_15364363Lupski_anterior_horn Homo sapiens cDNA clone
IMAGE : 305133615', mRNA sequence

DEG 64 Homo sapiens calmodulinl(phosphorylase kinase, delta)(CALM1)

DEG 66 Homo sapiens myosin, light polypeptide2, regulatory, cardiac, slow(MYL2)

DEG 69 Homo sapiens tenascinXB(TNXB), transcript variant XB, XB-S

DEG 70 PREDICTED:Homo sapiens hypothetical protein LOC642540(LOC642540)

A2 ofytt. Lindahl

gote 427 TIE2vE EAjsh=
st AA(platelet derived

‘o] o]alW PDGF-BB E:
growth factor-BB, AA), TGF-S(transforming growth
factor-B3), HB-EGF(heparin-binding epidermal growth
factor) 50] vh& Aot} o A% AW FL st

o A el Wolzk 471 Aoleh| Het A
2 Awd st ol fAAEL Wole] g Aol
i 2 4 ok IHBE Ju9r]ge TP D]
3 BAR GAAG fAAE WL AL 2 ool
Zhzieka shck
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Table I, Database Information of Complementary DNA Clones(Down-regulation)

Clones Genebank Database

DEG 3 Homo sapiens solute carrier family25(mitochondrial carrier; adenine nucleotide translocator), member5

DEG 7 Homo sapiens S100 calcium binding protein A8(calgranulinA)(S100A8)

DEG 10 Homo sapiens S100 calcium binding protein A7(psoriasin1)(S100A7)

DEG 18 Homo sapiens calmodulin-like5

DEG 21 Homo sapiens UDP glucuronosyl transferasel family, polypeptide A7(UGT1A7), A3(UGT1A3), A8(UGT1AS),
A1(UGT1A1), A6(UGT1A6), transcript variantl,2

DEG 23 Homo sapiens keratinlO(epidermolytic hyperkeratosis; keratosis palmaris et plantaris)(KRT10)

DEG 29 Homo sapiens junction plakoglobin(JUP), transcript variantl,2

DEG 32 Homo sapiens late cornified envelope2C(LCE2C)

DEG 44 Homo sapiens protein phosphatasel, regulatory(inhibitor) subunit13 like(PPP1R13L)

DEG 58 Homo sapiens periplakin(PPL)

DEG 62 Homo sapiens keratinl4(epidermolysis bullosa simplex, Dowling-Meara, Koebner)(KRT14)

A= AREE|QITE du|A ol A= FLT4(fms-related
tyrosine kinase 4, VEGFR3), TIE2(TEK), FLT1(fms-related
tyrosine kinase 1, VEGFR1), ANGPT1(angiopoietinl),
F2R(coagulation factor II receptor, PAR1), GPR37(G
protein-coupled receptor 37), EDNRB(Endothelin
receptor B), PTAFR (Platelet activating factor receptor),
EDNRA (Endothelin and F2RL1
(coagulation factor II receptor like 1, PAR2)E 333t
AP BAE 107]9] h2 fAA] et 2AE
S, AUl AR ARl AfololA FLT4,
TIE2, F2R, EDNRB 12|31 F2RL19| @& Zjo]& H
ek AR o] Bypte 2= AW o) {§e|ehE 7]
de &5 dgshlode eFEsted #7144 fAdse
2 d7F 2 ask

B9 tof| AFEE A H417]% 91 GeneFishing ™
PCR2 7 7HA] o]4F8] a4k Abofof A M= t=2A
dEe AR "gAsked 540l Atk 7]l A A}
A ARl bA dFsiltel Bladld Al=zke]
= Aes

receptor A),

Hd fAzE Bele 7IHE2 Fgsi(hybridization)
£ 7|29 =2 sl differential hybridization, subtractive
hybridization, suppression subtractive hybridization,
microarrays, DNA chip W3} PCRE 7|20 =2 3h=
representational differential analysis(RDA), DNA/RNA
fingerprinting (RAP-PCR), differential display(DD-PCR),
serial analysis of gene expression(SAGE) o= =
A vs 5 ok 1 F PCRE o83k ®ol W=
7b wob E80] golaittal A k. a5 S W

5 =

= i
Hof, PCRES 7|20 2 3 7|&d 4dd 445
of7kR = 7 Ao A SQFo g ERlsks T E HE 7HA
3L 9Jth. GeneFishing™ 7)<

S 4 ol AL FYOR s Alrk AlRIHES A
HEH, ACP(Annealing Control Primer)E ©]-83}¢]
A%} PCR(Annealing Temperature, Ta=50TC)oA &= =
-9 (target region)ro] AlEA| 75 SHA = aL, ¥
-9 (Nnon-target region)> 7|5< A}dsl7| Ert

Eouto] Solsh AYstol WS DNAS U& 4
gt ol e ACPE o §3to] thafe] DNAS 2}ut
= Qe Ado] Qltt. 7]&¢] DD-PCR(Differnetial
Display- PCR)¥} t}& A2 A 7] o]4¢] anchor dT(A
anchored dT, G anchored dT, C anchored dT)& A}-&
3}l cDNAE A 7} ©o]A4+e] Sub-populationo.2 14
E o] Qltk= Ao]il Arbitrary ACP2} oligo-dT ACT %
oz PCRE sl A2A PCR AYAt=(real PCR
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A} % APOBEC2 (apolipsoprotein B mRNA editing
enzyme, catalytic polypeptide-like 2)= FHA} A=
(gene mapping) 4 VEGF -4 A}o] -9]5 ol ¢ =]}
mRNA #HZ {2 (editing gene)Z AHA
Vigilin2 mRNA2] QI 3}(stabilization)2} tRNAS] A
3 o]F(transport)e]] FR% AT Fh= AR A
A Sl o] AW A =& 19F TRl A
of oS o oz WAL NEY L A5AA
(calcium signaling system)o] Q43+ Tzl
calmodulin 12 AFS}A A(nitric oxide, NO) T4,
VEGFe} d3d d3vlFy8A| EZ(vascular smooth
muscle cell)®] o] (migration), &3 Fi}=(vascular
permeability) 2] 57}, cyclinE/CDK2 A A<} AH Al
3 F719 W3] mE AR ISA|EZ AN2F
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A Qla, ddo] IAH FHA 5 plakoglobing Al
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(vascular permeability)d]] #oidt= Zlo=2 A QL
th o] T FHAAES BT A} A, A2} AL
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243 2 5 Qe
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Al RS WAPAS FHHE o FuuT
%0] 7 Fa% Aelow F8shs Ao AR
=3

V.8 E
dgdoz Aurlge AL TS g% 44
Aol X ARG A4S WF, BA A}, AA
2l AUz WAe] Welats o] 2L i3t /]2 A3l
HE Q2 % 99om Lo} Z2te] A o
AEHel AT Foto] YHH o] 2 Egol
Aoz Atz HT).
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