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EXPRESSION OF THE GENES OF VASCULAR ENDOTHELIAL GROWTH FACTOR
AND VON WILLEBRAND FACTOR IN SALIVARY GLAND TUMORS

Ji-Hun Chung, Ji-Hyuk Kim, Young-Wook Park
Department of Oral and Maxillofacial Surgery, College of Dentistry, Kangnung National University

Mucoepidermoid carcinoma (MEC) is the most common malignant salivary gland tumor which
compromises about 6~8% of all tumors followed by the adenoid cystic carcinoma (ACC) and adeno-
carcinoma. Most deaths from salivary carcinomas are caused by recurrent or metastatic lesions that
are resistant to conventional therapy. Therefore, knowledge of cellular properties and tumor-host
interactions that influence the vascular metastasis is important for the design of more effective ther-
apy of salivary carcinomas.

Neoangiogenesis is essential for tumor growth, which is postulated to be fundamentally dependent
on the induction of stromal neovascularization. However, how neovascularization takes place in live
tissue has not been fully established, especially in recruitment and differentiation of endothelial cells
in the salivary gland tumors. Vascular endothelial growth factor (VEGF) is a heparin-binding,
dimeric polypeptide growth factor known to exert its mitogenic activity specifically on endothelial
cells. VEGF has been shown th be directly involved in angiogenesis, which in essential for the
pathogenesis of many solid tumors. von Willebrand factor (vWF) is a large multimeric protein syn-
thesized by megakaryocytes and endothelial cells that enable platelets to adhere to exposed suben-
dothelium and, as well, to respond to changes in the blood flow. Recent studies suggest that
increased levels of vWF correlate with progression of disease, metastasis, or survival time and thus
may have a prognostic significance. vWF is explained as an acute phase proteins which is increased
in cancer or as a result of increased endothelial cell synthesis associated with tumor-induced angio-
genesis. Due to adhesive properties of vVWF, its increased concentrations may also contribute metas-
tasis of tumor.

In this study, we determined the mRNA expression of VEGF and vWF in salivary ACC, MEC and
pleomorphic adenoma by in situ hybridization. As a result, stronger expression of VEGF and vWF
was seen in salivary ACC and MEC which has more invasive nature than the salivary benign tumor.

Key words: Salivary gland tumors, Vascular endothelial growth factor, von Willebrand factor, In
situ hybridization
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polypeptide)$l ¥ 51374214} (vascular endothelial
growth factor, VEGF)E WA X Ao Ec]xoz B4
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Lolsd AFE F UEE et nyE 229 AlH 4
g oA AE=H RNasert @43ks]o] RNAZF A8
A E8E 4 9le22 DEPC (diethylpyrocarbonate,
Sigma, D-5758, ST. Louis, MO. U.S.A).& AT H &
< MMk, A7te] 23S M| §7)8 AMEsk] Al
gk = shepdel Eujailet. o] FRORFE 2 &
glo] =5 A &ste] WA Hematoxyline & Eosin (H&E)
S Boto] TEY 24 e Ak or st
Hom, A Td o SH 1] st 2tzke] Al
ZolA 4719 &kel=dd VEGFS mRNAe| tlgh anti-
sense (VEGF-SP6)9} sense (VEFG-T7), Z18la vWF
9] mRNAd| 3t antisense (vWF-SP6)<} sense
(VWE-TT)E Alate] Alzke] 3ol 488k Aot

2. MX2|5e (In Situ Hybridization) 7|

1) Template DNA &H]

& AEo A= RNA probes EIHOoZ 47| 9t
human VEGF ¢DNA® vWF ¢cDNA7} €9 &
pBlueScript plasmid vectorg ©]&3le] o] Fo| wetet
polymerase chain reaction (PCR)Z ¥ DNAE tem-
plate DNAZ AH&-3IATH

2) PCRellA 42 DNAS] A

Plasmid ¢cDNA®] 5 3} 3" flankling RNA promoter
(T7, SP6)¢t 22 A7IME=E o]F ] primerg AHS-3}
o] denaturation: 94°C, annealing: 60T, elongation:
72°C, 35 cycles 9 2714 PCR& Al&atitt. Primers
2% T7 promoter: GAGG TAA TAC GAC TCA CTA
TAG GG, SP6 promoter; GAGG ATT TAG GTG ACA
CTA TA (5 %9 GAGGE RNA polymeraseE 2 52
A717] 91 A% A7INE ) E ARSIt PCRe &3t
o] A& DNAE 1% agarose gelol A7]19 53] ethid-
ium bromide®] #tejA FFHoz g & (Fig. 1),
DNA clean-up kit (Promega, A7107, Madison, WI,
U.S.A.)E AFE3te] RNaseZl SlE €543 DNAE Yo
In vitro transcription® 918+ template DNAZ A}-8-3}

AT,

3) RNA probe?] 2}

In vitro transcription reaction mixture® th¥ o]
FH|5l5 . & 48 £7] ¢kl RNaseZ} $1& eppendorf
tubeE M]3}l RNase free pipet tipe AH&-dt] 124
o] DEPC H:0, 149 template DNA fragment(lug/
M), 242 10X DIG RNA labeling mixture (10mM
ATP, 10mM CTP, 10mM GTP, 6.5mM TTP, 3.5mM

oi

o

UM ZetolA HEHESECIALe von Willebrand 2IXt REA} 2ol 2

DIG-2-UTP, pH 7.5, 20T, Roche, 1-277-073,
Mannheim, Germany), 242 10X transcription
buffer, 1429 RNase inhibitor (3U/#, Fermentas,
6801, Hanover, MD, U.S.A.), 242 RNA polymerase
(T7, or SP6, 2U/m, Fermentas, VT1863, Hanover,
MD, U.S.A)9 g S et 37T Fx0lA
2417 Bt vl ¥AIA in vitro RNA transcription ¥Hg-<l]
A 1ug DNA template|A 2F 10ug®] DIG labeled RNA
probeE A&ttt Template DNAE digoxigenin®]
Zrg]o] 9lA] &3 RNA probe’} double strand®l tem-
plate DNAS} wHg-3l%] ¢to B2 template DNAE A7
aFA] skth. A2 DIG labeled RNA probeel for-
mamide 2045 715t RNAQ] #3ll& WA &ttt

4) In situ Hybridization 2 242}
AR Aue] FAYE e RS fste] vt 2
o] 29 #%9| in situ hybridezations A&ttt

(1) A1 24

2 AH &eo|=E xylenedlA 10F &<t 33 et
5} % 100%, 95%, 90%, 80%, 70% ethanololA
584 golA Azt DEPC-PBS &9 5%
go] RNased @42 a1, 245 &4 2 A3
. RNase& H|&4 3} Al7]22 RNAE E3ete 24 A&
E< Anshr] $1ste] 4% buffered paraformaldehyde
Gdoz oF 10% F<F 1A 2AY A S 3
3}7] 94l proteinase K £ 02 A-2olA 20% F<F Hl
st A9 0.2 N HCl ol 108 &<k AlH e &

PN

M ooft N e
(HANENA <)

2000

1000

700
600

500

1 2

Fig. 1. Electrophoresis of DNA obtained from PCR (poly-
merase chain reaction) with 1% agarose gel is con-
firmed by ethidium bromide UV fluorescence method.
First and second lane; marker, 1; VEGF cDNA + SP6,
T7 promoter primer. 2; VWF ¢cDNA + SP6, T7 promoter
primer.
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DEPC-PBS &9ellA 5% &<t F3katgitt. 0.1M TEA
(triethanolamine, Sigma, T-9534, St Louis, MO,
U.S.A) &9ddA 102 &<t AFstet < 0.1M TEA
solution+0.25% acetic acid®l* 10% &<t acetylation
Al713 DEPC-PBS &4 10% &<t F3}atsitt.
Hybridization solution (HybrisolTMII; Oncore,
S4042, Gaithersburg, MD, U.S.A.)< 50C x| &+
wo] Fola, 2AHHE AR Fol B Ao w1 A2
oA AZAIATE 10049] hybridization solution®l] 444
] DIG labeled RNA probe (2ug9] RNA probe) & 412
o}, 2249 9]o] RNA probe mixtureE ¥ Hybrislip
(PGC, 62-6504-04, Frederick, MD, U.S.A)S2 Y1
55C heat platecl|A] 14-16A13F F<F wikslict. =34
A &golss f‘%ilﬂoﬂ/ﬂ Ao 1 gauzed ES &
o Eghol= Yol TS| 2 T F AR0E Yol Y
HA|A A3 o] 7z ] BEE ot

(2) Al2¥ 24

24 AA5 w71 FaFellAl Ade 2x SSC-50%
formamide &< AH8-3to] 50T FxollA 302 < Bl
&3t T Hybrislipe AIASIATE TNE (10mM Tris-HCL
pH 8.0, 500mM NaCl, ImM EDTA) £9-& o]-&3}]
37C FxAA 102 Bt wieksta, 20ug/me] RNase A
£ TNE &9 H7}gt & 37C F20 30% &<t wles
Ach. o]F TNE &9of o] 37C x| 102 &<t W&
AT Al 2AHHE 2x SSC-50% formamide £
07 50T FxAA 20% B widsta 0.2x SSC &
07 50T FZoA 205 B9 23] wjkstaidt.

St =9 A o] BT v Zo] "HaHA
(immunodetection) #4& sttt & 2AH4HS
DIG 1 €9e] Y& F 37T F:20l4] 10% Ek wigs
th. DIG 2 &0l ¥& § ALor] 24k F<t wf g
anti-DIG antibody (1:1000 dilution in DIG 1 solu-
tion, Roche, 1-093-274, Mannheim, Germany) & A<
oA 2417t Bt wjekslitt DIG 1 €92 30%vith
SetH A 43 AlHedvt. 2AEHE Jueel NBT
(nitroblue tetrazolium salt, Roche, 1-383-213,

Mannheim, Germany)-&%2 7ug®] BCIP (5-bromo-4-
chloro-3-indolyl phosphate, Roche, 1-383-221,
Mannheim, Germany) $9< 4]0} 948492 u]"é‘.L-
oo 30wkt FAssitt. WAo] FREE Anl

2 A3 ¥t DIG 4 &40z 10%3F A ste] &4
< $AAZ % glycerol gelZ B4ttt

3. A2ol A

MohdAolzy) Mol gy|etE tEa Mz 7 Lajol=
dA VEGFeH vWFe] 2 =5 ®e]dtate] ) - no
staining: =+, staining or not; +, weak staining: ++,
moderate staining: +++, strong staining®] SYAZ

Lol wla, A48k

GE94E, AARTGE, AYAALTY & ol
o thste] HEKE @A) o] Folzl 22 AL Fig. 29 &
o} ZHzke] gl Fokol ulst 4749 24 LEel=g
A S olgate] dAIAre] HAS A8
FoH, H&E gAo] o] Fojzl 27| &efo| =} vl w2
st U 22 29 E Aon. A4 g e 244

2. ML ASBolM VEGFRE vWF2| 2

VEGF9 vWF RNA probeE ©] €3 in situ
hybridizationlX¢] @& 7=+ anti-sense primerZ

29l SP6 promoterg ©]&3te] AE3 &gho] =X
VEGF$ vWFe] %550 1S B2 Yo
sense primer@ 2291 T7 promoterg ©]&sjo] &dAe &
gho] 2o M= VEGFS vWFS] mlekat B s & 4 919
o} (Fig. 3).

Table 1. Degree of positive reaction in VEGF and vVWF expression of each salivary tumors

VEGF vWF
SP6 T7 SP6 T7
Pleomorphic Adenoma + - + +
Mucoepidermoid Carcinoma +++ + ++ *
Adenoid Cystic Carcinoma ++ + ++ +
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a. pleomorphic adenoma

b. mucoepidermoid carcinoma

¢. adenoid cystic carcinoma

Fig. 2. Histologic features (hematoxyline & Eosin staining, x200).

3. M u|tE0M VEGF2t vWF2| eal

VEGF9 vWF RNA probeE ©] €3 in situ
hybridizationol 1] #& == (Table 1) 2t} A%
FAAEI A SP6 promoterel Al mRNAS| 73k
HE-S A 4 9, vWFETE VEGF A B} 733t
Wy opito]l #EE O sense primer® 2291 T7 pro-
moters o]-&3dte] WA HElo|=dAE VEGFS vWF
of mlekst HdE E 4 AT (Fig. 4).

4. cgdB0|M VEGFRE vWFS| &

VEGF9 vWF RNA probeE ©] &3 in situ
hybridizationo| A9 @& 7=+ (Table 1)3 2t}
VEGFe} vWF E5olA kgt ddo] A1, sense
primer® 2221 T7 promoters ©|-&3dto] LA Selo|=
oAM= VEGFSt vWEe] mjeFgh danto] 2els otk
(Fig. 5).

5. toHM otEZHe| VEGFRH vVWF mRNAS| &

E —
£ H|

02 1N

E}ol 2] opx] Zoko] Ao _1,4 E g Aohddggd A =
5 VEGF9} vWEe] &

53 4 Es)
ol VEGRS] 24 38S B3 5 99 By
PAERN GRIAFANE FIFF YAEA G}

AokpdAl oo Hlwate] VEGFS vWEY 2éo] s}
Sl eie

T dAYY L TN F=Z dAY (vascular
network) & #3[A|7]= B o2 o] Y S Fato] T
GG AAE FFEL AL AHES W& dd E3
P& S B T4 T FAxAd Ale s A
et 54 FHE @438 A7, A E3s 23 A

AT T2 7le dH3AHE glole 1-2mmE
Zye = glon ook} 7ha wsko] Yol = U
g Z7% o]F=o|t}? . Pang 5& HAIELZF lojA
g VEGF @A¢ VEGF 849 AFAE &< in
vitro A8 Az} AAAQ setac g gt gle 1t
AEZGZEA QX EAFZAA B B} dee Hast
AT, Schmidt 5 <17+ etel] thsto] e gA]
TFe] Aolo} uggel| Hoste FoAZUA (epi-
dermal growth factor, EGF)8] ¥AEAX 87} & oA
S 2F (anti-estrogen)& ©]&3 s}gta ¥} W] &
#7t 9,12“1, AR A= T A5 YA HFA
A Az e=EM Fadg ou|E Zherha Hashloh”,
T3 Yao 52 7129 &k A5 2t gle 7%
(carcinoid) ¥} A Al £%% (islet-cell carcinoma)el $1eiA
VEGF$ mTOR 23AH S o|-&3 BARAAER 344
Ql AE dlom, VEGF e 4% 34< dAst
A AAsEH e, 2ol &S X Tt EasaT”.
AFdAdE § AYEI S TG 3ol Hofsh=
W ol Ak AP} vlH| gk o]
o2 BAZAR R e 2reEa g gelate] W
g Fio g A= FF gl oA T A5 9

m
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Flg 3. Histologic features of in situ hybrldlzatlon of adenoid cystic carcinoma.
a. VEGF probe, SP6 promoter primer, X100
b. VEGF probe, SP6 promoter primer, X400
¢. VEGF probe, SP6 promoter primer, X 1000
d. VEGF probe, T7 promoter primer, X100
e. VEGF probe, T7 promoter primer, X400

f. VEGF probe, T7 promoter primer, x 1000
g. VWF probe, SP6 promoter primer, X100
h. VWF probe, SP6 promoter primer, X400
i. VWF probe, SP6 promoter primer, x 1000
j. VWF probe, T7 promoter primer, X100

k. VWF probe, T7 promoter primer, x400

I. VWF probe, T7 promoter primer, x 1000
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Flg 4. Histologic features of in situ hybrldlzatlon of mucoepidermoid carcinoma.
a. VEGF probe, SP6 promoter primer, X100
b. VEGF probe, SP6 promoter primer, X400
c. VEGF probe, SP6 promoter primer, x 1000
d. VEGF probe, T7 promoter primer, X100
e. VEGF probe, T7 promoter primer, X400

f. VEGF probe, T7 promoter primer, X 1000
g. VWF probe, SP6 promoter primer, X100
h. VWF probe, SP6 promoter primer, X400
i. VWF probe, SP6 promoter primer, x 1000
j. VWF probe, T7 promoter primer, X100

k. VWF probe, T7 promoter primer, X400

I. VWF probe, T7 promoter primer, x 1000
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Fig. 5. Histologic features of in situ hybridization of pleomorphic adenoma.
a. VEGF probe, SP6 promoter primer, X100
b. VEGF probe, SP6 promoter primer, X400
c. VEGF probe, SP6 promoter primer, x 1000
d. VEGF probe, T7 promoter primer, X100
e. VEGF probe, T7 promoter primer, X400

f. VEGF probe, T7 promoter primer, X 1000
g. VWF probe, SP6 promoter primer, X100
h. VWF probe, SP6 promoter primer, X400

i. VWF probe, SP6 promoter primer, x 1000
j. VWF probe, T7 promoter primer, X100

k. VWF probe, T7 promoter primer, X400

I. VWF probe, T7 promoter primer, x 1000
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