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Expression of Vascular Endothelial Growth Factor and
Angiogenesis in the Thyroid Tumor

Kyung Tae, M.D.,* Yong Seop Lee, M.D.,” In Beom Park, M.D.,*
In Seok Seo, M.D.,* Hyung Seok Lee, M.D.,* Young Ha Oh, M.D.,**
Yong Soo Park, M.D.,*** Yoo Heon Ahn, M.D.***

Department of Otolaryngology-Head and Neck Surgery,* Pathology,** Internal Medicine,***
University of Hanyang College of Medicine, Seoul, Korea

Background and Objectives : Angiogenesis is the process of new blood vessel development from preexisting
vessel. Angiogenenesis has been considered to be essential for the growth and expansion of a solid tumor.
Vascular endothelial growth factor (VEGF), known as one of the most important vascular permeability factors,
induces proliferation of endothelial cells, stiumulates angiogenesis, and increases vascular permeability. Several
recents reports have documented that VEGF overexpression is associated with poor clinical outcomes in many
maligmancies. The aims of this study were to determine whether microvessel density and VEGF expression
are related to clinicopathologic factors such as age, sex, tumor size, tumor stage, and prognostic factors and to
evaluate the relationship between VEGF expression and angiogenesis in benign and malignant thyroid tumors.

Materials and Methods : The subjects were 65 patients (27 with papillary carcinoma, 27 with adenomatous
hyperplasia, 11 with follicular adenoma) who underwent thyroidectomy from 1995 to 2001. Imuunohistoche-
mistry was used to detect VEGF expression and microvessel density (MVD) in paraffin-embedded thryoid
tumor specimens.

Results : The intensity of the VEGF expression did not show stastically difference between benign and
malignant thyroid tumors. There was no apparent correlation between VEGF expression and age, tumor size, T
stage or scores of the AGES, AMES and MACIS systems. The neo-microvessel density was higher in the
maligant tumor than the benign tumors. Also, higher neo-microvessel density was associated with metastases of
the lymph nodes and scores of the AMES and AGES systems.

Conclusion : Our results suggest that neo-microvessel vessel density may be a significant prognostic factor
in the thyroid papillary carcinoma. But the VEGF expression does not appear to be an significant independent
prognostic factor for thyroid papillary carcinoma. '

KEY WORDS : Vascular endothelial growth factor - Angiogenesis - Thyroid cancer.
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37, o139 AAFT), Al R A AR 34 59

]
4 AR g shest 3, ABERINE REdhe
AR E FAUL AAAZH acidic B basic fibro-
blast growth factor (FGF—1, FGF-2) 2} vascular endo-
thelial growth factor (VEGF) §°] #ojsh= 202 49
A QTP ARFRRAAR FolA T 23 AR}
VEGF& 83 UgA 2o Aeid oz Agshi= Az
FAAE G4 6p21.390 XS . VEGFE 34~42
kDa®] FoAz A AEZe4A (fli-1, flk—1/KDR) ol
225103 phospholipase C system2 #43AA Doy
|25 F2A713, nAgRY FaE S70A ddg
MEA7)Z AFAEE AR Aze 89 ¥
Ao gEA . s, AN 71,
ARl Aneh oA, FARG, Agd 2w
2] Q7o ¢+EollX VEGFS] #pitae] A n]
VEGF9] zpitglo] ko) At 7o), v o)F 53} o
o] HAJQP"?. Viglietto 5”& VEGF2] wd A=}
WA mEst FFA FRdEEolY AT B
o =4 JebdE XS, Soh 1V A NEF
SollA VEGF7} ¥u]5 3l 33X SAEFE) VEGE7Z}H
A ETF nlstel o Wol HulE

£ AeMe 23 o T o FodellA
Agleba Wi o g VEGE 9d ¢ nAdaudss
I, F 7159 33 uES T3 IAFATA
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Table 1. Characteristics of thyroid tumor patients

Benign(n=38) Malignant (n=27)

Age 459+134 44.6+154
Sex(M/F) 6/32 3/24
Tumor size (cm) 20+ 1.2 2.8+ 1.5

(papillary carcinoma) ©131th.

% 659 F 569171 o34, 9= FAdolgloH, d#
H4~T4NE B 467 F-F4LE 27419 AFEX
= 22A104 7342 HE 454150 2447} oA, 37}
Aot FYFY 389 AHE-EE 14404 724
2t 56M%0H, 32071 A4, 6A7F eIt T
9] I IFRE 2.811.0cmoIaL, FHTEE 2.9+
0.8cmo|lom F F7ke] BAA zpoli= YK Table 1).

g} 65419 F715E IR 0T AR A,

o], Walad, FFe] A7), BFIEA FHo] I 3=

o] @A QIxkel VEGE 1w} viAdad =91 da
.)

VEGF 239 42 moz2gshi & o833tk 10%
24 x2ale| 1 F sehde] IHEY gl AN
& A WHE1 L-lysine coated slide
of 1At} AAxA A Ao ARl Heto]
kA FoFet & xyleneoll 20-27¢
23] @7t & s RS A 1 F 100%, 90%,
70%, 30%2] ethanol®l 217} 10%, 5%, 5%, 5%4 A
slo] gREke FEsieith Uild Batstaas 848 o
#XZ17] 98] methanol®} hydrogen peroxidaseE 1 :
482 Z33k gollo] 1587 WH3-AIZl & Tris—buffered
saline (013} TBS, pH 7.0) <]l 33] AlFsI). o|F &elo]
EE citric acid(pH 6.0) €Yo @731 Ax}AX|eAM 70T
2 10¥ A% 71dsl g E7E Asigith AelA
30% A% A5 A% ¥ TBSe) 33] Al&spsion,
Blocking 3HlE T=¥3to] 37T 3087 vH-gA7l &
TBS&e] 33] AAsi3ich
VEGF®l tj3F ©+2& 3H4](Santa Cruz Biotechnology,
Santa Cruz, CA)E &&o| =0l =3X35}7 4ToflA vl W
SAZ F TBSo) AAF15L, o) FAE Lxste] 37T
oA 30%8-& WA & A AAstE ABC(Avidin—-
biotin complex, Vectastain, CO, USA)E T X3} 37T
ol A 308-& WHg-AlI7l ¥ 3,3 —diaminobenzidine tetrah-
ydrochloride (DAB) 2 413 % universal mount2 ©f-&

sjof Bsisict
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nAEHIEE o]FHEARANYE o] 43l SH3}
ot mAgRdEE 3 Jg] A2 Mg 5330
Z FEABR= CD344 didt FAE olgsigion, g4 &
2 F AgEA ézéé A3t Kig7el digk gAE 2
o] o]&3k= olFHARASIE S A EIT) LElo|=e]
AA A= VEGF 9} %t HPog Aee F, Ki67el tist
A (NeoMarker, CA, USA) & &8o|=ol Z¥3}31 37T
oA 2A17HEE HEEAIT 3 TBS°1] AFSITE. oA+ g
E E¥319 37ToA 3088 wAI F Azt AHs3
t}. ABC(Avidin—biotin complex, Vectastain, CO, USA)
£ T¥35le] 37TCoM 308E dkeA1Zl & 5—bromo—4—
chloro—3—indoxyl phosphate and nitro blue tetrazolium
chloride (BCIP/NBT, DAKO, USA) & 239t Ki67
o tig @Ho] B &Etol=F TBSH AHd & thA
CD34¢l digt B&& Al (NeoMarker, CA, USA)E %
3f3L 37°ColA) 2A17HE<E WhE-AIZL 3 TBSH Msisie
o, o]z} FAE TXste] 37ZM 08-S A &
Az} AEssith oA ABC(Avidin—biotin complex Ve-
ctastain, CO, USA) & E£X3}0 37TolA 30ES WA

l

71 % 3—amino—9—ethylcarbazole (AEC) & 288l & yni-

o) g3t Bha.

versal mountE

2) VEGF 991 % oMol 273

FUs 240 OE &)= SRR
FAET FFo] Y FES |t FA T F
VEGF @A} CD34 FAIF o83l ARz o=
A S| =8 AXA Tl Y YT FEE BA
3Tk

VEGFQ & FdA| 22 AxAgo] Mo s
AL opAJuke- o 2wyl o Bk HulA 1004) Aok
AN FAHZ 349 Alokg Zet FUAMEA VEGF 2
o) = AES] WEE-S S35l 1 FAE Tagich
VEGF 2&g0] 10%97 298 S40)et 351, 10%
ol AFE VEGF o2 ﬂ’éﬁ}‘ﬂu} °V‘é% VEGF
W Ao whet 10%01d 40%7] x} < 1+, 40%°]

} 70%01R1 739 24, 7T0%01 4 2 44 B35
R cHFig. 1).

Fan gL ¢ [average MVD (microvessel density)]
£ 43 vl 1008 Aokl TR 3749 Alokg &
2} CD34°l 23 & Wiz Mz HEgo] H2Mo07
FaE g NFE SA T 7 FHgteE itk A
A EEUE (neo MVD) & CD34E o83t dezAs}
oz JME HIAHE F Ki67o 3 o] FAl

o

Fig. 1. Immunohistochemical demonstration of VEGF expression in papillary thyroid carcinoma. A : Photogroph demontsrates a pa-
pillary thyroid carcinoma with no cytoplasmic staining for VEGF. B : Phtograph demonstrates intense cytoplasmic staining for

VEGF (X400, light microscope).

Fig. 2. Double immunohistochemical demonstration of CD34 & Ki67 expression on vascular endothelial cell. Newly proliferating mi-
crovessels were stained with CD34 and Ki-67 in cytoplasm and nucleuses of vascular endothelial cells simuttaneously (A © X

100, B : %400, light microscpe).
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of Ao r AMEE WA FAFA Agu| AR
7 Ao Agn g R 7 b g RS
2} F8t #n|7 400812 3 Aot A3 AAu|AEE
o] 2 AYssich(Fig. 2).

3. 1A=

Z} Aol gk BAA AFS A8 SPSS v.10 T2
AE 0] 83819 Chi—square test D independent t testZ

AEA T FIFFEE p—value 0.05 o3 kgich

ol T

2 1

1. VEGFQ| 23

FJEF 38 F 29 VEGF 240102, 36964
VEGF o]t VEGF o3l 5t 364 F 2997}
1+, 1497} 2+, 20007k 3+5ich. oM3FF 279 F 69
VEGF 41019131, 2144 VEGF 9¥dollth oM &
%8 VEGF o¥g 214 F 7ele 1+, 74t 2+, 74
3+3th TSN HIFUYNM Y VEGFLAE T A
T 8 ARzl YATHp=0.074).

FAFEANM VEGF £ 79+ VEGEF A9l 3¢
oM FHPAFL 717t 535+16.3 U 455+13.30%
Apol7h AL, IFFAIME VEGF 5493 VEGF oA
Sl A$7F 247F 4321144 2 450115984 EAAQ]
zto)E HolA| ¢igtth(p=0.417, p=0.797) (Table 2).

kA ok 389) = VEGE &4 249} VEGF 4 369
o] Fokel A A= A7 26+15 D 3.0+1.28 BA
2 ztol7b YA (p=0.646). 2dE% 279 F VEGF &
d 699} VEGF o4 2144 Fko) B =z 47
1.8+0.5 2 3.0£1.584 VEGF @A FolA 2 AFS
BPov FAH F99L AA}Hp=0.077) (Table 2).

OIAEk 27415 Yo E TNM Stage (AJCC, 2003) ¢

o W7 dAsled, T 9 N 7o) tiste VEGF
o) i wjasiich. oy FF 274 F T, T2, T3,
T4+ 22+ 6, 13, 6, 2990H, T1 2 T2 ¥7), T3, T4

W12 FEOR vrol HlwstglE W VEGE e
SAHcE fost ABBA} §UHp=0.689).

oMIFE 274 F 12614 BF-EEA o7t AR,
Y ol §7ol whek VEGRY el folst Aol
A THp=0.662).

oM3FF 27 A A 4FY o F A EQ) AMES
scoref{age, distant metastasis, extent of disease, size
of lesion), AGES score (age, histoldgic tumor grade, ex-
tent of disease, tumor size), MACIS score (metastasis,
age, completemess of resection, invation, size) ¢} VE-
GF9) & Hlwatgith. AMES score, AGES score,
MACIS score®ll w2t 4373 2L OR L] ¥l
2% o, A AFAE F AWTL 2200, BYHTL 5
it} VEGF] #@& AMES score, AGES score, MA-
CIS score$l A #FAAo] AT (Table 3).

2. OMEuAT

B AEHdEE 7Y $FolM 55.9£324, ¥
FdME 45.7£26.02 TN B B2 BF] 9l
Aot EAA 2432 tHp=0.181).

AR E RN e FAFdT Pl A 2.3+
0.9 4 37117 MFUolAN TAHLE {5t =
%THp=0.001) (Table 4).

Aal= 514, @A 41ME 7IE0R o] VEawy
gk} o)l A= o] vlmskgint. oMIEYF 274
NEAFuiel A7t 17941904, 71FAH I 7
7} 1091t} N2 o)A A9 uinkel H$-2 3

15.8

36.1 9 3.6-1.2 3.9+1.00% EAA Fa4L gt

Table 2. The expression of VEGF according to age, sex and tumor size

Benign(n=38)

Malignant (n=27)

pvalue pvalue
VEGF(-) (n=2) VEGF(+) (n=36) VEGF(-) (h=6) VEGF(+) (n=21)
Age 53.5+16.3 455+13.3 0.417 43.2+14.4 450£15.9 0.797
Sex(M/F) 0/2 6/30 NS 1/5 219 0.545
Tumnor size (cm) 26x 15 3.0+ 1.2 0.646 18+ 05 30+ 1.5 0.077
VEGF : vascular endothelial growth factor
Table 3. Expression of VEGF according o AMES, AGES, MACIS score in thyroid papiliary carcinoma
AMES AGES MACIS
Low risk High risk pvalue Low risk High risk p value Low risk High risk pvalue
(n=22) (n=5) (n=22) (n=5) (n=22) (n=5)
VEGF (+ 3 2 3 2 4 1
) 0.221 0.221 0.674
VEGF(—) 19 3 19 18 4

VEGF : vascular endothelial growth factor
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(p=0.101, p=0.489).
T %79} HorAdHds @ AQriAdadcE 5
Ao fojg ARTAI}T AR p=0.595, p=0.523).
7AF BxA Hol9 ol wet B AERAUCE H)
WIS W FAH Aol AAcHp= 0 122). A AE
.‘4-%_]1:‘— 7(:3]1:1 al:zx—l 2-10]7]- gi,_ ol‘— 7407]. z_}-
7} 33209 9 43*1.18 AR g=4 xﬂom Ne A¢

a—3a

ABuEHE 7} F2l e %%‘E}(p=0.018) (Table 5).

B F9ko] d)& %)%l AMES score, AGES score,
MACIS scoreE AAETH 1HPFO2 o] Htn)
AEAEE 9 Ao ERL TS nwsisich HyoiAg
A5 = AMES score, AGES score, MACIS score X9

A AfETH 198 EE BAA Aozt ek p=0.076,

p=0.076, 0.907). ¥ AP0 AEFHLEE AMES score
9} AGES scoredlA] 8T AAGTFET} TAZ S
E F3HA E4THp=0.017). MACIS score°l|A= 129
o) AABTRY & Ao IRy FAE FA
2 A p=0.120) (Table 6-8).

3. VEGFEPi} OINEHBE] Y
AA 1 % 6591 F VEGF ¥4 57419k VEGF
49 8ofellr BvlNEH Dee 247 40.7431.0 2

Table 4. Average MVD, neo MVD according to the tumor pa-

thology
Benign(n=38) Mdlignant(n=27) pvalue
Average MVD 457+32.4 556.9+26.0 0.181
Neo MVD 23+ 09 37+ 1.1 0.001

MVD : microvessel density

Table 5. Average MVD, neo MVD according to LN metastasis
in thyroid papillary carcinoma

51.6+24.12 F2g #AV} ¢a, AUAER IEE
7}zy 2.8+1.1 2 3.5+1.8% #23t #A7} ek

oFdEr 389 F VEGF 23 suv|Agads 9 A
Ao g ad T b= 7k2E fo% #A7F gt (p=0.513,
p=0.693). <A F % 27T VEGFY s Hi
L AU T o= f23 o)zt ¢UATH(p=0.780,
0.466) (Table 9).

n|

3

oV Foroln AR Y PALI Fska 4
Aahed) B4 o XS F9l W D Aol
Aofak oz QeA 9. F9go] Imm® oIl
il clal 14 el Fog wou) 1 ol
Aeb) GME WEA] AGERYO] S Slolobet

o AAE AR L FUAEAA BAEEE tumor
angiogenic factorel 28] 24, & YAE F7A)7)

= QIx}&+= basic fibroblast growth factor (b—FGF), va-
scular endothelial growth factor (VEGF), interleukin—8,
platelet—derived endothelial cell growth factor (PDGF)
5ol 4¥A g1, AN E AAskE IAEE
bospondin—1, platelet factor—4, angiostatin, endostatin,
IFN- o & tissue inhibitors of metalloproteinases (TIMP)
Fol gERn2.

VEGF& o8] gollA] #ddo] Ba=Egon, FF %
AAZA Y gt gt o A7t RuEH. Maeda
02 9ol VEGRY Wl g2 Moy} dAHo)
7F 9E W A e f¢e] A8EEE A veht

Table 7. Average MVD, nec MVD according o AGES score in
thyroid papiliary carcinoma

throm-

IN(-) (n=15) IN(+H) (n=12)  pvalue Low risk(n=22)  Highrisk(n=5) pvalue
Average MVD 489+18.2 64.61+32.1 0.122 Average MVD 51.6+18.7 7451450 0.076
Neo MVD 33+ 09 43+ 1.1 0.018 Neo MVD 34+ 0.8 52+ 1.1 0.017

MVD : microvessel density

Table 6. Average MVD, neo MVD according to AMES score in
thyroid papiliary carcinoma

MVD : microvessel density

Table 8. Average MVD, neo MVD according to MACIS score in
thyroid papillary carcinoma

~ lowrisk(n=22)  Highrisk(n=5) pvalue Low risk(n=22)  Highrisk(n=5) pvalue
Average MVD 51.6+18.7 74.5+450 0.076 Average MVD 56.1124.7 54,4+37.2 0.907
Neo MVD 3.4x 08 52+ 1.1 0.017 Neo MVD 3.6+ 1.1 45+ 06 0.120
MVD : microvessel density MVD : microvessel density
Table 9. Average MVD and neo MVD according fo the expression of VEGF in benign and maiignant thyroid tumors
Benign(n=38) Madlignant (n=27)
pvalue pvalue
VEGF (=) (n=2) VEGF(+) (n=36) VEGF (=) (n=6) VEGF(+) (n=21)
Average MVD 30.8+13.9 465+33.0 0513 58.6+23.4 55.1%£27.2 0.780
Neo MVD 20+ 14 23+ 09 0.693 40+ 1.7 3.6t 09 0.466

MVD : microvessel density, VEGF : vascular endothelial growth factor
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