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—— Abstract

IMMUNOHISTOCHEMICAL STUDY ON EXPRESSION OF LYMPHANGIOGENIC FACTORS
IN ORAL CANCER

Young-Wook Park, Kwang-Jun Kwon, Jong-Won Lee
Department of Oral & Maxillofacial Surgery, College of Dentisiry, Gangneung-Wonju National University

Background and purpose: Vascular endothelial growth factor (VEGF)-C and VEGF receptor (VEGFR)-3
are involved in tumor lymphangiogenesis. Oral mucosal squamous cell carcinoma (OMSCC) preferentially
metastasizes to cervical lymph nodes, so we investigated the expression and distribution of VEGFR-3 sig-
naling proteins in OMSCC.

Materials and methods: Tissue samples of 18 OMSCC, 10 oral mucosal leukoplakia, and 3 normal oral
mucosa were evaluated for expression of VEGF-C, VEGF-D, and VEGFR-3 by immunohistochemical stain-
ing. The presence of lymphatic vessels was determined using D2-40 staining, by which we also measured
lymphatic vessel density (LVD).

Results: 72% (13/18) and 56% (10/18) of tissue samples showed VEGF-C and VEGF-D immunopositivi-
ty in tumor cells and tumor-associated endothelial cells. VEGFR-3 was also expressed in most of OMSCC,
which was up-regulated when compared with normal mucosa or with leukoplakia. Furthermore, LVD was
higher in OMSCC than in leukoplakia.

Conclusion: Taken together, our results suggest that autocrine activation of lymphatic endothelial cell via
VEGFR-3 by VEGF-C and/or VEGF-D could be involved in progression of OMSCC. Therefore, VEGF-
C/VEGFR-3 signaling pathway can be a molecular target for anti-metastatic therapy in OMSCC
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9] 1718 A3t M2 3 gebae] FujEsitt. o] &

2o2RE 248 Zoo|=E A Zete WA Hemato-
xyhne & Eosin (H&E) 94& 53l $&9 2384

No (Date of operation} Age/Sex Location N Classification  ~ Staging
1 (2004. 4. 12) 82/F Gingiva mucosa NO Stage 111
2 (2004. 6. 10) 70/M Mandible body N2b Stage IV
3(2004. 9. 24) 47/M Gingiva mucosa NO Stage 1
4 (2005. 4. 11) 64/M Gingiva mucosa N2c Stage IV
5 (2005. 4. 25) 75/M Alveolar bone N2c Stage IV
6 (2005. 5. 27) 65/M Buccal mucosa NO Stage I
7 (2006. 6. 15) 74/M Buccal gingiva NO Stage II
8 (2006. 12. 19) 53/M Retromolar N2 Stage IV
9(2007.2.6) T2/F Tongue N2b Stage IV

10 (2009. 9. 1) 71/M Alveolar mucosa NO Stage 11
11 (2008. 1. 22) 75/F Edentulous alveolar mucosa NO Stage 11
12 (2008. 2. 26) 68/M Alveolar ridge N2¢ Stage IV
13 (2008. 3. 28) 36/M Maxillary sinus NO Stage II
14 (2008. 3. 27) 66/M Alveolar ridge NO Stage 11
15 (2008. 7. 11) 72/F Buccal mucosa N1 Stage 111
16 (2009. 6. 15) 72/F Mouth floor N2c Stage IV
17 (2009. 1. 8) 71/M Tongue NO Stage I

18 (2009. 1. 13) 49/F Mouth floor N2c Stage IV
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Fig. 1. Immunostaining for VEGF-C and VEGF-D in oral
mucosal squamous cell carcinoma lesions. VEGF-C
immunopositivity in the cytoplasm of tumor cells (A, x200)
and tumor-associated endothelial cells (arrow head) at the
periphery of the tumor cells (B, x200). VEGF-D expression
was found in the cytoplasm of tumor celis (C, x100). The
immunoreactivity of VEGF-D was up-regulated at the infil-
trating tumor portion (arrow head ; D, x200).

Normal mucosa

Leukoplakia

Fig. 2. Immunostaining for VEGFR-3 in oral mucosal squa-
mous cell carcinoma lesions. VEGFR-3 expression was
found on the cell surface membrane of neoplastic cells (A,
% 100). Infiltrative tumor islands showed stronger expres-
sion of VEGFR-3 (arrow head ; B, x100). Some stromal
cells (arrow head ; C, x200) and lots of tumor associated
endothelial cells (D, x200) demonstrated VEGFR-3
immunopositivity.

OMSCC

VEGF-C

VEGF-D

VEGFR-3

D2-40

Fig. 3. Expression of lymphangiogenic factors and LVD (lymphatic vessel density) in the

tissues of normal mucosa, leukoplakia, and oral mucosat SCC.
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* P{0.05 between OMSCC and control groups

Fig. 4. Quantitative analysis of VEGF-C and VEGFR-3
immunostaining. Absorbance determined as described in
“Materials and Methods”. Degree of VEGF-C and VEGFR-3
immunopositivity was significantly higher in oral mucosal
SCC than in normal mucosa or in leukoplakia (P { 0.05).



CHEIRIIAM S A2 B BA]: Vol. 32, No. 1, 2010

i

V. &% 9 0%

0

T HPAFIAELE (OMSCC)2 dEAl 77
do g AR HAGHA XM Zo] Yoz ¥
ZH-E B8t AolEle Aol v, 244 B=ZA A
olfide] &A= EA R B3l oF A Hrisn
SATh whebA] AZAYY AARIAEe] e By
HAEGA AT oy Paoz ddsle] 1 FFAY
E97A 4% vXevke ok € FAolt, E A7
AL APATE Edfod OMSCCLERE Y A 23
5%< o]4sld VEGFR-3% 1 e|t=9l VEGF-C$
VEGF-D&} ¥ £E RT-PCR, 9129 E&8 12ln
ELISAZ HA&Ath 1 23 #7049 Ay ¥
ZUA LM = VEGF-C mRNAZ} sz, =834
#A AZEA £4A9 VEGFR-37F 2A48< A
o 8 7Fe A FEzAd U 428 B2y
23 BE P AP EY £EM VEGF-C
VEGFR-3 o] g g g Rusdlyc} ™

2 A7 e APdTM =28 299, FEAE
Y22 F9dA 2429 VEGFR-3¢ 2 gjztes A
| TF2A BEA ofH 3 BXE ZEXE HYzA
NS B3lo ge|laA SiGich o A% ANE BE
ol & 1842 FEA ot ANA FAE dots)
o gulsle S 29T & 920 I ARlx
ol VEGF-C8} VEGF-D ©hijo] EdaE o] oy
d A 2 Bt olel B B2 ZA oA 8HA
o2 gAY FEEE wdge] HAHY. E3| o8
AAJAAEC] FWEL SolNE FH 2Ho0 2 AT &
of7he FUATFY ATAA el B % Q)
Ago] TG FIAEY shgel F83 &L L 9
Ak, =3 29 v]A#7 (tumor microenvironments)
ol jAE AEFE H 43 APA YA VEGF-D7} 23
B2 @5kn, & ¥ T HAd B8 $ VEGF-CY &
=7} 72%0)v VEGF-DS] @avl e 56% 2 v w3
3% nEsE v, OMSCCHNY F A=W AN
VEGF-CY€ 4% & dtt. 2Fgd oz $4¢ 9
BRI ZLA A3 HFEYS 229 g Van Trappen 5
o Ao o5t sty F Az 29 AEHo] &
7FstE SAA VEGF-D7} 43 Ed/d =3 vaA
E 8 ope} 50%e] FEA Fu FEA TAME
sl FEE Itk g fAHg Ao},

B AZA VEGF-C @] 7§ Aukd 08 VEGF-D
gl e 2l BNl e} E7bE FAtolitt.
VEGF-C 9l SUAE F3o d3/4Zd W%
et oj)gl ERA T AZAGHE HE S #FF 5
Atk gwtA o 2 VEGF-CE VEGFR-3¢ VEGFR-2

Q

2

2

g F3M FUNETYH NS Adsie] YEaAn 82
AL 4o7)e AAEA HZY AT st 7]
AZH WA 2 $AsHA EdEe VEGFR-39 23t
=2 2hg3le] AXH YA 23 Ao YHATt”
Shintani $-2 98719 77 HBZGA LS 24 g
Az g dA-E At 667] MEM VEGF-CL,
547 AENA VEGF-D7F @38 =%z, VEGF-Cg}
VEGF-D w2 gxd dol-g4 FUEvh: 824 A
ol-}d FFM ZF3HAl HaE = Aol drkn By
¥ 2 d7odAe 49 dolH B£o2 VEGF 44
Q FHo] iAoz Pz Hoae AR F77 A
P A=A e AFA Eeka.

VEGFR-3& #Z# WA 2o T e F AZ834
o 7§14 mediator)©|th.?” Neuchrist & VEGF-C%
1 5849 VEGFR-371 322 Hlmsde] F45 A
AT TG 2 oM AFEZA (upregulation)Hol 9%
2asict® B AT VEGFR-39] HAAPEE
B4 TR PR B Wk Wt
Ao g vwate] HokE o FolstA OMSCCellA
go] #&z o] VEGFR-37} OMSCCY A%} oo
93 98 T2 & 5 UM B FHEA WA E
ZIAE o)z B2 TEANEIME VEGFR-39] &
#o| #asl=d FYA LA VEGF-C/DY £ul7} #
A3tA g sty wiEe] FEATG FFAMELY
paracrine growth loop®] 7}548€ F8A aict.
Schoppmann & 23745 22 A9 ATE F3f T
Ao EAste FY#3 2297} VEGF-CE 233}
3, Aoz d=d YA T2 ggd #AqETE
AA & 8} glh ?

A4 =R YA e AZEW EAAR LYVE-13
podoplaning Wa&s, D2-40 A& B=d Ao &
23 FAg gl (mucin-type transmembrane gly-
coprotein)?! podoplanin® ZAA&A (fixation-resis-
tant) AW EZE Ao ey T2UY 3PS AA e
B Tojd 2HNT LA AW F kP B ¢
TFANE D2-40 FAE ASste A FEHE
podoplanin-%44 BZ#E As-TozN AT

off e
Mo o

e

o

ofN el oft

.2

(LVD)E #43ldth. LVDE 7189 B» ¢ Fn=
sl & Aol BAYE B4, 3 FBUOIN JZB

37} FEAET F9d FHe FEE nddd
WellA] 7]wd vkl o] AAsITt whebA B A
A AAE LVDe TEAE 99 FZR (peritumoral
lymphatics)ol ¥]F< F=dl Valencak 5 5% $9
o AA FxPo] Fa YA Ho|o A AEE A3te}
FEBAN doka B v Itk ® Ohno & 74Y
2] gt "z AE 53 ATl FFAA



B NG FRUAN AAACR 271ge] A9EA
W, YIH 349 A AT ok 4% T8 1ol

I=t| o] o] FYeA VEGF-
#ol 7 7} Wigolat, A4 223} vl
BoE o) FES AFROE 3 % W JZH AFGol F
-] il 2 AFelA Yuirt gle

ZEA T FH o B WA TS 71EY Y= HE]

45E AAA] T4l YEAE FF ATE Bl 11
ok & Folt},

1849l OMSCC F&2H A Algd Azt
HTE B9t & A7y dYAFoAM FEX AR
VEGF-C/VEGFR-3 9] 2484 £/} shotE e},
Z VEGF-DQ| 4% 43 49 g ZME AP0
2 PAE T £ FUAE FH9 7H WiaiA 2o 2 H
' Ag 328 + 919en, VEGF-C/VEGFR-3¢] 73%
WA Eu of]eg} SN TN T kA T E
o] FRIHUT}, H2e] Aol oaha Uiz Eof %@ﬁ
VEGF 84 50] ¥lWatA ng 459 %
& HYIA ZAN T Hds s, FEHog
A%l Sl A B Qo] AAE I ghF
Fok % Aﬂiﬂ At AET ¢ AU el
1glo] Rp@®® v} 9l31, VEGFR-2 E3t 3
B, Y, TR w1 RS B9 A 4FH
A T3l A “a‘fzi%ol EaEint Y w3 VEGFR-3¢
VEGF-C, VEGF-DY &4¢] #3943 S4% FUAH L
dA AgzAE, 1 ¥z dxA Ho|rt FRHE
AR HuE ek > wat ko] FUA ZAM VEG-
FR-3¢ VEGF-C9| &% 232 @39 As3 g
Azl Ao Z7l¢l AAdTn BRuHATt> olglg T
A ZA M9 VEGF +4A419] A58 ez} §4& 2%
A2 oo AET LA AV Ak HauH i >

A}, EFAEAA VEGFR-2 s/ AzAEe 2t

F

=
]
&>
;P
—

T

H1& 2137]4 (autocrine activation loop)& FA gt
ZA7 AN HY] ZHAE AAlo] VEGF S §x 8o
[e]

24 2PYBYE 715 HA8THE RO oA 5 9

q.?S

flo Euus 2 d723ES F99 E9 OMSCC
FTEAERTE —r‘ﬂlﬂ VEGF-C7 } FAE FHol A2

s
izl
o g
ot
ox

Ho ofX Ho o
~

HHZA 3 3 ot T
Puo] T4 FZH HoHAE T + IS F4A
gt} Su 52 THRES B3 B AFelr] #2H nig}
2E Qo1 FE4M9 VEGF-C/VEGFR-3 23497
7t 2Z3 YA 2o dago N FzH PAS 2714
Aoz Ho|Ag& &Asln, B n¥FY FoA T
of dHFoZN FTUAE] $EAT FHzRAd R I

TZisto|n] BIZHEY oIAte] Lelol] Bet peim e

1o
X
re
4

—m
oX,
o
ofX
L
=
oy
o
il
=
)
P
AP
e

=23 AA]
AzRoZ Be Zd 9 OMSCC FUAZE AAH o
£ d¥3la VEGF-CE FH|go 2w £
AP & 23ty FHE. wabA VEGF7} VEG-
= AL WelstAY VEGFRY 7]58 A8t
AL &R w43 oA 2o ZHeate] AP S
A oA GE% gt 71] ol g} ZUA o Fo 3
o 39E F 4 gvkn £ 4 Uk AT, TR
el 243k VEGFRJ Az 75 vig AE
Fjo] B3 A7) o}F BES Aeloltt, mEtA F
T o} YN X 9 VEGFR-3¢ VEGF-C/De] A
2 7%l t3 olalE 3t F7FAQ At o] FolA
& Aot}

o o0 ot M4 2 o
_|,J = JZi N
oo

o
-

References

1. Pepper MS @ Lymphangiogenesis and tumor metastasis:
myth or reality? Clin Cancer Res 7 : 462, 2001.

2. Saharinen P, Tammela T, Karkkainen MJ et al :
Lymphatic vasculature: development, molecular regulation
and role in tumor metastasis and inflammation. Trends
Immunol 25 @ 387, 2004.

3. Achen MG, Stacker SA ! Tumor lymphangiogenesis and
metastatic spread - New players begin to emerge. Int J
Cancer 119 : 1755, 2006.

4. Zeng Y, Opeskin K, Baldwin ME et al : Expression of cas-
cular endothelial growth factor receptor-3 by lymphatic
endothelial cells is associated with lymph node metastasis
in prostate cancer. Clinical Cancer Reserch 10 : 5137,
2004.

5. Stacker SA, Achen MG, Jussila L et al : Lymphangiogen-
esis and cancer metastasis Nat Rev Cancer 2 : 573, 2002.

6. Brychtova S, Bezdekova M, Brychta T et al : The role of
vascular endothelial growth factors and their receptors in
malignant melanomas. Neoplasma 55(4) : 273, 2008.

7. Tanaka K, Miki C, Wakuda R et al : Circulating level of
hepatocyte growth factor as a useful tumor marker in
patient with early-stage gastric carcinoma. Scand L
Gastroenterol 39 : 754, 2004.

8. Chang LK, Garcia-Cardena G, Farnebo F et al : Dose-
dependent response of FGF-2 for lymphangiogenesis. Proc
Natl Acad Sci USA 101 : 11658, 2004.

9. Stiligoi C, de Luca A, Cascone I et al : Angiopoietin-2
expression in breast cancer correlates with lymph node
invasion and short survival. Int J Cancer 103 : 466, 2003.

10. Cao R, Bjorndahl MA, Religa P et al : PDGF-BB induces
intratumoral lymphangiogenesis and promotes lymphatic
metastasis. Cancer Cell 6 : 333, 2004.

11. Bjorndahl M, Cao R, Nissen LJ et al : Insulin-like growth
factors 1 and 2 induce lymphangiogenesis in vivo. Proc
Natl Acad Sci USA 102 : 15593, 2005.

12. O-charoenrat P, Rhys-Evans P, Eccles SA : Expression of
vascular endothelial growth factor family members in head
and neck squamous cell carcinoma correlates with lymph
node metastasis. Cancer 92 : 556, 2001.

13. Neuchrist C, Erovic BM, Handisurya A et al @ Vascular
endothelial growth factor C and vascular endothelial



Ciptet &SR B 8E(A]: Vol. 32, No. 1, 2010

14.

15.

16.

17.

18.

19,

20.

21.

22.

23.

24.

growth factor receptor 3 expression in squamous cell carci-
nomas of the head and neck. Head Neck. 2003 Jun;25(6):
464-474.

Sedivy R, Mannagetta JB, Battistutti W et al : Exression
of vascular endothelial growth factor-C correlates with the
lymphatic microvessel density and the nedal status un oral
squamous cell cancer. J Oral Pathol Med. 2003 Oct
15:146(2) 455-460.

Shintani 8, Li C, Ishikawa T et al : Expression of vascular
endothelial growth factor A, B, C, and D in oral squamous
cell carcinoma. Oral Oncol 40 : 13, 2004.

Miyahara M, Tanuma JI, Sugihara K et al : Tumor lym-
phangiogenesis correlates with lymph node metastasis and
clinicopathologic parameters in oral squamous cell carcino-
ma. Cancer. 2007 Sep 15:110(6): 1287-1294,

Grandi C, Alloisio M, Moglia D et al : Prognostic signifi-
cance of lymphatic spread in head and neck carcinomas:
Therapeutic implications. Head Neck Surg 8 : 67, 1985.
Park YW, Kim SG, Kim SH et al : Gene expression for
lymphangiogenic factors in oral mucosal squamous cell car-
cinoma. J Kor Acad Maxillofac Plast Reconst Surg 31(6) :
453, 2009,

Van Trappen PO, Steele D, Lowe DG et al : Expression of
vascular endothelial growth factor (VEGF)-C and VEGF-
D, and their receptor VEGFR-3, during different stages of
cervical carcinogenesis. J Pathol 201 : 544, 2003.

Witte D, Thomas A, Ali N et al : Expression of the vascu-
lar endethelial growth factor receptor-3(VEGFR-3) and its
ligand VEGF-C in human colorectal adenocacinama.
Anticancer Res 22(3) : 1463, 2002.

He Y, Rajantie 1, Pajusola K. et al : Vascular endothelial
cell growth factor receptor 3-mediated activation of lym-
phatic endothelium is crucial for tumor cell entry and
spread via lymphatic vessels. Cancer Res 65 : 4739, 2005,
Schoppmann SF, Birner P, Stockl J et al : Tumor-associ~
ated macrophages express lymphatic endothelial growth
factors and are related to peritumoral lymphangiogenesis.
Amer J of Pathol 161(3) : 947, 2002.

Gombos Z, Xu X, Chu CS et al : Peritumoral lymphatic
vessel density and vascular endothelial growth factor C
expression in early stage squamous cell carcinoma of the
uterine cervix. Clin Cancer Res 11 : 8364, 2005.

Weidner N, Semple J, Welch W et al : Tumor angiogenesis
and metastasis—correlation in invasive breast cancer. N

A7 Azt
$HHE 210-702

ARE 7HEA ZEEE 12084

7{2%&;1?3 g Rl E popelobd o w8y
)é‘

# Hae 20094 128 28
AR &™Y 20104 018 20

25.

26.

27,

29.

30.

31

32.

33.

34.

35.

36.

Engl J Med 324 : 1, 1991.

Valencak J, Heere-Ress E, Kopp T ef al @ Selective
immunohistochemical staining shows significant prognostic
influence of lymphatic and blood vessels in patients with
malignant melanoma. Eur J Cancer 40 : 358, 2004.

Ohno F, Nacknishi H, Abe A et al : Regional difference in
intratumoral lymphangiogenesis of oral squamous cell car-
cinoma evaluated by immunohistochemistry using D2-40
and podoplanin antibody: an analysis in comparison with
angiogenesis, J Oral Pathol Med 36 : 281, 2007.
Neuchrist C, Erovic BM, Handisurya A et al : Vascular
Endothelial Growth Factor Receptor 2 (VEGFR2)
Expression in Squamous Cell Carcinomas of the Head and
Neck. Laryngoscope 111 : 1834, 2001,

. Masood R, Cai J, Zheng T et al : Vascular endothelial

growth factor(VEGF) is an autocrine growth factor for
VEGF receptor-positive human tumors. Blood 98 : 1904,
2001.

Wey JS, Stoeltzing O, Ellis LM : Vascular endothelial
growth factor receptors: expression and function in solid
tumors. Clin Adv Hematol Onco 2(1) : 37, 2004.

Yang AD, Camp ER, Fan F et al : Vascular endothelial
growth factor receptor-1 activation mediates epithelial to
mesenchymal transtion in human pancreatic carcinoma
cells. Cancer Res 66 : 46, 2006.

Moser C, Lang SA, Stoeltzing O : The direct effects of
anti-vascular endothelial growth factor therapy on tumor
cells. Clin Colorectal Cancer 6(8) : 564, 2007.

Valtola R, Salven P, Heikkila P et al * VEGFR-3 and its
ligand VEGF-C are associated with angiogenesis in breast
cancer. Am J Pathol 154(5) : 1381, 1999,

Stacker SA, Caesar C, Baldwin ME et al : VEGF-D pro-
motes the metastatic spread of tumor cells via the lym-
phatics. Nat Med 7 : 186, 2001.

Tang RF, Itakura J, Aikawa T et al © Overexpression of
lymphangiogenic growth factor VEGF-C in human pancre-
atic cancer. Pancreas 22(3) : 285, 2001.

Gee MF, Tsuchida R, Eichler-Jonsson C et al : Vascular
endothelial growth factor acts in an autocrine manner in
rhabdomyosarcoma cell lines and can be inhibited with all-
trans—retinoic acid. Oncogene 24(54) : 8025, 2005.

Su JL, Yen CJ, Chen PS et al : The role of the VEGF-
C/VEGFR-3 axis in cancer progression. Br J Cancer 96 °
541, 2007.

Reprint Requests

Young-Wook Park

Dept. OMES, College of Dentistry, Gangneung-Wonju National University
Gangneung Dachangno 120,Gangneung, Gangwon-do, 210-702,
South Korea

Tel: 82-33-640-3102 Fax: 82-33-640-3103

E-mail: ywpark@gwnu.ac kr

Paper received 28 December 2009
Paper accepted 20 January 2010



