Expressions of Epstein-Barr virus Related Factors
and Angiogenic Factors in Nasopharyngeal
Carcinomas
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bFGF, basic fibroblast growth factor; DAB, diaminobenzidine; EBER, EBV encoded small RNA;

EBV, Epstein-Barr virus; EGFR, epidermal growth factor receptor; FGFR-1, fibroblast growth factor receptor-1; FITC,
fluorescein isothiocyanate; Flk-1, fetal liver kinase-1; Flt-1, fms-like tyrosin kinase-1; ISH, i situ hybridization; LMP-1,
latent membrane protein-1; KDR, kinase insert domain-containing receptor; PBS, phosphate-buffered saline; TGF- «,
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BB % 13 IR A LAEIT100°C 25, 4 IS & ¢S
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L #F F (DAKO, Glostrup, Denmark) % 72— 7k L, 252

Fig. 1. Light microscopy of three histopathological types of nasopharyngeal carcinomas (HE stain, X 400). (A) Squamous cell carcinoma
(WHO-1). This type of nasopharyngeal carcinoma shows squamous differentiation with obvious keratin production and intercellular
bridges. (B) Differentiated non-keratinizing carcinoma (WHO-2). This type of carcinoma has cells that show a maturation sequence and
has little or no keratin production. The cells have fairly well-defined cell margins and show an arrangement that is stratified or
pavemented. (C) Undifferentiated carcinoma (WHO-3). The tumor cells have oval or round vesicular nuclei and prominent nucleoli with
indistinct cell margins. This type of carcinoma is heavily admixed with normal lymphocytes.

transforming growth factor- « ; TNF, tumor necrosis factor; TNFR, tumor necrosis factor receptor; TRAF, TNFR-
associated factor; VEGF, vascular endothelial growth factor; vWF, von Willebrand factor; WHO, World Health

Organization
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bromo-4-chloro-3-indoxyl phosphate) & = @ 7L —5 b 5 1) LT, folE s lil 15 f)‘ X E s boik, #0 x|
u A 7154 F (nitro blue tetrazolium chloride) % 4 L 72 —®OM5EE LCEH FeRE I, BEEMANMERHIE L Twb
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3. SRIEHIELAEL L A bFGF, VEGFE L U'TGF-¢ l22WTIE, — 2081281t
AR, Hub®OT7EY Y - B4 F 0 et B ERIC L £ 8 %, "HI 2R L'cﬁawmm,
(avidin biotin peroxidase complex, ABC) #:4ZH#5 L CHro 7z, filf OB &S LV EBDbRE 3 H Tz OV TS
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FNT 7 14 U ’WUV)}II( Biss 74>, BARLLH ERUTHSHTRL, £OMBHREZ B 2 Mo o
03%BEEILAEI A & 7/ = LIZ T30 MNPV 4 %2 4 BUBE R & Uz, S RIDH R IZ DWW Tl F ok A a7
—-EEHELL. kue)) /IB!IAEH%/IVC &, PUEMEAME P15 FHARBILZ. § bbb USRS, 0%EL110%%
E¥HH720, WHITT, 0.1% M7y FHYEAMR) 12 THK WHOLDEAIATO, 0% E20% L0 bDF 2071,
B fRALEL L BUEEDBRIG (L & 47 » 72, — Rk % 4T C—Hh 20% 0L E30% KDL DE R T T2, 30%LL 140 %Ki b
LI & 7o)~ BRFRHTH (phosphate-buffered saline, PBS) 2R3 T3, OBIRLIEARO2H9F TR T RS 2,
(H 7.4) T54-M, SHEPEH L7z, “Xkiifhe LT, ¥4 F WS SUGEEAT100% D b D21 A 7 108 5 2 7.
b =dfivy X 1g G kiifk (X200, Vector Laboratories, V. #EETPANIE
Burlingame, USA) ¥ 7213 ¥4 F A fbY FHi v Flg G «J\m TNMBEUZ>WTiE, TRTEETL, T2, T3, Té4& L, N¥§
& (DAKO) v, HiR T304 Mo &8, [FIZPBSIC 1% N0, NI, N2a, N2b, N2c, N3 & L, M#EH % M0, M1
W L7z, 2\, biotin-strept-avidin peroxidase complex E LT, EBOMKFFAMLIEIZH 2 - T, HFEEE LTk
(Strept ABC Complex) (DAKO) & 304 HIZiRTRIG X7 o7z WHERTC20TE, B0 R a7 2 He4e LTk
PBSTH®H L7z, & 512, 0.0006 %ML AKFEMO0.05% Y7 3 o7z, b, MUAMAEBIIMBEAEE LTk, EBERs,
/Ny F Y (diaminobenzidine, DAB) (1 {b-ERF4EiT, #E LMP-1 DEFDFMIZIONTREFN TN E X FTEHE L TH-
) BT L I 1050 Mssth &€ 7. u%& & AF 7.
W7 = Ty, RIOWI IR, B, #A LG eE DTS D N FROMET, WIHEATT XTS5
F”)ﬁfl"" (M IAVAR D fb DTIEAA T () BEEN, M5 RO L 0
Pt AR s LT, Bi7 4> - w1t VT2 FIHF (von &t b O TId Fisher ORIz L A 2 vz,
Willebrand factor, vWF) $iifk, HLLMP-1HkIZIZZ #2018 f’xqsua‘il?')‘ SIED CTTERNC AT B i B (N2 ﬁ(ﬁb T <k
WPEHLAL, LA AL % T 7 SIZHUbFGFHUR, 1 Bk 2840 DA OBIE LI Mann-Whitney UM & v 72,
VEGF ¥ fk, }JLrl GF- a LAk Btk X‘J‘J[uk LCiE, wdhd ik AR O % b A ORI Iz o T, bpearman )it
HHE 7o, I EREAZ D W T, Gl i R /\ﬂ'—rm AR ECCR LA S 512, M mAT R 8% MU 1K [
B L B OB S X 0 LTI AL BRI & LC, LMP-1, bFGF, VEGF, TGF-« |22V 'Tt.ll Vi 53 BF
LTid, dEfgi~m 21g G (DAKO) F7:1%, v ¥ f.(‘rr R IR AT AV AR 'T‘I“] i STz dy 72 ) LMP-1 122w Cid, etk
(DAKO) # Jl\v 7z, BHZO, PPN 1Z2 G2 T 3 — B8 E LT L., e
MR IMAF o RN 97, 1065 0 BB T2 vWER ik b, fEhs p<0.05 AT e LA
Table 1. List of used primary antibodies
Antibody againt Dilution Trypsinization Source
LMP-1 (monoclonal) 1:50 + DAKO, Denmark
vWF (polyclonal) 1:200 + DAKO, Denmark
bFGF* (polyclonal) 1:100 + Calbiochem, USA
VEGF! (polyclonal) 1200 + Santa Cruz Biotechnology, USA
TGF- ¢ (monoclonal) 1:100 - Calbiochem, USA

monoclonal, monoclonal antibody is derived from a mouse; polyclonal, polyclonal antibody is derived from a
rabbit; +, trypsinization was performed; —, trypsinization was not performed; *, anti bFGF antibody is

specific for 18kDa protein; , anti VEGF antibody reacts with the 121, 165 and 189 amino acid splice

variants of VEGF.
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I. &%, 5LUSREEHRE cORE

1. vWF

M R AR AT A9\ e XA, /NI S 3 AS AT B
THo BAMEIECEEMECERELTE Y, WHO-2
TR AT D P& (22), F7: WHO-3 TILife 4 2 )6 % 2
B (F3).

2. EBERs

EBERs M0 B TIE, FIZE&TONEEME OIS

—H L THEHFRD L (0 4).

Fig. 2. Immunohistochemical staining for von Wllebrand
factor antigen in differentiated non-keratinizing carcinoma
(WHO-2) (counterstained with methyl green, X 200).
Microvessels highlighted by stainig endothelial cells are
shown to localize at the tumor stroma encircling each of tumor
cell nest (—).

g

Fig.3. Immunohistochemical staining for von Willebrand
factor in undifferentiated carcinoma (WHO-3) (counterstained
with methyl green, X 200). Microvessels highlighted by
staining endothelial cells exhibit no pattern relating vessel
location to tumor cells in contrast to that of WHO-2.
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3. LMP-1

LMP-1 A5 D JE AR Tk, — S B Is oMl s &
CHMlBEOMmE, & L ISHMEO A —3 L TRIER G
b7z (¥5).

4. bFGF

bFGF IR EICEHEMBE - L TROLN (6), —#n
B AL T IR AIIEAZ 12 b SIE UG 2 e 72 (7).

5. VEGF

VEGF i3 £ 12 EEME B L CBd o h, JEEMaiy
REBET 2 b 0TI, KB Do EEME T Lol
Ml & 0 b RIERIGHEARCETIA S - 72 (08). EIEEED
TORMEIIHA T, 15122 LAEIEED Rd o 12,

6. TGF-a

TGF o i3, MHEMREIC—HL TRDH 5N (K9).

W NMEY, EBVEIERETF, MEHERFOREERRE
ERARME O RE
NI

MNMAE R & BIRERRBRTL O B % G0 R o 7,

«g&m:‘s -1‘1” i
Fig.4. In situ hybridization for Epstein-Barr virus encoded
small RNAs (EBERs) in nasopharyngeal carcinoma
(counterstained with methyl green, X 100). Positive reaction is
located exclusively in the nuclei of almost all the tumor cells.

Fig.5. Immunihistochemical staining for Epstein-Barr Virl.ls
encoded latent membrane protein-1 (LMP-1) in
nasopharyngeal carcinoma (counterstained with methyl green,
X 200). Immunoreactivity is present in some of the tumor
cells with membrane-associated staining patterns.
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2. EBERs

EBERs %, WHO-2T22#( 1641 (72.7%), WHO-3C7 i
64l (85.7%) T, HBMETH o724, WHO-15 & U TIZ VT
nbMETH > 72, EBERs DB O ML, KBTI
THERMEAM RO Lo T,

3. LMP-1

LMP-11331 60 84 (25.8%) THITETH b, FHLEERER TIX
WHO-2 T2 2281 7% (31.8%), WHO-3TIZ 7611 1’911
(14.3%) THYETH - 7227, WHO-138 L UBRMTIZVwFhi
BiETH o2, LMP-1OREBOH ML, KMMATMTHERM
W EED R Doz,

4. bFGF, VEGF, TGF-«

bFGF, VEGF, TGF-« ®ZHBIZ VNG, KBk n H
THE R R B L b o 7.

V. #hiEHe T, N, MEF & OB

AN ERINKT- & O E R IEOHME % 8% 72 (Spearman
OIERI AR L 0.40, p=0.0297) #%, Mo K-F & A % 32
Bhhol.

V. EBVEERTFORRET, N, MEF & OREE

EBERs 2B PEBI CENAME, 19.17) TI&, K6l CEIE

firid, 1471) &0 SHEFIZMKFAELT LTz (p=0.0328,
Mann-Whitneu U#&%E). #OMd K& EBERs D53 ]
L:liﬁ%’:&f%i*é‘lﬁ:*ﬁﬁb&f%o 1.

IMP-1 D5 oFEE, WTFhoRTBTOAELETROL
o7z,

V. MEFHERFORRET, N, MEAF & DHEE (F2)

VEGF D53 (p=0.0155), TGF-a DI (p=0.0472) i&, V7
NONKWFEOMICHELREOHBE D722, oRTFLn
HUZ B 2 i o 7o,

V. #hmE# & EBVESERTFORIE & ORE (R 3)

LMP-1 B PERETIE, BEPERE & I L ¢, FEICMNLEEAT
% o b7 (p=0.0157).

N E & EBERs DS O A ORI I % B b
=7,

W. #/hmEH e nEFERTORR & DIER

WL %k, bFGF (Spearman O MEALAR B #2813 0.40,
p=0.0305), VEGF (Spearman O NEHZAH B#% 503 0.40, p=0.0286),
TGF- « (Spearmanmnlﬁfx'/')rlr—m%iikzio 57, p=0.0020) DM L
O FNFNA SR IEOHM 2R

K. EBERs & LMP-1 £ D&

Fig.6. Immunohistochemical staining for basic fibroblast
growth factor (bFGF) in nasopharyngeal carcinoma
(counterstained with methyl green, X 200). Immunoreactivity
is present in the cytoplasm of tumor cells.

Fig.8. Immunohistochemical staining for VEGF in infiltrating
nasopharyngeal carcinoma (counterstained with methyl green,
X 200). Strong VEGF staining intensity is seen at the
periphery of the invasive tumor nest (—).

Fig.7. Immunohistochemical staining for bFGF in
nasopharyngeal carcinoma (counterstained with methyl green,
X 200). Immunoreactivities are present in the cytoplasm and
nuclei (—) of the tumor cells.

Fig.9. Immunohistochemical staining for transforming growth
factor- « (TGF- «) in nasopharyngeal carcinoma (counterstained
with methyl green, X 200). The tumor cells express
immunoreactive TGF- ¢ in their cytoplasms.
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Table 2. Correlations between angiogenic factors, and T, N and
M factors

Angiogenic Spearman's rank correlation coefficient

factors T factor N factor M factor
bFGF 0.30 0.17 0.03
TGF- o —0.26 0.36* —0.03
VEGF 0.33 0.44% —0.19

* p<0.05 (Spearman's rank correlation test).

Table 3. Correlations between expression of EBV-related factors
and microvessel counts

EBV-related . Mean rank of
Expressions . ) !
factors nicrovessel counts
EBERs Positive 17.98
Negative 11.17
LMP-1 Positive 22.69
Negative 13.67

* p<0.05 (Mann Whitney U test).

Table 4. Correlations between expression of angiogenic factors

Angiogenic Spearman's rank correlation coefficient

factors TGF- VEGF
bFGF 0.55* 0.51*
TGF- « 0.44*

* p<0.05 (Spearman's rank correlation test).

Table 5. Independent variables in multiple regression analysis

Titles of
independent Mean score (SD)
variables
LMP-1 0.26 (0.45)
bFGF 6.85 (2.84)
VEGF 7.281 (2.82)
TGF- « 6.31 (2.81)

Mean value of microvessel counts, dependent variable, is 57.61
(SD, 49.63).

Table 6. Results of multiple regression analysis between
independent variables and microvessel counts

Titles of Standard regression
independent coefficient
variables
LMP-1 0.401*
bFGF 0.313
VEGF 0.106
TGF- 0.167

Multiple correlation coefficient is 0.61 (p=0.0138).
* p<0.05 (multiple regression analysis).

45

LMP-11X EBERs M 4: 0> 226 8 81 (36.4 %) Tt TaH o1z,
EBERs 2SI ED & DI, X TLMP-1 b BETH - 7.

X. EBVEERFORE L MEFERFORR & OEE

EBV BLE K-F- 0 38 o A 8 & M AN T-O % & oz
ﬁéljil’k%‘”&bf;‘ﬁ‘o 7z,

. MERERFORBREOMENY (T4)

MGR?CEaElUVMW%Tu,%h%ﬂﬁﬁtﬁ%&
ENHE AR 7.

Xl . EEF24 (&5, 6)

LMP-17%, S/NIEBIR O BB L5 22 FTH Y, »o,
AN I — A BT H o 7o (BHE R %=0.401, p=0.0292).
EAH MR 0.610 (p=0.0138) Td - 7=,

% =

, PRSI ETE & ) v SR & o WE AT S ko
’Cjt’(b\ 99 Smith H¥UE Y FMPEIZA P F AT - A0y
FEAL, MBEICMERLELSHRESLETES Y 7 3AKILE
F 5%, MEHLERIZHOTHBPD Y 22354 » 7 85BATL
ZEEY, MEHAEN) YNHEBICECHS T2 EERL
7=,

A CIIEB ILEH 4§ b by L E R & NKFo%F
EEOMICEERIEOHM RO, FINEIEIZE T 5 EE0nE
Wit &) UOSEI WL OBMEMENIRIB SR, —73,
Roychowdhury 513, #UMIEREHIIZ L 5 LIHEERHRIC
5 EBOTFIRE 1T - 724, M/MLEFHIE & NE S0 #) z.;t'ﬁ
=R DS, KPR IR o R Lo, B0
R TIEWHO-1A547 % % 572 DIH L, Ko Fiidb
Fh3%Tho 7%, WHO-2 5 L U3 WHO-1 & b L T
Wino Uy SEHEREZRTEYLY, WROFBAMIOSH
DEENZOR LR 2R EL o BEBIE LTHELLN
5. AKWFZE TIZIEE /NI B e MIAT- & OB IS B
DL h o7z, TNMOEIRBWIEO L 0T, RIZ MBS
Ao THEMAEDL mm BT THIUE, B L oBIHEA T
THD, PIRIZEAMRTFIZOoOWTOMEEF T DL E™, |
WEIEFEIL 87 % TH L, AT 13% & 13k & b7 b #F
A, ARFFECIIMEHA L MATHZ > WM& B L
o1 HE, BBV Tl ComEin g & R R T B
A THEECH B EEZHND.

bFGEF % 13 T8 IR )~ F R ”z‘%
), mRNAOBERFYLIET I L 0 5 F-RAT18 kDa, 22 kDa, 225
kDa, 24 kDa@ﬁE’fﬁfJ‘Tﬁ‘J?ﬁéﬂ’Cw % hEGF & FHEN K
WASEIZ D DD S FF VET & b 727w, FRTHIT
'f}ff'?s-_ibFGF (18 kDa) (3B Iz 3 L, ML RIS Ik
FALTIERT 2 E£ 1 6RT0D, OS>V
Tk, REWS 2 TIRA VA, MR 213 S H O
Bl %M L OIS T, ~s%Y & (heparin) 4B
#RT5 A I (plasmin) ORERBTIC L - THEEENB LY
IEENE X LN TWESD, KT, PDFGFHkE LT
ERT-EMEHERNICST DR M L.

bFGF & EiE, IS L O ERE koMl BT
DNA &/f, WilEEZ 55, MAEPREMIICY L TEz0l
FEERFE L, N0, ik, ScEEsTeT. <
OReZ: DEGF O M F A ER L, TEBEkic BV T hENST
TWBY, KR T, bRGE D 5B & ALk iy &%
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DRI EREOHMERD 72 & LY, bFGE I3 FIg#H I
BAMEFEIEERRHL R L COBHEIRE I N,
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Abstract

The present study was performed to examine the role of angiogenesis on metastasis in primary nasopharyngeal
carcinomas. Formalin-fixed paraffin-embedded biopsy specimens were obtained from 31 primary nasopharyngeal carcinomas
comprising of one squamous cell carcinoma, 22 differentiated non-keratinizing carcinomas, 7 undifferentiated carcinomas and
one adenocarcinoma. Intratumoral microvessels were highlighted by stainig endothelial cells for von Willebrand factor (vWF)
by immunohistochemistry. The microvessels were counted (per 200 X field) in the most active area of angiogenesis in light
microscopy, as an index of angiogenesis in nasopharyngeal carcinomas. The specimens were also studied regarding the
expressions of angiogenic factors including basic fibroblast growth factor (bFGF), vascular endothelial growth factor (VEGF),
and transforming growth factor-a (TGF- « ). In addition, the specimens were studied regarding the expressions of Epstein-Barr
virus encoded small RNAs (EBERs) with in situ hybridization and that of latent membrane protein-1 (LMP-1) by
immunohistochemistry to examine the role of Epstein-Barr virus on angiogenesis. The microvessel counts correlated
positively and significantly with the grade of regional lymphnode metastases. The expression of bFGF, VEGF, TGF- « and
LMP-1 showed significant and positive correlation with the microvessel counts, and the expression of VEGF and TGF- «
also correlated significantly with the grade of regional lymphnode metastases. Multiple regression analysis showed that the
expression of LMP-1 is the most important factor that affects the microvessel counts in nasopharyngeal carcinoma. These
results suggest that angiogenesis plays a critical role in the development of regional lymphnode metastases in nasopharyngeal
carcinoma. Furthermore, LMP-1 plays a key role in angiogenesis in nasopharyngeal carcinoma.



