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EXPRESSIONS OF METASTASIS-RELATED FACTORS IN ORTHOTOPIC TUMOR MODELS OF
ORAL SQUAMOUS CELL CARCINOMA

Young-Wook Park, Jong-Won Lee, *So-Hee Kim
Department of Oral and Maxillofacial Surgery and *Department of Pharmacology,
College of Dentistry, Kangnung National University

Background and Purpose : Oral squamous cell carcinoma (OSCC) is one of the most aggressive tumors of
the head and neck area. OSCC is known to preferentially metastasize via lymphatic system, and resulting
cervical lymph node metastasis is the most reliable of treatment failure. But the biological mechanism of
the regional nodal metastasis is not clear. So, we determined metastasis-related factors in orthotopic nude
mouse models of OSCC.

Experimental Design @ Two cell lines-KB and YD-10B cells, established from human oral mucosal squa-
mous cell carcinoma, were xenografted into the tissue space of athymic murine mouth floor. The mice were
followed for tumor development and growth, the murine tumors were examined histopathologically for local
invasion or regional or distant metastasis. Finally, we performed immunohistochemical assays with anti-
epithelial growth factor (EGF), EGF receptor (EGFR), phosphorylated EGFR (pEGFR), and anti-vascular
endothelial growth factor (VEGF), VEGF receptor (VEGFR)-2, phosphorylated VEGFR-2/3 (pVEGFR-
2/3) antibodies. We also determined the microvessel density.

Results : Transplantation of human OSCC tumor cells into the mouth floor successfully resulted in the
formation of orthotopic tumors. KB cell line showed significantly higher tumor proliferation and higher
nodal metastatic potential than YD-10B cell line. Furthermore, immunohistochemical staining demonstrat-
ed higher expression of EGFR/pEGFR, VEGF, and pVEGFR-2/3 as well as higher microvessel density in
KB murine tumors than in YD-10B murine tumors.

Conclusion : An orthotopic model of OSCC in athymic mice was established which copies the cervical
lymph nodal metastasis of human OSCC. Our mouth floor model should facillitate the understanding of the
molecular pathogenesis of cervical nodal metastasis of OSCC.

Key words: Oral squamous cell carcinoma, Lymph node metastasis, Metastasis-related factors, Mouth
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YD-10B (KCLB No. 60503) AXF2 A EF 23
(Seoul Korea)= &3l &5 wth. KB |23 10% %
B84 (fetal bovine albumin, Invitrogen, Carlsbad,
CA, U.S.A.), 100 units/ml penicillin (Invitrogen) 2
100 mg/ml streptomycin (Invitrogen)e| &#¥
Dulbecco s modified Eagle medium (DMEM,
Invitrogen) < AM&-3le] ©dZo 2 wjslsitt. YD-10B
AZes 10% e84, 10-5 M cholera toxin (Sigma,
St. Louis, MO, U.S.A), 0.4 mg/ml hydrocortisone
(Sigma), 5 mg/ml insulin (%42}, Seoul, Korea), 100
units/ml penicillin) 2@ 100 mg/ml streptomycin
(Invitrogen)©] g2 DMEM WA & Abgsle] o
2 Wit BE AXE 55% w58 XA 5%
C02/5% ¥71 %ﬂ]oﬂ/\i 37 CollA v FatsiT,

2. S E

AE 5FH 4 FE w2 (BALB/cAnNCr)) & 94
(Orient Bio, Seoul, Korea) 25E +43t9 65 A&l
A Ao o] &8ttt FE nhpae WY vl Ee] &
ABHA b= A =9 ety A gt AdF
2 #2]9% (Animal Care and Use Guidelines)®ll &7
oo} Absatict,

A o]FolaE gt AME T (cell suspension)
= W71 $late] wjA]e 3 ﬂ*c}‘iﬂ"ﬂ o|24] k& T
£ EYA A7 (0.25% EE2+0.02% EDTA,
Invitrogen) & A3 —’F‘ﬂ%% 7049 Ca*t 7+ Mg* 7}
54 &2 HBSS (Hanks balanced salt solution)
o FRAIZTE AEXdEe B A77e du)dd Ay
o]Fo] A = np-2ollX 100% XL TS B
2 N EZFEA KB AXE (o]st KBTS A5 51070, 1
2)3 YD-10B Al (o]at YD-10Bw)¢] 4% 7.5x 10°74

. PEEE f=87] 98k zolazepam (Zoletil®,
France) 1.5mg/kg¥} xylazine hydrochloride (Rumpu
n®, Bayer Korea, Korea) 3.5mg/kg®] £3Z tiEF
o Z5FARAT 102 23 £, 1ml FA| 9} 277017
o FetFAbE AREst] 7M7) 20mkE] Y] = mbgl]
TRA 59, & 9FZ A ot steta st bl
A 45 o L*}OH 22 F7re] 23 AgzA U Al
A FEAELE o] Fol4skitt (Fig. 1-A).
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o) TF 2719 A AFS SH ot 7SS0 & F
=9 A7le AHE ol&dtd 1 A ML) ¢ (S)=
cephalad-to-caudad/left-to-right & %3] (Fig. 1-
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Hezz gt Mol = thao] darkAlSe] AR T
polyclonal rabbit anti-human EGF, anti-EGFR, anti-
VEGF/VPF, anti-VEGFR-2(Flk1) (Santa Cruz
Biotechnology, Santa Cruz, CA, U.S.A.), anti-phos-
pho-EGFR (pEGFR, Y1173; Biosource International,
Camarillo, CA, U.S.A.), anti-phospho-VEGFR-2/3
(pVEGFR-2/3: Oncogene, Boston, MA, U.S.A.), &
1 rat anti-mouse CD31-PECAM-1 (Pharmingen,
San Diego, CA, U.S.A)). o|AFAZE= peroxidase-
conjugated goat anti-rabbit IgG, peroxidase-conjugat-
ed goat anti-rat IgG (Jackson ImmunoResearch
Laboratories, West Grove. U.S.A.)7} A-&5lom,
AL 45t DAB (3,3-diaminobenzine, Research
Genetics, Huntsville, U.S.A)°] AF-E| 91t}

EGF, EGFR, VEGF, VEGFR-2 &4 {ldlx = 32t
A %) 242 olgalgien e URES neel]
pEGFR, pVEGFR-2/3 £& a4 A2t A g2
CD31 AAE 1A WEEAE o] g3l Mol 2253
Q412 The3) 2ol AQsisih

ste EolE 24 46 im ARae] A7) 2423

= ¥ Hsts W EgtolE 9o &H¥a, 5T-60CH =
o] 42 30-40% A= 7Hte] g2l AAE Golat
Sk Add gdog gAs AAS L AE g2 &
do = A4gAlIZl & PBS (phosphate buffered solu-
tion) & o]-&sto] 24| &7 sIitt. A 35 (anti-
gen recovery)= 3t EGFZ VEGFR-2 449 2§
z7] &gto|=E 10mM sodium cirate £ (pH6.0)l
T AHA AAIA oA mfe] Ag2go] HE o] &ate] 2
B 3023 7S TR 3023t 1 St EGFR
Aol 7f L 3 ES A% 5H A= MY
gkon, VEGF €49 25 PBSE AAsta 4l
(Biomeda, Foster City, CA, U.S.A.)& 37CeA 20%

AL 5 S AA] st PBSE 383 34}
AT

YEzA ] 4% 8-10 um= A-sl
glo= 9o L)1 3087 AZA7] 5 %
T, OMIE/ZEEEE (1:1) &9 5,

w7F 34 sta PBSE $AI8HATE

o] & Yl ksl &4 (endogenous peroxidase) 2] &
AA 7] $te] 3% H202 vlehe S-dof A 1287t
. ZAHAE YA PBSE 383 33k A & 4
| ‘T/_UH 73@% Apestr] flete] 5% Xé*o* s

7 1% %73 ¥E3< PBS 41 o Apekdo] 20
b WA Z T %‘i‘i X}%‘ﬂ? AA - ) koo TR
Azt A s A &sto] 4TAA A ZTAZAT.

1:100), EGFR(1:200), pEGFR(1:500),
VEGF(1:500), pVEGFR-2(1:200), pVEGFR-
2/3(1:100), CD31(1:800). =gtz EE-L o|agARt
= 4839t

PBS® 3%3t 32k FAlska @ Al 1083t 4
g 5, o Al S A Ak T xpdkee] 1:5002
2 A7 o X}ﬂﬂ goat anti-rabbit HRPE 29
A 1A 7HEeE WHSAIA T Selo| =5 PBSE 37 33t
A & 2R %ﬁ“ (50ml PBSell brij&9 19&& 97
¥ pHE 7602 BF)o2 ﬂ*oﬁ T3-S 9] sto]
DAB<= A &3ttt ojuf TAuk3-& dn|7d oz glel 7}
 AGA AL38tE 108 9A G55 I SHRFE
3% 33 A & HElA| & , =g
(Gill's hematoxylin, Sigma, St. Louis, MO, U.S.A.)
o2 xS 102023t AYst. 22+ SHFTFE
WE2FAS FAAT L TS FE Ho2 x| 9
st PBSE 30-6021F A&slitt. S7T= e 971
o] AAHEE HA 8] A = -?*Ei 2-3%E 4
£3ta 50-60Ce A 5-10% A= FTEAA 2438t

ol
AA

o

F

EI

Py A5
A7k obs 1501] 5
293 op B

= o M w@ rlo 40 ox
o 2 ¥ FUIO
= SL
=
|
o

Q
o

531



CHtetoto&gialzi el nfsts|x]: Vol. 30, No. 6, 2008

AP FEAA HAE ol 2 (KB cell line Vs
YD-10B cell line) xdolt‘éi Aol o] ks Hrlslr] ¢
3l exact logistic regressions ©]-&3to] A £45 A
st om o4 7] ol 0.06% atiet. &et
S FHAEY TR WE T F3Y Hlas
Wilcoxon nonparametric test@ A3t A fo]¢=
0.050]8kel A 1 2to] & Q17313
Aoz slet o) gk ke A, S 24 AAE

W Jg Hlastr] ffsted] ‘?Hél—nd.‘ = Ads X] ?%%
Zeo| =5 KB7¥ YD-10BolA 7]
o} x200 @n|7 okl A 570 %E}OIEETH 17H Qﬂ‘ro]z
9 439 Egzae] 20489 (139 0.039mm2)E
Aelstict, dele s CCD 7kl 2HOlympus DP70
digital microscope camera: Olympus Corporation.,
Tokyo, Japan)E ©] &3t HAFH 9 @.3}91‘?
Optimas G AZES oA DABe| gk At
9] Z=E OD (optical density)#k2-2 F3|3}3t & ]
4 7% (Wilcoxon' s non-parametric method)__i H]
a3ttt OD# S Al e AP LS Z25 ASA L ¢
3 thEAQ Aol AlH At Y= TS T2
Ao H3 & ZFARAMY FAE SHet T &
glo|=o Aol vl A4 (background staining) ® +X&
WA dlo]H = o] &ttt SAl A4 0.05 olske] Pt
= oA S Afol 2 I skoit.
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10789 KB AlZ8 7.5x 10709

2 97kap] A5k 5x
|22 77} o0nlele] E vperg] A 3

YD-10B Al£E

ol o] FelAstgint. 1 A3} 40ntE] BTN o] T
AR et THAELE o e & getoz A 7hed &
oFAH ] 717] 7HA & KBF9] 4% < 70| A7)
W, YD-10B#9] A-$ol& 139 =7t 2893 55
o A7)¢} AAFEY 55 WgE s KBiLﬂ 7
- FUA E o] Fo]4] T 8F AN, YD-10BZ2] 7
d= TUAE o]FolA F 13F Al-AA Mo}“v}

718 A2 YD-10Bw9] A% 55AZ 289 =9 4
AR Qg I A FEAE o]4] T 13F AHAME A
e g B5A favt BEEA] Yol & Apzle] o)A
oA At ze] /g Ho|7t

o7 AZHEE 13F A d3E
HAeEo JANEE 7o B Ay 24 oR T
A€ 224 Hol&d FAHol&E (Table 1) %

Aol Aol A7 (Fig. 2)9F 2ttt .

T 0|4 F 8F AA7HA KB YD-10Bw 9
FTETH Sre TY TR BAT TN
(Fig. 3)¥ 23ktt. = KBw9l %54 $=7F YD-10B
v TFTH SRET wston, YA = KBT
o] A5 THAE o]Fol4 F 8F AlAA, YD-10Bw9
¥ TEAE o]Fold F 13F AN T FAE
7+7+1.02+0.98g, 0.17£0.13g ©I3ith.

A7 ARFFBAEL A 2T ) F=H vk TS
oA Al ZFo] wh2 Mol QA5 W o]/} &
A2 AHsl7] Ystel EGF, EGFR/pECGFR, VEGF,
VEGFR-2/pVEGFR-2/3 44 Al@aiet. o 43 &
r:% = u]__?_/\ 20]:01])\1 q])&o z].——o] tﬂ-zﬂgcﬂou:] /Lﬂ
o] w2 qPIAAEY] WA O] Aol 5 W WEH S
Wl EGFR, pEGFR¥} VEGF, 181 pVEGFR-2/39] 3
o] YD-10Bwoll 2t KBwollA F715 0] Atk
(p20.05, Table 2). Z&jt} VEGFR-29] F%A| oA <]
WA =9l EGFRE 2]7t=0l EGFd thal W 22 318}

"89] 7rwof| o= 23 Afol 7k 9Tt (Fig. 4).



o CD31 94 ABadet, CD3I WAL HA WS 4TAZ Hel3A KBZAM £940h (0)0.05: Fig. 4).
AZE QPPN 7168 2 AL A3 v AE
UET KB#oA 20.9+£4.37], YD-10B=elA 10.5+

Table 1. Incidence of regional and distant metastasis in the murine orthotopic tumors of human oral squamous
cell carcinoma.

'X0.05 (exact logistic regression)

Mouth floor Cervical modes Lung Liver
KB (5x10°) 20 4 1 0
YD-10B(7.5X10°) 20 0 0 0

Table 2. Quantitative immunohistochemical analysis of biomarkers from tumor specimens of mice xenografted
with two OSCC cell lines.

KB Tumor YD-10B Tumor
EGF 0.85+0.23 0.93£0.33
EGFR '0.394+0.13 0.15£0.09
pEGFR 11.02+0.14 0.57x£0.21
VEGF '0.83%+0.10 0.33%£0.11
VEGFR-2 0.78+0.15 0.69+0.24
pVEGFR-2/3 10.90+0.25 0.43£0.12

Oral squamous cell carcinoma cells (KB and YD-10B) were xenografted into the mouth floor of athymic mice.
Specimens were processed for immunohistochemical analyses 7 weeks (KB group) and 13 weeks (YD-10B group) after
the transplantation of tumor cells.

“Immunohistochemical positivity (absorbance) was quantitated as described in " Materials and Methods.”

"P{0.05 between KB and YD-10B murine tumor groups (Wilcoxon non-parametric method)

Fig. 1. Gross features of the orthotopic murine tumors of oral squamous cell carcinoma.
A 5x105 or 7.5X105 cells of human OSCC (KB or YD-10B cell line) were injected into
the tissue space of mouth floor of an athymic mouse.

B: Measurement of the tumor size.

C: Necropsy was done when the mice loose their body weight 20 percent or more of
their initial body weight or the largest diameter of the tumor exceeds 15mm.

D: Dissected view of the mouth floor tumor.
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Lymph Node

Fig. 2. Histological features of the KB and YD-10B tumors and cervical lymph nodes, lung, and liver. YD-10B tumor shows
the keratin pearls, which means the tumor cells are well differentiated. Only in KB group, metastatic lesions were estab-
lished in regional nodes and lung. We can see the tumors cells in the periphery of nodes and around small vessels of the
lung. The infiltrating cells in lymph nodes of YD-10B group are immune-related cells, not tumor cells.

1000

800

600

—o— YD-10B cell

400

—a— KB cell

200

Tumor volume (mm)

0

-200

Weeks after injection of tumor cells

Fig. 3. Tumor growth curve of the murine tumors, induced by the xenografts of human oral squamous cell carcinoma

cells.
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VEGF pEGFR EGFR EGF

VEGFR-2

pVEGFR-2/3

CD31

; ey ‘ - A
Fig. 4. Immunohistochemical staining of KB and YD-10B tumors of experimental mice.
(original magnification X200 or X100 in the pictures of CD31). Intensity of staining for
EGFR/pEGFR, VEGF and pVEGFR-2/3 were higher in KB tumors than in YD-10B

tumors. Representative pictures were shown. Negative controls were without applica-
tion of primary antibody.
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Fig. 5. Injection of tumor cells into the tongue (A), resulting tumor forms solid mass (B),
not ulcerative lesions. Mouth floor tumors are invading into the masseter and tongue

muscles and the mandible (C, D).
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et Aol A} (placenta growth factor)@] 67FA] o}&lo]
ZAY . ARt oz @A o Holste F AA=
VEGF-Ao|H, 9] A+l ¢fstH VEGF-C¢ VEGE-
D7} +4#d "z 343 d=ZRA Aol (lymphatic
metastasis) & F3ote 202 gAY, & A74A%
AAYAA Ho] =7t e TFNEETH 28 &
EUle] THAEEANAM VEGF Tile] & zjo7} 9le
Ao 2 A H A

VEGF} ﬁ%‘% 1 &2 wiste AEe 48
A9 VEGFRE S48 oA xe} 7 FFA x|
EAshe o= ‘”34 7] glom® o] 241 Q14 A 49
gAste AsAEE e "tk AE7H] VEGFR-1(FIt-
1), VEGFR-2(Flk-1/KDR), VEGFR-3(F1t-4)¢] 3%°]
THEA=E 1 7159 o] VEGFR-13%} VEGFR-2&
3949 F mpziAte] 1¥, VEGFR-3= dZ# Ui
Az F2 Bdse, F dZd894 7)< AHmediator)
2 Wi Yo, £ A743 KB YD-10BT Aol
o] WA Tl A ﬂ—/]?ﬂ 2to]l & HSl H|= phosphory-
lated VEGFR-2/324 £%¢ 84§ Holxn & 8F Y
A e} FZd o)A 2ol BT 93t Adfo|tt, & KB
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