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Abstract (J Korean Assoc Oral Maxillofac Surg 2010:36:177-85)

Anti-epidermal growth factor receptor (EGFR) monoclonal antibody and DNA topoisomerase
inhibitor reduce growth of salivary adenoid cystic carcinoma in a murine model

Young-Wook Park*, Hee Su Lee?
'Departments of Oral and Maxillofacial Surgery and *Oral Anatomy, College of Dentistry,
Gangneung-Wonju National University, Gangneung, Korea

Introduction: Epidermal growth factor receptor (EGFR) is expressed in human epithelial tumors including salivary cancers, and knowe-to be cor
lated with tumor progression and poor clinical courses in some epithelial tumors. In this study, we determined the thfeapebitice anti-EGFR
monoclonal antibody Erbitux (C225, cetuximab) in combination with the DNA topoisomerase | inhibitor irinotecan (CPT-11)rosdfiverg ade-

noid cystic carcinoma (SACC) cells growing in nude mice.

Materials and Methods: At first, immunocytochemical analysis for the expression of EGFR and phosphorylated EGFR (pEGFR) on a human sali-
vary ACC cell line (ACC3). To determine tirevivo effects of Erbitux and CPT-11, nude mice with orthotopic parotid tumors were randomized to
receive intraperitoneal Erbitux (1 mg) two times per week, intraperitoneal Irinotecan (50 mg/kg) once per week, Erbituk-plusoCplacebo.
(control) Tumor volume and weight were measured. And mechanismsigb activity of Erbitux and/or CPT-11 were determined by immunohisto-
chemical/immunofluorescent analyses.

Results: Immunocytochemical staining of ACC3 demonstrated that EGFR was expressed and phosphorylated. CPT-11 inhibited ACC tumor growth
in nude mice. Tumors of mice treated with CPT-11 and CPT-11 plus Erbitux exhibited increased tumor cell apoptosis andrietreassel den-

sity, which correlated with a decrease in the tumor volume in nude mice. But, CPT-11 seems not to be synergistic withderbAGO3 model

system.

Conclusion: These results suggest that anti-EGFR monoclonal antibody and the DNA topoisomerase | inhibitor will be effective in thieafeatme
recurred or metastatic lesions of salivary ACC.

Key words: Monoclonal antibodies, Epidermal growth factor receptor, DNA topoisomerases type 1, Adenoid cystic carcinoma, Salivaky gland ne
plasms, Parotid neoplasms
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2 A A ALS-gF EF A M9k Al 325 = adenoid cys-
tic carcinoma cell line (ACC3.Z ©]= MD Anderson$-All
E] 2] Myers ¥} A7} A 3819 th. ACC3:= 15% -8 & 4, L-

glutamine,¥] €} 71 (Life Technologies, Inc., Grand Island, NY,
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o] 61%2} 83%0l 4] EGFR=} human epidermal growth fac-

USA), #l YA 8-~ E 3 Eunlo] Al (Flow Laboratories,
Rockville, MD, USAp] ¥ RPMI- 1640HH koo A H
AdAh AEXES FLTOE S8, 5% FEE
2 5HH A 5% CQ, 95% 3 7] AHEl & 37C oﬂ/q a5
T},
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Irinotecan HCP1 Camtecan (Yuhan, Seoul, Koreh)EGFR
4 == EGFRO| Al X 8] AgR-9lol Aetste & E
£ 34 (monoclonal antibodies, mAbg) Erbitux (C225,
cetuximab) (Shinwon chemical, Seoul, Korga}}-& 3} 91

WelzAg e Y qadE oee) 14 FASE
A& &4 ok, Polyclonal rabbit anti-EGFR (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-phosphorylated
EGFR (pEGFR) (Try1173, Biosource International, Camarillo,
CA, USA), mouse anti-proliferating cell nuclear antigen
(PCNA) clone PC-10 (DAKO, Carpinteria, CA, USA), 2] 22
rat anti-mouse CD31-PECAM-1 (Pharmingen, San Diego, CA,
USA). 23} 3}A] 2 & peroxidase-conjugated goat anti-rabbit
IgG, peroxidase-conjugated goat anti-rat IgG (Jackson
ImmunoResearch Laboratories, West Grove. USA), peroxi-
dase-conjugated rat anti-mouse IgG2a (Serotec, Harlan
Bioproducts for Science, Inc., Indianapolis, IN, USA)#] 32
Alexa Fluor 488-conjugated goat anti-rabbit IgG, Alexa Fluor
594-conjugated goat anti-rabbit IgG (Molecular Probes,
Eugene, OR, USA} #&stglom Hax4ststdd =
¢35k w28 Al 3,3-diaminobenzine (DAB) (Research Genetics,
Huntsville, USA)S- A& 3}
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(Media Cybernetics, Silver Spring, MD, US&)A}-&-3}of 1
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A | Ei}*o”iﬂ"ﬂ OJE2A] F FTUANEE EFL A Ho g Agsial 5 PBSE 019“0}04 22 oA skl
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Aol E7heto 2 7H & & 7hate] o]t A A 58 7 7 A 513 PBSE 44| 81 % T}
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5. MEsEe X7 & 24 2 A E At 4ColA WA AdA AT (EGFR
1:200, pEGFR: 1:100, PCNA: 1:200, CD31: 1:400)

OMA| E 0] F0] 4] T AFETEL FokAH o] XY i} PBSZ 37 3314 Al of 2L & Apthel 2 1027 45
A v AFE AL, T T Fole 1F Lol 23] T4 o &, o) Ak A A @ Zpghel e 1:5000 =
A71 FFAE 715U T A7 AYHAE o S AIZ] 221 FAE Gl A WA F A AT &
23] I A7 3 &7 S cephalad-to-caudad/left-to-rigk glo] =& PBSZ 3%7F 33t A4 & He A £9(50 mL
574, 71589tk T4 H o (FAE) X (G xal6, 7= PBS brij&9 1% &S 9+ ¥ pHE 7.602 BtF)o =
3.14. 30 & AEs . A2, HA -GS 9]5te] DABS A &3ttt ol uf

4ovig] o] AP FES FAAZ 47 (n=10)2.2 #7314 AnteS dn A o= s 7t A A 7F A &3t e 108
132 23, 232 Erbitux X 82, 322 CPT-11% 5, S 9A GEE o ZHFE 3R 39 4 F 2R
18 3 43-2 CPT-11+ErbituxE X5+ 22 A A1 gdHoZ A, FntE L(G|II s hematoxylin, Sigma,
th & ZUAME o|F o]y T 7Y ?—PrEi 178 Z AR St. Louis, MO, USAP. 2 t =9 A S 10-20% 7+ A 8] 3} 31 o}
AETE Al et om 2749 5 AP FE 1] T 13 EGFR/pEGFRH & & ¢ 4] A] =4 § 7o) 282 2%
ol Erbitux 1 mge] &7 W %A}E Zﬁj(%, 2y A8 8kl AHE AL 147+ Alexa Fluor 488-conjugated 19gG
o, 339] 749 50 mg/kege] CPT-11& 1579 13] 57} U (1:400p1 WH-5-A171 3 90% glycerob} 10% PBSE 3ol ©
FAFSE A AL, At 273 379 A S B A& 2 fluorescent bleachingt %1 o
BE #2570 A5 A

A5 55 —?— 2= %“‘ﬁ%%i QFEAMAIZ] & A F 4 7. OFEZEA|A BN

T
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! 5] ol Y Elsto] gheaof cleotidyl transferase-mediated dUTP nick end labeling
ZsRy, UM A v “403. S G AN Hste] AAE (TUNEL) (TdT FragEL DNA Fragmentation Detection Kit,
AR g 5 70T Bl EMD Bioscience Inc., San Diego, CA, USA)E & o] &3}
o bt 2ol A S AgstAdt. 5 il}ﬁ%é 4%
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1. Z2M|Z|AM EGFR/pEGFRY| tt&d

Z kM| £ E chamber&glol T YAt AH A ETA
A S A8 sk A3 ACC3 Z oA L= EGFRS 2+ 319 o
1, EGFR2 &/ 8} 5] of 9}915}-(99- 1)

2. =B 2EO|A Erbituxe} CPT-112] X282}

NEF S A= &3

CPT-11¢] A Al W a5 245 H7tstr] flste <
B HQF Al 25 5 EGFRo] 2 = 5 &7 3l 5] o]
ACC3 A L& T nf2~9] o]} Ao o]Fo]| 45} e

2

30 9
22 e

A E9F%S F 23 F CPT-117 Erbitux2@ x| 3%

SEAE o]Fol 4 1F F AR E A F8L, ARAH 5—;?
T EREAIATES Q*@ﬁ}"ﬂﬁ‘r AE717 Wl AT E
AT FAT Faglel & FAHAUT A4 HAHL] F
=5 e %"o“’ ?‘“ XA FFYEAAAA

2T AR 45 o] §-F-H = Erbitux A
e th 24 vlste] FostA ZastAth A
oA LA T FAE 1ol A 43744 24H2F 113+
0.61, 0.80£0.24 0.34:0.22, 0.2%0.10 @I . S HH =
FFA Vo2 A A ste] F A E o] F ol
% 65 Ao A Erbitux x| 2o A= 22%, CPT-11%] &
—r,"_LOH M= 70%, 18] 22 CPT-117} Erbitux &% & ol A
= 74 %0 A FESA A7 B2 H A v(Fig. 3)

TEA 2] F273 5 tHEshE PCNAC] 3k W x3
889 4 o] ) & CPT-11/Erbitux] &7} o] o7 ZE 2
Hroll M th 27 HlaLsho] PCNA F/d Al £ 9] vl &) &
o) 87 7234 th.(Fig. 4, Table 1)

2) EGFRI 7] A= a3}

CPT-11/Erbituxx] 27} 217+ el A ¢ o] F o] A A ol u}
%*&”42“W¢ﬂﬂf%%% n) %) =
WIS Ak st xR 4 NEPd T8 2

ol 5| EGFR3} pEGFRe] B8 A =2 shota ity 1 A3
CPT-11= EGFRy} pEGFRe] W& Ao kS v x| x| &
8t o1, Erbituxdll o) éto] &4 skl EGFRe] W& o] 24

3tk (Fig. 4)
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Fig. 1. Immunocytochemical analysis of the chamber slides
in salivary adenoid cystic carcinoma cells. ACC3 cells were
immunostained for the expression of EGFR and phosphory-
lated EGFR. Representative results are shown. (original
magnification x200)

(ACC3: adenoid cystic carcinoma cell line, EGFR: epider-
mal growth factor receptor)
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Fig. 2. A. CPT-11 inhibits the growth of salivary ACC
xenografts in nude mice. ACC cells (5x10% were injected
into the parotid gland of nude mice. Seven days after the
injection of the tumor cell suspension, the mice (n=10)
were treated with intraperitoneal injection of Erbitux at 1
mg/injection twice weekly, CPT-11 given via intraperitoneal
injection at 50 mg/kg once a week, or both Erbitux and
CPT-11. Ponits, mean tumor volume measured twice per
week and expressed once per week. (bars: SE)

B. Tumor weights of each group at the time of sacrifice.
Results are means=*SE.

(ACC: adenoid cystic carcinoma)

Tumor Weight at the Time of Sacrifice
1.4

1.2

1

0.8

0.6

0.4

I N
o | | :

C-225

Tumor Weight, g

Control CPT11 CPT11/C-225

Treatment Group

Fig. 3. Representative gross features of the tumors of each group at the time of sacrifice.

A. Control

B. Erbitux 1 mg/injection, twice weekly.

C. CPT-11 50 mg/kg, once a week.
D. CPT-11+Erbitux.
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Control Erbitux CPT11 CPT11+Erbitux

EGFR TUNEL PCNA H&E

pEGFR

Fig. 4. Histological (H&E staining), immunohistochemical/immunofluorescent and TUNEL analyses for degree of EGFR tyro-
sine kinase phosphorylation, cell proliferation, and apoptosis. After 5 weeks of treatment with Erbitux, CPT-11, or
Erbitux+CPT11, ACC3 orthotopic tumors were sectioned and immunostained for EGFR, pEGFR, PCNA, and stained with
TUNEL. Treatment with Erbitux alone or in combination with CPT-11, inhibited the degree of phosphorylation of EGFR. Note
that all the treatment group showed decreased number of PCNA-positive tumor cells. And Some of CPT11-treated tumor
cells demonstrated apoptosis. Repersentative features are shown. (original magnification X100, in panel of TUNEL x200)
(EGFR: epidermal growth factor receptor, pEGFR: phosphorylated EGFR, ACC3: adenoid cystic carcinoma cell line, PCNA:
proliferating cell nuclear antigen, TUNEL: terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling)

Control Erbitux CPT11 CPT11+Erbitux
N AT RETTTI  A TR T T | R
g . ,r'\"-:_"i'ﬁ%{fﬁ pa | A

o .
Apir”, v
¥ . t

CD31

CD31/TUNEL

Fig. 5. Immunohistochemical and immunofluorescent double staining for tumor-associated endothelial cells in Erbitux/CPT-11-
treated orthotopic tumors of ACC3. Microvessel density was decreased in CPT-11-treated tumors, but there was no apoptosis
of the tumor-associated endothelial cells. (original magnification X100, in panel of CD31 %200, in panel of CD31/TUNEL x200)
(ACC3: adenoid cystic carcinoma cell line)
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Table 1. Quantitative immunohistochemical analysis of ACC3 tumors in parotid glands of nude mice

Treatment group

Parameter - :

Control Erbitux CPT11 CPT11 + Erbitux
Tumor cells, meait SD
PCNA (%} 63.8+6.1 33.A55 14.1+5.7 12.3+6.6¢
TUNEL (%Y 2.7+1.0 2.8+1.8 10.4£4.9 9.1+3.8
Endothelial cells, meat SD
Microvessel density 14.2+4.4 13.3t3.2 7.+3.17 6.5+2.4
CD31/TUNEL 0 0 0 0

(1: ACC3 cells (5¢< 1) were injected into the parotid glands of nude mice. Seven days later, mice were randomized for treatment with twice-
weekly intraperitoneal injections of Erbitux (1 mg/mouse), once-weekly intraperitoneal injections of CPT-11 (50 mg/kg)naticondfiboth

drugs, or placebo as a control. Specimens were processed for immunohistochemical analyses 5 weeks after initiation2ofRdApgnd

TUNEL positivity was quantitated as the ratio of positively stained cells/total xdl@) per field in 10 random 0.159-rhfields at x 100 mag-
nification and 0.039-mfrfields at X 200 magnification, 3P<0.05 as compared with controls (Wilcoxon rank-sum test), 4: Microvessel density
was determined by measuring the number of completely stained blood vessels in 10 random 0.fiRisnat x 100 magnification, 5:
CD31/TUNEL positivity was quantitated by measuring the number of CD31/TUNEL-positive cells in each of 10 random G.G8Risnat by
measuring the numbet 200 magnification)

(ACC3: adenoid cystic carcinoma cell line, PCNA: proliferating cell nuclear antigen, TUNEL: terminal deoxynucleotidyl sanstt@ted

dUTP nick end labeling)

&to] CPT-11% 873 CPT-11/Erbitux2 & X 8ol A &  Z XL EAAES Ao A F74A] 2] A7 Ao 9
o &tAl 5 7két vk (Fig. 4, Table 1) st tideh, A AT, ftd, FATY v A EA G
SolAM 9gudE a3t R HATEE B A7 E g
A E AL eol m A= & RHYG FERDE Foto] Ao 2 CPT-1E B d e
CPT-11/Erbituxx] £ 7} S ¢4 vlA @@L ol mAl= A W A5 A& 23 $F 540 dAHE 2l
BHE Goti7] §ste] CD31 HA & A9 23 CD31 = AAE =&kt
of oJste] AME WA P H/Pz ] S5 2L v 2 APAA AT B At M EFE vk 2of o] F o]y
&te] CPT-11% &+ 3 CPT-11/Erbitwe] 3] & 7o A o] e APA Tgol g 557+ CPT-11X 52
o847 745k 9doh.(Fig. 5, Table 1) 3 AR FE FA e TE FA NS E T0%7F A H 3
A, Z2ARY 2A0RE FEAE FAALS Ul e
5) T Fad WM £l M A= & A7kl PCNA A A 9] W] & o] A3, of EZEA A
CPT-11/Erbituxx] &7} F Fa&d WA xof m A= & AT v o] SHssleH SgRd A dHY
2 dolH 7] 95 CD31/TUNEL o] FAME NPt  mrt gAasE dAo]l BAEYT = CPT-1IX 8 E v
A} o)F PN o] rHH G U0 T He o} ETALE g A X2 G oA (cytostatick o} 2 ACC 2] =4 3}
A Fgad LHJWE% HaEA gotth(Fig. 5,  ATAE A JFS mAth £ AFAHAA AAE A
Table 1) AE CPT-11X 88 5] 22 AdAME Qo] 87
I 7]58A Xate 9ol EstEE, TYAE of
V. 52« 0 TEEA 2 ER A9 »7A(Fig. 4, HE&E stainingy] th4
FEHAJL, YA o] FE F M EE TUNEL 2404
CPT-112 13 EXolAwetA] oAIA 9] dFolr}. dut FHCE AA NS
20 2 13 EXxo|iv kA= DNA B4 o} RNA A} 74 Erbitux (C225, cetuximalyy EGFRe| th &+ 91 7+-u}p-9-~
Zol °1F7te DNASHS] Ff/Ae Fstol osle 71 v 2H(chimeric) A 2 1 AA At A Ak, 7
DNAES 25024 ©d7tH DNAS dhs f238t, & A A8 A% RN TF S S AAdTL
A7 Fo DNAS HEdS S3tA7le 483 ot Bt ar® dA A B ot W ey Al FANL 3t
CPT-112 DNA-I 3 Exoliveba] SA st FHAds A AEES F7HIATIL sk % Aol A AR
of BAIG Foll £o]% DNAS A 2 & sl slar, 18 g A EFE WM X534 B4 23 EGFRE Td st
7 720 2 o Erbitux X 828 44359 th Erbitux X 2

1
S B G 729 DNA-IE EXolav A B35
& fEde AEe F2E AAANINIL FFH

lo
ofy I
e

o 23 EGFRE}O) 22 Q1A & 4 0] & A o] A H UL, F
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SA o] S A o] frolatA At AR 22%C] F 3l ACC3 A 29 q1Atst Be7t S7HE vl e §¢H4 2
& A dAEH AFHAT B A7l EGFR7F 2 HDHA FAatt o5 E AFAA 4 8H EGFRYA
EE QAT A S A E2F7 ZHG AZAE PR, TF A Q1 Erbituxe- T A 29 Alx 9 Tl 2= A
AERAES, AAERIAY 34 T 9T 1A AES Ao ZAgate FAY 55 23 Yo, TENEY
/d (cytotoxic) ¥F-g-o] e &&= A & K & 3 o Artst Aol Gaks AA T BolEA AAstE A o

T 2 Ao A= TUNELS) kA oregl sty A4 <l gefitinibel 2a) CPT-11%) o] o3 2k To
Zoki 1} TUNEL/CD31d] o] =0 2 kA ut2-3) ol £ EGFRA A A o] th 8l ZhAd o] =715 %] gk 7] wj &9l A
EA2E SFdE WIAA 2 F5 Fo5tA S7HEA o FHEt I A% & AYA 7 e e CPT-11%
okt B Azl o] 7k Al 50l U 8 Erbitux x| 5.4 Erbituxe] 4<% & 7}H(synergistic effecl: #2=x] 2o A
FAME mA AL LY Z.}iur Al 2524 wkg glo] 9 o8 v wEtA o] B7bd 2 H B A
WA F ek 52% 7HAE wE QlTE o] = B A F A W Bt Ao A 59k #Edd CPT-110] &34
S FASE A olH, A= T A ZF ] SA o i E Aol A AL E AR = uto]

TOoZ FEHAG B3 E AFoA B2H, T¢AHE 20063 Kim S5%& cetuximab (Erbituxy} CPT-110] 7+

JHEZ7F o} EZZEAA Qo] AR LTI} A" A A

A GAE} FERDANN P GF9 FHL A

p

o 25 zond WyM T 243 /)%, 187 B stATh Bsglth 58] A Al ol A = cetux-
Aol A AL AFE Foto] Fraor & Aol & imab H=2 52+ S22 237 A8 vetvA &%k
A2 o g AEAT|= oA CPT-114 59 9] O U CPT-11} 594 5 A CPT-11¢] 354 54 EJJri?Jr
Slo] Zokdd WA X9 210 AT W&l A LA & FH(proapoptotic effect) Erbituxel] o] slof ===
Ao F4Ht HAS wr oyt g Holsa T mAEaYE
94AE A CPTUARNOZE Ao ARAA 7 EE 94 2282 BIsgth £ A70L gyl A
29 B 4Ee) Hdo] RUS Wy v Yk B AP A 2o

H [e]
ATFE I AIEEI 9l 20023 Prewetts* A ZF¢ ACC3E AME-3t1 o U 2§ 7]7ko] 55 & ACC3
= A4S -2 2ol A IMC-C225 (Erbitux)} AEFo B4 A A7t dA s o= FE3
Botd 23l dAAAE X89S Rt Al 7¥o] B H 5] %] 9o} CPT-117} Erbituxe] 8% 87} 7 &
S7HE TF AZAA a9 58] CPT-11A 54 A A o A Eoll v X = ol el A= A4 8tA] X3t
o] 9l ko] X o CPT-11/IMC-C225%2- 8% 8 7} &3}

YL B £ CPT-119 A & 443 & 1) V.o o
Bl IMC-C225¢ E3t 0 2 A &3S wf FTFAE] ot x
ZEXNX7Y F7bel, SdE ol Hdags Bis, 1 EGFRS 2&lste 17 B A Al xF5 W4
717 IMC-C2257} 5 fM o] AEZ 29 DNA 517 H vp-20) o] F 0] 23 & Erbituxe} CPT-11& 2] &3}
A AASte] DNA £48 op/lshe SetAlA G A B5AE EE BENRE 570 AWt 4952
o FEIZEA L FTs TN ol sl A ¥ B (necropsyl Tote] 28 AFS YL,
oh I8y B Ao A= Erbitux7t ACC3 £ A 1} np o~ 2 2o o) gk ™o 22 55 A g TUNEL B4
ACC T+ AN IM L9 o} LZEAN2E L3514 ot o 22 AAE =8t

ZotAL, CPT-11] SFAHE FZZEN 2 fE5S T 1. Erbitux, CPT-11, Erbitux/CPT-1%] § & t) 23} ¥]
7]'7\]7111—1— E3lA T o]+ ACC3 M XA & &oF =23 Wate] ok =2 0] zbz} 22, 70, 74 Yt 251
4 EGFReI €] Th2 QlAbG o] 8l 28 3He F 27 2. CPT-113 2ol o] ko] £ opA T 9] o} T & A 27}
R EHgom, FA0 2 MAYRAET} 2T

T3l 20043 Koizumi 532 2 A& A kA 3 o A t}.(P<0.05)

EGFRE}O] 241 Q1Atst a4 HIZ]OJ gefltlmb (iressa®t 3. CPT-1b] o]t 2ok =2 oA 9} LM E9 o} EZTE
CPT-110] 5 2t-go] AU, T 7132 CPT-110] F Al A2~ % &7 Erbituxell o) ahod A A ekok
¥ 9 EGFRYIM S A= & AVJ T ol mer F kA7) 4. CPT-114] 1} Erbitux/CPT-114] o &} fooh_ =
fEolgty sttt & 449 =9 CPT-110] +7t W3] M E 9] o} EEEA AL 4557 2greh(P<0.05)
o7 UM Lo EGFRS 4354 #A gefitinibl] of g
Zerdol S7ketd 7] Wl et sl A H = & 7ol A References
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