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Epidermal growth factor receptor overexpression and K-ras mutation detection
in the oral squamous cell carcinoma

Byeong-Chool Moon', Se-Jin Han', Dongjun Jeong?, Kyung-Wook Kim'
'Department of Oral and Maxillofacial Surgery, School of Dentistry, Dankook University
*Department of Pathology, School of Medicine, Soonchunhyang University, Cheonan, Korea

Introduction: Epidermal growth factor is a single-chain polypeptide consisting of 53 amino acids with potent mitogenic activity that stimulates the
proliferation of a range of normal and neoplastic cells through an interaction with its specific receptor (epidermal growth factor receptor, EGFR). This
interaction plays a key role in tumor progression including the induction of tumor cell proliferation. An increased EGFR copy number have been asso-
ciated with a favorable response to EGFR tyrosine kinase inhibitors therapy. In contrast, K-ras mutations tend to predict a poor response to such thera-
py. The aim of this study was to determine the correlation between the clinicopathological factors and the up-regulation of EGFR expression and K-
ras mutations in oral squamous cell carcinoma.

Materials and Methods: This study examined the immunohistochemical staining of EGFR, K-ras mutation detection with peptide nucleic acid
(PNA)-based real-time polymerase chain reaction (PCR) clamping in 20 specimens from 20 patients with oral squamous cell carcinoma.

Results: 1. In the immunohistochemical study of poorly differentiated and invasive oral squamous cell carcinoma, a high level of EGFR staining was
observed. The correlation between immunohistochemical EGFR expression and histological differentiation, as well as the tumor size of the specimens
was significant (Pearson correlation analysis, significance [r] >0.5, P<0.05). 2. In PNA-based real-time PCR clamping analysis, a K-ras mutation was
not detected in all specimens.

Conclusion: These findings suggest that the up-regulation of the EGFR may play a role in the progression and invasion of oral squamous cell carci-

noma that is, independent of a K-ras mutation.
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AA = Z2 -2 10% neutral buffered formalin® = 8-12A] 7F
T E}A o] Wb O 2 paraffin block © 2 75 0] & T}

4% 24E T4 F PolyLLysine o 2 A28 &e}
ol=ol 4 m shebel AU E AL AL WO
Z & 92}3 % antigen retrieval & $]3le] 0.01 M Citrate
buffer (pH 6.0) 2 pressure cookerd] A 15& 2|3t &
endogenous peroxidase 2} nonspecific bindingS ©H7] 9] 3} ¢
20% ZAF3FS A8 9 /methanolo] 155 2] 2] & normal goat
serum®] 204 | 2] 5} 1 t}.

TEHEYIAZM SLSZIA TEX P& K-ras AL B10]

EGFRe] tf ¢ monoclonal antibody (CD34, Abcam Co.,
Cambridge, MA, USA)E 1:258 3|43t & 22 o] glo] 4T

o A1 8] 7} o] A} incubation 391 t}F. 1 & PBS (phosphate
buffered saline, pH 7.0) 2 33] 4= % lab Vision Kit o] 3+
& x}8} A enhancero] 20+ 7} incubation 3} 3. PBSE 33]
A8 %, Polymer® 4057+ 2 20| A incubation 3} %1 t}.
o3 A] 33] PBSZ 4] & DAB (Diaminobenzidine) 2 241 5}
o] hematoxylin® 2 t ZFA & Zstau] 74 o2 #AzE
o, W efAtel] ¢z Ao mild = negativeo] H ¢ A
H A E7F20% oW A 7 5ol = low-level staining®. 2, &
AH A Z7F20% o) = F e A4S JE & mod-
erate, severe $+ 7 9-+= high-level staining ©. 2 &3} %3 T}

2) K-ras mutation 73 =

(1)DNA %2

Paraffin blockel] microtomeS A}-&3te] 15um @ H 371 &
Qo) eaedl, B4 HHL AN F EF 91E 24 Ao
A vlE 2 F ] eppendorf tubed] ¥ o] DNAE F&353H.
DNA 3% 2 aiamp DNA FFPE Tissue Kit (Qiagen, Hilden,
Germany)©. 2 FZ34th. %3 DNA+ nanodrop®. &
DNA %3 4S 243519tk 228 DNA %< 10 ng-500

ng©] 1 3 260 nm/280 nm+= 1.7-2.2% t}.

(2) PNA-based real-time polymerase chain reaction (PCR)
clamping

K-ras mutation= PNA Clamp K-ras Mutation Detection Kit
(Panagene Ltd Daejeon, Korea)ol] 7)< 2 o 2 =3 &}
Atk =, % PCR wFS-o ©kS- 20 uLE 3l 2 ]9 50 ng2]
F= DNA, 13 uL 9] real-time SYBR Green PCR master mix
(Applied Biosystems, Foster City, CA, USA), primer ¥ PNA
probe & codon 128} codon 139 22 #7154 th. PCR]
positive controlol] = PNA probe & # 7}8}A &t o1, PNA
controlo] & mutation®] ¢+ wild type template DNAE- 3 7}
SFATH PCR 242 94Col A 557 DNA A S § =3
3 94°C o] A 30 sec, 70°C ol 4] 20 sec, 63°C ol A 30 sec 18]
T 72°Col A 30 sec 59 4HA] FA L 403 WkE-S Z 72°C
o A 58 F<F A X 5} . (Fig. 1) PNA probe = wild type 2]
K-ras genedl| 100% A 3} %] 7] v ol PCRE W3l &t PCR
o] o] F o] A A &= ¥l codon 129} 132] mutant K-ras &
A 2= PNA probe7} 100% A g% A ¢7) wj &) PCRo)

ool Atk wekd AN E YFdRe FEst 71
7o 2 A% Bt} (Fig.2)
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397



J Korean Assoc Oral Makxillofac Surg 2011;37:396-402

.......................... 40 cycles

94°C 30sec

72¢C 30sec

70C 20sec

perfect match PNA for wild type
’ Pr‘ Real time
i PCR No
Amplico
Mutant type
"Na
) Real time
" PCR
—_—

Fig. 1. Real-time PCR cyclining condition.
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Fig. 2. The PNA probe which is complementary to the wild
type K-ras binds to the K-ras gene completely and the PCR
is inhibited, while on mutant K-ras gene, the PNA probe
binds to the mutan K-ras gene imcompletely and PCR is

not inhibited resulting in amplicon.
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Fig. 3. Negative immunohistochemical staining for EGFR of
well differentiated oral squamous cell carcinoma (anti-
EGFR Immunoperoxidase, x100). EGFR, epidermal growth

factor receptor.
Byeong-Chool Moon et al: Epidermal growth factor receptor overexpression and K-ras
mutation detection in the oral squamous cell carcinoma. J Korean Assoc Oral
Maxillofac Surg 2011
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Fig. 4. Mild immunohistochemical staining for EGFR of mod-
erate differentiated oral squamous cell carcinoma (anti-
EGFR Immunoperoxidase. x100). EGFR, epidermal growth
factor receptor.
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Fig. 5. Moderate immunohistochemical staining for EGFR of
poor differentiated oral squamous cell carcinoma (anti-
EGFR Immunoperoxidase, x100). EGFR, epidermal growth

factor receptor.
Byeong-Chool Moon et al: Epidermal growth factor receptor overexpression and K-ras
mutation detection in the oral squamous cell carcinoma. J Korean Assoc Oral
Maxillofac Surg 2011
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Fig. 6. Severe immunohistochemical staining for EGFR of
poor differentiated and invasive oral squamous cell carci-
noma (anti-EGFR Immunoperoxidase, x100). EGFR, epi-
dermal growth factor receptor.
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= 473 EGFR 2@ o] AfAo] FeolatA veb
TNM £/ & &7l @& &7 ¥57 %= EGFR 2d
9] Apojet Fel ol UA vebsth I 9 tE 2dEe
EGFR 2 & o] Zols} A GH 2 F 240 gl3ltt.
(Table 1)

Table 1.The correlation between immunohistochemical EGFR expression and clinical and pathological factors

. EGFR staining pattern T
Variable Case (n) s : -~
Low-staining (n=) High-staining (n=) P
Sex Male 11 8 3 -0.071
Female 7 2 0.396
Age 60< 5 4 1 0.188
60> 15 11 4 0.351
Histological differentiation Well 13 13 0 0.697*
Moderate 2 1 0.021*
Poor 0 4
Tumor size Tl 0 0 0
T2 11 10 1 0.599*
T3 7 5 2 0.032*
T4 0 2
Nodal status N(-) 11 8 3 0.441
N(+) 9 7 2 0.335
Metastasis M(-) 17 13 4 0.394
M(+) 3 2 1 0.239
TNM stage I 0 0 0
1T 8 6 2 0419
I 6 5 1 0.072
v 6 4 2

n, number of patients; r, correlation coefficient; EGFR, epidermal growth factor receptor; TNM, tumor-node-metastasis

(*Pearson correlation analysis, significance [r]>0.5, P<0.05)

Byeong-Chool Moon et al: Epidermal growth factor receptor overexpression and K-ras mutation detection in the oral squamous cell carcinoma. J Korean Assoc Oral Maxillofac Surg 2011

399



J Korean Assoc Oral Makxillofac Surg 2011;37:396-402

(D codon 12 PNA clamp control () codon 13 PNA clamp control
(3 experimental group

S
~

=
1]
< 3K
D
2
£
D -
o 1)
e 2K 7 5
o] =
8
5 K
= 34
= S\d SYBR GREEN I L
e
O ,&_;.‘_’ —

©

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Cycle

Fig. 7. K-ras mutation detection with PNA-based real-time
PCR clamping.
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