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Head and neck carcinoma (HNCa) is the 6th most common 
cancer in the world. In Korea and the United States, HNCa has 
consistently ranked in the top ten leading cancers among men, 
with an incidence in Korea of about 3,600 new cases per year.1,2 
About two-thirds of the patients are discovered at an advanced 
stage, and the majority tumor type is squamous cell carcinoma 
(SCC). Particularly, patients with HNCa have poor functional 
outcomes due to the indispensability of the anatomic location, 
and a 5-year survival rate can be achieved in only about 30-40% 
of advanced cases.3 Various treatment strategies have been at-
tempted for managing advanced HNCa according to the tumor 
location, histologic type, viral association such as human papil-
lomavirus (HPV) or Epstein-Barr virus (EBV), clinical stage, 
and many other biomolecular parameters.4 

Regarding the pathogenesis or prognostic significance of can-
cers, the role of the c-Met proto-oncogene has been drawing in-
creased scrutiny. Proto-oncogene c-Met, which is located in the 
7q31 locus of chromosome 7, controls several signaling path-
ways during embryogenesis or wound healing by binding with 

its ligand, hepatocyte growth factor.4 In cancer, activation of the 
c-Met pathway is known to promote cancer cell growth, inva-
sion, and metastasis. Activation of c-Met can be caused by ge-
netic alterations such as gene amplification, translocation and 
activating mutations, transcriptional upregulation, or ligand-
dependent manners.5 As a consequence of these alterations, the 
c-Met protein is aberrantly expressed in a variety of cancers, and 
is related to disease progression or poor prognosis.6 More recent-
ly, the c-Met inhibitor has been incorporated in several clinical 
trials as a new therapeutic target for better treatment.7 

A few sporadic reports on HNCa have shown the relationship 
of c-Met expression with clinical parameters.4 These reports 
have shown that overexpression of c-Met correlated with ad-
vanced stage and lymph node involvement; therefore, it was 
suggested that c-Met confers more invasive characteristics to 
HNCa.4 However, no study has investigated the association of 
c-Met expression along with its genetic changes with anatomic 
location, HPV or EBV status, which are strong etiologic and 
prognostic factors, or other clinical variables in HNCa. We as-

Expression of c-Met Is Different along the Location and Associated 

with Lymph Node Metastasis of Head and Neck Carcinoma

Ji-Young Choe · Ji Yun Yun
Soo-Jeong Nam · Ji Eun Kim

Department of Pathology, Seoul National 
University Boramae Hospital, Seoul National 
University College of Medicine, Seoul, Korea

Background: Activation of the c-Met pathway is involved in cancer progression and the prognosis. 
We aimed to identify any association of c-Met protein expression with a number of clinicopatho-
logic variables including infection of human papillomavirus and Epstein-Barr virus (EBV) in head 
and neck carcinomas (HNCa). Methods: Eighty-two cases were enrolled in this study. Expression 
of c-Met and p16 was investigated immunohistochemically. EBV was detected by in situ hybrid-
ization and amplification of the c-Met gene by fluorescence in situ hybridization. Results: The c-
Met protein was expressed in 41.5% (34/82), and gene amplification was found in 1.4% (1/71). 
High expression of c-Met was associated with the primary location of the tumor; the hypophar-
ynx showed the highest expression, followed by the oral cavity, larynx, and nasal cavity. Squa-
mous cell carcinoma expressed c-Met more frequently than undifferentiated carcinoma. Also, 
p16 immunoreactivity or EBV infection was  associated with the tumor location and well-differen-
tiated histologic type, but were not linked to c-Met expression. The patients with positive c-Met 
expression showed frequent lymph node metastasis. Conclusions: Activation of the c-Met path-
way might be involved in a subset of HNCa. Cases showing positive c-Met expression should be 
carefully monitored because of the high probability of lymph node metastasis.

Key Words: Proto-oncogene proteins c-met; Carcinoma, squamous cell; Head and neck neopla-
sms; Gene amplification; Human papillomavirus

Received: August 7, 2012
Revised: September 10, 2012
Accepted: September 13, 2012

Corresponding Author
Ji Eun Kim, M.D.
Department of Pathology, Seoul National University 
Boramae Hospital, Seoul National University College 
of Medicine, 20 Boramae-ro 5-gil, Dongjak-gu, 
Seoul 156-707, Korea
Tel: +82-2-870-2642
Fax: +82-2-831-0261
E-mail: npol181@snu.ac.kr

The Korean Journal of Pathology  2012; 46: 515-522
http://dx.doi.org/10.4132/KoreanJPathol.2012.46.6.515

▒ ORIGINAL ARTICLE ▒



http://www.koreanjpathol.org http://dx.doi.org/10.4132/KoreanJPathol.2012.46.6.515

516 • Choe J-Y, et al.

sessed expression of the c-Met protein and gene amplification in 
HNCa and correlated it with various clinicopathologic parame-
ters including infection with EBV. 

 
MATERIALS AND METHODS 

Patients

This study enrolled a total of 82 patients who had been diag-
nosed with SCC or undifferentiated carcinoma in the head and 
neck area at the Seoul National University Boramae Hospital 
(SNUH-B) between 2006 and 2010. The patients were catego-
rized into five groups according to the locations of the tumor: 1) 
the nasopharynx and nasal cavity, 2) the oropharynx and pala-
tine tonsil, 3) the oral cavity including the tongue, 4) the hypo-
pharynx, and 5) the larynx. The histopathologic features were 
reviewed by two pathologists, and clinical information such as 
clinical stage, treatment methods, response after treatment, re-
currence, and follow-up were obtained from the electronic med-
ical records. This study was approved by the Institutional Re-
view Board (IRB) of SNUH-B.

Tissue microarray (TMA) and immunohistochemistry (IHC) 

After reviewing the tumor sections of HNCa, one of the rep-
resentative areas of each donor block was punched-out with a 2 
mm diameter core from the formalin-fixed paraffin-embedded 
blocks and arranged in the new recipient TMA blocks using a 
trephine apparatus (Superbiochips Laboratories, Seoul, Korea). 
IHC was performed using an automated immunostainer (Ven-
tana BenchMark XT, Ventana Medical Systems Inc., Tucson, 
AZ, USA) according to the manufacturer’s protocol. In brief, 5 
μm-thick sections from the TMA blocks were deparaffinized 
and rehydrated. Heat-induced epitope retrieval was performed 
using the CC1 standard protocol, a combination reagent of di-
sodium ethylenediaminetetraacetic acid and boric acid in a Tris 
buffer for 60 minutes. The endogenous peroxidase was blocked 
by incubation with 0.3% hydrogen peroxide. After treatment 
with 10% normal goat serum to block the nonspecific antibody 
binding, the slides were incubated with primary antibodies, a 
monoclonal rabbit antibody against c-Met (Ventana Medical 
Systems Inc.) and a monoclonal mouse antibody against p16 
(CINtec, Heidelberg, Germany), for 30 minutes at room tem-
perature. Detection was performed using the Ventana DAB de-
tection kit (Ventana Medical Systems Inc.).

Immunoreactivity was evaluated semi-quantitatively by mul-
tiplication of the frequency and the intensity of the positive tu-
mor cells to obtain a final semi-quantitative H-score.8 The fre-

quency of positivity was proportionally scored (0 if <1%, 0.1 if 
1-9%, 0.5 if 10-49%, and 1 if 50-100%). The staining intensi-
ty was graded from 0 to 3.

EBV in situ hybridization (ISH)

ISH was performed using a fluorescein-conjugated EBV RNA 
probe (Y5200, DakoCytomation, Glostrup, Denmark). In brief, 
5 μm-thick sections from the TMA blocks were deparaffinized 
and rehydrated, and then the sections were digested with a pro-
teolytic enzyme (proteinase K at 37˚C for 25 minutes). Thereaf-
ter, the slides were incubated with the probe at 55˚C for 1.5 
hours and washed with a stringent solution. The slides were la-
beled with an anti-alkaline phosphatase-conjugated antibody to 
fluorescein. A chromogen (5-bromo-4-chloro-3-indolylphos-
phate and nitroblue tetrazolium) was then added and counter-
stained with Mayer’s hematoxylin. 

Fluorescence in situ hybridization (FISH) assay

The FISH assay was performed on the previously described 
TMA blocks using a MET/CEP7 dual-color probe (Vysis LSI 
D7S522 Spectrum Orange/CEP7 Spectrum Green Probes, Ab-
bott Molecular Inc., Chicago, IL, USA). After the pretreatment 
procedure, the DNA probe kit was applied to the slides, and 
incubated in humidified air at 73˚C for 5 minutes to denature 
the target DNA and probes, and subsequently at 37˚C for 19 
hours to achieve hybridization. After washing, the slides were 
counterstained with 4´, 6-diamidino-2-phenylindole (DAPI) 
and p-phenylenediamine. 

Statistical analysis

Statistical analyses were performed using statistical software 
SPSS ver. 19.0 (IBM SPSS Inc., Chicago, IL, USA). The correla-
tions between c-Met expression and the clinicopathological 
variables were evaluated using the Pearson’s χ2 test or Fisher’s 
exact test and multiple logistic regression analysis. Overall sur-
vival was defined as the interval between the date of diagnosis 
and the last follow-up date or death. The progression-free sur-
vival was calculated from the end of primary treatment to the 
last follow-up date without relapse or metastasis. The Kaplan-
Meier methods were used to compare the survivals. All of the 
statistical tests were two-sided, and statistical significance was 
defined as p<0.05.

RESULTS

Most of the patients were men (male : female=76:6), aged 
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from 11 to 84 years old (mean, 59 years), including 19 smok-
ers. The patients were grouped as follows: 1) 19 patients with a 
tumor in the nasopharynx or nasal cavity, 2) 17 with a tumor in 
the oropharynx or palatine tonsil, 3) 13 with a tumor in the 
oral cavity including the tongue, 4) 3 with a tumor in the hy-
popharynx, and 5) 29 with a tumor in the larynx. The histolog-
ic types of HNCa cases were 66 SCC including 23 well-differ-
entiated (WD), 32 moderately differentiated (MD), 10 poorly 
differentiated (PD) type, 1 undetermined and 16 nasopharyn-
geal undifferentiated carcinomas. According to the clinical tu-
mor-node-metastasis (TNM) stage, 40 patients belonged to the 
advanced status (stage III-IV) and 30 to the limited stage (stage 
I-II). Lymph node metastasis was found in 44 (58.7%) cases, 
and distant metastasis was found in 3 (3.9%) at the time of di-
agnosis. The treatment modalities were extremely variable in-
cluding laryngomicrosurgery, laser excision, curative radical re-
section, primary radiotherapy, systemic chemotherapy, concom-
itant chemotherapy with radiation, and follow-up without treat-
ment. Expression of p16 protein was present in 34 of the 82 
(41.5%) patients, and EBV infection was present in 11 of the 
82 (13.4%). Other details of the patient characteristics and mar-
ker status are summarized in Table 1. 

The c-Met protein was expressed in the cytoplasm or cyto-
plasmic membrane of the HNCa cells in 34 of the 82 cases 
(41.5%) in variable degrees. In contrast to the tumor cells, the 
normal squamous epithelial cells showed a very weak or no ex-
pression of c-Met. Expression of c-Met was evaluated as either 
c-Met negative when the H score was ≤1 or c-Met positive 
when the H score was >1 (Fig. 1).

Expression of c-Met was significantly different between the 
anatomic tumor groups (p=0.007) in the Pearson’s χ2 test. All 
3 of the hypopharyngeal SCC were positive for c-Met (100%). 
SCC of the oral cavity group showed the second highest rate of 
c-Met positivity (9/13, 69.2%), followed by the oropharynx 
group (9/17, 52.9%), larynx group (9/29, 41.0%), and the na-
sal cavity group (4/19, 21.1%). Expression of c-Met was associ-
ated with the histologic type of the tumor, and SCC showed a 
higher positivity than undifferentiated carcinoma (35/66, 53.0% 
vs. 3/16, 18.8%, respectively). Moreover, in SCC, the WD tu-
mors and MD tumors expressed a stronger c-Met positivity 
than the PD tumors (14/23, and 15/32 vs. 1/10, respectively) 
(p=0.023) (Fig. 2). In multiple logistic regression analysis, the 
degree of squamous differentiation was associated with c-Met 
expression (p=0.007).

Expression of p16 was strongly associated with the primary 
location of the tumor (p=0.001), showing the highest expres-

sion in the oropharynx group (10/17, 58.8%) and the lowest 
expression in the nasopharynx group (1/19, 5.3%). Among the 
clinical variables, p16 positivity correlated with lymph node 
metastasis (p=0.034). EBV was detected in 11 cases, most of 
them being nasopharyngeal undifferentiated carcinoma (10/11, 

Table 1. Association between the expression of c-Met and clinico-
pathologic variables

Variables
All patients 

(n=82)

Expression of c-Met 
p- 

valueaNegative 
(n=48) 

Positive 
(n=34)

Age (yr) 1
 ≤50 15 (18.3) 9 (60.0) 6 (40.0)
 >50 67 (81.7) 39 (58.2) 28 (41.8)

Sex 0.688
 Male 76 (92.7) 45 (59.2) 31 (40.8)
 Female 6 (7.3) 3 (50.0) 3 (50.0)

Smoking history (n=69) 0.27
 Absent 50 (72.5) 28 (56.0) 22 (44.0)
 Present 19 (27.5) 14 (73.7) 5 (26.3)

Tumor site (n=81) 0.007b

 Nasopharynx, nasal cavity 19 (23.5) 15 (78.9) 4 (21.1)
 Oropharynx, tonsil 17 (21.0) 8 (47.1) 9 (52.9)
 Oral cavity, tongue 13 (16.0) 4 (30.8) 9 (69.2)
 Hypopharynx 3 (3.7) 0 (0.0) 3 (100.0)
 Larynx 29 (35.8) 20 (58.0) 9 (31.0)

Histologic type 0.05
 Squamous cell carcinoma 66 (80.5) 35 (53.0) 31 (47.0)
 Undifferentiated carcinoma 16 (19.5) 13 (81.2) 3 (18.8)

Differentiation (n=65)  0.023b

 WD 23 (35.4) 9 (39.1) 14 (60.9)
 MD 32 (49.2) 17 (53.1) 15 (46.9)
 PD 10 (15.4) 9 (90.0) 1 (10.0)

Clinical stage (n=75)  0.639
 I-II 30 (40.0) 18 (60.0) 12 (40.0)
 III-IV 45 (60.0) 24 (53.3) 21 (46.7)

T stage (n=76)  0.273
 I-II 49 (64.5) 26 (53.1) 23 (46.9)
 III-IV 27 (35.5) 17 (63.0) 10 (37.0)

LN metastasis (n=75)  0.035b

 Absent 31 (41.3) 22 (71.0)  9 (29.0)
 Present 44 (58.7) 20 (45.5) 24 (54.5)

Distant metastasis (n=76) 1
 Absent 73 (96.1) 41 (56.2) 32 (43.8)
 Present 3 (3.9) 2 (66.7) 1 (33.3)

Recurrence (n=67)  1
 Absent 46 (68.7) 27 (58.7) 19 (41.3)
 Present 21 (31.3) 13 (61.9) 8 (38.1)

p16 (n=82)  0.61
 Negative 48 (58.5) 37 (77.1) 11 (22.9)
 Positive 34 (41.5) 24 (70.6) 10 (29.4) 

EBV ISH (n=82) 0.085
 Negative 71 (86.6) 39 (54.9) 32 (45.1)
 Positive 11 (13.4) 9 (81.8) 2 (18.2)

Values are presented as number (%).
WD, well-differentiated; MD, moderately differentiated; PD, poorly differenti-
ated; LN, lymph node; EBV, Epstein-Barr virus; ISH, in situ hybridization.
aBy chi-square test; bStatistically significant.
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90.9%); however, one SCC of the nasal cavity was also positive 
for EBV (1/11, 9.1%). EBV positivity was not associated with 
any clinical parameters. 

Expression of p16 or presence of EBV was not linked to c-

Met expression. The c-Met was more highly expressed in the 
cases with lymph node metastasis (24/44, 54.5%) than the node 
negative tumors (9/31, 29%). In the cases with distant metasta-
sis, 1 case out of the 3 was positive for c-Met, and the other two 

A B

C D

Fig. 1. Immunohistochemically, c-Met is positive in the cytoplasm or membrane of head and neck carcinoma with the variable intensity scored 
as 0 (A), 1 (B), 2 (C), and 3 (D).
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cases were negative for c-Met. Expression of c-Met was not as-
sociated with age, sex, clinical TNM stage, tumor recurrence, 
or history of smoking. 

Amplification of the c-Met gene using FISH analysis was ob-
served in only one of the 71 cases (1.4%), and the other 70 cases 
showed negative results (Fig. 3). High polysomy was not de-
tected. In the case with c-Met amplification, most of the tumor 
cells showed clustered red signals, which was interpreted as 
gene amplification based on the University of Colorado Cancer 
Center (UCCC) criteria for epidermal growth factor receptor 
FISH assay (MET to CEP7 ratio≥2 or red signal clusters in 
≥10% of the tumor cells) and also the Cappuzzo scoring system 
for the MET gene (mean≥5 copies/cell in 50 counted cells).9-11 
Strong expression of c-Met was also found in this patient show-

ing an H score of 1.5 (a grade 3 of staining intensity in more 
than 30% of the tumor cells). The patient was a 68-year-old, 
non-smoking male, who had WD SCC of the larynx with clini-
cal stage I, and no recurrent tumor was found for 33 months af-
ter curative resection. 

Survival analysis was performed in the 61 patients who could 
be reached for follow-up data collection at least 6 months after 
the surgery or biopsy. The median follow-up period was 47 mon-
ths (range, 6 to 173 months), and the follow-up showed that 41 
patients had died and 12 had recurred tumors. There was no 
prognostic significance measured by the overall survival or pro-
gression free survival between the c-Met positive and the c-Met 
negative groups (Fig. 4). 

A B

Fig. 3. Fluorescence in situ hybridization study with a c-Met gene probe (red) on chromosome 7q31 shows a normal gene copy number in 
most of the cases (A), except for one case showing clustered red signals indicating gene amplification (B) in head and neck carcinoma.

Fig. 4. High expression of c-Met in head and neck carcinoma does not affect the patients’ outcomes measured by overall survival (A) and 
progression free survival (B).
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DISCUSSION
 
This study aimed to identify the overall expression pattern of 

c-Met in HNCa according to the anatomic sites and the clinical 
significance of c-Met expression. Expression of c-Met in HNCa 
has been mostly investigated in cases limited to oral cavity, ton-
gue, or nasopharynx tumors, which were reported to have a pos-
itivity of 42-82%.12-19 We focused on the differences of the c-
Met expression pattern along the tumor locations and histologic 
features of HNCa. 

Regarding the anatomic location of HNCa, c-Met was highly 
expressed in the oral cavity and oropharynx, but was relatively 
low in the nasopharynx and nasal cavity. This raises a suspicion 
that the two important etiologic agents of HNCa, HPV and 
EBV, can be involved in these differences of aberrant expression 
of c-Met according to the tumor location. It has been well rec-
ognized that HPV is frequently detected in oropharyngeal car-
cinoma, and that EBV is found in the nasopharynx and nasal 
cavity. These two viruses are thought to participate in the patho-
genesis of HNCa and also to have significant clinical impacts, 
but the relationship with the c-Met pathway has not been thor-
oughly elucidated. Walker et al.20 suggested that overexpression 
of c-Met might be involved in tumor progression in HPV-posi-
tive uterine cervical carcinoma. Regarding EBV, one study re-
vealed that latent membrane protein-1 can induce c-Met in na-
sopharyngeal carcinoma,21 but a contradictory result was also 
reported by another researcher.22 In this study, we aimed to ana-
lyze the effect of HPV or EBV status on c-Met expression. Al-
though there are several methods for detecting an HPV infec-
tion, IHC for p16 can be very specific and even more sensitive 
than HPV polymerase chain reaction assay, especially in high-
risk HPV infection.23,24 Therefore, we used p16 positivity as a 
surrogate marker of HPV infection in HNCa. However, we 
could not find any significant correlation between c-Met expres-
sion and p16 expression or EBV. Further studies should be per-
form ed in this regard; however, at least we found regional pro-
pensity toward c-Met expression in HNCa.

In this study, we demonstrated that c-Met expression was as-
sociated with histologic differentiation of HNCa. However, this 
can be partly affected by the prevalence of certain histologic 
types according to the anatomic sites. Notably, undifferentiated 
carcinoma arises most frequently in the nasopharynx and nasal 
cavity. To clarify the interaction of the anatomic location, histo-
logic type, degree of squamous differentiation, and EBV and 
HPV on c-Met expression, we performed multiple logistic re-
gression analysis, which revealed a significant association be-

tween the degree of differentiation and c-Met expression. How-
ever, our results are not in agreement with former studies, which 
showed a lack of correlation between c-Met expression and his-
tologic differentiation in nasopharyngeal carcinoma,15,16 or in 
SCC in the head and neck.16,17 These findings suggest that dif-
ferential expression of c-Met along the anatomic sites of HNCa 
may have other interacting factors that we could not yet find. 

Regarding the positive IHC pattern of c-Met, there have been 
only a few studies published up to the present. Lo Muzio et al.14 
observed a tendency of strong membranous positivity in WD 
oral SCC instead of a diffuse cytoplasmic reaction in less differ-
entiated tumors. We also observed two distinct patterns of c-
Met positivity in HNCa, but no significant difference was found 
between the staining pattern of c-Met and the clinicopathologic 
parameters.

A strong correlation of c-Met expression with lymph node 
metastasis was noted in our study. However, other variables in-
dicative of invasiveness such as distant metastasis, tumor recur-
rence, advanced stages, overall survival, and progression free 
survival did not show a significant association with c-Met ex-
pression. This could be partly explained by several factors: 1) 
our cases contained relatively fewer cases of advanced status and 
2) there were many options for the treatment of HNCa. Because 
of the extreme variety of treatment modalities in HNCa, there 
have been many contradictory reports on c-Met expression and 
the prognosis of HNCa.12-14,16,19 However, the only constant re-
sult that can be gathered from the previous studies is the corre-
lation of c-Met expression and lymph node metastasis, as shown 
in this study.

There are several mechanisms involved in the activation of 
the c-Met pathway. One of them is gene amplification, which 
has been reported in non-small cell lung cancer (NSCLC) and 
other cancers.10 We found c-Met amplification in only one case 
out of 71, which was a much lower incidence than a study by 
Seiwert et al.25 who reported a c-Met gene amplification of 13% 
(3/23) in HNCa. Taken together with the low frequency of c-
Met amplification in NSCLC among Koreans,11 this low inci-
dence of c-Met amplification can reflect a real frequency of c-Met 
amplification in HNCa in Korea. Although c-Met was highly 
expressed in HNCa, gene amplification might not contribute 
highly to the aberrancy of c-Met pathway regulation. Among 
the other mechanisms of c-Met regulation, ligand-mediated 
paracrine stimulation has been reported in HNCa by some re-
searchers.4,6

In conclusion, we found that c-Met was differentially express-
ed among the various locations of HNCa, and was associated 
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with WD histologic features and frequent lymph node metas-
tases. Based on these findings, positive expression of c-Met can 
be an indicator of the likelihood of lymph node metastasis; there-
fore, a more meticulous data gathering and aggressive treatment 
should be applied in such cases. Although c-Met overexpression 
was frequently detected in HNCa, gene amplification rarely oc-
curred in our study. 
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