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Abstract: Hepatocyte growth factor (HGF) and its receptor, c-Met, are associated with invasive tumor growth. 
This study sought to profile the expression of HGF and c-Met in nasopharyngeal carcinoma (NPC) tissue. Of 
221 patients recruited between March 2010 and September 2013, 106 were diagnosed with nasopharyngeal 
carcinoma; the remaining 115 had nasal inflammation (nasopharyngeal mucositis) and were used as controls. 
Inmmunohistochemistry was used to detect the expression of HGF and c-Met in tissue samples. HGF and c-Met 
were predominantly expressed in the columnar nasopharyngeal epithelium. The proportion of samples express-
ing HGF and c-Met was significantly higher in NPC than in controls (P < 0.001). Further, the proportion of samples 
expressing c-Met and HGF (P < 0.01, P < 0.05, respectively) was significantly higher in NPC stages III and IV than in 
stages I and II. The expression of c-Met was also significantly correlated with cervical lymph node metastasis. Thus, 
HGF and c-Met expression are upregulated in nasopharyngeal carcinoma. That their expression correlates with 
disease severity and metastasis may indicate that these proteins promote tumor invasion. Further research could 
determine the utility of c-Met as a biomarker for the prognosis of NPC.
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Introduction 

Nasopharyngeal carcinoma is a malignant 
tumor that most often occurs on the top and in 
the side wall of the pharyngonasal cavity. It is 
one of the most common otolaryngological 
malignancies in China [1]. Nasopharyngeal car-
cinoma is highly malignant and is associated 
with early metastasis to lymph nodes and tis-
sue invasion. Recent studies have sought to 
investigate the role of various oncogenes, 
growth factors, and their receptors in the occur-
rence and development of nasopharyngeal car-
cinoma. Hepatocyte growth factor (HGF) is a 
mitogen that can strongly stimulate prolifera-
tion, and its receptor, c-Met, plays an important 
role in tumor cell growth. Activated c-Met 
encourages tumorigenesis and metastasis, 
and can induce angiogenesis [2]. HGF plays an 
important role in the occurrence and evolution 
of many malignancies, not just in hepatocytes, 
and several studies have reported on the func-
tion of HGF and c-Met in promoting tumor cell 

invasion and metastasis [3, 4]. Our study sought 
to investigate the role of HGF and c-Met in 
nasopharyngeal carcinoma. 

Materials and methods 

Study participants

Tissue samples were obtained from 106 naso-
pharyngeal carcinoma patients between March 
2010 and September 2013 at The Affiliated 
Tumor Hospital of Harbin Medical University. 
Samples were evaluated by three different 
pathologists and classified according to the 
World Health Organization standard classifica-
tion: 82 cases were differentiated non-keratin-
izing carcinoma (DNKC), namely WHO type II; 24 
cases were undifferentiated non-keratinizing 
carcinoma (UNKC), namely WHO type III. 115 
samples that were categorized as chronic 
inflammation of the nasopharyngeal epithelium 
(nasopharyngeal mucositis) during the same 
time period in our hospital were used as con-
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trols. Specimens were fixed in 10% formalin, 
embedded in paraffin, and cut into 4-μm slices. 
Of the nasopharyngeal carcinoma samples, 79 
were obtained from males (74.5%) and 27 from 
females (25.5%), and patients ranged in age 
from 26 to 73 years (mean age 48.6 ± 9.37 
years). TNM clinical stages were assigned 
according to the 1997 UICC criteria: stages I 
and II were observed in 39 cases, while stages 
III and IV were observed in 67 cases.

Reagents 

Mouse anti-human HGF monoclonal antibody, 
c-Met, SP kits, and DAB chromogenic kits were 
purchased from Santa Cruz Biotechnology 
(Dallas, Texas, USA). Specimens were cut into 
serial sections of 4-6 μm and covered in 0.01 
mol/L citrate buffer. Heat-mediated antigen 
retrieval was performed by microwave. Primary 
antibody was added and samples were incu-

bated at 4°C in a wet box. Biotin-labeled sec-
ondary antibodies were added and samples 
were incubated in a wet box at 37°C for 20 min-
utes. SP working solution was added and sam-
ples were incubated at 37°C for 20 minutes; 
DAB color development and hematoxylin coun-
terstaining was applied. Samples known to con-
tain thyroid cancer tissue sections were used 
as positive controls and PBS solution was used 
in place of the primary antibody as a negative 
control. 

Histology 

Each tissue section was observed in 4 continu-
ous high-power fields and the average number 
of cells positive for expression of HGF or c-Met 
was determined for every 100 cancer or control 
cells in each field. HGF and c-Met staining were 
observed in the cell membrane and cytoplasm 
and appeared as brown or tan granules. The 

Figure 1. c-Met expression in the membrane and/or cytoplasm of NPC cells (A) and controls (B), stained brown 
(400×).

Figure 2. HGF expression in the membrane and/or cytoplasm of NPC cells (A) and the normal interstitial tissue (B) 
surrounding the tumor, stained brown. A few scattered spots were seen in the NPC cells (400×).
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Table 1. Expression of HGF and c-Met protein detected by immunohistochemistry in nasopharyngeal 
carcinoma (NPC) and control tissues

Group
c-Met expression Percentage of  

positive samples 
HGF expression Percentage of  

positive samples- + ++ +++ - + ++ +++
Control (n = 115) 92 23 0 0 20.00 45 39 31 0 60.9
NPC (n = 106) 32 12 29 33 69.8 11 35 23 37 89.6
χ2 53.00 63.00
P < 0.001 < 0.001

percentages of HGF- and c-Met-positive cells 
per sample were recorded as follows: 0-20% (-), 
21%-30% (+), 31%-50% (++), and > 51% (+++). 

Statistical analysis 

SAS 9.2 (SAS Institute, Inc., Cary, North 
Carolina, USA) was used to analyse data. χ2 and 
nonparametric rank sum tests were applied for 
identifying differences between groups. A p 
value of < 0.05 was considered statistically 
significant.

Results 

HGF and c-Met are more commonly expressed 
in NPC tissues 

In NPC tissues, HGF protein was predominantly 
expressed in the tumor stroma (Figure 1), while 

c-Met was expressed in the cytoplasm or mem-
brane of the cells (Figure 2). In control samples, 
HGF and c-Met expression were limited to 
columnar epithelial cell membranes or cyto-
plasm. c-Met protein was more commonly 
expressed in NPC than in control tissues with 
nasopharyngeal mucositis (P < 0.001). HGF 
was also more commonly expressed in NPC 
than in control samples (P < 0.001) (Table 1). 

The expression of HGF and its receptor, c-Met, 
increases with NPC severity 

To determine whether HGF and/or c-Met 
expression correlated with any characteristics 
of NPC, NPC samples were categorized as 
either not expressing (-) or expressing (+, ++, 
and +++ designations combined) these pro-
teins and analyzed by clinical and pathological 
features. Both HGF and c-Met expression in 

Table 2. Relationship between HGF/c-Met expression and clinical and pathological parameters of 
NPC

Parameter
c-Met expression Percentage  

of positive samples χ2, P
HGF expression Percentage  

of positive samples χ2, P
-- +~+++ (%) -- +~+++ (%)

Sex 0.81, 0.37 2.58, 0.11
    Male (n = 79) 22 57 72.2 6 73 92.4
    Female (n = 27) 10 17 63.0 5 22 81.5
Age 0.01, 0.90 3.62, 0.06
    < 50 (n = 72) 22 50 69.4 7 65 90.3
    ≥ 50 (n = 34) 10 24 70.6 4 30 88.2
Histologic grade 0.40, 0.53 1.32, 0.25
    DNKC (n = 82) 26 56 68.3 7 75 91.5
    UNKC (n = 24) 6 18 75.0 4 20 83.3
Clinical stage 13.03, < 0.01 < 0.01*

    I, II (n = 39) 20 19 48.7 11 28 71.8
    III, IV (n = 67) 12 55 82.1 0 67 100.0
Cervical lymph node metastasis 17.10, < 0.01 1.55, 0.21
    Positive (n = 83) 17 66 79.5 7 76 91.6
    Negative (n = 23) 15 8 34.8 4 19 82.6
Note: *Fisher’s exact test.
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NPC were more commonly detected in stage III 
and IV tissue samples than in stages I and II (P 
< 0.05 and P < 0.01, respectively). c-Met was 
also more commonly expressed among NPC 
patients with cervical lymph node metastasis 
than those without metastasis (P < 0.01). 
However, HGF and c-Met protein expression 
showed no difference among patients of differ-
ent age, gender, and tissue typing (P > 0.05) 
(Table 2).

Discussion

HGF has a strong mitogen effect on liver cells 
and can rapidly form new tissues, promote fis-
sion, and induce epithelial cell migration and 
angiogenesis. Stromal fibroblasts are a major 
source of HGF, while its receptor, c-Met, is pres-
ent in vascular endothelial cells and tumor 
cells, but not stromal cells [5]. HGF and c-Met 
have been shown to be over-expressed in many 
types of tumor tissues, suggesting a role for 
HGF-c-Met signaling in the development of 
solid tumors [4, 6]. 

Our study showed that, in NPC tissues, HGF 
protein was mainly expressed in the tumor stro-
ma, while slight positive expression was also 
observed in cancer cells. The expression of 
c-Met protein in NPC was located in the cyto-
plasm or cell membranes of cancer cells, con-
sistent with previous findings [6, 7]. We also 
showed that HGF and c-Met protein were 
expressed in nasopharyngeal mucositis, mainly 
confined to columnar epithelial cell membranes 
or cytoplasm. The expression of c-Met protein 
in NPC was significantly higher than that in con-
trols. The expression of HGF protein in NPC 
stroma was also higher than that in the con-
trols, suggesting that HGF overexpression may 
be associated with metastasis and invasion of 
nasopharyngeal carcinoma. 

c-Met is a tyrosine kinase protein usually found 
on the surface of epithelial cells. We observed 
low expression of c-Met in the nasopharyngeal 
mucosa of patients without cancer, similar to 
findings reported by Qian et al. [8]. Tissue sam-
ples from NPC patients, however, showed sig-
nificantly higher levels of c-Met expression sug-
gesting that overexpression of c-Met is corre-
lated with benign or malignant lesions of the 
nasopharynx. 

Taken together, these results indicate that HGF 
and c-Met are overexpressed in NPC tissues 
and may play a role in promoting differentia-

tion, proliferation, and malignant transforma-
tion among nasopharyngeal mucosal cells. 
Most cases of NPC derive from columnar epi-
thelial cells of the nasopharynx, while HGF is 
produced by mesenchymal cells and can acti-
vate c-Met on cancer cells and promote tumor 
cell proliferation [9, 10]. The HGF/c-Met system 
transmits signals mainly through the MPAK and 
PI3K pathways, resulting in a variety of cellular 
responses including proliferation, differentia-
tion, and apoptosis [11]. In addition to HGF, 
cytokines and growth factors such as IL-1, IL-6, 
and epidermal growth factor can also induce 
up-regulation of c-Met expression [12]. Future 
studies will seek to determine the effects of 
cytokines on nasopharyngeal carcinoma tis-
sues and their relationship to HGF. 

Our results showed that nasopharyngeal carci-
noma c-Met expression was significantly higher 
in samples taken from patients with lymph 
node metastasis compared to those without 
lymph node metastasis, and that the expres-
sion of c-Met increased with clinical severity, 
consistent with the findings by Sun et al. [13]. 
c-Met expression was not different among sam-
ples from patients of different ages, gender, or 
tissue typing, consistent with the findings by Li 
Yun-cheng et al [14]. 

In summary, our results indicate that HGF and 
c-Met are overexpressed in nasopharyngeal 
carcinoma cells. It may be possible that HGF 
induces c-Met expression via paracrine signal-
ing, and that an increase in expression of HGF/
c-Met may play a role in metastasis and the 
evolution of nasopharyngeal carcinoma cells. 
We also found that c-Met expression was relat-
ed to the invasion and metastasis of NPC, sug-
gesting that it could have the potential to serve 
as a marker for determining NPC prognosis. 
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