
Abstract. Hepatocyte growth factor (HGF) related tumor
angiogenesis and prognosis of patients with nasopharyngeal
carcinoma (NPC) has not been identified. The expressions
of HGF and IL-8, as well as microvessels density were
evaluated in 127 NPC biopsies by immunohistochemical
staining. The correlation between these parameters and
patient's clinicopathological features was analyzed statisti-
cally. In vitro, IL-8 concentration was evaluated in exogenous
HGF-treated NPC cell lines by ELISA assay. The presence of
EBV was also detected in NPC cells by PCR for Bam HI-W
fragment. Both 54.3% (69/127) cases of HGF high-expression
in tumor cells and 80.3% (102/127) of HGF high-expression
in stromal cells were significantly associated with increased
microvessels density, advanced clinical stage, lymph node
metastasis and high-expression of IL-8. Angiogenesis exhibited
in relation to overall survival of NPC patients (P=0.001), and
the patients with HGF and IL-8 dual high-expression tumors
had a significantly worse prognosis than those with single
protein high-expression and dual low expression tumors
(P=0.011 and P=0.026, respectively). Exogenous HGF was
observed to promote induction of IL-8 in NPC cells without
EBV infection. Co-operating with IL-8, HGF might contribute
to a poor prognosis of NPC by inducing angiogenesis
through both autocrine and paracrine EBV-independent
pathways.

Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor that
is well known to be associated with Epstein-Barr virus
(EBV) and has a high incidence in southern China (1). NPC
tumor cells are likely to invade to the surrounding tissue or
metastasize to lymph nodes in the early stage of tumor

development, which is different from other head and neck
cancers (2), and is the major cause for poor prognosis of this
tumor. In clinical practice, the prognosis prediction of patients
with NPC is mainly based on clinical TNM staging. However,
it has been revealed that the TNM stage is sometimes inade-
quate to precisely predict patient prognosis because the NPC
patients with the same TNM stage may frequently present
different clinical outcome even if they are subjected to the
same radiotherapy and adjuvant chemotherapy (3,4).
Whether or not certain molecules are involved in the
development and progression of NPC, and consequently
influence the prognosis of NPC is largely unknown.

The consistent presence of an inflammation-like micro-
environment is a histopathological characteristic in primary
tumor of NPC, especially in undifferentiated non-keratinizing
carcinoma, which is the most frequent histological type of
NPC in epidemic area. The recent data have suggested that a
chronic inflammatory microenvironment not only facilitates
the initiation of tumor, but also promote the growth, angio-
genesis, invasion and metastasis of tumors through a
complex network of inflammatory mediators, mainly
produced by stromal cells (5,6). Several cytokines and
chemokines have been documented for their potent role in
tumor progression, indicating an impact of these molecules
on prognosis of tumors (7). Hepatocyte growth factor (HGF),
a multifunctional cytokine induced by various types of cell,
has various biological activities, which include mitogenic,
morphogenic, motogenic, angiogenic and antiapoptotic
effects (8). The activation of its high affinity receptor Met,
has been demonstrated to promote tumor progression and
metastasis, consequently inducing poor prognosis in
numerous human cancers, including NPC (9). HGF is mainly
produced by stromal cells in the tumor. Some studies have
revealed that one of the important activities of HGF in
promoting tumorigenesis and metastasis is to stimulate
angiogenesis by a direct effect on endothelial growth and
tube formation (10). However, whether or not stromal cells
induce HGF to promote angiogenesis in NPC is still
unknown, and the relationship between stroma-derived HGF
itself and the prognosis of patients with NPC needs to be
investigated.

Interleukin 8 (IL-8) is a prominent angiogenic molecule
and has been proven to influence microvessel synthesis in
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various tumors (11). Angiogenesis is a key step in tumor
growth, invasion and metastasis because massive formation
of blood vessels in the tumor increases the opportunity for
tumor cells to enter the circulation. Microvessel synthesis
has been considered to influence tumor metastasis and
prognosis in various human cancers (12). In NPC, several
clinical studies, including our recent data, have demonstrated
that intratumoral microvessel density is a strong independent
predictor of poor prognosis of NPC (13-15). In vitro exposure
of tumor cells to hypoxic conditions induces IL-8 expression
by activating two transcription factors, activating protein-1
(AP-1) and nuclear factor-κB (NF-κB) (16,17). In NPC,
previous studies have focused on the effect of EBV infection
and revealed that latent membrane protein 1 (LMP-1) can
up-regulate IL-8 through an NF-κB-mediated mechanism
(18). EBV lytic transactivator Zta is also a potent inducer of
IL-8, increasing IL-8 at both protein and RNA level and
activating the IL-8 promoter (19). The relationship, if any,
between HGF and production of IL-8 by tumor cells in NPC
needs to be elucidated. We investigated if HGF-induced IL-8
production in NPC can help clinicians improve the
prognostic prediction and whether intervention of HGF in
NPC could become a promising strategy for developing new
therapeutic approaches to treat this malignant tumor.

The aim of current study was to evaluate whether HGF is
a potent prediction factor for the prognosis of patients with
NPC and whether stromal cells in tumor indeed possess
tumor progression by inducing the HGF expression in NPC.
We also assessed the correlation between HGF and IL-8 in
their effect on angiogenesis and prognosis of 127 NPC
patients. Our data suggest that both HGF autocrine and
paracrine regulatory pathways, without co-operation of EBV-
encoded production, can independently promote tumor
angiogenesis by inducing up-regulated expression of IL-8 in
NPC. The co-elevated expression of HGF and IL-8 is a
valuable prognostic marker for prognosis prediction in NPC
patients.

Materials and methods

Specimens of NPC and clinicopathological findings. Archival
formalin-fixed, paraffin-embedded specimens from 127
primary NPC patients before treatment during 1999-2005 in
the 1st Affiliated Hospital, and Cancer Center of Sun Yat-sen
University (Guangzhou, China) were recruited. The patients
were 83 males and 44 females with a median age of 49 years
(range 23-73). According to WHO histological classifi-
cation, 109 patients were diagnosed as undifferentiated non-
keratinized carcinoma (UNKC) and 18 were diagnosed as
differentiated non-keratinized carcinoma (DNKC). The
patients were classified into the disease stage according to the
criteria of China NPC 92 staging system (20). There were 9
in stage I, 33 in stage II, 50 in stage III and 35 in stage IV.
All the patients were treated with standard curative
radiotherapy with or without chemotherapy.

Immunohistochemistry and scoring. The sections were
subjected to immunostaining using a ChemMate Envision/
HRP kit (Dako Co., Denmark). Slides were deparaffinized
in xylene and rehydrated in decreasing concentrations of

ethanol and rinsed in phosphate-buffered saline. The slides
were incubated with hydrogen peroxide for 10 min following
microwave with 10 mM citrate buffer (pH 6.0; Sigma-Aldrich,
Germany) at 5-min intervals for a total of 10 min. After
blocking with normal serum for 10 min, the slides were
incubated with a 1:100 dilution of rabbit polyclonal HGF
antibody (Santa Cruz Biotechnology, USA), a 1:50 dilution
of the mouse anti-human monoclonal IL-8 antibody (R&D
Co., USA), or a 1:100 dilution of mouse anti-human mono-
clonal CD34 antibody (Santa Cruz Biotechnology) for 60 min,
respectively. Slides were detected by ChemMate Envision/
HRP Kit for 30 min at room temperature and followed by
developing with diaminobenzidine (DAB) for visualization.
Negative controls were carried out by substituting non-
immune serum for the primary antibodies.

The immunostaining results were evaluated and scored
independently by two pathologists without knowledge of the
clinical data of patients. Evaluation of the immunostaining
results was performed as previously described (21). HGF and
IL-8 staining results were scored according to the percentage
of cytoplasmic positive cells as follows: (-), <10%; (+), 11-
20%; (++), 21-50%; (+++), >50%. The HGF immunostaining
results were evaluated both in tumor cells and infiltrating
lymphoid cells. The HGF high-expression was defined as
>20% in either tumor cells or stromal cells with positive
staining, whereas HGF low-expression was <20%. IL-8 high-
expression was defined as >10% tumor cells with positive
staining, whereas IL-8 low-expression was <10%.

The counting of microvessels in NPC was evaluated by a
previously reported method (22). Briefly, intratumoral
microvessel density (IMD) was observed in areas of most
intense neovascularization (hotspots) in tumor by light
microscopy. After the area of highest neovascularization was
determined, single microvessels were manually counted on a
200 x field by two different observers without knowledge of
patient outcome. Any brown-stained endothelial cell or cell
cluster that was clearly separated from adjacent microvessels
was considered as a single, countable microvessel.

Cell line and chemicals. In this study, the human NPC cell
lines CNE-1 (a well differentiated NPC cell line), CNE-2 (a
poorly differentiated NPC cell line), and lymphoblastoid cell
lines, B95-8 (an EBV-infected lymphocyte cell line, as
positive control for detecting EBV infection) were used. All
three cell lines were maintained in RPMI-1640 culture
medium with 10% heat-inactivated fetal bovine serum and
antibiotics (50 U/ml penicillin and 100 μg/ml streptomycin,
Gibco/Invitrogen) at 37˚C in a humidified incubator with 5%
CO2. Human recombined hepatocyte growth factor (HGF),
purchased from Sigma Chemical, was dissolved in culture
medium for in vitro experiments.

Enzyme-linked immunosorbent assay (ELISA). The concen-
tration of IL-8 was determined by ELISA kits (R&D Systems,
Inc.). CNE-1 and CNE-2 NPC cell lines were grown over-
night in complete media at 5x104 cells in 1.0 ml/well in sterile
24-well culture plates. The next day, two cells were switched
to RPMI-1640 medium with 1% fetal bovine serum and
treated with different doses of human recombinant HGF for
24 h. Culture supernatants were collected and centrifuged
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at 14000 rpm for 5 min at 4˚C to remove debris. Before the
cytokine assay, 150 μl of assay diluent was added to equili-
brate the wells that had been precoated with monoclonal anti-
body specific to IL-8 prior to the addition of 50 μl of cell
culture supernatant. The process of measurement was
according to the manufacturer's instructions. The chromo-
genic reaction was identified by reading the absorbance at
OD450 nm in a microplate autoreader. Each sample was
tested in triplicate, and experiments were performed three
times. The concentration of IL-8 was interpolated from a
standard curve performed by using recombinant cytokines,
and expressed as pg/ml of cell culture supernatant.

DNA isolation and polymerase chain reaction (PCR) for the
detection of EBV infection. In this study, the determination of
EBV infection in NPC cell lines was PCR method using
primers to detect the Bam HI-W fragment of EBV as pervious
description (23). Briefly, CNE-1, CNE-2 and B95-8 cell lines

were cultured routinely and genomic DNA was isolated using
TIANamp Genomic DNA Kit (Tiangen Biotech, Beijing,
China). Template DNA (0.1 μg) was added to 50 μl reaction
mixture containing polymerase chain reaction buffer, dNTP
mixture, primers for EBV Bam HI-W (5'-ctttagaggcgaatggg
cgc-3' and 5'-aggaccactttataccaggg-3'), and 5 U Taq poly-
merase. PCR was performed in an automatic thermal cycler
(Perkin-Elmer-Cetus, Norwalk, CT). Samples were amplified
through 30 consecutive cycles with annealing temperature of
45˚C. A 10-μl volume of each PCR product was analyzed by
electrophoresis on 1.2% agarose gel containing 0.5 μg/ml
ethidium bromide and the bands were visualized under ultra
violet light. B95-8 cell line was used as EBV-positive
control, and in negative control, DNA was replaced by Tris-
HCL/EDTA (TE) buffer.

Statistical analysis. All statistical analysis was carried out by
SPSS 13.0 software for Windows. ¯2 test was used to assess
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Figure 1. HGF and IL-8 expression in NPC patient biopsies. (A) HGF immunoreactivity was detected in membranous and cytoplasma of NPC tumor cells,
stroma cells and normal adjacent lining epithelium of nasopharynx. (B) In some cases, strongly positive staining was observed of HGF either in stromal cells,
including fibroblast and lymphoid cells, or tumor cells. (C) IL-8 positive immunostaining signal was localized on the cell surface and in the cytoplasm of
tumor cells with scattered distribution pattern in most of cases. (D) in few cases, IL-8 protein was diffusely detected throughout the tumor cells. [(A) and (B)
with original magnification x200; (C) and (D) with original magnification x400, immunohistochemical staining].
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HGF and IL-8 expression with the clinicopathological
characteristics. Non-parametric analysis of Mann-Whitney
test was used to assess proteins expression in relation to
angiogenesis of NPC. Results derived from in vitro study
were given as the mean ± SD as indicated. Data were
analyzed by one-way ANOVA with Dunnett's post hoc test
and Tukey's post hoc test for multigroup comparisons. The
survival curve of patients was determined by Kaplan-Meier
method and Cox regression, and statistical evaluation was
performed using the log-rank test. P<0.05 was considered
statistically significant.

Results

HGF and IL-8 expression in correlation to clinicopatho-
logical parameters in NPC. Immunostaining of HGF is
presented in Fig. 1. Cytoplasmic positivity for HGF staining
was observed either in tumor cells or in stromal cells,
including fibroblast and lymphoid cells. The expression of
HGF was also observed in the normal adjacent lining of epi-
thelium of nasopharynx (Fig. 1A). Among 127 cases, we

evaluated HGF expression either in tumor cells or stromal
cells. For tumor cells, 25 (19.7%) cases were negative (-), 33
(25.9%) cases were (+), 47 (37.0%) cases were (++), and 22
(17.3%) were (+++). High expression of HGF in tumor cells
was observed in 69 (54.3%) cases. In stromal cells, 4 (3.1%)
cases were negative (-), whereas 123 cases were positive, of
which 21 (16.5%) were (+), 56 (44.1%) were (++) and 46
(36.2%) were (+++). High expression of HGF in stromal
cells of NPC was 80.3% (102/127) (Fig. 1B). High expression
of HGF in either tumor cells or stromal cells was significantly
associated with the advanced clinical stage (stages III and
IV) and lymph node metastasis (P<0.05). However, no
significant relationship between HGF high-expression and
age, gender, histological type or T-stage was observed.

IL-8 positive immunostaining signal was localized on the
cell surface and in the cytoplasm of tumor cells with scattered
distribution pattern (Fig. 1C and D). Among 127 tumor tissues,
IL-8 expression was negative (-) in 51 cases (40.2%), whereas
49 cases (38.6%) were (+), 22 cases (17.3%) were (++), and
only 5 cases (3.9%) were (+++). The high expression of IL-8
was observed in 76 cases (59.8%). High expression of IL-8
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Table I. Correlation between proteins expression and clinicopathological parameters of NPC patients (¯2 test).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

HGF in tumor cells HGF in stromal cells IL-8
–––––––––––––––––––––––––– –––––––––––––––––––––––––– –––––––––––––––––––––––––

High Low High Low High Low
Case expression expression expression expression expression expression

(n=127) (n=69) (n=58) P-value (n=102) (n=25) P-value (n=76) (n=51) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age
<49 59 35 24 0.389 49 10 0.874 31 28 0.223
≥49 68 34 34 53 15 45 23

Gender
Male 83 41 42 0.158 66 17 0.875 54 29 0.162
Female 44 28 16 36 8 22 22

WHO histo-
type
DNKC 18 8 10 0.230 12 6 0.191 13 5 0.219
UNKC 109 61 48 90 19 63 46

T-stage
T1-2 52 28 24 0.924 37 15 0.203 36 16 0.147
T3-4 75 41 34 65 10 40 35

Lymph node
status
N0 34 12 22 0.008 16 18 0.001 16 18 0.089
N1-3 93 57 36 86 7 60 33

Clincal stage
Stages I-II 42 14 28 0.001 25 17 0.012 18 24 0.018
Stages III-IV 85 55 30 77 8 58 27

IL-8 expression
Low 51 19 32 0.004 33 18 0.003
expression
High 76 50 26 69 7
expression

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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was significantly associated with advanced clinical stage
(P<0.05). There was no correlation observed between IL-8
expression and gender, age, tumor size and lymph node
metastasis (P>0.05); but high expression of IL-8 exhibited a
close correlation with high expression of HGF both in tumor
cells and stromal cells of NPC (both P-values were <0.05)
(Table I).

Relationship of HGF and IL-8 expression to microvessel
counts. Microvessels in NPC, indicated by CD34 immuno-
staining, were detected as scattered in the tumor cell nests
(Fig. 2A), and scored as intratumoral microvessel density
(IMD). The correlation between IMD and proteins expression
in NPC is shown in Fig. 2B. Mean IMD value was
29.06±14.17 and 26.81±13.33 in cases with HGF highly
expressed in tumor cells and stromal cells, which were signi-
ficantly higher than that of cases with HGF low expressed,
respectively (20.69±9.37 and 18.82±8.02, both P-values were
0.001). The microvessels were easier to observe in the 76 IL-8

high-expressed cases (29.54±13.98) than those 51 tumors
with IL-8 low expression (18.84±7.36, P=0.001). We
examined the relationship between other clinicopathological
variables and IMD in tumors; but no significant correlations
were found. Therefore, angiogenesis in NPC appears to be
independent of tumor size, stage, lymph node metastasis,
histological type, sex and age of patients.

Association of HGF and IL-8 expression with survival of
NPC patients. In this study, 61 cases had adequate follow-up
data for the final analysis, whereas 66 cases were excluded
from survival analysis because the patients were lost during
the period of follow-up. The 61 cases were followed up from 2
to 53 months with mean period of 36 months, and 18 patients
(29.51%) had died of tumor in this period. The survival rates
of patients with early clinical stage (stages I-II) and advanced
stage (stages III-IV) were 77.27 and 66.67%, respectively.
There was no significant difference statistically (P=0.350,
Fig. 3A). The survival rate of NPC with IL-8 high-expression
or HGF high-expression in stromal cells was significantly
lower than that in NPC patients with proteins low-expression,
both P<0.05 (Fig. 3B, C). The difference was not significant
in survival rate between the NPC patients with different HGF
expression status in tumor cells (P=0.069, Fig. 3D). However,
when the patients were stratified according to tumor high
expression of both HGF and IL-8 in 61 cases, the survival
rate of patients with dual high-expression of HGF and IL-8 in
tumor cells was significantly lower than that of patients with
dual low-expression or single protein high expression in
tumor (P=0.004, Fig. 3E). The patients with both high-
expression of HGF in stromal cells and IL-8 high expression
in tumor cells also obtained significantly longer survival than
patients with dual low-expression or single protein high
expression in NPC (P=0.011, Fig. 3F) (Table II).

Using Cox regression analysis of the entire group of
patients, IMD was significantly associated with poor overall
survival of NPC patients (P=0.001). High expression of HGF
or IL-8 alone in NPC showed no significant correlation to
the survival of patients. However, the patients with dual high
expression of HGF and IL-8 in tumor cells, and the patients
with both high expression of HGF in stromal cells and IL-8
had significant correlation to poor overall survival. Other
clinical parameters, including age, gender, histological type,
tumor size, lymph node metastasis and clinical stage,
exhibited no association with the survival of patients
(Table III).

Detection of EBV in NPC cells using the polymerase chain
reaction method. Using polymerase chain reaction, the Bam
HI-W fragment of EBV was detected in B95-8 cells.
However, CNE-1 and CNE-2 cells showed no detectable EBV
infection (Fig. 4).

Induction of IL-8 by exogenous HGF in NPC cells. The effect
of exogenous HGF on IL-8 induction was evaluated by
ELISA assay. NPC cell lines CNE-1, CNE-2 were exposed
to 0-150 ng/ml HGF for 24 h, respectively. As shown in Fig. 5,
exposure to HGF resulted in dose-dependent (10-50 ng/ml)
enhancement of IL-8 concentration in culture supernatant. At
the concentration of 50 ng/ml, HGF exhibited its most
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Figure 2. Intratumoral microvessels of NPC. (A) microvessels in tumor were
highlighted by staining endothelial cells for anti-CD34. Any brown-staining
endothelial cell or cell cluster that was clearly separated from adjacent
microvessels was considered as a single, countable microvessel (with original
magnification x400); (B) Correlation between intratumoral microvessel
density (IMD) and protein expression in NPC, the mean IMD in the high-
expressed HGF and IL-8 cases was significantly increased compared to that
of low-expressed cases (*P<0.05).

B
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Figure 3. Kaplan-Meier survival analysis in 61 patients with NPC. (A) There was no significant difference in survival time between the patients in early
clinical stage (I/II) and in advanced clinical stage (III/IV). Patients with IL-8 high-expressed tumor had a lower survival rate than those with IL-8 low-
expression (B). Patients with HGF high expression in stromal cells had a lower survival rate than those with low expression group (C); however, there was no
significant difference between the patients with different HGF expression status in tumor cells (D). The patients with dual high expression of HGF and IL-8 in
tumor cells exhibited remarkable decreased survival time compared to those with dual low or single protein high expression in tumor cells (E). The patients
with both HGF high expression in stromal cells and IL-8 high expression had also a shorter survival (F).
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effective induction of IL-8 either in CNE-1 or CNE-2 NPC
cells. Compared with untreated cell, about 10- and 8-fold
increase in IL-8 secretion could be observed in CNE-1 and

CNE-2 cells, respectively. When the concentration was
>50 ng/ml, the effect of HGF on promoting IL-8 secretion
showed no significant difference compared to 50 ng/ml.
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Table II. Kaplan-Meier analysis for overall survival rate of patients with NPC.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Mean survival 95% confidence
Characteristics time (months) interval (months) P-valuesa

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Clinical stage

Early stage (I/II) 47.71±2.37 43-52 0.350
Advance stage (III/IV) 42.43±2.36 37-47

HGF in tumor cells
High expression 41.76±2.59 36-46 0.069
Low expression 46.96±1.64 43-50

HGF in stromal cells
High expression 41.95±2.17 37-46 0.034
Low expression 51.36±1.56 48-54

IL-8 expression
High expression 41.94±2.19 37-46 0.033
Low expression 51.26±1.67 47-54

HGF/IL-8 in tumor cells
Dual high expression 39.23±2.87 33-44 0.004
Dual low or single high 50.24±1.51 47-53

HGF in stromal cells/IL-8
Both high expression 40.83±2.45 36-45 0.011
Both low or single high 50.56±1.64 47-53

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aLog-rank test.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Cox regression model correlating protein expression levels and clinicoparameters of NPC with overall survival of
patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Variables Hazard ratio 95.0% confidence interval P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age 0.502 0.194-1.297 0.155
Gender 1.625 0.607-4.354 0.334
Histological type 1.689 0.488-5.844 0.408
Tumor size 0.444 0.166-1.188 0.106
Lymph node metastasis 1.277 0.369-4.425 0.699
Clinical stage 1.618 0.547-4.560 0.363
IMD 1.097 1.059-1.137 0.001
HGF in tumor cells alone 3.014 0.856-10.604 0.086
HGF in stromal cells alone 6.455 0.858-48.542 0.070
IL-8 alone 6.503 0.864-48.926 0.069
Dual high HGF/IL-8 in tumor cells 5.056 1.425-17.60 0.011
High HGF in stromal cells and high 5.316 1.221-23.144 0.026
IL-8 in tumor cells
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Result of Cox regression model analyzing age (<49 vs. ≥49), gender (male vs. female), histological type (DNKC vs. UNKC), tumor size (T1-2

vs. T3-4), lymph node metastasis (N0 vs. N1-3), clinical stage (I/II vs. III/IV), IMD (continuous variable), HGF in tumor cells (high vs. low expres-
sion), HGF in stromal cells (high vs. low expression), IL-8 (high vs. low expression), dual high HGF/IL-8 in tumor cells (dual high expression
vs. dual low or single high expression), high HGF in stromal cells and high IL-8 (both high expression vs. dual low or single high expression).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Discussion

The association of neovascularization with angiogenic and
lymphatic metastasis has been investigated in many
malignant tumors, and the contributions of angiogenic
molecules such as VEGF, and IL-8 to the metastatic potential
of tumors have been evaluated (24). But the effect of HGF on
neovascularization and the relationship between HGF and
IL-8 in NPC have not been identified. The present study
suggested association of HGF and IL-8 to neovascularization
in NPC, and co-elevated expression of HGF and IL-8 in NPC
was closely in correlation to poor prognosis of the patients.
Although the number of NPC samples examined in this study
was not sufficient to allow us to make definite conclusion,
these results indicated that HGF may contribute to angio-
genesis in NPC through the induction of IL-8. High expression
of HGF may play important roles in NPC progression and
influence the prognosis of NPC patients.

The importance of the HGF regulating system in cancer
progression is still not fully understood. The present study
shows that HGF may play a critical role in the mechanism of
tumor metastasis and impact the clinical stage in NPC. High
expression of HGF has been found in certain tumor cell lines
derived from breast cancer and prostatic cancer, and HGF-
mediated cell migration and extracellular matrix invasion has
been proven in a variety of normal and neoplastic epithelial
cells in vitro (25,26). Elevated serum HGF levels have also
been detected to correlate with disease progression, with
levels rising in cases of recurrence (27). In the current study,
the result of relationship between HGF high expression and
lymph node metastasis, as well as advanced clinical stage
of tumor indicated that HGF might be a possible mediator
contributing to the extensive lymph node metastasis and
accelerating the poor progression of NPC. However, HGF
high expression in tumor cells did not induce a poorer
prognosis of patients independently, and significant shorted
survival time was seen in patients whose tumor co-expressed
HGF and IL-8. Moreover, HGF high expression in tumor
cells was closely associated with higher microvessel density
in tumor, which suggests tumor cell-derived HGF may
contribute in part to angiogenesis of NPC. These results
indicate that HGF high expression in NPC tumor cells might
play an important role in lymph node metastasis through
induction of angiogenesis, but it might not be an independent
factor to influence the prognosis of NPC patients, although it
specific receptor Met, has been regarded as a certain
indicator to correlate with shorter survival in patients with
late-stage NPC (9). Co-operating with other molecules, such
as angiogenic molecules, high expression of HGF is a
valuable prognostic marker for prognosis prediction in NPC.
In contrast to our results, however, Yamashita et al (28) has
reported that immunoreactive HGF is a strong and
independent predictor of recurrence and survival in human
breast cancer. Whether or not tumor species and sample size
are responsible for these discrepancies require further
investigation with larger cases and unabridged follow-up data
needs to be clarified.

In the present study, we found that not only high-
expressed HGF in tumor cells, but also high-expressed HGF
in stromal cells were significantly correlated with lymph node
metastasis, advanced clinical stage and high microvessels
density in NPC tissues. Those results indicate that, besides
autocrine regulatory loop, paracrine pathway of HGF may also
influence tumor progression through induction of angio-
genesis in NPC. In HGF-Met system, both pathways were
important to execute their multifunctions. The co-expression
of HGF and Met in tumor cells suggests the involvement of
autocrine HGF-Met signaling loop. However, in the present
study, only 54% cases showed high endogenous HGF in
tumor cells, whereas >80% cases had exogenous high HGF
in stromal cells. Our previous study revealed that tumor cells
in NPC had diffusely expressed Met protein (29).
Collectively, we assume that in NPC, paracrine HGF-Met
pathway might be more important to influence the tumor cell
proliferation, migration and progression of NPC, although
autocrine pathway might be also involved in these processes.
It has been documented that paracrine interactions between
stromal and cancer cells are crucial for determining the
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Figure 4. Presence of EBV infections in NPC cell lines using the polymerase
chain reaction (PCR) method. Positive band represents the PCR product of
EBV Bam HI-W fragment. Lanes: M, marker; 1, negative control; 2, B95-8
cell line (EBV positive control); 3, CNE-1 NPC cell line; 4, CNE-2 NPC
cell line.

Figure 5. Induction of IL-8 in NPC cells by HGF. ELISA assay showed IL-8
concentration in culture supernatant varied in NPC cells with exogenous
HGF treatment at various dosages. (Asterisk), a significantly increased IL-8
concentration was observed in NPC cells after 24-h treatment (one-way
ANOVA test).
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malignant behavior of a tumor (30), and induction of HGF by
fibroblast directly promotes tumor cell invasiveness (31).
Therefore, in NPC, it is reasonable to believe that HGF
derived from stromal cells plays important roles in
angiogenesis and progression of NPC by the paracrine
pathway. Like tumor cell-derived HGF high-expression,
stromal cell-derived HGF high-expression also failed to act
as an independent factor for prognosis of NPC patients in
survival analysis, although the patients with high expression
of HGF in stromal cells had a significantly increased survival
rate compared to those with low HGF expression; however,
multivariate analysis indicated that both HGF high
expression in stromal cells and IL-8 high expression in NPC
was a strong independent predictor in NPC patients. That
result suggests that co-analysis of HGF and IL-8 protein
expression in NPC tissue was valuable for prognosis
evaluation of NPC patients.

In this study, angiogenesis in tumors was indeed inde-
pendent of tumor size, lymph node metastasis and clinical
stage in relation to the prognosis of NPC patient, similar to
the findings of previous studies (13,14). IL-8 is considered
to be one of the most prominent angiogenic molecules
prompting tumor angiogenesis. Accumulated studies so far
suggest that high expression of IL-8 has a positive influence
on tumor growth, metastasis and progression (32,33). In
NPC, EBV induced IL-8 has been revealed to contribute in
part to angiogenesis of tumors (18). We found that IL-8 high
expression in NPC tumor cells was significantly correlated
with advanced clinical stage and increased neovascular-
ization in the tumor. These results provide additional
evidence of the effect of IL-8 on tumor progression by
promoting angiogenesis in the tumor. Multivariate analysis
for overall survival in NPC patients indicated that IL-8 high
expression in a tumor was not an independent prediction
factor for prognosis of NPC although high expression of IL-8
was significantly correlated with decreased survival rate of
NPC patients. IL-8 high expression in relation to high
expression of HGF either in tumor cells or in stromal cells
in NPC tissue, and exogenous HGF up-regulating IL-8
secretion in CNE-1 and CNE-2 NPC cells in vitro suggest the
effect of HGF on induction of IL-8 in NPC. Previous studies
have demonstrated that HGF can promote expression of IL-8
in head and neck squamous cell carcinoma and lung
adenocarcinoma cells through activating MEK and PI3K
signal transduction pathways (34,35). However, before we
confirmed the presence of EBV in NCP cells in our study, we
could not determine whether or not the up-regulated expres-
sion of IL-8 was induced by EBV encoded protein or by
exogenous HGF independently. Previous evidence has shown
that IL-8 could be induced by EBV proteins, such as latent
membrane protein 1 (LMP-1) through activating the NF-κB
binding site (18), and lytic transactivator Zta through two
Zta-responsive elements in the promoter of IL-8 (19). In the
present study, we demonstrated that there was no EBV
infection in two NPC cells used in our study. Exogenous HGF
treatment alone induced up-regulation of IL-8 in vitro. These
results suggest that HGF-induced IL-8 expression in NPC is
independent of EBV. The precise mechanism involved is still
to be investigated. Although tumor cells consistently harbor
EBV DNA and some EBV encoded proteins in NPC tissues,

we failed to demonstrate the relationship between LMP-1
expression and HGF or IL-8 expression in NPC tissues. The
cooperative effect of HGF on IL-8 induction in EBV-infected
NPC cells in vitro, might be different from that of HGF
stimulation alone. Based on the above and previous results,
we postulate that angiogenic promotion and regulation of IL-
8 expression in NPC may be a process including multiple
inducing factors, such as EBV-encoded protein and HGF, as
well as hypoxia involved in this process through their own
specific pathways. HGF and IL-8 co-elevated tumor might be
associated with worse prognosis in the patients with NPC;
however, a single molecule expression status in tumor might
not be a strong independent prognostic factor for NPC
patients.

In conclusion, the present data provide a correlation
among the HGF expression, IL-8 expression and survival of
NPC patients. On the one hand, both HGF and IL-8 play an
important role in contributing to angiogenesis in NPC, which
is a consistently independent predictor for prognosis of NPC
patients. On the other hand, neither HGF nor IL-8 alone is
able to be an independent prognostic factor to predict
accurately the patient prognosis although they indeed
influence the lymph node metastasis and clinical stage. HGF
might contribute to promote angiogenesis by inducing IL-8
expression through both autocrine and paracrine EBV-
independent pathway. Therefore, co-elevated expression of
HGF and IL-8 in NPC may be more valuable for prognosis
evaluation of NPC patients. Currently, clinical stage alone is
sometimes inadequate to precisely predict the patient
prognosis, and the patients with the same TNM stage may
frequently present different clinical outcomes. These two
angiogenesis-related molecules could help clinicians improve
the prognostic prediction. From this standpoint, diminishing
the expression of HGF or interfering with the induction of
IL-8 in tumor appears to be a promising strategy for deve-
loping new therapeutic approaches to treat this malignant
tumor.
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