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As an independent unfavorable prognostic factor, IL-8 promotes metastasis of
nasopharyngeal carcinoma through induction of epithelial-mesenchymal transition

and activation of AKT signaling
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Nasopharyngeal carcinoma (NPC) has the highest metastatic
potential among head and neck cancers. Distant metastasis is the
major cause of treatment failure. The role of interleukin-8 (IL-8)
in NPC progression remains unknown. OQur multivariate sur-
vival analyses of 255 patients with NPC revealed that higher IL-8
expression in primary NPC tissue was an independent prognos-
tic factor for overall survival, disease-free survival, and distant
metastasis-free survival of the patients. I vitro study revealed that
IL-8 was highly expressed in the established high-metastasis NPC
clone S18 relative to the low-metastasis cells. Suppression of IL-8 by
short-hairpin RNA reduced the expression of IL-8 in S18 cells and
subsequently inhibited migration, invasion, and hepatic metasta-
sis of the cells without influencing cellular growth. Overexpression
of IL-8 in S26 cells resulted in increased migration, invasion,
and metastasis capabilities of the cells without affecting cellular
growth. Exogenous IL-8 enhanced the migration and invasion of
low-metastasis CNE-2 cells in a dose-dependent manner. An epi-
thelial-mesenchymal transition (EMT) could be induced by IL-8
in various NPC cell lines. The high level of phosphorylated AKT in
S18 cells could be suppressed by knocking down IL-8 expression.
Further, IL-8-promoted migration and invasion could be abolished
by either the application of the phosphoinositide-3-kinase inhibi-
tor LY294002 or the knock down of AKT expression by using
small-interfering RNA. In summary, IL-8 serves as an independ-
ent prognostic indicator of overall survival, disease-free survival,
and metastasis-free survival for patients with NPC. IL-8 promotes
NPC metastasis via autocrine and paracrine means, involving acti-
vation of AKT signaling and inducing EMT in NPC cells.

Introduction

Nasopharyngeal carcinoma (NPC) has a high incidence rate in south-
ern China and southeast Asia, especially in the descendants of the
Bai Yue people (1, 2). Among head and neck cancers, NPC has the
highest metastasis rate (3-5): at the time of diagnosis: 74.5% of
patients present with regional lymph node metastasis and 19.9% pre-
sent with distant metastasis (6, 7). Distant metastasis is therefore the
major cause of treatment failure, although NPC is sensitive to radio-
therapy. The molecular mechanisms regulating NPC metastasis are
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not fully understood. A well-established metastatic cellular model has
been used to explore the cellular and molecular mechanisms under-
lying NPC metastasis (8—10). In this model, a high-metastasis cellu-
lar clone, S18, isolated from the NPC cell line CNE-2, was used for
comparison with the low-metastasis clone S26, as well as with their
low-metastasis parental cell line, CNE-2.

Interleukin 8 (IL-8; alternatively known as CXCLS) is a proin-
flammatory cysteine-X-cysteine (CXC) chemokine. The biological
effects of IL-8 are mediated through binding to two cell-surface
G-protein-coupled receptors called IL-8 receptor A (CXCR1) and
IL-8 receptor B (CXCR2) (11). IL-8 was originally discovered as
a leukocyte chemoattractant (12, 13). Studies have shown that IL-8
induces angiogenesis (14-16), and it promotes tumor growth and
metastasis in melanoma (17-20), bladder cancer (21, 22), and ovarian
cancer (23). Increased serum IL-8 level can even precede the diagno-
sis of lung cancer by several years (24).

Epstein—Barr virus infection has been closely linked to NPC (25—
27). It has been observed that IL-8 expression in NPC cells can also
be induced by Epstein—Barr virus proteins (28-30). However, it is
undetermined whether high IL-8 expression level in NPC is an inde-
pendent prognostic factor (31, 32). It is also not clear whether IL-8
can promote the progression of NPC. The goal of this study was to
investigate the prognostic value of IL-8 in NPC, as well as the role of
IL-8 in promoting NPC metastasis, hoping to reveal an effective target
for prevention of NPC progression.

The Akt family of serine—threonine kinases consists of three mem-
bers: Akt 1/PKBa, Akt 2/PKBf3, and Akt 3/PKBy. Two specific amino
acid residues, threonine 308 and serine 473, located in the kinase
domain and C-terminal hydrophobic domain, respectively, can be
phosphorylated upon full activation of AKT (33). It has been reported
that irradiation of NPC cells can activate AKT (34). Activation of
AKT by IL-8 signaling has been shown in prostate cancer cell lines
(35, 36). It is unknown whether IL-8 can also induce AKT activation
and further promote metastasis in NPC.

Materials and methods

Human tumor tissues and tissue microarray

Formalin-fixed and paraffin-embedded NPC tissues obtained before treatment
were retrieved from the Department of Pathology, Sun Yat-sen University
Cancer Center (SYSUCC), with prior written consent from the patients and the
approval of the Institutional Clinical Ethics Review Board at SYSUCC. The
tissue microarrays contained qualified primary NPC samples from 255 patients
diagnosed at SYSUCC between 2 January 1998 and 5 December 2002. The
patients’ median age was 46 years (range 17-77), and 75.3% were males.
All patients underwent radiotherapy, with doses of 70-74 Gy to the primary
NPC, 60-64 Gy to the involved neck areas, and 50 Gy to the uninvolved neck.
Platinum-based chemotherapy was given to the patients with late-stage dis-
ease (stages III and IV) as induction chemotherapy (2-3 cycles) or concurrent
chemoradiotherapy. Tissue microarray analyses were conducted according to
the published methods (1). Tissue spots with less than 5% tumor tissue in the
whole spot area were excluded.

Antibodies

Rabbit anti-IL-8 antibody was purchased from Abnova. Mouse
anti-phospho-AKT (Ser473), rabbit anti-AKT (pan), and rabbit anti-vimentin
antibody were from Cell Signaling Technology. Mouse anti-f3-actin anti-
body was from Sigma (MO, USA); mouse anti-E-cadherin and rabbit
anti-fibronectin antibodies from Abcam; mouse anti-N-cadherin antibody from
BD Biosciences; and anti-mouse and anti-rabbit peroxidase-conjugated sec-
ondary antibodies from Promega.
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Immunohistochemistry and histological evaluation

Immunohistochemical staining of IL-8 was performed as described pre-
viously (1). Briefly, paraffin-embedded tissues were sectioned at 5 pm and
antigen-retrieved in citrate buffer (pH 6.0) at 100°C for 20 min, followed by
sequential incubations with polyclonal rabbit anti-IL-8 antibody (Abnova,
Taiwan) at 1:200 dilution, secondary antibody, and finally chromogenic sub-
strate (DAKO, Denmark). The immunoreactions were evaluated independently
by two pathologists. Cytoplasmic and membranous staining intensity were
categorized: absent staining as 0, weak as 1, moderate as 2, and strong as 3.
The percentage of stained cells was categorized as no staining = 0, 1-10% of
stained cells = 1, 11-50% = 2, 51-80% = 3, and 81-100% = 4. The staining
score for each tissue was calculated by multiplying the staining value by the
percentage category value, and the average of the scores from the two referees
was used as the final score. For histological evaluation, mouse liver metastatic
nodules were resected and fixed in 4% paraformaldehyde, followed by routine
histology evaluation.

Cell culture and cellular growth curve

The human NPC cell lines CNE-2 and the CNE-2 subclones S18 and S26 as
well as the low-metastasis line HONE-1, were maintained in Dulbecco’s modi-
fied Eagle’s medium supplemented with 10% fetal bovine serum at 37°C and
5% CO,. To plot the cellular growth curve, 5x 10* cells suspended in 2ml of
medium were seeded into a 6-well plate and cultured under normal conditions.
At various time points after seeding, the cells in each well were trypsinized
and counted.

Animals and liver metastasis assay

All animal experiments were approved by the Sun Yat-sen University Cancer
Center Institutional Animal Care and Usage Committee. Mice used in this
study were housed under standard conditions and cared for according to the
institutional guidelines.

Liver metastatic capacity was determined by injecting cells into the spleen
of 5- to 6-week-old male nude mice obtained from the Shanghai Institutes
for Biological Sciences (Shanghai, China). Briefly, mice were anesthetized by
continuous inhalation of isoflurane, and 2x 10> NPC cells in 30 pl of 33%
Matrigel (Becton Dickinson, NJ, USA) were injected into the spleens of lapa-
rotomized mice using insulin syringes (Becton Dickinson). At 28 days after
tumor cell inoculation, the experiment was terminated. The liver and spleen
of each mouse were weighed and the metastatic nodules in each liver were
counted.

Lentivirus transduction studies

Lentiviral production and transductions were performed as described
previously (1). Briefly, for IL-8 knockdown studies, cell lines stably
expressing IL-8 short-hairpin RNA (shRNA) or a scrambled non-target
shRNA were established. The targets for human IL-8 shRNA were, for
IL-8 KD 1, 5-CAAGGAGTGCTAAAGAACTTA-3’, and for IL-8 KD
2, 5-GCAGAGGGTTGTGGAGAAGTT-3". The shRNA targeting the
5-GTCTCCACGCGCAGTACATTT-3" sequence served as the negative control
(scrambled non-target shRNA). Quantitative PCR (qPCR) and enzyme-linked
immunosorbent assay (ELISA) were performed to determine the knockdown
efficiency of IL-8. For IL-8 overexpression studies, the coding sequence of IL-8
was subcloned into the pENTR/D-TOPO plasmid followed by recombination
with the pLenti6/V5-DEST vector according to the manufacturer’s instructions
(Invitrogen, CA, USA). The primers used for PCR amplification of the IL-8
coding sequence were forward, 5'-CACCATGACTTCCAAGCTGGC-3’, and
reverse, 5’-TTATGAATTCTCAGCCCTCTTC-3". Lentiviral particles were
packaged and used for cell transductions as described above, and ELISA was
carried out to determine the efficiency of overexpression.

Immunoblotting

As described previously (9), cells were lysed in RIPA buffer. An equal amount
of protein in each sample was mixed with Laemmli buffer and subjected to
sodium dodecyl sulfate—polyacrylamide gel electrophoresis separation, fol-
lowed by blotting onto a polyvinylidene difluoride membrane (Millipore,
Bedford, MA) after measurement of protein concentration. Membranes were
incubated with primary antibodies at 4°C. Protein bands were detected using a
chemiluminescence kit (Pierce, IL, USA).

ELISA

We plated 2x 10° cells in 100-mm culture plates and incubated for 48h in a
regular medium. The medium was then replaced with a serum-free medium
(10ml) and the cells were incubated for an additional 12h. Conditioned
medium was collected and subjected to centrifugation, followed by filtration
at 0.45 pm to remove the debris. Secreted human IL-8 concentration in the
conditioned medium was measured using a sandwich ELISA kit (R&D, MN,
USA). Experiments were performed in triplicate.

IL-8 promotes metastasis of nasopharyngeal carcinoma

Real-time qPCR and semi-quantitative reverse transcription-PCR

As described previously (9), total RNA was extracted from cells followed by
reverse transcriptions. Fast SYBR Green Master Mix was used to determine
the threshold cycle (Ct) value of each sample in the CFX96 real-time PCR
detection system (Bio-Rad, CA, USA). Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) served as the normalization gene in these studies. The
relative expression levels of the target genes were given by 22 (Ct of GAPDH
minus the Ct of the target gene). The sequences of the PCR primers used for
amplifications of GAPDH, IL8, CXCRI, and CXCR2 were as follows:

GAPDH forward: 5'-AAGGTCATCCCTGAGCTGAA-3";

GAPDH reverse: 5-TGACAAAGTGGTCGTTGAGG-3%;

IL8 forward: 5-CTCCAAACCTTTCCACCCC-3;

ILS8 reverse: 5'-GATTCTTGGATACCACAGAGAATG-3;

CXCRI forward: 5-CGTCTGTCAATGTCTCTTCCAACC-3";

CXCRI reverse: 5-GATAGTGCCTGTCCAGAGCCAG-3";

CXCR2 forward: 5-CTTCACAGTCACATTCCAAGCCTC-3";

CXCR2 reverse: 5-GCACCAGGGCAAGCTTTCTAAAC-3".

PCR amplifications of GAPDH, CXCR1, and CXCR2 were performed under
the following conditions: denature at 95°C for 30 s, anneal at 58°C for 30
s, and extend at 72°C for 30 s; reactions were carried out for 30 cycles. The
experiments were performed in triplicate.

Migration and invasion assays

Migration and invasion assays were performed as described previously (9,
10). Briefly, cells were plated into cell culture inserts with 8-um micropo-
rous filters (Becton Dickinson) coated with (invasion) or without (migra-
tion) Matrigel and incubated for 24 h. Cells in the upper filters (inside the
inserts) were removed, and the migrated or invaded cells in the lower filters
(outside the inserts) were fixed in methanol, stained with crystal violet,
and counted under a microscope. The number of migrated or invaded cells
in five random optical fields (100x magnification) of each filter from trip-
licate inserts was averaged. For S18 cells, 2x 10* cells were plated into
each insert. For $26, HONE-1, and CNE-2 cells, 5 x 10* cells were plated.
For recombinant IL-8 (R&D) stimulation assays, recombinant IL-8 was
added to the lower chambers as an attractant. To test the effect of AKT
dephosphorylation on the migratory and invasive abilities of cells, cancer
cells were pretreated with 20 pM LY294002 (Sigma) for 30 min before per-
forming the migration and invasion assays. Experiments were performed
in triplicate.

SiRNA transfection

Small-interfering RNA (siRNA) targeting AKT and a scrambled siRNA were
purchased from Cell Signaling Technology (Cat No.: #6510). The target of
AKT siRNA is 5-GCACCTTCATTGGCTACAA-3’, and the siRNA target-
ing the sequence 5-CGTACGCGGAATACTTCGA-3" served as the negative
control (scrambled non-target siRNA). For siRNA transfections, 2x 10° cells
suspended in 2ml of medium were seeded into a 6-well plate. After incubation
for 20h, cells were transfected with 50nM siRNAs by Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instructions. Gene silencing effi-
ciency was measured using immunoblotting at the indicated time points after
transfection. For S26 and CNE-2 cells, migration and invasion assays were
performed 18 h after siRNA transfection.

Statistics

Student’s #-test was used to compare two independent groups of data. The
median immunohistochemical staining score was used as the cutoff value to
divide the patients into low and high IL-8 expression groups. Chi-square tests
were applied to analyze the relationship between IL-8 expression and clinico-
pathological status. Kaplan—Meier survivals were plotted and log-rank tests
were performed. The significance of several variables for survival was ana-
lyzed using the Cox regression model in a multivariate analysis. A P value <
0.05 was considered statistically significant in all cases.

Results

1L-8 is an independent prognostic factor for patients with NPC

The clinicopathological characteristics of the 255 patients
with NPC are shown in Supplementary Table 1 is available at
Carcinogenesis Online. Survival analyses showed that a higher
level of IL-8 expression significantly correlated with shorter
overall survival, disease-free survival, and distant-metastasis-free
survival in patients with NPC (Supplementary Table 2 and
Figure 1 is available at Carcinogenesis Online). Multivariate
analyses further showed that a high IL-8 level in the primary
NPC was an independent prognostic factor for overall survival,
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Fig. 1. High IL-8 expression correlates with shorter overall survival, disease-free survival, and distant-metastasis-free survival in patients with
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Table 1. Multivariate analysis of OS, DFS, and DMFS in NPC patients
(COX regression model).

Characteristics HR 95% CI P value
oS Age (<46 vs 246) 0.611  0.406-0.92 0.018
Gender (female vs male) 0.706  0.426-1.169 0.176
Clinical staging (I+1I vs III+IV) ~ 0.343  0.182-0.645 0.001
IL-8 (low vs high level) 0.579  0.383-0.876 0.01
DFS Age (<46 vs 246) 0.93 0.545-1.586 0.789
Gender (female vs male) 0.999  0.534-1.869 0.998
Clinical staging (I+1I vs III+IV) ~ 0.594  0.298-1.184 0.139
IL-8 (low vs high level) 0.312 0.167-0.582 < 0.001
DMEFS Age (<46 vs 246) 0.846  0.439-1.63 0.618
Gender (female vs male) 0.746  0.326-1.707 0.487
Clinical staging (I+IT vs III+IV) ~ 0.448  0.174-1.156 0.097
IL-8 (low vs high level) 0.291  0.132-0.639 0.002

Abbreviation: OS, overall survival; DFS, disease-free survival; DMFS,
distant metastasis-free survival; HR, hazard ratio; CI, confidence interval;
IL-8, Interleukin-8. Bold P values are statistically significant.

disease-free survival, and distant metastasis-free survival of
patients with NPC (Table I). All of these findings suggest that
IL-8 may have an important role in promoting more aggressive
behavior of NPC cells.

IL-8 is highly expressed in high-metastasis NPC cells

In order to investigate the role of IL-8 in NPC progression, we used
the S18 clone, which has a high metastasis capability as evaluated
by the lymph node metastasis model (9, 10). The mRNA level for
IL-8 was found to be increased in S18 cells in comparison to that
in low-metastasis cell lines (Figure 2A), although all of the lines
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expressed the IL-8 receptors CXCR1 and CXCR2 (Supplementary
Figure 1 is available at Carcinogenesis Online). The secreted IL-8
protein level was also upregulated in S18 cells in comparison to that
of low-metastasis cell lines (Figure 2B). To better explore the role
of IL-8 in regulating NPC metastasis, we used a hepatic metasta-
sis model in nude mice created by intrasplenic injection of cancer
cells to generate a primary tumor and subsequent hepatic metastases.
S18 cells had an increased liver metastasis capability relative to low-
metastasis S26 cells (Supplementary Figure 2A and B is available at
Carcinogenesis Online), which was parallel to the increase in IL-8
expression.

Suppression of IL-8 inhibits migration, invasion, and

metastasis of NPC cells

To clarity whether IL-8 has a causal relationship with the metastatic
capability of NPC cells, we stably suppressed IL-8 expression in
S18 cells using shRNAs. Suppression of IL-8 mRNA (Figure 2C)
dramatically reduced the IL-8 protein secreted into the culture
medium (Figure 2D) and subsequently inhibited the migration and
invasion of S18 cells in vitro (Figure 2E). In vitro cellular growth
of S18 was not influenced by knocking down IL-8 (Supplementary
Figure 3A is available at Carcinogenesis Online). To further con-
firm that IL-8 was critical for in vivo regulation of NPC metasta-
sis, we used the animal liver metastasis model. Figure 2F shows
that liver metastasis was dramatically inhibited by suppressing IL-8
expression.

Overexpression of IL-8 promotes migration, invasion, and

metastasis of NPC cells

Stable overexpression of IL-8 in low-metastasis S26 and HONE-1
cells resulted in a high level of IL-8 secreted into the culture medium
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(Figure 3A), as well as enhanced migration and invasion (Figure 3B),
but cellular growth was not influenced (Supplementary Figure 3B
and C is available at Carcinogenesis Online). More importantly, ani-
mal experiments showed that overexpression of IL-8 dramatically
enhanced NPC metastasis in vivo (Figure 3C). These results showed
that IL-8 can promote NPC migration, invasion, and metastasis via an
autocrine secretion mechanism.

IL-8 induces epithelial-mesenchymal transition in NPC cells

The epithelial-mesenchymal transition (EMT) is a crucial step
for cancer cells in gaining metastasis capability (37). As shown in
Figure 3D, knocking down IL-8 in high-metastasis S18 cells resulted in
upregulation of the epithelial marker E-cadherin and downregulation
of the mesenchymal markers vimentin and fibronectin. On another
hand, overexpression of IL-8 in the low-metastasis S26 cells and
HONE-1 cells downregulated the epithelial marker E-cadherin and
upregulated the mesenchymal markers vimentin, N-cadherin, and
fibronectin.

AKT signaling is essential for IL-8 promotion of cellular

motility in NPC cells

High levels of total AKT and phosphorylated AKT were found in
S18 cells. Knocking down IL-8 in S18 cells could dramatically

reduce phospho-AKT level and also slightly affect total AKT
level (Figure 4A). Overexpression of IL-8 in S26 and HONE-1
cells upregulated phospho-AKT (Figure 4A); this effect could be
abolished by the phosphoinositide-3-kinase inhibitor LY294002
(Figure 4B). The total AKT levels were also slightly increased
by IL-8 overexpression in the low-metastasis S26 and HONE-1
cells (Figure 4A). The enhanced migration and invasion in S26
cells caused by overexpressing IL-8 was suppressed by LY294002
(Figure 4C), but it could also be abolished by knocking down AKT
using siRNA (Figure 4D.4E). All of these findings confirmed that
the IL-8 promotion of cellular motility in NPC cells depends on
AKT signaling.

Paracrine IL-8 stimulation can activate AKT signaling and
promote migration and invasion of NPC cells

Exogenous stimulation by use of recombinant IL-8 induced AKT
phosphorylation in a dose-dependent manner in low-metastasis
CNE-2 cells (Figure 5A). The enhancement of migration and
invasion of CNE-2 cells by exogenous IL-8 was dose-dependent
(Figure 5B). These findings confirmed that a paracrine IL-8
stimulation could also trigger cellular motility in NPC cells.
Consistent with the findings in IL-8 autocrine signaling, these
biological effects could be abolished by knocking down AKT
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using siRNA (Figure 5C,5D), suggesting that both the autocrine
and paracrine routes of IL-8 signaling similarly activated the
AKT pathway.

Discussion

Metastasis is the main obstacle in the current clinical management of
NPC. Preventing, predicting, and inhibiting NPC metastasis is there-
fore critical for further improving the survival rate of patients with
NPC. In the present study, IL-8 was found to be a strong metastasis
promoter for NPC. IL-8 has been proposed to be a potential drug tar-
get for several inflammatory diseases (38, 39), as well as for inhibiting
tumor angiogenesis (40). Based on the findings in the present study,
we believe that IL-8 can also be a potential drug target for preventing
and inhibiting NPC metastasis.

IL-8 has been found to have prognostic value in other malignancies,
including lung, prostate, gastric, and bladder cancer, and in
non-Hodgkin's lymphoma (24, 35, 36, 41-43) However, Liao and
colleagues failed to identify IL-8 as an independent prognostic factor
for patients with NPC (31). This may be due to a relatively small
patient cohort (N = 141) and follow-up quality: only 59.6% (84/141)
of the patients had follow-up information, with a mean follow-up time
of only 29.2 months). In the present study, we used a cohort of 255
patients; 100% of the patients had follow-up data, and the median
follow-up time was 69 months (mean, 65.1 months). Our results show
that IL-8 indeed was an independent prognostic factor for OR, DFS,
and DMFS of patients with NPC.
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The significant prognostic value of IL-8 could be explained by its
multifunctional characteristics (11, 44). IL-8 can induce migration
of endothelial cells through the activation of the phosphoinositide
3-kinase-Rac1/RhoA pathway (45). In prostate cancer, IL-8 activates
the AKT pathway and promotes translational regulation of cyclin D
(35). In the present study, NPC cellular motility was induced under
IL-8 stimulation, with no alteration in cellular proliferation being
induced by either knockdown or overexpression of IL-8 in several
NPC cell lines cultured in 10% serum. This suggests that under nor-
mal culture conditions, IL-8 mainly promotes the motility of NPC
cells without influencing proliferation. Our findings were very dif-
ferent from the observation in melanoma, in which IL-8 can promote
cancer cell proliferation (46). The phenotypic disparity induced by
IL-8 in different cancer types could be related to more complex sig-
naling mechanisms, including the involvement of Epstein—Barr virus
proteins in NPC progression, which can also induce IL-8 expression
(28-30).

IL-8 can induce an EMT of normal epithelial cells (47). Our
study showed for the first time that IL-8 induces EMT in cancer
cells when it promotes NPC metastasis, and these important func-
tions can be achieved by autocrine as well as paracrine signaling of
IL-8. The finding of paracine signaling strengthens the hypothesis
that detecting circulating IL-8 in patient serum might be useful for
prognosis prediction in patients with NPC. Our results also indi-
cated that increased cellular motility caused by IL-8 stimulation can
be eliminated by blocking AKT signaling, confirming that AKT is
a key signaling pathway by which IL-8 regulates the migratory and
invasive abilities of NPC cells. The fact that irradiation can activate
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Fig. 4. IL-8 promotes NPC cell migration and invasion through AKT activation. (A) Immunoblots of whole-cell lysates using
anti-phospho-AKT (Ser473) or anti-AKT (pan) antibody. (B) Immunoblots of whole-cell lysates from S26 cells expressing IL-8 or the empty
vector after pretreatment with 20 uM LY294002 for 30 min, using anti-phospho-AKT (Ser473) or anti-AKT (pan) antibody. (C) Migratory

and invasive abilities of S26 cells expressing IL-8 or the empty vector evaluated by Transwell assay after pretreatment with LY294002. (D)
Immunoblots of whole-cell lysates from S26 cells expressing IL-8 or the empty vector 36 h after transfection with AKT siRNA or a scrambled
siRNA, using anti-phospho-AKT (Ser473) or anti-AKT (pan) antibody. (E) Migratory and invasive abilities of S26 cells expressing IL-8 or the
empty vector as evaluated by Transwell assay after transfection with AKT siRNA or the scrambled siRNA. Photomicrographs are at 100x. Bars
correspond to mean + SD of three independent experiments. 3-actin served as the loading control.

AKT (34) further validates our suggestion that blocking the AKT
signaling pathway in addition to chemoradiotherapy is a promising
therapeutic strategy for reducing the risk of distant metastases in
patients with late-stage NPC.

In conclusion, IL-8 is an independent prognostic factor for overall
survival, disease-free survival, and distant-metastasis-free survival of
patients with NPC. IL-8 is highly expressed in high-metastasis NPC
cells and is able to promote NPC cell migration, invasion, and metas-
tasis via the activation of AKT signaling and the induction of EMT.
The IL-8 expression level in the primary tumor can therefore be used
for prognosis prediction in patients with NPC. Targeting IL-8 sig-
naling is a promising approach for prevention and treatment of NPC
metastasis.

Supplementary material

Supplementary Tables 1 and 2 and Figures 1-3 can be found at http://
carcin.oxfordjournals.org/
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