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IL-8 induces the epithelial-mesenchymal transition of
renal cell carcinoma cells through the activation of AKT signaling
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Abstract. The epithelial-mesenchymal transition (EMT)
process has increasingly been examined due to its role in the
progression of human tumors. Renal cell carcinoma (RCC)
is one of the most common urological tumors that results in
patient mortality. Previous studies have demonstrated that
the EMT process is closely associated with the metastasis
of RCC; however, the underlying molecular mechanism has
not been determined yet. The present study revealed that
interleukin (IL)-8 was highly expressed in metastatic RCC.
IL-8 could induce the EMT of an RCC cell line by enhancing
N-cadherin expression and decreasing E-cadherin expression.
Furthermore, IL-8 could induce AKT phosphorylation, and
the phosphatidylinositol-4,5-bisphosphate 3-kinase inhibitor
LY294002 could inhibit the EMT of RCC cells that was
induced by IL-8. Therefore, these results suggest that IL-8 is
able to promote the EMT of RCC through the activation of
the AKT signal transduction pathway, and this may provide a
possible molecular mechanism for RCC metastasis.

Introduction

Renal cell carcinoma (RCC) is one of the most common tumors
of the urological system in humans (1). Treatment for this
disease is difficult due to its high metastatic tendency, as well
as its resistance to radiotherapy and chemotherapy (2). Patients
with RCC develop metastasis in ~33% of cases (3), which
causes ~35% of mortality (4-6). Recently, patients with RCC
are being diagnosed at increasingly younger ages (7). Approxi-
mately 20% of patients with RCC lose the possibility of radical
treatment approaches due to metastasis (3,8). Furthermore,
40-50% of those patients with localized advanced disease will
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ultimately progress to metastatic disease (9). Therefore, it is
important to determine the molecular mechanism of invasion
and metastasis in RCC.

The epithelial-mesenchymal transition (EMT) is an
important process in tumor metastasis (10). Tumor EMT
is a phenotypic switch that promotes the acquisition of a
fibroblastoid-like morphology by epithelial tumor cells,
increased expression of mesenchymal-associated proteins,
decreased expression of epithelial markers, and enhanced
tumor cell motility and invasiveness (11-13). A previous
study demonstrated that EMT contributes to the metastasis
of RCC (14). However, the underlying cellular and molecular
mechanisms have not been clarified yet.

As a critical chemoattractant, interleukin (IL)-8 is known
to participate in cancer progression (15). In recent years, an
association between IL-8, tumor EMT and tumor stemness
has been demonstrated (11,13,16). Previous research has
indicated that renal cancer cells in vitro are able to secrete
IL-8, particularly those cell lines that are undergoing EMT
and have metastatic potential (17). However, the role of IL-8 in
renal cancer progression and in the induction of EMT in RCC
remain unknown. The serine-threonine kinase AKT has been
demonstrated to participate in signal transmission pathways
in numerous types of cancer (18). The potential role of the
activation of AKT in RCC remains unclear. The present study
aimed to identify the potential role of IL-8 as well as that of
AKT activation in RCC to demonstrate a possible molecular
mechanism for RCC metastasis.

Materials and methods

Materials. The renal carcinoma 786-0 cell line was purchased
from the American Type Culture Collection (Manassas,
VA, USA). IL-8 and Super ECL Plus hypersensitivity
light-emitting solution were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Anti-IL-8 antibody was purchased from
Abnova (rabbit; polyclonal; catalog no. ABIN453704; Taipei
City, Taiwan), while anti-phospho-AKT (mouse; monoclonal;
catalog no. 12694) and anti-AKT (rabbit; monoclonal; catalog
no. 4691) antibodies were purchased from Cell Signaling
Technology, Inc. (Danvers, MA, USA) (all 1:1,000 dilu-
tion). Anti-B-actin (mouse; monoclonal; catalog no. sc8432),
anti-E-cadherin (mouse; monoclonal; catalog no. sc8426) and
anti-N-cadherin (mouse; monoclonal; catalog no. sc8424)
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antibodies were purchased from Santa Cruz Biotechnology,
Inc. (Dallas, TX, USA) (all 1:1,000 dilution). LY294002
(S1737), a phosphatidylinositol-4,5-bisphosphate 3-kinase
(PI3K) inhibitor, was purchased from Beyotime Institute of
Biotechnology (Haimen, China). RPMI 1640 was purchased
from Invitrogen (Thermo Fisher Scientific, Inc., Waltham,
MA, USA). Fetal bovine serum (FBS) was purchased from
HyClone (GE Healthcare Life Sciences, Logan, UT, USA).
The culture plates were purchased from Corning Incorpo-
rated (Corning, NY, USA). Phenylmethane sulfonyl fluoride
and bovine serum albumin were purchased from Gen-View
Scientific Inc. (El Monte, CA, USA). Polyvinylidene fluoride
membranes were purchased from EMD Millipore (Billerica,
MA, USA). Western blot and immunoprecipitation cell lysates
were prepared in the laboratory.

Cell culture. The human RCC 786-0O cell line was maintained
in RPMI 1640 medium supplemented with 10% FBS at
37°C and 5% CO,. To determine the cellular growth curve,
5x10* cells suspended in 2 ml medium were seeded into a
6-well plate and cultured under normal conditions. At 24 or
48 h after seeding, the cells in each well were trypsinized and
counted.

Clinical data and renal cancer tissues. A total of 20 fresh
RCC tissues and their corresponding paired adjacent
non-cancerous tissue samples were randomly selected from
patients undergoing laparoscopic radical nephrectomy at the
Sun Yat-sen Memorial Hospital (Guangzhou, China) from
January 2009 to December 2011. The tissues were collected
and processed immediately within 15 min. Each sample was
frozen and stored at -80°C. The paired non-cancerous tissues
were isolated from =1 cm away from the tumor border and were
demonstrated to lack tumor cells by microscopy. All patients
in the present study met the following inclusion criteria: The
resected mass was identified as RCC by pathological exami-
nation; no anti-cancer treatments were administered prior
to surgery; and complete resection of all tumor nodules was
verified by the cut surface being free of cancer by pathological
examination. Enzyme-linked immunosorbent assay was
performed to detect the supernatant prepared for determining
the IL-8 according to the manufacturer's protocol (Bray Leino
Group Ltd., Chicago, IL, USA).

IL-8-mediated induction of EMT in 786-0 cells. 786-0 cells
were cultured for 24 h in RPMI 1640 containing 10% FBS
at 37°C and 5% CO,. When the cells reached a density of
30-50%, the medium was replaced with serum-free medium
for 12 h. Subsequently, the medium was replaced again in the
experimental group, which had IL-8 added at a concentration
of 100 ug/l, whereas the control group had normal medium
culture without additional IL-8. In accordance with the experi-
mental design, cells were collected at 96 h after the follow-up
test, as shown in Fig. 1.

Migration and invasion assays. Migration and invasion assays
were performed as described in the BD Biosciences Opera-
tions Guide (19). Briefly, 100 ul Matrigel was added to the
upper filters of the cell culture inserts, and immediately placed
in a culture plate. Subsequently, the 786-O cell density was
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Figure 1. IL-8 promotes epithelial-mesenchymal transition in renal cell
carcinoma cells. (A) Morphology of 786-0 cells in the IL-8-treated and
untreated groups. Photomicrographs were acquired at x100 magnification.
(B) Immunoblots were performed with antibodies against the indicated
antigens in whole-cell lysates. The expression of the E-cadherin epithelial
cell marker and the N-cadherin mesenchymal cell marker were examined
in 786-0 cells following stimulation with IL-8. IL-8, interleukin-8; un,
untreated; cad, cadherin.

adjusted to 5x10° cells/ml. RPMI 1640 medium with or without
1L-8 was then added to the lower filters, and 1x10° cells were
added into the upper filters and incubated for the indicated
time. The migrated or invaded cells in the lower filters were
fixed and counted under a microscope.

Proliferation assay. 786-0 cells were collected, and the cell
suspension was adjusted to a concentration of 5x10* cells/ml.
The cell culture medium, with or without IL-8, was added to
the experimental and control treatment groups, and incubated
for the indicated time. Subsequently, 20 pl 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) solution
was added into each well and later removed. Dimethyl sulf-
oxide was then added into each hole of the 96-well plates,
incubated for 10 min, and the absorbance was detected in a
microplate reader immediately after the crystals were fully
dissolved.

Western blotting. MSCs at ~75% confluence were harvested and
the cell density was adjusted to 1x10%ml. The cell suspension
was added to 6-well plates (3 ml/well, 3x10%well). The cells
were maintained in serum-free medium overnight. In the IL-8
group, the cells were treated with IL-8 for 15, 30 and 60 min,
while in the anti-CXCR2 group, the cells were pretreated with
anti-CXCR?2 antibodies for 30 min and then with IL-8 for 15,
30 and 60 min. Next, these cells were washed twice with cold
phosphate-buffered saline and were transferred into centrifuge
tubes, followed by centrifugation at 1,800 x g for 4 min. The
supernatant was removed. The cells were mixed with lysis
buffer (80 xl) and pipetted. The lysate was kept on ice for
15 min, followed by centrifugation at 12,000 x g at 4°C for
10 min. The supernatant was collected (60 xl) and mixed with
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Figure 2. IL-8 expression level correlates with the metastatic ability and the staging of RCC, but not with the size of renal tumors. (A) IL-8 protein level in
the RCC tissue compared with that in the normal tissue in the kidney. "P<0.05 vs. normal tissue. (B) Protein levels of IL-8 in the different tumor sizes, as
determined by ELISA. (C) Expression of IL-8 in RCC and metastatic RCC, as determined by ELISA. "P<0.05 vs. RCC. IL-8, interleukin-8; RCC, renal cell
carcinoma; M-RCC, metastatic renal cell carcinoma; ELISA, enzyme-linked immunosorbent assay.

4% sodium dodecyl sulfate (20 pul), followed by heating at 95°C
for 5 min. Proteins were subjected to 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and then were
transferred onto a polyvinyldifluoride (PVDF) membrane.
The PVDF membrane was blocked in 5% skimmed milk in
1X Tris-buffered saline containing 0.05% Tween-20 (TBST)
at room temperature for 60 min. The membrane was incubated
with the corresponding antibody (dilution, 1:1,000) at 4°C
overnight (10 ml of 1X TBST, 0.5 g bovine serum albumin, and
10 ul of 1-mg/ml antibody). The membrane was washed with
TBST and then treated with horseradish peroxidase-conju-
gated goat anti-rabbit secondary antibody (dilution, 1:5,000)
at room temperature for 1 h. Subsequent to washing in TBST,
visualization was performed with an enhanced chemilumines-
cence kit, and bands were observed with a gel image system.
Similar procedures were employed to detect the expression of
[-actin. The expression of target proteins was normalized to
that of f-actin.

Statistical analysis. Experimental data are presented as the
mean = standard deviation. SPSS 13.0 software (SPSS, Inc.,
Chicago, IL, USA) was used for statistical analysis. Student's
t test was used to compare two independent groups of data.
P<0.05 was considered to indicate a statistically significant
difference.

Results

IL-8 is highly expressed in RCC. In several tumor types,
including lung, colon and breast cancer, the expression of
IL-8 is elevated in tumor tissues compared with normal
tissues (20,21). In agreement with these results, the present
study revealed that IL-8 is highly expressed in RCC compared
with normal tissues (Fig. 2A). Notably, high IL-8 expression
was not correlated with the size of the tumor (Fig. 2B). In addi-
tion, the present study revealed that IL-8 is highly expressed
in metastatic RCC (Fig. 2C). These results demonstrated that
IL-8 expression level is associated with the metastatic ability
of RCC cells.

IL-8 can induce EMT in RCC cells. Tumor EMT involves
a phenotypic switch that promotes the acquisition of a
fibroblastoid-like morphology by epithelial tumor cells, and

it is an important step for cancer cells to acquire metastatic
capability (11,22). To study the potential role of IL-8 in the
metastatic ability of RCC, the induction of RCC EMT induced
by IL-8 was tested. The 786-0 cells at ~75% confluence were
divided into two groups, the control group (cultured without
IL-8) and the IL-8-treated group (experimental group). As
shown in Fig. 1A, after being cultured for the indicated time,
the morphology of the 786-O cells in the IL-8 group had
changed, switching from epithelial tumor cell morphology to
fibroblastoid-like morphology, and reducing cell polarity and
cell-to-cell contacts. In contrast, the morphology of 786-O
cells cultured without IL-8 remained unchanged. Western blot
analyses demonstrated reduced expression of the E-cadherin
epithelial marker and upregulation of the N-cadherin mesen-
chymal marker in the IL-8-stimulated 786-O cells (Fig. 1B),
which is the most important characteristic of cancer cells
undergoing EMT (23). These observations suggested that IL-8
may aid 786-0 cells to reduce their polarity, enhance their
motility and acquire a fibroblastoid-like morphology. Further-
more, IL-8 was able to upregulate mesenchymal markers
expression and downregulate epithelial markers expression in
these cells, indicating that IL-8 can induce EMT in RCC cells.

IL-8 promotes migration and invasion of RCC cells without
affecting cell proliferation. Tumor cells undergoing EMT
reduce their polarity and cell-to-cell contacts, and increase
their motility and invasiveness, which may be important in
tumor metastasis and progression (24). To determine the
effect of IL-8 on 786-0 cell migratory ability and invasive-
ness propensity, migration and invasion assays were used. As
shown in Fig. 3A and B, the quantity of cells that penetrated
through the matrigel was much larger in the IL-8-stimulated
group than in the normal group. However, the cellular growth
was not influenced when evaluated by MTT assay (Fig. 3C).
These results demonstrated that IL-8 can promote RCC cells
migration and invasion, and as a result, it may also promote
RCC metastasis, although it had no effect on the proliferation
of RCC cells.

IL-8 can enhance the levels of phosphorylated AKT in RCC
cells. The PI3K/AKT is an important signaling pathway and
correlates with the progression of multiple malignant tumor
types (25). AKT, also called protein kinase B, is regarded as
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Figure 3. IL-8 promoted the migration and invasion of renal cell carcinoma cells. (A) The migratory and invasive abilities of 786-O cells stimulated with
IL-8 or not were evaluated by Transwell assays. Photomicrographs were obtained at x100 magnification. (B) Number of migrated 786-O cells/field in the
IL-8-treated and untreated groups. (C) Number of viable 786-0O cells/field in the IL-8-treated and untreated groups, as evaluated by 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide assay. IL-8, interleukin-8; un, untreated.
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Figure 4. IL-8 promotes AKT activation in renal cell carcinoma cells.
Immunoblots of whole-cell lysates following IL-8 stimulation for different
time periods showing the levels of phosphorylated and total AKT. IL-8,
interleukin-8; p-AKT, phosphorylated AKT.

the most important downstream signaling molecule of PI3K,
and is activated following phosphorylation (26). According
to recent research, the PI3K/AKT signaling pathway is
involved in EMT of numerous tumor cells (27,28). To study
the mechanism by which IL-8 promotes EMT in RCC, the
levels of phosphorylated AKT were examined in 786-O cells
following stimulation with different concentrations of IL-8.
It was observed that appropriate IL-8 stimulation (100 ug/l)
for 15, 30 or 60 min could noticeably enhance the levels of
phosphorylated AKT (Fig. 4). These results suggested that
IL-8 may be a critical factor to activate AKT, and this may
be one of the important mechanisms for regulating EMT of
RCC cells.

IL-8 participates in regulating the EMT of RCC cells through
the activation of AKT signaling. As mentioned above, IL-8 can
elevate the phospho-AKT level, which activates the PI3K/AKT
signaling pathway. Consequently, IL-8 may promote the
migration and invasion of RCC cells. To further examine the
role of IL-8 in regulating the EMT of RCC, LY294002 was
used to inhibit AKT activation. The induction of EMT caused
by IL-8 was suppressed by LY294002 (Fig. 5). These results
indicate that AKT signaling is essential for IL-8 promotion of
cellular motility in RCC cells.
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Figure 5. IL-8 promotes RCC cell EMT through AKT activation.
(A) Immunoblots of whole-cell lysates using an anti-AKT (pan) antibody
upon stimulation with IL-8. RCC EMT was evaluated by detecting the
expression of E-cadherin and N-cadherin in 786-O cells. -actin served
as the loading control. (B) Possible mechanism by which IL-8 induces the
EMT of RCC cells. IL-8, interleukin-8; p-AKT, phosphorylated AKT; cad,
cadherin; EMT, epithelial-mesenchymal transition; I-AKT, AKT inhibitor;
RCC, renal cell carcinoma.
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Discussion

The metastasis of RCC remains an intractable problem in the
clinic, mainly because it is not known exactly how RCC cells
acquire their invasive ability (29). The present study demon-
strated that IL-8 was highly expressed in metastatic RCC and
it could induce the EMT of RCC cells, which was associated
with AKT phosphorylation, and suggested that IL-8 may
induce the EMT of RCC by AKT signaling activation. This
may be a potential mechanism for RCC metastasis.
Malignant tumor progression consists of distinct steps,
including tumor growth, angiogenesis and EMT (30). RCC
is one of the most common malignant tumors of the urinary
system, and the main obstacle that remains in the current clin-
ical management is its metastatic propensity and resistance to
chemotherapy, radiotherapy and immunological therapy (31).
Multiple studies have revealed that EMT induction in human
carcinoma cells is closely associated with the enhanced
secretion of numerous cytokines and chemokines, as well as
with the metastasis of several solid carcinomas, including
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renal cancer (32,33). However, the exact mechanism of these
pathological processes is not clear. Elucidating the mechanism
underlying RCC metastasis, which could lead to improved
treatments, is of considerable significance.

IL-8 is akey chemokine that is important in inflammation and
cancer (34). Increasing evidence in the literature has supported
the role of IL-8 as a critical factor for tumor growth, angiogen-
esis, metastasis and development of tumors (35). Furthermore,
it may be the connecting factor between tumor cells and the
tumor microenvironment. Tumor cells tend to undergo EMT
within the tumor microenvironment, and then gain motility and
invasive properties, and IL-8 is considered to play a significant
role in this process (36). In melanoma, tumor-derived IL-8 has
been demonstrated to promote tumor cell proliferation, survival
and migration via its autocrine activity (34). The present study
revealed that IL-8 was highly expressed in metastatic RCC
cells, and was able to promote 786-O cell migration and inva-
sion. These results suggest an important potential mechanism
for renal cancer metastasis, and IL-8 may be a potential drug
target for preventing and inhibiting RCC metastasis.

In recent years, the importance of EMT in the progression
of carcinomas has been demonstrated. It has been revealed
that tumor cells undergoing EMT have the potential to reduce
the expression of basement membrane constituents (collagen
type I'V and laminins) and to augment the secretion of extracel-
lular matrix constituents (osteonectin and collagen type I) (37).
Consequently, tumor epithelial cells actively downregulate
cell-cell adhesion systems, lose polarity and acquire a mesen-
chymal phenotype with reduced intercellular interactions (38).
In the present study, the motility and invasiveness of 786-O
RCC cells undergoing EMT were noticeably enhanced, and
this phenomenon was positively correlated with IL-8. Upon
IL-8 stimulation, 786-0 cells reduced the expression of epithe-
lial markers (E-cadherin) and upregulated the expression of
mesenchymal markers (N-cadherin), acquired a phenotypic
switch of EMT, and improved their ability to penetrate through
matrigel. The present data demonstrated that IL-8 could induce
EMT in renal cancer cells and may promote RCC metastasis.

Activation of the PI3K signaling pathway is highly preva-
lent in tumor growth, and it serves as a relay where signals
that emanate from the cell membrane are received and are
converted into intracellular signals that promote proliferation
and survival (39). The phospho-AKT level is a classic indicator
to evaluate AKT activity (40). Okui et al demonstrated that the
PI3K/AKT signaling pathway is closely associated with EMT
induction and human tumor development (41). In the present
study, IL-8 stimulation could noticeably enhance the phos-
phorylated AKT levels as well as the motility and invasiveness
of RCC cells. Furthermore, when AKT signaling was blocked
using LY294002 to inhibit AKT activation, the induction of
EMT mediated by IL-8 stimulation could be eliminated. This
observation indicated that AKT is a key signaling pathway by
which IL-8 regulates the migratory and invasive abilities of
RCC cells. Taken together, these data indicate that IL-8 may
induce EMT of RCC through the activation of AKT signaling.

In conclusion, the results of the present study demonstrated
that IL-8 is highly expressed in metastatic RCC, and it can
promote 786-0 cell migration and invasion by inducing EMT
via the activation of AKT signaling. However, there are
various other signaling pathways such as the nuclear factor-xB
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signaling pathway that also are important in the induction
and maintenance of EMT (42). The impact that EMT plays
on tumor metastasis is still controversial (43-45). To better
understand the exact mechanisms of tumor metastasis and its
association with EMT and IL-8, further studies are required
to characterize other signaling pathways, as well as the pheno-
type of RCC cells, in the future.
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