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ABSTRACT
Colorectal cancer (CRC) is the most commonly diagnosed cancer worldwide, and over 50% of
patients will develop hepatic metastasis during the course of their disease. CXCR4 and its ligand,
stromal cell-derived factor 1a (SDF-1a)/chemokine (C-X-C motif) ligand 12 (CXCL12) have been
revealed as regulatory molecules involved in the spreading and progression of a variety of tumors.
Here we have shown that lipopolysaccharides (LPS) promoted the migratory capacity of colon
cancer cells in vivo and in vitro, which correlated with the activation of SDF-1a/CXCR4 axis and
epithelial-mesenchymal transition (EMT) occurrence. Additionally, we found that LPS-induced
CXCR4 expression and EMT through NF-kB signaling pathway activation. And inhibition of NF-kB
pathway, which recovered the epithelial phenotype and attenuated CXCR4 expression, inhibited
cell migratory capacity. Clinically, high levels of CXCR4 always correlated with metastasis and poor
prognosis of CRC patients. In conclusion, LPS participate in the whole process of hepatic metastasis
of CRC, not only causing liver damage resulting in the production of SDF-1a, but also enhancing the
invasive potential of CRC cells by promoting CXCR4 expression and EMT occurrence, which would
contribute to the enhancement of cell migration and invasion.
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Introduction

Colorectal cancer (CRC) is the most commonly diag-
nosed cancer worldwide.1 Metastasis is the major cause
of death in patients with CRC, and surgery is the only
feasible therapy with very low mortality. The liver is the
most common site of distant spread of primary CRC,
and over 50% of patients will develop hepatic metastasis
during the course of their disease.2,3 Therefore, it is
important to uncover the biological mechanisms under-
lying liver metastasis of CRC and accelerate the develop-
ment of new treatment strategies.

Because large amount of microbes colonize in the gut,
the gut epithelium which acts as a first-barrier, is exposed
consistently to the microbes and microbial products.4 It is
becoming increasingly evident that the bacterial popula-
tion plays an important role in colon carcinogenesis.5 For
example, mutant mice that are genetically susceptible to
CRC were found to develop significantly fewer tumors
when maintained in germ-free conditions than in the
presence of a conventional microbiota environment.6

Lipopolysaccharides (LPS) are a major constituent of the
outer cell membrane of gram-negative bacteria, whose
levels are common elevated in the enteric cavity and por-
tal venous blood of the patients with CRC owing to the
intestinal obstruction, increased gut permeability, bacterial
overgrowth and changes in the composition of gut flora.7

And LPS can cause significant systemic inflammation.
LPS-induced systemic inflammation was shown to
increase hepatic recruitment of cancer cells in mice.8 In
addition, recent studies have reported that LPS exert
direct effects on carcinogenesis, tumor progress, invasion
and metastasis.9-12 And it could significantly augment the
cell adhesion and liver metastasis of human CRC cells.13,14

Recently, several studies have placed chemokines and
their receptors at the center of not only physiological cell
migration, but also pathological processes, such as metas-
tasis in cancer.15 Stromal cell-derived factor 1a (SDF-
1a)/CXCR4 axis is one of the few chemotactic systems
that characterizes one-to-one correspondence recipro-
cally between the ligand and receptor.16 The chemokine
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receptor CXCR4 was initially described to regulate the
homing of lymphocytes in inflammatory tissues.17 How-
ever, recent findings determined that the SDF-1a/
CXCR4 axis plays a key role in the local progression and
metastasis of various cancers including lung, pancreatic
and breast cancers, as well as the CRC.18-21 Several
researches have shown that strong expression of CXCR4
by CRC cells is significantly associated with liver metas-
tasis and poor survival in patients with CRC.22-26 As the
natural ligand of CXCR4, SDF-1a is highly expressed in
tissues of metastatic growth and attracts cancer cells to
these organs toward a concentration gradient.27

The aim of this work was to analyze whether LPS par-
ticipate in the whole process of hepatic metastasis of

CRC, not only causing liver damage resulting in the pro-
duction of SDF-1a, but also enhancing the invasive
potential of CRC cells by promoting CXCR4 expression
and epithelial-mesenchymal transition (EMT) occur-
rence, which would contribute to the enhancement of
cell migration and invasion.

Results

LPS contributed to hepatic metastasis of colon
cancer cells

Mouse splenic vein metastasis assay was performed to
detect the role of LPS in the hepatic metastasis of C26

Figure 1. LPS contributed to hepatic metastasis of colon cancer cells. (A) Mouse splenic vein metastasis assay was performed to detect the
role of LPS in the hepatic metastasis. (B) H & E staining was performed on serial sections of metastatic tumors and normal liver (£ 200).
(C) The numbers of nodules were quantified on mice livers (n D 10 per group). Values for individual mice are shown above the bars
(��P < 0.01, ���P < 0.001). (D) The maximum size of nodules was quantified on the surface of mice liver. Values for individual mice are
shown above the bars (��P< 0.01, ���P< 0.001). (E) The survival time of treated mice were monitored. C-PBS: PBS-challenged C26 cells;
C-LPS: LPS-challenged C26 cells; M-PBS: PBS-challenged BALB/c mice; M-LPS: LPS-challenged BALB/c mice.
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cells. We subjected BALB/c mice with acute liver injury
and the normal one, to combination with PBS and LPS-
treated C26 cells. The acute liver injury was induced by
intraperitoneal injections of LPS. Results showed that the
LPS-treated BALB/c mice with splenic vein injection of
LPS-challenged C26 cells formed much more and bigger
liver tumors than control (Fig. 1A–D). And LPS-treated
BALB/c mice with splenic vein injection of LPS-chal-
lenged C26 cells have poor survival rate (Fig. 1E). Results
above indicated that LPS enhanced the invasion and
migration of colon cancer cells, and LPS-induced liver
inflammation also contributed to the hepatic metastasis
of colon cancer cells.

LPS induced a SDF-1a/CXCR4 dependent migration
of colorectal cancer cells

SDF-1a/CXCR4 axis plays an important role in tumor
cell metastasis.28 In order to detect the influence of LPS
to SDF-1a/CXCR4 axis, the expression of SDF-1a and
CXCR4 was determined. We found that SDF-1a

expression was significantly increased in the liver of LPS-
challenged BABL/c mice (Fig. 2A, B). And real time cel-
lular analysis was used to determine the contribution of
SDF-1a to the migratory capacity of C26 cells. The
results showed that LPS-treated C26 cells displayed an
increased migratory ability when SDF-1a was presented
in the bottom chamber (Fig. 2C). To determine whether
LPS contribute to migratory ability in colon cancer cells
in vitro, the wound healing assay was performed. It
showed that LPS-disposed C26 cells migrated at a much
longer distance than control (Fig. 3A). Then we analyzed
the expression level of CXCR4, the data of RT-PCR
showed that LPS induced an increased levels of CXCR4
expression (Fig. 3B), which was consistent with the
immunohistochemistry (IHC) and western blot results
(Fig. 3C, D). Since CXCR4 was up-regulated in LPS-dis-
posed C26 cells, we next investigated whether it was a
key factor in the metastasis of C26 cells in vitro. The
results of transwell assays showed that additional supple-
mentation of CXCR4 inhibitor (AMD3100) significantly
decreased the invasiveness of LPS-challenged C26 cell

Figure 2. LPS induced SDF-1a expression, which was related to the hepatic metastasis of colon cancer cells. (A) The level of SDF-1a in
PBS and LPS-challenged mice was evaluated by ELISA (��P < 0.01). (B) The expression of SDF-1a in mice liver was measured by protein
gel blot. (C) Real-time migration assay (xCELLigence System, ACEA Biosciences Inc.) was used to detect the migratory of C26 cells (���P
< 0.001).
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lines compared to control (p < 0.001) (Fig. 3E). The
results above suggested that LPS induced the expression
of SDF-1a and CXCR4, which promoted the invasion of
CRC cells.

LPS promoted EMT phenotype in CRC cells

Additionally, in LPS-treated C26 cells, the mesenchymal
markers (Vimentin and Snail) were upregulated and epi-
thelial marker (E-cadherin) was downregulated (Fig. 4A–
D). The immunofluorescence results of E-cadherin and
Vimentin further support the finding that LPS induced
EMT in C26 cells (Fig. 4E). It means that C26 cells with
LPS treatment harbored EMT phenotype, which is
responsible for the invasive capacity of C26 cells.

LPS induced CXCR4 expression and EMT occurrence
through NF-kB pathway activation

To investigate whether nuclear factor-kB (NF-kB)
pathway is required for the up-regulation of CXCR4
and EMT in response to LPS, protein gel blot was
used to detect the IkB activation. The result showed
that IkB was phosphorylated in C26 cells with LPS
treatment (Fig. 5A). Then we used IkB inhibitor
(BAY11-7028) to block signaling pathway in C26
cells, and examined the level of CXCR4 expression
and EMT phenotype. We found that BAY11-7028 sig-
nificantly reduced the CXCR4 and EMT markers
induction in C26 cell line, compared to the control
(Fig. 5B–E), suggesting that NF-kB signaling is

Figure 3. LPS promoted CRC cells migration through upregulating CXCR4 expression in vitro. (A)The wound healing assay was employed
to determine the migration of PBS and LPS-disposed C26 cells. Cells were monitored 24 h to evaluate the rate of migration into the
scratched area (X40). (B, C and D) RT-PCR, western blot and immunofluorescence were used to detect CXCR4 expression in PBS and
LPS-disposed C26 cells, GAPDH was used as an internal reference for RT-PCR and protein gel blot. ��P < 0.01, ���P < 0.001. (E) Invasive-
ness of cells was determined using the Transwell assay (��P < 0.01, ���P < 0.001, X200).
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important for the upregulation of CXCR4 and EMT
markers in response to LPS stimulation.

High CXCR4 expression correlated with tumor
metastasis and poor prognosis

To understand the relationship between the CXCR4
expression and the characteristics of primary colorectal
tumors, we compared the clinicopathologic features
between the CXCR4 high expression group (n D 44) and
the low expression group (n D 36) (Fig. 6A, Table 1).
Table 1 shows the characteristics of patients and tumors.
The levels of carbohydrate antigen 19-9 in the high
expression group tended to be higher than those in the
low expression group (P D 0.031). And the rate of lymph
node metastasis and distant metastasis was significantly
more frequent in the high expression group than that in
the low expression group (P D 0.013, P D 0.024). More-
over, the overall survival rate in the high expression

group was significantly poorer than that in the low
expression group (Fig. 6B, P < 0.001). The data above
demonstrated that CXCR4 expression was correlated
with colorectal tumor metastasis and poor survival in
clinical.

Discussion

LPS are the major component of the outer membrane of
gram-negative bacteria and are pivotal in increasing the
metastatic potential of human CRC.29 In current work,
we found that LPS promoted the migratory ability of
CRC cells in vivo and in vitro, which through the activa-
tion of SDF-1a/CXCR4 axis and induction of EMT phe-
notype. And LPS upregulated CXCR4 expression and
EMT occurrence through NF-kB signaling pathway acti-
vation. And clinically, high expression of CXCR4 was
associated with the metastasis and poor prognosis of
CRC patients.

Figure 4. EMT contributed to the migratory capacity of LPS-disposed CRC cells. (A, B and C). RT-PCR was used to detect Vimentin, Snail
and Ecadherin expression in PBS and LPS-disposed C26 cells, GAPDH was used as an internal reference. �P < 0.05, ���P < 0.001. (D)
Western blot was used to detect Vimentin and Ecadherin expression in PBS and LPS-disposed C26 cells, GAPDH was used as an internal
reference. (E) Immunofluorescence was used to evaluate the expression of Vimentin and Ecadherin in PBS and LPS-disposed C26 cells.
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Figure 5. LPS induced CXCR4 expression and EMT through NF-kB pathway activation. (A)Western blot was used to detect the activation
of IkB in PBS and LPS-disposed C26 cells, GAPDH was used as an internal reference. (B, C, D and E) CXCR4, Vimentin, Snail and Ecadherin
expression were detected by RT-PCR. GAPDH was used as an internal reference. BAY11-7082: IkB inhibitor.

Figure 6. High CXCR4 expression correlated with tumor metastasis and poor prognosis. (A) The membranous expression of CXCR4 was
seen to be low in 36/80 of CRC tissues (left), and high in 44/80 (right). Magnification: £200. (B). Overall survival was analyzed in the
same cohort of CRC patients and the results showed that CRC patients in the high CXCR4 expression group also have poorer overall sur-
vival than those in the low CXCR4 expression group (P < 0.001). CRC: Colorectal cancer.
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Tumor metastasis is the main cause of cancer death,
it is particularly urgent to understand the mechanism
of organ-specific metastasis. Emerging evidences indi-
cated that SDF-1a/CXCR4 axis plays an important role
in the metastasis. In 2001, Muller et al. showed that
CXCR4 was expressed more highly in breast cancer tis-
sue than that in normal breast tissue, and SDF-1a was
expressed in many organs, such as bone marrow, lymph
nodes, and lungs, in which breast cancer metastases are
often found.19 Cancer cells expressing high levels of
CXCR4 are guided to organs expressing high SDF-1a,
and this attraction between SDF-1a and CXCR4 is con-
sidered to be closely associated with organ-specific
metastasis.24,30-33 In our work, we found that SDF-1a
was upregulated in injured liver tissue induced by LPS,
and in vitro, CXCR4 levels on the surface of C26 cells
were significantly increased by LPS. In order to investi-
gate the role of SDF-1a/CXCR4 in LPS-induced migra-
tion of C26 cells, a specific inhibitor of SDF-1a/CXCR4
axis, AMD3100, was used prior to LPS stimulation. The
results showed that AMD3100 significantly diminished
LPS-induced migration, which further indicated that
SDF-1a/CXCR4 axis was involved in LPS-induced
migration. Additionally, we analyzed the association of
CXCR4 expression and clinical characteristics, we found
that high CXCR4 expression was related to tumor
metastasis and poor prognosis.

The occurrence of EMT is closely related to the local
tumor microenvironment and tumor metastasis. EMT
has been proposed as a key process in embryonic devel-
opment and cancer progression, by which epithelial cells
acquire mesenchymal, fibroblast-like phenotypes with

reduced cell-to-cell adhesion, loss of cell polarity, with
increased migration and invasiveness.34 A variety of fac-
tors in the tumor microenvironment can promote EMT,
including IL-8, TGF-b and LPS.35 Previous study has
shown that LPS could increase b1 integrin-mediated cell
adhesion and liver metastasis, which was an important
marker of EMT.13 In this study, we treated the colon can-
cer cells with LPS in vitro to observe the occurrence of
EMT, with encouraging results. Stimulation by LPS
caused E-cadherin (the epithelial marker) to disappear,
Vimentin and Snail (the mesenchymal marker) to
increase. Thus, C26 cells acquired a mesenchymal phe-
notype through EMT induced by LPS.

Previous research has indicated that the NF-kB signal
transduction pathway might be involved in the process
of EMT.36 The NF-kB signaling pathway has been shown
to be involved in tumor cells migration and invasion.37

And, there have been studies which indicate that LPS
can activate NF-kB pathway.36,38 In order to verify
whether LPS affect the occurrence of EMT and CXCR4
expression via NF-kB in C26 cells, we used western blot
to detect NF-kB activity. The results showed that LPS
activated p-IkB. Blocking NF-kB pathway can inhibit
LPS-induced EMT, and also decrease CXCR4 expression.
These results indicated that NF-kB was involved in LPS-
induced EMT and CXCR4 expression in C26 cells. And
it suggested that CXCR4 may act as an EMT biomarker,
which still need further studies.

In conclusion, our data has shown that LPS promoted
the migration and invasion of colon cancer cells, which
involved the activation of SDF-1/CXCR4 axis and EMT
occurrence through NF-kB signaling pathway. And
CXCR4 participates in malignant behaviors and may
serve as a biomarker of metastasis in CRC, which will be
a new therapeutic target for the metastasis of CRC.

Materials and methods

Tissue samples

Primary CRC and metastatic liver cancer tissue samples
were obtained from 80 patients undergoing surgical
resection of primary CRC and/or liver metastasis at the
Department of Surgery, Changhai Hospital and Eastern
Hepatobiliary Surgery Hospital of the Second Military
Medical University from February 2007 to July 2010.
After resection, patients were followed up every
3 months. Sections were reviewed by 2 experienced path-
ologists to verify the histologic assessment. All the speci-
mens were adenocarcinoma. Prior informed consent was
obtained and the study protocol was approved by the
Ethics Committee of the Second Military Medical
University.

Table 1. Clinicopathologic features of the CXCR4 high expression
and low expression groups for CRC patients with primary tumors.

CXCR4

Clinicpathologic features Low (nD36) High (nD44) p value

Age (years)
<60 19 25 0.718
�60 17 19

Gender
Male 20 24 0.928
Female 16 20

CEA (ng/ml)
�5 ng/ml 18 13 0.062
>5ng/ml 18 31

CA19-9 (U/ml)
�35 U/ml 25 20 0.031

�

>35U/ml 11 24
Location (colon/rectum) 27/9 38/6 0.195

Tumor size (cm)
<5cm 21 31 0.258
�5 cm 15 13
Lymph node metastasis (C/¡) 9/27 23/21 0.013

�

Distance metastasis (C/¡) 13/23 27/17 0.024
�

CEA: carcinoembryonic antigen; CA 19-9: carbohydrate antigen 19-9;
�
P < 0.05
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Cell culture and treatments

The BALB/c mice colon cancer cell line, C26, was main-
tained in RPMI 1640 culture medium (GIBCO, Invitro-
gen, Carlsbad, CA, USA) supplemented with 10% fetal
bovine serum (FBS; GIBCO, Invitrogen), 100 units/ml
penicillin and 100 mg/ml streptomycin in a humidified
incubator under 95% air and 5% CO2 at 37�C.

For experiments with LPS treatment, cells which were
grown to 80% confluency were treated with 10 mg/ml
LPS (Sigma, St. Louis, MO, USA) for 24 and 48 hours,
respectively.

Animals and treatments

Male BALB/c mice, 6 to 8 weeks old, were purchased
from the Shanghai Experimental Animal Center of the
Chinese Academy of Sciences (Shanghai, China), which
were housed under pathogen-free conditions. Mice
received LPS at a 10mg/kg concentration to induce acute
liver injury, and all procedures were performed in accor-
dance with the institutional animal welfare guidelines of
the Second Military Medical University.

Mouse splenic vein metastasis assay

Cells were injected into the splenic vein of BALB/c mice
at 1 £ 106 cells/injection site. The mice were sacrificed
after 3 weeks and the numbers and size of surface liver
metastases were recorded.

Immunohistochemistry analysis

The sample processing and IHC procedures were per-
formed as described.39 Slides were independently
reviewed by 2 observers to evaluate the staining pattern
of the protein under the light microscope. Ten visual
fields were randomly selected from each slide. The results
were expressed as the percentage of tumor cells with a
positive stain. Thereafter, the percentage of CXCR4-posi-
tive tumor cells was scored on a scale of 0 to 4 (0: no
staining; 1: �10%; 2: 11% to 30%; 3: 31% to 50%; 4:
�50%). Furthermore, the expression level of CXCR4 was
divided into the following 2 groups according to score:
low (0, 1, 2) and high (3, 4).

Real-time quantitative PCR

Total RNA was isolated using TRIZOL (Invitrogen,
Carls-bad, CA, USA) and cDNA synthesis was per-
formed using the PrimeScript RT reagent Kit (Takara,
Kyoto, Japan) according to the manufacturer’s instruc-
tions. The mRNA expression of CXCR4 and EMT

markers (E-cadherin, Vimentin and Snail) were quanti-
fied by real-time quantitative PCR. Quantitative PCR
was performed using SYBR Green PCR Kit (Applied BI)
according to the manufacturer’s instructions.

Western blotting analysis

Western blot was performed according to a previous
study.40 Rabbit monoclonal anti-CXCR4, anti-Vimentin
and anti-Ecadherin antibodies (1:1000; Abcam, Cam-
bridge, UK); Rabbit monoclonal anti-SDF-1, anti-IkB,
anti-pho-IkB antibody (1:1000; Cell Signaling Technol-
ogy, Danvers, MA, USA), and a rabbit monoclonal anti-
b-actin and anti-GAPDH antibody (1:1000; Bioworld
Technology, St. Louis, MN, USA) were used. Western
blots were repeated 3 times for each sample.

Migration assays

Cell motility was examined by 3 different methods: (1)
Real-time migration assay41 (2) Wound-healing assay,42

and (3) Transwell assay.43 For real-time monitoring of
cell migration, the xCELLigence system was used; 5 £
104 cells/well were seeded onto the top chamber of a
CIM plate, which features microelectronic sensors inte-
grated on the underside of the microporous membrane
of a Boydenlike chamber. The medium with SDF-1a
(100 ng/ml) was added in the bottom chamber. CIM
plates were placed onto the Real-Time Cell Analyzer
(RTCA) station (xCELLigence System, ACEA Bioscien-
ces Inc., San Diego, CA). Cell migration was continu-
ously monitored by measuring changes in the electrical
impedance at the electrode/cell interface, as a population
of cells migrated from the top to the bottom chamber.
Continuous values are represented as cell index (CI), a
dimensionless parameter that reflects a relative change in
measured electrical impedance. For the wound-healing
assay, cells (1 £ 105) were seeded in 6-well plates and
incubated for 24h, monolayers were then scratched with
a pipette tip. Cell migration was recorded by phase con-
trast microscopy at 24 hours after wound scratch. For
the Transwell assay, Boyden chambers (8 mm pore size)
were coated with 200 ml Matrigel at 200 mg/ml and incu-
bated overnight. Cells (5£ 104) in medium with
AMD3100 (1 mg/ml) were plated in the upper chamber,
and the medium containing 5% FBS was added in the
lower chamber as a chemoattractant. After 24 hours of
incubation at 37�C, the cells were fixed in 4% formalde-
hyde and stained with crystal violet dye, and the cells
that invaded through the pores to the lower surface of
the filter were counted under a microscope. Three inva-
sion chambers were used per condition. The values
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obtained were calculated by averaging the total number
of cells from 3 filters.

Immunofluorescence staining

Cells (5£ 103) which had been pretreated by LPS
(10 mg/ml) or PBS for 48 hours were seeded on a 48-
well dish. After 24 hours, cells were washed with PBS,
fixed in 4% paraformaldehyde for 1 hour and permeabi-
lized with 0.1% Triton X-100 for 30 minutes at room
temperature. After incubating with the blocking solu-
tion (1% bovine serum albumin in PBS), the cells were
incubated with the primary antibodies at 4�C overnight
and then washed with PBS and finally incubated with
secondary antibodies at room temperature for 1 hour.
Nuclei were counterstained with DAPI (406-diamidino-
2-phenylindole) and the pictures were grapped by an
immunofluorescence microscope with the identical
exposure time.

Statistical analysis

All of the experiments were repeated at least 3 times.
Analysis of variance was performed using GraphPad
Prism 5.0 (GraphPad Software). Quantitative data was
expressed as mean§SD for each experiment. Significance
between groups was performed by a Student’s test. And
clinically, statistical analysis was performed using SPSS
20.0 for Windows (SPSS Inc.., Chicago, IL); differences
between categorical variables were assessed by chisquare
test or Fisher’s exact test. Log-rank test was used to com-
pare patients’ survival between subgroups. P < 0.05 was
considered statistically significant.

Abbreviations

CRC colorectal cancer
FBS fetal bovine serum
EMT epithelial-mesenchymal transition
IHC immunohistochemistry
LPS lipopolysaccharides
NF-kB nuclear factor-kB
SDF-1a stromal cell-derived factor 1a
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