











CXCL12 plays a critical role in human endometrial cancer
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Figure 2. Serum levels of CXCR4 (A-D) and CXCL12 (E) in endometrial cancer.
CXCR4 is not expressed in normal endometrium (A), weakly expressed in
simple hyperplasia endometrium (B) and atypical hyperplasia endometrium
(C), and strongly expressed in endometrial adenocarcinoma (D). (DAB, origi-
nal magnification x200). The accumulated concentration of CXCL12 in the
culture medium of Ishikawa cells was examined by ELISA. Purified Ishikawa
cells were seeded at 2x10%, 5x10%, 6x10%, 8x10* cells/ml. Cell culture su-
pernatants were collected and measured after 12, 24, 36, 48, 60, 72, 84
and 96 h of culture. The results showed that CXCL12 accumulated in the
medium during the course of culture (E). Each point represents the mean +
SD obtained from duplicate dishes, and the data are representative of two
independent experiments. Error bars depict the standard error of the mean.

um by semi-quantitative RT-
PCR, and found that CXCR4
MRNA expression level was
significantly higher in endo-
metrial cancer cells as com-
pared to normal endometri-
um cells (P<0.01), with the
ratios of the band intensities
of CXCR4 to GAPDH being
0.503 and 0.281 (mean val-
ues), respectively (Figure 1).

CXCR4 protein expression in
endometrial cancer

Immunohistochemical stain-
ing showed that CXCR4 pro-
tein expression was positive
in 69.23% (54 of 78) of en-
dometrial cancer samples,
57.14% (8 of 14) of atypical
hyperplasia samples, 46.88%
(15 of 32) of simple hyperpla-
sia, and 31.82% (7 of 22) of
normal endometrium sampl-
es. As compared to those in
atypical hyperplasia, simple
hyperplasia and normal endo-
metrium cells, CXCR4 protein
expression was significantly
higher in endometrial cancer
cells. (P<0.05). The staining
intensity was also stronger in
tumor cells as compared to
atypical and normal cells
(Figure 2A-D). However, no
correlation was found betw-
een CXCR4 protein expres-
sion and clinicopathological
parameters, including patient
age, tumor grade, and tumor
stage (Table 1), suggesting
that CXCR4 overexpression is
an early event in endometrial
carcinogenesis.

compare the relationship between the different
groups. P<0.05 was considered to be signifi-
cant. Data are presented as the mean + SD.

Results

CXCR4 mRNA expression in endometrial can-
cer as compared to normal endometrium

We analyzed CXCR4 mRNA expression in endo-
metrial cancer and normal cycling endometri-
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Secretion of CXCL12 by Ishikawa cells

Ishikawa cells constitutively secreted CXCL12
at a nearly constant and high rate in 48 h cul-
ture, after which the secretion rate decreased
weakly (Figure 2E). Serum CXCL12 level was
correlated positively with the plating density.
CXCL12 secretion level of Ishikawa cells was
3.187+0.399 ng/ml after culturing for 96 h at a
density of 2x10* cells/ml, which was signifi-
cantly lower than those seeded at 5x10* cells/
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Table 1. Relationship between CXCR4 expression and clinico-

pathological features of endometrial cancer

trol (FAM-neg) were successfully
constructed and tested for their

ability to knockdown CXCR4 ex-

Total Number of Number Positive o .
Characteristic Number CXCR4  of CXCR4 Rate P pression In Ishikawa cells. Trans-
negative  positive (%) fection with Cxcr4-homo-960 re-
Tissue Type sulted in a reproducible decrease
Normal in the expression level of CXCR4
Endometrium 29 15 7 31.82 mMmRNA and protein, whereas tra-
Simple nlsfecti:])n wiF':r':lAFAM(—jneg did not
. alter the m and protein ex-
Er_ldometnum 32 1 15 46.88 05 pression levels of CXCR4. Results
Atypical showed that transfection with
Endometrium 14 6 8 5714 0.025% Cxcr4-homo-960 significantly re-
Endometrial duced the proliferation of Ishi-
Adenocarcinoma 78 24 54 69.23 0.01* kawa cells in 48 h and 72 h cul-
Patient age (years) tures (Figure 3B), suggesting that
<50 23 16 7 30.43 1.00 CXCL12 induced cell proliferation
>50 55 17 38 69.09 in combination with its receptor
Tumor grade CXCRA4.
1 27 4 23 85.19 ~0.022 AMD3100 inhibits the migra-
23 51 20 31 60.78 tion of Ishikawa cells induced by
Tumor stage CXCL12
la 35 8 27 7714
Ib 25 10 15 60.00 0.353 To evaluate the role of CXCL12 in
11111 18 6 12 66.67 Ishikawa cell migration, AMD3100
Tumor type 0.975 was used to block the associa-
I 70 21 49 70.00 tion between CXCL12 and CXCRA4.
1111 8 3 5 62.5 As shown in Figure 4, 100 ng/ml
*P<0.05 as compared to normal endometrium. of CXCL12 significantly increased
Ishikawa cell migration, and this
effect was significantly blocked by
ml (7.509+0.434 ng/ml), 6x10* cells/ml AMD3100. Stimulation of Ishikawa cell migra-
(9.101+0.580 ng/ml) and 8x10* cells/ml tion was readily apparent upon microscopic

(11.902+0.716 ng/ml) (Figure 2E).

CXCR4 silencing inhibits the proliferation of
Ishikawa cells induced by CXCL12

CXCL12 induced Ishikawa cell proliferation in a
dose-dependent manner. The number of viable
Ishikawa cells increased significantly as com-
pared to the negative control with 10 ng/ml of
CXCL12. Higher proliferation of Ishikawa cells
was observed after treatment with 100 ng/ml
and 300 ng/ml of CXCL12. Meanwhile, addition
of AMD3100 completely inhibited the stimula-
tory effect of exogenously administered CXCL12
(Figure 3A).

To further explore the role of CXCL12 in Ishika-
wa cell proliferation, three recombinant CXC-
R4 siRNAs (Cxcr4-homo-960, Cxcrd-homo-370
and Cxcr4d-homo-1609) and one negative con-
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examination of the lower surface of the filter.
Therefore, we speculate that CXCL12 could
induce migration of Ishikawa cells by combining
with its receptor CXCRA4.

CXCR4 silencing inhibits the invasion of
Ishikawa cells induced by CXCL12

As shown in Figure 5A, CXCL12 caused a spe-
cific dose-dependent increase in Ishikawa cell
invasion. This stimulatory effect on cell inva-
sion was first seen with 10 ng/ml of CXCL12
(P<0.05), and was approximately 1.9-fold high-
er with 300 ng/ml of CXCL12. The stimulation
of Ishikawa cell invasion by CXCL12 was com-
pletely inhibited by AMD3100. To confirm the
role of CXCL12/CXCR4, we then inhibited the
expression of CXCR4 using three recombinant
CXCR4 siRNAs (Cxcr4-homo-960, Cxcr4-homo-
370 and Cxcr4-homo-1609). The invaded cells
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Figure 3. CXCL12 treatment induced proliferation
of Ishikawa cells (A), and CXCR4 silencing inhibited
the proliferation of Ishikawa cells (B). Treatment with
CXCL12 induced significant proliferation of Ishikawa
cells in a dose-dependent manner. This stimulatory
effect could be inhibited by AMD3100 (A). siRNA-
mediated knockdown of CXCR4 significantly reduced
the proliferation of Ishikawa cells in 48 and 72 h cul-
tures (B). Results were highly reproducible in six in-
dependent experiments. *P<0.05. Error bars depict
the standard error of the mean.
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Figure 4. Inhibition effect of CXCL12 and CXCR4
inhibitor AMD3100 on migration of Ishikawa cells.
Migration of Ishikawa cells was stimulated by treat-
ment with 100 ng/ml of CXCL12, and inhibited by
AMD3100. Addition of AMD3100 blocked cell migra-
tion induced by CXCL12. The viability of Ishikawa
cells was found to be > 70% using 0.1% crystal vio-
let staining. *P<0.05, **P<0.01, versus the control
group. Error bars depict the standard error of the
mean.
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were readily apparent upon microscopic exami-
nation of the lower surface of the filter (Figure
5B). RT-PCR and Western blot analysis indic-
ated that transfection with Cxcr4-homo-960
resulted in a reproducible significant decrease
in CXCR4 expression compare with the other
two CXCR4 siRNAs and FAM-neg. This suggest-
ed that CXCR4 silencing significantly reduced
Ishikawa cell invasion (P<0.05) (Figure 5C).

CXCR4 silencing induces S-phase arrest and
apoptosis of Ishikawa cells

Transfection with CXCR4 siRNA significantly in-
creased the number of S-phase Ishikawa cells
compared with non-transfected cells (P<0.01,
Figure 6A). Therefore, CXCR4 silencing induces
S-phase cell cycle arrest, and down-regulates
the proliferation of endometrial cancer cells.
Similarly, CXCR4 silencing induced Ishikawa
cell apoptosis as compared to the control cells.
The apoptosis rate of CXCR4-siRNA group was
39.29+0.43%, which was significantly higher
than those in siRNA-control (10.81+0.38), vec-
tor-control (11.29+0.63) and blank-control
group (9.65+0.52), respectively (P<0.01, Fig-
ure 6B).

Discussion

CXCR4 was shown to be over-expressed in all
types of human cancers, including endometrial
cancer. In this study, we compared the expres-
sion levels of CXCR4 in endometrial cancer wi-
th atypical hyperplasia endometrium, simple
hyperplasia endometrium and normal endome-
trium. We demonstrated that the mRNA and
protein levels of CXCR4 were significantly up-
regulated in endometrial cancer as compared
to atypical, simple hyperplasia and normal
endometrium. Furthermore, continuous secre-
tion of CXCR4 ligand, CXCL12 was found in
Ishikawa cells. These findings indicate that
CXCR4 plays an important role in endometrial
carcinogenesis.

RNAi uses short RNA duplexes of defined
sequences to silence a target gene [12], and is
an important technique for knocking down
gene expression to study gene function. For our
study, we designed and successfully construct-
ed three CXCR4 gene expression vectors with
double-stranded RNAIi and verified that three
of them (Cxcr4-homo-960, Cxcr4-homo-370,
Cxcrd-homo-1609) were effective, with Cxcr4-
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Figure 5. Invasion capacity of Ishikawa cells significantly increased after
CXCL12 treatment (A) and decreased after CXCR4 silencing (B and C). Treat-
ment with CXCL12 significantly induced Ishikawa cell invasion in a dose-de-
pendent manner. This stimulatory effect could be completely inhibited by
AMD3100 (A). siRNA-mediated knockdown could reduce the invasion capac-
ity of Ishikawa cells. Results were highly reproducible in five independent
experiments, and (B) is a representative example. The penetrating cells in
CXCR4-siRNA group reduced significantly as compared to the three control
groups (C), *P<0.05, **P<0.01 versus control group. ##P<0.01. Error bars

CXCR4- SiRNA- Vector- Blank-
SiRNA

control control control

depict the standard error of the mean.
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homo-960 being the most
effective in knocking down
CXCR4 gene expression in
Ishikawa cells. In contrast,
the negative sequence (FAM-
neg) did not knockdown CX-
CR4 gene expression.

CXCR4 is a regulator of spin-
dle microtubule function dur-
ing mitosis, and an inhibitor
of apoptosis. CXCL12/CXCR4
axis has been shown to play
an important role in targe-
ting cancer cells to metas-
tasis sites. Recently, CXCR4
was found positive in at least
23 malignancies, and its ex-
pression level was significant-
ly increased in many malig-
nancies. Dominguez et al. fo-
und that CXCR4 expressed
during the whole menstrual
cycle, and its expression lev-
els changed in different phas-
es of the cycle [13]. Mizokami
et al. found that CXCR4 was
always expressed in endome-
trial cancer cell lines and tis-
sues [14], and the expression
of CXCL12/CXCR4 was higher
in well-differentiated carcino-
ma than in poorly differentiat-
ed carcinoma. Tsukamoto et
al. found that the expression
of CXCR4 increased along
with the tumor infiltration ex-
tent in endometrial cancer
samples, which was consis-
tent with our previous study.

In the present study, we found
that the expression of CXCR4
MRNA in Ishikawa cells was
consistent with previous stu-
dies. Although CXCR4 is hig-
hly expressed during the cell
cycle and over-expression of
CXCR4 may overcome the ch-
eckpoint to enforce progres-
sion of cells through mitosis,
we observed that knockdown
of CXCR4 expression caus-
ed S-phase cell cycle arrest.
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Figure 6. Induction of S-phase cell cycle arrest and apoptosis in Ishikawa cells by CXCR4 RNAI. After transfection for 72 h, Ishikawa cells were subjected to fluores-
cence-activated cell sorting analysis to determine the cell cycle distribution based on DNA content (A) and apoptosis (B). CXCR4-siRNA group showed higher S-phase
accumulation (P<0.01) and apoptosis rate (P<0.01) as compared to the control group. Results were highly reproducible in three independent experiments, and
(A and B) are representative examples.
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Thus, CXCR4 could regulate the phase check-
point in endometrial cancer.

In several recent studies, CXCL12/CXCR4 was
blocked using CXCR4 antagonists such as
T140, AMD3100 and vMIP-Il to change the
expression of cytoskeleton, suppress actin
polymerization and dissociation, promote pseu-
dopodia formation, and inhibit cell migration in
order to suppress the metastasis of malignant
cells, but this method is not very specific [15].
Since that RNAi can silence the target gene
with a high degree of sequence specificity and
efficiency, RNAi serves as an effective and
appropriate tool for investigating specific ge-
nes. In this study, we transfected siRNAs into
endometrial cancer Ishikawa cell line using
Lipofectamine 2000. Our results show that
overexpression of CXCR4 is involved in endo-
metrial cancer cell proliferation, migration,
invasion and metastasis, which is consistent
with previous studies [16]. Silencing expression
of CXCR4 mRNA by RNAI could suppress the
migration and invasion of endometrial cancer
cells.

Carcinogenesis is a multi-gene, multi-stage pro-
cess, which is influenced by environmental fac-
tors. CXCL12 activity is mediated by two recep-
tors, CXCR4 and CXCR7, which could also act as
rate-limiting elements [17]. CXCR7 is expressed
in many tumor cell lines include endometrial
cancer. Furthermore, there is evidence to show
a crosstalk between CXCR7 and CXCR4 in
CXCL12-mediated events, such as cell motility
and chemotaxis [18]. Given the central role of
CXCR4 in cancer metastasis, it could serve as
an important diagnostic target in the detection
and treatment of cancer. Future studies shou-
Id focus on understanding the mechanisms
underlying increased CXCR4 expression, and
potentially target such pathways in cancer
treatment. It is also important to determine the
respective contributions of CXCR4 and CXCR7
to the pathological activities of CXCL12 in
endometrial cancer. Thus, understanding the
mechanisms that regulate CXCR4 expression
and function could be useful in treatment and
prevention of cancer metastasis. CXCR4 could
become a new target for endometrial cancer
treatment.
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