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A B S T R A C T

The aim of this study was to investigate whether PRRX2 may regulate the liver metastasis of colon cancer via the
Wnt/β-catenin signaling pathway. PRRX2 and β-catenin in patients with the liver metastases of colon cancer was
detected by immunochemistry. Colon cancer cells (CT-26 and CMT93) were divided into Normal, si-Ctrl, si-
PRRX2 and si-PRRX2 +LiCl groups. Cell invasive and migrating abilities and the related proteins were detected.
Liver-metastatic mice model was constructed consisting of Normal, NC shRNA and PRRX2 shRNA groups to
examine the function of PRRX2 shRNA on liver metastasis. We found that PRRX2 and β-catenin positive rate was
elevated in colon cancer tissues, especially in those tissues with liver metastasis, and there was a close relation
between PRRX2 and the clinical staging, lymph node metastasis and numbers of liver metastases of colon cancer
patients with liver metastasis. In vitro, the invasive and migrating abilities of CT-26 and CMT93 cells decreased
apparently in the si-PRRX2 group, with down-regulation of PRRX2, p-GSK3βSer9/GSK3β, nucleus and cytoplasm
β-catenin, TCF4 and Vimentin but up-regulation of E-cadherin. However, LiCl, the Wnt/β-catenin pathway
activator, can reverse the inhibitory effect of si-PRRX2 on invasive and migrating ability of colon cancer cells. In
vivo, the volume and weight of transplanted tumor and the number of liver metastases in the PRRX2 shRNA
group were significantly reduced, with the similar protein expression patterns as in vitro. In a word, PRRX2
inhibition may reduce invasive and migrating abilities to hinder epithelial-mesenchymal transition (EMT), and
suppress colon cancer liver metastasis through inactivation of Wnt/β-catenin pathway.

1. Introduction

Colorectal cancer is one of the most common malignant tumors of
digestive tract, ranking second in female and third in male regarding its
incidence [4]. Currently, the morbidity and mortality of colon cancer
keep increasing year by year and its primary therapy is surgery, but its
therapeutic effect is unsatisfactory for those advanced or metastasis
patients [18]. It was previously shown that tumor metastasis remained
to be the major cause of death and treatment failure in most cancer
patients [15], while the metastasis occurred through a hematogenous
route to the liver was credited as the primary cause of death of colon
cancer patients [5]. At the meantime, the prognosis of colon cancer is
closely related to metastasis, especially liver metastasis, thus inhibiting
liver metastasis is likely to improve its therapeutic efficacy [21,33].
Therefore, looking for a specific and effective metastasis-related gene is

urgently needed for the treatment of colon cancer liver metastasis.
Paired-related homeobox transcription factors (PRRX) was identi-

fied to participate in the cell differentiation and the development of
organ tissues [12], and had three highly-reserved genes, including
PRRX1, PRRX2 and PRRX3, among which PRRX1 and PRRX2 had great
similar of 97% in homologous domain [13,25]. PRRX1 and PRRX2 are
important factors for the development of mesenchymal tissues and in-
volved in the organogenesis of many tissues during developmental
processes [13]. At present, there is compelling evidence pointing out
the association of PRRX2 with some tumors, including prostate cancer
[24], esophageal squamous cell carcinoma (ESCC) [41] and leukemia
[8]. A recent study reported that PRRX2 as a TGF-β-induced factor that
enhances invasion and migration in breast cancer [16]. Besides, PRRX2
expression has been found to be abnormally expressed in metastatic
gastric cancer, which acted as a potential biomarker for gastric cancer
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metastasis [6]. In the study of Lv Z et al., silencing PRRX2 can inhibit
the Wnt/β-catenin signaling pathway to hinder the epithelial-me-
senchymal transition (EMT) process of breast cancer cells, thereby in-
hibiting tumor invasion and migration [19]. As is known to all, the
classical Wnt/β-catenin pathway is essential for the involvement of
various pathological processes in many types of tumors (including
colon cancer), such as promoting tumor cell proliferation and inhibiting
tumor cell apoptosis [30,42]. For instance, downregulation of CDK-8 in
the work of Cai et al. could suppress the activity of Wnt/β-catenin to
inhibit the liver metastasis of colon cancer cells [2]. In light of this, it is
reasonable for us to hypothesize that PRRX2 may also play a great role
in colon cancer metastasis by mediating the Wnt/β-catenin pathway.

Therefore, the current study was designed to investigate the eff ;ects
of PRRX2 knockdown on the invasion and metastasis of colon cancer
cells. Also, the liver metastasis model of colon cancer in nude mice was
constructed to further investigate its effect in vivo.

2. Materials and methods

2.1. Ethics statement

Written informed consent was obtained from all participants before
the study. The collection and use of all tissue samples abided by ethical
principles and approved by the Ethical Committee of Clinical
Experiments of Gansu Provincial People’s Hospital. All animal experi-
ments in this study gained the approval of the Ethics Committee of
Laboratory Animals in our hospital and conducted in accordance with
the Guide for the Care and Use of Laboratory Animals published by
National Institutes of Health (NIH) [1].

2.2. Study subjects

From December 2013 to December 2017, 96 colon cancer patients
who received surgery in our hospital were recruited in this study,
among whom 40 cases had liver metastasis and the other 56 cases had
no metastasis. None of patients had received any radiotherapy, che-
motherapy or immuno-biological cancer therapy before surgery. At the
same time, the normal colon tissues about 5–10 cm to the tumor
margin, confirmed healthy by postoperative pathology, were collected
from 56 patients as normal control group. All pathological diagnoses
were confirmed by central pathologic review by two independent pa-
thologists.

2.3. Immunohistochemical staining

Tissue samples were fixed in 4% formalin and dehydrated with
gradient alcohol. Then the samples were embedded in paraffin
(Thermo), sliced into serial sections (5 μm in thickness), and de-waxed,
followed by antigen retrieval and blocking. Next, one drop of primary
antibody PRRX2 and β-catenin (Sigma-Aldrich, 1:500 diluted) was
added onto the section for overnight incubation at 4 °C. On the next
day, sections were washed with PBST, after which the biotinylated
secondary antibody (1:500 diluted, Abcam) was added for incubation
(2 h) at 37 °C. Later, ABC compound was added for 1 h of incubation at
37 °C, before development with DAB, section mounting, observation
and picture-taking under an optical microscope. Scoring was conducted
according to the ratio and intensity of positive-staining cells: 0–5%
scored 0; 6–35% scored 1; 36–70% scored 2; more than 70% scored 3.
The final score of PRRX2/β-catenin expression was classified as nega-
tive (score 0–1) or positive (score 2–3) [20].

2.4. Cell culture, transfection and grouping

Colon cancer CT-26 and CMT93 cell lines were provided by Institute
of Biochemistry and Cell Biology, SIBS, CAS (Shanghai, China). The
cells were grown in RPMI 1640 complete culture medium containing

10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 μg/ml
streptomycin in an incubator with 5% CO2 and 90% saturated hu-
midity. After cell confluence reached 80%–90%, the appropriate
amount (0.25%) trypsin was added for digestion and passaging. One
day before transfection, cells were spread onto the culture plate. PRRX2
siRNA and corresponding si-Ctrl were transfected into colon cancer
cells respectively using Lipofectamine 3000 (Invitrogen) according to
the manufacturer’s instructions. Then, Normal group (cells without
transfection), si-Ctrl (cells transfected with siRNA negative control
plasmids), si-PRRX2 group (cells transfected with PRRX2 siRNA), and
si-PRRX2 +LiCl group (cells cultured in medium with 20 μM Wnt/β-
catenin pathway activator LiCl (Sigma) before transfecting with PRRX2
siRNA) were divided. Both PRRX2 siRNA and siRNA negative control
plasmids were synthesized by Shanghai GenePharma Co., Ltd.

2.5. Transwell assay

The diluted Matrigel (1 mg/ml, 40 μl) was added into Transwell
chamber for 1–2 h of incubation at 37 °C for solidification. After cells
were transfected for 24 h, the serum-free RPMI culture medium was
used to make single-cell suspension (4×105 cells/ml), and 200 μl of
which was added onto the Matrigel in the upper chamber. Next, 600 μl
culture medium containing 20% FBS was added to the bottom chamber
as the chemokine. After 16 h of incubation at 37 °C with 5% CO2, the
chambers were taken out, cells were fixed in absolute methanol for
15min at room temperature, and stained with 0.5% crystal violet
15min After drying in the air at room temperature, the membrane
formed was removed and neutral resin was used for sealing. Cells were
observed under an optical microscope.

2.6. Wound-healing assay

Briefly, cells were seeded into 24-well plates and every three wells
were made as a set of replicates. When single layer of cells covered
about 95% of the plate bottom, the scratch line was drawn along the
middle of each well. The tip of 100 μl pipetting gun was used to scratch
a line vertical to the marking line across the right middle of each well.
PBS was used to wash away cells not adherent to the bottom of the
plate, by 3–5 times. Next, culture medium containing 0.5% FBS was
added for the culture of cells. Photographs of cells were taken under a
microscope. After measuring the width of scratch line at the crossing
point of marking line and scratch line (0 h), cells were placed in an
incubator for 48 h before the measurement and picture-taking of the
new width of scratch lines. The difference of scratch line width was
regarded as migrating distance for later statistical comparison.

2.7. Establishment of liver metastasis model of colon cancer in nude mice

Thirty Balb/c male nude mice (4-week-old, weighing 17–22 g) were
purchased from Shanghai SLAC Laboratory Animal Co., LTD. Lentivirus
plasmid containing short hairpin RNA of PRRX2 and negative control
were designed by Genechem (Shanghai, China). These viruses were
used to transduce CT-26 cells with of 5×105 cell/well in the presence
of 8 μg/ml polybrene in 6-well plates. Transduced cells were selected in
DMEM containing 2 μg/ml puromycin for 1 week. Thirty nude mice
were evenly divided into three groups: Normal group, NC shRNA group,
and PRRX2 shRNA group. Liver metastasis models of colon cancer were
established in nude mice based on protocols written in previous studies
[17,31]. For starters, nude mice were anaesthetized with 1% pento-
barbital sodium (35mg/kg) by intraperitoneal injection. An incision of
1 cm was cut under the junction of left axillary midline and rib margin,
the spleen was found and taken out of the abdomen, and a micro-syr-
inge was used to inject 0.2ml CT-26 cell suspension into the capsule of
spleen in mice from Normal group, NC shRNA group and PRRX2 shRNA
group, which was put back into the abdomen. The status, food in-take
and weight change of nude mice were observed every day. After 14
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days, mice were killed, and the liver and spleen were taken out to in-
vestigate the degree of liver metastasis. The number of liver metastases
on the surface of liver was counted for mice of each group. Tumor
tissues were fixed with formaldehyde, embedded with paraffin, and
sliced into sections for HE staining.

2.8. Western blotting

Total protein samples were isolated from tissues or cultured cells
using RIPA lysis buffer (Beyotime, Shanghai, China) and quantified
with BCA protein assay (Wuhan Boster Biological Technology.,LTD). A
nuclear and cytoplasmic protein extraction kit (Thermo) was used to
separate nuclear and cytoplasmic proteins following the manufacturer's
instructions. Loading buffer was added into proteins for 10min of
heating at 95 °C and 30 μg of sample was loaded. Electrophoresis with
10% polyacrylamide gel (Wuhan Boster Biological Technology., LTD)
was used to separate proteins with the voltage from 80 V to 120 V, and
proteins were transferred to the PVDF membrane with the voltage of
100mV for 70min. Next, proteins were blocked in 5% BSA for 1 h at
room temperature, and then incubated with primary antibodies over-
night at 4 °C, which including PRRX2 (ab22600, Abcam, USA), p-
GSK3βSer9 (ab131097, Abcam, USA), β-catenin (9587 s, CST), TCF4
(ab185736, Abcam, USA), E-cadherin (ab1416, Abcam, USA), Vimentin
(ab137321, Abcam, USA) and β-actin (ab8226, Abcam, USA), all di-
luted by 1:1000. The membranes were then washed with TBST for three
times, 5 min each time, and secondary antibody was added for 1 h of
incubation at room temperature. After that, the proteins were perceived
by the enhanced chemiluminescence kit (Invitrogen). With β-actin as
the loading control, the gray value of target band was analyzed with the
software Image J. This experiment was conducted independently for
three times.

2.9. Statistical methods

Statistical software SPSS 21.0 (SPSS Inc., Chicago, IL, USA) was
used to analyze the statistical data in this study. Measurement data
were presented by mean ± standard deviation, and comparison among
multiple groups was performed by using One-Way ANOVA, while be-
tween two groups analyzed thorough Post-hoc Tukey’s test.
Enumeration data were expressed as percentage or ratio and tested by
using Chi-square test. P < 0.05 was considered statistically sig-
nificant.

3. Results

3.1. PRRX2 expression in colon cancer tissues

The positive rate of PRRX2 and β-catenin expression detected by
immunohistochemical staining turned out to be higher in colon cancer
tissues than normal tissues, especially in the colon cancer tissues with
liver metastases (all P<0.05, Fig. 1). After analyzing the clin-
icopathological characteristics of patients, we found that PRRX2 ex-
pression in colon cancer patients and patients with liver metastases had
no correlation to the gender, age, and tumor differentiation degree of
patients (all P> 0.05), but it was closely associated with the clinical
staging, lymph node metastasis and numbers of liver metastases of
patients (both P< 0.05, Table 1). The results in Table 1 also showed
that PRRX2 expression positively correlated with the expression of β-
catenin (all P < 0.05).

3.2. Effect of PRRX2 on the invasion and migration of colon cancer cells

As detected by Transwell and wound-healing assays shown in Fig. 2,
when compared to the Normal group, the number of invasive and mi-
grating cells were obviously decreased in the CT-26 and CMT93 cells
from the si-PRRX2 group(all P < 0.05), but were not differ from those

in the si-Ctrl group (all P> 0.05). Besides, the invasive and migrating
cell numbers were higher in the si-PRRX2 +LiCl group than in the si-
PRRX2 group (all P < 0.05).

3.3. Expression of Wnt/β-catenin pathway-related proteins in colon cancer
cells

Western blotting was used to detect the expression of Wnt/β-catenin
pathway-related proteins (Fig. 3). Compared with Normal group, CT-26
and CMT93 cells in the si-Ctrl group had no obvious difference in
pathway-related proteins (all P>0.05), although si-PRRX2 group
presented significant decreases in the expression levels of PRRX2, p-
GSK3βSer9/GSK3β, nucleus and cytoplasm β-catenin, TCF4 and Vi-
mentin, as well as an increase in E-cadherin (all P < 0.05). Besides,
the colon cancer cells in the si-PRRX2 +LiCl group exhibited higher
protein expressions of PRRX2, p-GSK3βSer9/GSK3β, nucleus and cy-
toplasm β-catenin, TCF4 and Vimentin but lower E-cadherin than those
in the si-PRRX2 group (all P < 0.05).

3.4. Comparison of the volume and weight of transplanted tumors in nude
mice

No mouse died during the experiment and transplanted tumor can
be found in the spleen of mice in all groups. HE staining was used to
confirm histologically the formation of splenic tumor in situ (Fig. 4A),
and liver tissues was also used to perform HE staining, which showed
the formation of liver metastases (Fig. 4B). As illustrated in Fig. 4C, D,
nude mice in the Normal group and NC shRNA group had enlarged
tumor volume, and there was no significant difference in tumor volume
and weight between these two groups (P > 0.05). However, PRRX2
shRNA group was statistically smaller in tumor volume and sig-
nificantly lighter in tumor weight than Normal group (both P < 0.05).

3.5. Comparison of liver metastases of nude mice in each group

Liver metastases could be observed on the surface of liver in nude
mice, but not in other organs. As displayed in Fig. 5, nude mice in
Normal group and NC shRNA group had liver congestion with cancer
nodules of different size and number dispersed on the surface, and some
nodules fused together. Meanwhile, nude mice in the PRRX2 shRNA
group had almost normal liver, occasionally with few and small nodules
of metastatic tumor. Compared with Normal group, NC shRNA group
was not significantly different concerning the number of liver metas-
tases (P > 0.05), while PRRX2 shRNA group appreciably declined in
the number of liver metastases (P < 0.05).

3.6. Expression of PRRX2 and Wnt/β-catenin pathway in nude mice

Western blotting was used to detect the protein expression of PRRX2
and Wnt/β-catenin pathway in spleen tissues of nude mice (Fig. 6A, B).
Compared with Normal group, NC shRNA group had no observable
difference in PRRX2 and Wnt/β-catenin pathway-related proteins (all
P > 0.05); nevertheless, nude mice in the PRRX2 shRNA group were
significantly reduced in the protein expression of PRRX2, p-GSK3βSer9/
GSK3β, nucleus and cytoplasm β-catenin, TCF4 and Vimentin, but ap-
preciably increased in the expression of E-cadherin protein (all P <
0.05). Besides, we examined the expression of β-catenin by im-
munohistochemistry (Fig. 6C). Decreased expression of β-catenin was
observed in the nude mice in the PRRX2 shRNA group compared with
Normal group.

4. Discussion

First of all, a close association between PRRX2 expression and liver
metastasis of colon cancer was identified in the current study, since
PRRX2 was found to be significantly up-regulated in colon cancer
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tissues, especially higher in those tissues with liver metastases. Similar
to our study, Yu-Lin Juang et al. revealed that PRRX2 was dramatically
up-regulated in breast cancer tissues, and its high expression may lead
to the promotion of TGF-β-induced breast tumor growth and partial
epithelial mesenchymal transition (EMT) with a poorer prognosis [16].
Besides, the TGF-β1-induced EMT in the papillary thyroid carcinoma
cells were also accompanied with the up-regulation of PRRX1 [9].
Then, we also discovered the significant correlation of PRRX2 expres-
sion to the clinical staging and lymph node metastasis of colon cancer
patients with liver metastases. As indicated by Takahashi Y et al., the
higher PRRX1 predicted the metastasis and poor prognosis of colorectal
cancer, promoting the EMT of colorectal cancer cells [34]. To our
knowledge, EMT, a critical event in the progression of tumor metas-
tasis, is a fundamental process of epithelial cells acquiring migrating
and invasive functions [22,32]. Importantly, both PRRX1 and PRRX2
were confirmed to act as a EMT inducer in promoting EMT of tumor and
maintaining the sternness of tumor in previous research [27], as well as

transforming growth factor-β (TGF-β), which has been shown to have
important functions in various stages of carcinogenesis [28]. Re-
combinant protein TGF-β can directly stimulate tumor epithelial cells to
trigger EMT process, and thereby promoting infiltration and metastasis
of tumor cells [40]. As a matter of fact, TGF-β1 and EMT markers were
significantly increased in colon cancer tissues and closely correlated to
the tumor cell metastasis [29]. Because of this, we suggested that
PRRX2 upregulation in colon cancer might also be induced by TGF-β1
through promoting EMT, especially in colon cancer tissues with liver
metastases.

Additionally, we selected colon cancer cells to conduct transfection
experiments in vitro and found that inhibiting PRRX2 can significantly
down-regulate the invasive and migrating abilities of colon cancer cells.
In agreement with our findings, silencing PRRX2 can reduce the EMT
process and inhibit the invasion and migration of breast cancer cells by
inhibiting Wnt/β-catenin pathway, with the down-regulation of β-ca-
tenin, cyclin-D1, vimentin and α-SMA but the up-regulation of E-

Fig. 1. PRRX2 and β-catenin expression in colon cancer tissues.
Note: A–B, Expression of PRRX2 (A) and β-catenin (B) in normal colon tissues and colon cancer tissues with/without liver metastases detected after im-
munohistochemical staining; C–D, The quantitative analysis of PRRX2 (C) and β-catenin (D) expression in normal colon tissues and colon cancer tissues with/without
liver metastases.

Table 1
Relationship between PRRX2 expression and clinicopathological characteristics of colon cancer patients.

Clinicopathological characteristics Colon cancer patients Patients with liver metastasis

　 　 　 PRRX2 　

Positive expression Negative expression P Positive expression Negative expression P

(n= 55) (n=41) (n= 29) (n=11)
Gender 0.541 0.723
Male 30(54.55%) 25(60.98%) 16 (55.17%) 7 (63.64%)
Female 25(45.45%) 16(39.02%) 13 (44.83%) 4 (36.36%)
Age 63.45 ± 11.51 60.38 ± 10.47 0.183 62.79 ± 10.98 58.00 ± 12.49 0.242
Differentiation degree 0.681 1
Well-differentiated 31(56.36%) 21(51.22%) 15 (51.72%) 5 (45.45%)
Moderate/low-differentiated 24(43.64%) 20(48.78%) 14 (48.28%) 6 (54.55%)
TNM staging 0.014
Ⅰ-Ⅱ 11(20.00%) 24(58.54%) <0.001 4 (13.79%) 6 (54.55%)
Ⅲ-Ⅳ 44(80.00%) 17(41.46) 25 (86.21%) 5 (45.45%)
Lymph node metastasis 0.006 0.020
With 39(70.91%) 17(41.46%) 23 (79.31%) 4 (36.36%)
Without 16(29.19%) 24(58.54%) 6 (20.69%) 7 (63.64%)
Numbers of liver metastases
One 6 (20.69%) 8 (72.73%) 0.007
Multiple 　 　 　 23 (79.31%) 3(27.23%) 　

β-catenin expression <0.001 0.039
Negative (n= 33) 6(10.91%) 27(65.85%) 2(6.90%) 4(36.36%)
Positive (n=63) 49(89.09%) 14(34.15%) 27(93.10%) 7(63.64%)
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Fig. 2. The invasive and migrating abilities of colon cancer (CT-26 and CMT93) cells in each group.
Note: A–B, The migrating ability of CT-26 (A) and CMT93 (B) cells detected by wound-healing assay; C–D, The invasion of CT-26 (C) and CMT93 (D) cells detected by
Transwell assay; E–H, The quantitative analysis of the migration and invasion of CT-26 (E, F) and CMT93 (G, H) cells in each group; *, P < 0.05 compared with
Normal group; #, P < 0.05 compared with si-PRRX2 group.

Fig. 3. Expression of Wnt/β-catenin pathway-related proteins in colon cancer cells of each group.
Note: A–D, Expression of Wnt/β-catenin pathway-related proteins in colon cancer CT-26 (A, B) and CMT93 (C, D) cells detected by Western blotting; *, P < 0.05
compared with Normal group; #, P < 0.05 compared with si-PRRX2 group.
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cadherin [19]. It has been well-known that E-cadherin is the key factor
involved in EMT process and its down-expression is fundamental for the
initiation of EMT and the promotion of tumor cell invasion and mi-
gration [7]. Vimentin is a structural protein distributed in mesenchymal
cells and its expression level reflects the cell invasive and migrating
abilities, which could act as a biomarker of malignant tumors [14].
Thus, we also performed a western blotting assay in our work to de-
tected some related molecules, and consequently, inhibiting PRRX2 can
down-regulate the protein expression of p-GSK3βSer9, β-catenin, TCF4
and Vimentin, and up-regulate the expression of E-cadherin. However,
Wnt/β-catenin pathway activator LiCl can reverse the inhibitory effect
of PRRX2 siRNA on colon cancer cell metastasis, indicating that PRRX2
inhibition exerted its effect via the regulation of Wnt/β-catenin sig-
naling pathway. In general, when Wnt signals are abnormally activated,
Wnt protein would bind to FZ/LRP receptor, and Dvl in cytoplasm
would phosphorylate GSK-3β to dissociate Axin-ApC-GSK3β, further
blocking the phosphorylation of β-catenin, and resulting in the ag-
gregation of free β-catenin in cytoplasms, which enters the nucleus to
bind to LEF/TCF and specifically initiates and activates the downstream
target genes in tumorigenesis and metastasis [23,26,36]. On the other
hand, E-cadherin can form complex by binding to β-catenin in cyto-
plasm, and thereby reducing the amount of free β-catenin in cytoplasm

and inhibiting the formation of β-catenin/TCF complex, eventually
counteracting the role of β-catenin/TCF complex in promoting tumor
invasion and migration [10,11,38]. More notably, the activation of
Wnt/β-catenin signaling pathway breaks the E-cadherin/β-catenin
complex and triggers the EMT process, thereby promoting the invasion
and metastasis of colon cancer [43]. These findings suggested that
PRRX2 reduction may inhibit Wnt/β-catenin pathway and hinder the
EMT of colon cancer cells, and eventually blocking the invasion and
migration of colon cancer cells in vitro. Moreover, we constructed the
liver metastases model of colon cancer in nude mice to further verify
our hypothesis in vivo. As a result, the nude mice transfected with si-
PRRX2 decreased significantly in tumor volume, weight and numbers of
liver metastases, with the restricted Wnt/β-catenin pathway activity
and EMT process in spleen tissues. Consistently, Lv Z et al. also found
that PRRX2 inhibition can effectively suppress the growth of volume
and weight of transplanted breast tumor and block the lung metastasis
of breast cancer in vivo [19]. In a previous report by Takano S et al.,
PRRX1b promoted the invasion, differentiation and EMT of pancreatic
cancer cells, while PRRX1a aided the liver metastasis and tumor dif-
ferentiation of pancreatic cancer in vivo [35]. It is worth mentioning
that EMT of tumor in situ weakens the ability of adhesion between cells
and endows cells with the ability of local infiltration and distant

Fig. 4. Comparison of the volume and weight of transplanted tumors in nude mice of each group.
Note: A–B, HE staining analysis of spleen (A) and liver (B) tissues of nude mice in each group; C–D, The volume and weight of transplanted tumor in spleen of nude
mice in each group; *, P < 0.05 compared with Normal group.
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Fig. 5. Comparison of the liver metastases in nude mice of each group.
Note: A, The liver specimen of nude mice in each group; the metastatic tumor nodules are indicated with yellow arrows; B, The number of nodules of liver metastases
in nude mice of each group; *, P < 0.05 compared with Normal group.

Fig. 6. Expression of PRRX2 and Wnt/β-catenin pathway-related proteins in nude mice of each group.
Note: A–B, Expression of PRRX2 and Wnt/β-catenin pathway-related proteins in nude mice of each group detected by Western blotting; C, Immunohistochemistry
analysis of β-catenin expression in nude mice of each group ; *, P < 0.05 compared with Normal group.
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migration, so micro-metastasis is formed in target organs via the cir-
culatory system and the metastasis of tumors in vivo is realized
[3,37,39]. All these findings suggested that silencing PRRX2 may in-
hibit the tumor EMT in situ by down-regulating the Wnt/β-catenin
signaling pathway, suppressing the liver metastasis of colon cancer in
vivo.

Based on these data, we indicated that inhibiting PRRX2 may sup-
press EMT process, reduce cell migration and invasion, and block the
liver metastasis of colon cancer through down-regulation of Wnt/β-
catenin activity. Hence, this study provided a theoretical basis for the
prevention and treatment of liver metastasis of colon cancer.
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