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Background: Colorectal cancer is the third most common malignancy worldwide and is one

of the leading causes of cancer-related mortality. P120-catenin protein has been well known

to exert anticancer effects in several malignant diseases. The aim of our study was to

investigate the phosphorylation of p120-catenin in colon adenocarcinoma (CAC) and its

association with prognosis, and its role in tumor progression.

Methods: Immunohistochemical (IHC) staining was used to explore the existence of

p120-catenin and its phosphorylation on tyrosine 228 (pY228-p120-catenin) in CAC sam-

ples. Overexpression and knockdown were achieved by transient transfection into SW480

cells using Lipofectamine 3000. CCK-8 and Matrigel-transwell assays were conducted to

evaluate proliferation and invasion capacities, respectively. RT-qPCR and Western blotting

were performed to analyze downstream signaling pathways. Chi-square test was used to

analyze correlations between p120-catenin and clinicopathological characteristics. Univariate

and multivariate analyses were used to identify independent prognostic factors.

Results: Lower p120-catenin and pY228-p120-catenin levels were identified in CAC tissues

and were both correlated with advanced tumor stage. Additionally, lower pY228-p120-

catenin indicated poorer prognosis of CAC patients although p120-catenin showed little

significance. Overexpression of p120-catenin suppressed SW480 cell proliferation and inva-

sion via stabilizing E-cadherin and inhibiting RhoA activation. Phosphorylation of Y228 on

p120-catenin by Src protein enhanced the anticancer effects of p120-catenin.

Conclusion: P120-catenin and its phosphorylation on site Y228 play anticancer effects in

colon adenocarcinoma via multiple signaling pathways. Hypophosphorylation of Y228 on

p120-catenin in tumor tissues indicates poor clinical outcomes of colon adenocarcinoma

patients.
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Introduction
Colorectal cancer is the third most common malignancy worldwide and is one of

the leading causes of cancer-related mortality1 The incidence of colorectal cancer is

increasing especially in Asian countries2 The current therapy targeting colorectal

cancer includes surgical resection, radiotherapy and chemotherapy3 The early stage

patients (TNM stage I-II) are considered with good prognosis with the 5-year

overall survival more than 70%4 Although the combined treatment improved

clinical outcomes during the past decades, the prognosis for late stage patients

(TNM stage III-IV) remains unsatisfied5 Distant metastasis is the most critical
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prognosis factor resulting in unfavorable prognosis, and

the current chemotherapies have little effect on metastatic

colorectal cancer patients6 Moreover, about 10–20% of

early stage patients develop tumor recurrence or distant

metastasis even underwent curative resection7 Therefore, it

is important to unravel mechanisms of colorectal cancer

progression and develop biomarkers to identify high-risk

patients for treatment evaluation.

Cadherin and catenin family proteins play crucial roles

in modulating epithelial–mesenchymal transition (EMT)

process, which is a key event associated to cancer migration

and invasion.8 For example, E-cadherin is recognized as a

suppressor in EMT and its depletion results in tumor pro-

gression including gastric cancer, colorectal cancer, ovarian

cancer, etc.9,10 P120-catenin is an armadillo catenin and is

initially identified to interact with the cytoplasmic domain

of E-cadherin11 The interaction between p120-catenin and

E-cadherin helps stabilizing E-cadherin and enhancing the

intercellular adhesion12 Besides E-cadherin, p120-catenin

can interact with other components and participates in mul-

tiple cellular processes including cytoskeletal arrangement,

intracellular signaling transduction, and protein

transcription13 The involvement of p120-catenin in several

malignancies has been discovered in the past decades.14,15

For example, dysfunction or loss of p120-catenin expres-

sion has been identified in pancreatic cancer, esophageal

cancer, prostate cancer, and lung cancer.16–19 Furthermore,

low expression of p120-catenin is considered to correlate

with poor cancer prognosis. However, the role of p120-

catenin seems different in breast cancers on that it induces

cancer metastasis20 while another group reported its effect

on repressing breast cancer progression21 Therefore, its

detailed function seems distinct depending on cancer types.

Here in the current study, we explored the expression

of p120-catenin and its phosphorylation level on site

Tyrosine 228 (Tyr228 or Y228) in colon adenocarcinoma

(CAC). We identified a significant decrease of p120-cate-

nin in clinical tumor tissues, which was associated with

advanced tumor stage. However, the prognostic effect of

p120-catenin expression showed no statistical significance.

In contrast, the phosphorylation of Tyr228 was an inde-

pendent unfavorable prognostic factor according to our

results. Additionally, we conducted cellular experiments

by overexpressing p120-catenin and its mutants to inves-

tigate the underlying mechanisms, which confirmed the

importance of Tyr228 in anticancer process. Furthermore,

we identified Src protein as an upstream kinase on phos-

phorylating Tyr228 of p120-catenin. Our study provided

evidence on the phosphorylating regulation of p120-cate-

nin and its involvement in CAC progression.

Methods
Patients And Samples
This study was approved by the Ethics Committee of Linyi

Central Hospital. Written informed consent was obtained

from each patient or direct relatives. Furthermore, this

study was conducted in accordance with the Declaration

of Helsinki. A cohort of 104 CAC patients was retrospec-

tively enrolled from patients who underwent primary sur-

gical resection from June 2008 to June 2013 in our

hospital. None of the patients received preoperative che-

motherapy treatment and all diagnoses were based on

pathological examination. Retrieved patients’ information

include age, gender, tumor location, tumor differentiation,

tumor size (largest diameter), invasion depth (T stage), and

TNM stage. We only chose the patients that survived more

than 12 months after surgery to avoid extreme bias. The

follow-up was completed in December 2017, with a med-

ian follow-up time of 57 months (range, 14–103 months).

Overall survival (OS) was defined as the interval from the

primary surgery to the date of death or the last follow-up.

Immunohistochemistry (IHC) And IHC

Evaluation
IHC was performed using a standard ABC method as

described by others. Briefly, embedded tissue samples

were cut into 4-μm sections for deparaffinization. The

slides were then undergoing antigen retrieve step, followed

by treated with 3% hydrogen peroxide. After blocking the

nonspecific antigens, slides were incubated with indicated

antibodies (1:1000) or PBS (negative control). Sections

were then counterstained with hematoxylin and analyzed

independently by two pathologists.

The evaluation of IHC results was based on percentage

of positive tumor cells. Positive percentage was scored as

1 (0–20% positive) or 2 (21–50% positive) or 3 (51–75%

positive) or 4 (76–100% positive). The patients were then

grouped into two subgroups based on the median IHC

score. Patients with IHC score higher than 2 were grouped

as high expression, while low expression was classified

with IHC score no higher than 2.

Antibodies And Reagents
The anti-pY228-p120-catenin antibody was purchased from

BD Bioscience (#612537). The anti-GTP-RhoA antibody
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was purchased from NewEast (#26904). The anti-p120-cate-

nin (#59854), anti-snail (#3879), anti-c-myc (#9402), anti-E-

cadherin (#14472), anti-β-actin (#4970), anti-RhoA (#2117),

anti-ROCK1 (#4035), and anti-Src (#2109) antibodies were

purchased from Cell Signaling Technology.

The full-length coding regions of human p120-catenin

were cloned into pCDNA3.1 vector by Genephama

(Shanghai, China), which was used for overexpressing

p120-catenin in SW480 cells. The mutation of Y228F

and Y228E was generated based on site-directed mutagen-

esis strategy by Genephama. The c-Src construct was

purchased from Addgene (#42205). All plasmid constructs

were verified by DNA sequencing. Knockdown of Src was

achieved by using specific siRNA from Santa Cruz

Biotechnology (#sc-29228).

Cell Culture And Transfection
The human CAC cell line SW480 was obtained from the

American Type Culture Collection (Manassas, VA, USA).

Cells were maintained in Dulbecco’s modified Eagle’s med-

ium (DMEM) supplemented with 10% FBS and 1% penicil-

lin (10,000 U/mL)/streptomycin (10 mg/mL) in a humidified

atmosphere at 37°C with 5% CO2. Overexpression and

siRNA-knockdown were performed with Lipofectamine

3000 reagent (Invitrogen, Carlsbad, CA, USA) following

the manufacturer’s procedure. The transfection efficiencies

were verified by Western blot analyses.

Real Time-Quantitative PCR (RT-qPCR)
Total RNA was extracted from cultured cells using the

TRIzol reagent (Life Technology, CA, USA) following the

instructions. The cDNA template for quantitative real-time

PCR was achieved by reverse transcription PCR. GAPDH

was chosen as the normalization housekeeping gene.

Comparative Ct method (ΔCt) was utilized to calculate the

relative mRNA levels. The RNA differences were presented

as fold changes compared with control groups. The

sequences of primers are shown as followings:

Snail forward, 5ʹ-TGCTCATCTGGGACTCTGTC-3ʹ

Snail reverse, 5ʹ-CTCATCTGACAGGGAGGTCA-3ʹ

c-Myc forward, 5ʹ-GCCACGTCTCCACACATCAG-3ʹ,

c-Myc reverse, 5ʹ-TCTTGGCAGCAGGATAGTCCT

T-3ʹ.

E-cadherin forward, 5ʹ-ACAGCCCCGCCTTATGAT

T-3ʹ

E-cadherin reverse, 5ʹ-TCGGAACCGCTTCCTTCA-3ʹ

GAPDH forward, 5′-ACGAATTTGGCTACAGCAAC

AGGG-3′;

GAPDH reverse, 5′-TCTACATGGCAACTGTGAGG

AGG-3′.

Western Blot
Cellular lysates were achieved by resuspending cells in

NP-40 lysis buffer containing protease inhibitors and

phosphatase inhibitors. Extracted proteins were resolved

by 12% SDS-PAGE. PVDF membranes were used for

immunoblotting. The membranes were blocked with 5%

nonfat milk at room temperature for at least 1 hr and

subjected to incubation with primary antibodies at 4°C

for overnight. The membranes were then incubated with

the secondary antibody at room temperature for 1 hr on the

following day. Electrogenerated chemiluminescence

(ECL) imaging was finally performed with X-ray films

and scanned. Data were semi-quantified using Image J

Software and repeated for three times.

Proliferation Assay
To evaluate the effect of p120-catenin on SW480 cell

proliferation, plasmid or siRNA transfected cells were

seeded at 2×104 cells per well in a 96-well plate and

cultured in DMEM. After culturing for 1, 2, 3, 4 days,

cell proliferation was assessed by a Cell Counting Kit-8

(#CK04-500, Dojindo, Japan) according to the manufac-

turer’s instructions. Briefly, 10 μL of CCK-8 reagent was

added into each well and incubated for 4 hrs at 37°C.

Absorbance at 450 nm was then measured by a microplate

reader, and corresponding proliferation curves were

plotted. All experiments were repeated for three times.

Invasion Assay
Invasion assays were performed using Transwell chambers

(BD Biosciences, USA) pre-coated with of Matrigel

(Becton Dickinson, San Jose, CA). Briefly, 1×105 cells

were re-seeded into the upper chamber and cultured in

serum-free medium after cell adhesion. 20% fetal calf

serum was added to the bottom chamber to induce cell

invasion. After culturing the Matrigel-coated chambers at

37°C for 24 hrs, the invaded cells were observed by

staining with 0.1% crystal violet for 15 mins under a

light microscope. All experiments were repeated for three

times.

Statistical Analysis
Statistical analyses were conducted by using the SPSS

version 19.0 (IBM, New York, NY, USA). The association

between the p120-catenin or pY228-p120-catenin level
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and clinical features were assessed by Chi-square test. The

overall survival curves of colon cancer patients were

plotted using the Kaplan–Meier analysis. Statistical analy-

sis of independent prognostic factors was carried out with

multivariate analysis model. Student’s t-test was applied to

analyze the results of cell experiments. P<0.05 was con-

sidered statistically significant.

Results
Patients Characteristics
The clinicopathologic features of all patients enrolled in

this study are shown in Table 1. There were 55 patients

(55/104, 52.9%) with age older than 55 years, and the

other 49 patients (49/104, 47.1%) younger than 55 years

at the time of disease diagnosis. Most patients (75/104,

72.1%) were male and only 29 cases (29/104, 27.9%) were

female patients. There were 42 cases (42/104, 40.4%) with

tumor location in ascending colon, 13 patients (13/104,

12.5%) with tumor location in transverse colon, and the

other 49 patients (49/104, 47.1%) with tumor location in

descending or sigmoid colon. Most cases (80/104, 76.9%)

were classified as moderate pathological differentiation,

only 16 cases (16/104, 15.4%) with well differentiation

and 8 (8/104, 7.7%) cases with poor tumor differentiation.

Forty-six cases (46/104, 44.2%) showed a largest tumor

diameter as larger than 5.0 cm, and the other 58 cases (58/

104, 55.8%) with smaller tumor size. The patients’ T stage

was evaluated based on tumor invasion depth.

Accordingly, 47 cases (47/104, 45.2%) were grouped into

T1-T2 stages, while the other 57 cases (57/104, 54.8%) as

T3-T4 stages. In addition, the TNM stage was also

retrieved and 54 cases (54/104, 51.9%) were with

advanced tumor stage (TNM stage III-IV).

Tissue Level Of P120-Catenin And Its

Phosphorylation Level Of pY228
The expression of p120-catenin was tested by IHC in clinical

tissues (Figure 1A and B). Interestingly, low p120-catenin was

correlated with larger tumor size (P<0.001) and advanced

TNM stage (P=0.017, Table 1), indicating its tumor-suppres-

sing role in CAC. Similarly, the phosphorylation level of Y228

on p120-catenin (pY228-p120-catenin) was also explored by

IHC (Figure 1C and D). The correlations between

pY228-p120-catenin and patients’ clinicopathological charac-

teristics were analyzed by Chi-square test (Table 2).

Accordingly, hypophosphorylation was correlated with larger

tumor size (P=0.020) and advanced T stage (P=0.003).

Moreover, patients with advanced TNM stages showed lower

pY228-p120-catenin level (P=0.048), implying its possible

role in CAC progression.

Prognostic Significance Of P120-Catenin

And Its Phosphorylation On Y228
We next assessed the clinical significance of p120-catenin

and pY228-p120-catenin by Kaplan–Meier survival test.

Although the total p120-catenin level showed no signifi-

cant effect on the overall survival (P=0.559, Figure 1E), its

phosphorylation on Y228 was negatively correlated with

the survival rate (P=0.005, Figure 1F). Patients with higher

pY228-p120-catenin level showed a longer overall survi-

val time compared to those with lower phosphorylation

level (88.8 ± 3.2 vs 74.0 ± 4.3 months). The effect of other

clinical parameters was also analyzed by univariate

Table 1 Correlations Between P120-Catenin Level And

Clinicopathological Characteristics

Variables Patients p120-Catenin P Value

(n = 104) High

(n = 56)

Low

(n = 48)

Age (years)

≤55 49 26 23 0.880

>55 > 55 > 55 > 55

Gender

Female 29 16 13 0.866

Male 75 40 35

Location

Ascending 42 25 17 0.603

Transverse 13 7 6

Descending/

sigmoid

49 24 25

Differentiation

Well 16 8 8 0.845

Moderate 80 43 37

Poor 8 5 3

Tumor size

(diameter, cm)

≤5.0 58 41 17 <0.001*

>5.0 46 15 31

Invasion depth

T1–T2 47 26 21 0.784

T3–T4 57 30 27

TNM stage

I–II 50 33 17 0.017*

III–IV 54 23 31

Note: *Indicates statistically significant (P<0.05).
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Figure 1 Expression of p120-catenin and its phosphorylation on Y228. (A) Representative immunohistochemical result of low p120-catenin in colon adenocarcinoma (IHC

score=1). (B) Representative immunohistochemical result of high p120-catenin in colon adenocarcinoma (IHC score=4). (C) Representative immunohistochemical result of

low pY228-p120-catenin in colon adenocarcinoma (IHC score=1). (D) Representative immunohistochemical result of high pY228-p120-catenin in colon adenocarcinoma

(IHC score=4). (E) Prognosis curve is plotted by Kaplan–Meier method according to the expression of p120-catenin, which shows no statistical significance (P=0.559). (F)
Prognosis curve is plotted by Kaplan–Meier method according to the level of pY228-p120-catenin, which identifies low phosphorylation level as an unfavorable factor

(P=0.005). IHC images are presented at 100X magnification. * indicates P<0.05 by log-rank test.
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analyses (Figure 2). Among the retrieved features,

patients’ age, tumor location, tumor differentiation, inva-

sion depth, and TNM stages were all correlated with the

clinical prognosis (Table 3). Patients with larger tumor size

also showed a poorer overall survival, although the differ-

ence was not statistically significant (P=0.057).

To better evaluate the role of pY228-p120-catenin in

predicting CAC prognosis, we put all the factors with

P<0.10 in Table 3 into a multivariate Cox regression

model. According to the hazard regression, poor tumor

differentiation and advanced tumor stages were confirmed

as independent prognostic factors (both P<0.001, Table 4).

Moreover, the lower pY228-p120-catenin level also

showed independent significance in predicting a poorer

overall survival (HR=2.684, 95% CI 1.088–6.621,

P=0.032). Therefore, clinical data analyses demonstrated

a possible antitumor effect of p120-catenin, especially its

phosphorylation on Y228, in repressing CAC progression.

P120-Catenin Suppresses CAC Cell

Proliferation And Invasion Via Inhibiting

RhoA Signaling
Cellular experiments were conducted to analyze the

detailed function of p120-catenin in CAC by using

SW480 cell model. Overexpressing p120-catenin signifi-

cantly inhibited the proliferation rate of SW480 cells

compared to those transfected with pcDNA3.1 vector

(Figure 3A). Moreover, the invasion capacity was also

impaired by p120-catenin (Figure 3B). We therefore tested

several well-known tumor progression downstream bio-

markers to explore its underlying mechanisms. Western

blot assay showed that p120-catenin inhibit the protein

expression of snail and c-myc, while increased the

E-cadherin level (Figure 3C and D). The mRNA levels

were also tested by using RT-qPCR strategy, which

showed a decreased transcription of snail and c-myc.

However, the mRNA level of E-cadherin was not affected

by overexpressing p120-catenin, indicating a different

crosstalk mechanism (Figure 3E).

Of note, immunoprecipitation assay identified the

interaction between p120-catenin and RhoA proteins

(Figure 3F). Interestingly, the immunoprecipitated RhoA

showed tiny immunoreactivity towards GTP-RhoA, the

active form, implying that the binding between p120-

catenin and RhoA may inhibit the activation of RhoA.

Consistently, the activation of RhoA and its downstream

ROCK1 was inhibited by overexpressing p120-catenin

without affecting total RhoA protein expression

(Figure 3F).

Phosphorylation Of Y228 Enhances The

Tumor Suppressive Effects Of P120-

Catenin
We also explored the significance of Y228 on the antitu-

mor effects of p120-catenin by generating phosphor-mimic

mutant Y228E and phosphor-deficient mutant Y228F.

Proliferation assay revealed that Y228E showed more

potent effect on suppressing SW480 cell proliferation,

while Y228F mutant showed poorer anti-proliferation

effect (Figure 4A). Similarly, Matrigel-transwell experi-

ments identified the most significant anti-invasion effect

of Y228E mutant (Figure 4B).

Table 2 Correlations Between pY228-P120-Catenin Level And

Clinicopathological Characteristics

Variables Patients p120-Catenin P Value

(n = 104) High

(n = 56)

Low

(n = 48)

Age (years)

≤55 49 29 20 0.162

>55 55 25

Gender

Female 29 14 15 0.643

Male 75 40

Location

Ascending 42 17 25 0.141

Transverse 13 7

Descending/

sigmoid

49 30

Differentiation

Well 16 9 7 0.671

Moderate 80 42

Poor 8 3

Tumor size

(diameter, cm)

≤5.0 58 36 22 0.020*

>5.0 46 18

Invasion depth

T1–T2 47 32 15 0.003*

T3–T4 57 22

TNM stage

I–II 50 31 19 0.048*

III–IV 54 23

Note: *Indicates statistically significant (P<0.05).
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Figure 2 Overall survival analyses of colon adenocarcinoma patients. The overall survival of entire cohort is shown in (A), the 5-year overall survival rate is 82.0%. The

effect of each clinicopathological parameter on patients’ survival is tested by Kaplan–Meier and log-rank test, including age (B), gender (C), tumor location (D), tumor

differentiation (E), tumor size (F), tumor invasion depth (G), and TNM stage (H).
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Consistent with the proliferation and invasion results,

quantitative PCR showed the same prevalence of altera-

tions on snail and c-myc levels (Figure 4C). Comparing

with wild type (WT) p120-catenin, Y228E inhibited those

oncogenic protein expressions while Y228F enhanced

their expressions (Figure 4D). Moreover, interaction

between p120-catenin and RhoA was most tightly in

Y228E group, whereas impaired in Y228F group. The

E-cadherin level was increased by transfecting Y228E

and decreased by transfecting Y228F, indicating that phos-

phorylation of p120-catenin on Y228 may help maintain

E-cadherin protein stability. On the other hand, overex-

pressing Y228E-p120-catenin further attenuated the acti-

vation of RhoA, thus exhibiting antitumor effects.

Src Is An Upstream Kinase Of P120-

Catenin Targeting Y228 Site
There have been studies reporting that Src can phosphor-

ylate p120-catenin on Y228 in glioma cells and RWP-1

cells,22,23 we were interested to test whether Src can affect

Y228 phosphorylation in CAC. The protein level of Src in

clinical tumor tissues was tested by IHC (Figure 5A

and B). Relationship between Src and pY228-p120-catenin

was analyzed by Chi-square test, which showed a lower

pY228 level in the samples with lower Src expression

(Figure 5C, P=0.003). Additionally, we established p120-

catenin stable cell line in SW480 cells, then transfected

with Src-siRNA or Src-plasmids. The Western blot results

revealed a decreased pY228 level in cells silencing Src

Table 3 Kaplan–Meier Survival Analyses And log rank tests

Variable Cases Survival

Months

5-Year

OS

P Value

(n) (Mean ±

S.D.)

(%)

Age (years)

≤55 49 89.7 ± 3.4 90.2% 0.006*

>55 55 75.0 ± 4.0 74.8%

Gender

Female 29 82.5 ± 5.5 74.9% 0.662

Male 75 81.7 ± 3.2 85.0%

Location

Ascending 42 72.9 ± 4.5 74.0% 0.046*

Transverse 13 84.3 ±6.1 87.5%

Descending/

sigmoid

49 87.3 ± 3.8 86.6%

Differentiation

Well 16 79.1 ± 6.3 92.9% <0.001*

Moderate 80 85.9 ± 3.2 87.4%

Poor 8 55.4 ± 5.6 17.9%

Tumor size

(diameter, cm)

≤5.0 58 85.4 ± 3.8 83.8% 0.057

>5.0 46 75.7 ± 3.6 79.3%

Invasion depth

T1–T2 47 88.4 ± 3.1 91.7% 0.010*

T3–T4 57 72.5 ± 4.0 71.2%

TNM stage

I–II 50 90.5 ± 3.4 92.9% 0.002*

III–IV 54 73.2 ± 3.9 72.2%

p120-catenin

High 56 83.8 ± 4. 2 80.2% 0.559

Low 48 80.6 ± 3.6 84.1%

pY228-p120-catenin

High 54 88.8 ± 3.2 95.0% 0.005*

Low 50 74.0 ± 4.3 67.2%

Note: *Indicates statistically significant (P<0.05).

Table 4 Multivariate Analysis For Independent Predictive Factors

Of CAC Patients

Variable HR 95% CI P Value

Age (years)

≤55 Reference

>55 2.318 0.988–5.436 0.053

Location

Ascending/transverse Reference

Descending/sigmoid 0.787 0.532–1.164 0.230

Differentiation

Well/moderate Reference

Poor 9.993 3.320–30.081 <0.001*

Tumor size (diameter,

cm)

≤5.0 Reference

>5.0 1.708 0.775–3.763 0.184

Invasion depth

T1–T2 Reference

T3–T4 1.457 0.621–3.417 0.387

TNM stage

I–II Reference

III–IV 4.998 2.051–12.182 <0.001*

pY228-p120-catenin

High Reference

Low 2.684 1.088–6.621 0.032*

Note: *Indicates statistically significant (P<0.05).
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Figure 3 P120-catenin inhibits proliferation and invasion of SW480 cells. (A) The proliferation process of SW480 cells is evaluated by CCK-8 assay, showing the anti-

proliferation effect of p120-catenin. (B) Cells transfected with pcDNA3.1 vector or pcDNA3.1-p120-catenin are subjected to Matrigel-transwell assay to test cell invasion

capacity. Accordingly, p120-catenin inhibits invasion of SW480 cells. (C) Transfection of p120-catenin plasmids induced decreased expression of snail and c-myc proteins,

while increased the E-cadherin level. Immunoblotting data are semi-quantified by Image J software (D). (E) The mRNA level of c-myc and snail is upregulated by p120-

catenin. In contrast, the E-cadherin RNA level is not affected by p120-catenin. (F) Immunoprecipitation assay identified the interaction between p120-catenin and RhoA. In

addition, overexpressing p120-catenin resulted in decreased level of active RhoA (GTP-RhoA) without affecting the total RhoA protein level. The well-known RhoA

downstream protein ROCK1 was also inhibited by p120-catenin transfection. *Indicates P<0.05 by Student’s t test.
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without affecting total p120-catenin expression. In con-

trast, overexpressing Src resulted in a higher pY228 level

(Figure 5D). Therefore, we proposed our hypothesis that

phosphorylation of Y228 on p120-catenin enhanced its

interaction with RhoA and inhibited its activation, subse-

quently inhibit the tumor progression of CAC (Figure 5E).

Discussion
In the current study, we reported that the phosphorylation

on site Y228 of p120-catenin is an independent prognostic

factor indicating the better prognosis of CAC patients.

Patients with hypophosphorylation level showed unfavor-

able clinical outcomes compared to those with more

Figure 4 Phosphorylation on Y228 is critical on inhibiting colon cancer progression. Y228 on p120-catenin was mutated into E (Y228E) to mimic phosphorylated residue

and F (Y228F) to abolish phosphorylation function. (A) The proliferation process of SW480 cells is evaluated by CCK-8 assay, showing that Y228F attenuated the anticancer

effect of p120-catenin. (B) Similarly, Matrigel-transwell results indicated that the invasion capacity was further enhanced after mutating Y into E, compared with wild type

(WT) p120-catenin. (C) Transcription of RhoA downstream effectors, such as snail and c-myc, was further impaired in Y228E while rescued in Y228F, indicating the crucial

role of Y228 phosphorylation in suppressing cancer progression. (D) Y228E stabilizes the p120-catenin-RhoA interaction while Y228F interrupts this interaction, compared

with the wild type. Consistently, the GTP-RhoA and ROCK1 levels were lowest in Y228E group. In contrast, the E-cadherin showed a highest level in Y228E transcription

group. *Indicates P<0.05 by One-way ANOVA t test.
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Figure 5 Src is the upstream kinase catalyzing Y228 phosphorylation of p120-catenin. (A) Representative immunohistochemical result of low Src expression in colon

adenocarcinoma (IHC score=1). (B) Representative immunohistochemical result of high Src expression in colon adenocarcinoma (IHC score=4). (C) Higher Src expression

is correlated with higher pY228-p120-catenin level in clinical CAC tissues (P=0.003). (D) Overexpression of Src induced hyperphosphorylation of Y228 on p120-catenin,

while silencing Src by siRNA resulted in a lower pY228-p120-catenin level compared to the control group. (E) A schematic model shows our hypothesis that p120-catenin

exhibits anticancer functions via E-cadherin and RhoA signaling pathways.
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phosphorylated p120-catenin. Although the total protein

expression of p120-catenin showed no significant effect

on overall survival of our cohort, its lower expression was

correlated with advanced TNM stages, indicating a possi-

bility of p120-catenin to exert a tumor-suppressive role in

CAC. Therefore, we performed a series of following

experiments to verify whether p120-catenin could inhibit

proliferation, invasion and EMT in CAC cells, and tested

the underlying mechanisms of how p120-catenin and its

phosphorylation regulate the malignant behaviors in vitro.

Accumulating evidence showed that tumor metastasis

is one of the most important features indicating unfavor-

able prognosis.22,24 Tumor cell metastasis is characterized

by decreased cell-cell adhesion and epithelial–mesenchy-

mal transition. E-cadherin is a key suppressor of EMT, a

key process for tumor cells to acquire the capability of

invasion and migration. The p120-catenin protein has been

shown to interact with the cytoplasmic domain of

E-cadherin, which helps stabilizing E-cadherin and enhan-

cing cell-cell adhesion.25 Therefore, dysregulation or

decreased expression of p120-catenin is likely to associate

to the tumor cell metastasis. In the present study, the

protein level of E-cadherin was upregulated in CAC cells

transfected with p120-catenin, however, the mRNA level

shows no significant alteration. The different pattern

between mRNA and protein levels is consistent with pre-

vious studies on the effects of p120-catenin on regulating

E-cadherin26 Together, it could be indicated that p120-

catenin may exert an inhibitory effect on EMT in CAC

by stabilizing E-cadherin.

Besides E-cadherin, our data also indicated that p120-

catenin could interact with GDP-binded RhoA, subse-

quently attenuate GDP-GTP exchange on RhoA.

Consistently, overexpression of p120-catenin downregu-

lated GTP-RhoA without affecting the total RhoA protein

expression. Moreover, the downstream effector of RhoA

signaling, such as c-myc and snail27 were downregulated

by p120-catenin transfection. Additionally, by introducing

phosphor-mimic and phosphor-deficient mutagenesis, we

verified that phosphorylation of Y228 enhances this sig-

naling pathway through stabilizing the p120-catenin-RhoA

interaction. The Src kinase has been reported to phosphor-

ylate Y228 of p120-catenin in several cell types.14,28,29

Our results expanded on this kinase–substrate relationship

in colon adenocarcinoma SW480 cells, thus evidenced that

Src may be one of the upstream kinase of p120 which

phosphorylates its Y228 tyrosine, and thus regulate its

downstream signaling axis.

There are several limitations of this study. Firstly, the

clinical data were collected from only one hospital and

cannot avoid regional bias, cooperation between multi-

ple medical centers will help validate our conclusions.

Secondly, in vivo experiments using mice models will

be invaluable to further verify the effects of p120-cate-

nin and its phosphorylation in CAC. Thirdly, the Src

protein is recognized as an oncogenic protein in many

cancer types however shows tumor-suppressive potency

by phosphorylating p120-catenin according to our

results. Therefore, a more systematic study on Src’s

effects in colon adenocarcinoma is essential to better

elucidate its tumor-related roles.

Conclusion
P120-catenin and its phosphorylation on site Y228 play anti-

proliferation and EMT-suppressive effects in colon adenocar-

cinoma cells, which is at least partly established via inhibiting

RhoA activation and stabilizing E-cadherin.

Hypophosphorylation of Y228 on p120-catenin in tumor tis-

sues is associated with poor clinical outcomes of colon adeno-

carcinoma patients.
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