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Introduction

The Wnt signaling pathway plays pivotal roles during 
embryonic development and whose dysregulation in 
adult tissues is linked to cancer.1,2 In colorectal carcinoma 
(CRC), mutations in Wnt cascade genes, such as APC, 
lead to the inappropriate formation of β-catenin/Tcf4 com-
plexes, which thereby promoted the transcription of down-
stream factors and accelerated CRC progression.3,4

By inhibiting yes-associated protein (YAP) and tran-
scriptional coactivator with PDZ-binding motif (TAZ) tran-
scription coactivators, the Hippo pathway regulates 

tumor proliferation, apoptosis, and stemness in response 
to a wide range of extracellular and intracellular signals, 
including cell–cell contact, cell polarity, mechanical cues, 
ligands of G-protein-coupled receptors, and cellular 
energy status.5,6  Its dysregulation exhibits a significant 
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Summary 
SCC-S2 overexpression has been implicated in several human cancers, its correlation with prognosis and the mechanism 
how it reserved biological roles are still uncertain. The current study demonstrated that, in 142 archived colorectal 
carcinoma (CRC) tissue samples, SCC-S2 expression was significantly correlated with higher histological grade (p=0.001), 
tumor invasion (p=0.001), advanced Dukes staging (p=0.002), positive regional lymph node metastasis (p=0.024), and 
poor overall survival (p<0.001). MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) and Transwell assays 
showed that SCC-S2 significantly promoted the proliferation and invasion. SCC-S2 expression was also accompanied 
by the overexpression CyclinD1, matrix metalloproteinase-7 (MMP-7), active-β-catenin, yes-associated protein (YAP), 
and connective tissue growth factor (CTGF), as well as the depression of p-large tumor suppressor kinase 1 (p-LATS1) 
and p-YAP. Moreover, SCC-S2 interacted and colocalized with LATS1, the interaction may interrupt Hippo signaling 
and thereafter activate canonical Wnt signaling. In conclusion, our data suggested that SCC-S2 was associated with the 
progression and unfavorable prognosis of CRCs. Meanwhile, SCC-S2 facilitated canonical Wnt signaling and its downstream 
effectors (CyclinD1, MMP-7) and promoted tumor proliferation and invasion, which depended on the inhibition of Hippo 
signaling induced by SCC-S2-LATS1 interaction. These results indicated that SCC-S2 might be used as a novel target for 
the prevention and treatment of colorectal cancer. (J Histochem Cytochem 67:65–75, 2019)
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impact on cancer development.7,8 Recently, several stud-
ies have demonstrated that there was a cross-talk 
between Wnt and Hippo signaling pathway.9–13

SCC-S2/GG2-1/NDED (approved gene symbol 
TNFAIP8) has been previously reported overexpressed 
in various malignant tumors such as lung carcinoma, 
hepatocellular carcinoma, and breast carcinoma.14–18 
Miao et al. had reported that SCC-S2 overexpressed in 
CRC and promoted CRC cells proliferation by increas-
ing CyclinD1.19 However, the correlation between SCC-
S2 expression and patients’ survival as well as the 
signaling pathway involved in modulating CyclinD1 are 
currently unknown.

In this study, we investigated the expression and 
subcellular distribution of SCC-S2 in both clinical tis-
sue samples and cell lines, as well as their association 
with clinicopathological features and patients’ survival. 
We further evaluated the effects of SCC-S2 on cellular 
proliferation and invasiveness after transfected with 
SCC-S2 cDNA or SCC-S2-siRNA. We also identified 
that SCC-S2 enhanced proliferation and invasion of 
CRC through inhibiting Hippo signaling pathway but 
activating Wnt signaling pathway. Our study indicated 
that SCC-S2 might be a key molecule between the 
Wnt and Hippo pathways, which provides a potential 
target for clinical intervention in CRC.

Materials and Methods

Patients and Specimens

Ethical approval for this study was obtained from the 
local trials committee of China Medical University, 
and informed consent has been obtained from 
patients. Primary tumor specimens were obtained 
from 142 patients (84 males and 58 females) who 
were diagnosed with colon cancers and underwent 
complete resection in the Affiliated Shengjing Hospital 
of China Medical University between 2007 and 2010. 
None of the patients had received radiotherapy or 
chemotherapy before surgical resection, and all the 
patients were treated with routine chemotherapy after 
operation. The mean age of the patients was 60 years 
(range, 32–75 years). The histological diagnosis and 
grade of differentiation were evaluated using hema-
toxylin-eosin-stained sections, according to the World 
Health Organization guidelines for classification. 
Lymph node metastases were identified in 54 of the 
142 patients. According to the Dukes staging system, 
stages are I (n=29), II (n=51), III (n=53), and IV (n=9).

Immunohistochemistry (IHC)

Samples were fixed in 10% neutral formalin, embedded 
in paraffin, and sliced into 4-μm thick sections. 

Immunostaining was performed by the streptavidin-per-
oxidase method. The sections were incubated with a 
monoclonal mouse anti-SCC-S2 antibody (1:100, 
ab64988; Abcam, Cambridge, UK) at 4C overnight, fol-
lowed by biotinylated goat antimouse IgG secondary 
antibody. After washing, the sections were incubated 
with horseradish peroxidase-conjugated streptavidin–
biotin (Ultrasensitive; MaiXin, Fuzhou, China) and devel-
oped using 3, 3-diaminobenzidine tetrahydrochloride 
(MaiXin). Finally, samples were lightly counterstained 
with hematoxylin, dehydrated in alcohol, and mounted. 
Two investigators who were blinded to the clinical data 
scored the slides semiquantitatively by evaluating the 
staining intensity and percentage of stained cells in rep-
resentative areas. The staining intensity was scored as 0 
(no signal), 1 (weak), 2 (moderate), or 3 (high). The per-
centage of cells stained was scored as 1 (1–25%), 2 
(26–50%), 3 (51–75%), or 4 (76–100%). A final score of 
0 to 12 was obtained by multiplying the intensity by the 
percentage scores. Tumors were regarded as positive 
for SCC-S2 expression with a score ≥4. Tumor samples 
with scores between 1 and 3 were categorized as show-
ing weak expression, whereas those with scores of 0 
were considered to have no expression; both weak 
expression and no expression were defined as negative 
SCC-S2 expression.

Cell Culture

The SW480, SW620, HCT116, and LOVO cell lines 
were obtained from the Shanghai Cell Bank (Shanghai, 
China). All cells were cultured in Roswell Park Memorial 
Institute (RPMI) 1640 medium (Invitrogen, Carlsbad, 
CA) supplemented with 10% fetal bovine serum 
(Invitrogen), 100 IU/ml penicillin (Sigma), and 100 μg/
ml streptomycin (Sigma, St. Louis, MO), and passaged 
every other day using 0.25% trypsin (Invitrogen).

Western Blotting and Immunoprecipitation

Total protein was extracted using a lysis buffer (Pierce, 
Rockford, IL) and quantified with the Bradford 
method.20 In all, 50 μg of the total protein samples 
were separated by 10% SDS-PAGE and transferred 
onto polyvinylidene fluoride membranes (PVDF; 
Millipore, Billerica, MA). Membranes were incubated 
overnight at 4C with the following primary antibod-
ies: SCC-S2 and CTGF (1:100 and 1:1000, respec-
tively, Abcam) and glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH; 1:5000, Sigma, St. Louis, 
MO), Myc-tag, CyclinD1, MMP-7, p-large tumor sup-
pressor kinase 1 (p-LATS1), LATS1, p-YAP, YAP and 
(non-phospho) active-β-catenin (Ser33/37/Thr41) 
(1:1000; Cell Signaling Technology, Danvers, MA). β-
catenin (1:1000; BD Transduction Laboratories, 
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Lexington, KY). Membranes were washed and subse-
quently incubated with peroxidase-conjugated anti-
mouse or antirabbit IgG (Santa Cruz Biotechnology) at 
37C for 2 hr. Bound proteins were visualized using 
electrochemiluminescence (Pierce, Rockford, IL) and 
detected with a bio-imaging system (DNR Bio-Imaging 
Systems, Jerusalem, Israel).

For immunoprecipitation, a sufficient amount of 
antibody was added to 200 mg of protein and gently 
rotated overnight at 4C. The immunocomplex was cap-
tured by adding 25 μL of protein A/G agarose beads 
(Beyotime, Jiangsu, China) and gently rotated for 3 hr 
at 4C. Then, the mixture was centrifuged at 1500 × g 
for 5 min at 4C, and the supernatant was discarded. 
The precipitate was washed three times with ice-cold 
radioimmunoprecipitation assay buffer, resuspended 
in sample buffer, and boiled for 5 min to dissociate the 
immunocomplex from the beads. The supernatant was 
then collected by centrifugation and subjected to 
Western blot analysis.

Isolation of Nuclear and Cytoplasmic Extract

The nuclear extraction was prepared using an NE-PER 
Nuclear Cytoplasmic Extraction Reagent kit (Pierce, 
Rockford, IL) according to the manufacturer’s instruc-
tion. Briefly, the treated cells were washed twice with 
cold PBS and centrifuged at 500 × g for 3 min. The cell 
pellet was suspended in 200 µl of cytoplasmic extrac-
tion reagent I by vortexing. The suspension was incu-
bated on ice for 10 min followed by the addition of 11 µl 
of a second cytoplasmic extraction reagent II, vortexed 
for 5 sec, incubated on ice for 1 min and centrifuged 
for 5 min at 16,000 × g. The supernatant fraction (cyto-
plasmic extract) was transferred to a prechilled tube. 
The insoluble pellet fraction, which contains crude 
nuclei, was resuspended in 100 µl of nuclear extrac-
tion reagent by vortexing during 15 sec and incubated 
on ice for 10 min, then centrifuged for 10 min at 16,000 
× g. The resulting supernatant, constituting the nuclear 
extract, was used for the subsequent experiments.

Plasmid Transfection and Small Interfering RNA 
Treatment

Plasmids pCMV6-ddk-myc and pCMV6-ddk-myc-
SCC-S2 (RC202729) were purchased from Origene 
(Rockville, MD). SCC-S2-siRNA (sc-76700), LATS 
1-siRNA (sc-35797), β-catenin-siRNA (sc-29209), and 
NC-siRNA (sc-37007) were purchased from Santa 
Cruz Biotechnology. Transfection was carried out using 
the Lipofectamine 3000 reagent (Invitrogen) according 
to the manufacturer’s instructions. Super 8 × TOPFlash, 
Super 8 × FOPFlash and TEA domain family 

transcription factors (TEAD) luciferase reporter plas-
mid were got from Addgene (Sigma, St. Louis, MO).

Immunofluorescence Staining

Cells were fixed with 4% paraformaldehyde, blocked 
with 1% bovine serum albumin, and incubated over-
night with SCC-S2 (1:100; Abcam) and LATS 1 (1:100, 
Cell Signaling Technology) at 4C. Then, the cells were 
incubated with tetramethylrhodamine isothiocyanate-
conjugated secondary antibodies (Cell Signaling 
Technology) at 37C for 2 hr; cell nuclei were counter-
stained with 4′,6-diamidino-2-phenylindole (DAPI). 
Epifluorescence microscopy was performed using an 
inverted Nikon TE300 microscope (Nikon Co., Ltd., 
Tokyo, Japan), and confocal microscopy was per-
formed using a Radiance 2000 laser scanning confo-
cal microscope (Carl Zeiss, Oberkochen, Germany).

Dual-luciferase Assay

Lipofectamine 3000 was used for transfection accord-
ing to the manufacturer’s instructions. Cells were plated 
in 24-well plates for 24 hr before transfection with 
TOPFlash or FOPFlash (0.5 mg) plasmids, together 
with the control plasmid pRL-TK (50 ng). After incuba-
tion for 30 hr at 37C, reporter gene expression was 
detected by the Dual-Luciferase Assay System 
(Promega, Madison, WI). Tcf-mediated gene transcrip-
tion activity was determined from the ratio of TOPFlash 
to FOPFlash luciferase activity normalized to Renilla 
luciferase activity from the control plasmid pRL-TK. To 
analyze the effect of SCC-S2 on β-catenin signaling, 
SCC-S2 (0.5 mg) was cotransfected with TOPFlash or 
FOPFlash for luciferase assays. Empty vectors (0.5 mg) 
were added to control. To assess changes of Hippo sig-
naling and YAP transcriptional activities, cells were 
cotransfected with luciferase reporter plasmid (8xGTIIC-
luciferase) and TNFAIP8 plamids/siRNA for luciferase 
assays. Forty-eight hours after transfection, cells were 
analyzed for luciferase activities. All experiments were 
performed in duplicate minimum of three times.

3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide (MTT) Assay

Cells were plated in 96-well plates in medium contain-
ing 10% fetal bovine serum at about 3000 cells per 
well 24 hr after transfection. For quantitation of cell 
viability, cultures were stained after 4 days by using the 
MTT assay. Briefly, 20 μl of 5 mg/ml MTT solution was 
added to each well and incubated for 4 hr at 37C, the 
medium was then removed from each well, and the 
resultant MTT formazan was solubilized in 150 μl of 
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dimethyl sulfoxide (DMSO). The results were quanti-
fied spectrophotometrically at a wavelength of 570 nm, 
each test carried out in triplicate.

Matrigel Invasion Assay

Cell invasion assays were performed using 24-well 
Transwell chambers with 8-μm pores (Costar, 
Cambridge, MA). The inserts were coated with 20 μl 
Matrigel (1:3 dilution; BD Bioscience, San Jose, CA). 
Cells were trypsinized 48 hr after transfection, resus-
pended at the concentration of 3 × 105 cells in 100 μL 
of serum-free medium, and transferred to the upper 
chamber of Transwell plates, whereas 10% FBS was 
added to the lower chamber as a chemoattractant. 
After incubation for 18 hr, cells that passed through the 
filter were fixed with 4% paraformaldehyde, stained 
with hematoxylin, and counted under a microscope in 
10 randomly selected fields at 400× magnification.

Statistical Analysis

SPSS version 22.0 for windows (SPSS, Chicago, IL) 
was used for all analyses. The Pearson’s chi-square 
test was used to assess possible correlations between 
SCC-S2 and clinicopathological factors. Kaplan–Meier 
survival analyses were carried out in 142 cases speci-
mens and compared using the log-rank test. The Cox 
regression model was used to test the prognostic 
value. All of the clinicopathological parameters were 
included in the Cox regression model and tested by 
univariate analysis (UA) and multivariate analysis (MA) 
using the enter method. Mann–Whitney U test was 
used for the image analysis of Western blot results and 
the invasive assay results; p<0.05 was considered to 
indicate statistically significant differences.

Results

SCC-S2 Was Overexpressed in CRC Tissue 
Samples and Cell Lines and Correlated With 
Poor Prognosis

First, IHC was performed in 62 cases normal mucosa 
samples and 142 cases CRC tissue samples to assess 
the expression and localization of SCC-S2. SCC-S2 
presented only negative or dim staining in the cytoplasm 
of normal mucosa (Fig. 1A), however, it displayed 
strong cytosolic expression in CRC specimens (Fig. 1B 
and C). The positive ratio of SCC-S2 in normal mucosa 
(29%, 18/62) was significantly lower than that in CRC 
samples (54.2%, 77/142; p<0.001, Fig. 1D). Subse
quent statistical analysis indicated that the positive 

expression of SCC-S2 remarkably correlated with his-
topathological grading (p=0.001), tumor invasion 
(p=0.001), lymph nodal status (p=0.024), and Dukes 
staging (p=0.002). There were no significant correla-
tions between the expression of SCC-S2 and age, 
gender and tumor location (p>0.05, Table 1). Kaplan–
Meier analysis results showed that the overall survival 
of patients with positive SCC-S2 expression (40.501 ± 
2.551 months) was significantly shorter than those 
with negative SCC-S2 expression (56.459 ± 1.586 
months; p<0.001, Fig. 1E). UA and MA suggested that, 
along with positive lymph node metastasis (p<0.001 
for UA and p=0.021 for MA) and Dukes staging 
(p<0.001 for UA and p=0.001 for MA), overexpression 
of SCC-S2 (p<0.001 for UA and p=0.004 for MA, Table 
2) could be considered as an independent prognostic 
factors in CRC patients.

We also tested SCC-S2 protein levels in CRC cell 
lines, Western blotting results revealed SCC-S2 was 
expressed in three of four CRC cell lines (Fig. 1F).

Overexpression of SCC-S2 Enhanced CRC Cell 
Invasion and Proliferation

We transfected SCC-S2 plasmid into SW480 cells or 
knockdown SCC-S2 with siRNA in HCT116, the trans-
fection efficiency was evaluated by Western blot and 
the results were shown in Fig. 2A. The results of 
Transwell and MTT assay indicated that both tumor 
invasive (Fig. 2B) and proliferation (Fig. 2C) were 
upregulated after transfected with SCC-S2 cDNA, 
whereas were downregulated by SCC-S2 RNAi.

SCC-S2 Activated Canonical Wnt Signaling 
Pathway

Next, we evaluated the effect of SCC-S2 on the canoni-
cal Wnt signaling pathway after transfecting SCC-S2 
plasmid in SW480 cells or depleting SCC-S2 by RNAi 
in HCT116 cells. Western blotting results indicated that 
active-β-catenin, as well as the classical target proteins 
of canonical Wnt signaling CyclinD1 and MMP-7, were 
upregulated after overexpressing SCC-S2. Accordingly, 
the expression of active-β-catenin, CyclinD1 and MMP-7 
was downregulated followed by SCC-S2 depletion 
(Fig. 3A). The central event in Wnt/β-catenin signaling is 
the stabilization and nuclear translocation of β-catenin. 
Therefore, we next investigated whether SCC-S2 
affected the subcellular expression and localization of 
β-catenin. Western blots of β-catenin using NE-PER of 
cytoplasmic and nuclear extracts were performed. The 
expression of β-catenin in the nuclear extracts was 
prominently enhanced in SCC-S2 overexpression 
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Figure 1.  The expression of SCC-S2 in CRC specimens and cell lines. SCC-S2 showed weak expression in normal colonic tissues (A), 
however, it showed strong cytosolic expression in tubular adenocarcinoma (B) and mucinous adenocarcinoma (C). The expression of 
SCC-S2 was remarkably higher in CRC specimens than that in noncancerous mucosa (D). Kaplan–Meier survival analysis revealed that 
the overall survival (OS) for patients with positive SCC-S2 expression was significantly shorter than those with negative SCC-S2 expres-
sion (E). As indicated in the figures, SCC-S2 was highly expressed in three of four CRC cell, while showed weak expression in SW480 
cells (F). Scale bar = 50 μm, insert scale bar = 20 μm. Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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group and decreased in SCC-S2 knockdown group 
compared with controls, while there were no visible 
changes in the cytoplasmic extracts of both groups 
(Fig. 3B). Top Flash luciferase reporter assay showed 
that the activities of canonical Wnt signaling were 
upregulated after SCC-S2 cDNA transfection or inhib-
ited by RNAi treatment, respectively (Fig. 3C).

SCC-S2 Interacted With LATS1 and Attenuated 
the Phosphorylation of LATS1 and YAP

In our study, using Western blots, we found that the 
phosphorylation of LATS1 and YAP were abolished by 
SCC-S2 overexpression and the levels of total YAP/
CTGF were thereby increased. However, SCC-S2 
RNAi restored the phosphorylation of LATS1 and YAP 
and inhibited the expression of total YAP/CTGF (Fig. 4A). 
Using a TEAD reporter, we observed a significant 
increase in luciferase expression levels after SCC-S2 
overexpression and a prominent decrease in luciferase 
expression levels after SCC-S2 knockdown (Fig. 4B). 
Subsequent results of Co-IP and IF assays indicated 

that SCC-S2 interacted with LATS1 and colocalized in 
the cytoplasm of SW480 cells (Fig. 4C and D).

Furthermore, we cotransfected SCC-S2 plasmid 
together with LATS1-siRNA into SW480 cells, Western 
blotting results suggested that the decrease of phos-
phorylated LATS1 and YAP caused by SCC-S2 cDNA 
transfection were further downregulated, while the 
increase of active-β-catenin, CyclinD1, MMP-7 and 
CTGFa induced by overexpressing SCC-S2 were 
prominently reversed by LATS1 RNAi (Fig. 4E). Similar 
tendencies were also found in MTT assay (Fig. 4F) 
and matrigel invasion assay (Fig. 4G). Interestingly, 
depletion of β-catenin through RNAi did not affect the 
effect on p-LATS1, p-YAP, and CTGF levels by SCC-
S2 overexpression, whereas attenuated the elevation 
of cellular growth and invasiveness caused by SCC-
S2 cDNA transfection (Supplementary Fig. 1a–c).

Discussion

The present study revealed that SCC-S2 overex-
pressed in the cytoplasm of CRC cells. Overexpression 
of SCC-S2 significantly associated with tumor pro-
gression and predicted poor prognosis of patients with 
CRC. Furthermore, we found that SCC-S2 inhibit 
Hippo signaling through interaction with LATS1 and 
attenuated the phosphorylation of LATS1 and YAP 
which thereby stabilized the protein level of YAP. As a 
result, the elevated YAP facilitated its downstream 
transcription factor, as well as the activation of canoni-
cal Wnt signaling, and promoted CRC proliferation and 
invasion.

Table 1.  The Association Between SCC-S2 Expression and the 
Clinicopathological Characteristics.

Total n

SCC-S2 Expression

p Value– +

Gender
  Male 84 41 43 0.397
  Female 58 24 34  
Age
  ≥60 90 46 44 0.116
  <60 52 19 33  
Location
  Rectum 57 25 32 0.734
  Colon 85 40 45  
Histopathological grading
  Well 83 47 36 0.001
  Moderately 24 3 21  
  Poorly 35 15 20  
Tumor invasion
  pT1 3 3 0 0.001
  pT2 33 16 17  
  pT3 92 46 46  
  pT4 14 0 14  
Lymph nodal status
  pN0 88 47 41 0.024
  pN1/2/3 54 18 36  
Dukes staging
  A 29 19 10 0.002
  B 51 28 23  
  C 53 17 36  
  D 9 1 8  

Table 2.  Univariate and Multivariate Analysis of OS in 142 
Cases of CRC Patients.

HR

OS

p Value  95% CI

Univariate
  Gender 1.618 0.918–2.850 0.096
  Age 1.237 0.678–2.256 0.488
  Location 0.743 0.421–1.312 0.306
  Histopathological grading 1.249 0.908–1.718 0.172
  Tumor invasion 3.328 1.964–5.640 <0.001
  Lymph nodal status 6.838 3.544–13.196 <0.001
  Dukes staging 4.68 3.103–7.058 <0.001
  SCC-S2 expression 4.818 2.331–9.958 <0.001
Multivariate
  Tumor invasion 1.442 0.749–2.775 0.273
  Lymph nodal status 2.426 1.141–5.159 0.021
  Dukes stage 2.899 1.572–5.348 0.001
  SCC-S2 expression 2.978 1.416–6.265 0.004

Abbreviations: HR, hazard ratio; OS, overall survival; CI, confidence interval.
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Overexpression of SCC-S2 has been reported in 
various human cancers.14,15,21–25 In the present study, 
our results suggested that SCC-S2 was significantly 
upregulated in CRC clinical tissue samples and cell 
lines. In addition, we also found that positive SCC-S2 
expression significantly correlated with advanced 
Dukes staging, positive lymph node metastasis. 
Furthermore, univariate and multivariate analysis 
revealed that SCC-S2 was an independent risk factor 
for adverse survival of CRC patients. Our clinical data 
were consistent with previous studies that SCC-S2 

contributed to tumor progression and its signature may 
have clinical values in predicting and providing prog-
nostic information.14,15,22,26

We also revealed that overexpression of SCC-S2 
may activate the canonical Wnt signaling and elevated 
the expression of its target proteins CyclinD1 and 
MMP-7. Our findings suggested that SCC-S2 facili-
tated tumor proliferation and invasion in CRC cells 
through activating canonical Wnt signaling. Previous 
studies had also indicated that SCC-S2 depressed the 
phosphorylated LATS1 and YAP in hepatocellular 

Figure 2.  Overexpression of SCC-S2 promoted CRC cells invasion and proliferation. (A) The efficiency for SCC-S2 cDNA transfec-
tion in SW480 and SCC-S2 siRNA transfection in HCT116 cells were evaluated by Western bolts. Transwell and MTT assays showed 
that the invasiveness (B) and proliferation (C) were enhanced or depressed followed by SCC-S2 overexpression or depletion. *p<0.05, 
**p<0.01. Scale bar = 20 μm. Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium Bromide; GAPDH, glyceralde-
hyde 3-phosphate dehydrogenase; NC, negative control.
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carcinoma and lung carcinoma, preventing YAP 
nuclear translocation which was the symbol of Hippo 
signaling activation.14,16 Previous studies also showed 
that inhibition of Hippo signaling may thereafter acti-
vate canonical Wnt signaling.10–13 To clarify whether 
SCC-S2 activated canonical Wnt signaling through 
inhibiting Hippo signaling, we next evaluated the effect 
on the activities of Hippo signaling. YAP phosphoryla-
tion is regulated by its interactions with other proteins 
such as LATS1.27,28 Our results were in line with the 

previous studies that SCC-S2 colocalized and inter-
acted with LATS1 which thereby abrogated the phos-
phorylation of LATS1 and YAP and stabilizing the 
levels of YAP.

To further investigate the relationship between Wnt 
and Hippo signaling induced by overexpression of 
SCC-S2. We cotransfected SCC-S2 plasmids together 
with LATS1-siRNA into CRC cells. The levels of phos-
phorylated LATS1 and YAP followed by SCC-S2 over-
expression were attenuated followed by LATS1 RNAi. 

Figure 3.  SCC-S2 activated canonical Wnt signaling. The expression of downstream proteins of canonical Wnt signaling, including 
CyclinD1, MMP-7, and Active-β-catenin (A). TOPFlash reporter activities were upregulated after overexpressing SCC-S2 whereas were 
abrogated followed by SCC-S2 RNAi (B). **p<0.01. (C) The nuclear expression of β-catenin is upregulated or downregulated by SSC-S2 
overexpression and inhibition. Abbreviations: NC, negative control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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(continued)
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A similar tendency was also seen in the protein levels 
of CyclinD1, MMP-7 and active-β-catenin. These find-
ings suggested that SCC-S2 accelerated Wnt signal-
ing and CRC proliferation and invasion by abolishing 
Hippo signaling induced by interaction with LATS1. 
Han et al. had shown the interaction with LATS1 may 
interrupt Hippo signaling and thus promote canonical 
Wnt signaling pathway.9 To our knowledge, there were 
no published literature revealed the relationship 
between SCC-S2 and Wnt signaling until now. As is 
known to us all, YAP and β-catenin harbored the same 
degradation manner.29,30 We speculated that the inter-
action between SCC-S2 and LATS1 might inhibit 
Hippo signaling and thus stabilized YAP. The elevated 
YAP might compete with β-catenin for the degradation. 
Therefore, the unphosphorylated β-catenin (active-β-
catenin) was increased and then translocated into the 
nucleus, which was responsible for the transcriptional 
activation of CyclinD1 and MMP-7. However, in the 
present study, although β-catenin siRNA cotransfected 
with SCC-S2 cDNA attenuated cellular proliferation 
and invasion, the members of Hippo signaling were 
not apparently affected. Therefore, the underlying 
mechanisms of SCC-S2/Hippo/Wnt signaling certainly 
need further elucidated.

Overall, the present study indicated that overexpres-
sion of SCC-S2 correlated with tumor invasion, 
advanced Dukes staging, positive regional lymph node 
metastasis, and predicted poor prognosis of patients 
with CRC. SCC-S2 may inhibit Hippo signaling and sta-
bilize YAP proteins levels through interact with LATS1. 
The elevated YAP may further activate canonical Wnt 
signaling and promote CRC proliferation and invasion.
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