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Introduction: Esophageal squamous cell carcinoma (ESCC) is one of the most common 

malignancies of gastrointestinal tract in the world, and the long-term prognosis for ESCC patients 

still remains dismal due to the lack of effective early diagnosis biomarkers.

Materials and methods: Western blot and immunochemistry were used to determine the 

expression of PRR11 in 201 clinicopathologically characterized ESCC specimens. The effects 

of PRR11 on stem cell-like traits and tumorigenicity were examined by tumor sphere formation 

assay and SP assays in vitro and by a tumorigenesis model in vivo. The mechanism by which 

PRR11 mediated Wnt/β-catenin signaling was explored using luciferase reporter, immuno-

chemistry, and real time-PCR (RT-PCR) assays.

Results: We found that PRR11 was markedly upregulated, at the level of both transcription and 

translation, in ESCC cell lines as compared with normal esophageal epithelial cells (NECCs). 

Immunohistochemical analysis showed that 69.2% paraffin-embedded archival ESCC specimens 

exhibited high levels of PRR11 expression, and multivariate analysis revealed that PRR11 

upregulation might be an independent prognostic indicator for the survival of patients with 

ESCC. Furthermore, overexpression of PRR11 dramatically enhanced, whereas inhibition of 

PRR11 reduced the capability of cancer stem cell (CSC)-like phenotypes and tumorigenicity 

of ESCC cells both in vitro and in vivo. Mechanically, we demonstrated PRR11-enhanced 

tumorigenicity of ESCC cells via activating Wnt/β-catenin signaling, and PRR11 expression 

is found to be significantly correlated with β-catenin nuclear location in ESCC.

Conclusion: Our findings suggest that the PRR11 might represent a novel and valuable prog-

nostic marker for ESCC progression and play a role during the development and progression 

of this malignancy.
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Introduction
Esophageal carcinoma, one of the most common malignancies of the digestive system, 

is the 6th most common cause of cancer-related death in the world.1–3 Esophageal 

squamous cell carcinoma (ESCC) is one of the major histological types of esophageal 

carcinoma, which ranks the 6th in mortality and the 7th in incidence in China with 

great variations in geography, ethnicity, and sociocultures.4 In spite of the recent 

advances in surgical techniques and adjuvant therapy, patients afflicted with ESCC 

exhibit poor prognosis with an average 5-year survival rate of 10%–20%.5–7 Unfortu-

nately, the prediction of clinical prognosis of ESCC patients based on conventional 

pathological variables, such as tumor size, tumor grade, and tumor stage, is still highly 

empirical.8–10 Interestingly, Cheng et al11 demonstrated that tryptophan metabolism 
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confers tumorigenesis and metastasis to ESCC, which help 

biologists to investigate the mechanism of the disease. 

Moreover, Cheng et al12 showed that tyrosine metabolism is 

disturbed in ESCC patients, suggesting that the metabolites 

involved in the tyrosine pathway can be used as diagnostic 

biomarkers of the disease. Therefore, identifying sensitive 

and specific early biomarkers for the diagnosis and prognosis 

of this aggressive tumor is needed urgently.

The novel tumor-related gene, proline-rich protein 11 

(PRR11), is located on chromosome 17q22 and encodes 

a 360-amino acid protein. Bioinformatic analysis revealed 

that PRR11 contains 2 proline-rich regions and 1 zinc-

finger domain. Zinc-finger domain is a well-known domain 

that can bind double-stranded DNA and modulate gene 

transcription.13,14 The proline-rich motif can bind with SH3 

domains or WW domain and mediate protein–protein inter-

actions involved in cellular signaling events, such as PI3K 

and YAP signaling, and its abnormal activation contributed 

to tumorigenesis.15–18 Consistent with this functional domain 

analysis, Ji et al19 showed that PRR11 played an important 

role in cell cycle, tumorigenesis, and metastasis by regulating 

the expression of genes (eg, CCNA1, RRM1, MAP4K4, and 

EPB41L3), which might serve as a novel potential target in 

the diagnosis and treatment of human lung cancer. A new 

study also showed that PRR11 is strictly regulated during 

cell cycle progression and induces premature chromatin 

condensation (PCC) in human lung carcinoma-derived 

H1299 cells.20 In addition, by using quantitative proteomics 

analysis, Larance et al21 revealed that PRR11 is identified 

as rapidly degraded proteasome targets in ESCC cells and 

highlighted a feedback mechanism resulting in translation 

inhibition. Previous studies indicated that PRR11 might 

involve in cancer development and progression; however, 

the expression and clinical significance of PRR11 in ESCC 

still remain unclear. Thus, it is of importance to investigate 

the expression of PRR11 associated with clinical pathologi-

cal factors including the prognosis of patients with ESCC.

Cancer stem cells (CSCs), a small subpopulation with 

stem-like properties, are capable of multilineage differen-

tiation potential, which results in metastasis, chemotherapy 

resistance, and recurrence in many cancers, including 

ESCC.22–25 For example, the proportions of both CD90+ and 

CD271+ cells in ESCC were dramatically increased in che-

moresistant ESCC cells and confers self-renewal and tumor 

initiation capability.26 Wang et al27 demonstrated that CD90 

overexpressing ESCC cells exhibit CSC-like characteristics 

and radiation resistance, which inhibits apoptosis and could 

exhibit more local invasion as well as distant metastasis. 

Gao et al22 suggested that SOX2 promoted the metastasis of 

ESCC by modulating Slug expression through the activation 

of STAT3/HIF-1α signaling. Therefore, targeting CSCs might 

improve the cure rates and survival of patients with ESCC.

Materials and methods
cell lines
Primary cultures of normal esophageal epithelial cells 

(NEECs) were established from fresh specimens of the 

adjacent non-cancerous esophageal tissue, which is over 

5 cm from the cancerous tissue, according to the previous 

report.28 The NEECs were grown at 37°C and 5% CO
2
 in 

keratinocyte serum-free medium, with 40 μg/mL bovine 

pituitary extract, 1.0 ng/mL EGF, 100 U/mL penicillin, 

and 100 μg/mL streptomycin. The esophageal cancer cell 

lines EC18, ECA109, and HKESC1 were kindly provided 

by Professors Tsao SW, Srivastava G (The University 

of Hong Kong). ESCC cell lines KYSE30, KYSE140, 

KYSE180, KYSE410, KYSE510, and KYSE520 were 

obtained from Deutsche Sammlung von Mikroorganismen 

und Zellkulturen, the German Resource Centre for Biological 

Material.29 These cell lines were grown in DMEM (Thermo 

Fisher Scientific, Waltham, MA, USA) supplemented with 

10% FBS (HyClone, Logan, UT, USA). All cell lines were 

authenticated by short tandem repeat (STR) fingerprinting 

at Medicine Lab of Forensic Medicine Department of 

Sun Yat-Sen University (Guangzhou, China).

Tissue specimens and clinicopathological 
characteristics
The total 201 paraffin-embedded, archived ESCC samples 

used in this study were histopathologically and clinically 

diagnosed at The First Affiliated Hospital of Clinical 

Medicine of Guangdong Pharmaceutical University between 

2003 and 2009. This study was conducted in accordance with 

the Declaration of Helsinki and approved by the ethics com-

mittee of The First Affiliated Hospital of Clinical Medicine 

of Guangdong Pharmaceutical University. Clinical staging 

and clinicopathological TNM classification were determined 

according to the criteria proposed by the International Union 

Against Cancer. Written informed consent was obtained 

from all patients prior to the study. The clinicopathological 

characteristics of the samples are summarized in Table S1. 

Eight freshly collected ESCC tissues and matched adjacent 

non-tumor esophageal tissues from the same patient were 

frozen and stored in liquid nitrogen until required.
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Western blotting
For Western blot analysis, the total protein of 8 pairs of 

ESCC and matched non-neoplastic tissues was extracted 

using a previously described method.30 The protein was 

separated using sodium dodecyl sulfate polyacrylamide gel 

electrophoresis and then transferred to an NC membrane 

(0.45 mm, EMD Millipore, Billerica, MA, USA). The protein 

levels were analyzed using the corresponding antibodies as 

follows: anti-PRR11 antibody (1:500; Novus, Centennial, 

CO, USA), anti-α-tubulin monoclonal antibody (1:3,000; 

Sigma-Aldrich Co., St Louis, MO, USA), and anti-β-catenin 

(Abcam, Cambridge, MA, USA). The blotting membranes 

were stripped and reprobed with an anti-α-tubulin antibody 

(Sigma-Aldrich Co.) as a loading control.

immunohistochemistry (ihc)
IHC analysis was performed on the 201 paraffin-embedded 

ESCC tissue sections,30 using the anti-PRR11 antibody 

(1:100; Novus). The degree of immunostaining of formalin-

fixed, paraffin-embedded sections was reviewed and scored 

separately by 2 independent pathologists. The scores were 

determined by combining the proportion of positively stained 

tumor or NEECs and the intensity of staining. Cell propor-

tions were scored as follows: 0, no positive cells; 1, 10% 

positive cells; 2, 10%–35% positive cells; 3, 35%–75% posi-

tive cells; and 4, 75% positive cells. Staining intensity was 

graded according to the following standard: 1, no staining; 

2, weak staining (light yellow); 3, moderate staining (yellow 

brown); and 4, strong staining (brown). The staining index 

(SI) was calculated as the product of the staining intensity 

score and the proportion of positive cells. Using this method 

of assessment, we evaluated protein expression in benign 

esophageal epithelia and malignant lesions by determining 

the SI, with possible scores of 0, 2, 3, 4, 6, 8, 9, 12, and 

16. Samples with an SI of 8 were determined as high 

PRR11 expression and samples with an SI of 8 were 

determined as low PRR11expression. Cutoff values were 

determined on the basis of a measure of heterogeneity using 

the log-rank test with respect to overall survival. Briefly, 

the stained sections were evaluated at 200× magnifica-

tion, and 10 representative staining fields of each section 

were analyzed to verify the mean optical density (MOD), 

which represents the strength of staining signals as mea-

sured per positive pixels. The MOD data were statistically 

analyzed using t-test to compare the average MOD differ-

ence between different groups of tissues, and P0.05 was 

considered significant.

rna extraction, reverse transcription, 
and real-time Pcr (rT-Pcr)
Total RNA from cultured cell and surgically obtained tumor 

tissues was extracted using the Trizol reagent according to 

the manufacturer’s instruction. Amplification and quantifi-

cation of cDNA were performed using an ABI Prism 7500 

Sequence Detection System (Thermo Fisher Scientific) and 

SYBR Green I dye (Molecular Probes, Eugene, OR, USA). 

Relative gene expression was evaluated by the threshold 

cycle (Ct) method, normalized to the housekeeping gene 

GAPDH, according to the formula 2-[(Ct of PRR11) - (Ct of GAPDH)]. 

RT-PCR primers used are the following:

PRR11 forward: 5′-GACTTCCAAAGCTGTGC 

TTCC-3′; PRR11 reverse: 5′-CTGCATGGGTCCATCC 

TTTTT-3′. GAPDH forward: 5′-GACTCATGACCAC 

AGTCCATGC-3′; GAPDH reverse: 5′-AGAGGCAGGGA 

TGATGTTCTG-3′.

Vectors, retroviral infection, and 
transfection
PRR11 expression construct was generated by PCR amplified 

from cDNA and cloned into the pMSCV plasmid, and short 

hairpin RNA (shRNA) oligonucleotide sequences targeting 

PRR11 were cloned into the pSuper-retro-puro viral vector. 

According to the manufacturer’s instruction, transfection 

of plasmids was performed using the Lipofectamine 3000 

reagent (Thermo Fisher Scientific). Retroviral production 

and infection were performed as per the previously reported 

protocol. The shRNA sequences for PRR11 were as follows: 

RNAi#1, TTTATTGCATCTCTGATGTTA and RNAi#2, 

ATCAACATCCAATGCTGGTGC (synthesized by Thermo 

Fisher Scientific). The siRNA sequence of β-catenin was as 

follows: ATAGGTGCGCAGGAACTCCTC. Stable cell 

lines expressing PRR11 or PRR11 shRNA(s) were selected 

for 10 days with 0.5 μg/mL puromycin 48 h after infection.

luciferase reporter assay
Cells (1×104) were seeded in triplicate in 48-well plates and 

allowed to settle for 24 h. One hundred nanograms of the 

indicated luciferase reporter plasmids or control-luciferase 

plasmid plus 5 ng of pRL-TK Renilla plasmid (Promega 

Corporation, Fitchburg, WI, USA) were transfected into 

the osteosarcoma cells using Lipofectamine 3000 reagent 

(Thermo Fisher Scientific). Luciferase and renilla signals 

were measured 48 hours after transfection using the Dual 

Luciferase Reporter Assay (Promega Corporation) according 

to the instructions of the manufacturer. Three independent 
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experiments were performed, and the data are presented as 

mean ± SD.

Tumor sphere formation assay
Six hundred stable cell lines were seeded in 6-well ultra-low 

cluster plates (Corning Incorporated, Corning, NY, USA) 

for 10 days. Spheres were cultured in DMEM/F12 serum-

free medium (Thermo Fisher Scientific) supplemented with 

2% B27 (Thermo Fisher Scientific), 20 ng/mL EGF, and 

20 ng/mL bFGF (PeproTech, Offenbach, Germany), 5 μg/mL 

insulin, and 0.4% BSA (Sigma-Aldrich Co.).

Flow cytometric analysis
Cells were dissociated with trypsin and resuspended at 

1×106 cells/mL in DMEM containing 2% FBS and then 

pre-incubated at 37°C for 30 min with or without 100 μM 

verapamil (Sigma-Aldrich Co.) to inhibit ABC transporters. 

The cells were subsequently incubated for 90 min at 37°C 

with 5 μg/mL Hoechst 33342 (Sigma-Aldrich Co.). Finally, 

the cells were incubated on ice for 10 min and washed with 

ice-cold PBS before flow cytometry analysis. The data were 

analyzed by Summit5.2 (Beckman Coulter, Indianapolis, 

IN, USA).

chemical reagents
ICG001 was purchased from Selleck (Shanghai, China) and 

dissolved in DMSO.

Xenografted tumor
All experimental procedures were approved by the Institu-

tional Animal Care and Use Committee (IACUC) of The 

Clinical Medicine of Guangdong Pharmaceutical University, 

and the NIH Guide for the Care and Use of Laboratory 

Animals was followed. The 6-week-old BALB/c-nu mice 

were randomly divided into 3 groups (n=10 per group). 

Cells (1×105, 1×104, and 1×103) were inoculated subcutane-

ously together with Matrigel (final concentration of 25%) 

into the inguinal folds of the nude mice. Tumor volume was 

determined using an external caliper and calculated using the 

equation (L × W2)/2. The mice were sacrificed 35 days after 

inoculation, and the tumors were excised and subjected to 

pathological examination.

statistical analyses
All statistical analyses were carried out using SPSS 19.0 

(IBM Corporation, Armonk, NY, USA). Pearson’s Chi-

square test was used for studying the correlation between 

PRR11 expression and clinicopathological characteristics of 

ESCC. Survival curves for both PRR11-high and PRR11-low 

patients were plotted using the Kaplan–Meier method, 

and statistical differences were compared using a log-rank 

test. Comparisons between groups were performed using 

Student’s t-test. Data represent mean ± SD. Bivariate correla-

tions between study variables were calculated by Pearson’s 

rank correlation coefficients. P-values of less than 0.05 were 

considered statistically significant.

Ethics approval and informed 
consent
The study was performed after obtaining consent from the 

ethics committee of The First Affiliated Hospital of Clini-

cal Medicine of Guangdong Pharmaceutical University and 

the patients.

Results
Prr11 overexpression correlated with 
poor prognosis in escc
By analyzing the mRNA sequencing datasets of esophageal 

carcinoma downloaded from The Cancer Genome Atlas 

(TCGA) (http://cancergenome.nih.gov/, n=198 cases), we 

found that PRR11 expression was upregulated in esopha-

geal carcinoma tissues compared with non-cancerous tis-

sues (Figure 1A). Consistent with this observation, PRR11 

was identified to be significantly upregulated in esophageal 

carcinoma than in matched non-cancerous tissue (http://

cancergenome.nih.gov/, n=13 pairs) (Figure 1B). Further-

more, by analyzing a published microarray-based high-

throughput assessment, we found that PRR11 was also 

identified to be significantly upregulated in ESCC tissues 

compared with non-cancerous tissues (n=38; P0.05; NCBI/

GEO/GSE45670; Figure 1C).

Interestingly, consistent with the above published data-

set, we found that the expression of PRR11, at both mRNA 

and protein levels, was significantly upregulated in all 

12 ESCC cell lines and 8 human ESCC samples, compared 

with 2 NEECs and the matched adjacent non-tumor tissues, 

respectively (Figures 1D and E and S1A and B). These results 

suggest that PRR11 expression is upregulated in ESCC.

Overexpression of Prr11 in archived 
escc tissues
To further evaluate whether PRR11 protein upregulation is 

associated with clinicopathological characteristics of ESCC, 

archived ESCC tissues were examined by IHC staining 

with an antibody against human PRR11. Two hundred one 

paraffin-embedded archived ESCC tissues were examined by 

IHC staining, and clinical information about the samples is 
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Figure 1 mrna expression analysis shows that Prr11 was upregulated in escc cell lines and tissues.
Notes: (A and B) Expression profiling of mRNAs showing that PRR11 is upregulated in ESCC tissues compared with non-cancerous tissue (N) (http://cancergenome.nih.gov/). 
(C) PRR11 was significantly upregulated in ESCC tissues compared with non-cancerous tissues in published mRNA sequencing datasets (NCBI/GEO/GSE45670). (D) Western 
blot analysis of Prr11 protein expression in 2 neecs and 12 cultured escc cell lines. α-Tubulin was used as a loading control. (E) Western blot analysis of Prr11 protein 
expression in escc tissues (T) with matched adjacent non-tumor tissues (n) from 8 patients. α-Tubulin was used as a loading control. (F) representative images from 
immunohistochemistry analyses of Prr11 expression in normal esophageal tissues and different clinical stages of escc tissues (clinical stages i–iV). (G) The average MOD of 
PRR11 staining between the adjacent esophageal tissues (4 cases) and different clinical stage ESCC (randomly picked 10 cases per stage) was statistically quantified. The average 
MOD of Prr11 staining increases as escc progresses to more advanced stages (P0.05). error bars represent mean ± sD from 3 independent experiments. (H) Kaplan–
Meier analysis of overall survival and disease-free survival of patients with ESCC was stratified according to low expression and high expression of PRR11. PRR11 upregulation 
was significantly correlated with shorter overall survival and disease-free survival. Each bar represents mean ± sD of 3 independent experiments. *P0.05.
Abbreviations: escc, esophageal squamous cell carcinoma; MOD, mean optical density; neecs, normal esophageal epithelial cells.
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summarized in Table S1. The samples including 24 cases of 

stage I, 92 cases of stage II, 66 cases of stage III, and 19 cases 

of stage IV tumors and the results of the IHC analysis are 

summarized in Table S2. As shown in Figure 1F, PRR11 

was found to be upregulated in advanced clinical stage 

ESCC compared with normal esophageal tissues. In contrast, 

PRR11 was barely detectable in the non-cancerous tissues. 

These results suggest that PRR11 expression is upregulated 

in archived ESCC tissues. Meanwhile, statistical analysis 

revealed that PRR11 levels were significantly correlated 

with the clinical stage (P=0.037), T classification (P0.001), 

N classification (P0.001), and M classification (P=0.02) in 

patients with ESCC (Table S3). Quantitative analysis indi-

cated that the average MODs of PRR11 staining in clinical 

stage I–IV primary tumors were statistically significantly 

higher than those in adjacent non-cancerous esophageal 

tissues (P0.001; Figure 1G). Importantly, high PRR11 

expression was found to be associated with shorter overall 

survival and poorer disease-free survival in ESCC (P0.001; 

P0.001; Figure 1H). Taken together, these observations 

suggested that overexpression of PRR11 was associated with 

the clinical development of ESCC.

Upregulation of Prr11 promoted stem 
cell-like traits of human escc cells 
in vitro
It is well known that CSCs play important role in tumorigen-

esis and are responsible for tumor recurrence. Interestingly, 

gene set enrichment analysis (GSEA) revealed that PRR11 

overexpression strongly correlated with gene signatures 

associated with stem cell-like traits, suggesting that PRR11 

overexpression might contribute to stem cell-like traits in 

ESCC (Figure 2A). To determine whether PRR11 plays a role 

in maintaining self-renewal of CSCs in ESCC in vitro, the 

effect of PRR11 overexpression on stem cell-like traits was 

examined (Figure 2B). As shown in Figure 2C, tumor sphere 

formation assay showed that PRR11-transduced cells formed 

more spheres compared with the spheres formed by vector 

control cells, suggesting overexpression of PRR11-promoted 

tumorigenic capability of ESCC cells in vitro (Figure 2C). 

Furthermore, we found that PRR11 overexpression dramati-

cally increased the proportion of SP+ cells, a subpopulation 

of cells that process stem cell-like traits in KYSE30 and 

ECA109 cells (Figure 2D). Meanwhile, multiple pluripo-

tency-associated factors, including OCT4, SOX2, NANOG, 

BMI1, and ABCG2, were detected to be upregulated in 

PRR11-overexpressing ESCC cells (Figure 2E). Collectively, 

these results indicated that upregulation of PRR11 promoted 

stem cell-like traits of ESCC cells in vitro.

silencing Prr11 inhibited stem cell-like 
traits of human escc cells in vitro
Meanwhile, we examine the effect of silencing PRR11 on 

the stem cell-like traits of ESCC cells. Endogenous PRR11 

was silenced using shRNA (Figure 3A). As expected, 

silencing PRR11 decreased the number and size of tumor 

spheres (Figure 3B). Meanwhile, the proportion of SP+ cells 

(Figure 3C) and the mRNA expression of pluripotency-

associated factors were, respectively, decreased in PRR11-

silenced ESCC cells compared with the control cells 

(Figure 3D). Altogether, these findings further supported the 

notion that PRR11 regulated stem cell-like traits in ESCC.

Prr11 enhances tumorigenesis of escc 
cells in vivo
Furthermore, to test whether ESCC inhibits the tumori-

genesis of human ESCC in vivo, ECA109 cell was used to 

stably overexpress PRR11 or PRR11-shRNA. The PRR11-

overexpressing, anti-PRR11-expressing, and control cells 

were inoculated into nude mice. As shown in Figure 4A–C, 

tumors in the PRR11 overexpression group grew more rap-

idly than tumors in the control group following implantation 

of 1×105 or 1×104 cells. Conversely, tumors in the PRR11-

shRNA group were smaller than the tumors in the vector group. 

Importantly, the ability of tumor formation was significantly 

increased in PRR11 overexpression group cells after 1×103 

cells were implanted compared to those of the control group 

(ECA109-vector:2/10; ECA109-PRR11:6/10; and ECA109-

RNAi/vector:1/10) (Figure 4D). These results showed 

that PRR11 enhances ESCC cell tumorigenesis in vivo.

Prr11 upregulation activates the Wnt/ 
β-catenin signaling pathway in escc
Through analysis of PRR11 mRNA expression levels 

and Wnt/β-catenin-regulated gene signatures from TCGA 

dataset, gene ontology (GO) enrichment analysis showed 

that the Wnt/β-catenin signaling pathway was enriched in 

TCGA datasets (Figure 5A). As expected, overexpression 

of PRR11 significantly enhanced, whereas silencing of 

PRR11 reduced the activity of TOP/FOP flash luciferase 

reporter (Figure 5B). Furthermore, cellular fractionation 

showed that PRR11 overexpression enhances nuclear accu-

mulation of β-catenin (Figure 5C), indicating that PRR11 

activates the Wnt/β-catenin pathway by promoted β-catenin 
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Figure 2 (Continued)

nuclear accumulation. Moreover, the expression levels of 

numerous well-characterized Wnt/β-catenin downstream 

genes were shown to be increased in PRR11 overexpressing 

cells but were lower in PRR11-silenced cells (Figure 5D). 

Next, we investigated whether PRR11-mediated ESCC 

tumorigenesis occurs through Wnt/β-catenin activation. As 

shown in Figure 5E and F, the stimulatory effect of PRR11 

on β-catenin activation was significantly inhibited by trans-

fection of knockdown β-catenin or treatment with β-catenin 

inhibitor (ICG001). Taken together, these results indicate that 
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Figure 2 Upregulation of Prr11 expression promotes escc stem cell-like traits in vitro.
Notes: (A) gsea plot showing that Prr11 expression positively correlated with cancer stem cell signaling pathway. (B) Western blotting analysis of Prr11 expression 
in KYse30 and eca109 cells stably overexpressing Prr11. (C) representative micrographs of tumor spheres formed by the indicated cells. histograms show the mean 
number of tumor spheres formed by the indicated cells. (D) hoechst 33342 dye exclusion assay showing that the overexpression of Prr11 promoted the sP+ subpopulation. 
(E) real-time Pcr of mrna expression of the pluripotency-associated factors in indicated cells. Transcript levels were normalized to GAPDH expression. error bars 
represent mean ± sD of 3 independent experiments. *P0.05.
Abbreviations: escc, esophageal squamous cell carcinoma; gsea, gene set enrichment analysis.

activation of the Wnt/β-catenin signaling pathway exerted 

functional effects of PRR11 on ESCC tumorigenesis.

clinical relevance of Prr11 induced 
Wnt/β-catenin activation in escc
The clinical relevance of PRR11 expression and Wnt/ 

β-catenin activation was further characterized in human 

ESCC. As shown in Figure 6A (P0.001), the correlation 

of PRR11 expression and nuclear β-catenin, as an indicator 

of Wnt/β-catenin signaling activation, was further con-

firmed in a cohort of clinical ESCC cancer tissues using 

IHC analysis. Importantly, statistical analysis showed that 

patients with ESCC cancer with high β-catenin expression 

had worse overall and disease-free survival than those with 

low β-catenin expression (Figure 6B, P0.01; P0.01). 

Collectively, these results further supported the notion that 

PRR11 overexpression enhanced tumorigenic capability 

and promoted recurrence of ESCC via upregulation of the 

Wnt/β-catenin signaling pathway, consequently resulting in 

poor survival of ESCC patients.

Discussion
ESCC leads to significant morbidity and mortality in 

developing countries, especially in China, where approxi-

mately 50% of all newly identified ESCC patients in the 

world are present.31,32 Due to the lack of effective early 

diagnosis biomarkers, ESCC is the most common cause 

of cancer-related deaths, and the 5-year survival rate of 

ESCC is just about 15%.33–35 Therefore, identification and 

functional analysis of novel potential cancer-associated 

genes are of great importance for developing diagnostic, 

preventive, and therapeutic strategies for ESCC treatment 

and management.

Disease recurrence is a major prognostic factor in ESCC 

and greatly reduces the effect of ESCC treatment. Our study 

showed that patients with high PRR11 expression revealed 
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Figure 3 silencing Prr11 inhibits escc stem cell-like traits in vitro.
Notes: (A) Western blotting analysis of Prr11 expression in Prr11-silenced KYse30 and eca109 escc cells. (B) representative micrographs of tumor spheres formed 
by the indicated cells. histograms show the mean number of tumor spheres formed by the indicated cells. (C) hoechst 33342 dye exclusion assay showing that the silencing 
expression of Prr11 decreased the sP+ subpopulation. (D) real-time Pcr of the mrna expression of the pluripotency-associated factors in indicated cells. Transcript levels 
were normalized to GAPDH expression. error bars represent mean ± sD of 3 independent experiments. *P0.05.
Abbreviation: escc, esophageal squamous cell carcinoma.

α

a 17.3% cumulative 5-year survival rate, which was signifi-

cantly lower than that in patients with low PRR11 expression 

(64.3%), suggesting the possibility of using PRR11 as a pre-

dictor for ESCC patient prognosis and survival. Moreover, 

the high PRR11 expression group revealed a lower 5-year 

disease-free survival rate than low PRR11 expression group, 

which indicates that PRR11 may involve in drug resistance 

and tumor recurrence. Interesting, PRR13, a member of the 

PRR11 protein family, has been reported to be resistant to 

chemotherapy in several cancers, such as hepatocellular 

carcinoma (HCC), gastric cancer, and nasopharyngeal 

carcinoma.36–38 Therefore, it is particularly noteworthy to 

investigate the relationship between PRR11 and ESCC che-

motherapy as well as the mechanism of PRR11-regulated 

ESCC recurrence.

Recent advances have indicated that CSC-targeting thera-

peutics may be a potential and effective strategy to improve 

the prognosis of patients suffering from malignancies. CSC-

dependent pathways, such as Wnt/β-catenin signaling, are 

emerging as attractive targets owing to the fact that their 
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Figure 4 Prr11 enhances tumorigenesis and stem cell-like traits of escc in vivo.
Notes: (A) Tumors from all the mice in each group. (B) Mean tumor weights. (C) Tumor volumes were measured on the indicated days. (D) a total of 1×105, 1×104, or 
1×103 of the indicated cells were implanted into nude mice. representative images of tumorigenesis in each group are shown. *P0.05.
Abbreviation: escc, esophageal squamous cell carcinoma.

inactivation may allow the elimination of CSCs.39–42 For 

example, ITCH hyperexpression promotes ubiquitination and 

degradation of phosphorylated Dvl2, thereby inhibiting the 

Wnt/β-catenin pathway in ESCC, which indicates that cir-

ITCH may have an inhibitory effect on ESCC by regulating 

the Wnt pathway.43 Expression of WISP1, a downstream tar-

get gene of the Wnt/β-catenin pathway, predicted prognosis 

of ESCC patients treated with radiotherapy, and inhibition of 

WISP1 may be a potential target to overcome radioresistance 

in ESCC.44 Therefore, targeting the Wnt/β-catenin pathway 

may provide an attractive therapeutic approach for achieving 

better clinical outcomes for cancer patients.

In this study, we showed that both the mRNA and protein 

levels of PRR11 were markedly higher in ESCC cell lines 

than in NEECs. Moreover, the overexpression of PRR11 

is correlated with the clinical staging, T classification, and 

N classification of the disease as determined by IHC analysis. 

These data strongly suggest that PRR11 might be an indepen-

dent marker in human ESCC progression and pathogenesis. 

Herein, we reported that the mRNA level of PRR11 was 
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β

β

β

Figure 5 Prr11 upregulation activates the β-catenin signaling pathway in escc.
Notes: (A) gsea plot showing that Prr11 expression positively correlated with β-catenin signaling pathway. (B) analysis of luciferase reporter activity in the indicated 
cells. (C) altered nuclear translocation of β-catenin in response to deregulated Prr11 expression. (D) real-time Pcr analysis demonstrating an apparent overlap between 
β-catenin-dependent gene expression and Prr11-regulated gene expression. The pseudo color represents an intensity scale for Prr11 versus vector or Prr11 shrna 
versus control shrna, calculated by log2 transformation. (E) histograms show the mean number of tumor spheres formed by the indicated cells. (F) hoechst 33342 dye 
exclusion assay showing the silencing expression of Prr11 decreased the sP+ subpopulation. *P0.05.
Abbreviations: escc, esophageal squamous cell carcinoma; gsea, gene set enrichment analysis.

significantly upregulated in ESCC not only by our study but 

also by analyzing the public dataset. Interestingly, we found 

that transcription factor TCF4 was predicted to localize in 

the promoter region of PRR11, by using the UCSC genome 

browser (http://genome.ucsc.edu/cgi-bin/hgGateway) and the 

ECR Browser (http://ecrbrowser.dcode.org/). Thus, it would 

be of great interest to further investigate whether PRR11 

upregulation in ESCC can be attributed to Wnt/b-catenin-

mediated transcriptional upregulation.

It has been reported that PRR11 plays an important role 

in cancer development; however, the molecular mechanism 

of PRR11 in cancers is still unclear. Interestingly, we found 
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β

β
β

β β

Figure 6 clinical relevance of Prr11 induced Wnt/β-catenin activation in escc.
Notes: (A) The nuclear expression levels of p65 were associated with the expression of Prr11 in 201 primary human escc specimens. (B) The Kaplan–Meier overall (left) 
or disease-free (right) survival curves comparing patients with escc with low and high β-catenin nuclear expression levels (n=201; P0.001).
Abbreviation: escc, esophageal squamous cell carcinoma.

that APC, GSK-3β, and AXIN2, which have been reported 

to be the negative regulators of the Wnt/β-catenin pathway, 

were the potent PRR11-binding proteins identified by affinity 

purification/mass spectrometry (IP/MS) (data not shown). We 

suspect that PRR11 may interact with the destructive complex 

(APC, GSK-3β, and AXIN2) and release the β-catenin from 

the destructive complex, subsequently enhancing the level 

of nuclear β-catenin protein accumulation in ESCC cells. 

In fact, we found that PRR11 overexpression enhances but 

PRR11 downregulation decreases nuclear accumulation of 

β-catenin by using cellular fractionation assay (Figure 5C), 

which indicates that PRR11 activates the Wnt/β-catenin 

pathway probably via breaking negative regulation of the 

Wnt/β-catenin pathway. Therefore, we speculate that PRR11 

activated the Wnt/β-catenin pathway by interacting with the 

destructive complex (APC, GSK-3β, and AXIN2), which is 

under investigation in our laboratory.

Conclusion
Our findings suggest that a new tumor-related gene, PRR11, 

was overexpressed in ESCC and that upregulation of PRR11 

may be useful as a prognostic marker of ESCC progression. 

Uncovering a biological function and molecular mechanism 

for PRR11 overexpression in ESCC is needed, and it provides 

important insights into understanding ESCC progression. 

Understanding the roles of PRR11 in ESCC progression 

will not only advance our knowledge of the mechanisms 

underlying ESCC development and progression but also 
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could establish PRR11 as a potential therapeutic target for 

the treatment of ESCC.
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Supplementary materials

Table S1 clinicopathological characteristics of studied patients and expression of Prr11 in escc

Factor No (%)

gender

Male 155 73.6

Female 46 26.4

age (years)

57 99 49.3

57 102 50.7

clinical stage

i 24 11.9

ii 92 45.8

iii 66 32.8

iV 19 9.5

T classification

T1 21 10.4

T2 69 34.3

T3 99 49.3

T4 12 6.0

N classification

n0 109 54.2

n1 92 45.8

M classification

no 180 89.6

Yes 21 10.4

histological differentiation

Well 56 27.9

Moderate 82 40.8

Poor 63 31.3

Vital status

alive 80 39.8

Dead 121 60.1

expression of Prr11

low expression 62 30.8

high expression 139 69.2

Abbreviation: escc, esophageal squamous cell carcinoma.
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Table S2 correlation between the clinicopathological features and expression of Prr11

Patients’ characteristics PRR11 expression P-value

Low or none High

gender

Male 63 89 0.001
Female 37 12

age (years)
57 51 49 0.752

57 49 52

clinical stage
i 17

132
62

7
44

 0.037

ii 49 43
iii 25 41
iV 9 10

T classification
T1 15

132
62

6
44

0.001

T2 49 20
T3 31 68
T4 5 7

N classification
n0 68

204
41
0

0.001

n1 32 60
M classification

no 95 86 0.02
Yes 5 16

histological differentiation
Well 26

174
30 0.809

Moderate 41 41
Poor 33 30

Vital status
alive 59 21 0.001

Dead 41 80
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Figure S1 (A) real-time Pcranalysis of Prr11 expression in escctissues (T) with matched adjacent non-tumor tissues (n) from 8 patients. (B) real-time Pcr analysis 
of Prr11 expression in 2 neecs and in escc cell lines (hKesc1, Te-1, KYse520, ec9706, KYse410, eca109, KYse140, KYse510, ec18, KYse30, KYse180, and 108ca). 
Notes: (A) Transcript levels were normalized to GAPDH expression. (B) Transcript levels were normalized to GAPDH expression. each bar represents mean ± sD of 3 
independent experiments. *P0.05.
Abbreviations: escc, esophageal squamous cell carcinoma; neecs, normal esophageal epithelial cells.
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Table S3 Univariate and multivariate analyses of different prognostic parameters in patients with escc by cox-regression analysis

Univariate analysis Multivariate analysis

P-value HR (95% CI) P-value HR–RR (95% CI)

clinical stage

i 0.001 1.913 (1.478–2.476) =0.02 1.677 (1.286–2.188)

ii

iii

iV

T classification

T1 0.001 4.929 (3.576–6.793) 0.001 5.277 (3.771–7.385)

T2

T3

T4

N classification

n0 0.001 4.871 (3.203–7.409) 0.02 1.514 (1.314–1.841)

n1

Prr11 expression

low expression 0.001 38.077 (7.254–199.867) 0.003 1.879 (1.178–2.998)

high expression

Abbreviation: escc, esophageal squamous cell carcinoma.
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