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Abstract. Proline rich 11 (PRR11) serves an important role 
in the development and progression of a number of types of 
human cancer. However, the clinical role of PRR11 in tongue 
squamous cell carcinoma (TSCC) remains unknown. The 
present study aimed to investigate the expression and clini‑
copathological significance of PRR11 in TSCC. The Cancer 
Genome Atlas analysis demonstrated that the upregulation 
of PRR11 in TSCC correlated with poor prognosis. The data 
of the present study revealed that PRR11 mRNA and protein 
expression was markedly upregulated in human TSCC tissues. 
Immunohistochemistry on 72 archived paraffin‑embedded 
TSCC specimens suggested that high levels of PRR11 expres‑
sion were significantly associated with clinical stage (P<0.001), 
T classification (P=0.009), N classification (P=0.017) and vital 
status (P=0.010). In addition, patients with TSCC with higher 
PRR11 expression exhibited substantially shorter survival 
times compared with patients with lower PRR11 expression 
(P<0.001). Univariate and multivariate analyses indicated 
that PRR11 upregulation may be an independent prognostic 
factor for patients with TSCC (P=0.001). Taken together, and 
to the best of our knowledge, the results of the present study 
demonstrated for the first time that PRR11 is involved in the 

development and progression of TSCC, and may serve as a 
useful prognostic marker and an effective target for treating 
TSCC.

Introduction

Tongue squamous cell carcinoma (TSCC) is the most 
commonly occurring type of oral cancer (1). Due to the high 
risk of occult metastasis and neck nodal metastasis, patients 
with TSCC exhibit a significantly poorer prognosis compared 
with those with other cancers of the oral cavity (2). The prog‑
nosis of TSCC remains reliant on the Tumor Node Metastasis 
(TNM) staging (3) of the tumor; however, the outcome of 
patients at the same stage may vary considerably. Thus, novel 
prognostic indicators are required.

Proline rich 11 (PRR11) was first identified during a screen 
for novel cancer‑associated genes (4). PRR11 is a 360‑amino 
acid protein that is encoded by a gene located on human chro‑
mosome 17q22 (5). Human chromosome 17 hosts a number of 
other cancer‑associated genes, including the essential tumor 
suppressor genes tumor protein (p)53 and breast cancer 1 
(6,7). PRR11 comprises 10 exons, and the encoded protein 
typically serves as a ligand for SRC Homology 3 (SH3), WW 
and enabled/VASP homology 1 domains (8). PRR11 expres‑
sion is elevated in lung and breast cancer, and numerous 
types of tumors of the digestive system (5,8,9). PRR11 is 
also suggested to be associated with tumor development and 
progression (5,8‑10). However, whether PRR11 is involved in 
tongue squamous cell carcinoma has not been determined. 
The present study aimed to investigate the expression of 
PRR11 in tongue squamous cell carcinoma, and to examine its 
association with clinical parameters and prognosis in patients 
with TSCC.

Materials and methods

The Cancer Genome Atlas (TCGA) TSCC data mining. PRR11 
mRNA expression data from 126 TSCC and 12 non‑cancerous 
tongue tissue samples were downloaded from the TCGA 
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database (http://cancergenome.nih.gov/) in December 2014, 
along with overall patient survival data. The association 
between PRR11 expression and overall survival was evaluated 
by comparing the top, and bottom 50% of the specimens, using 
the log‑rank test.

Tissue specimens and patient information. Fresh tumor 
specimens were collected from patients with TSCC who had 
undergone surgery at The First Affiliated Hospital of Sun 
Yat‑sen University (Guangzhou, China) from March 2014 to 
October 2014 and used for quantitative reverse transcription 
polymerase chain reaction (RT‑qPCR) and western blotting. 
For immunohistochemistry, 72 TSCC paraffin‑embedded 
specimens were prepared at The First Affiliated Hospital of Sun 
Yat‑sen University between January 2007 and September 2010 
from patients who were histopathologically, and clinically 
diagnosed with TSCC. The male: female ratio of the patients 
included in the present study was 38:34, and the median age 
was 54 (age range, 28‑80 years). No patients received any addi‑
tional therapy prior to surgery. Patients with apparent distant 
metastasis were excluded. Tumor grade and stage were defined 
according to the 6th edition of the TNM classification of the 
Union for International Cancer Control (UICC, 2002) (3). 
Written informed consent and approval from the First Affiliated 
Hospital of Sun Yat‑sen University Institutional Review Board 
were obtained from all participants prior to any experiments. 
Sample clinical information is summarized in Table I.

RT‑qPCR. Total RNA was isolated using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) according to the manufacturer's protocol. The concentra‑
tion and quality of RNA were measured spectrophotometrically 
at 260, and 280 nm. RNA was reverse‑transcribed by heating 
at 25˚C for 10 min, then at 55˚C for 30 min, and at 85˚C for 
5 min to produce cDNA using the Oligo (dT) 15 primer and 
M‑MLV Reverse Transcriptase kit (Promega Corporation, 
Madison, WI, USA). Primers were as follows: PRR11 forward, 
5'‑GAC TTC CAA AGC TGT GCT TCC‑3' and reverse, 5'‑CTG 
CAT GGG TCC ATC CTT TTT‑3'; 18S rRNA forward, 5'‑CCT 
GGA TAC CGC AGC TAG GA‑3' and reverse, 5'‑GCG GCG CAA 
TAC GAA TGC CCC‑3'. qPCR was performed with FastStart 
Universal SYBR Green Master (Rox; Roche Diagnostics 
GmbH, Mannheim, Germany) as follows: 2 min at 95˚C; 
followed by 40 cycles of 10 sec at 95˚C, 30 sec at 60˚C, and 
30 sec at 72˚C. qPCR was performed using the ABI Prism 7900 
HT real‑time PCR system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The 2‑ΔΔCq method was used to calculate gene 
expression relative to the 18SrRNA housekeeping control (11). 
All experiments were repeated in triplicate.

Western blotting. Fresh tissue samples were ground to powder 
in liquid nitrogen and lysed with 10 times the tissue volume 
of the pre‑cooled radioimmunoprecipitation assay buffer 
(Wuhan Boster Biological Technology, Ltd., Wuhan, China) 
containing phosphatase inhibitors (Phosphatase Inhibitor 
Cocktails Set II, Calbiochem; Merck KGaA, Darmstadt, 
Germany), proteinase inhibitors (Protease Inhibitor Cocktails 
Set I, Calbiochem; Merck KGaA) and 1 mmol/l phenylmeth‑
anesulfonyl fluoride (Sigma‑Aldrich; Merck KGaA). Lysate 
protein concentration was measured by bicinchoninic protein 

assay (Sigma‑Aldrich; Merck KGaA). Proteins (40 µg/lane) 
were separated by 10% SDS‑PAGE and transferred to a 
polyvinylidene fluoride membrane (EMD Millipore, Billerica, 
MA, USA). To avoid unspecific binding, the membrane was 
blocked with 5% non‑fat milk (Merck KGaA) in phosphate 
buffered saline (PBS)/Tween (0.05%) at room temperature for 
1 h. Subsequently, the membrane was incubated with a poly‑
clonal rabbit anti‑human PRR11 antibody (dilution, 1:250; cat. 
no. NBP1‑83784; Novus Biologicals, LLC, Littleton, CO, USA) 
overnight at 4˚C, and anti‑β‑actin monoclonal antibody (dilu‑
tion, 1:1,000; cat. no. ab8226, Abcam Inc., Cambridge, MA, 

Table I. Clinicopathological characteristics and proline rich 
11 expression in patients tongue squamous cell carcinoma.

Variable Number of cases (%)

Sex
  Male 38 (52.8)
  Female 34 (47.2)
Age, years
  ≥54 36 (50.0)
  <54 36 (50.0)
Clinical stage
  I 11 (15.3)
  II 27 (37.5)
  III 25 (34.7)
  IV 9 (12.5)
T classification
  T1 16 (22.2)
  T2 46 (63.9)
  T3 7 (9.7)
  T4 3 (4.2)
N classification
  N0 46 (63.9)
  N1 19 (26.4)
  N2 7 (9.7)
M classification
  No 72 (100.0)
  Yes 0 (0.0)
Differentiation grade
  Well 40 (55.6)
  Moderate 26 (36.1)
  Poor 6 (8.3)
Vital status (at follow‑up)
  Alive 42 (58.3)
  Succumbed 30 (41.7)
Expression of PRR11
  Low 27 (37.5)
  High 45 (62.5)
  Detectable 71 (98.6)
  Undetectable 1 (1.4)

T, tumor; N, node; M, metastasis.
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UK) was used as the loading control, and then incubated with a 
horseradish peroxidase‑conjugated affiniPure goat anti‑rabbit 
secondary antibody (dilution, 1:10,000; cat. no. 111‑035‑003, 
Jackson ImmunoResearch Inc., West Grove, PA, USA) at room 
temperature for 1 h. Immunoreactive bands were visualized 
with an enhanced chemiluminescence detection system (EMD 
Millipore, Billerica, MA, USA).

Immunohistochemistry (IHC). IHC was performed on 
72 human TSCC tissues. Antigen retrieval was performed by 
heating these sections in 10 mmol/l citric acid buffer (pH 6.0). 
The sections were blocked with 5% normal goat serum (Wuhan 
Boster Biological Technology, Ltd.) for 30 min at 25˚C, and 
incubated in 3% hydrogen peroxide at 25˚C. Sections were 
then incubated with a polyclonal rabbit anti‑human PRR11 
antibody (1:100) at 4˚C overnight, followed by incubation 
with a horseradish peroxidase‑conjugated goat anti‑rabbit 
secondary antibody (dilution, 1:1,000; cat. no. 111‑035‑003, 
Jackson ImmunoResearch Laboratories Inc., West Grove, PA, 
USA) for 1 h at 25˚C. Finally, slides were treated with chro‑
mogen 3,3'‑diaminobenzidine (Dako; Agilent Technologies, 
Inc., Santa Clara, CA, USA) for 1 min and counterstained 
with 5% hematoxylin for 20 sec at 25˚C. The degree of immu‑
nostaining of the sections was viewed and scored separately 
by two independent investigators who were blind to the 
histopatho logical features, and patient data. Scores were deter‑
mined by combining the proportion of positively stained tumor 
cells: 0, no positive tumor cells; 1, <10% positive tumor cells; 
2, 10‑50% positive tumor cells; and 3, >50% positive tumor 
cells. The intensity of staining was determined as follows: 
0, no staining; 1, weak staining/light yellow; 2, moderate 
staining/yellowish brown; and 3, strong staining/brown. The 

staining index was calculated as the product of the proportion 
of positive cells and the staining intensity score. Using this 
method of assessment, the protein expression was evaluated 
by determining the staining index (0, 1, 2, 3, 4, 6, 9). Cut‑off 
values were chosen based on heterogeneity of the log‑rank 
test score with respect to overall survival. The optimal cut‑off 
value was determined: A staining index score ≥6 was used to 
define tumors with high PRR11 expression; and a score ≤4 
indicated low PRR11 expression (12).

IHC was also performed on tumor lesions and normal 
tissues to measure protein expression in using an AxioVision 
Rel.4.6 computerized image analysis system and an auto‑
matic measurement program (Carl Zeiss AG, Oberkochen, 
Germany). Specifically, stained sections were evaluated 
using a light microscope at magnification, x200. A total of 
10 representative staining fields of each section were analyzed 
to verify the mean optical density (MOD), which represents 
the strength of staining signal (number of positive pixels) (13).

Statistical analysis. Data collection and statistical analysis 
were performed using SPSS17.0 software (SPSS Inc., Chicago, 
IL, USA). Differences in PRR11 expression were compared 
using a student's t‑test for comparisons between two groups 
or one‑way analysis of variance with Newman Keul's multiple 
comparison test for comparisons between ≥2 groups. The χ2 
test and Fisher's exact test were used to analyze the association 
between PRR11 expression, and clinicopathological character‑
istics. MOD data were statistically analyzed using an unpaired 
Student's t‑test to compare the average MOD differe nce 
between different groups of tissues (13). Survival curves were 
plotted using the Kaplan‑Meier method and compared with 
the log‑rank test. The significance of survival variables was 

Figure 1. PRR11 overexpression in TSCC specimens from TCGA data. (A) PRR11 mRNA levels in 126 TSCC biopsies and 12 non‑cancerous tongue tissues. 
(B) PRR11 mRNA levels in 12 pairs of TSCC tissues (T) and equivalent non‑cancerous tissues (ANT) from the same patient. (C) Kaplan‑Meier survival 
analysis with log‑rank test for overall survival in all 126 patients with TSCC. PRR11, proline rich 11; TSCC, tongue squamous cell carcinoma; TCGA, The 
Cancer Genome Atlas.
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analyzed using univariate and multivariate Cox's regression 
analysis. P<0.05 (two‑tailed) was considered to indicate a 
statistically significant difference.

Results

PRR11 is overexpressed in TSCC tissues and is associated 
with patient survival. PRR11 transcription was examined 

in an independent TCGA cohort and a significantly higher 
expression was observed in TSCC tissues compared with 
non‑cancerous tongue tissue (P=0.004; Fig. 1A). PRR11 
was identified to be significantly upregulated at the mRNA 
level in 12 human TSCC tissues compared with the equiva‑
lent non‑cancerous tissues (P=0.002; Fig. 1B). Additionally, 
assessment of patient survival using Kaplan‑Meier analysis 
and log‑rank test indicated an inverse correlation between 

Figure 2. Overexpression of PRR11 in TSCC tissues. Expression of PRR11 at mRNA and protein levels in 8 pairs of T, and ANT from the same patient as determined 
by (A) western blotting, (B) quantitative polymerase chain reaction analysis and (C) immunohistochemistry (magnification, x200). *P<0.05 vs. control (Student's 
t‑test). PRR11, proline rich 11; TSCC, tongue squamous cell carcinoma; T, TSCC tissues; ANT, equivalent non‑cancerous tissues.

Figure 3. Immunohistochemistry of PRR11 overexpression in archived paraffin‑embedded TSCC tissue sections. (A) Representative immunohistochemistry 
images in normal human oral mucosal tissues and TSCC tissues from different clinical stages (magnifications, x100 and x200). (B) Statistical analysis of average 
PRR11 MOD staining between normal human oral mucosal tissues and TSCC specimens from different clinical stages. *P<0.05 vs. normal tissue, using one‑way 
analysis of variance with Student Newman Keul's test. PRR11, proline rich 11; TSCC, tongue squamous cell carcinoma; MOD, mean optical density.



ONCOLOGY LETTERS 5

PRR11 expression and overall survival time of patients with 
TSCC (P=0.01; Fig. 1C).

PRR11 is upregulated in TSCC tissues and is associated 
with TSCC progression. To verify the results of the TCGA 
analysis, 8 TSCC tissues and their equivalent noncancerous 
counterparts were subjected to IHC, western blotting, and 
RT‑qPCR analysis (Fig. 2). PRR11 was markedly upregulated 
at the protein level in all 8 human TSCC tissues according to 
western blotting (Fig. 2A) and IHC (Fig. 2C) analyses. In addi‑
tion, PRR11 mRNA levels, as measured by the tumor/normal 
tissue ratio, were between 1.9‑6.2‑fold higher in TSCC tissues 
compared with their equivalent noncancerous tissues (Fig. 2B).

To additionally explore the prevalence of PRR11 upregula‑
tion in TSCC, 72 paraffin‑embedded archived TSCC tissues 
and 5 normal human oral mucosal tissues were subjected 
to IHC. High levels of PRR11 expression were observed in 
areas containing primary TSCC cells, while PRR11 was 
undetectable or only marginally detectable in normal human 
oral mucosal tissues and equivalent noncancerous tissues 
(Fig. 3A). Quantitative analysis indicated that the average 
MOD of PRR11 staining in clinical stage I‑IV primary tumors 
was significantly higher compared with in normal human oral 
mucosal tissues (P<0.05), and significantly increased with 
a progression of tumor stage from I to IV (P<0.05; Fig. 3B). 

Taken together, these results clearly demonstrated that PRR11 
expression was elevated in TSCC and was associated with 
TSCC progression.

PRR11 expression was identified to be significantly associa ted 
with clinical stage (P<0.001), T classification (P=0.009), N 
classification (P=0.017) and vital status (P=0.010), but not with 
any other clinicopathological features, including age, sex, and 
differe ntiation grade (Table II). In conclusion, these data suggest 
that the upregulation of PRR11 is associated with clinical stage, 
T, N classification and vital status, which additionally support the 
hypothesis that the overexpression of PRR11 is associated with 
TSCC progression.

Elevated PRR11 expression is associated with poor prognosis 
in patients with TSCC. To assess the clinical significance of 
elevated PRR11 expression in patients with TSCC, survival 
rates were analyzed using 5‑year follow‑up data. The 5‑year 
cumulative survival rates of patients with higher and lower 
PRR11 expression were 36.8, and 83.8%, respectively. 
Kaplan‑Meier analysis indicated that high PRR11 expression 
was associated with shorter overall survival time (P<0.001; 
Fig. 4A). In addition, the prognostic value of PRR11 expression 
was assessed by separating patients according to pathologic 
primary tumor (pT)/pathologic regional lymph nodes (pN) 
status, clinical stage and differentiation. Upregulation of 

Table II. Association between clinicopathological characteristics and PRR11 expression in patients with tongue squamous cell 
carcinoma.

 PRR11
  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  Fisher's exact
Variable Total Low (%) High (%) χ2 test P‑value test P‑value

Age, years
  ≥54 36 13 (36.1) 23 (63.9) 0.808 0.809
  <54 36 14 (38.9) 22 (61.1)
Sex
  Male 38 13 (34.2) 25 (65.8) 0.542 0.545
  Female 34 14 (41.2) 20 (58.8)
Clinical stage
  I‑II 38 22 (57.9) 16 (42.1) <0.001 <0.001
  III‑IV 34 5 (14.7) 29 (85.3)
T classification
  T1‑T2 62 27 (43.5) 35 (56.5) 0.008 0.009
  T3‑T4 10 0 (0) 10 (100)
N classification
  N0 46 22 (47.8) 24 (52.2) 0.016 0.017
  N1‑N2 26 5 (19.2) 21 (80.8)
Grade (differentiation) 
  Well 40 17 (42.5) 23 (57.5) 0.327 0.331
  Moderate and poor 32 10 (31.3) 22 (68.7)
Vital status
  Alive 42 21 (50.0) 21 (50.0) 0.010 0.010
Succumbed 30 6 (20.0) 24 (80.0)

PRR11, proline rich 11; T, tumor; N, node.
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PRR11 was a strong inverse prognostic factor for patients with 
TSCC in clinical stages I‑II (early stage; P=0.009; Fig. 4B). 
Similarly, patients with higher PRR11 expression demon‑
strated a significantly shorter survival time (pT1‑2, P<0.001, 
Fig. 4C; lymph node metastasis negative, P=0.003, Fig. 4D; 
well differentiated, P=0.004, Fig. 4E). However, no statisti‑
cally significant differences were identified between PRR11 
expression and survival time in subsets of clinical stage III‑IV, 
pT3‑4, pN1‑2, and moderate to poor differentiation, which may 
reflect the limited number of patients recruited in each subset.

Univariate survival analysis demonstrated that PRR11 
expression was significantly associated with poorer overall 
survival [hazard ratio (HR), 5.523; 95% confidence interval (CI), 
1.977‑15.427; P=0.001; Table III]. Multivariate Cox regression 

analysis revealed that PRR11 expression was an independent 
prognostic factor for the overall survival of patients with TSCC 
(HR, 5.454; 95% CI, 1.821‑16.337; P=0.002; Table III). Taken 
together, these results indicate that PRR11 may be a useful 
prognostic factor in patients with TSCC.

Discussion

Previous studies demonstrated that PRR11 overexpression 
is associated with cancer development and progression in 
several tumor types (5,8‑10). However, the role of PRR11 in 
TSCC has not been addressed. In the present study, it was 
identified that PRR11 expression was significantly increased 
in TSCC tissues compared with non‑tumorous oral mucosal 

Figure 4. Kaplan‑Meier analysis of overall survival in patients with TSCC based on PRR11 expression. (A) OS rates of all patients with high vs. low PRR11 
expression. (B) OS rate of patients with stage I‑II cancer with high vs. low PRR11 expression. (C) OS rates of patients with T1‑T2 grade tumors with 
high vs low PRR11 expression. (D) OS rates of patients with negative lymph node metastasis with high vs. low PRR11 expression. (E) OS rates of patients 
with well‑differentiated tumors with high vs. low PRR11 expression. P‑values were calculated using log‑rank tests. TSCC, tongue squamous cell carcinoma; 
PRR11, proline rich 11; OS, overall survival,

Table III. Univariate and multivariate analyses of prognostic parameters in patients with tongue squamous cell carcinoma 
assessed using Cox regression analysis.

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable HR (95% CI) P‑value HR (95% CI) P‑value

Age 1.460 (0.702‑3.035) 0.311 ‑ ‑
Sex 1.057 (0.516‑2.169) 0.879 ‑ ‑
Clinical stage 2.324 (1.113‑4.852) 0.025 ‑ ‑
T classification 1.532 (0.581‑4.039) 0.389 ‑ ‑
N classification 2.033 (0.989‑4.176) 0.054 ‑ ‑
Differentiation grade  1.590 (0.776‑3.260) 0.206 ‑ ‑
Proline rich 11 expression 5.523 (1.977‑15.427) 0.001 5.454 (1.821‑16.337) 0.002

HR, hazard ratio; 95% CI, 95% confidence interval; T, tumor; N, node.
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tissues, and PRR11 overexpression was also associated with 
tumor stage. Univariate and multivariate Cox regression 
analyses suggested that PRR11 was an independent predictor 
for the prognosis of patients with TSCC. Although the present 
study clarifies the pattern of PRR11 expression and potential 
clinical significance in TSCC, the potential functions, and 
exact mechanisms of PRR11 overexpression remain unclear.

It has been demonstrated that PRR11 contains two 
proline‑rich motifs and one zinc‑finger domain (8). Proline‑rich 
motifs bind SH3 domains and mediate protein‑protein 
interactions involved in cellular signaling events (14), while 
zinc‑finger domains are known to bind double stranded 
DNA, and modulate gene transcription (15). Additionally, in 
lung, breast and numerous types of digestive system cancer, 
silencing of PRR11 expression induced S‑phase arrest, and 
inhibited cell proliferation, migration, invasion and particu‑
larly tumor growth (5,8,10,16,17). However, forced expression 
of PRR11 inhibited cellular proliferation, and was accompa‑
nied by premature chromatin condensation in lung cancer 
cells (18). This discrepancy suggests that PRR11 may coope‑
rate with other tumor‑associated proteins in order to exert its 
tumor‑promoting activity. Additional studies are required to 
examine this hypothesis.

Lung cancer‑associated genes dehydrogenase/reductase 2 
(DHRS2), erythrocyte membrane protein band 4.1 like 3 
(EPB41L3), cyclin A1 (CCNA1), mitogen‑activated protein 
kinase kinase kinase kinase 4 (MAP4K4), nuclear factor I B 
(NFIB) and ribonucleotide reductase catalytic subunit M1 
(RRM1) are deregulated following PRR11 knockdown (8,16). 
Of these, DHRS2, CCNA1, MAP4K4 and RRM1 are impor‑
tant regulators of cell cycle progression, while CCNA1, 
MAP4K4, NFIB, and EPB41L3 are involved in tumorige‑
nesis (19‑22). In particular, several studies identified that 
MAP4K4 and EPB41L3 are involved in invasiveness and/or 
metastasis (23,24). These data indicate that PRR11 may serve 
a potential role in proliferation, tumorigenesis, invasiveness 
and/or metastasis. Additionally, in breast cancer, PRR11 
depletion reduces the expression of epithelial‑mesenchymal 
transition (EMT)‑associated transcription factors snail 
family transcriptional repressor (SNAI) 1, SNAI2, zinc 
finger‑box‑binding homeobox (ZEB) 1 and ZEB2 (9). These 
are members of the zinc‑finger transcription factor family, 
and are direct repressors of epithelial‑cadherin transcrip‑
tion and essential mediators of EMT (25,26). PRR11 may 
therefore be involved in proliferation, migration, invasion 
and tumorigenesis by regulating the expression of these, and 
other genes. However, the molecular mechanisms involved in 
the association with TSCC patient survival warrant additional 
investigation.

Due to its unusual histological makeup (rich lymphatic 
network and highly muscularized structure), the tongue is 
poorly equipped to protect itself from invasion and metastasis, 
and TSCC is more frequently associated with metastasis to 
draining lymph nodes compared with any other cancer of 
the oral cavity (25,26). As nodal metastasis in the neck is an 
important prognostic factor, patients with TSCC exhibit a 
significantly poorer prognosis compared with those patients 
with cancer in other sites of the oral cavity (27). The clinical 
course of TSCC is also unpredictable, due to the relatively 
high rate of occult metastasis in patients presenting with a 

very small primary tumor without clinical evidence of meta‑
static disease (28). The use of neck dissection in the surgical 
management of clinical stage I‑II TSCC has been a source of 
debate for this reason (29).

The results of the present study indicated that patients 
with high levels of PRR11 expression exhibited a shorter 
survival time, and PRR11 expression was also associated with 
regional draining lymph nodes metastasis. PRR11 may there‑
fore be a useful prognostic marker in patients with TSCC, and 
may indicate whether the use of neck dissection in clinical 
stages I‑II is a sensible option in the absence of TNM staging 
information.
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