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Abstract: Lung cancer ranks among one of the most frequent causes of cancer death in the world. Here, we inves-
tigated PRR11, one novel gene, with no functional annotation, was found to be over-expressed in lung cancer pa-
tients suggesting its potential implication in tumorigenesis. Furthermore, high PRR11 levels predict shorter survival 
of lung cancer patients. In this study, we investigated the therapeutic potential of PRR11 in lung cancer using the 
technique of RNA silencing via small interfering RNA (siRNA). Synthetic siRNA duplexes against PRR11 were intro-
duced into 3 lung cancer cell lines, which subsequently resulted in a significant depletion in PRR11 expression in 
the cells. We found that the targeted depletion of PRR11 caused a dramatic cell cycle arrest followed by massive 
apoptotic cell death, and eventually resulted in a significant decrease in growth and viability of all 2 lung cancer cell 
lines. In summary, our study strongly suggests that PRR11 may serve as a potential therapeutic target in human 
lung cancer.
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Introduction

Lung cancer is the leading site in all malignant 
tumors, comprising 17% of the total new cancer 
cases and 23% of the total cancer deaths. It is 
also the leading cause of cancer death; most 
patients are diagnosed with advanced disease, 
resulting in a very low 5-year survival [1-4]. 
According to recent reports, lung cancer 
patients in China have exceed 500000, more 
than 400000 people died of lung cancer each 
year, the total number of patients with lung can-
cer was the leading site in the world and the 
incidence of lung cancer was increasingly lift-
ed, which caused serious health hazard, but its 
etiology and pathogenesis have not fully 
cleared. Therefore improving the early diagno-
sis and developing effective targeted therapy 
might have important significance for improv-
ing the prognosis of lung cancer [5-9].

Although a sequential series of human cancer 
associated genes have been discovered in the 
past several decades, many more unknown 
oncogenes remain to be identified, especially 
for lung cancer, the leading cause of cancer 
deaths in both women and men throughout the 

world. Identification and functional analysis of 
novel potential cancer-associated genes will 
undoubtedly increase our understanding of car-
cinogenesis and is of great importance for 
developing diagnostic, preventive and thera-
peutic strategies for the treatment and man-
agement of cancer [10-14].

We have recently conducted a meta-analysis of 
several cancer microarray datasets to search 
for novel deregulated cancer-associated genes. 
One novel gene, PRR11, was found to be over-
expressed in several lung cancer patients. In 
the present study, we have isolated and identi-
fied this novel gene, and demonstrated that this 
gene played critical roles in both cell cycle pro-
gression and lung cancer development.

In the present study, to investigate the thera-
peutic potential of PRR11 in lung cancer, we 
used small interfering RNA (siRNA) to specifi-
cally knockdown PRR11 in lung cancer cells. 
Our results have shown that a targeted siRNA 
depletion of PRR11 resulted in a significant 
decrease in cell viability, defects in important 
mitosis processes (failure of cytokinesis) and 
cell cycle arrest in several human lung cancer 
cell lines.
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Materials and methods

Cell culture

Human lung cancer cell lines H1299 and A549 
were cultured in DMEM supplemented with 
10% FBS and antibiotics. Cells were mainta- 
ined at 37°C in a water-saturated atmosphere 
of 5% CO2 in air. All cells obtained from the cell 
bank of the Committee on Type Culture 
Collection of the Chinese Academic of Science 
(CCTCC, Shanghai, China).

Tissue microarray and immunohistochemistry

PRR11 protein expression was determined on a 
lung cancer tissue microarray were purchased 
from Shanghai Outdo Biotech Company 
(Shanghai, China). HLug-Squ030PG-01 con-
tains 15 normal lung tissue and 15 lung cancer 
tissues with duplicated cores. OD-CT-RsLug- 
01-007 contains 120 lung cancer tissues each 
with a single core. For immunohistochemistry, 
slides were routinely deparaffinized and rehy-
drated, and then were subjected to heat-
induced epitope retrieval in 0.01 mM citrate 
buffer (pH6.0). Endogenous peroxidase activity 
was blocked for 10 min in 3% hydrogen perox-
ide and methanol. The slides were then incu-
bated with PRR11 rabbit polyclonal antibody 

(1:200, Abcam) at 4°C overnight. Immuno- 
detection was performed using ElivisionTM plus 
Polyer HRP (Mouse/Rabbit) IHC Kit (Maixin. Bio, 
Fuzhou, China). Negative control was per-
formed using normal rabbit IgG. Based on pre-
vious studies, the intensity and extent of the 
staining were used to assess PRR11 expres-
sion. Briefly, the staining intensity was scored 
as 0 (negative), 1 (weak), 2 (moderate), or 3 
(strong), and the staining extent was scored as 
0 (0%), 1 (1 to 25%), 2 (26 to 50%), 3 (51 to 
75%), or 4 (76 to 100%), according to the per-
centages of the positive stained cells in rela-
tion to the whole carcinoma area or entire sec-
tion for the normal samples. The sum of the 
intensity and extent scores was used as the 
final staining scores (0 to 7). Tumors having a 
final staining score of < 3 were considered as 
low expression and those with scores ≥ 3 as 
high expression.

SiRAN transfection

The PRR11 targeting siRNA or the control siRNA 
were purchased from GenePharma (Shanghai, 
China). The PRR11 siRNA is a mixture of 4 indi-
vidual siRNAs that target different regions of 
the PRR11 mRNA, thus ensuring an effective 
depletion of the PRR11 gene expression in the 
cells. PRR11 or control siRNA were transfected 

Figure 1. PRR11 is over-expressed in lung cancer. A. Over-expression of PRR11 at mRNA level in lung cancers. Ex-
pression of PRR11 in normal and lung cancer tissues was analyzed by qRT-PCR. The grades were classified as G1-
G3. The stages were divided into I-IV. N means nomal. B. Over-expression of PRR11 at protein level in lung cancers. 
Expression of PRR11 in normal and cancerous lung tissues was analyzed by immunohistochemical analysis. Rep-
resentative immunohistochemical results of PRR11 expression in normal and cancerous lung tissues was shown. 
ADC, adenocarcinoma; SQCC, squamous cell carcinoma.



Depletion of PRR11 inhibits lung cancer growth

1762 Int J Clin Exp Pathol 2015;8(2):1760-1767



Depletion of PRR11 inhibits lung cancer growth

1763 Int J Clin Exp Pathol 2015;8(2):1760-1767

Figure 2. PRR11 depletion affects cell cycle progression and inhibits proliferation in lung cancer cells. (A) siRNA-mediated PRR11 deple-
tion. A549 and H1299 cells were transfected with the control siRNA or PRR11 siRNA, respectively. Four-eight hours after transfection, total 
RNA and whole cell lysates were prepared and subjected to qRT-PCR and immunoblotting, respectively. (B) Cell cycle analysis after PRR11 
depletion and (C) PRR11 depletion reduced cell proliferation. Following siRNA transfection, cells were subjected to proliferation assay at the 
indicated times as described. *P < 0.05.
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into the indicated cells using Lipofectamine 
RNAiMAX reagent (Invitrogen) according to the 
manufacturer’s instructions. Cells were collect-
ed and subjected to subsequent analysis 24-72 
h after transfection.

Quantitative real-time PCR

Total RNA was extracted from cultured cells 
using EZNA Total Rna Kit (OMEGA Bio-tek, USA), 
and cDNA was generated using PrimeScript RT 
reagent Kit with gDNA Eraser (TaKaRa, Otsu, 
Japan). Quantitative real-time PCR was per-
formed using the SYBR Premix ExTaq II 
(TLiRNaseH Plus) (TaKaRa, Otsu, Japan) with a 
CFX96 Real-Time PCR Detection System (Bio-
Rad, Hercules, CA, USA).

Immunoblotting analysis

Cells were lysed with RIPA buffer (Beyotime, 
China) and boiled for 5 minutes. The protein 
concentration of each lysate was measured 
using the BCA method (Beyotime, China). Equal 
quantities of protein from each cell lysate were 
separated on SDS-polyacrylamide electropho-
resis gels and transferred to PVDF membranes 
(Millipore, Billerica, MA). The membranes were 
blocked with 5% skim milk, incubated with each 
primary antibody overnight at 4°C, washed with 
TBST buffer (10 mM Tris-HCl pH7.4, 150 mM 
NaCl, 0.05% Tween 20) and incubated with sec-
ondary antibodies. The proteins were visualized 
using enhanced chemiluminescence (GE 
Healthcare Biosciences)

Cell growth and viability assay

Trypan blue exclusion assay was used to deter-
mine the effects of PRR11 depletion on the 
growth and viability of esophageal cancer cells. 
Briefly, 24-72 h after siRNA transfection, both 
floating and attached cells were collected and 
resuspended in PBS solution. An aliquot of cell 
suspension was mixed with Trypan blue solu-
tion (0.4% in PBS; Invitrogrn), and the number 
of cells (viable cells were unstained, nonviable 
cells blue) was counted under a microscope.

Statistical analyses

All statistical analyses were carried out using 
the SPSS 17.0 statistical software package 
(SPSS Inc, USA). Two-sided independent Stu- 
dent’s t test was performed to analyze the sig-
nificance of the relationship between PRR11 
expression level and clinic-pathologic charac-

teristics. One-Way ANOVA was used to analyze 
the differences of the three duplicate experi-
ments group. Overall survival curves were plot-
ted by the Kaplan-Meier method and compared 
by log-rank test.

Results

PRR11 is over-expressed in lung cancer pa-
tients and metastatic lung cancer cells

To demonstrated that PRR11 was also signifi-
cantly up-regulated in lung cancer samples 
compared with normal adjunct tissues. Quan- 
titative RT-PCR demonstrated that, PRR11 was 
significantly upregulated at mRNA level in lung 
cancer samples compared with normal lung tis-
sues (Figure 1A). Notably, overexpression of 
PRR11 mRNA was significantly associated with 
tumor grades and stages (Figure 1A). Consis- 
tently, Immunohistochemistry (IHC) analysis of 
lung cancer tissue microarray further revealed 
that PRR11 was also significantly upregulated 
in lung cancer samples compared with normal 
adjunct tissues. As shown in Figure 1B, PRR11 
was mainly expressed in the cytoplasm of 
tumor cells but not in normal lung epithelia. 
Strong staining of PRR11 protein was detected 
in 160 (47.9%) of 231 tumors especially in 
squamous cell carcinoma (Figure 1B).

PRR11 depletion inhibits cell proliferation and 
affects cell cycle progression in lung cancer 
cells

To determine the functional involvement of 
PRR11 in lung cancer, the PRR11 expression 
was depleted via siRNA-mediated silencing in 
two different lung cancer cell lines, H1299 and 
A549, and the cell cycle profile and cellular pro-
liferation were subsequently analyzed. As 
shown in Figure 2A, qRT-PCR and Western blot 
analysis demonstrated that the PRR11 expres-
sion was significantly inhibited at both mRNA 
and protein levels in two cell lines. Cell cycle 
analysis revealed that silencing PRR11 expres-
sion resulted into a remarkable S phase arrest 
and a mild G2/M arrest in HI299, and moder-
ate S phase arrest in A549 (Figure 2B). Con- 
sequently, PRR11 depletion also caused a sig-
nificant growth retardation from an earlier time 
point (24 h) in HI299 and later time point (48 h 
and 72 h) in A549, whereas control siRNA did 
not affect the proliferation of the cells (Figure 
2C). These data confirmed that PRR11 was a 
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novel cell cycle gene regulating cell cycle pro-
gression especially S phase progression.

PRR11 depletion inhibits lung tumorigenesis 
in vitro

Next, to demonstrate the role of PRR11 in the 
tumor genesis of lung cancer, we used A549 to 
establish a PRR11 depletion stable cell lines. 

QRT-PCR and western blot analysis demon-
strated the PRR11 expression was significant-
ly depleted at both mRNA and protein levels in 
the stable PRR11 knockdown cells (Figure 3A). 
Similar to the transient knockdown of PRR11 in 
A549 cells, stable knockdown of PRR11 in 
these cells also resulted into a significant 
decrease in cell proliferation as measured by 
direct cell counting (Figure 3B). As shown in 

Figure 3. PRR11 depletion inhibits lung tumorgenecity in vitro. A. shRNA-mediated PRR11 depletion. A549 cells 
were transfected with the control shRNA or PRR11 shRNA, respectively. Stably infected colonies were selected by 
growth in blasticidin for 14 days, total RNA and whole cell lysates were prepared and subjected to qRT-PCR and im-
munoblotting. B. Cell growth assay. PRR11 stable knockdown A549 cells (Pprr11-sh) and the negative control stable 
cells (pControl-sh) were seeded on culture plates and counted at the indicated times. C. Colony formation assay for 
PRR11 knockdown cells and control cells. (*P < 0.05).
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Figure 3C, colony formation assay demonstrat-
ed that the stable PRR11 knockdown cells 
showed a significantly reduced colony forma-
tion activity in both number and size, as com-
pared with the control cells.

Discussion

Cancer is essentially a genetic disease. During 
the multistep process of carcinogenesis, fre-
quent genetic alterations influence key cellular 
pathways, and eventually lead to unrestrained 
cell growth and malignant phenotype [15-17]. 
Notably, the inactivation of tumor suppressor 
genes and the activation of oncogenes are the 
most common genetic events in cancer. Thus, a 
central aim of cancer research has been to 
identify and characterize novel genes implicat-
ed in carcinogenesis. Although a sequential 
series of human cancer-associated genes have 
been discovered over the past several decades, 
many more unknown cancer-associated genes 
remain to be identified, especially for lung can-
cer, the leading cause of cancer deaths in both 
women and men throughout the world [18, 19].

In the present study, we isolated and identified 
a novel gene, proline-rich protein 11 (PRR11), 
implicated in both cell cycle progression and 
lung cancer. This in vitro and vivo study was an 
effort to investigate whether PRR11 could be 
exploited as a novel therapeutic target for the 
treatment of lung cancer [20]. We have found 
that the specific shRNA-mediated depletion of 
PRR11 leads to a significant decrease in cell 
viability, mitotic arrest followed by massive 
apoptosis,tumor formation in human lung can-
cer cell studied. These results strongly demon-
strated that, apart from being of diagnostic 
value in esophageal cancer, inhibition of PRR11 
in lung cancer may additionally serve to be of 
therapeutic value.

In summary, our present study strongly indi-
cates that the specific shRNA-mediated silenc-
ing of PRR11 resulted in the elimination of lung 
cancer cells via the inactivation of p21/
cyclinB1-mediated mitotic cell cycle arrest fol-
lowed by massive apoptotic cell death. There- 
fore, PRR11 may serve as a potential target in 
the treatment of human lung cancer. Con- 
sequently and conceivably, gene therapeutic 
approaches and/or pharmacological small mol-
ecule inhibitors aimed at PRR11 may be devel-
oped for the management of lung cancer.
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