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RNA interference targeting enhancer of polycombl
exerts anti-tumor effects in lung cancer
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Abstract: Background and aim: Lung cancer is one of leading malignant tumor worldwide with a high mortality rate.
A new therapy target, enhancer of polycomb1 (EPC1) knocked down by short hairpin RNA (shRNA) interference
technology, for lung cancer was established to investigate its effects on lung cancer in present study. Methods: RNA
interference technology was applied to down-regulate the expression of EPC1 by specific-shRNA with lentivirus vec-
tor in neoplastic human alveolar basal epithelial cells (A549 cells). The survival rate and apoptosis were respectively
measured by MTT and Flow Cytometry to evaluate the effects of ShRNA EPC1 on cells. Mice xenografts of HCT116
cells with shRNA EPC1 were also established to assess the effect on tumor growth. The levels of AKT and p65 were
detected by western blotting. Results: The down-regulation of EPC1 by specific-shRNA with lentivirus vector was
significantly decreased the survival rate and apoptosis of A549 cells, and the tumors in EPC1 shRNA transfection
group had a significant lower size and weight compared with the ones with control shRNA. The protein expression of
p-AKT and p65 was reduced by EPC1 shRNA in both in vitro and in vivo experiments. Conclusion: Silencing EPC1 by
shRNA technology had the inhibition effects on cell proliferation and tumor growth in lung cancer, which provided a

new potential target for treatment of cancers.
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Introduction

Lung cancer is one of leading malignant tumors
worldwide [1], and the incidence of lung cancer
is higher in countries with high tobacco con-
sumption, such as China. The 5-year survival
for lung cancer still remains relatively low,
which is mostly due to late diagnosis and limit-
ed treatment options [2, 3]. Although the diag-
nostic techniques for early detection and surgi-
cal procedures have made a great progress in
recent years, the incidence and mortality of
lung cancer is increasing most fast in China [4,
5]. Therefore, itis very important to explore new
technologies and therapeutic targets in lung
cancer treatment.

Enhancer of polycombl (Epcl), a chromatin
protein, was first described to enhance the phe-
notypes of homozygotic mutations of the poly-
comb group gene in Drosophila in 1998 [6].
Previous reports elucidated that Epcl may act
as a transcription co-factor as a binding part-

ner of other transcription factors such as E2F6
[7] or RET finger protein [8]. The expression of
polycomb group family is correlated with vari-
ous physiological processes including skeletal
muscle differentiation [9], cell apoptosis [10]
and adult T-cell leukemia/lymphoma [11]. How-
ever, the biological role of Epcl in cancer is
rarely known and the regulatory effect on lung
cancer has not been reported to date.

RNA interference (RNAI), a technology to silence
gene expression due to the destruction of spe-
cific mRNA molecules, has rapidly become a
powerful tool for drug development [12, 13].
RNAI is also considered to be a potential strat-
egy to against cancers [14, 15]. The introduc-
tion of synthetic siRNA or by intracellular gen-
eration of siRNA from vector driven expression
of the precursor shRNA can induce RNAi [16].
Compared with siRNA, the effect of shRNA lasts
longer due to its continually produced within
the cells [17]. It was reported that knockdown
of some key genes by shRNAs reduced tumor
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Figure 1. ShRNA suppresses the expression of EPC1 in A549 cell lines. A:
The mRNA level was detected by real-time PCR; B: The protein expression

was detected by western blotting.

growth in lung cancer [18]. In present study,
specific-shRNA with lentivirus vector was used
to knock down the expression of Epcl of ade-
nocarcinomic human alveolar basal epithelial
cells (A549 cells) to explore the role of Epcl in
lung cancer. In addition, in vivo experiment was
also performed to confirm the function of
shRNA Epcl in lung cancer.

Methods and materials
Cell culture

The human A549 lung cancer cell line was pur-
chased from the China Center for Type Culture
Collection (Wuhan, China), it was cultured at
37°C in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco Life Technologies, UK) supple-
mented with 10% fetal bovine serum (Gibco),
1% penicillin-streptomycin and 1% nonessen-
tial amino acids.

Construction of plasmids and stable cell lines

The expression of Epcl in A549 cells was
silenced by shRNA interference. The sequence
of Epcl gene was obtained from NCBI (GenBank
Access No. FJ905304.1) and the EPC1 shRNA
primers after annealing were linked to the
pUCTP vector at 24°C for 2 h. The ligation
products were subjected to transform into the
GeneHogs cells and the positive colonies were
screened by antibiotic resistance and identified
by PCR. The final DNA preparations were con-
firmed by sequencing (Sangon, China). A non-
silencing shRNA sequence was adopted to act
as a control shRNA. Plasmids containing EPC1
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transfected with EPC1 shRNA
or control shRNA were sus-
pended in 100 pyL PBS and
respectively injected into the
flanks of twelve 4-week-old
BALB/c athymic nude mice
(Gene-Cell, China) to establish lung cancer
xenograft model. The tumor size was measured
every five days and the formula of tumor size
was calculated as following: m x length x
width?/6 [19]. Thirty days after injections of
A549 cells, the mice were sacrificed and tumors
were removed and weighted.

MTT assay

The effects of shRNA on viability of A549 cells
were determined by an MTT assay (Beyotime,
China) following the operation instructions. In
brief, 1 x 10* Cells/well was incubated in
96-well plates. After 48 h of shRNA interfer-
ence, the solution of MTT was added to each
well and incubated for 4 h at 37°C, and the
absorbance value of supernatant with DMSO
(100 pL/well) was measured at 490 nm using a
spectrophotometer.

Cell apoptosis analysis by flow cytometry and
TUNEL assay

A549 cells were transfected with the EPC1
shRNA or Control shRNA. The apoptosis of
A549 cells treated with shRNA was detected
and quantified by flow cytometry. Briefly, cells
were resuspended in 100 pL binding buffer to
obtain a suspension with 1 x 108 cells/mL, and
5 uL Annexin V-EGFP and 5 pL Pl were supple-
mented into cell supplement. After incubation
for 15 min in the dark, the stained cells were
detected by FACScan (Becton Dickinson, USA).
The percentage of cell apoptosis was calculat-
ed using Cell-Quest software (Becton Dickinson,
USA).
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Figure 2. Silencing EPC1 inhibits the growth of
cells and promotes its apoptosis. A: The cell sur-
vival rate was measured by MTT assay; B: The cell
apoptosis level was detected by flow cytometry.

The cell apoptosis in tumor tissue was analyzed
by TUNEL assay with APO-BRDU kit (Sigma,
Germany) following the instructions strictly. The
percentage of TUNEL positive cells was calcu-
lated as followed: TUNEL-positive cells/total
number of cells) x 100%.

Real-time PCR

The A549 cells transfected with EPC1 shRNA or
control shRNA were digested by trypsin. Total
RNA of cells was extracted by TRIzol reagent
(Takara, China) according to the manufacturer’s
instructions. 500 ng RNA was used to do
reverse transcription with ImProm-II™ (Prome-
ga, USA). The level of mRNAs was quantified by
real-time PCR using TransStartTM SYBR Green
qPCR Supermix (TransGen Biotech, China), and
with B-actin acted as an internal normalized
reference.
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Western blotting

In the logarithmic phase of cell growth, cells
were harvested and centrifugated at 10,000% g
for 15 min (4°C). The supernatants were coll-
ected to extract protein, and the protein con-
centration was quantified by BCA Protein Assay
Kit (GenStar Biosolutions, China). Equal
amounts of proteins were loaded onto the SDS-
PAGE for electrophoresis and transferred to
PVDF membranes. The membranes were incu-
bated with primary antibodies after blocking
with 5% Bull Serum Albumin for 2 h. Three
times washing with 0.1% Tween, the mem-
branes were then incubated with secondary
antibody for 1 h. The protein expression was
observed by autoradiography (Protein Simple,
USA). B-actin was a control protein to evaluate
the expression of target proteins.
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Figure 3. Silencing EPC1 inhibits the growth of tumor in vivo. The mice were sacrificed after thirty days. The tumor

size (A) and tumor weight (B) were measured.
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Figure 4. Silencing EPC1 promotes the cells apopto-
sis in lung tumor. TUNEL Assay of tumor tissue was
applied to calculate the percentage of TUNEL-posi-
tive cells.

Statistics

Statistical analyses were performed using
SPSS 18.0. The method of Independent Sample
T test was performed to do data comparison
between two groups. The data in present study
were expressed as the mean + standard devia-
tion. P < 0.05 was considered as significant. P
< 0.01 was regarded as highly significant.

Results
ShRNA suppresses EPC1 in A549 cell lines

Quantitative PCR and western blotting were
used to evaluate the effect of knockdown by
shRNA transfection on A549 cells. As shown in
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Figure 1, both mRNA and the protein levels of
EPC1 were significantly decreased by shRNA
transfection in A549 cells, which implies that
shRNA was effective to silence the expression
of EPC1.

Silencing EPC1 inhibits cells growth and pro-
motes its apoptosis

The A549 cells treated with EPC1 shRNA had a
markedly lower survival rate compared with the
control ones, and the inhibition effect of EPC1
shRNA in cells was in a time-dependent man-
ner (Figure 2A). In another hand, the silencing
EPC1 resulted in a significant increase in apop-
tosis of cells (Figure 2B).

Silencing EPC1 inhibits the growth of tumor in
vivo

To better understand the effect of EPC1 on lung
cancer, a stable transfection of A549 cell line
with EPC1 shRNA was established in nude
mice. As shown in Figure 3, the size and weight
of tumor were significantly decreased in group
with EPC1 shRNA transfection compared with
the group treated with control shRNA.

Silencing EPC1 promotes the cells apoptosis
in vivo

ATUNEL assay was employed to investigate the
role of EPC1 shRNA in the cells apoptosis in
vivo. The result (Figure 4) showed that the
TUNEL positive cells in group transfected with
EPC1 shRNA was five times more than that in
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Figure 5. EPC1 shRNA suppresses the level of AKT
and p65 expression. The protein levels of p65 and
Akt were detected by western blotting in A549 cells
(A) and in lung tumor (B).

control group, which indicated that EPC1 shRNA
promoted the cell apoptosis in tumor.

EPC1 shRNA suppresses the expression of
AKT and p65

To investigate the possible mechanism underly-
ing the anti-tumor effect of EPC1 shRNA on
lung cancer, the proteins of AKT and p65 were
detected by western blotting. As shown in
Figure 5, the total protein levels of p65 and Akt
had no difference between groups with or with-
out EPC1 shRNA treatment. However, EPC1
shRNA significantly decreased the phosphory-
lation level of p65 in both A549 cells and tumor
(Figure 5A, 5B), and the expression of phos-
phorylated Akt was also down-regulated in vitro
and in vivo experiments (Figure 5A, 5B).

Discussion

Lung cancer is the leading cause of cancer-
related mortality not only in china but also
around the world [20]. Non-small cell lung can-
cer (NSCLCs) arises from the epithelial cells of
the central bronchi to terminal alveoli [21]. The
new approach to lung cancer treatment is one
focus of global research. In present study, the
role of EPC1 was evaluated in lung cancer.
shRNA technology was used to silence the
expression of EPC1 in vitro and in vivo. The
major finding of this study was that EPC1 shRNA
markedly promoted the cell apoptosis in A549
cells and significantly inhibited the tumor
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growth in mice transfected with A549 cells. In
addition, the effects of EPC1 on lung cancer
were probably related to the regulation of p-AKT
and p-p65 expression.

shRNA is a sequence of RNA that makes a tight
hairpin turn that can be used to silence target
gene expression via RNA interference [22]. Due
to the ability of shRNA to provide specific and
long-lasting effects on gene silencing, shRNA
has caused wide public attention for gene ther-
apy applications [18, 22, 23]. In our study, the
results of real-time Quantity PCR and western
blotting showed that EPC1 shRNA effectively
down-regulated the mRNA and protein expres-
sion of EPC1 in A549 cells.

EPC1 encodes a member of the polycomb
group family, which is a component of the NuA4
histone acetyltransferase complex and can act
as both a transcriptional activator and repres-
sor. The encoded protein has been linked to
cell apoptosis, DNA repair, skeletal muscle dif-
ferentiation, gene silencing, and adult T-cell
leukemia/lymphoma [9-11]. The reports relat-
ed to EPC1 are very few. However, recent study
showed that EPC1 acted as a critical oncogenic
cofactor in acute myeloid leukemia [10]. In
present research, we found that EPC1 shRNA
significantly decreased the survival rate and
increased the apoptosis in A549 cells, which
supplies an anti-proliferation effect on cancer
cells. The further study of in vivo experiments
confirmed that EPC1 shRNA inhibited the
growth of tumor and promoted the apoptosis of
tumor cells in mice. The findings above provid-
ed a new idea to treatment of lung cancer.

To further clarify the molecule mechanisms of
EPC1 shRNA involved in inhibition of tumor
growth, the proteins of phosphorylated AKT
and p65 were detected by western blotting.
AKT is a critical signaling node downstream of
phosphoinositide 3-kinase (PI3K), which is a
signal transduction protein that figures promi-
nently in mechanisms of carcinogenesis and
chemoresistance [24-26]. Inhibition of AKT has
also been reported to be a useful strategy to
inhibit the cell proliferation in NSCLCs [27, 28].
In this study, EPC1 shRNA markedly decreased
the expression of p-AKT in both in vivo and in
vitro. p65, a protein involved in heterodimer for-
mation, nuclear translocation and activation of
NF-kB, which is required for NSCLC metastasis
[29]. Our study found that the expression of
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p-65 was down-regulated in A549 cells trans-
fected with EPC1 shRNA. The findings described
above indicated a possible mechanism under-
lying the anti-tumor effects of silencing EPC1 in
cancer cells.

In conclusion, the present study revealed that
silencing EPC1 by shRNA technology had the
inhibition effects on lung cancer cells prolifera-
tion and tumor growth, and the regulation of
NF-kB and AKT pathways was probably involved
in its molecular mechanism. Therefore, EPC1 is
a potential target for treatment of lung cancer,
but a further research on its mechanism will be
done in the future.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Yimei Zhang or
Jianmin Huo, Department of Respiratory Medicine,
First Clinical Medical College Affiliated to Harbin
Medical University, 23 Youzheng Road, Harbin
150001, China. Tel: 86-451-85555787; E-mail:
zhangyimeil957@163.com (YMZ); 13804540141@
163.com (JMH)

References

[1]  Youlden DR, Cramb SM, Baade PD. The Inter-
national Epidemiology of Lung Cancer: geo-
graphical distribution and secular trends. J
Thorac Oncol 2008; 3: 819-31.

[2]  Pirozynski M. 100 years of lung cancer. Respir
Med 2006; 100: 2073-84.

[3] Schwartz AG, Prysak GM, Bock CH, Cote ML.
The molecular epidemiology of lung cancer.
Carcinogenesis 2007; 28: 507-18.

[4] Chen JG, Chen WQ, Zhang SW, Zheng RS, Zhu
J, Zhang YH. [Incidence and mortality of liver
cancer in China: an analysis on data from the
National Registration System between 2003
and 2007]. Zhonghua Liu Xing Bing Xue Za Zhi
2012; 33: 547-53.

[5] SYZ, Ling BD, W XH. An epidemic trend analy-
sis of lung cancer in registration areas in Zheji-
ang Province. China Cancer 2014; 23: 175-9.

[6] Stankunas K, Berger J, Ruse C, Sinclair DA,
Randazzo F, Brock HW. The enhancer of poly-
comb gene of Drosophila encodes a chromatin
protein conserved in yeast and mammals. De-
velopment 1998; 125: 4055-66.

[7]1  Attwooll C, Oddi S, Cartwright P, Prosperini E,
Agger K, Steensgaard P, Wagener C, Sardet C,
Moroni MC, Helin K. A novel repressive E2F6
complex containing the polycomb group pro-
tein, EPC1 that interacts with EZH2 in a prolif-

366

(8]

)

(11]

[12]

(14]

(19]

eration-specific manner. J Biol Chem 2005;
280: 1199-208.

Shimono Y, Murakami H, Hasegawa Y, Taka-
hashi M. RET finger protein is a transcriptional
repressor and interacts with enhancer of poly-
comb that has dual transcriptional functions. J
Biol Chem 2000; 275: 39411-9.

Kim JR, Kee HJ, Kim JY, Joung H, Nam KI, Eom
GH, Choe N, Kim HS, Kim JC, Kook H, Seo SB,
Kook H. Enhancer of polycomb1 acts on serum
response factor to regulate skeletal muscle dif-
ferentiation. J Biol Chem 2009; 284: 16308-
16.

Huang X, Spencer GJ, Lynch JT, Ciceri F, Somer-
ville TD, Somervaille TC. Enhancers of Poly-
comb EPC1 and EPC2 sustain the oncogenic
potential of MLL leukemia stem cells. Leuke-
mia 2014; 28: 1081-91.

Nakahata S, Saito Y, Hamasaki M, Hidaka T,
Arai Y, Taki T, Taniwaki M, Morishita K. Altera-
tion of enhancer of polycomb 1 at 10p11.2 is
one of the genetic events leading to develop-
ment of adult T-cell leukemia/lymphoma.
Genes Chromosomes Cancer 2009; 48: 768-
76.

Lei C, Cui Y, Zheng L, Chow PK, Wang CH. De-
velopment of a gene/drug dual delivery sys-
tem for brain tumor therapy: potent inhibition
via RNA interference and synergistic effects.
Biomaterials 2013; 34: 7483-94.

Yang Z, Xiang B, Dong D, Wang Z, Li J, Qi X.
Dual Receptor-Specific Peptides Modified Lipo-
somes as VEGF siRNA Vector for Tumor-Target-
ing Therapy. Curr Gene Ther 2014; 14: 289-
99.

Deng Q, Li KY, Chen H, Dai JH, Zhai YY, Wang Q,
Li N, Wang YP, Han ZG. RNA interference
against cancer/testis genes identifies dual
specificity phosphatase 21 as a potential ther-
apeutic target in human hepatocellular carci-
noma. Hepatology 2014; 59: 518-30.
Takeshita F, Ochiya T. Therapeutic potential of
RNA interference against cancer. Cancer Sci
2006; 97: 689-96.

Manjunath N, Wu H, Subramanya S, Shankar
P. Lentiviral delivery of short hairpin RNAs. Adv
Drug Deliv Rev 2009; 61: 732-45.
Subramanya S, Kim SS, Manjunath N, Shankar
P. RNA interference-based therapeutics for hu-
man immunodeficiency virus HIV-1 treatment:
synthetic siRNA or vector-based shRNA? Ex-
pert Opin Biol Ther 2010; 10: 201-13.

Yang Y, Bai Y, Xie G, Zhang N, Ma YP, Chen LJ,
Jiang Y, Zhao X, Wei YQ, Deng HX. Efficient inhi-
bition of non-small-cell lung cancer xenograft
by systemic delivery of plasmid-encoding
short-hairpin RNA targeting VEGF. Cancer Bio-
ther Radiopharm 2010; 25: 65-73.

Cao Q, Mani RS, Ateeq B, Dhanasekaran SM,
Asangani IA, Prensner JR, Kim JH, Brenner JC,

Int J Clin Exp Pathol 2015;8(1):361-367



[20]

[21]

[22]

(23]

[24]

367

RNA interference targeting enhancer and lung cancer

Jing X, Cao X, Wang R, Li Y, Dahiya A, Wang L,
Pandhi M, Lonigro RJ, Wu YM, Tomlins SA,
Palanisamy N, Qin Z, Yu J, Maher CA, Varambal-
ly S, Chinnaiyan AM. Coordinated regulation of
polycomb group complexes through microR-
NAs in cancer. Cancer Cell 2011; 20: 187-99.
Molina JR, Yang P, Cassivi SD, Schild SE, Adjei
AA. Non-small cell lung cancer: epidemiology,
risk factors, treatment, and survivorship. Mayo
Clin Proc 2008; 83: 584-94.

Kim AW, Detterbeck FC. Advances in surgical
techniques in non-small cell lung cancer. Se-
min Respir Crit Care Med 2013; 34: 855-66.
Burnett JC, Rossi JJ. RNA-based therapeutics:
current progress and future prospects. Chem
Biol 2012; 19: 60-71.

Kubowicz P, Zelaszczyk D, Pekala E. RNAI in
clinical studies. Cur Med Chem 2013; 20:
1801-16.

Scrima M, De Marco C, Fabiani F, Franco R, Pi-
rozzi G, Rocco G, Ravo M, Weisz A, Zoppoli P,
Ceccarelli M, Botti G, Malanga D, Viglietto G.
Signaling networks associated with AKT activa-
tion in non-small cell lung cancer (NSCLC): new
insights on the role of phosphatydil-inositol-3
kinase. PLoS One 2012; 7: e30427.

[25]

[26]

[27]

(28]

[29]

Vivanco |, Sawyers CL. The phosphatidylinosi-
tol 3-Kinase AKT pathway in human cancer.
Nat Rev Cancer 2002; 2: 489-501.

Liu X, Shi Y, Giranda VL, Luo Y. Inhibition of the
phosphatidylinositol  3-kinase/Akt pathway
sensitizes MDA-MB468 human breast cancer
cells to cerulenin-induced apoptosis. Mol Can-
cer Ther 2006; 5: 494-501.

lida M, Brand TM, Campbell DA, Starr MM, Lu-
thar N, Traynor AM, Wheeler DL. Targeting AKT
with the allosteric AKT inhibitor MK-2206 in
non-small cell lung cancer cells with acquired
resistance to cetuximab. Cancer Biol Ther
2013; 14: 481-91.

Puglisi M, Thavasu P, Stewart A, de Bono JS,
O’Brien ME, Popat S, Bhosle J, Banerji U. AKT
inhibition synergistically enhances growth-in-
hibitory effects of gefitinib and increases apop-
tosis in non-small cell lung cancer cell lines.
Lung Cancer 2014; 85: 141-6.

Kumar M, Allison DF, Baranova NN, Wamsley
JJ, Katz AJ, Bekiranov S, Jones DR, Mayo MW.
NF-kappaB regulates mesenchymal transition
for the induction of non-small cell lung cancer
initiating cells. PLoS One 2013; 8: e68597.

Int J Clin Exp Pathol 2015;8(1):361-367



