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Abstract: B-cell-specific Moloney murine leukemia virus integration site 1 (Bmi-1) is one of the core members of 
the PRC1 complex (the polycomb gene family) involved in tumorigenesis. The aim of this study is to investigate the 
expression and possible function of Bmi-1 in cutaneous basal cell carcinoma (BCC). Here, by immunohistochemical 
staining, we found that elevated Bmi-1 expression was more commonly observed in fresh BCC tissues compared 
with normal. Bmi-1 RNAi revealed that suppression of endogenous Bmi-1 expression in A431 cells attenuated cell 
proliferation, invasion, and induced apoptosis of BCC cells. Indicating Bmi-1 may play an important role in progres-
sion of BCC and may serve as a novel marker for therapeutic targets.
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Introduction

Basal cell carcinoma is the most common type 
of skin cancer and its incidence is increasing 
worldwide [1, 2]. It develops from the basal lay-
ers of the epidermis and hair follicles with the 
characteristics of slow growing, locally invasive 
and destructive and usually occurs on actinic 
damaged skin of older people. Despite the 
development of new prognostic and therapeu-
tic strategies, including surgical resection or 
surgery combined with photodynamic therapy, 
the incidence rate of BCC is still increasing year 
by year. Statistics have shown that BCC acc- 
ounted for 80% of nonmelanoma skin cancers 
[3]. Therefore, a better understanding of the 
underlying molecular events leading to the ini-
tiation and progression of BCC could result in 
the identification of potential diagnostic and 
therapeutic targets.

Bmi-1 is one of the core members of the poly-
comb repressive complex 1 (PRC1 complex), 
was identified as an oncogene, which plays an 
important role in cell immortalization and cell 
senescence [4]. Bmi-1 possibly through a vari-
ety of mechanisms mediated tumorigenesis 
and development, and the influence in different 
tumors are vary. Previous studies have report-
ed that Bmi-1 is over-expressed in many human 
malignancies, including hepatocellular carcino-

ma, gastric, lung, leukemia, colon, glioma, 
ovary, malignant melanoma, lymphoma [5-13]. 
And high Bmi-1 expression has been reported 
to be associated with an adverse prognosis in 
multiple type of cancer [14]. But in different 
human malignancies, Bmi-1’s roles are various. 
In nasopharyngeal carcinoma, Bmi-1 may en- 
hance the motility and invasiveness of human 
nasopharyngeal epithelial cells, via modulation 
of PI3K/Akt/GSK-3beta signaling pathway [15]. 
Previous studies suggest that Bmi-1 promotes 
glioma cell migration and invasion via NF-κB-
mediated upregulation of MMP-3 [16]. However, 
Bmi-1 might modulate the growth of lung ade-
nocarcinoma cells in an INK4a-p16 indepen-
dent pathway [17]. Taken together, Bmi-1 pro-
tein plays an important role in human cancers.

However, little is known about Bmi-1 expression 
in basal cell carcinoma. In this study, we inves-
tigated the expression pattern of Bmi-1 in BCC 
and explored the role of Bmi-1 in the human 
epidermal carcinoma cell line (A431).

Materials and methods

Specimens

Seventy-six paraffin-embedded tissue speci-
mens of BCC were obtained from department 
of Dermatology and Venereology, Affiliated Ho- 
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by using Chemi Doc XRS (Hercules, CA). Bound 
proteins were detected by using ECL (enhanced 
chemiluminescence) detection systems (Pierce, 
Rockford, IL, USA).

Immunohistochemistry

Xylene and rehydrated were used to deal with 
the sections. The sections were deparaffinized 
using a graded ethanol series, and then endog-
enous peroxidase activity was blocked by soak-
ing in 3% hydrogen peroxide for 30 min. Antigen 
retrieval was carried out by boiling sections in 
10 mM citrate buffer (pH 6.0), and 10% normal 
goat serum was used for blocking any nonspe-
cific reactions. The sections were immunos-
tained for Bmi-1 using rabbit anti-human Bmi-1 
antibody (1:600), and biotinylated goat antirab-
bit serum IgG was used as secondary antibody. 
Diaminobenzidine (DAB) served as chromogen. 
All immunostained sections were randomly 
examined by two independent blinded patholo-
gists using a Leica fluorescence microscope 
(Germany). 

Cell line culture

The A431 cells were provided by Institute of 
Dermatology, Chinese Academy of Medical 
Sciences and Peking Union Medical College 
and were cultured in Dulbecco’s modified Eagle 
medium (DMEM, GIBCO-BRL, Grand Island, NY, 
USA), with 10% fetal bovine serum (FBS) and 
1% antibiotics (both from Gibco, USA). Cells 
were incubated in humidified incubator under 
the condition of 37°C, 5% CO2.

Immunofluorescence analysis

The cells were cultured overnight on preferred 
glass coverslips (Fisher, Pittsburgh, PA). The 
cells were fixed for 30 min in 4% paraformalde-
hyde (Electron Microscopy Services, Ft. Wa- 
shington, PA), permeabilized with 0.1% Triton 
X-100/PBS for 15 min, and then incubated for 
2 h in a 1% BSA/PBS blocking solution. To 
detect Bmi-1, a rabbit polyclonal antibody was 
used (Cell Signaling Technology, USA; 1:100 
dilution) and incubated overnight at 4°C. The 
secondary antibody was performed using Alexa 
Fluor 568-conjugated goat anti-rabbit antibod-
ies (Invitrogen) for 2 h at 37°C. To visualize 
nuclei, cells were stained with 5 mg/ml DAPI 
(Sigma) for 3 min. All images were captured 
with a Nikon confocal microscope (Nikon, NY, 
USA).

spital of Nantong University between 2014.01 
and 2015.03. All of patients had not received 
therapy before surgery. Histopathological ex- 
amination of the specimens was confirmed by 
three pathologists independently. Twenty spe- 
cimens of normal skin (N) were used as con-
trols. Ten fresh BCC and normal skin specimens 
were transported into liquid nitrogen and stored 
immediately at -80°C after surgery until use. 
The study approval was obtained from the eth-
ics committee of Nantong University, Affiliated 
Hospital. 

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

Total RNA was extracted from tissues with Trizol 
reagent (Invitrogen, Carlsbad, CA, USA), and the 
reverse transcription reactions were performed 
with random primers and revertaid first strand 
cDNA synthesis kit (Thermo) following the man-
ufacturer’s instructions. Real-time PCR was 
performed by using SYBR Green Master Mix 
(Rox, Weitefeld, Germany) protocol on 7500 
Real-Time PCR System (ABI, Abilene, TX, USA) 
according to the instructions. Primer sequenc-
es used were as follows: Bmi-1, forward 5’-AG- 
AGATCGGGGCGAGACAAT-3’ and reverse 5’-TT- 
ATTCTGCGGGGCTGGGAG-3’; forward 5’-AGTAT- 
GAGAGGCAGAGATCGGG-3’ and reverse 5’-GA- 
GGTGCTGCTAAGCCGGAA-3’. GAPDH (glyceral-
dehyde-3-phosphate-dehydrogenase) forward, 
5’-TCG GAG TCA ACG GAT TTG GTC GT-3’; GAPDH 
reverse, 5’-TGC CAT GGG TGG AAT CAT ATT GGA-
3’; GAPDH was used as references for Bmi-1. 
All the experiments were repeated in triplicate. 
The 2-ΔΔCt method was used to determine the 
relative quantitation of gene expression levels.

Western blotting 

The protein was extracted from frozen tissues 
and cultured cells using RIPA lysis buffer con-
taining phosphatase inhibitor (100:1). The ly- 
sates were centrifuged at 14000 rpm for 20 
min at 4°C. The protein concentration was 
determined with a Bio-Rad protein assay (Bio-
Rad, Hercules, CA, USA). The protein was tra- 
nsferred onto polyvinylidene difluoride filter 
(PVDF) membrane after separating by 10% 
SDS-PAGE, and then incubated overnight at 
4°C with antibody against Bmi-1 (CST, TX, 
1:1000) and Beta-actin (Santa Cruz Biote- 
chnology, USA). PVDF membranes were incu-
bated with secondary antibodies at room tem-
perature for 2 h. Bound proteins were scanned 
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A431 cells transfected with Bmi-1-shRNA and 
negative control-shRNA were seeded into 
96-well cell culture cluster plates (Corning, 
USA) at a concentration of 2×104 cells/well in 
volumes of 100 μl complete medium and cul-
tured overnight at 37°C. For proliferation mea-
surement, 10 μL CCK-8 reagents (Dojindo, 
Kumamoto, Japan) was added to each well at 
different time points and then incubated for 
another 1.5 h at 37°C in the dark. The absor-
bance of cells was read in a microplate reader 
(Bio-Rad, USA) at 450 nm. The detection of cell 
absorbance was performed every 24 h. 

Plate colony formation assay

A431 cells (transfection of control shRNA or 
Bmi-1-shRNA) were added to each well of a 
6-well culture plate and cultured in 5 ml of 
DMEM supplemented with 10% FBS. After 2 
weeks of incubation, cell colonies were washed 
twice with PBS, fixed with 4% para-formalde-
hyde for 30 min and then stained with 0.5% 

Silencing of Bmi-1

Four short hairpin RNA (shRNA) duplexes tar-
geting Bmi-1 and control scramble shRNA 
duplexes were purchased from GeneChem 
(Shanghai, China). The effective sequences 
were as follows: 5’-TAATACTTTCCAGATTGAT-3’ 
(shRNA#1). Another sequences list in the table. 
The nonspecific scramble shRNA duplex was 
5’-TTCTCCGAACGTGTCACGT-3’, which was the 
random sequence that was not related to Bmi-1 
mRNA. A431 cells were plated onto a 6-well 
plate or a 96-well plate (Corning Inc., Corning, 
NY, USA) at 60-70% confluence the day before 
transfection. After 24 h, the Bmi-1-targeting 
and control shRNA oligos were transfected into 
the cells using Lipotransfectamine 2000 (Invi- 
trogen, Carlsbad, CA) in accordance with the 
manufacturer’s instructions. 

shRNA#2 5’-GAAAGTAAACAAAGACAAA-3’
shRNA#3 5’-AGAACAGATTGGATCGGAA-3’
shRNA#4 5’-AGACCACTACTGAATATAA-3’

Figure 1. Bmi-1 was upregulated in BCC tissues. A. Bmi-1 levels were evalu-
ated by qRT-PCR in four tissues, and normal human tissues were used as 
controls (*P<0.05). B. Bmi-1 and β-actin protein in the four BCC tissues and 
normal human tissues analyzed by Western blot analysis (*P<0.05). C. Bmi-
1 expression and distribution was examined by Immunohistochemistry in 
BCC and normal tissues. Bmi-1 was highly expressed in BCC tissue, whereas 
low expression of Bmi-1 was observed in normal tissues. The experiment 
details were described under Materials and Methods section.

Cell invasion assay

The invasive potential of cells 
was evaluated using 24-well 
cell culture with 8 μm pores 
(Coring, USA). For invasion 
assay, 1×105 A431 cells (tra- 
nsfection of control shRNA or 
Bmi-1 shRNA) in a 100 µl vol-
ume of serum-free medium 
were seeded into insert cham-
ber pre-coated with Matrigel 
matrix (BD, NJ, USA), and a 
volume of 0.5 mL 10% FBS 
medium was added to the 
matched lower chamber. Ch- 
ambers were incubated at 
37°C under 5% CO2 condition 
for 48 h. Invasive cells on the 
lower surface of the mem-
brane, which had invaded the 
Matrigel and had migrated 
through the polycarbonate 
membrane, were fixed in 4% 
formaldehyde for 30 min and 
stained by crystal violet for 30 
min. 

Cell proliferation assay
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expression of Bmi-1 mRNA was significantly 
higher in BCC tissues than that in correspond-
ing normal tissues (Figure 1A, P<0.05). An- 
alogously result was also found in Western blot 
analysis, when compared with the normal tis-
sues, Bmi-1 protein was significantly up-regu-
lated (Figure 1B). Immunohistochemical meth-
od was used to explore the expression pattern 
of Bmi-1 in BCC (Figure 1C). In accordance with 
the expression profile of Bmi-1 in fresh tissues, 
strong positive staining of Bmi-1 was found in 
BCC, distributed both in nuclear of tumor cells. 
Whereas, normal specimens showed weak 
staining (Figure 1C).

Expression and silencing of Bmi-1 in A431 cell 
line

The A431 which is widely recognized as a model 
of basal cell carcinoma. So A431 cell line was 

crystal violet for 30 min. Individual clones with 
>0.5 mm were counted as positive for growth.

Flow cytometry analysis of cell apoptosis 

A431 cells transfected with Bmi-1-shRNA and 
control shRNA were cultured for 48 h and 
digested by 0.1% trypsin. Then cells were 
washed with cold PBS and resuspended in 1× 
Binding Buffer (10 mM Hepes/NaOH, pH 7.4, 
140 mM NaCl, 2.5 mM CaCl2) at a concentra-
tion of 1×106 cells/ml. Transfer 100 μl of the 
solution (1×105 cells) to a 5-ml culture tube. For 
analysis of the cell apoptosis, cells were incu-
bated with reagent containing Annexin V and PI 
(Becton-Dickinson, NJ, USA) for 15 min at room 
temperature in the dark. After 15-min incuba-
tion in darkness at room temperature, add 300 
μl of 1× Binding Buffer to each tube. Subse- 
quently, Apoptotic cells were analyzed using 

Figure 2. A. Immunofluorescence analysis of Bmi-1 expression in A431 cell 
line. Bmi-1 was dominantly expressed in the cytoplasm and nucleus of the 
A431 cell line. B. Bmi-1 expression was detected by Western blot after trans-
fected for 48 h with Bmi-1-shRNA in A431 cells, while shRNA#1 achieved the 
more effected down-regulation. The relative level of Bmi-1 was tested by den-
sitometry. The date are mean ± SEM *P<0.05 compared with the control. C. 
Fluorescence observation of the transfection efficiency shRNA-GFP in A431 
cell line (magnification ×100).

FACSCalibur flow cytometer 
(Becton-Dickinson, NJ, USA). 

Statistical analysis

Statistical analysis was per-
formed using the Stat View 
7.0 software package. The 
SPSS 21.0 and SigmaPlot 
12.0 statistical program was 
employed to conduct statisti-
cal analysis for all statistical 
analyses. The relationship 
between Bmi-1 and clinico-
pathological features was ev- 
aluated using chi-square te- 
sts. The data of proliferation, 
invasion and apoptosis were 
analyzed with the student’s 
t-test. The data are presented 
as means ± SEM from at least 
three separate experiments. 
P<0.05 was considered sta-
tistically significant. 

Results

Elevated Bmi-1 expression in 
BCC tissues

To determine whether Bmi-1 
was expressed in the tissue 
of BCC, We firstly analyzed 
Bmi-1 mRNA expression in 
four BCC tissues and corre-
sponding normal tissues, the 
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ine the effect of Bmi-1 on A431 cell invasion, 
we used a Matrigel invasion assay. With a 
chamber pre-coated with Matrigel, we deter-
mined changes in cell invasiveness after 48 h 
incubation. Compared with the Con-shRNA 
cells, Bmi-1-shRNA cells revealed significantly 
decreased invasiveness (Figure 3B). The result 
suggested that Bmi-1 promoted the invasion of 
A431 cell line.

Depletion of Bmi-1 restrained cell proliferation 
and induced apoptosis

Effect of decreased Bmi-1 expression on A431 
cell proliferation in vitro was examined by 
CCK-8 assay. Silencing of Bmi-1 caused signifi-
cantly decrease in cell viability in A431 cells 
(Figure 4A). Plate colony formation assay also 
showed similar results (Figure 4B). In addition, 
we examined the effect of Bmi-1 on BCC cells’ 
survival. A Flow cytometry analysis was per-
formed to investigate whether Bmi-1 inhibited 
apoptosis in A431 cells. When Bmi-1 was 
knocked down in A431 cells, cell apoptosis was 
significantly increased compared with both 
Wide-type and control shRNA-transfected cells 
(Figure 4C). Taken the above results together, 
we guess that Bmi-1 might promote A431 cell 
proliferation and inhibited apoptosis.

Discussion

The polycomb group (PcG) genes play a central-
ly important role in mammalian development. 
Bmi-1 is the mammalian form of a Drosophila 
PcG protein that regulates stem cell mainte-
nance and renewal [18]. Previous studies have 
reported that Bmi-1 is over-expressed in many 
human cancers. A high expression of Bmi-1 
positively correlated with poor prognosis [19]; 
And overexpression of Bmi-1 induced malig-
nant transformation both in vitro and in vivo 
[20]. Similarly Bmi-1 also expression in many 
skin diseases, such as malignant melanoma, 
squamous cell carcinoma, mycosis fungoides, 
Merkel cell carcinoma [4, 18, 21, 22], etc. 
These findings suggest that Bmi-1 may play a 
role in the development and maintenance of 
hyperproliferative skin diseases, and is consis-
tent with the observation that Bmi-1 is overex-
pressed in other tumor types. However, Bmi-1 
expression as well as its function has not yet 
been established in BCC.

In our study, we demonstrated for the expres-
sion level of Bmi-1 which was expressed re- 

chosen to study the biological functions of 
endogenous Bmi-1. To observe the expression 
happened in Bmi-1, we measured the Bmi-1 
level in BCC cell line. Expression of Bmi-1 pro-
tein was verified by both immunofluorescence 
and western blot (Figure 2A, 2B). In A431 cell 
line, Bmi-1 significantly located in cytoplasm 
and nuclear of tumor cells (Figure 2A). To better 
investigate the biological functions of endoge-
nous Bmi-1 in A431 cells, we used a short hair-
pin RNA-oligo targeting Bmi-1 to knock down 
the endogenous expression of Bmi-1 in A431 
cells. The Bmi-1 levels in shRNA transfected 
cells were determined by western blot observa-
tion. A knockdown effect was discovered by 
western blot, and we found that among the four 
targeting (shRNA#1-4) shRNA#1 achieved the 
greater efficacy in silencing Bmi-1 expression 
compared to the negative control (Wide-type 
and Con-shRNA) (Figure 2B). Immunofluores- 
cence observation revealed that most of the 
A431 cells expressed GFP at a relatively high 
level (Figure 2C).

Knock-down of Bmi-1 inhibited the invasion in 
vitro

Cell invasion is integral step for the process of 
tumor development and metastasis. To exam-

Figure 3. Knockdown of Bmi-1 suppressed the inva-
sion of A431 cells. A431 cells invasion were evalu-
ated by Transwell invasion assays after transfected 
with Bmi-1-shRNA, and the results showed that cell 
invasion was significantly decreased compared with 
the shRNA control. Quantification of cell invasion is 
shown on the below panel. All data are representa-
tive of three independent experiments (mean ± SEM) 
(*P<0.05).
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role in the regulation of oncogenesis. To investi-
gate the biological functions of Bmi-1 in BCC, 
we chose to use A431 cells exhibiting the ex- 
pression of endogenous Bmi-1, and employed 
the shRNA to knock down the expression level 
of endogenous Bmi-1. We found suppressed 
Bmi-1 expression decreased the A431 cells 
and promotes cell apoptosis, which are both 
indispensable for BCC growth. These results 
strongly suggest an oncogenic role of Bmi-1 in 
the human BCC development. 

The Polycomb group (PcG) proteins are epigen-
etic suppressors of gene expression that func-
tion through modification of histones to change 
chromatin structure and modulate gene expres-
sion and cell behavior [24]. Bmi-1 is a member 
of the Polycomb family of transcriptional repres-
sors. It is involved in cell senescence and cell 
regulation by repression of Ink4a/Arf locus, 
encoding cell cycle regulators p16Ink4a and 
p19Arf [25-27]. Ink4/Arf locus is a key down-
stream target of Bmi-1 gene. Excision of this 

markably high in fresh BCC specimens by using 
western blot assays and qRT-PCR assays. In 
order to reveal the relationship between the 
Bmi-1 protein expression and the progression 
of BCC, we investigated Bmi-1 expression in 
BCC using immunohistochemical staining. Our 
findings discovered that the expression of 
Bmi-1 protein was significantly higher in BCC 
than that in normal specimens. These results 
suggested that Bmi-1 protein may be a maker 
of BCC. This was in line with some previous 
studies, for instance, measuring Bmi-1 autoan-
tibody levels of patients with cervical cancer 
could have clinical prognostic value as well as a 
non-tissue specific biomarker for neoplasms 
expressing Bmi-1 [23]. 

Previous reports have shown that Bmi-1 mRNA 
is readily detected in Keratinocyte cell lines 
A431. And the level of expression is markedly 
increased [18]. The proliferation and invasion 
are the important characteristics of cancer 
development, and apoptosis has an important 

Figure 4. Knockdown of Bmi-1 suppressed A431 cell proliferation. A. After 48 h transfection, CCK-8 assay was 
performed to determine the proliferation of A431 cells. B. Bmi1 knockdown suppressed plate colony formation. C. 
At 48 h after transfection, the apoptotic A431 cells were detected by flow cytometry. The data are mean ± SEM. 
*P<0.05, when compared with controls. All data are representative of three independent experiments (mean ± 
SEM) (*P<0.05).
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PLoS One 2013; 8: e55527.

[7]	 Kreso A, van Galen P, Pedley NM, Lima-Fer-
nandes E, Frelin C, Davis T, Cao L, Baiazitov R, 
Du W, Sydorenko N, Moon YC, Gibson L, Wang 
Y, Leung C, Iscove NN, Arrowsmith CH, Szentgy-
orgyi E, Gallinger S, Dick JE, O’Brien CA. Self-
renewal as a therapeutic target in human 
colorectal cancer. Nat Med 2014; 20: 29-36.

[8]	 Kim SH and Singh SV. The role of polycomb 
group protein Bmi-1 and Notch4 in breast can-
cer stem cell inhibition by benzyl isothiocya-
nate. Breast Cancer Res Treat 2015; 149: 681-
92.

[9]	 Nishida Y, Maeda A, Chachad D, Ishizawa J, Qiu 
YH, Kornblau SM, Kimura S, Andreeff M, Koji-
ma K. Preclinical activity of the novel BMI-1 in-
hibitor PTC-209 in acute myeloid leukemia: 
implications for leukemia therapy. Cancer Sci 
2015; 106: 1705-13.

[10]	 Zhang X, Sun J, Wang H, Lou Y, Zhang Y, Sha H, 
Feng J, Han B. IGF-1R and Bmi-1 expressions 
in lung adenocarcinoma and their clinicopath-
ologic and prognostic significance. Tumour Biol 
2014; 35: 739-45.

[11]	 Wang G, Liu L, Sharma S, Liu H, Yang W, Sun X, 
Dong Q. Bmi-1 confers adaptive radioresis-
tance to KYSE-150R esophageal carcinoma 
cells. Biochem Biophys Res Commun 2012; 
425: 309-14.

[12]	 Effendi K, Mori T, Komuta M, Masugi Y, Du W, 
Sakamoto M. Bmi-1 gene is upregulated in 
early-stage hepatocellular carcinoma and cor-
relates with ATP-binding cassette transporter 
B1 expression. Cancer Sci 2010; 101: 666-72.

[13]	 Zhang LH, Wu SQ, Huang HB, Niu WY, Li YP, 
Zhan R. [Expression and clinical significance of 
Bmi-1 and P14 in extranodal NK/T-cell lympho-
ma]. Zhongguo Shi Yan Xue Ye Xue Za Zhi 
2015; 23: 1009-12.

[14]	 Glinsky GV, Berezovska O, Glinskii AB. Microar-
ray analysis identifies a death-from-cancer sig-

locus is seen with high frequency in a great  
variety of malignancies including glioblastoma, 
melanoma, pancreatic adenocarcinoma, non-
small cell lung cancer, bladder carcinoma and 
oropharyngeal cancer [28]. 

Bmi-1 can induce downstream telomerase re- 
verse transcriptase gene expression, playing 
an important role in telomerase activation, cell 
immortality, cell senescence and neoplastic 
transformation [29]. Besides, Bmi-1 nuclear 
localization could be an important marker for 
the diagnosis of gastric cancer [30]. Bmi-1 as 
an important new target for therapy in ovarian 
cancer and liver cancer [31, 32]. Similar results 
can be found in some other tumors. Therefore, 
these results identify Bmi-1 as a potential tar-
get for cancer therapy. 

In conclusion, we demonstrated that Bmi-1 was 
highly expressed in BCC tissues. Knockdown  
of Bmi-1 attenuated invasion of A431 cells 
remarkably in vitro. Moreover, Bmi-1 inhibits 
cell apoptosis, which ultimately promoted cell 
growth in BCC. Thus, identification of specific 
chemicals able to inhibit the expression or tran-
scriptional activity of Bmi-1 would be a novel 
biomarker and therapeutic target of BCC. 
However, further research is required to better 
delineate the molecular mechanisms. 

Acknowledgements

This work was supported by the National Na- 
tural Science Foundation of China (No. 810- 
41076).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Xiaodong Chen, 
Department of Dermatology and Venereology, Aff- 
iliated Hospital of Nantong University, Nantong 
226001, Jiangsu Province, China. Tel: 86-513-
85052096; E-mail: dermatochen@163.com

References

[1]	 Bath-Hextall F, Ozolins M, Armstrong SJ, Colver 
GB, Perkins W, Miller PS, Williams HC; Surgery 
versus Imiquimod for Nodular Superficial Bas-
al Cell Carcinoma (SINS) Study Group. Surgical 
excision versus imiquimod 5% cream for nodu-
lar and superficial basal-cell carcinoma (SINS): 
a multicentre, non-inferiority, randomised con-
trolled trial. Lancet Oncol 2014; 15: 96-105.

mailto:dermatochen@163.com


Bmi-1 serves as a potential novel marker in basal cell carcinoma

8935	 Int J Clin Exp Pathol 2017;10(8):8928-8935

[23]	 Tong YQ, Liu B, Zheng HY, He YJ, Gu J, Li F,  
Li Y. BMI-1 autoantibody as a new potential 
biomarker for cervical carcinoma. PLoS One 
2011; 6: e27804.

[24]	 Eckert RL, Adhikary G, Rorke EA, Chew YC, Bal-
asubramanian S. Polycomb group proteins are 
key regulators of keratinocyte function. J Invest 
Dermatol 2011; 131: 295-301.

[25]	 Bracken AP, Kleine-Kohlbrecher D, Dietrich N, 
Pasini D, Gargiulo G, Beekman C, Theilgaard-
Mönch K, Minucci S, Porse BT, Marine JC, Han-
sen KH, Helin K. The polycomb group proteins 
bind throughout the INK4A-ARF locus and are 
disassociated in senescent cells. Genes Dev 
2007; 21: 525-30.

[26]	 Oguro H, Iwama A, Morita Y, Kamijo T, van Lo-
huizen M, Nakauchi H. Differential impact of 
Ink4a and Arf on hematopoietic stem cells and 
their bone marrow microenvironment in Bmi1-
deficient mice. J Exp Med 2006; 203: 2247-
53.

[27]	 Reya T, Morrison SJ, Clarke MF, Weissman IL. 
Stem cells, cancer, and cancer stem cells. Na-
ture 2001; 414: 105-11.

[28]	 Sharpless NE. INK4a/ARF: a multifunctional 
tumor suppressor locus. Mutat Res 2005; 
576: 22-38.

[29]	 Dimri GP, Martinez JL, Jacobs JJ, Keblusek P, 
Itahana K, Van Lohuizen M, Campisi J, Wazer 
DE, Band V. The Bmi-1 oncogene induces 
telomerase activity and immortalizes human 
mammary epithelial cells. Cancer Res 2002; 
62: 4736-45.

[30]	 Li W, Li Y, Tan Y, Ma K, Cui J. Bmi-1 is critical for 
the proliferation and invasiveness of gastric 
carcinoma cells. J Gastroenterol Hepatol 2010; 
25: 568-75.

[31]	 Fan L, Xu C, Wang C, Tao J, Ho C, Jiang L, Gui B, 
Huang S, Evert M, Calvisi DF, Chen X. Bmi1 is 
required for hepatic progenitor cell expansion 
and liver tumor development. PLoS One 2012; 
7: e46472.

[32]	 Wang E, Bhattacharyya S, Szabolcs A, Rodri-
guez-Aguayo C, Jennings NB, Lopez-Berestein 
G, Mukherjee P, Sood AK, Bhattacharya R. En-
hancing chemotherapy response with Bmi-1 
silencing in ovarian cancer. PLoS One 2011; 6: 
e17918.

nature predicting therapy failure in patients 
with multiple types of cancer. J Clin Invest 
2005; 115: 1503-21.

[15]	 Song LB, Li J, Liao WT, Feng Y, Yu CP, Hu LJ, 
Kong QL, Xu LH, Zhang X, Liu WL, Li MZ, Zhang 
L, Kang TB, Fu LW, Huang WL, Xia YF, Tsao SW, 
Li M, Band V, Band H, Shi QH, Zeng YX, Zeng 
MS. The polycomb group protein Bmi-1 re-
presses the tumor suppressor PTEN and in-
duces epithelial-mesenchymal transition in hu-
man nasopharyngeal epithelial cells. J Clin 
Invest 2009; 119: 3626-36.

[16]	 Sun P, Mu Y, Zhang S. A novel NF-kappaB/
MMP-3 signal pathway involves in the aggres-
sivity of glioma promoted by Bmi-1. Tumour 
Biol 2014; 35: 12721-7.

[17]	 Zheng X, Wang Y, Liu B, Liu C, Liu D, Zhu J, Yang 
C, Yan J, Liao X, Meng X, Yang H. Bmi-1-shRNA 
inhibits the proliferation of lung adenocarcino-
ma cells by blocking the G1/S phase through 
decreasing cyclin D1 and increasing p21/p27 
levels. Nucleic Acid Ther 2014; 24: 210-6.

[18]	 Lee K, Adhikary G, Balasubramanian S, Gopal-
akrishnan R, McCormick T, Dimri GP, Eckert 
RL, Rorke EA. Expression of Bmi-1 in epidermis 
enhances cell survival by altering cell cycle 
regulatory protein expression and inhibiting 
apoptosis. J Invest Dermatol 2008; 128: 9-17.

[19]	 Song LB, Zeng MS, Liao WT, Zhang L, Mo HY, 
Liu WL, Shao JY, Wu QL, Li MZ, Xia YF, Fu LW, 
Huang WL, Dimri GP, Band V, Zeng YX. Bmi-1 is 
a novel molecular marker of nasopharyngeal 
carcinoma progression and immortalizes pri-
mary human nasopharyngeal epithelial cells. 
Cancer Res 2006; 66: 6225-32.

[20]	 Zhang C, Toulev A, Kamarashev J, Qin JZ, Dum-
mer R, Döbbeling U. Consequences of p16 tu-
mor suppressor gene inactivation in mycosis 
fungoides and Sezary syndrome and role of 
the bmi-1 and ras oncogenes in disease pro-
gression. Hum Pathol 2007; 38: 995-1002.

[21]	 Wang Q, Li WL, You P, Su J, Zhu MH, Xie DF, Zhu 
HY, He ZY, Li JX, Ding XY, Wang X, Hu YP. Onco-
protein BMI-1 induces the malignant transfor-
mation of HaCaT cells. J Cell Biochem 2009; 
106: 16-24.

[22]	 Brunner M, Thurnher D, Pammer J, Geleff S, 
Heiduschka G, Reinisch CM, Petzelbauer P, 
Erovic BM. Expression of VEGF-A/C, VEGF-R2, 
PDGF-alpha/beta, c-kit, EGFR, Her-2/Neu, Mcl-
1 and Bmi-1 in Merkel cell carcinoma. Mod 
Pathol 2008; 21: 876-84.


