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Long noncoding RNA BLACAT1 indicates a poor
prognosis of colorectal cancer and affects cell
proliferation by epigenetically silencing of p15

Jun Su1,8, Erbao Zhang2,3,8, Liang Han4,8, Dandan Yin5,8, Zhili Liu1, Xuezhi He6, Yuhong Zhang1, Feng Lin1, Qingfeng Lin1, Peiyao Mao7,
Weidong Mao*,1 and Dong Shen*,1

Recently, a novel class of transcripts, long noncoding RNAs (lncRNAs), is being identified at a rapid pace. These RNAs have critical
roles in diverse biological processes, including tumorigenesis. One of them, BLACAT1, a cancer-associated long noncoding RNA,
exerts regulatory functions in various biological processes in cancer cells, however, the role of BLACAT1 in colon cancer remains
unclear. Our experiments showed that increased BLACAT1 was an independent unfavorable prognostic indicator for colorectal
cancer, and revealed that BLACAT1 knockdown significantly repressed proliferation, both in vitro and in vivo. Mechanistic
investigations demonstrated that BLACAT1 had a key role in G1/G0 arrest, and showed that BLACAT1 can repress p15 expression
by binding to EZH2, thus contributing to the regulation of CRC cell cycle and proliferation. Our results suggest that BLACAT1, as a
cell cycle regulator, may serve as a potential target for colon cancer prevention and treatment in human CRC.
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Colorectal cancer is a common cause of cancer death in the
world due to late tumor presentation and rapid progression,
with about 13 million new cancer cases and 694000 cancer
deaths in 2012 worldwide.1,2 China is one of the countries with
high incidence of CRC, in which CRC ranks third among all
cancer sites in cancer incidence and fifth in cancer mortality.3

CRC incidence and mortality rates are continuing to rise in
China, the 5-year survival rate for colorectal cancer is
estimated to be 30% in India, China and Cuba.4 CRC is
rapidly becoming a main public health problem. With the
deepening of research, colorectal cancer is now considered a
heterogeneous group of diseases with distinct clinical,
pathological and molecular features, which results from the
dysregulation of many tumor-related genes. Therefore, a
better understanding of the molecular machanisms on CRC
carcinogenesis and progression may supply more options for
the treatment and to improve the prognosis of CRC patients.
Currently, accumulating evidence has shown that noncoding
RNAs (ncRNAs) may be involved in CRC pathogenesis,5–9

providing new insights into the biology of this cancer.
It is well known that less than 2% of the mammalian genome

are protein-coding genes and over 90% of genome represent
noncoding RNAs (ncRNA), which are transcribed but not
encode proteins. Despite the initial controversy regarding their
biological characters, increasing evidence had showed that
ncRNA are highly regulated and functional.10–13 Long

intergenic ncRNAs (lincRNA) range in size from several
hundred to tens of thousands of bases (⩾200). They belong
to a newly discovered class of ncRNAs. Although more than
3000 human lincRNAs have been identified, less than 1% of
them have been characterized.14 Long noncoding RNAs were
initially thought to be spurious transcriptional noise but are
emerging as new regulators in the cancer paradigm.15 In fact,
emerging evidence indicates that IncRNAs may have complex
and extensive functions in the development and progression of
cancer. For example, HOTAIR, functioning as an oncogene,
that can be used to predict the prognosis in non-small cell lung
cancer (NSCLC) patients and determine whether or not
patient can benefit from chemotherapy.16,17 GAS1 that down-
regulated in papillary thyroid cancer leaded to the activation of
PI3K/Akt/Bad pathway and the promotion of proliferation.18 In
colorectal cancer, MALAT1 and 91H can be used as predictive
biomarker for poor prognosis,19,20 UCA1 influences cell
proliferation and apoptosis of colorectal cancer.21

BLACAT1 (linc-UBC1) is one of the few well-known
lincRNAs, with a length of 2616 bp and a functional role in
recruiting and binding to polycomb repressive complex 2
(PRC2), first characterized in bladder cancers.22 Recent
studies suggest BLACAT1 exhibited tumor pro-oncogenic
activity in gastric cancer, and additionally may serve as an
negative predictor for prognosis in GC patients.23 The
biological roles of BLACAT1 in colorectal cancer have not
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been well understood, which prompted us to explore the
functions of BLACAT1 in human colorectal cancer.
In this study, we detected the expression pattern of

BLACAT1 in CRC tissues and matched adjacent nontumor
tissues, and analyzed the correlation with clinicopathological
factors of patients. We also explored the function of BLACAT1
by using in vitro and in vivo assays, and further researched the
interaction between PRC2 and BLACAT1 to explore the
epigenetic repression of cyclin-dependent protein kinase
inhibitors(CKIs), including P15, which may partly account for

BLACAT1-mediated proliferation regulation, thus affecting the
proliferation of CRC.

Results

BLACAT1 expressions are upregulated in CRC tumor
tissues and significantly correlated with TNM stage. First,
we examined the BLACAT1 level in the CRC tumor tissues.
The expression of BLACAT1 in tumor tissues relative to
adjacent normal tissues is shown in Figure 1. Among all the 48

Figure 1 Expression of BLACAT1 in CRC tissues and its clinical parameters. (a) Relative expression of BLACAT1 in CRC tissues (N= 48) campared with the corresponding
non-tissues (N= 48). BLACAT1 expression was examined using quantitative real-time PCR(qRT-PCR) and normalized to GAPDH expression. TheΔCt value was determined by
subtracting the GAPDH Ct value from the BLACAT1 Ct value. Smaller ΔCt value indicates higher expression. (b) Higher BLACAT1 was positively correlated with TNM stage.
(c) Patients with high levels of BLACAT1 expression showed reduced survival times compared with patients with low levels of BLACAT1. *Po0.05, **Po0.01

Table 1 Univariate and multivariate analysis of clinicopathological factors for overall survival in 48 patients with CRC

Risk factors Univariate analysis Multivariate analysis

HR P-value 95% CI HR P-value 95% CI

BLACAT1 expression 1.407 o0.001** 1.259~1.572 1.496 o0.001** 1.316~1.701
Distant metastasis (M0, M1) 25.773 o0.001** 5.056~131.361 0.12 0.172 0.006~2.517
TNM stage (I/II, III/IV) 2.022 0.046* 1.011~4.045 0.583 0.193 0.259~1.312
Lymph node metastasis (N0, N1 or above) 1.813 0.089 0.913~3.601
Histological grade (low, middle or high) 1.963 0.207 0.689~5.587
Age (⩽60, 460) 0.537 0.081 0.268~1.079
Tumor invasion depth (T1, T2 or above) 2.041 0.181 0.718~5.804
Sex (male, female) 0.947 0.876 0.479~1.873

Abbreviation: HR, hazard ratio
*Po0.05, **Po0.01
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pairs of CRC patients, BLACAT1 expression levels in tumors
were higher than those in the corresponding normal tissues on
the whole (12.2732±24.99594, Po0.001; Figure 1a). Next,
we explored the correlation of BLACAT1 expression level with
the clinicopathological factors in CRC patients. The results
demonstrated that the BLACAT1 level was remarkably
correlated with TNM stage. Advanced TNM stage was
significantly positively related to increased BLACAT1 expres-
sion, showing 18.6586±32.64750 versus 4.7268±
4.39707 (P=0.041; Figure 1b). In this study, BLACAT1

expression of tumors infiltration confined within the mucosal
layer (so-called early colorectal cancer) was compared with
that of tumor infiltration beyond the mucosal layer. Univariate
and multivariate analysis show that BLACAT1 expression is an
independent predictor for overall survival.
To further evaluate the value of BLACAT1 in prognosis of

patients with CRC, we used Kaplan–Meier survival analysis
and log-rank tests. We divided the samples into high (above the
mean, n=24) and low (below the mean, n=24) BLACAT1
expression groups according to the mean value of the

Figure 2 BLACAT1 regulates CRC cell proliferation in vitro. (a) The results of qPCR determined that the relative expression level of BLACAT1 decreased by transfection with
si-BLACAT1 in CRC cells, compared with the transfection with si-NC. (b) A colony-formation assay revealed that BLACAT1 knockdown suppressed colony formation, compared
with control cells. (c) MTT assays indicated that decreased BLACAT1 expression inhibited HCT116 and SW480 cells proliferation. *Po0.05, **Po0.01
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BLACAT1 level. As shown in Figure 1c, increased BLACAT1
level was associated with shorter overall survival (Po0.001).
Univariate analysis identified three prognostic factors:

distant metastasis (M0, M1), TNM stage (I/II, III/IV) and
BLACAT1 expression. The other clinicopathological charac-
teristics, such as tumor invasion depth, histological grade,
lymph node metastasis, patients’ age and sex were not
statistically significant prognosis factors. Multivariate analysis
further revealed that BLACAT1 expression was a significant
independent predictor of poor survival of CRC patients
(Po0.001; Table 1).

Manipulation of BLACAT1 levels in CRC cells. In our
research, we chose SW480 and HCT116 cells. To manipulate
the BLACAT1 level in CRC cells, BLACAT1 siRNA was
transfected into HCT116 and SW480 cells, two effective
interference target sequences of BLACAT1 were used. After
transfection, we examined the BLACAT1 levels by qRT-PCR.
The expression of BLACAT1 significantly reduced in
si-BLACAT1-transfected CRC cells (Figure 2a).

Effect of BLACAT1 on CRC cell proliferation, apoptosis
and cell cycle in vitro. To assess the function of BLACAT1 in

CRC, we investigated the effect of targeted knockdown of
BLACAT1 on cell proliferation and apoptosis. Colony-formation
assays indicated that clonogenic survival was significantly
decreased in si-BLACAT1-transfected HCT116 and SW480
cells (Figure 2b), Similarly, the results of MTTassays revealed
that cell growth was inhibited following downregulation of
BLACAT1 in si-BLACAT1-transfected CRC cells compared
with respective controls (Figure 2c). Next, flow cytometric
analysis was performed to further examine the effect of
BLACAT1 on CRC cells. si-BLACAT1 HCT116 and SW480
cells were significantly stalled at G1–G0 phase, compared with
si-NC (Figure 3a). And our results demonstrated a significantly
higher percentage of apoptosis cells for si-BLACAT1 trans-
fected HCT116 and SW480 cells, while compared with si-NC-
treated cells (Figure 3b). Taken together, these results indicate
that downregulation of BLACAT1 inhibit CRC cells proliferation,
and induce cell apoptosis in vitro.

The impact of BLACAT1 in vivo. To further determine
whether the BLACAT1 affects tumorigenesis in vivo, we
injected shCtrl or shBLACAT1-transfected HCT116 cell into
nude mice. Consistent with in vitro results, the growth of CRC
cells in shBLACAT1 group was significantly slower than in the

Figure 3 BLACAT1 is a regulator of gastric cancer cell cycle. (a) Flow cytometry showed that cell cycle arrest at the G1–G0 phase increased in both HCT116 and SW480
cells when BLACAT1 was repressed. (b) The results of apoptosis assays indicated that knockdown of BLACAT1 could obviously induce cell apoptosis. Error bars indicate
means± S.E.M. **Po0.01
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control group (Figures 4a and b). Up to 16 days after
injection, the average tumor weight in the shBLACAT1 group
was obviously lower than that in the control group (Figure 4c).
IHC analysis was performed to detect the expression of Ki-67
in tumor tissues, we found that the tumors formed from the
shCtrl group showed stronger Ki-67 expression than that
formed from shBLACAT1 (Figure 4d).

BLACAT1 was required for the epigenetic repression of
p15 by binding to PRC2, thus contributing to the
regulation of the CRC cell cycle and cell proliferation. To
probe the fact that BLACAT1 have a role in GO/G1 arrest, we
researched the expression of inactivation of CDK inhibitors
(CKIs), and the results indicated that p15 was significantly
increased with knockdown of BLACAT1, compared with
control group (Figure 5a). To further study the mechanism
of BLACAT1 in the role of CRC cell cycle, we detected the
expression of BLACAT1 in nucleus versus cytosol by qRT-
PCR, the results demonstrated that BLACAT1 expression
was obviously higher in nucleus than cytosol (Figure 5b),
suggested that BLACAT1 may have a major regulatory
function at the transcriptional level. He et al.22 found that
BLACAT1 (linc-UBC1) could physically associate with PRC2
complex and regulates histone modification status of target
genes in bladder cancer. We researched the correlation
between PRC2 and BLACAT1 by RNA immunoprecipitation
(RIP) in colorectal cancer cells, then we observed that
endogenous BLACAT1 was significantly enriched in the anti-
EZH2 RNA-IP fraction. Similarly, the endogenous BLACAT1
was enriched in the anti-SUZ12 RIP fraction relative to the

input compared with the IgG fraction both in HCT116 and
SW480 cell lines (Figure 5c).
Next, to address the role of PRC2 in co-regulating the

suppression of BLACAT1-suppressed p15, we inhibited the
expression of EZH2 in HCT116 and SW480 cells by
tranfection with siEZH2 (Figure 6a), and detected the p15
expression by qRT-PCR and western blot. As shown in
Figure 6b, the expression of p15 was upregulated after
knockdown of BLACAT1 and EZH2.
To illustrate whether BLACAT1 is involved in transcriptional

supression through the enrichment of EZH2 to target gene
promoter of p15, we performed chromatin immunoprecipita-
tion (ChIP) analysis after BLACAT1 knockdown. The ChIP
assays indicated that knockdown of BLACAT1 decreased the
binding of EZH2 and H3K27me3 levels across the promoter of
p15 (Figure 6c). The levels of EZH2 were not affected by
BLACAT1-knockdown cells. These results demonstrated that
the reduction in PRC2 chromatin binding and H3K27me3 are
mediated by BLACAT1 knockdown. These results suggest
that BLACAT1 is required to target EZH2 occupancy and
works to epigenetically regulate the expression of p15.

Discussion

CRC is a group of diverse heterogeneous diseases arising
through various molecular pathways. This heterogeneity
determines tumor prognosis and response to therapy and
brings great challenges not only in studying the molecular
basis of the disease, but also in clinical patient management.
To date, there are few reliable markers available to accurately

Figure 4 The impact of BLACAT1 on tumorigenesis in vivo. (a and b) Scramble or shBLACAT1 was transfected into HCT116 cells, which were injected into nude mice (N= 4).
The tumor volumeswere calculated every 2 days after injection. The bars indicate S.D. (c) The tumor weights were lower than that in the control group. (d) Histopathology of xenograft
tumors. The tumor sections underwent H&E staining and IHC staining using antibodies against Ki-67. Bar, 100 μm. Error bars indicate means±S.E.M. **Po0.01
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predict prognosis of CRC, some molecular markers are in use
for treatment decisions and patient stratification, such as the
mutation status of BRAF V600E, NRAS and KRAS,24–26 that
still have many insufficiency. So there is a strong need to
identify novel biomarkers that better conduct the option of
treatments and predict overall survival of CRC patients.
Currently, lncRNAs as a novel molecular star have been

increasingly reported to be involved in human disease,
especially in cancers.12,27–29 Previous studies indicated that
BLACAT1 is overexpressed in bladder cancer, gastric
cancer22,23 and acted as the negative prognostic factor.
However, the expression and roles of BLACAT1 in CRC are
not being elucidated. In our present study, we found that the
average level of BLACAT1 in CRC tissues was significantly
higher than in corresponding nontumor tissues. The high
expression level of BLACAT1 in CRC patients was positively

correlated with TNM stage. Moreover, high BLACAT1 expres-
sion in CRC tissueswas associated with a poor prognosis and
could be an independent prognostic indicator. These results
suggested that BLACAT1might have an important role in CRC
progression.
To further analyze the role of BLACAT1 in CRC, RNA

interference approaches were used. As a result, inhibition of
BLACAT1 could promote CRC cell proliferation both in vitro
and in vivo. And, the knockdown of BLACAT1 could induce
obvious G0/G1 arrest and cause apoptosis. Previous studies
have reported that many lncRNAs recruit PRC2 complexes to
target genes, and PRC2-mediated epigenetic regulation has
an important role in cancer. Twenty percent of all human
lncRNAs have been shown to physically associate with
Polycomb Repressive Complex 2 (PRC2 complex), suggest-
ing that lncRNAs may have a universal role in recruiting

Figure 5 BLACAT1 is associated with PRC2 in CRC. (a) The expression of p15, p16, p21, p27 and p57 were determined after knockdown of BLACAT1 using qRT-PCR. (b)
BLACAT1 nuclear localization, as identified using qRT-PCR in fractionated HCT116 and SW480 cells. After nuclear and cytosolic separation, RNA expression levels were
measured by qRT-PCR. GAPDH was used as a cytosolic marker. (c) RIP experiments were performed, and the co-precipitated RNAwas subjected to qRT-PCR for BLACAT1. The
fold enrichment of BLACAT1 in RIPs is relative to its matching lgG control RIP. **Po0.01
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polycomb-group proteins to their target genes.30 The previous
research confirmed that BLACAT1(linc-UBC1) physically
associates with PRC2 complex and regulates histone mod-
ification status of target genes in bladder cancer.22 Our results
suggest that BLACAT1 serves as a member of PRC2-
mediated epigenetic regulation and may participate in the
occurrence and development of CRC.
As we know, the kinase activity of Cdk/cyclin complexes is

closely modulated by a plethora of Cdk inhibitors (CKIs), which
serve as brakes to halt cell cycle progression.31 In addition,
CKIs act as tumor suppressors in various cancers, and aberrant
methylation in the CKI gene promoter region has been linked to
downregulation of gene expression,32 while PRC2-mediated
histone methylation contributes to the repression of CKIs.33–37

Thus, we researched the effect of the knockdown of BLACAT1

and EZH2 on the expression of several CKI family proteins
involved in the G1/S checkpoint in HCT116 and SW480. Our
results illustrated that the knockdown of BLACAT1 could
obviously induce the expression of P15 (one of CKIs family
members) in an EZH2-dependent manner.
Our study identified EZH2 as having an important role in this

BLACAT1-mediated p15 repression network because the
ability of BLACAT1 to repress p15 was dependent on the
association between BLACAT1 and EZH2. As shown in
Figure 5b, analysis with qRT-PCR and western blotting
confirmed that the expression of p15 was increased when
EZH2 was knocked down. In our research, we illustrated high
abundance binding between BLACAT1 and EZH2 in colorectal
cancer cells, and we further confirmed that BLACAT1 could
mediate epigenetic regulation of p15. As shown in Figure 5c,

Figure 6 BLACAT1 is required to target PRC2 occupancy and activity to epigenetically regulate the expression of CKIs, thus regulating gastric cancer cell cycle and
proliferation. (a) The expression of EZH2 was determined after knockdown of EZH2 by qRT-PCR and western blot assays. (b) The expression of p15 was determined after
knockdown of EZH2 by qRT-PCR and western blot assays, and relative expression was determined in SW480 cells transfected with si-BLACAT1 (si-BLACAT1 1# and si-BLACAT1
2# ) by western blot assays. (c) ChIP-qPCR of H3K27me3 and EZH2 of the promoter region of p15 locus after siRNA treatment targeting si-NC or si-BLACAT1 in SW480 cells,
Antibody enrichment was quantified relative to the amount of input DNA. Antibody directed against IgG was used as a negative control. **Po0.01
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ChIP-qPCR assays determined that BLACAT1 was required
for the EZH2 recruitment and silencing of p15. Our study
explained howCKIs are specifically regulated byPRC2, in part
due to BLACAT1. These results demonstrated that BLACAT1
could have a key role in the cell cycle of colorectal cancer.
In a broader perspective, the identification of BLACAT1 as

an important prognostic factor for CRC patients attract our
attention to exploring its functional roles. Moreover, BLACAT1
could regulate colorectal cancer cells proliferation both in vitro
and in vivo. Importantly, we first reported that BLACAT1
serving as a member of PRC2-mediated epigenetic regulation
participated in the development of colorectal cancer. Our
research may provide a strategy and facilitate the develop-
ment of lncRNA-directed diagnostics and therapeutics against
this deadly disease.

Materials and Methods
Clinical samples. A total of 48 fresh cancer tissue samples and matched
adjacent nontumor tissues were obtained from stage I/II and III/IV CRC (according
to the seventh version of the American Joint Committee on Cancer staging system)
patients who underwent surgical resection without preoperative chemotherapy or
radiotherapy at the Affiliated Jiangyin Hospital of Medical College of Southeast
University between May 2010 and November 2011. All the specimens were
immediately frozen in tubes containing RNAlater preservation liquid after removal
and stored at liquid nitrogen until RNA extraction. The tumor samples were
pathologically confirmed by pathologists.The clinicopathological characteristics of
the CRC patients are summarized in Table 2.

Cell lines and culture conditions. Two CRC adenocarcinoma cell lines
(HCT116, SW480) were purchased from the Institute of Biochemistry and Cell
Biology of the Chinese Academy of sciences (Shanghai, China). All the cell lines

were cultured in DMEM (GIBCO-BRL) medium supplemented with 10% fetal bovine
serum (FBS) in humidified air with 5% CO2 at 37 °C.

RNA extraction and quantitative real-time PCR. Total RNA was
extracted from tissues or cultured cells with TRIzol reagent (Invitrogen, Grand Island,
NY, USA) according to the manufacturer’s protocol. qRT-PCR assays were performed
to detect BLACAT1 expression using the PrimeScript RT reagent Kit and SYBR
Premix Ex Taq (Takara, Dalian, China) according to the manufacturer’s instructions.
The results were normalized to the expression of glyceraldehydes-3-phosphate
dehydrogenase (GAPDH). The primers used were as follows: BLACAT1 sense, 5′-
GTCTCTGCCCTTTTGAGCCT-3′ and antisense, 5′-GTGGCTGCAGTGTCATACCT
-3′. qRT-PCR and data collection were performed on an ABI 7500. The relative
expression of BLACAT1 was calculated and normalized using the 2−ΔΔCt method
relative to GAPDH.

Cell transfection. Three individual small interfering RNA (siRNA) and
scrambled negative control siRNA (si-NC) were purchased from Invitrogen. The
target sequences for BLACAT1 siRNAs were as follows: (si-BLACAT1①, 5′-AGGCU
GGUUUCUGCCCUCAUCCUUU-3′, si-BLACAT1②, 5′-GCCCAGCUUCUAGUCCU
CUCCUUAU-3′) BLACAT1 siRNA or si-NC were transfected into HCT116 and
SW480 cells. SW480 and HCT116 cells were grown on six-well plates to confluency
and transfected using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s instructions. Forty-eight hours after transfection, the cells were
collected for qRT-PCR or western blot analyses.

Cell proliferation assays. The cell proliferation was analyzed using Cell
Proliferation Reagent Kit I (MTT; Roche Applied Science, Basel, Switzerland).
Si-BLACAT1-transfected SW480 and HCT116 cells (2000/well) were allowed to
grow in 96-well plates. Cell proliferation was documented every 24 h following the
manufacturer’s protocol. All the experiments were performed in quadruplicate. For
the colony-formation assay, a total of 500 BLACAT1 siRNA-ttansfected HCT116 and
SW480 cells were placed in a fresh six-well plate and maintained in media
containing 10% FBS, replacing the medium every 3 days. After 14 days, the cells
were fixed with methanol and stained with 0.1% crystal violet (Sigma-Aldrich,
St. Louis, MO, USA). Visible colonies were manually counted. For each treatment
group, wells were assessed in triplicate.

Flow cytometric analysis of apoptosis. The HCT116 and SW480 cells,
transiently transfected with si-BLACAT1 or si-NC, were collected 48 h after
transfection by trypsinization. After double staining with FITC-Annexin V and
propidium iodide, the cells were analyzed by flow cytometry (FACScan; BD
Biosicences, Franklin Lakes, NJ, USA). The cells were discriminated into viable
cells, dead cells, early apoptosis cells and apoptosis cells, and then the relative ratio
of early apoptotic cells was compared with the control from each experiment. All the
samples were assayed in triplicate.

Western blot analysis and antibodies. The cells were lysed using RIPA
protein extraction reagent (Beyotime, Beijing, China) supplemented with a protease
inhibitor cocktail and phenylmethylsulfonyl fluoride (Roche, Basel, Switzerland). Protein
concentration was measured using the Bio-Rad protein assay kit. Approximately 50 μg
of protein extract was separated by 10% SDS-polyacrylamide gel electrophoresis
(SDS-PAGE), then transferred to nitrocellulose membrane (Sigma) and incubated with
specific antibodies. ECL chromogenic substrate was used to visualize the bands and
the intensity of the bands was quantified by densitometry (Quantity one software;
Bio-Rad, Hercules, CA, USA). GAPDH was used as a control. Antibodies (1:1000) for
p15, EZH2 were purchased from Cell Signaling Technology (Boston, MA, USA).

Tumor-formation assay in a nude mouse model. Five-week-old
athymic BALB/c mice were maintained under specific pathogen-free conditions and
manipulated according to protocols approved by the Shanghai Medical
Experimental Animal Care Commission. The HCT116 cells were transfected with
Scramble or shBLACAT1. After 48 h, the cells were collected and injected into either
side of the posterior flank of the nude mouse. The tumor volumes were examined
every 2 days when the implantations started to grow. The tumor volumes
(length × width2 × 0.5) and weights were measured every 2 days in mice from the
control (four mice) or shBLACAT1 (four mice) groups. Sixteen days after injection,
the mice were killed and the tumor weights were measured.

Table 2 The clinicopathological factors of 48 CRC patients

Clinical factors Number of
cases (%)

(%) of patients

Sex
Male 27 56.3
Female 21 43.8

Age
⩽ 60 27 56.3
460 21 43.8

Histological grade
High 2 4.2
Middle 5 10.4
Middle to low 9 18.8
low 32 66.7

Tumor invasion depth
T1 8 16.7
T2 9 18.8
T3 18 37.5
T4 13 27.1

Lymph node metastasis
N0 23 47.9
N1 13 27.1
N2 10 20.8
N3 2 4.2

TNM stage
I 5 10.4
II 17 35.4
III 23 47.9
IV 3 6.3
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Subcellular fractionation location. The separation of the nuclear and
cytosolic fractions was performed using the PARIS Kit (Life Technologies, Carlsbad,
CA, USA) according to the manufacturer’s instructions.

ChIP assays. The ChIP assays were performed using the EZ-CHIP KIT
according to the manufacturer’s instructions (Millipore, Billerica, MA, USA). EZH2 and
SUZ12 antibodies were obtained from Abcam (Hercules, CA, USA). H3 trimethyl Lys
27 antibody was purchased from Millipore. Quantification of immunoprecipitated DNA
was performed using qPCR with SYBR Green Mix (Takara). The ChIP data were
calculated as a percentage relative to the input DNA using the equation 2[Input
Ct− Target Ct] × 0.1 × 100.

RNA immunoprecipitation. RIP experiments were performed using a
Magna RIP RNA-Binding Protein Immunoprecipitation Kit (Millipore) according to
the manufacturer’s instructions. Antibodies for RIP assays against EZH2 and SUZ12
were purchased from Abcam.

Statistical analysis. Statistical analysis was performed using the SPSS
software package (version 17.0, SPSS Inc, Armonk, NY, USA) and GraphPad Prism
5 (GraphPad Software, La Jolla, CA, USA). Statistical significance was tested by a
Student’s t-test or a Chi-square test as appropriate. Survival analysis was performed
using the Kaplan–Meier method, and the log-rank test was used to compare the
differences between patient groups. Statistics with P-value o0.05 were considered
as statistically significant.

Conflict of Interest
The authors declare no conflict of interest.

Acknowledgements. The work was supported by grants from the National
Natural Science Foundation of China (Grant No. 81402554).

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M et al. Cancer incidence
and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012.
Int J Cancer 2015; 136: E359–E386.

2. Ferlay J, Soerjomataram I, Ervik M et al. GLOBOCAN 2012 cancer incidence and mortality
worldwide: IARC cancerbase No.11. International Agency for Research on Cancer: Lyon
France, 2013.

3. He J, Chen W. Chinese Cancer Registry Annual Report. Military Medical Science Press:
Beijing, 2012, pp 27–31.

4. Lee YC, Lee YL, Chuang JP, Lee JC. Differences in survival between colon and rectal
cancer from SEER data. PLoS ONE 2013; 8: e78709.

5. Kita Y, Yonemori K, Osako Y, Baba K, Mori S, Maemura K et al. Noncoding RNA and
colorectal cancer: its epigenetic role. J Hum Genet 2016; 62: 41–47.

6. Saus E, Brunet-Vega A, Iraola-Guzman S, Pegueroles C, Gabaldón T, Pericay C. Long non-coding
RNA as potential novel prognostic biomarkers in colorectal cancer. Front Genet 2016; 7: 54.

7. Toiyama Y, Kusunoki M. Significance of noncoding RNAs in colorectal cancer: review.
Nihon Geka Gakkai Zasshi 2015; 116: 360–365.

8. Yin Y, Song M, Gu B, Qi X, Hu Y, Feng Y et al. Systematic analysis of key miRNA and related
signaling pathways in colorectal tumorigenesis. Gene 2016; 578: 177–184.

9. Ding J, Lu B, Wang J, De W, Shi Y, Lian Y et al. Long non-coding RNA Loc554202 induces
apoptosis in colorectal cancer cells via the caspase cleavage cascades. J Exp Chin Cancer
Res 2015; 34: 100.

10. ENCODE Project consortium, Birney E, Stamatoyannopoulos JA, Dutta A, Guigó R,
Gingeras TR et al. Identification and analysis of functional elements in 1% of the human
genome by the ENCODE pilot project. Nature 2007; 447: 799–816.

11. Fanale D, Castiglia M, Bazan V, Russo A. Involvement of non-coding RNAs in chemo- and
radioresistance of colorectal cancer. Adv Exp Med Biol 2016; 937: 207–228.

12. Peng Z, Zhang C, Duan C. Functions and mechanisms of long noncoding RNAs in
lung cancer. Onco Targets Ther 2016; 9: 4411–4424.

13. Khanduja JS, Calvo IA, Joh RI, Hill IT, Motamedi M. Nuclear noncoding RNAs and genome
stability. Mol Cell 2016; 63: 7–20.

14. Khalil AM, Guttman M, Huarte M, Garber M, Raj A, Rivea Morales D et al.Many human large
intergenic noncoding RNAs associate with chromatin-modifying complexes and affect gene
expression. Proc Natl Acad Sci USA 2009; 106: 11667–11672.

15. Nagano T, Fraser P. No-nonsense functions for long noncoding RNAs.Cell 2011; 145: 178–181.
16. Liu XH, Liu ZL, Sun M, Liu J, Wang ZX, De W. The long noncoding RNA HOTAIR indicates

a poor prognosis and promotes metastasis in non-small cell lung cancer. BMC Cancer 2013;
13: 464.

17. Liu Z, Sun M, Lu K, Liu J, Zhang M, Wu W. The long noncoding RNA HOTAIR cantributes to
cisplatin resistance of human lung adenocarcinoma cells via downregualtion of p21
expression. PLoS ONE 2013; 2013: 8–10.

18. Ma Y, Qin H, Cui Y. MiR-34a targets GAS1 to promote cell proliferation and inhibit apoptosis
in papillary thyroid carcinoma via PI3K/Akt/Bad pethway. Biochem Biophys Res Commun
2013; 441: 958–963.

19. Zheng HT, Shi DB, Wang YW, Li XX, Xu Y, Tripathi P et al. High expression of lncRNA
MALAT1 suggests a biomarker of poor prognosis in colorectal cancer. Int J Clin Pathol 2014;
7: 3174–3181.

20. Deng Q, He B, Gao T, Pan Y, Sun H, Xu Y et al. Up-regulation of 91H promotes tumor
metastasis and predicts poor prognosis for patients with colorectal cancer. PLoS ONE 2014;
9: e103022.

21. Han Y, Yang YN, Yuan HH, Zhang TT, Sui H, Wei XL et al. UCA1,long non-coding RNA
up-regulated in colorectal cancer influences cell proliferation, apoptosis and cell cycle
distribution. Pathology 2014; 46: 396–401.

22. He W, Cai Q, Sun F, Zhong G, Wang P, Liu H et al. linc-UBC1 physically associates with
polycomb repressive complex 2 (PRC2) and acts as a negative prognostic factor for lymph
node metastasis and survival in bladder cancer. Biochim Biophys Acta 2013; 1832:
1528–1537.

23. Hu Y, Pan J, Wang Y, Li L, Huang Y. Long noncoding RNA linc-UBC1 is negative prognostic
factor and exhibits tumor pro-oncogenic activity in gastric cancer. Int J Clin Exp Pathol 2015;
8: 594–600.

24. Lievre A, Bachatte J-B, Blige V, Cayre A, Le Corre D, Buc E et al. KRAS mutations as an
independent prognosis factor in patients with advanced colorectal cancer treated with
Cetuximab. J Clin Oncol 2008; 26: 374–379.

25. Douilard JY, Oliner KS, Siena S, Tabernero J, Burkes R, Barugel M et al. panitumumab—
FOLFOX4 treatment and RAS mutations in colorectal cancer. N Engl J Med 2013; 369:
1023–1034.

26. Di Nicolantonio F, Martini M, Molinari F, Sartore-Bianchi A, Arena S, Saletti P et al.Wild-type
BRAF is required for response to panitumumab or cetuximab in metastatic colorectal cancer.
J Clin Oncol 2008; 26: 5705–5712.

27. Wapinski O, Chang HY. Long noncoding RNAs and human disease. Trends Cell Biol 2011;
21: 354–361.

28. Han BW, Li ZH, Liu SF, Han HB, Dong SJ, Zou HJ et al. A comprehensive review of
microRNA-related polymorphisms in gastric cancer. Genet Mol Res 2016; 15.

29. Alahari SV, Eastiack SC, Alahari SK. Role of long noncoding RNAs in neoplasia: special
emphasis on prostate cancer. Int Rev Cell Mol Biol 2016; 324: 229–254.

30. Khalil AM, Guttman M, Huarte M, Garber M, Raj A, Rivea Morales D et al.Many human large
intergenic noncoding RNAs associate with chromatin-modifying complexes and affect gene
expression2009 Proc Natl Acad Sci USA 106: 11667–11672.

31. Lim S, Kaldis P. Cdks, cyclins and CKIs: roles beyond cell cycle regulation. Development
2013; 140: 3079–3093.

32. Daa T, Kashima K, Kondo Y, Yada N, Suzuki M, Yokoyama S. Aberrant methylation in
promoter regions of cyclin-dependent kinase inhibitor genes in adenoid cystic carcinoma of
the salivary gland. APMIS 2008; 116: 21–6.

33. Paul TA, Bies J, Small D, Wolff L. Signatures of polycomb repression and reduced H3K4
trimethylation are associated with p15INK4b DNA methylation in AML. Blood 2010; 115:
3098–3108.

34. Aoki R, Chiba T, Miyagi S, Negishi M, Konuma T, Taniguchi H et al. The polycomb group
gene product Ezh2 regulates proliferation and differentiation of murine hepatic stem/
progenitor cells. J Hepatol 2010; 52: 854–863.

35. Chen H, Gu X, Su IH, Bottino R, Contreras JL, Tarakhovsky A et al. Polycomb protein Ezh2
regulates pancreatic beta-cell Ink4a/Arf expression and regeneration in diabetes mellitus.
Genes Dev 2009; 23: 975–985.

36. Fan T, Jiang S, Chung N, Alikhan A, Ni C, Lee CC et al. EZH2-dependent suppression of a
cellular senescence phenotype in melanoma cells by inhibition of p21/CDKN1A expression.
Mol Cancer Res 2011; 9: 418–429.

37. Yang X, Karuturi RK, Sun F, Aau M, Yu K, Shao R et al. CDKN1C (p57) is a direct target of
EZH2 and suppressed by multiple epigenetic mechanisms in breast cancer cells. PLoS ONE
2009; 4: e5011.

Cell Death and Disease is an open-access journal
published by Nature Publishing Group. This work is

licensed under a Creative Commons Attribution 4.0 International
License. The images or other third party material in this article are
included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from
the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

r The Author(s) 2017

BLACAT1 regulates cell proliferation of CRC
J Su et al

9

Cell Death and Disease

http://creativecommons.org/licenses/by/4.0/

	title_link
	Colorectal cancer is a common cause of cancer death in the world due to late tumor presentation and rapid progression, with about 13 million new cancer cases and 694000 cancer deaths in 2012 worldwide.1,2 China is one of the countries with high incidence 
	Results
	BLACAT1 expressions are upregulated in CRC tumor tissues and significantly correlated with TNM stage

	Figure 1 Expression of BLACAT1 in CRC tissues and its clinical parameters.
	Table 1 Univariate and multivariate analysis of clinicopathological factors for overall survival in 48 patients with CRC
	Figure 2 BLACAT1 regulates CRC cell proliferation in�vitro.
	Manipulation of BLACAT1 levels in CRC cells
	Effect of BLACAT1 on CRC cell proliferation, apoptosis and cell cycle in�vitro
	The impact of BLACAT1 in�vivo

	Figure 3 BLACAT1 is a regulator of gastric cancer cell cycle.
	BLACAT1 was required for the epigenetic repression of p15 by binding to PRC2, thus contributing to the regulation of the CRC cell cycle and cell proliferation

	Discussion
	Figure 4 The impact of BLACAT1 on tumorigenesis in�vivo.
	Figure 5 BLACAT1 is associated with PRC2 in CRC.
	Figure 6 BLACAT1 is required to target PRC2 occupancy and activity to epigenetically regulate the expression of CKIs, thus regulating gastric cancer cell cycle and proliferation.
	Materials and Methods
	Clinical samples
	Cell lines and culture conditions
	RNA extraction and quantitative real-time PCR
	Cell transfection
	Cell proliferation assays
	Flow cytometric analysis of apoptosis
	Western blot analysis and antibodies
	Tumor-formation assay in a nude mouse model

	Table 2 The clinicopathological factors of 48 CRC patients
	Subcellular fractionation location
	ChIP assays
	RNA immunoprecipitation
	Statistical analysis
	B18

	ACKNOWLEDGEMENTS




