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Abstract: Increasing evidences have shown that long noncoding RNAs (lncRNAs) play critical regulatory roles in can-
cer biology. However, the contributions of lncRNAs to colorectal cancer remain largely unknown. Here, we identify a 
lncRNA AFAP1-AS1 that facilitates colorectal cancer, where it is upregulated. AFAP1-AS1 expression was associated 
with colorectal cancer patient survival. AFAP1-AS1 knockdown inhibited cell proliferation, cell cycle, and tumorigen-
esis in an subcutaneous mouse xenograft model system. Further data demonstrated that AFAP1-AS1 was associ-
ated with enhancer of zeste homolog 2 (EZH2) and that this association was required for the repression of EZH2 
target genes. Our findings indicate that AFAP1-AS1 is an oncogenic lncRNA that promotes tumor progression and 
may be a novel prognostic factor in colorectal cancer. Targeting AFAP1-AS1 might be a potential therapeutic strategy 
for colorectal cancer treatment.
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Introduction

Colorectal cancer is one of the most common 
human malignancies worldwide, particularly in 
China, with a significantly increasing incidence 
[1-3]. Although about 90% of colorectal cancer 
patients with early stage can be cured due to 
the recent advances in chemotherapy, radio-
therapy, and surgery, the survival of rest of the 
colorectal cancer patients is closely related to 
distant metastasis and drug resistance [4, 5]. 
Therefore, developing molecular target treat-
ment for colorectal cancer will improve the sur-
vival rate of patients with colorectal cancer. 
Increasing evidences showed that lncRNAs play 
a vital role in colorectal cancer progression 
[6-9]. However, the precise molecular mecha-
nisms that account for colorectal cancer devel-
opment and progression remain unclear. 

Actin filament associated protein 1 antisense 
RNA1 (AFAP1-AS1) has been demonstrated to 

function as an oncogene in multiple cancers. 
AFAP1-AS1 is a lncRNA derived from the anti-
sense DNA strand in the AFAP1 gene locus, 
which regulates actin filament integrity and  
act as an adaptor protein linking Src family 
members and other signaling proteins associ-
ated with actin filaments [10]. AFAP1-AS1 was 
first shown to contribute to Barrett’s esophagus 
and esophageal adenocarcinoma [11]. Recent 
AFAP1-AS1 decreases the activity of the Wnt/β-
catenin pathway and suppresses the expres-
sion of EMT-related genes in tongue squamous 
cell carcinoma [12]. AFAP1-AS1 regulates cell 
cycle via inhibition of the RhoA/Rac2 signaling 
[13]. Moreover, high AFAP1-AS1 levels were 
associated with malignancy, metastasis and 
poor prognosis of colorectal cancer, hepatocel-
luar carcinoma, pancreatic ductal adenocarci-
noma, and gall bladder cancer [6-9, 14-16]. 

However, further explorations are required to 
elucidate the functions of AFAP1-AS1 in tumor 
progression, including colorectal cancer. 

http://www.ajcr.us
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In this study, we have identified the lncRNA 
AFAP1-AS1 that are upregulated in colorectal 
cancer, compared with paired peritumoral tis-
sues. The effects of AFAP1-AS1 were assessed 
by silencing and overexpressing it in vitro and in 
vivo.

Materials and methods

Clinical tissue samples

In total, 80 colorectal carcinoma tissues and 
10 normal colon tissues were collected from 
Meizhou Provincial People’s Hospital between 
2004 and 2007. None of the patients had 
received chemotherapy and/or radiotherapy 
before the operation. To use the clinical materi-
als for research, prior patient consent and 
approval from the Institutional Research Ethics 
Committee of the Meizhou People’s Hospital 
were obtained. Follow-up information was avail-
able for all patients. The use of tissue speci-
mens was carried out in accordance with the 
approved guidelines of the Meizhou People’s 
Hospital. Written informed consent was obtain- 
ed from each patient, and all patients granted 
permission for the data obtained to be used in 
subsequent studies.

Cell lines

LOVO, SW1116, SW480, HCT116, SW620 and 
HT29 cells were purchased from Cell Bank of 
the Chinese Academy of Sciences (Shanghai, 
China), and were cultured in Dulbecco’s modi-
fied Eagle’s medium (Invitrogen, Carlsbad, CA) 
supplemented with 10% fetal bovine serum. 
NCM460 was also purchased from Cell Bank  
of the Chinese Academy of Sciences (Shanghai, 
China), and was cultured in DMEM/F12 (Invi- 
trogen, Carlsbad, CA) supplemented with 5% 
horse serum, 20 ng/ml epidermal growth fac-
tor (EGF), 0.5 μg/ml hydrocortisone, 100 ng/ml 
cholera toxin, 10 μg/ml insulin, and 100 μg/ml 
penicillin-streptomycin. Cells were cultured in a 
humidified incubator in a 5% CO2 atmosphere 
at 37°C.

ChIP-qPCR

ChIP was performed using the Chromatin 
Immunoprecipitation Kit (Millipore-Upstate) 
according to the manufacturer’s instructions. 
Immunoprecipitated DNA was purified after 
phenol extraction and was used for qPCR. 
Primers are listed in Table S1.

RNA extraction and quantitative RT-PCR

Total RNA was isolated using Trizol reagent 
(Invitrogen). First-strand cDNA was generated 
using the PrimeScript 1st Strand cDNA Synth- 
esis Kit (TaKaRa, Dalian, China). Real-time PCR 
was performed in the StepOne Real-Time PCR 
System (Applied Biosystems, Foster City, USA). 
ACTB was used as a control. Primers were list-
ed in Table S1.

Cell proliferation and colony formation 

Cell proliferation assay was performed using a 
WST-1 Assay Kit (Roche). Briefly, cells were 
seeded in each of the triplicate wells of a 
96-well plate and incubated at 37°C. Then, 
cells were split and detected with a WST-1 
assay kit. 

RNA immunoprecipitation

We performed RNA immunoprecipitation (RIP) 
experiments using the Magna RIP RNA-Bind- 
ing Protein Immunoprecipitation Kit (Millipore, 
Bedford, MA), according to the manufacturer’s 
instructions. The EZH2 antibodies used for  
RIP were ab3748 (Abcam, Hong Kong, China). 
The coprecipitated RNAs were detected by 
reverse-transcription polymerase chain reac-
tion (RT-PCR). Total RNAs (input controls) and 
isotype controls were assayed simultaneously 
to demonstrate that the detected signals were 
from RNAs specifically binding to enhancer of 
zeste homolog 2 (EZH2) (n = 3 for each 
experiment). 

RNA pull-down assay

Briefly, biotin-labeled RNAs were in vitro tran-
scribed with the Biotin RNA Labeling Mix 
(RocheDiagnostics, Indianapolis, IN) and T7 
RNA polymerase (Roche), treated with RNase-
free DNase I (Roche), and purified with the 
RNeasy Mini Kit (Qiagen, Inc., Valencia, CA). Cell 
nuclear proteins were extracted using the 
ProteoJETTM Cytoplasmic and Nuclear Protein 
Extraction Kit (Fermentas, St. Leon-Rot, 
Germany). One milligram of SW480 cell nuclear 
extract was then mixed with 50 pmol of biotinyl-
ated RNA biotin-labeled RNAs. Sixty microli- 
ters of washed streptavidin agarose beads 
(Invitrogen, Carlsbad, CA) were added to each 
binding reaction and further incubated at room 
temperature for 1 hour. Beads were washed 
briefly five times and boiled in sodium dodecyl 
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sulfate buffer, and the retrieved protein was 
detected by the standard western blotting 
technique.

Construction of vectors

The cDNA encoding AFAP1-AS1 and EZH2 were 
purchased from Nanjing Yidao biotech Com- 
pany Limited. AFAP1-AS1 and EZH2 were PCR-
amplified by Q5 High-Fidelity DNA Polymerase 
(BioLabs) and subcloned into the EcoR1 and 
Xho1 sites of the pcDNA3 vector (Invitrogen), 
subsequently named pCDNA3-AFAP1-AS1 and 
pCDNA3-EZH2. pLVX-AFAP1-AS1 and pLVX-
EZH2 was generated from pCDNA3-AFAP1-AS1 
and pCDNA3-EZH2, respectively. EZH2 shRNA 
(Cat# MLCC8133 and MLCC8135) were pur-
chased from addgene. shRNAs were designed 
to target AFAP1-AS1 (shAFAP1-AS1-1 target se- 
quence: 5’-GCTTCCTTCTCTACGTCTTCA-3’; shA-
FAP1-AS1-2 target sequence: 5’-GCCACTTGC- 
TTGTCTGCATGT-3’) following the method de- 
scribed in http://rnaidesigner. invitrogen. com/
rnaiexpress.

Western blot analysis

Cells were lysed in RIPA buffer, agitated for 20 
minutes at 4°C, sonicated for 15 seconds using 
a sonic oscillator and centrifuged at 12,000 
rpm for 15 minutes. The total protein concen-
tration was determined using the BCA method. 
Equal amounts of the total protein (30 µg) were 
then denatured and loaded on 10% SDS poly-
acrylamide gels for separation. The proteins 
were transferred onto polyvinylidene difluoride 
membranes that were subsequently blocked 
with 8% non-fat milk in TBST. The membranes 
were incubated with primary antibodies includ-
ing EZH2 (1:1000, Abcam), p15 (1:1000, Cell 
Signaling Technology), p16 (1:1000, Cell 
Signaling Technology), and p21 (1:1000, Cell 
Signaling Technology) at 4°C overnight. β-actin 
(1:5000, Protech) was used as the loading con-
trol. After washing, the membranes were incu-
bated with HRP-conjugated goat anti-rabbit, 
goat anti-mouse (Cell Signalling Technology, 
dilution 1:5000) secondary anti-bodies for 1 h 
at room temperature and visualized with an 
enhanced chemiluminescence detection kit 
(Millipore). determined using the BCA method. 

Xenografts

Female BALB/c-nude mice (4-5 weeks old and 
weighing 15-18 g) were housed under patho-
gen-free conditions. SW480 cells (2×106) were 

trypsinized, washed twice with serum-free 
medium, recon-stituted in serum-free medium 
DMEM, mixed 1:1 with Matrigel (Becton-
Dickinson) and then inoculated subcu-taneous-
ly into the right flank of each nude mouse. All 
experimental procedures were carried out in 
accordance with the guidelines of and were 
approved by the Guidance of Institutional 
Animal Care and Use Committee of the Zhejiang 
Provincial People’s Hospital. Bioluminescence 
imaging was perfomed using the IVIS Lumina 
imaging station (Caliper Life Sciences). Mice 
group allocation, surgery and assessing the 
outcome of mice were performed independent-
ly by different investigators.

Statistical analysis

Statistical analyses were performed in Graph- 
Pad Prism version 5.0 for Windows (GraphPad 
Software Inc., San Diego, CA, USA). The signifi-
cance of the data from patient specimens was 
deter-mined by Pearson’s correlation coeffi-
cient. The significance of the in vitro and in vivo 
data between experimental groups was deter-
mined by Student’s test or Mann-Whitney U- 
test. P < 0.05 was statistically significant.

Results

AFAP1-AS1 expression is prognostic for clinical 
colorectal cancer

To examine the role of AFAP1-AS1 in colorectal 
cancer, we first determined expression of 
AFAP1-AS1 in clinical specimens of patients. 
We downloaded the Cancer Genome Atlas 
(TCGA) RNA-seq dataset of clinical colorectal 
cancer samples.

In this dataset, 50 pairs of clinical colorectal 
cancer tumors and the peritumoral tissues 
were included. Compared with the paired  
peritumoral tissues, the expression level of 
AFAP1-AS1 was significantly elevated in colorec-
tal cancer specimens (Figure 1A). Moreover, we 
examined AFAP1-AS1 expression in one 
colorectal cancer RNA-seq dataset, GSE50760, 
and demonstrated that AFAP1-AS1 was expre- 
ssed at higher levels in colorectal cancer com-
pared with normal colon tissues (Figure 1B). 

Then, we performed qRT-PCR assays in the 
total 80 clinical colorectal cancer tissues and 
10 normal colon tissues. As shown in Figure 
1C, AFAP1-AS1 was upregulated in the colorec-
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tal cancer tissues, suggesting that the levels of 
AFAP1-AS1 expression are upregulated in tumor 
tissues.

Finally, we examined the relationship of AFAP1-
AS1 expression and colorectal cancer patient 
survival by Kaplan-Meier survival analysis. As 
shown in Figure 1D, Kaplan-Meier survival 
analysis revealed a statistically significant 
worse prognosis for colorectal cancer patients 
with high AFAP1-AS1 mRNA levels compared 
with those with low. Taken together, these 
observations strongly indicate that upregula-
tion of AFAP1-AS1 was closely associated with 
progression and poor prognosis in colorectal 
cancer patients.

Knockdown of AFAP1-AS1 contributes to cell-
cycle arrest

To demonstrate the role of AFAP1-AS1 in 
colorectal cancer cell-cycle, we first determined 
LOVO, SW1116, SW480, HCT116, SW620, 
HT29 colorectal cancer cells and NCM460 
colonic epithelial cells. AFAP1-AS1 expression 
was much higher in colorectal cancer cells than 
in NCM460 cells (Figure 2A), suggesting that 
higher AFAP1-AS1 expression may be associat-
ed with colorectal cancer phenotype. Next, we 
used lentivirus-mediated short hairpin RNAs 
(shRNA) of AFAP1-AS1 or a control shRNA to 
deplete AFAP1-AS1 in SW480 and HCT116 

Figure 1. AFAP1-AS1 expression is prognostic for clinical colorectal cancer. A. Expression levels of AFAP1-AS1 mRNA 
are significantly higher in colorectal cancer samples compared with adjacent non-tumor tissues. Expression data 
of AFAP1-AS1 mRNA were downloaded from the TCGA dataset. B. Expression levels of AFAP1-AS1 mRNA are sig-
nificantly higher in colorectal cancer samples compared with normal colon tissues. Expression data of AFAP1-AS1 
mRNA were downloaded from the GSE50760 dataset. C. qRT-PCR analysis of AFAP1-AS1 in clinical colorectal can-
cer tissues and normal colon tissues specimens. D. Kaplan-Meier analysisof patients with high AFAP1-AS1 mRNA-
expressing colorectal cancer versus low AFAP1-AS1 mRNA-expressing colorectal cancer. Statistical analysis was 
performed by log-rank test in a GraphPad Prism version 5.0 for Windows. Error bars ± SD. *, P < 0.05. Data are 
representative from two independent experiments.
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colorectal cancer cells (Figure 2B). As shown in 
Figure 2C-F, knockdown of endogenous SOX2 
significantly inhibited cell proliferation, and a 
significant decrease in the percentages of cells 
in the G2 phases in both colorectal cancer 
cells. These results suggest that AFAP1-AS1 
may contribute to cell-cycle arrest.

To probe the effects of AFAP1-AS1 on cancer 
cell dynamics in vivo, AFAP1-AS1-down-regulat- 
ed (firefly luciferase-labeled SW480 shRNA-1 
cells), or respective control cells separately 
implanted intracranially to generate subcutane-
ous xenografts in immunocompromised mice. 
Our results showed that the growth of tumors 

from AFAP1-AS1-down-regulated xenografts 
was significantly inhibited, compared with that 
of tumors formed from control xenografts 
(Figure 2G and 2H). These data support that 
AFAP1-AS1 is critical for cell cycle.

Association of AFAP1-AS1 and polycomb re-
pressive complex 2

Recent studies have reported that lncRNAs 
recruit polycomb-group proteins to target genes 
[17, 18]. Twenty percent of all human lncRNAs 
have been shown to physically associate with 
Polycomb Repressive Complex 2 (PRC2 com-
plex) [19], suggesting that lncRNAs may have a 

Figure 2. Knockdown of AFAP1-AS1 contributes to cell-cycle arrest. (A) qRT-PCR analysis of AFAP1-AS1 mRNA ex-
pression in colorectal cancer cells and normal colonic epithelial cells. Actin was used as a control. (B) qRT-PCR anal-
ysis of AFAP1-AS1 knockdown in SW480 and HCT116 cells. (C, D) Effects of AFAP1-AS1 knockdown on colorectal 
cancer cell proliferation. (E, F) Effects of AFAP1-AS1 knockdown on colorectal cancer cell cycle. (G) Representative 
bioluminescence images of AFAP1-AS1 knockdown-inhibited SW480 subcutaneous tumour generation. Mice were 
imaged at 3-4 weeks after implantation. Data were from two independent experiments with 5 mice per group with 
similar results. (H) Quantification of the bioluminescence activity in (G). Error bars ± SD. *, P < 0.05. **, P < 0.01. 
Data are representative from two independent experiments.
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general role in recruiting polycomb-group pro-
teins to their target genes. Thus, we hypothe-
sized that AFAP1-AS1 might affect gene expres-
sion in such a manner. To test this, we first per-
formed RNA Immunoprecipitation (RIP) PCR 
assays with an antibody against enhancer of 
zeste homolog 2 (EZH2; an important subunit 
of the PRC2 complex) from nuclear extracts of 
SW480 and HCT116 cells. We demonstrated 
that AFAP1-AS1 specifically bound to endoge-
nous EZH2 protein (Figure 3A and 3B). We next 
performed RNA pulldown (Figure 3C), to vali-
date the association between AFAP1-AS1 and 
EZH2, and performed deletion-mapping experi-
ments (Figure 3D and 3E) to determine wheth-
er EZH2 would associate within a specific 
region of AFAP1-AS1. These analyses identified 
a 1500-nt region at the 5’ end of AFAP1-AS1 
required for the association with EZH2 (Figure 
3E). Together, the RIP, RNA pull-down, and dele-
tion mapping results demonstrate a specific 
association between EZH2 and AFAP1-AS1.

AFAP1-AS1 induces alterations in cell-cycle-
related genes require EZH2

To determine the functions relevance of the 
association between AFAP1-AS1 and EZH2,  
we first overexpressed EZH2 in SW480 and 
HCT116 cells (Figure 4A and 4B). These data 
presented the effectiveness of EZH2 overex-
pression. We next performed EZH2 overex- 
pression in AFAP1-AS1-knockdown cells. Pre- 
vious evidences showed that the cell-cycle reg-
ulation genes, such as p15 [20], p16 [21, 22], 
p21 [23], are direct target of PRC2. Analysis 
with RT-PCR and western blotting confirmed 
that these cell-cycle regulation genes are 
induced by AFAP1-AS1 depletion (Figure 4C-E). 
Furthermore, the stimulation of genes by 
AFAP1-AS1 knockdown was restored by EZH2 
overexpression (Figure 4C-E). These data sug-
gest that AFAP1-AS1 induced alterations in cell-
cycle-related genes require EZH2.

Figure 3. Association of AFAP1-AS1 and Polycomb Repressive Complex 2. (A) RIP enrichment was determined as 
RNA associated with EZH2 IP relative to an input control. (B) RIP experiments were performed using the EZH2 
antibody to immunoprecipitate (IP). (C) Biotinylated AFAP1-AS1 was incubated with nuclear extracts (SW480 and 
HCT116 cells), targeted with streptavidin beads, and washed, and associated proteins were resolved in a gel. West-
ern blotting analysis of the specific association of EZH2 and AFAP1-AS1 (n = 3). (D, E) RNAs corresponding to differ-
ent fragments of AFAP1-AS1 were treated as in (C), and associated EZH2 was detected by western blotting (n = 3). 
Error bars ± SD. *, P < 0.05. **, P < 0.01. Data are representative from two independent experiments.
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AFAP1-AS1 is involved in transcriptional re-
pression through enrichment of EZH2 to target 
gene promoters

To address whether AFAP1-AS1 is involved in 
transcriptional repression through enrichment 
of EZH2 to target gene promoters, we first per-
formed in silico analysis of the putative tran-
scription factors binding to the promoter of 
p15, p16, and p21 (http://jaspar.genereg.net/). 
Six putative EZH2 binding sites were found in 
the promoter of these genes (Figure 5A). We 
next conducted ChIP analysis in SW480 cells. 
ChIP analysis demonstrated that AFAP1-AS1 
depletion decreased the binding of EZH2 and 
H3K27me3 levels across the p15, p16, and 

p21 promoters, which could be rescued by 
EZH2 overexpression (Figure 5B and 5C). Since 
HMT inhibitor 3-deazaneplanocin A (DZNep) 
had been reported to inhibit H3K27me3 depo-
sition [24], we assessed whether AFAP1-AS1 is 
involved in transcriptional repression through 
histone methylation modifcation. As shown in 
Figure 5D, AFAP1-AS1 overexpression increas- 
ed the binding of H3K27me3 levels across the 
p15, p16, and p21 promoters, which could be 
rescued by DZNep. Taken together, these data 
demonstrated that AFAP1-AS1 is involved in 
transcriptional repression through enrichment 
of EZH2 to target gene promoters in a 
H3K27me3 modification.

Figure 4. AFAP1-AS1 induces alterations in cell-cycle–
related genes require EZH2. A, B. SW480 and HCT116 
cells were transfected with EZH2, and EZH2 mRNA and 
protein levels were detected. C, D. qRT-PCR analysis of a 
representative panel of cell-cycle-related genes in AFAP1-
AS1-knockdown SW480 and HCT116 cells simultane-
ously transfected with EZH2 overexpression plasmid. E. 
Western blotting analysis of a representative panel of 
cell-cycle-related genes in AFAP1-AS1-knockdown SW480 
and HCT116 cells simultaneously transfected with EZH2 
overexpression plasmid. Error bars ± SD. *, P < 0.05. **, 
P < 0.01. Data are representative from two independent 
experiments.
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AFAP1-AS1 is involved in cell-cycle arrest 
through EZH2 expression

To further ascertain whether AFAP1-AS1 drive 
colorectal cancer cell-cycle arrest via EZH2 
expression, we first examined the proliferation 
and cell cycle of colorectal cancer cells deplet-
ing AFAP1-AS1 but overexpression in EZH2. 
Knockdown of AFAP1-AS1 in SW480 and HCT- 
116 cells caused them to exhibit less cell prolif-
eration (Figure 6A), and more cell-cycle arrest 
(Figure 6B and 6C). Overexpression of EZH2 
rescued these effects (Figure 6A-C). Moreover, 
overexpressing AFAP1-AS1 increased more cell 
proliferation and less more cell-cycle arrest 
(Figure 6D), which could be restored by DZNep 
(Figure 6E). These data suggest that AFAP1-
AS1 is involved in cell-cycle arrest through 
EZH2 expression.

Discussion

In this study, we have identified lncRNA AFAP1-
AS1 that is overexpressed in human colorectal 
cancer, compared to paired peritumoral tis-

sues. We described AFAP1-AS1 plays a key role 
in cell cycle and cell proliferation regulation. 
AFAP1-AS1 association with EZH2, leading to 
the expression of EZH2-regulated target genes, 
resulted in enhanced colorectal cancer cell 
cycle.

For colorectal cancer, upregulated expression 
of both mRNA and microRNAs have been shown 
to have considerable potential in predicting  
the prognosis of colorectal patients [25]. Here, 
we showed that expression of AFAP1-AS1 was 
upregulate colorectal cancer samples. More- 
over, evaluation of colorectal cancer patient 
samples revealed a negative correlation be- 
tween AFAP1-AS1 expression and survival in 
colorectal cancer patients. Previous reports 
showed that AFAP1-AS1 highly upegulated in 
colorectal cancer and could also be used as 
prognostic biomarkers of colorectal cancer 
[6-9]. Increasing evidences indicate that AFAP1-
AS1 is critical for the development of the malig-
nant phenotype of colorectal cancer [7, 8]. 
Recent depletion of AFAP1-AS1 was revealed to 
markedly inhibited cell proliferation, cell apop-

Figure 5. AFAP1-AS1 is involved in transcriptional repression through enrichment of EZH2 to target gene promoters. 
A-C. ChIP analyses of AFAP1-AS1-knockdown but EZH2-overexpressing SW480 cells were conducted on p15 (primer 
set a-b), p16 (primer set c-d), p21 (primer set e-f) promoter regions using the indicated antibodies. Enrichment was 
determined relative to input controls. D. ChIP analyses of AFAP1-AS1-overexpressing but DZNep treated SW480 
cells were conducted on p15 (primer set a-b), p16 (primer set c-d), p21 (primer set e-f) promoter regions using the 
indicated antibodies. Enrichment was determined relative to input controls. Error bars ± SD. *, P < 0.05. **, P < 
0.01. Data are representative from two independent experiments.
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tosis and cell cycle in breast cancer [7, 8]. Here, 
we show that AFAP1-AS1 promotes colorectal 
cancer cell cycle. Expression of AFAP1-AS1  
was upregulated in colorectal cancer samples. 
Moreover, evaluation of colorectal cancer pati- 
ent samples revealed a negative correlation 
between AFAP1-AS1 expression and survival  
in colorectal cancer patients. Knockdown of 
AFAP1-AS1 byshRNAs inhibited colorectal can-
cer cell proliferation and cell cycle in vitro and 
vivo. These results show that AFAP1-AS1 is criti-

cal for nasopharyngeal carcinoma. Detecting 
the expression level of AFAP1-AS1, in combina-
tion with protein-coding genes or miRNAs, may 
be valuable to predict the prognosis of colorec-
tal cancer patients more accurately. We will 
next determine whether upregulation of AFAP1-
AS1 and protein-coding genes or miRNAs also 
correlates with the survival of colorectal cancer 
patients and whether detecting these genes is 
more precise in identifying the prognosis of 
colorectal cancer patients. 

Figure 6. AFAP1-AS1 is involved in cell-cycle arrest 
through EZH2 expression. A. Overexpression of 
EZH2 rescues AFAP1-AS1 knockdown-inhibited cell 
proliferation. B, C. Overexpression of EZH2 rescues 
AFAP1-AS1 knockdown-inhibited cell cycle. D, E. 
DZNep rescues AFAP1-AS1 overexpression-induced 
cell proliferation and cycle. Error bars ± SD. *, P < 
0.05. **, P < 0.01. Data are representative from 
two independent experiments.
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Increasing evidences showed that the over- 
expression of EZH2 correlates with the malig-
nant progression of colorectal cancer and the 
maliganent biological features of colorectal 
cancer [26, 27]. We showed that short-hairpin 
RNA(shRNA)-mediated depletion of AFAP1-AS1 
leads to up-regulation of genes that are nor- 
mally silenced by PRC2 (Figure 4C-E). Recent 
studies have reported that many lncRNAs bind-
ing to polycomb-group proteins regulates target 
gene promoters, thus contributes to biological 
behaviors [17, 18]. Twenty percent of lncRNAs 
expressed in various cell types are bound by 
PRC2, and that additional lncRNAs are bound 
by other chromatin-modifying complexes [19], 
suggesting that many lncRNAs likely function 
through their interaction with PRC2 to their tar-
get genes. The binding of AFAP1-AS1 with EZH2 
could provide a regulation mechanism of PRC2 
complex in colorectal cancer. It is particularly 
interesting that EZH2 binds AFAP1-AS1 at the 
site of 1-1500nt. The association of AFAP1-AS1 
with EZH2 and our depletion data suggest a 
role of AFAP1-AS1 in the transcriptional control 
of gene expression. More important, our data 
indicate that the association of AFAP1-AS1 with 
EZH2 are likely to have an effect on colorectal 
cancer cell cycle. Overall, we provide a model 
where some lncRNAs binding with chromatin-
modifying complexes to regulate target gene 
expression in colorectal cancer. 

Unfortunately, because there is no mouse 
homolog of AFAP1-AS1, we have no in vivo mod-
els available to study this mechanism in more 
detail. However, the association of AFAP1-AS1 
with the EZH2 and our knock-down data sug-
gest a role of AFAP1-AS1 in the transcriptional 
control of gene expression. Although these 
data demonstrated that the observed evidenc-
es are likely to have a biological effect on cell 
cycle and proliferation, this possibility needs to 
be confirmed by specific hypothesis-driven 
studies. Understanding the precise molecular 
mechanisms by which AFAP1-AS1 function in 
colorectal will be critical for exploring these 
potential new strategies for early diagnosis and 
therapy of colorectal cancer.
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Table S1. Oligonucleotide Sequences used in 
this study
Gene Sequence
p15 5’CGAAACACAGAGAAGCGGA3’

5’GCAGACATTGGAGTGAACG3’
p16 5’GGCTTCCTGGACACGCT3’

5’ATCTAAGTTTCCCGAGGTTTCT3’
p21 5’TGATTAGCAGCGGAACAAG3’

5’AACAGTCCAGGCCAGTATG3’
ACTB 5’CATGTACGTTGCTATCCAGGC3’

5’CTCCTTAATGTCACGCACGAT3’
EZH2 5’GAAGCAGGGACTGAAACGG3’

5’ATTGAGGCTTCAGCACCACT3’
AFAP1-AS1 5’CGTTCACTTCAATAGCCGC3’

5’GGAGAAGGGATCGTCCCAT3’
p15 (a) 5’GCCCAGTCCTCCTTCCTT3’

5’CCCTGTCCCTCAAATCCTC3’
p15 (b) 5’ACCCCTTGCCTTCATTTGG3’

5’AGCCCCTTCCCTCCCTTCT3’
p16 (c) 5’GGCATCAGCAAAGTCTGAGC3’

5’CTGGGAGACAAGAGCGAAAC3’
p16 (d) 5’AGGGGAAGGAGAGAGCAGTC3’

5’GGGTGTTTGGTGTCATAGGG3’
p21 (e) 5’AAAGCTGACTGCCCCTATT3’

5’GAAAGCCCAAGCCTGAAGA3’
p21 (f) 5’GCTTCAAGGCAGTGGGAGA3’

5’CCAGGATTGTGGCTAAACC3’


