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Abstract
Background Long noncoding RNAs (lncRNAs) have been reported to play crucial roles in breast cancer. This study aimed 
to determine the clinical significance and biological functions of lncRNA AFAP1-AS1 in breast cancer.
Methods The expression of AFAP1-AS1 in breast cancer tissue and adjacent normal tissue from 160 patients and breast 
cancer cell lines were determined by qRT-PCR. The clinical characteristics of patients were collected to analyse the cor-
relation between AFAP1-AS1 expression and malignancy status. Kaplan–Meier and Cox proportional hazards model were 
used to analyze whether AFAP1-AS1 expression impacted prognosis. To assess the effect of AFAP1-AS1 on MCF-7 cells 
proliferation, cell viability, EdU incorporation and colony formation assays were conducted after AFAP1-AS1 knockdown 
by siRNA. The apoptosis was detected by Caspase-3 activity, cell cycle analysis, Bcl-2 and Bax protein expression. Wound 
scratch assay and EMT-related protein expression (E-cadherin, N-cadherin and Vimentin) were conducted to evaluate the 
metastasis ability. To further determine the effect of AFAP1-AS1 on AFAP1, the mRNA and protein expression of AFAP1 
and subsequent actin filament integrity were measured after AFAP1-AS1 knockdown.
Results The expression of AFAP1-AS1 was up-regulated in human breast cancer tissue and associated with malignancy sta-
tus, high expression of AFAP1-AS1 had a poor prognosis in breast cancer patients. AFAP1-AS1 expression was up-regulated 
in 4 breast cancer cell lines (MCF-7, SK-RB-3, MDA-MB-231and MDA-MB-468) compared with normal breast cell line 
HBL-100. MCF-7, the most up-regulation cancer cell, was used for following studies. AFAP1-AS1 knockdown can inhibit 
the proliferation, metastasis and promote apoptosis of MCF-7. However, the AFAP1 expression and actin filament integrity 
was not affected after AFAP1-AS1 knockdown.
Conclusion Up-regulated lncRNA AFAP1-AS1 indicates a poor prognosis in breast cancer patients and regulated the breast 
cancer cells proliferation, apoptosis and metastasis.
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Introduction

Breast cancer remains to be the most common cancer and 
the most frequent cause of cancer death in females world-
wide. It represents a highly heterogeneous disease in terms 
of clinical outcomes and biological behavior and thus can 
be classified with various methods into different subtypes 

[1]. Novel concepts in genetics biology are leading to 
improved and higher resolution of the underlying events 
and increasing complexity in breast cancer biology [2]. 
Recently, growing evidence has demonstrated that long 
noncoding RNAs (lncRNAs) comprise noncoding RNAs 
longer than 200 nucleotides in length, are pervasively tran-
scribed in the genome [3]. Aberrantly expressed lncRNAs 
have been observed in a serial of cancers, such as up-regu-
lated PTENP1 in breast cancer [4], up-regulated PCAT1 in 
prostate cancer [5], and down-regulated GAS5 in colorectal 
cancer [6]. Moreover, lncRNAs act as either oncogene or 
tumor suppressor gene through regulating cancer cellular 
processes including cellular proliferation, apoptosis, cell 
cycle, and metastasis [7].
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Actin filament associated protein1 antisense RNA1 
(AFAP1-AS1), derived from the antisense strand at the 
AFAP1 coding gene locus, has been reported to regulate 
actin filament integrity [8]. High expression of AFAP1-AS1 
correlates with poor prognosis, and promotes tumorigenesis 
in colorectal cancer [9], pancreatic ductal adenocarcinoma 
[10], non-small cell lung cancer [11], nasopharyngeal car-
cinoma [12]. Inhibiting its expression can decrease cellu-
lar proliferation, migration, invasion, along with increased 
apoptosis. Therefore, AFAP1-AS1 is considered to be a 
potential diagnostic and prognostic biomarker, as well as 
a therapeutic target in these cancers. However, to the best 
of our knowledge, study on the role of AFAP1-AS1 in 
breast cancer was not clear. Recently, Yang et al. analyzed 
the expression profile of lncRNAs in seven pairs of HER-
2-enriched subtype breast cancer and paired adjacent normal 
tissue, and identified more than 1300 lncRNAs were signifi-
cantly differently expressed [13]. Among these lncRNAs, 
AFAP1-AS1 was the most aberrantly expressed lncRNA, 
indicating AFAP1-AS1 may play a key role in breast cancer.

The present study, therefore, was aimed to investigate the 
expression and potential functional roles of AFAP1-AS1 in 
breast cancer. We sought to determine the different expres-
sion of AFAP1-AS1 between cancer tissues and paired 
adjacent normal tissues derived from breast cancer patients. 
Further in vitro studies revealed the effect of AFAP1-AS1 
on cellular proliferation, colony formation, apoptosis and 
metastasis. This study suggested the critical role of AFAP1-
AS1 in breast cancer, which might hopefully work as a novel 
biomarkers or targeted therapies of breast cancer.

Materials and methods

Patient samples

A total of 160 paired breast cancer tissue and adjacent nor-
mal tissue samples were obtained from patients that were 
histologically diagnosed as breast cancer and underwent 
surgical resections at the First Hospital of Lanzhou Uni-
versity between 2013 and 2016. All of the patients did 
not receive chemotherapy or radiotherapy before surgery 
and signed informed consent. Clinical characteristics of 
patients including age, family history, tumor grade, tumor-
node-metastasis (TNM) stage, lymph node status, estrogen 
receptor (ER), progesterone receptor (PR), human epidermal 
growth factor receptor-2 (HER2) were collected and sum-
marized in Table 1. The information of family history was 
collected from patient’s medical record. Lymph node metas-
tasis, Tumor grade, TNM stage, ER status, PR status and 
HER2 status were collected from the corresponding pathol-
ogy report of the Gynecological Pathology Division, and 
all of these clinical characteristics were assigned according 

to Elston and Ellis [14]. Immunohistochemical analyses for 
ER, PR and HER2 were performed on 4-μm-thick sections 
according to standard procedures. ER or PR was considered 
negative if there were fewer than 1% immune-reactive cells 
(tumor cell nuclear staining) and positive otherwise, in line 
with recent guidelines [15]. HER2 was assessed through 
IHC exam or fluorescence in hybridization (FISH) test, posi-
tive HER2 was defined as 3+ [16]. The samples obtained in 
surgical resection were stored immediately in liquid nitrogen 
for qRT-PCR.

Quantitative real‑time PCR (qRT‑PCR)

Trizol reagent (Invitrogen) was used to extract total RNA. 
RNA (0.2–0.5 µg) was subjected to reverse transcription 
reaction using the PrimeScript reverse transcription rea-
gent Kit (DRR037S; TaKaRa, Dalian, China). The expres-
sions of AFAP1-AS1 in tissue samples and cultured cells 
were measured using SYBR Premix Ex TagTM II (Takara, 

Table 1  Association between lncRNA AFAP1-AS1 and clinical char-
acteristics

a Person’s χ2 test

Factors No. of patients AFAP1-AS1 expression P  valuea

Low (n = 74) High (n = 86)

Age
 < 60 80 (50.0) 41 (55.4) 39 (45.3) 0.203
 ≥ 60 80 (50.0) 33 (44.6) 47 (54.7)

Family history
 Absent 147 (91.9) 70 (94.6) 77 (89.5) 0.642
 Present 13 (8.1) 4 (5.4) 9 (10.5)

Tumor grade
 I–II 125 (78.1) 60 (81.1) 65 (75.6) 0.873
 III 35 (21.9) 14 (18.9) 21 (24.4)

TNM stage
 I 39 (24.4) 27 (36.5) 12 (14.0) 0.004
 II 55 (34.4) 31 (41.9) 24 (27.9)
 III 45 (28.1) 13 (17.6) 32 (37.2)
 IV 21 (13.1) 3 (4.0) 18 (20.9)

Lymph node metastasis
 Negative 78 (48.8) 25 (33.8) 53 (61.6) 0.022
 Positive 82 (51.2) 49 (66.2) 33 (38.4)

ER status
 Negative 87 (54.4) 42 (56.8) 45 (52.3) 0.836
 Positive 73 (45.6) 32 (43.2) 41 (47.7)

PR status
 Negative 20 (12.5) 6 (8.1) 14 (16.3) 0.746
 Positive 140 (87.5) 68 (91.9) 72 (83.7)

HER2 status
 Negative 47 (29.4) 21 (28.4) 26 (30.2) 0.817
 Positive 113 (70.6) 53 (71.6) 60 (69.8)
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Dalian, China) via ABI 7500 System (Applied Biosystems, 
Carlsbad, CA, USA) according to manufacturer instruction. 
The Primers sequence was designed by Primer Premier 5.0 
according to the target gene target gene sequence and verified 
the specificity by dissolution curve of PCR products. The 
Primers sequence as follows: AFAP1-AS1, Forward 5′-TCG 
CTC AAT GGA GTG ACG GCA-3′; Reverse 5′-CGGCT GAG 
ACC GCT GAG AACTT-3′. AFAP1, Forward 5′-CCG TGC 
ATC AAC GGC TCG  CTC-3′; Reverse 5′-TTC ACA ACA GCC 
GCG GGA TCC-3′. Internal control β-actin, Forward 5′-AAC 
GGA TTT GGT CGT ATT GGG-3′; Reverse 5′-CCT GGA AGA 
TGG TG ATG GGA T-3′. PCR cycling protocol was as fol-
lowing: initiate incubation at 95 °C for 15 s, followed by 40 
amplification cycles of melting at 95 °C for 5 s, annealing 
at 60 °C for 31 s. Data analysis was performed by  2−ΔΔCt 
method using the ABI software.

Cell culture

The normal human mammary epithelial cell line MCF-10A 
and 4 breast cancer cell lines (MCF-7, SK-RB-3, MDA-MB-
231and MDA-MB-468) were obtained from Cell Bank of 
the Chinese Academy of Sciences (Shanghai, China), Cells 
were cultured at 37 °C under 5%  CO2 in Dulbecco’s modi-
fied Eagle’s medium containing 10% fetal bovine serum. 
The culture methods were consistent with the suggestion 
of ATCC.

AFAP1‑AS1 siRNA transfection

MCF-7 cells grown to 50–60% confluence were trans-
fected with either 50 nM AFAP1-AS1 siRNA or nontar-
get scramble control (NC) siRNA (Ribobio, Guangzhou, 
China) using Lipofectamine™ 2000 (Ribobio). After 24 h 
of transfection, qRT-PCR was used to measure the expres-
sion of AFAP1-AS1 for evaluating transfection efficiency. 
The detail protocol and siRNA segment sequences were 
achieved by reference to previous study [12]. The sequences 
of the AFAP1-AS1 targeting siRNAs were 5′-GGG CTT CAA 
TTT ACA AGC ATT-3′ (segment 1), 5′-CCTA TCT GGT CAA 
CAC GTATT-3′ (segment 2) and 5′-GGG CTT CAA TTT ACA 
AGC ATT-3′ (segment 3).

Cell viability assay

A cellTiter  96® AQueous one solution cell proliferation 
assay kit (MTS, Promega, USA) was used to detect cell 
viability. Briefly, after AFAP1-AS1 knockdown, 20 µL of 
reagent was added into each well (96-well plate) and then 
incubated at 37 °C for 2 h. The OD value, correlated to 
active cell number, was determined at 490 nm by using a 
colorimeter. The detailed protocol was conducted according 

to the manufacturer’s instructions as previously described 
[17].

EdU incorporation assay

The proliferation ability of MCF-7 cell was measured by 
5-ethynyl-20-deoxyuridine (EdU) incorporation assay kit 
(Ribobio, Guangzhou China). Simple protocol as follow: 
after AFAP1-AS1 knockdown, each well (96-well plate) was 
added 100 µL of 50 µM EdU medium diluent for 3 h. The 
cells were fixed using 4% paraformaldehyde and incubated 
with 100 µL of the 0.5% Troxin X-100 into each well for 
10 min followed by 100 µL of 1 × Apollo® 488 fluorescent 
staining reaction liquid for 30 min at 37 °C. After that, DAPI 
were used to stain cell nuclei and protected from light. The 
result presented as the ratio of EdU positive cells (green 
cells) to total DAPI positive cells (blue cells).

Colony formation

After AFAP1-AS1 knockdown, MCF-7 cells were plated 
into six-well plates and cultured in media containing 10% 
FBS for 14 days. Colonies were fixed with 4% paraformal-
dehyde and then stained with 0.5% crystal violet. The vis-
ible colonies were photographed and manually counted. The 
detail protocol was conducted according to previous study 
[18].

Caspase‑3 activity assay

The activity of Caspase-3 was determined using a Caspase-3 
activity kit (Beyotime Institute of Biotechnology, China). 
The total protein of cells was obtained through lysis buffer. 
40 µg of protein was diluted to 50 µL of final volume that 
was then mixed with 75 µL of caspase-3 substrate for 3 h, 
the hydrolysis of Ac-DEVD-pNA by caspase-3 released free 
pNA (yellow formazan product) that was detected at 405 nm. 
Caspase-3 activity was expressed as the fold of enzyme 
activity compared to that of synchronized cells.

Cell cycle analysis

After AFAP1-AS1 knockdown, MCF-7 cells were harvested 
and washed three times with PBS. Staining with Annexin 
V-fluorescein isothiocyanate propidium iodide (FITC/PI) 
apoptosis detection kit (Life Technologies, USA) according 
to the manufacturer’ s recommendations. The cells were ana-
lyzed for their distribution in different phases of cell cycle 
on FACScalibur low cytometer using CellQuestPro software 
(Becton Dickinson, USA). The detailed protocol was con-
ducted according to the manufacturer’s instructions as previ-
ously described [19].
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Wound scratch assay

MCF-7 cells were grown to 80% confluence in six-well cul-
ture plates. The scratch on cell layer was created using a 
200 µL pipet tip and photographed immediately (0 h) after 
wounding and 24 h after wounding. The wound closure was 
monitored by microscopy. An ocular ruler was used to verify 
the wound sizes.

Phalloidin staining

MCF-7 cells were fixed in 4% paraformaldehyde for 30 min. 
Subsequently, 0.2 µg/mL phalloidin (Invitrogen, USA) was 
diluted with preparation solution (0.1% NaN3, 3% BSA, 
0.3% Triton X-100 in 0.01 M PBS). After washing with PBS, 
the cells were incubated with phalloidin solution overnight. 
The images were captured under a fluorescence confocal 
microscope. The detail protocol was conducted according to 
the manufacturer’s instructions as previously described [20].

Statistical analysis

A paired Wilcoxon signed-rank test was employed to evalu-
ate AFAP1-AS1 expression in breast cancer tissues vs. 
adjacent normal tissues. Correlations between AFAP1-AS1 
expression and clinical features were performed by a Per-
son’s χ2 test. The optimal cut-off value of AFAP1-AS1 in 
tumor/normal was determined by a receiver operating char-
acteristic (ROC) curve analysis. The Kaplan–Meier method 
was used to estimate survival curves, the log-rank test was 
used to compare between groups. The prognostic value of 
AFAP1-AS1 expression was tested accordingly to the high- 
AFAP1-AS1 vs. low- AFAP1-AS1 categorical definition. 
Hazard ratios (HR) and 95% confidence interval (95% CI) 
were calculated with the Cox proportional hazard regres-
sion model, adjusted for clinico-pathological prognostic fac-
tors. All the statistical tests were two-sided and considered 
significant when P < 0.05. Data in Table 1 was presented 
as number (percentage). The data of cell experiments were 
performed by One-way analysis of variance (ANOVA) with 
a Newman–Keuls post hoc test for multiple comparisons, 
these data were presented as means ± SEM. P < 0.05 was 
considered to be significant.

Results

The expression of AFAP1‑AS1 was up‑regulated 
in human breast cancer tissue and associated 
with malignancy status

To confirm the aberrant expression of AFAP1-AS1 in breast 
cancer, AFAP1-AS1 expression in 160 paired breast cancer 

tissue and adjacent normal tissue samples was measured 
by qRT-PCR. Results showed that AFAP1-AS1 expression 
was up-regulated in breast cancer tissue as compared with 
adjacent normal tissue (Fig. 1a). Moreover, the result of 
receiver operating characteristic (ROC) curve analysis indi-
cated that AFAP1-AS1 was a good candidate to discriminate 
breast cancer tissue from adjacent normal tissue (sensitiv-
ity: 74%, specificity: 69%). The area under ROC curve was 
0.736 (95% CI 0.64–0.83, P < 0.01; Fig. 1b). In addition, 
to further explore the association of AFAP1-AS1 expres-
sion with clinical characteristics, breast cancer patients were 
categorized as high or low expression group according to 
the optimal cut-off value of fold expression of AFAP1-AS1.

As shown in Table 1, the association between AFAP1-
AS1 expression and clinical characteristics in 160 breast 
cancer patients were analyzed, and found high AFAP1-AS1 
expression was remarkably correlated with TNM stage and 
lymph node metastasis, but not correlated with patient’s age, 
family history, and tumor grade, as well as ER, PR, and 
HER2 status. The result of Kaplan–Meier analysis using 
the log-rank test showed that the 3-years overall survival 
of the high AFAP1-AS1 group was significantly lower than 
that of low AFAP1-AS1 group, suggested that high expres-
sion of AFAP1-AS1 had a poor prognosis in breast cancer 
patients (Log Rank = 6.163, P = 0.0130; Fig. 1c). Signifi-
cant factors in univariate analyses (AFAP1-AS1 expression, 
tumor grade, TNM stage, and lymph node metastasis) were 
further included in a multivariate Cox regression analysis. 
The result showed that AFAP1-AS1 expression was an 
independent prognostic factor of 3-years overall survival in 
breast cancer patients (hazard ratio 4.74, 95% CI 2.47–9.38, 
P < 0.001; Table 2). Collectively, these results suggested that 
up-regulated AFAP1-AS1 expression was associated with 
the malignancy status of breast cancer.

AFAP1‑AS1 knockdown inhibits the proliferation 
and colony formation of breast cancer cell

To further verified the aberrantly expression of AFAP1-
AS1 in breast cancer cell lines, AFAP1-AS1 expression 
in four breast cancer cell lines (MCF-7, SK-RB-3, MDA-
MB-231and MDA-MB-468) and normal human mammary 
epithelial cell line MCF-10A were measured, and found the 
AFAP1-AS1 expression was up-regulated in breast cancer 
cells compared with MCF-10A (Fig. 1d). Among them, most 
up-regulation was detected in MCF-7, which was chosen to 
knockdown the expression of AFAP1-AS1 in the following 
studies.

Malignant proliferation and colony formation ability were 
the important pathological features of breast cancer cell. In 
view of the up-regulated AFAP1-AS1 expression in breast 
cancer, therefore, siRNA was transfected into MCF-7 to 
knockdown AFAP1-AS1 and then evaluated the proliferation 
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and colony formation. To screen the best interference effi-
ciency siRNA, three siRNA segments were designed accord-
ing to the AFAP1-AS1 gene sequence and transfected 
into MCF-7. All of three siRNAs segments decreased the 
AFAP1-AS1 expression, while the third segment showed 
the best interference efficiency (Fig. 2a), which was used 
for following studies. As shown in Fig. 2b–d, AFAP1-AS1 
knockdown decreased the cell viability and EdU positive 
cell percentage of MCF-7, suggesting the inhibiting role of 
AFAP1-AS1 knockdown on breast cancer cell proliferation. 
The colone number in MCF-7 was reduced after AFAP1-
AS1 siRNA transfection (Fig. 2e, f), indicating AFAP1-AS1 
knockdown can inhibit the colony formation of breast cancer 
cell.

AFAP1‑AS1 knockdown promotes apoptosis 
of breast cancer cell

In addition to proliferation and colony formation, the effect 
of AFAP1-AS1 knockdown on breast cancer cell apoptosis 
was also explored. Caspase-3 activity, Bax and Bcl-2 were 
the important apoptosis-related marker. Results showed that 
AFAP1-AS1 knockdown decreased the Bcl-2 protein level 
and Caspase-3 activity in MCF-7, while increased the Bcl-2 
protein level (Fig. 3a–c). The flow cytometry was used to 
determine the cell cycle, found that AFAP1-AS1 knockdown 
significantly induced G2/M phase arrest in MCF-7 (Fig. 3d). 
These results suggested AFAP1-AS1 knockdown promotes 
the apoptosis of breast cancer cell.

Fig. 1  The expression of 
AFAP1-AS1 in breast cancer 
tissues and breast cancer cells. 
a AFAP1-AS1 expression in 
breast cancer tissues and adja-
cent normal tissues. b Optimal 
cutoff value of AFAP1-AS1 
expression determined by ROC 
curve for 3-years overall sur-
vival. c Kaplan–Meier 3-years 
overall survival curves accord-
ing to AFAP1-AS1 expression. 
d AFAP1-AS1 expression in 4 
breast cancer cell lines (MCF-7, 
SK-RB-3, MDA-MB-231and 
MDA-MB-468) and normal 
human mammary epithelial 
cell line MCF-10A. Data are 
mean ± SEM. n = 160 (a, b) and 
3 (c). **P < 0.01 vs. Adjacent 
tissues; ##P < 0.01 vs. MCF-10A

Table 2  Univariate and 
multivariate analysis of clinical 
characteristics of overall 
survival by Cox regression 
model

Characteristics Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age 1.51 (0.88–2.60) 0.212 1.34 (0.70–2.25) 0.375
Family history 1.34 (0.51–3.44) 0.513
Tumor grade 1.89 (1.03–3.44) 0.032 1.70 (0.93–3.11) 0.082
TNM stage 2.42 (1.41–4.20) 0.004 2.31 (1.34–4.02) 0.006
Lymph node metastasis 1.98 (1.11–3.62) 0.017 1.23 (0.37–3.86) 0.672
ER status 0.74 (0.36–1.19) 0.323
PR status 0.77 (0.38–1.21) 0.513
HER2 status 0.81 (0.42–1.39) 0.472
AFAP1-AS1 expression 4.94 (2.52–9.61) < 0.001 4.80 (2.47–9.38) < 0.001
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AFAP1‑AS1 knockdown inhibited metastasis 
of breast cancer cell

Enhanced cell metastasis was another key pathological 
feature in breast cancer.

Wound healing assay, therefore, was used to investigate 
cell motility. As shown in Fig. 4a, b, the gap distance in 
si-AFAP1-AS1 was longer than si-NC, suggesting AFAP1-
AS1 knockdown decreased the cell motility of MCF-7. 
Epithelial–mesenchymal transition (EMT) was a process 
characteristic by reprogramming of epithelial cells into a 
mesenchymal cells phenotype. It has been reported that 
EMT played a crucial role in breast cancer cell mobil-
ity, which finally led to metastasis. Thus, the EMT-related 
protein expression was measured, and found AFAP1-AS1 
knockdown increased the E-cadherin protein expression, 
while decreased the N-cadherin and Vimentin protein 
expression (Fig. 4c, d). These results demonstrated that 

AFAP1-AS1 knockdown inhibited metastasis of breast 
cancer cell.

AFAP1‑AS1 knockdown exhibited no effects 
on AFAP1 expression and actin filament integrity

The AFAP1-AS1 is derived from the antisense strand of 
the AFAP1. To determine the correlation between expres-
sion levels of AFAP1-AS1 and AFAP1 in breast cancer 
cell, we further examined the expression of AFAP1 after 
AFAP-AS1 knockdown. As shown in Fig. 5a, b, the all 
of the mRNA and protein expression of AFAP1 were not 
affected by AFAP-AS1 knockdown. Moreover, the actin 
filament integrity was not destroyed after AFAP-AS1 
knockdown (Fig. 5c), which may attribute to the key role 
of AFAP1 in maintaining actin filament integrity.

Fig. 2  Effect of AFAP1-AS1 
knockdown on the prolifera-
tion and colony formation of 
MCF-7. The effect of AFAP1-
AS1 siRNA on a AFAP1-AS1 
expression, b cell viability, c, 
d EdU positive cell percent-
age, e, f colony formation in 
MCF-7. Data are mean ± SEM. 
n = 3. *P < 0.05, **P < 0.01 vs. 
control; #P < 0.05, ##P < 0.01 
vs. si-NC
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Discussion

Although less than 2% of the human genome encodes 
protein-coding genes, at least 90% of the genome, includ-
ing abundant pseudogenes and comparably numerous 

non-coding RNAs (ncRNAs), is actively transcribed. 
General conventions divide ncRNAs into small ncRNAs 
(< 200 nt in length) and long noncoding RNAs (lncRNAs, 
≥ 200 nt in length) on the basis of size [21]. The regulat-
ing effect of lncRNAs on physiological and pathological 
functions is shown to be exerted via their interactions with 

Fig. 3  Effect of AFAP1-AS1 
knockdown on the MCF-7 cell 
apoptosis. The effect of AFAP1-
AS1 siRNA on a, b Bcl-2 and 
Bax protein expression, c Cas-
pase-3 activity, d cell cycle in 
MCF-7. Data are mean ± SEM. 
n = 3. *P < 0.05, **P < 0.01 vs. 
si-NC

Fig. 4  Effect of AFAP1-AS1 
knockdown on the metasta-
sis of MCF-7. The effect of 
AFAP1-AS1 siRNA on a, b 
cell migration; c, d E-cadherin, 
N-cadherin and Vimentin 
protein expression in MCF-7. 
Data are mean ± SEM. n = 3. 
**P < 0.01 vs. si-NC
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microRNAs (miRNAs), mRNAs, proteins and genomic 
DNA [22]. Recently, more and more evidence has been 
demonstrated that lncRNAs are aberrantly expressed in 
breast cancer and associated with the poor prognosis of 
breast cancer patients [3]. Xu et al. constructed breast 
cancer-related lncRNA libraries using microarray. Micro-
array expression profiling suggests 1427 lncRNAs (log 
fold-change > 2.3, including 790 up-regulated and 637 
down-regulated lncRNAs) were differently expressed 
between breast cancer tissues and its paired adjacent tis-
sues [23]. In addition, Shen et al. identified 1758 lncRNAs 
that were differentially expressed (≥ twofold change) in tri-
ple-negative breast carcinomas [24]. Recently, Yang et al. 
sequenced seven pairs of HER-2-enriched subtype breast 
cancer and normal tissue and identified more than 1300 
dysregulated expressed lncRNAs. Notable, AFAP1-AS1 
was the most up-regulated lncRNA [13]. In the present 
study, we further measured the expression of AFAP1-AS1 
in 110 paired breast cancer tissues and adjacent normal tis-
sues and found AFAP1-AS1 expression was significantly 
up-regulated in breast cancer as compared with adjacent 
normal tissues. Moreover, we evaluated the potential cor-
relations between AFAP1- AS1 expression and patients’ 
clinical characteristics. The results showed that there was a 

significant relationship between high AFAP1-AS1 expres-
sion and TNM stage, as well as lymph node metastasis, 
but high AFAP1-AS1 expression was not correlated with 
patient’s age, family history, and tumor grade, as well as 
ER, PR, and HER2 status. These results suggested that 
AFAP1-AS1 may be a novel diagnostic and prognostic 
indicator for breast cancer.

The expression of AFAP1-AS1 has been reported to be 
up-regulated and correlate with poor prognosis in several 
human cancers, such as hepatocellular carcinoma [25], 
non-small cell lung cancer [11], colorectal cancer [19], 
nasopharyngeal carcinoma [26], pancreatic ductal adeno-
carcinoma [10] and esophageal squamous cell carcinoma 
[27]. In the present study, we also found that breast can-
cer patients with high AFAP1-AS1 expression had a poor 
prognosis. It has been reported that AFAP1-AS1 acts as 
an oncogene to regulate tumorigenesis and progression 
through promoting cell proliferation, invasion, migration 
and inhibiting cell apoptosis. For example, AFAP1-AS1 
was up-regulated in gastric cancer cells and regulated the 
gastric cancer cell proliferation and apoptosis [28]. Silenc-
ing of AFAP1-AS1 in hepatocellular carcinoma cell sig-
nificantly reduced cell proliferation, clonal growth, cell 
migration, and invasion and increased apoptosis [18]. 

Fig. 5  Effect of AFAP1-
AS1 knockdown on AFAP1 
expression and actin filament 
integrity of MCF-7. The effect 
of AFAP1-AS1 siRNA on a 
AFAP1 mRNA expression, 
b AFAP1 protein expression, 
and c actin filament integrity in 
MCF-7. Data are mean ± SEM. 
n = 3
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However, the function of AFAP1-AS1 in breast cancer 
cell biology remains unknown. Here, we measured the 
expression of AFAP1-AS1 in four breast cancer cell lines 
(MCF-7, SK-RB-3, MDA-MB-231and MDA-MB-468) and 
normal human mammary epithelial cell line MCF-10A. 
Results showed that the AFAP1-AS1 expression was up-
regulated in breast cancer cell compared with MCF-10A 
cell. Among these breast cancer cells, most up-regulation 
was detected in MCF-7. AFAP1-AS1 acted as the most 
dysregulated lncRNA in HER-2-enriched subtype breast 
cancer [13], however, the present study found that high 
AFAP1-AS1 expression was not correlated with ER, PR, 
and HER2 status in breast cancer patients. Therefore, 
knockdown of AFAP1-AS1 in the following studies was 
conducted in MCF-7, in spite of its HER-2 (−). Further 
studies found AFAP1-AS1 knockdown inhibited the pro-
liferation, colony formation and induced the apoptosis in 
MCF-7, suggesting AFAP1-AS1 served as an oncogene 
in breast cancer.

The AFAP1-AS1 is derived from the antisense strand 
of the AFAP1 (Actin Filament Associated Protein) gene. 
There are overlapping and complementary regions with the 
second AFAP1-AS1 exon and the 14, 15, and 16 exons of 
the AFAP1 transcripts [29]. AFAP1 is an adaptor protein of 
cSrc that binds to filamentous actin and regulates the activity 
of this tyrosine kinase to affect changes to the organization 
of the actin cytoskeleton. In breast cancer cells, AFAP1 has 
been shown to regulate cellular responses requiring actin 
cytoskeletal changes such as adhesion, invadopodia forma-
tion and invasion [30]. These studies urged us to evaluate 
the effect of AFAP1-AS1 on breast cancer cell migration 
and expression of EMT-related genes. Results showed that 
AFAP1-AS1 knockdown decreased migration and EMT-
related genes expression in breast cancer cell. It has been 
documented that EMT is closely associated with triple nega-
tive subtype [31]. Therefore, AFAP1-AS1 may play a key 
role in regulating mesenchymal-like or mesenchymal stem-
like phenotype in triple negative subtype, which deserved 
further study.

Usually, the antisense RNA regulates expression of its 
cognate sense gene, however, Wu et al. demonstrated that 
AFAP1-AS1 knockdown inhibited proliferation and colony 
forming ability, induced apoptosis, and reduced esophageal 
adenocarcinoma cell migration and invasion without alter-
ing the expression of AFAP1 [32]. Zeng et al. suggested 
that AFAP1-AS1 inhibited the AFAP1 mRNA translation, 
but did not affect the AFAP1 mRNA transcription without 
AFAP1 mRNA degradation in lung cancer cell [33]. In the 
present study, we found that AFAP1-AS1 knockdown did not 
affect AFAP1 mRNA and protein expression in breast can-
cer cells. Accordingly, the actin filament integrity was not 
affected after AFAP1-AS1 knockdown. Therefore, AFAP1-
AS1 may not bind to its sense cognate gene, its effects may 

involve an AFAP1-independent mechanism during develop-
ment or progression of breast cancer.

In conclusion, we confirmed that AFAP1-AS1 expres-
sion was significantly up-regulated in breast cancer tis-
sues. The expression of AFAP1-AS1 was correlated with 
the malignancy status and patients with high AFAP1-AS1 
expression had a poor prognosis in breast cancer. Further-
more, knockdown of AFAP1-AS1 suppressed proliferation, 
colony formation, metastatic ability and induced apoptosis in 
breast cancer cell. The present study suggested that AFAP1-
AS1 acted as an oncogene in breast cancer, which may be a 
novel diagnostic and prognostic indicator for breast cancer. 
To determine whether the AFAP1-AS1 can be a therapeutic 
target for breast cancer, animal study and more preclinical 
study should be performed in further investigation.
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