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YY1-inudced activation of lncRNA DUXAP8 promotes proliferation and suppresses 
apoptosis of triple negative breast cancer cells through upregulating SAPCD2
Zhen Yang*, Hongjian Ding*, Zhiyu Pan, Huaqing Li, Junbin Ding , and Qian Chen

Department of General Surgery, Minhang Hospital, Fudan University, Shanghai, China

ABSTRACT
Double homeobox A pseudogene 8 (DUXAP8) belongs to long non-coding RNAs (lncRNAs), which has 
been proven to promote the biological processes of multiple human cancers. Triple-negative breast 
cancer (TNBC) is the leading cause of cancer-related death in women worldwide. However, the specific 
role of lncRNA DUXAP8 and its underlying mechanism in TNBC remains to be unclear. We detected the 
expression of DUXAP8 in TNBC cells through qRT-PCR analysis. The effects of DUXAP8 silencing on TNBC 
cell proliferation and apoptosis were identified using CCK-8 assay, EdU assay, flow cytometry analysis and 
TUNEL assay. The downstream microRNA (miRNA) and messenger RNA (mRNA) of DUXAP8 were searched 
out through bioinformatics analysis and mechanism experiments. Rescue assays were conducted to verify 
the involvement of suppressor APC domain containing 2 (SAPCD2) in DUXAP8-mediated TNBC cell 
proliferation and apoptosis. DUXAP8 was highly expressed in TNBC cells compared to that in normal 
breast cells. Knockdown of DUXAP8 inhibited TNBC cell proliferation and accelerated cell apoptosis. 
DUXAP8 interacted with miR-29a-3p and thus enhanced the expression of SAPCD2. Moreover, YY1 
transcription factor could bind to DUXAP8 promoter to activate the transcription of DUXAP8. YY1- 
induced transcriptional activation of DUXAP8 promotes TNBC cell growth through miR-29a-3p/SAPCD2 
axis.
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Introduction

Triple-negative breast cancer (TNBC) is one of the most common 
cancers and the second leading cause of women cancer-related 
death worldwide.1 Therapeutic methods for TNBC patients 
usually include surgery, chemotherapy, and radiotherapy.1,2 

However, the prognosis of patients in the advanced stage is still 
poor.3 Thus, investigation of molecular mechanism associated 
with the tumor growth and metastasis of triple-negative breast 
cancer is of great significance to improve the therapeutic 
effectiveness.

Long non-coding RNAs (lncRNAs) can act as potential 
regulators in various biological processes, including cell pro
liferation, apoptosis, invasion, and migration.4–6 LncRNAs 
have been identified to affect cell functions in different man
ners, including transcriptional regulation, mRNA post- 
transcriptional processing, and microRNAs (miRNAs) 
sponges.7–9 Dysregulation of lncRNAs can promote the devel
opment of multiple cancers.10 It has been verified that lncRNAs 
facilitate the expression of homologous mRNAs by sponging 
miRNAs to promote the biological process of cancers.9,11,12 

LncRNA DUXAP8 has been proven to be up-regulated in 
glioma, bladder cancer, and pancreatic carcinoma.13–16 

However, it is undefined that whether DUXAP8 acts as an 
oncogene in TNBC. The current study was aimed at exploring 
the functions and relevant mechanism of DUXAP8 in TNBC.

Transcription factors could bind to the promoter of 
lncRNAs, thereby enhancing the expression level of 
lnRNAs.17–19 Here, we also tried to explore the upstream 
regulator for DUXAP8 in TNBC. Competing endogenous 
RNA (ceRNA) refers to a lncRNA-miRNA-mRNA pathway, 
among which lncRNA can affect the expression of mRNA 
through sponging miRNA.20 In our study, we also investigated 
whether DUXAP8 can exert functions through serving as 
a ceRNA in TNBC.

Materials and methods

Cell culture

Normal human mammary gland cell line (MCF-10A) and 
human breast cancer cell lines (MDA-MB-231, MDA-MB 
-468, MDA-MB-436) were bought from the Chinese 
Academy of Sciences (Shanghai, China). Cell lines were main
tained in DMEM (Invitrogen, Carlsbad, CA, USA) supplemen
ted with 10% FBS (Invitrogen) and 1% penicillin/streptomycin 
(Sigma-Aldrich, Milan, Italy) at 37°C in 5% CO2.

Cell transfection

For the knockdown of DUXAP8, YY1, SAPCD2, MDA-MB 
-231 and MDA-MB-468 cells were transfected with shRNAs  
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against DUXAP8 (sh-DUXAP8#1#2), YY1 (sh-YY1#1#2), 
SAPCD2 (sh-SAPCD2#1#2). shRNAs that cannot target them 
were used as the negative controls (sh-NC). To overexpress 
SAPCD2, pcDNA3.1/SAPCD2 and the empty pcDNA3.1 vec
tor were constructed. The miR-29a-3p mimics and NC mimics 
were synthesized to upregulate miR-29a-3p. All plasmids and 
vectors used for transfections were synthesized by 
GenePharma (Shanghai, China) and transfected into cells 
with Lipofectamine 2000 (Invitrogen).

qRT-PCR

Total RNA was extracted from cells by using TRIzol reagent 
(Invitrogen). First-strand cDNA was generated using 
a FastKing RT Kit (YiHui Biotechnology, Shanghai, China). 
qRT-PCR was completed using SYBR Green Real-Time PCR 
Kit (Takara, Tokyo, Japan). Fold changes of RNA expression 
were calculated with 2−∆∆Ct method. GAPDH and U6 were 
used as the internal controls.

Bioinformatics analysis

Through the UCSC database (http://genome.ucsc.edu/), we 
predicted that YY1 is a potential upstream regulator for 
DUXAP8. The DNA motif of YY1 and its binding sites on 
DUXAP8 promoter were obtained from JASPAR (http://jas 
par.genereg.net/). The miRNAs that potentially bind with 
DUXAP8 as well as mRNAs that were potentially the down
stream target of miR-29a-3p were predicted from starBase 
(http://starbase.sysu.edu.cn/).

CCK-8 assay

MDA-MB-231 and MDA-MB-468 cells were inoculated in 96- 
well plates (1 × 103 cells per well). Then, cell viability was 
examined at specific time points by adding 10 µL of CCK-8 
solution to each well. After 4 h incubation, a microplate reader 
purchased from Bio-Tek Instruments (Hopkinton, MA, USA) 
was used to monitor the absorbance at 450 nm.

EdU incorporation assay

An EdU assay kit (Ribobio, Guangzhou, China) was used to 
evaluate cell proliferation ability. Transfected cells were put 
into plates and then were cultured with 50 μM EdU buffer for 
2 h. Then, cells were fixed with 4% formaldehyde (Sigma- 
Aldrich) and permeabilized using 0.1% Triton X-100 for 
20 min. After being dying of nuclei with Hoechst33342, EdU- 
positive cells were visualized via a fluorescence microscope 
(Olympus, Tokyo, Japan).

Flow cytometry analysis

MDA-MB-231 and MDA-MB-468 cells were cultured in 6-well 
plates for 48 h, and rinsed with PBS (Solarbio, Beijing, China). 
After being fixed in 70% pre-cooled ethanol (Sigma-Aldrich) at 
4°C, double-staining was conducted using propidium iodide 
and Annexin V-fluorescein isothiocyanate. Cell apoptosis rate 
was measured via a flow cytometer.

Western blot

Cells were first lysed in RIPA buffer (Invitrogen). Protein 
concentrations were quantified by BCA Kit. Proteins were 
isolated utilizing 10% SDS-PAGE and then transferred to 
PVDF membranes (Millipore, Bedford, USA). After blocked 
with skim milk, membranes were incubated with primary 
antibodies, including anti-SAPCD2 (ab126342, Abcam, 
Cambridge, USA) and anti-GAPDH (ab8245, Abcam). Next, 
membranes were incubated with secondary antibody for 1 h. 
Protein bands were visualized on a chemiluminescence detec
tion system.

TUNEL assay

TUNEL assays were performed in MDA-MB-231 and MDA- 
MB-468 cells by utilizing an Apoptosis Detection Kit 
(Ribobio). Cells were stained in DAPI (Sigma-Aldrich) or 
TUNEL (Thermo Fisher Scientific, Waltham, MA, USA). 
TUNEL-positive cells were counted in a randomly chosen 
field using a microplate (Olympus).

Subcellular fractionation assay

Nuclear/cytoplasmic fractionation PARIS Kit (Life 
Technologies, Carlsbad, CA, USA) was applied to gather nuclear 
and cytoplasmic fractions. Afterward, DUXAP8, GAPDH (cyto
plasmic control) and U6 (nuclear control) in a cytoplasmic 
faction or nuclear fraction were detected by qRT-PCR.

Luciferase reporter assay

The wild-type (WT) and mutant (Mut) binding sites of miR- 
29a-3p in DUXAP8 or SAPCD2 3ʹ-UTR were sub-cloned into 
pmirGLO dual-luciferase vector to construct plasmids, named 
DUXAP8-WT/Mut, SAPCD2-WT/Mut, and then co- 
transfected into MDA-MB-231 and MDA-MB-468 cells with 
miR-29a-3p mimics or NC mimics, respectively.

To demonstrate the interaction between YY1 and DUXAP8 
promoter, pGL3-DUXAP8 promoter was co-transfected into 
cells along with sh-YY1#1#2 or sh-NC using Lipofectamine 
2000 (Invitrogen). The luciferase activity was measured by 
a Dual-Luciferase reporter assay system (Promega, USA).

RNA pull-down assay

Briefly, cell lysates were incubated with biotinylated RNAs 
including Bio-miR-29a-3p-WT, Bio-miR-29a-3p-Mut, Bio- 
SAPCD2-WT, Bio-SAPCD2-Mut and Bio-NC, respectively. 
Later, cell lysates were incubated with M-280 streptavidin 
magnetic bead (Sigma-Aldrich) for 48 h. Relative enrichment 
of miR-29a-3p or DUXAP8 was evaluated via qRT-PCR.

ChIP assay

ChIP assay was performed using an EZ-ChIP kit (Millipore). 
Immunoprecipitation was incubated with anti-YY1 (Millipore) 
or anti-IgG (negative control). Finally, qRT-PCR detected 
Precipitated chromatin DNA.
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Statistical analysis

Statistical analysis was made using GraphPad Prism 5 software 
(Graph Pad, La Jolla, CA, USA). Experimental data obtained 
from three or more independent experiments were shown as 
mean ± SD. The differences between two or more groups were 
estimated via Student’s t-test or one-way ANOVA. P < .05 
indicated data had statistical significance.

Results

DUXAP8 promotes TNBC cell proliferation and suppresses 
apoptosis
Firstly, we evaluated DUXAP8 expression in human TNBC 
cells with qRT-PCR. Intriguingly, DUXAP8 expression was 

higher in human TNBC cells than that in human breast cells 
(Figure 1(a), n = 3, P < .01). The highest level was observed in 
MDA-MB-231 (4.38) and MDA-MB-468 cells (3.45) when the 
level in MCF-10A was set as 1.0. Then, we silenced DUXAP8 in 
two TNBC cells with specific shRNAs (Figure 1(b), n = 3, 
P < .01). The level of DUXAP8 was decreased to 0.28 and 
0.29 in MDA-MB-231 cells and reduced to 0.30 and 0.26 in 
MDA-MB-468 cells. The percent of EdU-positive cells in 
MDA-MB-231 cells was decreased from 35.10% to 13.10% 
and 9.10%, and that in MDA-MB-468 cells was decreased 
from 29.10% to 11.10% and 8.90% (Figure 1(c), n = 3, 
P < .01). CCK-8 assay also indicted that the low OD value 
was lowered in DUXAP8-silenced cells (Figure 1(d), n = 3, 
P < .01). Additionally, the apoptosis rate was increased remark
ably after DUXAP8 was silenced (Figure 1(e), n = 3, P < .01). 

Figure 1. DUXAP8 promotes TNBC cell proliferation and suppresses apoptosis. (a) The expression level of DUXAP8 in TNBC cells and human normal breast cells was 
detected through qRT-PCR. (b) qRT-PCR was performed to test the expression level of DUXAP8 after knockdown of DUXAP8. (c, d) EdU assay and CCK-8 assay were 
conducted to detect cells proliferation in cells with inhibited DUXAP8. (e) Cell apoptosis was verified through flow cytometry analysis. (f) TUNEL assay was used to assess 
cell apoptosis situation when DUXAP8 was suppressed. **P < .01.
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According to the result of the TUNEL assay, the apoptosis rate 
in MDA-MB-231 cells was enhanced from 1.80% to 7.80% and 
5.80%. The apoptosis rate in MDA-MB-468 cells was increased 
from 1.50% to 7.10% and 5.10% (Figure 1(f), n = 3, P < .01).

YY1 binds to DUXAP8 promoter and activates the 
transcription of DUXAP8

Here, we found that YY1 was highly expressed in three kinds of 
TNBC cell lines (Figure 2(a), n = 3, P < .01). Knockdown of YY1 
caused the downregulation of YY1 (Figure 2(b), n = 3, P < .01). 
Then, we found that DUXAP8 expression was significantly 
decreased after YY1 silencing (Figure 2(c), n = 3, P < .01). The 
binding sites of YY1 and DUXAP8 promoter were predicted via 
UCSC and JASPAR (Figure 2(d)). ChIP assay showed that the 
enrichment of DUXAP8 promoter in the complexes conjugated 
with anti-YY1 showed that YY1 can bind with DUXAP8 pro
moter (Figure 2(e), n = 3, P < .01). Then, the luciferase activity of 
vector containing DUAP8 promoter was decreased significantly 
after the knockdown of YY1 (Figure 2(f), n = 3, P < .01).

MiR-29a-3p can interact with DUXAP8 and suppress TNBC 
cell growth

Through subcellular fractionation assay, we found that 
DUXAP8 was mainly located in the cytoplasm (Figure 3(a), 
n = 3). Then, we used starBase to predict miRNAs that poten
tially bind with DUXAP8 and nine miRNAs were selected 
according to the high binding degree. The expression of these 
nine miRNAs in TNBC cells was detected by qRT-PCR. It was 
found that miR-29a-3p was expressed lower in two TNBC cells 
than other miRNAs (Figure 3(b), n = 3, P < .0). We found the 
binding sites of DUXAP8 and miR-29a-3p (Figure 3(c)). 
Afterward, we overexpressed miR-29a-3p in TNBC cells 
(Figure 3(d), n = 3, P < .01). Through luciferase reporter 
assay, we identified that the luciferase activity in DUXAP8 
wild-type reporter vector was decreased after miR-29a-3p 
overexpression (Figure 3(e), n = 3, P < .01). RNA pull-down 
assay revealed that the enrichment of DUXAP8 was signifi
cantly high in the complexes conjugated with Bio-miR-29a-3p- 
WT (Figure 3(f), n = 3, P < .01). Moreover, EdU results showed 
that overexpression of miR-29a-3p decreased TNBC cells 

Figure 2. YY1 induces upregulation of DUXAP8 by activating the transcription of DUXAP8. (a) The expression level of YY1 in TNBC cells was detected with qRT-PCR.(b, c) 
qRT-PCR was conducted to explore YY1 expression and DUXAP8 when YY1 was suppressed. (d) The binding sites of YY1 and DUXAP8 were predicted by UCSC and 
JASPAR. (e) ChIP assay was performed to test the binding of YY1 with DUXAP8 promoter. (f) Luciferase reporter assay was conducted to verify the binding of YY1 and 
DUXAP8 promoter. **P < .01.
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proliferation (Figure 3(g), n = 3, P < .01). The reduced OD 
value was also detected in cells with miR-29a-3p overexpres
sion through CCK-8 assay (Figure 3(h), n = 3, P < .01).

SAPCD2 promotes TNBC cell growth by DUXAP8/miR-29a- 
3p axis

Subsequently, we predicted potential mRNAs that bind with 
miR-29a-3p from starBase with the condition of three pro
grams (Figure 4(a)). We selected four mRNAs according to 
the binding degree. qRT-PCR showed that SAPCD2 was 
expressed higher in TNBC cells than other mRNAs (Figure 4 
(b), n = 3, P < .01). Then, overexpression of miR-29a-3p 
decreased both mRNA and protein levels of SAPCD2 (Figure 
4(c,d), n = 3, P < .01). Afterward, we predicted the binding sites 
of SAPCD2 and miR-29a-3p (Figure 4(e)). Through luciferase 
reporter assay, we determined that miR-29a-3p could reduce 
the luciferase activity in SAPCD2-WT group rather than the 
SAPCD2-Mut group (Figure 4(f), n = 3, P < .01). High enrich
ment of miR-29a-3p in Bio-SAPCD2-WT-conjugated com
plexes supported the above result (Figure 4(g), n = 3, 
P < .01). Then, knockdown of SAPCD2 decreased the levels 

of SAPCD2 mRNA and protein in TBNC cells (Figure 4(h,i), 
n = 3, P < .01). Moreover, CCK-8 and EdU assays results 
showed that inhibition of SAPCD2 impaired the proliferative 
ability of TNBC cells (Figure 4(j,k), n = 3, P < .01). Flow 
cytometry analysis and TUNEL results manifested the positive 
effect of SAPCD2 knockdown on TBNC cell apoptosis (Figure 
4(l,m), n = 3, P < .01).

DUXAP8 promotes TNBC cell growth through upregulating 
SAPCD2

First of all, knockdown of DUXAP8 caused the decreased 
expression of SAPCD2, while the tendency was reversed after 
overexpression of SAPCD2 (Figure 5(a), n = 3, P < .01). Results 
of western blot assay indicated that knockdown of DUXAP8 
suppressed the level of SAPCD2 protein, but then rescued by 
overexpression of SAPCD2 (Figure 5(b), n = 3). Afterward, 
results of CCK-8 assay and EdU assay showed that SAPCD2 
induced the recovery of cell proliferation hampered by 
DUXAP8 silencing (Figure 5(c,d), n = 3, P < .01). Finally, 
overexpression of SAPCD2 reversed the effect of DUXAP8 
knockdown on cell apoptosis (Figure 5(e), n = 3, P < .01).

Figure 3. MiR-29a-3p can interact with DUXAP8 and suppresses TNBC cell growth. (a) Subcellular fractionation assay was performed to determine the location of 
DUXAP8.(b) qRT-PCR was used to detect the expression level of potential miRNAs in TNBC cells. (c) Using starBase to predict the binding sites of miR-29a-3p and 
DUXAP8.(d) qRT-PCR was performed to detect the expression of miR-29a-3p in cells with miR-29a-3p overexpression. (e, f) Luciferase reporter and pull-down assays 
were used to verify miR-29a-3p bind with DUXAP8 when miR-29a-3p was overexpressed. (g) EdU assay and CCK-8 assay were used to investigate cell proliferation with 
miR-29a-3p overexpression. **P < .01.
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Discussion

Long non-coding RNAs (lncRNAs) have been reported as 
biological regulators in various human cancers.9 

Dysregulation of lncRNAs is involved in the initiation and 
development of human cancers.6,21,22 Functions of some 
lncRNAs have been identified in breast cancers, including 
triple-negative breast cancer.23,24 LncRNA DUXAP8 has been 
detected to be a dysregulated lncRNA in colorectal cancer and 
glioma.13,25 In the present study, we also determined that 

DUXAP8 was highly expressed in TNBC cells compared to 
normal breast cells. Importantly, knockdown of DUXAP8 sup
pressed TNBC cell proliferation and accelerated apoptosis. 
Hereto, we determined that DUXAP8 exerted an oncogenic 
role in TNBC.

Upregulation of lncRNAs may be induced by their upstream 
transcription factors. YY1 is known as a transcription activator 
for lncRNA,26,27 which is overexpressed in several human 
cancers and is correlated with poor prognosis.28 However, it 

Figure 4. SAPCD2 promotes TNBC cell growth by DUXAP8/miR-29a-3p axis. (a) mRNAs that bind with miR-29a-3p were predicted on starBase.(b) qRT-PCR was 
conducted to detect the expression level of 13 mRNAs that were selected according to miR-29a-3p binding level. (c) The expression level of SAPCD2 in TNBC cells was 
examined by qRT-PCR.(d) Western blot assay was performed to detect the expression of SAPCD2 in cells transfected with miR-29a-3p mimics. (e) Using starBase to 
predict binding sites of SAPCD2 and miR-29a-3p.(f, g) Luciferase reporter and pull-down assays were conducted to verify the binding of miR-29a-3p and SAPCD2. (h) The 
expression level of SAPCD2 was tested in cells transfected with sh-SAPCD2. (i) The expression protein level of SAPCD2 was detected with western blot assay. (j, k) CCK-8 
and EdU assays were conducted to investigate cell proliferation with knockdown of SAPCD2.(l, m) Flow cytometry analysis and TUNEL assays were performed to detect 
cell apoptosis with inhibition of SAPCD2. **P < .01.
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is unknown whether YY1 regulated DUXAP8 transcription till 
now. Therefore, we predicted and proved the binding of YY1 to 
DUXAP8 promoter. Importantly, YY1 positively regulated 
DUXAP8 expression through activating DUXAP8 transcrip
tion. Thus, we confirmed that YY1-induced upregulation of 
DUXAP8 in TNBC cells.

Competing endogenous RNA (ceRNA) has been proven to 
be correlated with tumorigenesis in many studies.20 In our 
study, we identified the cytoplasmic localization of DUXAP8 
in TNBC cells. MiR-29a-3p has been unveiled to involve in the 
ceRNA network by interacting with lncRNAs.29 Similarly, we 
predicted and demonstrated that miR-29a-3p could bind with 
DUXAP8 in TNBC cells. The anti-tumor role of miR-29a-3p 

has been elucidated in hepatocellular carcinoma,30 papillary 
thyroid carcinoma,31 gastric cancer.32 Consistently, we defined 
the tumor-suppressive role of miR-29a-3p in TNBC due to its 
suppressive effect on cell growth. These data indicated that 
DUXAP8 could bind with miR-29a-3p to regulate TNBC cell 
growth. Subsequently, we also verified that SAPCD2 was the 
downstream target of miR-29a-3p. According to previous 
reports, SAPCD2 possesses oncogenic potentials in colorectal 
carcinoma,33 breast cancer.34 In our current study, we deter
mined that SAPCD2 silencing led to the growth inhibition of 
TNBC cells. Moreover, SAPCD2 can participate in the ceRNA 
pathway.35 Here, we also determined the DUXAP8/miR-29a- 
3p/SAPCD2 ceRNA pathway in TNBC.

Figure 5. DUXAP8 promotes TNBC cell growth through upregulating SAPCD2. (a) The expression level of SAPCD2 in cells transfected with indicated plasmids was 
detected by qRT-PCR.(b) Western blot assay was performed to test the expression of SAPCD2 in cells transfected with pcDNA3.1/SAPCD2.(c, d) CCK-8 and EdU assays 
were performed to test the effects of inhibited DUXAP8 in TNBC cell proliferation. (e) Flow cytometry analysis was performed to examine DUXAP8 and SAPCD2 effects on 
cell apoptosis. **P < .01.
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In conclusion, DUXAP8 is transcriptionally activated by 
YY1 and promotes TNBC cell proliferation but hampers apop
tosis through modulating the miR-29a-3p/SAPCD2 axis. Our 
study revealed a novel ceRNA pathway in TNBC cell growth, 
which may help to unveil novel therapeutic target for TNBC 
patients.

However, lncRNAs usually regulate various biological func
tions through multiple downstream targets.36–38 According to 
previous studies, lncRNAs can exert functions through regu
lating multiple downstream targets.39,4041 In the current study, 
we only reported one downstream target of DUXAP8 in 
TNBC, which is a limitation of our current study. To enrich 
our research findings, we will explore multiple targets of 
DUXAP8 in the future study. Additionally, lack of clinical 
data is also a limitation of this study. Therefore, we will analyze 
the clinical significance of the ceRNA pathway in the next 
study.
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