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Abstract

Background: Triple-negative breast cancer (TNBC), in part because of the high metastasis rate, is one of the most
prevalent causes of malignancy-related mortality globally. Ubiquitin specific peptidase 6 N-terminal like (USP6NL)
has been unmasked to be implicated in some human cancers. However, the precise biological function of USP6NL
in TNBC has not been defined.

Methods: RNA expression was examined by real-time quantitative PCR (RT-qPCR), while USP6NL protein level was
tested through western blot. Besides, cell proliferation was assessed by using colony formation assay, whereas cell
apoptosis estimated by flow cytometry analysis, JC-1 assay and TUNEL assay. Transwell assays were adopted to
detect the migration and invasion of indicated TNBC cells. Immunofluorescence (IF) assay evaluated epithelial-
mesenchymal transitions (EMT) progress in TNBC. Further, RNA immunoprecipitation (RIP), RNA pull down and
luciferase reporter assays were implemented for measuring the mutual interplay among USP6NL, miR-142-3p and
long intergenic non-protein coding RNA 689 (LINC00689).

Results: Elevated USP6NL level was uncovered in TNBC cells. RNA interference-mediated knockdown of USP6NL
inhibited TNBC cell growth, motility and EMT. Further, USP6NL was proved as the target of a tumor-inhibitor miR-
142-3p, and LINC00689 augmented USP6NL expression by absorbing miR-142-3p. Importantly, miR-142-3p
deficiency or USP6NL overexpression fully abolished the inhibitory effect of LINC00689 silence on TNBC cellular
behaviors.

Conclusion: All data revealed the important role of USP6NL/LINC00689/miR-142-3p signaling in TNBC. The findings
might provide a new and promising therapeutic biomarker for treating patients with TNBC.
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Background
Triple-negative breast cancer (TNBC) is a kind of female
malignancy with high mortality [1]. Its occurrence is
owing to lacking estrogen receptor and progesterone re-
ceptor, as well as elevated human epidermal growth fac-
tor receptor 2 level [2]. Even thought, immunotherapy

[3, 4], radiotherapy [5] and others act as presently main
therapeutic strategies for patients with TNBC, there are
still great challenges for treating TNBC due to poor
prognosis and heterogeneous character [6]. In past few
decades, molecules like messenger RNAs (mRNAs) of
protein-coding genes have been applied as promising
biomarkers for TNBC treatment [7–9]. In the current
study, we planned to figure out the role of USP6NL in
TNBC.
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The level of protein-coding genes is considered to
have close association with the development of multiple
tumors and diseases [10–12]. For example, strong ex-
pression levels of COL1A1 and COL1A2 was suggested
to have close relation to low overall survival rate of pa-
tients with gastric cancer [13]. Up-regulation of TCF21
depressed cell proliferation and EMT in breast cancer
[14]. As for the subject ubiquitin specific peptidase 6 N-
terminal like (USP6NL) mentioned in this study, this
gene encoded a type of GTPase-activating protein which
has been reported in past few years to participate in sev-
eral cancers. For instance, sun el at. suggested that
USP6NL was overexpressed in colorectal cancer (CRC)
cells to facilitate CRC progression [15]; USP6NL up-
regulation caused glycolysis addiction in breast cancer
[16]. However, the role and molecular mechanism of
USP6NL in TNBC have not yet been reported or
explored.
In present study, we intended to explore the function

and upstream mechanism of USP6NL in TNBC.

Methods
Cell culture
Human TNBC cells lines (AU565, MDA-MB-453,
MDA-MB-436, MDA-MB-468 and MDA-MB-231) and
human normal mammary epithelial cell line (MCF-10A)
were all procured from the ATCC company (Rockville,
Maryland). All these TNBC cell lines are derived from
metastatic tumors (metastatic site: pleural effusion or
pericardial effusion). The DMEM medium (Invitrogen,
Carlsbad, CA) supplementing with 10% FBS was
employed for cultivating MCF-10A, AU565 and MDA-
MB-453 cells. Besides, L-15 medium with 10% FBS was
adopted to culture MDA-MB-436, MDA-MB-468 and
MDA-MB-231 cells. All these cells were grown in 5%
CO2 at 37 °C.

Real-time quantitative PCR (RT-qPCR)
Total RNA was separated through adopting Trizol re-
agent (Invitrogen), followed by the synthesis of the first
cDNA template in accordance with the protocol of sup-
pliers (Takara Bio Inc., Shiga, Japan). Following, quanti-
tative PCR was implemented with the SYBR R Premix
Ex TaqTM II (Takara), with the result analyzed via
2-ΔΔCt method. ACTB or U6 served as the control. Three
bio-repeats were conducted for this experiment.

Plasmid transfection
The shRNAs targeting LINC00689 or USP6NL, as well
as the corresponding negative controls, were devised and
composed by Genepharma Company (Shanghai, China).
In addition, pcDNA3.1 vectors (Invitrogen) covering
full-length cDNA sequence of LINC00689 or USP6NL
were adopted to enhance LINC00689 or USP6NL

expression, with empty vector as the negative control.
The miR-142-3p mimics and NC mimics, as well as
miR-142-3p inhibitor and NC inhibitor, were obtained
from RiboBio (Guangzhou, China), with the final trans-
fection concentration at 50 nM. Above plasmids were
appropriately transfected into MDA-MB-468 and MDA-
MB-231 cells for 48 h by utilizing Lipofectamine 2000
(Invitrogen).

Western blot
After cells lysis via RIPA lysis buffer (Beyotime, Shang-
hai, China) containing protease inhibitor, total protein
was acquired and the concentration was then examined
with a Bio-Rad DC Protein Assay Kit (Yuwei Biotechnol-
ogy, Guangzhou, China). Subsequently, protein separ-
ation was achieved by SDS-PAGE, followed by protein-
transferring to PVDF membranes. Thereafter, the mem-
branes were subjected to sealing with 5% BSA and over-
night incubation at 4 °C with primary antibodies against
USP6NL and β-actin. After being captured by secondary
antibodies, the proteins were visualized by using chemi-
luminescence detection system.

Colony formation assay
MDA-MB-468 and MDA-MB-231 cells were gathered
and then planted in 96-well plate (500 cells/well). After
fortnight, cells were subjected to fixation through 4%
paraformaldehyde and staining via 0.1% crystal violet. In
the end, the number of colonies was counted manually.
The experiment was repeated no less than three times.

TUNEL assay
After fixation, MDA-MB-468 and MDA-MB-231 cells
were rinse through precooled PBS. Afterward, cells were
subjected to permeation as least 15 min. In accordance
with the protocol pf suppliers, TUNEL assay Kit (Beyo-
time, Shanghai, China) was adopted to measure apop-
totic cells. Then DAPI was utilized to stain the nuclei. In
the end, the apoptotic cells were captured through fluor-
escence microscopy (Olympus). This assay was imple-
mented with three repeats.

Flow cytometry analysis
Firstly, the transfected MDA-MB-468 and MDA-MB-
231 cells were gathered and rinsed via precooled PBS.
Then Annexin V-FITC/PI Apoptosis kit bought from
BD Biosciences (San Jose, CA) was utilized to estimate
the apoptosis rate of 2 × 105 cells. In detail, cells were
separately treated with FITC or PI for 15 min, followed
by analysis through flow cytometry (BD Biosciences).
The experiment was repeated no fewer than three times.
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JC-1 assay
The transfected MDA-MB-468 and MDA-MB-231 cells
were subjected to cultivation in 96-well black microplate.
After a night, cells were centrifuged and then the culture
medium was removed. Following, cells were processed
with JC-1 staining for half an hour. In the end, fluores-
cence microscope (Olympus) was adopted to observe
and analyze the stained cells. This experiment was car-
ried out for at least three times.

Transwell assay
With regard to migration assay, cells in serum-free
medium were put in the upper transwell chambers with-
out Matrigel. As for invasion assay, such cells were
added into chambers pre-laid with Matrigel. After that,
the culture medium with 20% FBS was added in bottom
chamber. After cultivating for 24 h, the residual cells in
upper chamber were eliminated, while cells in the lower
chamber were separately fixed and stained with metha-
nol and crystal violet. In the end, a microscopy (Olym-
pus) was utilized to compute the number of migrated
and invaded cells. Three bio-repeats were carried out for
this assay.

Immunofluorescence (IF)
A 6-well plate was utilized to cultivate TNBC cells at the
consistence of 2.5 × 104 cells per well. One day later,
cells were fixed at room temperature (RT) and then
permeabilized by 0.1% Triton X-100. Following block-
aded with 5% BSA, cells were treated with the primary
antibodies against E-cadherin and N-cadherin at 4 °C.
After a night, secondary antibodies (Abcam) were sup-
plemented and incubated cells at RT for half an hour. Fi-
nally, DAPI staining was performed and cells were
observed under fluorescence microscopy (Olympus).
The experiment was repeated no fewer than three times.

Subcellular fraction
MDA-MB-468 and MDA-MB-231 cells (1 × 106) rinsed
by precooled PBS were gathered for incubation with cell
fractionation buffer and cell disruption buffer based on
the PARIS™ Kit (Invitrogen). After centrifugation,
LINC00689 content in the cytoplasmic or nuclear frac-
tion was evaluated through RT-qPCR. The cytoplasmic
control was ACTB and the nuclear control was U6
served. This experiment was repeated no less than three
times.

FISH assay
The devised specific RNA-FISH probe for LINC00689
was acquired from Ribobio. Based on the protocol of
suppliers, cells were air-dried and cultivated with
LINC00689-probe in hybridization buffer. After Hoechst
staining, fluorescence microscopy was utilized to observe

cells. This assay was performed with at least three
repeats.

RNA immunoprecipitation (RIP)
Firstly, cell lysates obtained via RIP lysis buffer were cul-
tivated with human Ago2 antibody (Millipore) and mag-
netic beads in RIP buffer. The normal IgG antibody
(Millipore) was thought as the negative control. Finally,
RT-qPCR was adopted for analyzing RNA in the whole
precipitates. The experiment was conducted for no fewer
than three times.

RNA pull down assay
In accordance with the protocol of suppliers, Pierce
Magnetic RNA-Protein Pull-Down Kit (Thermo Fisher
Scientific, Waltham, MA) was taken for determining the
interaction between molecules. The prepared cell lysates
were blended with Bio-USP6NL-WT/Mut, Bio-
LINC00689-WT/Mut or Bio-NC, followed by being
mixed with streptavidin-linked magnetic beads. In the
end, RT-qPCR was utilized to analyze RNAs in the
pulled down complexes. The experiment had no less
than three bio-repeats.

Luciferase reporter assay
The LINC00689 or USP6NL 3’UTR fragments which in-
cluded wild-type or mutated miR-142-3p binding sites
were separately inserted to the pmirGLO luciferase vec-
tor (Promega, Madison, WI). Following, above reporters
were subjected to co-transfection into indicated TNBC
cells with miR-142-3p mimics or NC mimics. Two days
later, Luciferase Reporter Assay System (Promega) was
utilized for analysis of the luciferase activity. This assay
was repeated for no fewer than three times.

Statistical analysis
All the experiments were bio-repeated no less than three
times. Data were represented by means of mean ± SD.
Moreover, PRISM 6 (GraphPad, San Diego, CA) soft-
ware was employed for data analysis with one-way
ANOVA or Student’s t-test. The p-value below 0.05 was
considered to be statistically significant.

Results
USP6NL exerts pro-oncogenic functions in TNBC
To explore the role of USP6NL in TNBC, the level of
USP6NL in TNBC cell lines (AU565, MDA-MB-436,
MDA-MB-453, MDA-MB-468 and MDA-MB-231) and
the human normal breast cell line MCF-10A were mea-
sured via RT-qPCR. The outcome displayed that
USP6NL presented high expression in TNBC cell lines
in comparison to MCF-10A cells (Fig. 1a). Next, we per-
formed loss-of-function assays in MDA-MB-468 and
MDA-MB-231 cells considering the highest USP6NL
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Fig. 1 (See legend on next page.)
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expression level in these two cells. Before executing
functional assays, USP6NL was proved to be signifi-
cantly silenced in both TNBC cells by transfecting
with sh-USP6NL#1/#2, by RT-qPCR and western blot
analyses (Fig. 1b and Supplementary Figure 1A). Ac-
cording to the consequence of colony formation assay,
knockdown of USP6NL led to apparent reduction of
colony number (Fig. 1c), indicating that USP6NL si-
lence suppressed TNBC colony-formation ability.
However, the results of flow cytometry analysis mir-
rored that USP6NL down-regulation markedly en-
hanced the cell apoptosis rate (Fig. 1d). Also, the
outcomes of JC-1 assay indicated that cell apoptosis
was accelerated by USP6NL depletion since the JC-1
ratio was inhibited in cells with USP6NL depletion
(Fig. 1e). Besides, it was indicated through TUNEL
assay that silencing USP6NL could elevate TUNEL
positive cell present (Fig. 1f), further suggesting cell
apoptosis was promoted by knockdown of USP6NL.
Moreover, it manifested that the capacities of cells
migration and invasion were obviously suppressed due
to USP6NL insufficient, evidenced by the declined
number of migrated and invaded cells in response to
USP6NL suppression (Fig. 1g-h). Furthermore, IF
assay indicated that USP6NL deficiency led to in-
creased signals of E-cadherin declined staining of N-
cadherin in both TNBC cells (Fig. 1i), declaring that
USP6NL had an accelerating impact on EMT process
in TNBC. In sum, we confirmed that USP6NL exerts
pro-oncogenic functions in TNBC.

MiR-142-3p acts as the upstream of USP6NLin TNBC
To prove the probable miRNAs upstream of USP6NL,
five tools (including PITA, PicTar, miRanda, mircoT and
miRmap) enclosed in ENCORI database (http://starbase.
sysu.edu.cn/) were applied. Fortunately, two miRNAs
shared by all above 5 tools were screened out as the po-
tential miRNAs targeted UAP6NL (Fig. 2a). Further, we
detected the expression level of both miRNAs in TNBC
cells and discovered that miR-142-3p but not miR-200c-
3p had low expression trend in TNBC cells compared
with the normal MCF-10A cells (Fig. 2b). Thus, we
elected miR-142-3p as the subject of follow-up

experiments. Then we transfected miR-142-3p mimics
into MDA-MB-468 and MDA-MB-231 cells and found
an effective elevation on miR-142-3p expression in these
two cells (Fig. 2c). Further, we uncovered that miR-142-
3p up-regulation could decline the expression of both
USP6NL mRNA and protein (Fig. 2d and Supplemen-
tary Figure 1B). Additionally, the results of RIP assay
displayed that miR-142-3p and USP6NL were both
abundant in anti-Ago2 group rather than Anti-IgG
group (Fig. 2e), indicating their co-existence in Ago2-
assmebled RNA-induced silencing complexes (RISCs).
Meanwhile, the outcomes of RNA pull down assay
unmasked the apparent enrichment of miR-142-3p by
Bio-USP6NL-WT but not by bio-USP6NL-Mut (Fig. 2f),
indicating the binding of miR-142-3p to USP6NL in
TNBC cells. Under the analysis of ENCORI database,
the binding sequence between miR-142-3p and USP6NL
was exhibited in Fig. 2g. Moreover, miR-142-3p mimics
sharply cut down the luciferase activity of USP6NL-WT,
but not effected that of USP6NL-Mut (Fig. 2h). Taken
together, miR-142-3p serves as the upstream of USP6NL
in TNBC.

MiR-142-3p plays an effective tumor-restraining part in
TNBC
Afterwards, the effect of miR-142-3p on TNBC cellu-
lar behaviors was evaluated. As presented in Fig. 3a,
the proliferation of TNBC cells was hampered in face
of miR-142-3p elevation. In contrast, it manifested
that ectopic expression of miR-142-3p accelerated cell
apoptosis compared to NC mimics group (Fig. 3b-d).
In the meantime, the capacities of cells to migrate
and invade were overtly declined by miR-142-3p mimics
(Fig. 3e-f). Similarly, overexpressed miR-142-3p also
depressed the EMT progress in TNBC (Fig. 3g). Collect-
ively, miR-142-3p is an effective cancer-suppressor in
TNBC.

LINC00689 is taken for a ceRNA to boost USP6NL by
sponging miR-142-3p in TNBC
Subsequently, we utilized ENCORI database (http://star-
base.sysu.edu.cn/) to search for the potential lncRNAs
interacting with miR-142-3p. As a result, total 61 lncRNAs

(See figure on previous page.)
Fig. 1 USP6NL exerts pro-oncogenic functions in TNBC by affecting cell proliferation, apoptosis, migration, invasion and EMT. a. The expression of
USP6NL in TNBC cell lines and human normal breast cell line MCF-10A were respectively assessed with RT-qPCR. b. The RT-qPCR analyzed the
interference efficiency of USP6NL in both cells transfected with sh-USP6NL#1/2. c. Colony formation assay was conducted to measure the change
of cell proliferation in cells with or without USP6NL inhibition. d. Flow cytometry analysis determined the apoptosis rate of USP6NL-silenced cells.
The X axis of the FACS dot plots meant cells labelled with FITC and the Y axis indicated cells dyed by PI. e-f. JC-1 assay and TUNEL assay were
adopted to examine cell apoptosis under USP6NL interference or not. g-h. Transwell assay was used to assess the migration and invasion of
TNBC cells with silenced USP6NL or not. i. EMT process in TNBC cells was also examined by IF analysis of E-cadherin and N-cadherin staining.
*P < 0.05, **P < 0.01
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were screened out, among which 22 lncRNAs were classed
“8mer” that meant the sites matched well to the seed re-
gion of miR-142-3p. Then, we selected 6 lncRNAs

(MATN1-AS1, ENTPD3-AS1, DUBR, LINC00689,
PSMA3-AS1 and LINC00482) through excluding the un-
annotated ones as well as those have been studied in

Fig. 2 MiR-142-3p acts as the upstream of USP6NL in TNBC. a. Bioinformatics tools were used to predict candidate miRNAs binding to
USP6NL. b. The expression of miR-142-3p/miR-200c-3p was examined by RT-qPCR in TNBC cells and normal MCF-10A cells. c-d. RT-qPCR
detected miR-142-3p and USP6NL expression in TNBC cells transfected with miR-142-3p mimics. e-f. RIP assay and RNA pull down assay
were carried out to verify the interplay between miR-142-3p and USP6NL. g. The binding sites of miR-142-3p to USP6NL’UTR were
predicted by ENCORI. h. Luciferase reporter assay was applied to confirm the connection between miR-142-3p and USP6NL. *P < 0.05,
**P < 0.01. n.s.: no significance
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Fig. 3 MiR-142-3p plays a tumor repressive part in TNBC. a. Colony formation assay was performed to assess the impact of miR-142-3p
upregulation on cell proliferation. b-d. Under the context of miR-142-3p elevation, cell apoptosis was tested via flow cytometry analysis, JC-1
assay and TUNEL assay. The X axis of the FACS dot plots in Fig. 3b meant cells labelled with FITC and the Y axis indicated cells dyed by PI. e-f.
The effect of enhanced miR-142-3p on cell migration and invasion was tested via transwell assays. g. IF assay analyzed the expression of two
EMT-related proteins (E-cadherin and N-cadherin) in TNBC cells with or without miR-142-3p up-regulation. **P < 0.01
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breast cancer. Further, the results of RNA pull down assay
suggested that only LINC00689 among the selected 6
lncRNAs was highly concentrated in Bio-miR-142-3p

group (Supplementary Figure 1C). Thereafter, we evalu-
ated the expression of LINC00689 in TNBC cells. It was
demonstrated that LINC00689 exhibited higher

Fig. 4 LINC00689 is taken for a ceRNA to regulate USP6NL by sponging miR-142-3p in TNBC. a. RT-qPCR detected the expression of LINC00689 in
TNCB cells. b-c. The cytoplasmic location of LINC00689 in TNBC cells was identified by subcellular fraction assay and FISH assay. d. The expression
of USP6NL in both cells was assessed by RT-qPCR in the case of LINC00689 overexpression. e. RNA pull down assay was used to confirm the
interaction between LINC00689 and miR-142-3p. f. The binding sequence between LINC00689 and miR-142-3p was acquired via ENCORI. g. The
combination between LINC00689 and miR-142-3p were identified by luciferase reporter assay. h. USP6NL expression was measured by RT-qPCR
under the circumstance of overexpressed LINC00689 or together with miR-142-3p. *P < 0.05, **P < 0.01
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expression in TNBC cells than MCF-10A controls,
with the highest level in MDA-MB-468 and MDA-
MB-231 cells (Fig. 4a). As far as mechanism was
concerned, lncRNAs are capable of affecting gene
expression through post-transcriptional regulation via
functioning as a competitive endogenous (ceRNA).
According to findings of subcellular fractionation assay
and FISH assay, LINC00689 was richly expressed in the
cytoplasm of both TNBC cells (Fig. 4b-c). Next, both cells
were transfected with pcRNA3.1/LINC00689. As a result,
up-regulation of LINC00689 overtly promoted the levels
of USP6NL mRNA and protein (Fig. 4d and Supplemen-
tary Figure 1D). Then the results of RNA pull down assay
uncovered that USP6NL was effectively captured by
Bio-LINC00689-WT instead of Bio-LINC00689-Mut
in both TNBC cells (Fig. 4e). Additionally, the puta-
tive sites responsible for the interaction between
LINC00689 and miR-142-3p were gained by ENCORI
software (Fig. 4f). Furthermore, it was displayed that
elevating miR-142-3p obviously cut down the lucifer-
ase activity of LINC00689-WT but not that of
LINC00689-Mut (Fig. 4g). In the last step, rescue as-
says helped us discover the influence of LINC00689/
miR-142-3p pathway on USP6NL. As anticipated, the
mRNA and protein levels of USP6NL were both up-
regulated by LINC00689 overexpression, but then cut
down by miR-142-3p elevation (Fig. 4h and Supple-
mentary Figure 1E). Overall, LINC00689 is taken for
a ceRNA to upregulate USP6NL by sponging miR-
142-3p in TNBC.

LINC00689 affects TNBC cell proliferation and apoptosis
through miR-142-3p/USP6NL axis
Thereafter, we conducted rescue assays to illustrate the
regulatory function of LINC00689/miR-142-3p/USP6NL
pathway in TNBC. Firstly, we observed that the expression
of LINC00689 was apparently silenced by sh-
LINC00689#1/#2 in both MDA-MB-468 and MDA-MB-
231 cells (Fig. 5a). Also, transfection of miR-142-3p inhibi-
tor effectively decreased the expression of miR-142-3p in
these two TNBC cells (Supplementary Figure 1F). In the
meantime, the expression of USP6NL was dramatically el-
evated by transfecting with pcDNA3.1/USP6NL (Fig. 5b
and Supplementary Figure 1G). Next, the results of col-
ony formation assay Indicated that the inhibition on
TNBC cell proliferation resulted from LINC00689 knock-
down was fully rescued by miR-142-3p suppression or
USP6NL up-regulation (Fig. 5c). Meanwhile, silencing
LINC00689 led to stimulation on TNBC cell apoptosis,
while inhibited miR-142-3p or over-expressed USP6NL
absolutely reversed such impact (Fig. 5d-f). Overall, miR-
142-3p and USP6NL were involved in LINC00689-
regulatedTNBC cell proliferation and apoptosis.

LINC00689 contributes to TNBC cell migration, invasion
and EMT via miR-142-3p/USP6NL signaling
Next, we continued to detect the influence of this path-
way on TNBC cell migration, invasion and EMT.
Through conducting transwell assays, we unveiled that
cell motility was restrained owing to LINC00689 down-
regulation, while such restraining effect was totally re-
stored owing to miR-142-3p suppression or USP6NL
overexpression (Fig. 6a-b). Following, in the outcomes of
IF assays, LINC00689 depletion retarded EMT progres-
sion was reversed on account of miR-142-3p inhibition
or USP6NL enhancement (Fig. 6c). In a word,
LINC00689 depends on miR-142-3p/USP6NL signaling
to work as a facilitator in TNBC.

Discussion
TNBC, one subtype of breast cancer, has been paid
increasing attention due to high occurrence and mor-
tality. Prevalently, targeted therapy has become a hot
topic in diverse cancers, including TNBC. In this re-
gard, promising molecules suitable for such therapy
have caught researchers’ eyes in recent years, espe-
cially protein-coding genes. For instance, MCP-1 was
suggested to play a key role in TNBC by affecting
tumor invasiveness and metastasis [17]. Strong ex-
pression of CDCA7 was indicated to have correlations
with metastatic relapse status and shorted the survival
time of TNBC patients [18]. Similarly, RAB1A knock-
down suppressed cell proliferation and EMT in TNBC
[19]. Presently, we unveiled that the expression of
USP6NL was enhanced in TNBC cells, and the ele-
vated expression of USP6NL contributed to cell pro-
liferation, migration and invasion as well as EMT in
TNBC cells. Thus, we deduced that USP6NL served a
cancer-facilitating part in TNBC, suggesting it as an
effective and useful biomarker for TNBC treatment.
Since the mRNAs of protein-coding genes could be

recognized and silenced by miRNAs, we then made use
of bioinformatics tools to find out probable miRNAs up-
stream of USP6NL. Herein, miR-142-3p was finally
proved to target USP6NL in TNBC. Moreover, we dis-
closed that miR-142-3p up-regulation had similar effects
like silencing USP6NL on TNBC cellular behaviors. In
other word, miR-142-3p worked as a cancer-repressor in
TNBC. Previously, miR-142-3p has also been indicated
to participate in cancer development by a similar man-
ner. For instance, in colorectal cancer, miR-142-3p
inhibited CDK4 to restrain cell growth [20]. Besides,
miR-142-3p also regulated the progression of cervical
cancer and gastric cancer [21, 22].
Nowadays, more and more evidence disclosed that

long non-coding RNAs (lncRNAs) are also implicated in
TNBC development. For example, lncRNA BORG accel-
erated the survival and chemoresistance of TNBC cells
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Fig. 5 MiR-142-3p suppression or USP6NL overexpression abolishes the effect of LINC00689 silence on TNBC cell proliferation and apoptosis. a.
The expression of LINC00689 was measured by RT-qPCR in the context of LINC00689 knockdown. b. RT-qPCR determined the expression of
USP6NL in TNBC cells transfected with pcDNA3.1 or pcDNA3.1/USP6NL. c. The colony formation assay detected the effect of inhibited miR-142-3p
or upregulated USP6NL on LINC00689 silence-mediated cell proliferation. d-f. Flow cytometry analysis, JC-1 assay and TUNEL assay evaluated the
apoptosis of cells under diverse conditions. The X axis of the FACS dot plots in Fig. 5d meant cells labelled with FITC and the Y axis indicated
cells dyed by PI. **P < 0.01
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[23]. LncRNA PVT1 mediated TNBC progression via
KLF5/beta-catenin signaling [24]. Generally speaking,
lncRNAs are able to be a ceRNA to regulate mRNA ex-
pression by competitively combining with miRNAs [25,
26]. As for LINC00689, Liu et al. explained that
LINC00689 might affect glioma progression by regulat-
ing miR-338-3p/PKM2 pathways [27]. In current study,
LINC00689 was recognized as the upstream of miR-142-
3p and worked as a ceRNA to boost USP6NL expression
by sequestering miR-142-3p. In the end, rescue assays

proofed that inhibited miR-142-3p or up-regulated
USP6NL could absolutely reverse the suppression of de-
pleted LINC00689 on TNBC cell proliferation, migra-
tion/invasion and EMT.

Conclusion
Our results showed that USP6NL mediated by
LINC00689/miR-142-3p promotes the development of
TNBC. These findings indicated that USP6NL might be
a novel and promising therapeutic biomarker for TNBC.

Fig. 6 MiR-142-3p suppression or USP6NL overexpression abolishes the effect of LINC00689 silence on TNBC cell migration, invasion and EMT. a-
b. Transwell assay was implemented to test cell migration and invasion in response to different contexts. c. IF assay assessed the EMT progress in
indicated TNBC cells. **P < 0.01
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Additional file 1: Supplementary Figure S1 LINC00689 elevates
USP6NL expression in TNBC cells via miR-142-3p. A-B. Western blot tested
the protein level of USP6NL in MDA-MB-468 and MDA-MB-231 cells
under USP6NL inhibition or miR-142-3p upregulation. C. RNA pull down
assay analyzed the interaction of miR-142-3p with indicated 6 lncRNAs in
MDA-MB-468 cells. D-E. USP6NL protein expression was examined by
western blot in two TNBC cells with LINC00689 overexpression or to-
gether with miR-142-3p inhibition. F. RT-qPCR determined the inhibition
efficiency of miR-142-3p in these two cells. G. Western blot proved the in-
deed upregulation of USP6NL protein in cells transfected with pcDNA3.1/
USP6NL. **P < 0.01.

Additional file 2. The original, unprocessed versions of all western blots.

Abbreviations
TNBC: Triple-negative breast cancer; lncRNAs: Long non-coding RNAs;
mRNA: Messenger RNA; ceRNAs: Competing endogenous RNAs;
miRNA: MicroRNA; USP6NL: Ubiquitin specific peptidase 6 N-terminal like;
LINC00689: Long intergenic non-protein coding RNA 689; EMT: Epithelial-
mesenchymal transitions; 3’UTR: 3′-untranslated region; ATCC: American Type
Culture Collection; DMEM: Dulbecco’s modification of Eagle’s medium;
FBS: Fatal Bovine Serum; TUNEL: Terminal deoxynucleotidyl transferase (TdT)
dUTP Nick-End Labeling; DAPI): 4′,6-diamidino-2-phenylindole; Wt: Wild-type;
Mut: Mutant; IF: Immunofluorescence; FISH: Fluorescence in situ
hybridization; CRC: Colorectal cancer; RT-qPCR: Real-time quantitative PCR;
RIP: RNA immunoprecipitation; SD: Standard deviation; ANOVA: Analysis of
Variance

Acknowledgements
We appreciate the supports of our experimenters.

Consent to publish
Not applicable.

Authors’ contributions
TM wrote the article, HL administrated the whole research, YL, TL, HW
conducted functional assays and experiment with the assistance of FQ, LS
and LZ made statistical analysis. All authors have read and approved the
manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Breast Surgery, Taian City Central Hospital, Taian 271000,
Shandong, China. 2Department of Oncology, Huai’an Second People’s
Hospital, the Affiliated Huai’an Hospital of Xuzhou Medical University, No.62
South Huaihai Road, Huai’an 223002, Shandong, Jiangsu, China. 3Department
of Vascular Surgery, Taian City Central Hospital, Taian 271000, Shandong,
China.

Received: 26 March 2020 Accepted: 9 September 2020

References
1. Jitariu AA, et al. Triple negative breast cancer: the kiss of death. Oncotarget.

2017;8(28):46652–62.

2. Kumar P, Aggarwal R. An overview of triple-negative breast cancer. Arch
Gynecol Obstet. 2016;293(2):247–69.

3. Katz H, Alsharedi M. Immunotherapy in triple-negative breast cancer. Med
Oncol. 2017;35(1):13.

4. Marra A, Viale G, Curigliano G. Recent advances in triple negative breast
cancer: the immunotherapy era. BMC Med. 2019;17(1):90.

5. He MY, et al. Radiotherapy in triple-negative breast cancer: current situation
and upcoming strategies. Crit Rev Oncol Hematol. 2018;131:96–101.

6. Bianchini G, et al. Triple-negative breast cancer: challenges and
opportunities of a heterogeneous disease. Nat Rev Clin Oncol. 2016;13(11):
674–90.

7. Grunwitz C, Kranz LM. mRNA Cancer vaccines-messages that prevail. Curr
Top Microbiol Immunol. 2017;405:145–64.

8. Luo J, et al. Aberrant Regulation of mRNA m(6) A Modification in Cancer
Development. Int J Mol Sci. 2018;19:9.

9. Pardi N, et al. mRNA vaccines - a new era in vaccinology. Nat Rev Drug
Discov. 2018;17(4):261–79.

10. Lopez de Silanes, I., M.P. Quesada, and M. Esteller, Aberrant regulation of
messenger RNA 3′-untranslated region in human cancer. Cell Oncol, 2007.
29(1): p. 1–17.

11. Weinberg AM. Messenger RNA: origins of a discovery. Nature. 2001;
414(6863):485.

12. Danckwardt S, Hentze MW, Kulozik AE. 3′ end mRNA processing: molecular
mechanisms and implications for health and disease. EMBO J. 2008;27(3):
482–98.

13. Li J, Ding Y, Li A. Identification of COL1A1 and COL1A2 as candidate
prognostic factors in gastric cancer. World J Surg Oncol. 2016;14(1):297.

14. Wang J, et al. Clinicopathological significance and biological role of TCF21
mRNA in breast cancer. Tumour Biol. 2015;36(11):8679–83.

15. Sun K, et al. Tre2 (USP6NL) promotes colorectal cancer cell proliferation via
Wnt/beta-catenin pathway. Cancer Cell Int. 2019;19:102.

16. Avanzato D, et al. High USP6NL levels in breast Cancer sustain chronic AKT
phosphorylation and GLUT1 stability fueling aerobic glycolysis. Cancer Res.
2018;78(13):3432–44.

17. Dutta P, et al. MCP-1 is overexpressed in triple-negative breast cancers and
drives cancer invasiveness and metastasis. Breast Cancer Res Treat. 2018;
170(3):477–86.

18. Ye L, et al. Overexpression of CDCA7 predicts poor prognosis and induces
EZH2-mediated progression of triple-negative breast cancer. Int J Cancer.
2018;143(10):2602–13.

19. Xu H, et al. Inhibition of RAB1A suppresses epithelial-mesenchymal
transition and proliferation of triple-negative breast cancer cells. Oncol Rep.
2017;37(3):1619–26.

20. Zhu X, et al. miR-142-3p suppresses cell growth by targeting CDK4 in
colorectal Cancer. Cell Physiol Biochem. 2018;51(4):1969–81.

21. Li M, et al. Expression of microRNA-142-3p in cervical cancer and its
correlation with prognosis. Eur Rev Med Pharmacol Sci. 2017;21(10):2346–50.

22. Wang Y, et al. Downregulation of microRNA-142-3p and its tumor
suppressor role in gastric cancer. Oncol Lett. 2018;15(5):8172–80.

23. Gooding AJ, et al. The lncRNA BORG facilitates the survival and
chemoresistance of triple-negative breast cancers. Oncogene. 2019;38(12):
2020–41.

24. Tang J, et al. LncRNA PVT1 regulates triple-negative breast cancer through
KLF5/beta-catenin signaling. Oncogene. 2018;37(34):4723–34.

25. Wang W, et al. A novel mRNA-miRNA-lncRNA competing endogenous RNA
triple sub-network associated with prognosis of pancreatic cancer. Aging
(Albany NY). 2019;11(9):2610–27.

26. Zhong G, et al. Identification of novel mRNA-miRNA-lncRNA competing
endogenous RNA network associated with prognosis of breast cancer.
Epigenomics. 2019;11(13):1501–18.

27. Liu X, et al. LncRNA LINC00689 promotes the growth, metastasis and
glycolysis of glioma cells by targeting miR-338-3p/PKM2 axis. Biomed
Pharmacother. 2019;117:109069.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ma et al. BMC Cancer          (2020) 20:998 Page 12 of 12

https://doi.org/10.1186/s12885-020-07394-z
https://doi.org/10.1186/s12885-020-07394-z

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Cell culture
	Real-time quantitative PCR (RT-qPCR)
	Plasmid transfection
	Western blot
	Colony formation assay
	TUNEL assay
	Flow cytometry analysis
	JC-1 assay
	Transwell assay
	Immunofluorescence (IF)
	Subcellular fraction
	FISH assay
	RNA immunoprecipitation (RIP)
	RNA pull down assay
	Luciferase reporter assay
	Statistical analysis

	Results
	USP6NL exerts pro-oncogenic functions in TNBC
	MiR-142-3p acts as the upstream of USP6NLin TNBC
	MiR-142-3p plays an effective tumor-restraining part in TNBC
	LINC00689 is taken for a ceRNA to boost USP6NL by sponging miR-142-3p in TNBC
	LINC00689 affects TNBC cell proliferation and apoptosis through miR-142-3p/USP6NL axis
	LINC00689 contributes to TNBC cell migration, invasion and EMT via miR-142-3p/USP6NL signaling

	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Consent to publish
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Competing interests
	Author details
	References
	Publisher’s Note

