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LINC00665 sponges miR-641 to promote the progression of breast cancer by
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ABSTRACT

The regulatory network of competing endogenous RNAs (ceRNA) exists widely in tumors and
affects the expression of cancer-related genes, thus playing an important role in the devel-
opment and prognosis of human tumors. In this research, we explored the role and mechan-
ism of LINC00665 as a ceRNA in breast cancer. We analyzed the expression and targets of
LINC00665 in breast cancer using bioinformatics, and detected their effects on breast cancer
cells by CCK8, transwell, colony formation and flow cytometry assays. From our results,
LINC00665 knockdown suppressed the proliferation, migration and invasion and induced the
apoptosis through inactivating the AKT/mTOR signaling pathway in MCF7 and MDA-MB-231
cells. LINC00665 had five potential downstream target miRNAs (miR-542-3p, miR-624-5p, miR-
641, miR-425-5p, and miR-30-3p). In dual-luciferase report gene assay, the fluorescence activity
of cells transfected with miR-641 mimics decreased, and the expression of miR-641 decreased
significantly after knocking down LINC00665. miR-641 mimics significantly inhibited cell pro-
liferation and invasion in MCF7 and MDA-MB-231 cells. We detected five potential direct
targets of miR-641 using qPCR (SRCAP, SIKE1, NADK, KHDC4, and HSPG2). SRCAP expression
decreased significantly in miR-641 overexpression cells and the binding of SRCAP’s 3KUTR and
miR-641 was further confirmed by dual-luciferase report gene assay. SRCAP blocked the
proliferation and invasion inhibition induced by miR-641 or si-LINC00665 in MCF7 and MDA-
MB-231 cells. In conclusion, LINC00665 could promote the survival and metastasis of breast
cancer cells through sponging miR-641 and targeting SRCAP. This research provided new
potential targets for targeted therapy in human breast cancer.
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Background Many studies have shown that the regulatory

In recent years, the incidence of breast cancer
has increased year by year, accounting for the
top cause of death in women with malignant
tumors [1]. More than 1 million women are
diagnosed with breast cancer each year world-
wide, accounting for more than 20% of female
cancers [2].

The hypothesis of competing endogenous
RNAs (ceRNA) was first proposed in 2011 [3].
CeRNAs are non-coding RNAs that can bind to
miRNA, thereby antagonizing the inhibitory
effect of miRNA on coding genes and realizing
the mutual communication between RNAs [4].

networks of ceRNAs exist widely in human
tumors and affects the expression of cancer-
related genes, thus playing an important role in
tumor development and prognosis [5].
Long-non-coding RNAs (IncRNAs) participate
in the regulation of tumor cells as ceRNA [6,7].
Previous studies have shown that the highly
expressed IncRNA DGCR5 can regulate the
expression of multiple target genes, such as
estrogen receptor 1, checkpoint kinase 1, fibro-
blast growth factor 2, sterile alpha motif domain
containing 5 (Samd5), ephrin-A3, and forkhead
box P3, thereby inhibiting the proliferation and
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lymphatic metastasis of triple-negative breast
cancer (TNBC) cells [8]. LncRNA ROR plays
an important role in the pathological mechanism
of tumors, and acts as the ceRNA of YEB2
through competitively binding to miR-205 in
breast cancer [9]. The high expression of ROR
attenuates the inhibition of miR-205 on ZEB2
and promotes the expression of ZEB2, which
can induce epithelial mesenchymal transforma-
tion (EMT) and metastasis of breast cancer [9].
Therefore, exploring ceRNAs can improve our
understanding of tumor growth and metastasis
mechanisms, and provide potential targets for
bio-targeted therapy. Abnormal expression of
Long Intergenic Non-Protein Coding RNA 665
(LINC00665) exists in a variety of tumors,
including liver cancer [10,11], gastric cancer
[12-14] and lung cancer [15,16]. In recent
years, the role of LINCO00665 in tumor has
been gradually discovered, especially in breast

cancer [17-22]. However, its mechanism in
breast cancer as a ceRNA remains to be
explored.

In the present research, we hypothesized that
LINCO00665 as a ceRNA involved in the progres-
sion of breast cancer. We aimed to investigated
the specific role and mechanism of LINC00665
in tumor cells to deepening our understanding
on the progression and metastasis of breast
cancer.

Material and methods
Cell culture and transfection

Human normal mammary epithelial cell line
MCF10A and breast cancer cell lines MCF7,
MDA-MB-231, MDA-MB-453, and SK-BR-3
were all purchased from the American Type
Culture Collection (ATCC) and cultured in
Dulbecco’s Modified Eagle Medium (DMEM)
with 10% fetal bovine serum. Transfection was
performed using lipofectamine 3000 (Invitrogen,
Life Technologies Corporation, Carlsbad, CA,
USA) according to the manufacturer’s instruc-
tions. All plasmids used in this study were synthe-
sized from RiboBio (Guangzhou, China).

Table 1. Primers and sequences used in the present research.
Name
si-LINC00665-sense strand

si-LINC00665-antisense strand
LINC00665-Forward

Sequence (5'-3")
AAUAGCCCAAGACUGAGGACUCACA
UGUGAGUCCUCAGUCUUGGGCUAUU
AGCACCCCTAGTGTCAGT CA

LINC00665- Reverse TGGTCTCTAGGGAGGCAGAA
SRCAP-Forward CTCCACTGCTACCTCGTTTGGT
SRCAP-Reverse GGAAAATCCGTTCCAGGCGTTC

SIKE1-Forward
SIKE1-Reverse
NADK-Forward
NADK-Reverse
KHDC4-Forward
KHDC4-Reverse
HSPG2-Forward
HSPG2-Reverse

AAAGCGGTGGATGCTGAACCAG
CATCCACCTGAACTGCTTTCCTC
GTCCTTTGATGGACGGAAGAGAC
GAGGCTCTCAAACCAGTCGCTC
AGAGGAGCTACCAGATGAACGG
TGCCTGAGGAACTTGCTGGCTT
TCAGGCGAGTATGTGTGCCATG
GATGAAGACTCGATCCTGACAGG

miR-641-Forward GACATAGGATAGAGTCAC
miR-641-Reverse GAACATGTCTGCGTATCTC
Actin-Forward ATCAAGATCATTGCTCCTCCTG
Actin-Reverse GTCATACTCCTGCTTGCTGAT
U6-Forward CTCGCTTCGGCAGCACA
U6-Reverse AACGCTTCACGAATTTGCGT

Quantitative real-time RT-PCR (qPCR)

Total RNA was extracted from each group after the
transfection for 24 h using TRIzol reagent accord-
ing to the manufacturer’s instructions. The reverse
transcription and qPCR for miR-641 were per-
formed using Taq Man MicroRNA kit and Taq
Man Universal PCR Master-Mix (Applied
Biosystems, Foster City, USA). The reverse tran-
scription and qPCR for LINC00665, SNF2-related
CREBBP activator protein (SRCAP), SIKE],
NADK, KHDC4, and HSPG2 were performed
using HiFiScript c¢cDNA Synthesis Kit and
UltraSYBR  Mixture (CwBio, Beijing, China)
according to the manufacturer’s instructions by
a qPCR thermal cycler (FTC-3000, Funglyn
Biotech Inc., Toronto, Canada). The primers and
sequences were provided in Table 1. Relative
expression was analyzed
using 2788CT method [23].

Western blot and antibodies

The expression of target protein was detected
using Western blot as described previously [24].
After transfection for 48 h, protein was extracted
from each group by using a RIPA buffer with the
complete protease inhibitor (Roche, USA) and
measured by BCA method. The protein samples
(20 pg) were separated using 10% SDS-PAGE gel,



followed by transferred into a polyvinylidene
fluoride (PVDF) membrane. Then, the membrane
was incubated with primary antibodies at room
temperature for 1 h and secondary antibody at
room temperature for another 1 h. Antibodies of
Bcl-2 (ab32124, 1:500), Bax (ab32503, 1:1000),
Cleaved caspase3 (ab2302, 1:1000), AKT (ab8805,
1:1000), p-AKT (ab38449, 1:1000), mTOR
(ab2732, 1:500), p-mTOR (ab109268, 1:500) were
purchased from Abcam (Cambridge, UK). The
chemiluminescence detection kit was used for sig-
nal development. The expression levels of target
proteins were analyzed using Image] software.

Cell counting kit (CCK8) and colony formation
assays

CCK8 and colony formation assays were per-
formed as described previously [24]. After trans-
fection, 1 x 10° cells were seeded into a 96-well
plate. Cell viability was detected by CCK8 assay
every 24 h after the transfection according to the
manufacturer’s instructions. Optical density (OD)
450 value was measured on an iMark microplate
reader (Bio-Rad, Munchen, Germany). The prolif-
eration of MCF7 and MDA-MB-231 cells was
further detected by colony formation assay. After
the transfection, cells were transferred into 6 cm
plates at a density of 500 cells/plate. Cells were
incubated at 37°C for 14-21 days. Then, cells
were stained with giemsa for 15 min. Colony was
counted by two researchers in five random fields.

Transwell assay

Transwell assay was performed to detect the
migration and invasion of MCF7 and MDA-MB
-231 cells as described previously [24]. The chilled
Matrigel was diluted with serum-free DMEM at
1:6. 100 pul of Matrigel was applied to the transwell
chamber and incubate for 4 h. After transfection,
about 1 x 10* cells, which were suspended in
serum-free medium were seeded into the upper
chamber of the transwell. After incubated for
48 h, cells were stained with 0.1% crystal violet
for 5 min. The invaded cells were imaged and
counted under a microscope at a magnification
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of x 200. For migration assay, the transwell was
not processed with Matrigel.

Flow cytometry analysis

After transfection for 48 h, 5 ul AnnexinV-FITC
was added into 100 pl cell suspension (3-5 x 10’
cells/ml), followed by 10 pl of PI. Cells were ana-
lyzed using a flow cytometer (BD FACSC anto II,
BD Biosciences, San Jose, CA, USA). Cell apopto-
sis was calculated using the BD FACSDiva soft-
ware [24].

Dual-luciferase report gene analysis

The 3’-untranslated region (UTR) of SRCAP or
LINCO00665 containing the wild or mutant type
of binding sites were cloned into pGL3 plasmid.
The luciferase plasmids were transfected into HEK
293 T cells. After the transfection, the luciferase
expression was determined by a Dual-Glo
Luciferase Assay System (Promega, USA) and nor-
malized to wild-type group [25].

Statistical analysis

All data were presented as mean * s.d. Each
experiment was performed in triplicate. Student’s
t test and one-way ANOVA were applied for the
comparison between groups. Post hoc was per-
formed using Bonferroni method in the multiple
comparison with ANOVA. The correlation
between groups was evaluated using Pearson
Correlation Coefficient. Data analysis and graph
generation were all performed using GraphPad
Prism 8. A value of P < 0.05 was considered
statistically significant.

Results

In the present research, we investigated the effect
and molecular mechanism of LINC00665 as
a ceRNA in breast cancer cells, and confirmed
that LINC00665/miR-641/SRCAP axis regulates
tumor cell survival and metastasis through EMT
and AKT pathway. The expression correlation of
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Figure 1. Knockdown of LINC00665 suppressed cell proliferation in breast cancer cells.

(A) The expression of LINCO0665 in BRCA was obtained from the online dataset GEPIA (http://gepia.cancer-pku.cn/index.html). |
Log2FC| Cutoff = 1. log,(TPM + 1) was used for log-scale. (B) Relative level of LINC0O0665 was detected using qPCR in four breast
cancer cell lines with the human normal mammary epithelial cell-line MCF10A as a control. (C) LINC00665-siRNA (si-LINC00665) was
transfected into breast cancer cell lines MCF7 and MDA-MB-231 cells with the negative siRNA as a control (si-con). The level of
LINC00665 was detected by qPCR. (D) Cell activity was detected by CCK8 assay. (E) The proliferation of si-LINC00665 and si-con cells
was further confirmed by clonogenic assay. The plates were culture for 14 days after the transfection and the numbers of cell clones
in five random fields were counted by two independent researchers. (F) LINCO0665-siRNA was transfected into MCF10A cells with the
negative siRNA as a control, and cell viability was detected using CCK8 assay. (G) The proliferation of MCF10A was detected using

clonogenic assay. *P < 0.05; **P < 0.01.

LINCO00665/miR-641/SRCAP was verified in clin-
ical samples of breast cancer patients.

Knockdown of LINC00665 suppressed the
proliferation in breast cancer cells

Firstly, we analyzed the expression of LINC00665
in breast invasive carcinoma (BRCA) using the

online dataset GEPIA (http://gepia.cancer-pku.cn/
index.html) [26]. As shown in Figure 1a, the level
of LINC00665 in BRCA samples (n = 1085) was
significantly higher than that in breast normal
samples (n = 291) (P < 0.05), indicating that
LINCO00665 involved in the progression of human
breast cancer. Then, the level of LINC00665 was
detected using qPCR in four breast cancer cell
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lines with the human normal mammary epithelial
cell line MCF10A as a control. As shown in
Figure 1b, the levels of LINC00665 in MCEF7,
MDA-MB-231, MDA-MB-453 and SK-BR-3 were
markedly up-regulated compared with that in
MCFI10A cells (P < 0.01).

We synthesized LINC00665-specific siRNA and
transfected it into the two cell lines with the high-
est expression of LINC00665. LINC00665 expres-
sion was significantly inhibited by the transfection
of LINC00665-siRNA in MCF7 and MDA-MB
-231 cells (Figure 1c, p < 0.01). CCK8 and clono-
genic assays were performed to detect cell prolif-
eration. As shown in Figure 1d, the OD450
decreased after the transfection of LINC00665-
siRNA (MCF7, 1.04 = 0.09; MDA-MB-231,
1.09 + 0.08) for 72 h compared with the control
cells (MCF7, 152 + 0.06 MDA-MB-231,
1.48 + 0.06) (P < 0.01). Colony numbers of si-
LINC00665 group (MCF7, 73 = 10; MDA-MB
-231, 54 + 12) was also declined compared with
the si-con group (MCF7, 144 + 17; MDA-MB-231,
129 + 22) (Figure le, p < 0.01).

Then, we performed these experiments in
MCFI10A cell line to determine whether the effect of
LINC00665 on cell proliferation is restricted to tumor
cells only. As shown in figure 1f, the OD450 had no
significant decrease in LINC00665 knockdown
MCFI0A cells compared with the control group
(P > 0.05). Consistently, there was no significant
difference in the colony numbers between these two
groups (Figure 1g, p > 0.05). These results proved that
knockdown of LINC00665 specifically inhibited the
proliferation of human breast cancer cells.

Knockdown of LINCO0665 inhibited the
migration and invasion in breast cancer cells

Next, the effect of LINC00665 on the migration
and invasion of MCF7 and MDA-MB-231 cells
was detected using transwell assay. As shown in
Figure 2a and 2B, the migrated cell number
declined markedly after the transfection of
LINC00665-siRNA (MCF7, 341 + 44; MDA-MB
-231, 200 + 36) compared with the control siRNA
(MCF7, 600 + 49; MDA-MB-231, 378 + 46)
(P < 0.01). Moreover, the number of invasive
cells in si-LINC00665 group (MCF7, 236 + 33;
MDA-MB-231, 162 + 25) was also decreased
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compared with the si-con group (MCEF7,
392 + 32; MDA-MB-231, 286 + 37) (P < 0.01).
These data proved that LINC00665-siRNA could
inhibit the migration and invasion in breast cancer
cells.

Knockdown of LINC00665 induced the apoptosis
in breast cancer cells

We detected the apoptosis of si-LINC00665 and si-
con cells using flow cytometry analysis. As shown
in Figure 2c and 2D, the percentage of apoptotic
cells increased after the transfection of
LINC00665-siRNA (MCF7, 20.57 + 1.57%; MDA-
MB-231, 12.55 + 1.09%) compared with that of the
control cells (MCF7, 8.74 + 1.06%; MDA-MB-231,
5.80 + 0.89%) (P < 0.01). To study the mechanism
by which si-LINC00665 induced cell apoptosis, the
expression levels of apoptosis-related proteins Bcl-
2, Bax and Cleaved caspase 3 were detected using
Western blot. The transfection of LINC00665-
siRNA down-regulated the level of Bcl-2 and up-
regulated the levels of Bax and Cleaved caspase 3
(Figure 2e, p < 0.01). These results indicated that
LINC00665-siRNA could induce the apoptosis
through regulating the apoptosis factors in MCF7
and MDA-MB-231 cells.

Knockdown of LINC00665 inactivated the AKT/
mTOR signaling pathway in breast cancer cells

The AKT/mTOR signaling pathway is abnor-
mally activated in a variety of human tumors,
and plays an important role in tumor cell pro-
liferation, survival, apoptosis, angiogenesis,
metastasis, and resistance to radiotherapy and
chemotherapy. In the present research, the
expression levels of p-AKT, AKT, p-mTOR and
mTOR were analyzed using Western blot
(Figure 3a). As shown in Figure 3b and 3C, the
levels of p-AKT/AKT and p-mTOR/mTOR of si-
LINC00665 group declined significantly com-
pared with si-con group in MCF7 and MDA-
MB-231 cells (P < 0.01), suggesting that
LINCO00665-siRNA inhibited the survival of
breast cancer cells through inactivating the
AKT/mTOR signaling pathway.
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Figure 2. Knockdown of LINC00665 inhibited the migration and invasion and induced the apoptosis in breast cancer cells.
Transwell assay was performed to detect the migration and invasion in MCF7 (A) and MDA-MB-231 (B) cells. (C, D) Flow cytometry
was performed to analysis the apoptosis of si-LINC00665 and si-con cells. (E) The expression of apoptosis-related proteins Bcl-2, Bax,
and Cleaved caspase 3 was detected using Western blot. **P < 0.01.

LINC00665 sponged miR-641 in breast cancer
cells

Then, we explored the molecular mechanism by
which LINC00665 promoted breast cancer. The
potential miRNAs which could bind to
LINCO00665 were analyzed using the online soft-
ware StarBase (http://starbase.sysu.edu.cn/star
base2/index.php) [27]. As shown in Figure 4a,

miR-542-3p, miR-624-5p, miR-641, miR-425-5p,
and miR-30-3p were selected for further validation
in combination with LINCO00665. LINCO00665
sequence was constructed into a pGL3 plasmid
(LINCO00665-wt), and the combination of
LINCO00665 with miRNAs was analyzed using
dual-luciferase report gene assay. The relative luci-
ferase activity decreased significantly after the
transfection of miR-542-3p, miR-624-5p, miR-
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Figure 3. Knockdown of LINC00665 inactivated the AKT/mTOR signaling pathway in breast cancer cells.

(A) The expressions of p-AKT, AKT, p-mTOR, and mTOR were analyzed using Western blot. The levels of p-AKT/AKT and p-mTOR/
mTOR in MCF7 (B) and MDA-MB-231 (C) cells were analyzed using Imagel. **P < 0.01.

641, miR-425-5p, or miR-30-3p, and decreased
most significantly after miR-641 transfection.
Therefore, we further constructed a LINC00665-
mut plasmid containing a sequence of LINC00665
with mutation-binding site (UACAGAA). As
shown in Figure 4b, there was no significant
change in luciferase activity after transfection
with LINC00665-mut plasmid compared with the
control group. These results proved that
LINC00665 bound to miR-641 via the predicted
sites (AUGUCUU). The level of miR-641 was
further detected using qPCR in si-LINC00665
and si-con group cells. As shown in Figure 4c,
the miR-641 level increased after the transfection
of LINC00665-siRNA both in MCF7 and MDA-
MB-231 cells (P < 0.01).

MiR-641 inhibited the expression of SRCAP via
binding to its 3XUTR

The potential targets of miR-641 were analyzed
using the online software StarBase [27] and ver-
ified using qPCR. As shown in Figure 4d, miR-
641 mimics decreased the levels of SRCAP,
SIKE1, NADK, KHDC4, and HSPG2, especially
SRCAP compared with the control cells. Then,
the combination of miR-641 with SRCAP was

turther confirmed using dual-luciferase report
gene assay. The sequence of SRCAP-3'UTR
with  wild-type (UGUCUU) or mutation-
binding site (ACAGAA) was constructed into
pGL3 plasmid to generate SRCAP-wt or SRCAP-
mut plasmid, respectively. As shown in
Figure 4e, SRCAP-wt but not SRCAP-mut sig-
nificantly inhibited luciferase activity (P < 0.01),
indicating that miR-641 could bind to the
3XUTR of SRCAP (UGUCUU). The SRCAP
level was further detected using qPCR after the
transfection of miR-641 mimics with the
untreated MCF7 and MDA-MB-231 cells as con-
trol groups. As shown in figure 4f, SRCAP was
down-regulated by the transfection of miR-641
mimics (P < 0.01).

MiR-641 inhibited the proliferation and invasion
in breast cancer cells

We detected the effect of miR-641 mimics on the
proliferation and invasion of MCF7 and MDA-MB
-231 cells using CCK8 and transwell assay. As shown
in Figure 5a, the OD450 markedly declined after the
transfection of miR-641 mimics for 72 h (P < 0.01).
Moreover, the invasive cell number also declined
after the transfection of miR-641 mimics (MCF7,
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Figure 4. LINC00665 promoted the expression of SRCAP through sponging miR-641 in breast cancer cells.

(A) MiRNAs, which could bind to LINC00665, were analyzed using the online software StarBase. The sequence of LINCO0665 was
constructed into pGL3 plasmid (LINC00665-wt), and then dual-luciferase report gene analysis was performed to detect the
combination of LINC00665 and miRNAs (miR-542-3p, miR-624-5p, miR-641, miR-425-5p, and miR-30-3p). (B) The sequence of
LINC00665 with mutation-binding site (UACAGAA) was constructed into pGL3 plasmid to generate LINC00665-mut plasmid
(upper panel). The combination of LINC00665 and miR-641 was further confirmed using dual-luciferase report gene analysis (bottom
panel). (C) The miR-641 level was detected using qPCR in si-LINCO0665 and si-con group. (D) Potential targets of miR-641 were
analyzed using the online software StarBase. qPCR was performed to detect the levels of miR-641¥s potential targets (SRCAP, SIKE1,
NADK, KHDC4, and HSPG2) after the transfection of miR-641 mimics. (E) The sequence of SRCAP-3XUTR with wild-type (UGUCUU) or
mutation-binding site (ACAGAA) was constructed into pGL3 plasmid to generate SRCAP-wt or SRCAP-mut plasmid, respectively
(upper panel). The combination of SRCAP and miR-641 was confirmed using dual-luciferase report gene analysis (bottom panel). (F)
The SRCAP level was detected using qPCR after the transfection of miR-641 mimics with the untreated MCF7 and MDA-MB-231 cells
as control groups. *P < 0.05; **P < 0.01.
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96 + 30; MDA-MB-231, 117 + 26) compared with
the untreated cells (MCF7, 431 + 44; MDA-MB-231,
319 + 72) (Figure 5b-C, P < 0.01).

SRCAP blocked the proliferation inhibition
induced by miR-641 or si-LINC00665

Next, we overexpressed SRCAP in the LINC00665
knockdown cells, as well as the miR-641

overexpressed cells to explore whether SRCAP
was the downstream target of LINC00665/miR-
641. From the results of CCK8, SRCAP overex-
pression could significantly increase OD450 value
and block the decrease of OD450 value caused by
miR-641 mimics or LINC00665 knockdown
(Figure 5a, p < 0.01). Moreover, compared with
the control group (MCF7, 431 + 44; MDA-MB
-231, 319 + 72), SRCAP overexpression (MCF7,
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783 + 41; MDA-MB-231, 631 + 43) significantly
increased the number of invasive cells (P < 0.01);
compared with the miR-641 group (MCF7,
96 + 30; MDA-MB-231, 117 + 26), SRCAP over-
expression (MCF7, 376 + 30; MDA-MB-231,
286 + 38) increased invasive cell number
(P < 0.05); compared with the si-LINC00665
group (MCF7, 245 <+ 39; MDA-MB-231,
171 + 32), SRCAP (MCF7, 462 + 45; MDA-MB
-231, 348 * 39) also increased invasive cell number
with statistically significant (P < 0.01) (Figure 5b
and c). These data indicated that si-LINC00665
/miR-641 involved in the regulation of biological
behavior in breast cancer cells via targeting
SRCAP.

Knockdown of LINCO0665 reversed the EMT

process
EMT is a phenomenon of epithelial cells trans-

forming into interstitial cells, and is closely related
to the occurrence, development, invasion and
metastasis of malignant tumors. Our results
showed that LINC00665-siRNA could up-regulate
the level of epithelial marker E-Cadherin
(P < 0.01), and down-regulate the levels of inter-
stitial markers N-Cadherin, Snail, and Vimentin
both in MCF7 and MDA-MB-231 cells (P < 0.01)
(Figure 6a).

The expression of LINC00665, miR-641, and
SRCAP in breast cancer tissues

To further verify our hypothesis, we detected the
expression levels of LINC00665, miR-641, and
SRCAP in clinical samples from 10 breast cancer
patients. As shown in Figure 6b, miR-641 level of
tumor tissues was significantly lower than that of
the normal tissues (P < 0.001). LINC00665 was
highly expressed in the breast cancer samples
(Figure 6¢c, p < 0.001). From the result of
Western blot, SRCAP was up-regulated in breast
cancer tissues compared with the normal tissues
(Figure 6d, p < 0.01). Pearson correlation analysis
showed that LINC00665 was negatively correlated
with miR-641 level (P < 0.01) and positively cor-
related with the expression of SRCAP with statis-
tical significance (P < 0.01); while SRCAP was

negatively correlated with miR-641 without statis-
tical significance (P > 0.05) (Figure 6e).

Our results proves that miR-641 inhibits the
translation of SRCAP by binding to its 3XUTR
region, while high-level LINC00665 promotes
SRCAP expression through the sponge adsorption
of miR-641, thus promoting the proliferation and
metastasis of tumor cells (figure 6f).

Discussion

In this study, we explored the role and mechan-
ism of LINC00665 in breast cancer. First, we
investigated LINC00665Ks effect on the biologi-
cal behavior of breast cancer cells by knocking
down LINC00665 in MCF7 and MDA-MB-231
cells. Our results proved that knockdown of
LINCO00665 inhibited the proliferation, migration
and invasion and induced the apoptosis, indicat-
ing a carcinogenesis role of LINCO00665 in
human breast cancer. Then, we found that
knocking down LINCO00665 can reverse EMT.
Zhou et al. also confirmed that LINC00665 can
activate the EMT pathway to promote breast
cancer metastasis [19]. In recent years, the role
of LINC00665 in tumor has been found gradu-
ally. LINCO00665 is highly expressed in hepato-
cellular carcinoma and associated to the
prognosis, and may participate in cell cycle reg-
ulation according to the results of bioinformatics
and clinical sample analysis [10]. LINCO00665
was identified as a biomarker of high risk oral
premalignant lesions on the basis of IncRNA
expression profiling analysis, and the target
genes of LINC00665 were markedly enriched in
the ubiquitin-protein ligase activity, ubiquitin-
dependent protein catabolic process, and neuro-
trophin signaling [28]. In non-small-cell lung
cancer (NSCLC), LINC00665 knockdown inhi-
bits the proliferation and restores gefitinib sen-
sitivity via the regulation of EZH2 and PI3K/
AKT signaling pathway [29]. LINCO00665 plays
an important role in breast cancer. Analysis of
samples from 102 breast cancer patients showed
that LINC00665 is an independent predictor of
pathological complete response and can predict
treatment efficacy in neoadjuvant chemotherapy
[22]. LINCO00665 is highly expressed in breast
cancer tissues and promotes tumor cell survival
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(A) The expression of EMT makers were detected using Western blot. (B) The expression of LINCO0665 in clinical samples of 10 breast
cancer patients was detected using qPCR. (C) The level of miR-641 was also detected using qPCR. (D) SRCAP expression was
determined using Western blot. (E) The correlation between the expression of LINC00665, miR-641, and SRCAP in tumor tissues was
evaluated using Pearson Correlation Coefficient. (F) Schematic diagram of LINC00665/miR-641/SRCAP axis promoting tumor cell

proliferation. **P < 0.01; ***P < 0.001.

[21]. In addition, LINC00665 can also encode
micropeptide CIP2A-BP, which is low expressed
in tumor samples and reduces lung metastasis of
triple-negative breast cancer in vivo [17]. This
confirms the diverse regulatory network of
LINCO00665 in breast cancer.

Many studies have shown that LINCO00665 is
involved in the progression of breast cancer as
a ceRNA [18,20]. In this study, bioinformatics
analysis showed that LINCO00665 operated as
a ceRNA to sponge miR-641 and promote the
expression of SRCAP in MCF7 and MDA-MB

-231 cells, and their combination was verified by
luciferase experiment. Recent studies have shown
that miR-641 expression is reduced in lung cancer
tissues, and miR-641 overexpression significantly
inhibits the cell survival by targeting MDM2 in
lung cancer cells [30,31]. MiR-641 is down-
regulated in glioblastoma, and involves in the
development of glioblastoma by regulating the
PI3K/AKT signaling pathway [32]. However,
Yanling et al. reports that knockdown of miR-
641 can inhibit the proliferation, migration, and
invasion of cervical cancer cells [33]. The above
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studies indicate that miR-641 plays different roles
in different type of human tumors. Meanwhile, the
role of miR-641 in breast cancer has not been
reported. In this study, we found that miR-641
inhibited the proliferation and invasion in breast
cancer cells. In addition, miR-641 also inhibited
the expression of SRCAP by directly binding to the
3'UTR of SRCAP.

SRCAP is an ATP dependent chromatin remo-
deling enzyme of the INO80 family [34]. SRCAP
has a total length of more than 3000 amino acids,
contains an ATPase structure, an N-terminal
helicase-SANT-associated (HSA) domain,
a C-terminal AT-hook DNA binding motif, and
a CBP binding domain in the middle [35]. The
absence of the C-terminal AT-hook structure in
SRCAP is the main cause of Floating-Harbor
syndrome (FHS) [36]. In human tumors,
SRCAP has only been reported in prostate cancer
[37]. As a co-activator for the androgen receptor
(AR), SRCAP promotes the proliferation and
mediates the expression of prostate-specific anti-
gen in prostate cancer [37]. In the present study,
we proved that SRCAP promoted the prolifera-
tion and invasion, and blocked the inhibition of
cell proliferation and invasion induced by miR-
641 mimics or LINC00665 knockdown, suggest-
ing that SRCAP was the direct target of
LINC00665/miR-641 axis. In addition, SRCAP
operated as a transcriptional activator in the
cAMP response element-binding protein, steroid
receptor and Notch-mediated transcription [38].
Seo J, et al. investigates the target genes of
SRCAP in T lymphocyte by using transcription
factor ChIP-seq [39]. However, it remains
unclear about the targets of SRCAP in tumors.
Therefore, we predicted that SRCAP involved in
the regulation of tumor cell proliferation and
metastasis through the regulation of specific-
genes’ transcription, which need further study.

Finally, we confirmed in clinical samples that
LINC00665 and SRCAP are highly expressed in
tumor tissues, while miR-641 is low in tumor
tissues. Consistent with the predicted results,
LINC00665 was positively correlated with the
expression of SRCAP, and negatively correlated
with the expression of miR-641 in tumors.
However, SRCAP was negatively correlated with
the miR-641 without statistically significant,

indicating a complex regulatory network of
SRCAP expression in tumors. These results sug-
gest that LINC00665, miR-641 and SRCAP may be
potential targets for breast cancer diagnosis and
biological treatment.

Conclusion

We demonstrate that LINC00665 is overexpressed
in breast cancer, and up regulated the expression
of SRCAP through sponging miR-641 to finally
promote the survival and metastasis of breast can-
cer cells. This research expands our understanding
of the mechanism of LINC00665 role and provides
new potential targets for bio-targeted therapy in
human breast cancer.

Highlights

1. LINC00665 promotes the survival and metastasis of breast
cancer cells.

2. LINCO00665 sponges miR-641 to promote SRCAP
expression.

3. LINC00665 downregulated in breast cancer tissues.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

The author(s) reported there is no funding associated with
the work featured in this article.

Ethics approval and consent to participate

This research study was approved by the Institutional Review
Board of Yantai Nanshan University.

Availability of Data and Material

The data supporting the conclusions of this paper are
included within the manuscript.

Authors’ contributions

WC performed the experiments, analyzed the data, and wrote
the paper. XL, WS, HL, HT, WZ, SH, and AQ assisted with
the experiments and data analysis. AQ and ND helped



modify the paper. All authors have edited and approved the
final manuscript.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

Wang L, Mo C, Wang L et al. Identification of genes
and pathways related to breast cancer metastasis in an
integrated cohort. Eur J Clin Invest . 2021;51(7):e13525

Torre LA, Siegel, RL, Ward, EM, et al. Global cancer
statistics, 2012. CA. Cancer J Clinicians. 2015;65(2):87-
108.

Salmena L, Poliseno L, Tay Y, et al. A ceRNA hypoth-
esis: the Rosetta Stone of a hidden RNA language? Cell.
2011;146(3):353-358.

Zhang ], Jiang P, Tu Y, et al. Identification and valida-
tion of long non-coding RNA associated ceRNAs in
intrauterine  adhesion.  Bioengineered. = 2022;13
(1):1039-1048.

Karreth FA, Pandolfi PP. ceRNA cross-talk in cancer:
when ce-bling rivalries go awry. Cancer Discov. 2013;3
(10):1113-1121.

Wan J, Liu B. Construction of IncRNA-related ceRNA
regulatory network in diabetic subdermal endothelial
cells. Bioengineered. 2021;12(1):2592-2602.

Yang L, Lu P, Yang X, et al. Excavating novel diag-
nostic and prognostic long non-coding RNAs
(IncRNAs) for head and neck squamous cell carci-
noma: an integrated bioinformatics analysis of com-
peting endogenous RNAs (ceRNAs) and gene
co-expression networks. Bioengineered. 2021;12
(2):12821-12838.

Yuan N, Zhang G, Bie F, et al. Integrative analysis of
IncRNAs and miRNAs with coding RNAs associated
with ceRNA crosstalk network in triple negative breast
cancer. Onco Targets Ther. 2017;10:5883-5897.

Hou P, Zhao Y, Li Z, et al. LincRNA-ROR induces
epithelial-to-mesenchymal transition and contributes
to breast cancer tumorigenesis and metastasis. Cell
Death Dis. 2014;5(6):e1287.

Wen DY, Lin P, Pang -Y-Y, et al. Expression of the
long intergenic non-protein coding RNA 665
(LINCO00665) gene and the cell cycle in hepatocellular
carcinoma using the cancer genome atlas, the gene
expression omnibus, and quantitative real-time poly-
merase  chain  reaction. Med Sci  Monit.
2018;24:2786-2808.

Shan Y, Li P. Long intergenic non-protein coding RNA
665 regulates viability, apoptosis, and autophagy via
the MiR-186-5p/MAP4K3 Axis in hepatocellular
carcinoma. Yonsei Med J. 2019;60(9):842-853.

Yang B, Bai Q, Chen H, et al. LINC00665 induces
gastric cancer progression through activating Wnt sig-
naling pathway. ] Cell Biochem. 2020;121
(3):2268-2276.

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

BIOENGINEERED (&) 4585

Qi H, Xiao Z, Wang Y. Long non-coding RNA
LINCO00665 gastric cancer tumorigenesis by regulation
miR-149-3p/RNF2 Onco  Targets Ther.
2019;12:6981-6990.

Yue C, Yu C, Peng R, et al. LINC00665/miR-379-5p/
GRP78 regulates cisplatin sensitivity in gastric cancer
by modulating endoplasmic reticulum  stress.
Cytotechnology. 2021;73(3):413-422.

Cong Z, Diao Y, Li X, et al. Long non-coding RNA
linc00665 interacts with YB-1 and promotes angiogen-
esis in lung adenocarcinoma. Biochem Biophys Res
Commun. 2020;527(2):545-552.

Cong Z, Diao Y, Xu Y, et al. Long non-coding RNA
linc00665 promotes lung adenocarcinoma progression
and functions as ceRNA to regulate AKR1B10-ERK
signaling by sponging miR-98. Cell Death Dis.
2019;10(2):84.

Guo B, Wu S, Zhu X, et al. Micropeptide CIP2A-BP
encoded by LINC00665 inhibits triple-negative breast
cancer progression. Embo J. 2020;39(1):e102190.

Ji W, Diao Y-L, Qiu Y-R, et al. LINC00665 promotes
breast cancer progression through regulation of the
miR-379-5p/LIN28B axis. Cell Death Dis. 2020;11
(1):16.

Zhou JL, Zou L, Zhu T. Long non-coding RNA
LINC00665 promotes metastasis of breast cancer cells
by triggering EMT. Eur Rev Med Pharmacol Sci.
2020;24(6):3097-3104.

Lv M, Mao Q, Li J, et al. Knockdown of LINC00665
inhibits proliferation and invasion of breast cancer via
competitive binding of miR-3619-5p and inhibition of
catenin beta 1. Cell Mol Biol Lett. 2020;25(1):43.

Qi L, Sun B, Yang B, et al. LINC00665 stimulates breast
cancer progression via regulating miR-551b-5p. Cancer
Manag Res. 2021;13:1113-1121.

Dai H, Sheng X, Sha R, et al. Linc00665 can predict the
response to cisplatin-paclitaxel neoadjuvant che-
motherapy for breast cancer patients. Front Oncol.
2021;11:604319.

Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and
the 2(-Delta Delta C(T)) method. Methods. 2001;25
(4):402-408.

Dang N, Meng X, Ma S, et al. MDA-19 suppresses
progression of melanoma via inhibiting the PI3K/Akt
pathway. Open Med (Wars). 2018;13(1):416-424.
Dang N, Meng X, Qin G, et al. a5-nAChR modulates
melanoma growth through the Notchl signaling path-
way. ] Cell Physiol. 2020;235(11):7816-7826.

Tang Z, Li, C, Kang, B, et al. GEPIA: a web server for
cancer and normal gene expression profiling and inter-
active analyses. Nucleic Acids Res. 2017;W1:W98-
W102.

Li JH, Liu S, Zhou H, et al. starBase v2.0: decoding
miRNA-ceRNA, miRNA-ncRNA and protein-RNA
interaction networks from large-scale CLIP-Seq data.
Nucleic Acids Res. 2014;42(Database issue):D92-7.

axis.



4586 W. CAO ET AL.

(28]

(29]

(30]

(31]

(32]

(33]

Jia H, Wang X, Sun Z. Exploring the molecular patho-
genesis and biomarkers of high risk oral premalignant
lesions on the basis of long noncoding RNA expression
profiling by serial analysis of gene expression. Eur
J Cancer Prev. 2018;27(4):370-378.

Liu X, Lu X, Zhen F, et al. LINC00665 induces
acquired resistance to gefitinib through recruiting
EZH2 and activating PI3K/AKT pathway in NSCLC.
Mol Ther Nucleic Acids. 2019;16:155-161.

Kong Q, Shu N, Li J, et al. miR-641 functions as
a tumor suppressor by targeting MDM2 in human
lung cancer. Oncol Res. 2018;26(5):735-741.

Chen J, Cui J-D, Guo X-T, et al. Increased expression
of miR-641 contributes to erlotinib resistance in
non-small-cell lung cancer cells by targeting NFI.
Cancer Med. 2018;7(4):1394-1403.

Hinske LC, Heyn ], Hitbner M, et al. Intronic miRNA-
641 controls its host Gene’s pathway PI3K/AKT and this
relationship is dysfunctional in glioblastoma multiforme.
Biochem Biophys Res Commun. 2017;489(4):477-483.
Zhu Y, Liu B, Zhang P, et al. LncRNA TUSCS inhibits
the invasion and migration of cervical cancer cells via
miR-641/PTEN axis. Cell Biol Int. 2019;43(7):781-788.

(34]

(35]

(36]

(37]

(38]

(39]

Cai Y, JIN ], Gottschalk A, et al. Purification and assay
of the human INO80 and SRCAP chromatin remodel-
ing complexes. Methods. 2006;40(4):312-317.
Eissenberg JC, Wong M, Chrivia JC. Human SRCAP
and Drosophila melanogaster DOM are homologs that
function in the notch signaling pathway. Mol Cell Biol.
2005;25(15):6559-6569.

Hood RL, Lines M, Nikkel S, et al. Mutations in
SRCAP, encoding SNF2-related CREBBP activator pro-
tein, cause Floating-Harbor syndrome. Am ] Hum
Genet. 2012;90(2):308-313.

Slupianek A, Yerrum S, Safadi FF, et al. The chromatin
remodeling factor SRCAP modulates expression of pros-
tate specific antigen and cellular proliferation in prostate
cancer cells. J Cell Physiol. 2010;224(2):369-375.

Ghosh AK, Majumder M, Steele R, et al. Hepatitis
C virus NS5A protein modulates transcription through
a novel cellular transcription factor SRCAP. ] Biol
Chem. 2000;275(10):7184-7188.

Seo J, Kim K, Chang D-Y, et al. Genome-wide reorga-
nization of histone H2AX toward particular fragile sites
on cell activation. Nucleic Acids Res. 2014;42
(2):1016-1025.



	Abstract
	Background
	Material and methods
	Cell culture and transfection
	Quantitative real-time RT-PCR (qPCR)
	Western blot and antibodies
	Cell counting kit (CCK8) and colony formation assays
	Transwell assay
	Flow cytometry analysis
	Dual-luciferase report gene analysis
	Statistical analysis

	Results
	Knockdown of LINC00665 suppressed the proliferation in breast cancer cells
	Knockdown of LINC00665 inhibited the migration and invasion in breast cancer cells
	Knockdown of LINC00665 induced the apoptosis in breast cancer cells
	Knockdown of LINC00665 inactivated the AKT/mTOR signaling pathway in breast cancer cells
	LINC00665 sponged miR-641 in breast cancer cells
	MiR-641 inhibited the expression of SRCAP via binding to its 3ʹUTR
	MiR-641 inhibited the proliferation and invasion in breast cancer cells
	SRCAP blocked the proliferation inhibition induced by miR-641 or si-LINC00665
	Knockdown of LINC00665 reversed the EMT process
	The expression of LINC00665, miR-641, and SRCAP in breast cancer tissues

	Discussion
	Conclusion
	Highlights
	Disclosure statement
	Funding
	Ethics approval and consent to participate
	Availability of Data and Material
	Authors’ contributions
	References

