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ABSTRACT
Breast cancer is one of the cancers leading to most death cases among women and metastasis is 
the major cause of breast cancer mortality. In this study, Corylin, the flavonoid compound which 
is extracted and purified from Psoralea corylifolia L., the effect on breast cancer metastasis was 
investigated. Corylin showed inhibitory effect on migration and invasion abilities of breast cancer 
cells. Meanwhile, the epithelial–mesenchymal transition was also regulated by corylin. The long 
non-coding RNA LINC00963 was found to have a significantly high expression level in breast 
cancer while it can be down-regulated by corylin. In addition, both wound-healing assay and 
transwell assay showed that LINC00963 induced breast cancer cells metastasis. MiR-34c was 
increased by corylin treatment depending on p53, and it was firstly identified that the LINC00963 
was a direct target of miR-34c. Corylin was verified here that it prohibited MCF-7 migration and 
invasion depending on miR-34c/LINC00963 target. In conclusion, corylin suppresses metastasis of 
breast cancer cells via increasing miR-34c expression, which was dependent on p53. LINC00963 
was a direct target of miR-34c and the target axis was necessary for corylin function. Therefore, 
corylin is a promising drug candidate and LINC00963 can be seen as a promising target in breast 
cancer treatment
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1. Introduction

Breast cancer is one of cancers leading to most death 
cases among women. The incidence of breast cancer 
is increasing by 0.3% every year [1,2]. Metastasis is the 
major cause of mortality for breast cancer as the 
primary tumor migrates to remote organs including 
lung, liver, and bone [3]. Studies on metastasis mole-
cular mechanisms has improved therapeutic strate-
gies. Epithelial-mesenchymal transition (EMT) is an 
essential and reversible process in breast cancer 
metastasis that polarized epithelial cells to become 
mesenchymal cells with loosening cell-cell adhesion 
junctions [4]. Thus, understanding EMT mechanisms is 
promising for looking for early biomarkers contribut-
ing to treatment.

Corylin is a type of flavonoid compound, which is 
extracted and purified from Psoralea corylifolia 
L. (Fabaceae) [5]. The herb is commonly used as 
Traditional Chinese Medicine for treatments of differ-
ent diseases such as cardiovascular diseases [6] and 
osteoporosis [7]. Among natural products from 
P. corylifolia L., corylin is the main flavonoid and 
shows several therapeutic effects such as anti- 
inflammation, anti-oxidation, and anti-cancers for 
hepatocellular carcinoma [5]. However, the function 
of corylin on breast cancer is still unknown. It is 
provoking and intriguing to investigate the detailed 

effects and mechanisms of corylin on breast cancer. 
The study will provide the possible drug candidate for 
breast cancer treatment.

Long non-coding RNA (lncRNA) is a type of RNAs 
containing over 200 nucleic acids and does not 
encore functional proteins [8]. In whole human gen-
ome, lncRNAs take part more than 50% of all tran-
scripts. Recently, different researches revealed that 
lncRNAs play important roles in variety of diseases 
progress [9,10]. LINC00963 is a novel long non- 
coding RNA locating on chromosome 9 with around 
2.1 kb in length. Several effects of LINC00963 on 
different cancers were investigated in previous stu-
dies. In hepatocellular carcinoma, PI3K/AKT signaling 
pathway was activated by LINC00963 [11]. It was also 
reported that LINC00963 promoted ovarian cancer 
proliferation and its expression level increased in eso-
phageal squamous cell carcinoma, while knockdown 
of LINC00963 inhibited the growth of esophageal 
squamous cell carcinoma in vitro and in vivo [12,13]. 
Therefore, in current study, the regulatory relation-
ships between corylin and LINC00963 will be investi-
gated. Furthermore, the target between LINC00963 
and miR-34c was also validated. It is the first research 
connecting corylin effect and LINC00963/miR-34c tar-
get. This study will provide a novel potential target 
and drug candidate for breast cancer treatment.
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2. Materials and methods

2.1. Materials

Corylin (PHL83287) was purchased from Sigma- 
Aldrich. The specific p53 siRNA was designed and 
synthesized by Sangon (Shanghai, China). All cell cul-
ture stuffs including 6-well plates, T75 flasks were 
purchased from Corning (USA). The primary antibo-
dies against Vimentin, SNAI1, E-cadherin and p53 
were purchased from Abcam (USA). The xCELLigence 
system was obtained from Agilent (USA). SYBR Green 
mix for q-PCR was purchased from QIAGEN 
(Germany).

2.2. Cell culture and treatment

MCF-7 and MDA-MB-231 cells were purchased from 
ATCC. Dulbecco’s Modified Eagle Medium (DMEM) 
and RPMI-1640 medium (Gibco, USA) were used for 
MCF-7 and MDA-MB-231 culturing, respectively, con-
taining 10% FBS (Gibco, USA). The culturing condition 
is 37°C, 5% CO2. For different experiments, cells were 
seeded in 6-well plates and then treated with corylin 
in variety of concentrations (0, 2.5, 5, 10, 15, 20 μM) 
for 24 hours.

2.3. Vector cloning

LINC00963 harboring miR-34c binding site and p53 
coding sequence (CDS) were amplified using polymer-
ase chain reaction (PCR) from human cDNA templates. 
Obtained LINC00963 was confirmed through by Sanger 
sequencing. The primers used were as follow (5′ → 3′):

LINC00963
Forward: 5ʹCCGGCCCGTCTCGGGGCCCTGA3ʹ
Reverse: 5ʹTTTTTTATGCTGAAAATATTCCAAGGTTTA 

TTG3ʹ
P53 CDS
Forward: 5ʹCGTGCTTTCCACGACGGTGACACGCTTCC 

CTGG3ʹ
Reverse: 5ʹTTTGGCAGCAAAGTTTTATTGTAAAATAA 

GAGATC3ʹ
LINC00963 and p53 PCR product (named as pcD- 

LINC00963 and pcD-p53 respectively) was cloned into 
pcDNA3.1 (+) vector (Ambion, Austin, USA) and the 
constructs were confirmed through Sanger sequen-
cing. LINC00963 wild type and mutant type pGL-3 
reporter plasmid (Promega, USA) were constructed 
and contained the sequences of miR-34c binding 
site or mutant site.

2.4. Transfection

To transfect p53 siRNA or miR-34c mimics/negative 
control, cells were seeded into 6-well plates at density 
of 5 × 104 cells/well. Transfection was conducted 

when cell confluence reached more than 70%. The 
final concentration of siRNA or miRNA is 25 nM and 
Lipofectamine 2000 (Life, USA) was employed accord-
ing to product instruction. In this study, the ratio of 
RNA and Lipofectamine 2000 was 1:2. After mixing 
RNAs and Lipofectamine 2000 in Opti-MEM (Gibco, 
USA), incubated the mixture for 5 min at room tem-
perature. Then, mixtures were added into cells 
dropwisely. A universal negative control siRNA 
(siRNA NC) or a negative control was used.

2.5. Quantitative real time PCR (q-PCR)

Total RNA isolation was performed with High Pure 
RNA Isolation Kit (Roche, Switzerland). Then cDNA 
library was established through total RNA reverse 
transcription with verso cDNA Synthesis Kit (Thermo 
Fisher, USA) based on the product instruction. SYBR™ 
Green PCR Master Mix (Thermo Fisher, USA) was used 
for q-PCR test, and results were calculated with 2−ΔΔCT 

of each group. The PCR reaction conditions were as 
follows: 95°C for 15 s followed by 40 cycles of 95°C for 
5 s and 60°C for 30s. The gene expression levels for 
miRNA and protein genes were normalized to U6 RNA 
and glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) expressions respectively. Primers of each 
tested gene are listed below (5ʹ to 3ʹ):

Vimentin
Forward: 5ʹAGTCCACTGAGTACCGGAGAC3ʹ
Reverse: 5ʹCATTTCACGCATCTGGCGTTC3ʹ
SNAI1
Forward: 5ʹTCGGAAGCCTAACTACAGCGA3ʹ
Reverse: 5ʹAGATGAGCATTGGCAGCGAG3ʹ
CDH1
Forward: 5ʹAAAGGCCCATTTCCTAAAAACCT3ʹ
Reverse: 5ʹTGCGTTCTCTATCCAGAGGCT3ʹ
LINC00963
Forward: 5ʹGTCAGGCCACTCTGCTACTG3ʹ
Reverse: 5ʹCAACTGCGATGGTTGTGCTC3ʹ

2.6. Western blot

Detailed procedure of western blot was described else-
where. Briefly, after different treatments, cells were 
lysed with RIPA buffer and quantified by using BCA kit 
based on product protocol. For gel electrophoresis, 
30 μg protein samples were loaded and separated by 
10% sodium dodecyl sulfate polyacrylamide gel. After 
electrophoresis, protein was transferred to polyvinyli-
dene fluoride (PVDF) membranes. primary antibodies 
were diluted into 1 x TBST in 5% BSA, and incubated 
with PVDF membranes over night at 4°C or 1 h at 37°C. 
The used primary antibodies were: Vimentin (1:1000, 
abcam, USA), SNAI1 (1:1000, Santacruz, USA), 
E-Cadherin (1:1000, abcam), p53 (1:1000, Cell signaling 
Technology, USA) and β-actin (1:2000, abcam, USA). 
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Secondary antibodies were diluted into 5% skim milk in 
1 x TBST (1:10,000) and incubated for 1 h at room 
temperature. Enhanced chemiluminescence (ECL) sys-
tem was employed for imaging.

2.7. Wound-healing assay

Cells were treated with different concentrations of 
corylin 24 h before being seeded into 6-well-plate at 
density of 5 × 105 cells/well. After seeding into 6-well 
plate and culturing overnight, the wound was gener-
ated with 10 μl tips and then rinsed twice with 
warmed PBS to wash cell debris. Next, incubated 
cells for 1 h and take pictures with microscope to 
obtain migration distance (D0) at 0 h. After 24 h 
incubation, wounds were imaged again and recorded 
migration distance (Dt). The following formula was 
used to calculate migration rate: migration rate 
(%) = (Dt – D0)/D0 x 100%.

2.8. Transwell assay

Cells were treated with different concentrations of 
corylin 24 h before being seeded into 8 μm transwell 
chamber at density of 3 × 105 cells/well. The FBS 
concentration in lower chamber was 15%. After seed-
ing and culturing for 48 h, cells were fixed with 
methanol for 30 min and then stained with 0.5% 
crystal violet for 20 min. Chambers were washed 
three times with PBS and removed cells in upper 
chambers gently. Cell images were obtained through 
microscope and quantified by counting cell numbers.

2.9. Luciferase assay

The 3ʹ- untranslated regions (3ʹUTRs) of LINC00963 
containing wild type or mutant binding sites for 
miR-34c were cloned into pGL3 control vector. HEK- 
293 T cells were used to be co-transfected with repor-
ter vector and miRNA. HEK-293 T cells were seeded in 
a 12-well plate at 2 × 104 cells/well and transfected 
with 100 ng reporter vector and 20 ng Renilla reporter 
plasmid as a normalization control. After incubated 
for 72 h, Luciferase activities of each group were 
tested by Orion II luminometer (Berthold, Bad 
Wildbad, Germany) in 96-well plate and analyzed 
with the SIMPLICITY software package (DLR, 
Stuttgart, Germany).

2.10. Statistics

All data are presented as mean ± SD values. Two 
different groups comparisons were analyzed by 
Student’s t-test. TCGA sample analysis with multiple 
groups were achieved by one-way analysis of variance 
(one-way ANOVA) and followed by a Tukey multiple 
comparisons post-hoc test. P values of < 0.05 (*p) or < 

0.01 (**p) were considered statistically significantly 
different.

3. Results

3.1. Corylin suppressed migration and invasion 
ability of breast cancer cells

To test the potential therapeutic effect of corylin on 
breast cancer, two breast cancer cell lines MCF-7 and 
MDA-MB-231 were selected for corylin treatment with 
different concentrations (0–200 μM). The results from 
xCELLigence real-time cell analyzer showed that cor-
ylin inhibited proliferation rates of both MCF-7 and 
MDA-MB-231 cells in each used concentration com-
pared to untreated group (Figures 1A and Figure 1B). 
In addition, high concentration exhibited stronger 
inhibitory ability on cell proliferation, which indicates 
that the effect of corylin on proliferation was dosage- 
dependent. The IC50 of corylin on MCF-7 and MDA- 
MB-231 were 10.58 μM and 13.59 μM, respectively, 
calculated by GraphPad Prism 8. Next, the effect of 
10 μM corylin on migration and invasion ability were 
tested through wound-healing assay and transwell 
assay, respectively. As shown in Figures 1C and 
Figure 1D, corylin significantly suppressed migration 
of MCF-7 and MDA-MB-231 compared with control 
group. Meanwhile, the invasion ability was also inhib-
ited by corylin treatment in two breast cancer cell 
lines (Figure 1E).

3.2. Corylin inhibited Epithelial-Mesenchymal 
Transition (EMT)

Epithelial-mesenchymal transition (EMT) plays key role 
in tumor metastasis as adhesions among cells were 
weaken and migrate to remote sites. Here several 
EMT-associated proteins and genes were tested by 
western blot and q-PCR after treated with corylin. As 
shown in Figure 2A, EMT promoting proteins includ-
ing Vimentin and SNAI1 decreased after corylin treat-
ment while epithelial marker E-cadherin increased 
compared with control group in both MCF-7 and 
MDA-MB-231 cells. In q-PCR results from both cell 
lines, corylin treatment also inhibited Vimentin and 
SNAI1 gene expression and increased CDH1 expres-
sion (Figures 2B and Figure 2C).

3.3. Corylin induced miR-34c in breast cancer 
cells

In order to further investigate the detailed molecular 
mechanism of corylin function, miRNAs expression profile 
was analyzed from GEO datasets (GSE16477). Briefly, total 
127 miRNAs were up-regulated and 48 miRNAs were 
down-regulated in MCF-7 cell (Figure 3A), 117 miRNAs 
were up-regulated and 63 miRNAs were down-regulated 
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Figure 1. The effect of corylin with different concentrations on proliferation rate of MCF-7 (A) and MDA-MB-231 cells (B). The 
IC50 of corylin for MCF-7 and MDA-MB-231 are 10.58 μM and 13.59 μM respectively. (C) Migration ability of MCF-7 was 
measured by wound-healing assay. 10 μM corylin inhibited migration ability compared with control group (**p < 0.01). (D) 
Migration ability of MDA-MB-231 was measured by wound-healing assay. 10 μM corylin inhibited migration ability compared 
with control group (**p < 0.01). (E) Invasion abilities of MCF-7 and MDA-MB-231 were measured by traswell assay. 10 μM corylin 
inhibited invasion ability compared with control group (**p < 0.01).

Figure 2. (A) EMT markers’ protein level was tested by western blot. In both MCF-7 and MDA-MB-231 cells, 10 μM corylin 
inhibited Vimentin and SNAI1 and induced E-cadherin compared with control group. EMT markers gene expression was tested 
by q-PCR. In both MCF-7 (B) and MDA-MB-231 cells (C), corylin inhibited Vimentin and SNAI1 and induced CDH1 expression 
compared with control group (**p < 0.01).

Figure 3. GEO data sets GSE16477 was analyzed. Differential expressed microRNAs (Fc > 1.5 or Fc < 0.5) were presented after 
comparing MCF-7 (A), T47D (B), SKBR3 (C) or MDA-MB-231 (D) to HMEC cells. (E) In all up-regulated microRNAs (Fc > 1.5), there 
are 22 common up-regulated microRNAs when compared MCF-7, SKBR3, T47D and SKBR3. (F) In all down-regulated microRNAs 
(Fc < 0.5), there are 22 common down-regulated microRNAs when compared MCF-7, SKBR3, T47D and SKBR3. (G) The effect of 
corylin with different concentrations on miR-34c expression of MCF-7 and MDA-MB-231 cells. Corylin increased miR-34c 
expression which is concentration dependent (*p < 0.05, **p < 0.01).
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in T47D cell (Figure 3B), 137 miRNAs were up-regulated 
and 77 miRNAs were down-regulated in SKBR3 cell 
(Figure 3C), 121 miRNAs were up-regulated and 63 
miRNAs were down-regulated in MDA-MB-231 cell 
(Figure 3D). Then the common up-regulated or down- 
regulated miRNAs were compared among those four 
breast cancer cell lines. Total 22 up-regulated miRNAs 
and 22 down-regulated miRNAs were obtained and 
selected for further study (Figure 3E, Figure 3F and 
Table 1). Next, all chosen miRNAs were validated by 
q-PCR in MCF-7 and MDA-MB-231 cells (data not 
shown). As shown in Figure 3G, only miR-34c was found 
to be increased significantly after corylin treatment. 
Therefore, miR-34c was a promising candidate in further 
molecular mechanism research.

3.4. P53 was required for miR-34c induction by 
corylin

Since all miR-34 family members (miR-34a, miR-34b/c) 
are induced by p53, in next step, the potential role of 
p53 in corylin function was investigated. In MCF-7 

(p53 wild genotype), p53 was knocked down by spe-
cific siRNA (Figure 4A). After p53 knocking down, the 
induction effect of corylin on miR-34c was partly abol-
ished (Figure 4B). Similarly, in MDA-MB-231 cell har-
boring mutant p53, ectopically expressed p53 (Figure 
4A) further induced miR-34c expression after corylin 
treatment compared to corylin treatment only (Figure 
4C). In conclusion, miR-34c can be increased by cor-
ylin partly dependent on p53 status.

3.5. LINC00963 induced migration and invasion 
ability of breast cancer cells

To further investigate the potential genes regulated by 
corylin and targeted by miR-34 c, the gene expressions 
profiles including both coding and non-coding RNAs 
from TCGA database were analyzed. Of note, there 
were total 1643 genes up-regulated with fold change 
(Fc) over 2.0 and 1966 genes down-regulated with Fc 
less than 0.5 (Figure 5A). Among those top 200 up- 
regulated genes, LINC00963 was predicted as a miR- 
34 c target according to ENCORI and it was never stu-
died before (Figure 5B). Next, LINC00963 was evaluated 
by q-PCR after transfected with miR-34c mimics. As 
shown in Figure 5C, the long non-coding RNA 
LINC00963 was a promising target of miR-34c as its 
mRNA expression was reduced by miR-34c mimics. 
Then, the function of LINC00963 on EMT was tested. 
LINC00963 overexpression (Figure 5D) induced 
mesenchymal marker protein level and inhibited epithe-
lial marker in MCF-7 cells (Figure 5E). In addition, 
LINC00963 was also observed to have similar effect on 
EMT markers mRNA when tested by q-PCR (Figure 5F).

3.6. Corylin function was dependent on miR-34c/ 
LINC00963 target

In order to confirm the direct target between miR-34c and 
LINC00963, the sequences fragment of LINC00963 har-
boring wild/mutant seeds (pGL3-linc-WT/pGL3-linc-MUT) 
were cloned into pGL3 Luciferase Reporter System (Figure 

Table 1. Common up- and down-regulated miRNAs in four 
cell lines (GSE16477).

Up-regulated miRNAs Down-regulated miRNAs

hsa-miR-7 
hsa-miR-1244 
hsa-miR-219-5p 
hsa-miR-1972 
hsa-miR-1255b 
hsa-miR-1303 
hsa-miR-484 
hsa-miR-519a* 
hsa-miR-1283-1 
hsa-miR-4305 
hsa-miR-25 
hsa-miR-1302-8 
hsa-miR-1300 
hsa-miR-23b 
hsa-miR-27b 
hsa-miR-15b 
hsa-miR-4302 
hsa-miR-514-1 
hsa-miR-4315-2 
hsa-miR-520d 
hsa-miR-2054 
hsa-miR-3165

hsa-miR-3180-2 
hsa-miR-485 
hsa-miR-3180-3 
hsa-miR-1909 
hsa-miR-3181 
hsa-miR-376a 
hsa-miR-3188 
hsa-miR-2116 
hsa-miR-3180-1 
hsa-miR-409 
hsa-miR-382 
hsa-miR-1202 
hsa-miR-572 
hsa-miR-874 
hsa-miR-718 
hsa-miR-939 
hsa-miR-4322 
hsa-miR-1271 
hsa-miR-22 
hsa-miR-3195 
hsa-miR-34 c 
hsa-miR-31

Figure 4. (A) In MCF-7 cell, p53 specific siRNA inhibited p53 protein level while overexpression plasmid pcD-p53 increased p53 
protein level in MDA-MB-231 cells. (B) In MCF-7 cells, p53 knocking down by siRNA reversed the effect of corylin on inducing 
miR-34c compared with negative control (**p < 0.01). (C) In MDA-MB-231 cells, p53 rescuing by pcD-p53 further enhanced the 
effect of corylin on inducing miR-34c compared with empty vector (**p < 0.01).
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6A). As predicted, miR-34c mimics significantly sup-
pressed the luciferase activity in pGL3-linc-WT group 
compared to pGL3-linc-MUT group, suggesting that 
LINC00963 was a direct target of miR-34c (Figure 6B). 
Next, whether the corylin function was dependent on 
miR-34c/LINC00963 target was verified. In MCF-7, corylin 
treatment decreased LINC00963 expression (Figure 6C) 
while overexpression LINC00963 abolished the inhibitory 
effect of corylin on cell migration (Figure 6D) and invasion 
(Figure 6E). Furthermore, miR-34c was still induced by 
corylin in MCF-7 when cells were ectopically expressed 
with LINC00963 (Figure 6F)(Figure 6A).

4. Discussion

Corylin, one of the main flavonoids isolated from Psoralea 
corylifolia L., has been demonstrated to exhibit various 
biological properties such as anti-tumor and anti- 
inflammatory effects [5,7]. However, the effect of corylin 
on breast cancer metastasis and the detail molecular 
mechanisms are still unclear. In this study, corylin showed 
inhibitory effect on migration and invasion ability of 
breast cancer cells. Meanwhile, the epithelial–mesenchy-
mal transition (EMT) was also regulated by corylin. After 
corylin treatment, mesenchymal markers such as 
Vimentin and SNAI1 were decreased while epithelial mar-
kers E-cadherin was increased. Therefore, it is reasonable 
for the explanation that corylin inhibits metastasis 
through affecting EMT.

Emerging evidence illustrated that long non-coding 
RNAs can participate in different diseases progresses 
including different cancers [8]. Interacting with 
microRNAs is one of the main ways how lncRNAs play 
the role. In previous studies, lncRNA LINC00963 has been 

identified to exhibit tumor-promoting effects in several 
cancer types. In acute myeloid leukemia, cancer develop-
ment was facilitated by LINC00963 through modulating 
miR-608/MMP-15 targeting [14]. Furthermore, LINC00963 
was significantly increased in colorectal cancer tissues 
and cells, and LINC00963 promoted colorectal cancer 
proliferation and migration through direct target of 
miR-124-3p related to FZD4 [15]. LINC00963 also con-
ferred oncogenic properties in bladder cancer as high 
LINC00963 expression was observed in bladder cancer 
patients and indicated high histological grade. Bladder 
cancer cells viability, colony formation, migration, and 
invasion can be suppressed by LINC00963 knocking 
down [16]. In our study, LINC00963 was found to have 
a significant high expression level in breast cancer 
patients in TCGA database. In addition, both wound- 
healing assay and transwell assay showed that 
LINC00963 induced breast cancer cell metastasis. When 
breast cancer cells were treated with corylin, LINC00963 
was significantly reduced. According to the results of 
migration and invasion abilities measurements, 
LINC00963 abolished the inhibitory effect of corylin. 
Results above indicated that LINC00963 was one of the 
effectors of corylin, which means corylin inhibited breast 
cancer cells metastasis through regulating LINC00963.

Furthermore, the p53 induced microRNA miR-34c was 
up-regulated in corylin treatment group. Tremendous 
evidence suggested that miR-34 family played tumor- 
suppressing role [17]. miR-34 family contains miR-34a 
encoded in the second exon of a gene located on chro-
mosome 1p36.22, and miR-34b/c share common host 
gene located on chromosome 11q23.1. In multiple cancer 
types, miR-34s inhibit tumor growth, metastasis, and 
proliferation via affecting cellular processes including 

Figure 5. (A) TCGA-BRCA data was analyzed. In BRCA tissue, there are total 1643 genes up-regulated with fold change over 2.0 
while 1966 genes down-regulated with fold change less than 0.5 when compared with normal tissue. (B) LINC00963 was 
predicted that there are miR-34 c targets on its sequences obtained from online bioinformatic tool ENCORI. (C) In both MCF-7 
and MDA-MB-231 cells, transfected miR-34 c mimics significantly decreased LINC00963 expression (**p < 0.01). (D) In MCF-7 cell, 
the ectopically expressed LINC00963 was achieved by pcD-LINC00963 (**p < 0.01). (E) In MCF-7 cell, overexpression of 
LINC00963 increased Vimentin and SNAI1 protein level while inhibited E-cadherin protein. (F) In MCF-7 cells, overexpression 
of LINC00963 increased Vimentin and SNAI1 mRNA level while inhibited CDH1 expression (**p < 0.01).
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cell cycle, EMT, and stemness [18]. In our study, miR-34c 
was characterized to be down-regulated in four different 
breast cancer cell lines and was increased by corylin 
treatment in MCF-7 and MDA-MB-231 cells. In addition, 
p53 was required for the function of corylin on regulating 
miR-34 c since silencing p53 abolished the effect of cor-
ylin on inducing miR-34c. In this study, we firstly identi-
fied that the lncRNA LINC00963 was a direct target of 
miR-34c. Ectopic expression of miR-34c decreased 
LINC00963 in both MCF-7 and MDA-MB-231 cells. 
Considering miR-34c was induced by corylin treatment, 
the target between miR-34 c and LINC00963 suggests 
that corylin inhibits breast cancer cell metastasis through 
increasing miR-34c which leads to LINC00963 degrading. 
Interestingly, overexpression of LINC00963 cannot affect 
miR-34c induced by corylin, which implies that corylin 
suppressed LINC00963 through miR-34c targeting but 
LINC00963 never showed sponge ability to miR-34 c. 
Therefore, miR-34c locates on upstream of LINC00963 in 
the whole regulation axis regulated by corylin.

In conclusion, corylin suppresses metastasis of 
breast cancer cells via increasing miR-34c expression, 

which is dependent on p53. LINC00963 is a direct 
target of miR-34c and the target axis is necessary for 
corylin function. Corylin is a promising drug candidate 
and LINC00963 can be seen as a promising target in 
breast cancer treatment.
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