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Introduction: The aim of this study was to evaluate the expression of C-type lectin domain
family 3 member A (CLEC3A) and its clinical significance in breast invasive ductal cancer (IDC)
as well as its effect on breast cancer (BC) cell proliferation and metastasis. In this study, the
level of CLEC3A expression in The Cancer Genome Atlas (TCGA) datasets was analyzed.
Materials and methods: Clinical collected samples and BC cells were measured using quantitative reverse transcription polymerase chain reaction. Its correlations with patients’ clinicopathological characteristics were analyzed by Pearson’s chi-squared test. Overall survival (OS) analysis
was performed by the Kaplan–Meier method and Cox’s proportional-hazards model. BC cell
proliferation, migration, and invasion by CLEC3A knockdown were assessed using Cell Counting Kit-8 and colony formation assay, wound healing model and transwell assay, respectively, in
BT474 cell line. Activities of survival factors and phosphatidylinositol-3-kinase (PI3K)/protein
kinase B (AKT) signaling were measured by testing key molecules using Western blot assay.
Results: CLEC3A expression was markedly higher in breast IDC tissues than normal breast
tissues or adjacent normal tissue. Patients with high CLEC3A expression related to higher
lymph node and poorer OS of breast IDC. CLEC3A knockdown by siRNA could inhibit the
BC cells BT474 proliferation, migration, and invasion, together with a decrease in expression
of key proteins in survival factors and PI3K/AKT signaling pathway.
Conclusion: Elevated CLEC3A expression may correlate with breast IDC metastatic potential
and indicated a poor prognosis in breast IDC. CLEC3A knockdown inhibited BC cell growth
and metastasis might be through suppressing PI3K/AKT signaling activity. These findings
unravel that CLEC3A is a promising therapeutic target for BC in the future.
Keywords: breast cancer, proliferation, migration, invasion, overall survival, survival factor,
PI3K/AKT
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Breast cancer (BC) is the leading cause of cancer-associated morbidity and mortality
among female worldwide, and it affects ~12% of women,1 with an estimated 1,300,000
new cases and 470,000 deaths annually.2 Besides, in China, the number of new BC
cases was estimated to be 268,600 and deaths was estimated to be 69,500 in 2015.3
Presently, surgical therapy and radiotherapy and chemotherapy were the major therapeutic strategies.4 Dismally, some of patients having undergone surgical therapy still
were died of postoperative metastasis,5 the side-effects caused by radiotherapy were
continuous,6,7 drug resistance remained to be a several challenge.8,9 These outcomes
was probably attributed to poor understanding of BC pathogenesis or mechanism
of drug action. On the basis of these, novel biomarkers or unveiling the underlying
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mechanism appears to be particularly urgent for the prognosis
and effective treatment of BC.
C-type lectin domain family 3 member A (CLEC3A),
belonging to the superfamily of C-type lectins, is known to
be expressed initially in cartilage.10,11 CLEC3A was selected
from the microarray analysis to involve in bone formation.12
Human CLEC3A mRNA has been detected in human BC cell
lines and normal breast or BC tissue, and CLEC3A associates
with cell adhesion.13 Cell adhesion influenced results in tumor
cells proliferation and metastasis.14 Additionally, CLEC3A
was reported to activate the plasminogen activation via
enhancing tissue plasminogen activator.15 It was found that
plasminogen activator system was identified as one of the
major mechanisms involved in the processes of cell invasion
and metastatic spreading.16,17 However, there is no direct
evidence whether CLEC3A associates with clinicopathological significance in BC oncology and cancer progression.
In this study, we analyzed The Cancer Genome Atlas
(TCGA) data associated with CLEC3A expression level in
breast invasive ductal cancer (IDC) and normal breast tissues,
which indicated that high CLEC3A level was found in breast
IDC. Based on this, we are forced to hypothesize that CLEC3A
possibly plays a significant carcinogenic action in BC. Therefore, the aim of this study is to determine whether the expression level of CLEC3A correlated with the clinical pathological
characteristics, prognosis of breast IDC, BC progression, and
possible molecular mechanism. Our data showed that CLEC3A
was significantly increased in breast IDC patients, with correlation to higher lymph node metastasis and poor prognosis
of breast IDC. We further demonstrated that knockdown of
CLEC3A decreased BC cells proliferation, migration, and
invasion. Finally, we also suggested that activities of survival
factors and phosphatidylinositol-3-kinase/protein kinase B
(PI3K/AKT) were downregulated by CLEC3A knockdown.
Collectively, these results indicate that CLEC3A will likely
be a drug-targeted marker in further clinic therapy.

Materials and methods
Database and data analysis
The data of CLEC3A RNA-seq were downloaded from the
TCGA database. The expression data between BC and normal
tissues were compared with the limma package in R.

Patients
This study collected 80 cases of tissue specimens of breast
IDC, including breast IDC and adjacent normal tissue (ANT).
All specimens were obtained from the Department of Breast
and Thyroid Surgery at the Hospital between March 2006 and
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January 2010. The study was approved by the Review Board
of People’s Hospital of Ganzhou City and written informed
consent forms were signed by each participant. Pathological
characteristics, including age, Pathologic stage, Pathologic-T
(tumor status), Pathologic-N (regional lymph node status), and
Pathologic-M (metastasis status) were reviewed in all tumor
patients. All patients had follow-up records for .5 years.
Survival time was measured from the date of primary surgery
to the follow-up deadline or the date of death.

Cell culture
The human breast ductal carcinoma cell lines BT474,
MDA-MB-231, MCF-7, and normal human breast cells
CCD-1095SK were obtained from American Type Culture
Collection (Manassas, VA, USA). Cells were cultured in
Roswell Park Memorial Institute (RPMI-1640) (Thermo
Fisher Scientific, Waltham, MA, USA) supplemented with
10% (v/v) fetal bovine serum (FBS) (Thermo Fisher Scientific), containing penicillin (100 U/mL) and streptomycin
(100 μg/mL) at 37°C in a humidified CO2 incubator.

siRNA transfection
CLEC3A siRNA (si-CLEC3A: 5′-CAG AAG TCA ATG CCT
TGA AGG AAA T-3′) and siRNA negative control (si-NC)
oligonucleotides were designed and synthesized by Genepharma Co. Ltd. (Shanghai, China). One day before transfection,
the cells (1×105) were seeded into 6-well plates. When cells
density reached 30%–50%, the medium was replaced with
fresh medium without serum and antibiotics. Then, cells were
transfected with si-CLEC3A and si-NC using Lipofectamine
2000 transfection reagent (Thermo Fisher Scientific) in
accordance with the manufacturer’s instructions. After 4–6 h
incubation, the media were changed with fresh media containing 10% FBS. The efficiency of CLEC3A knockdown was
assessed by Western blot and quantitative reverse transcription
polymerase chain reaction (qRT-PCR) assay.

qRT-PCR
Total RNA of tissues, BT474 and CCD-1095SK cells, and
BT474 cells (after transfection of 48 h) were extracted with
Trizol reagent (Thermo Fisher Scientific) following the manufacturer’s introductions. cDNA was synthesized with PrimeScript™ RT reagent kit (Takara, Dalian, China) in accordance
with the manufacturer’s instructions. qRT-PCR was performed using SYBR Premix Ex Taq™ kit (Takara) according
to the manufacturer’s instructions. Primers were as follows:
CLEC3A: F: 5′-CGA GGC ACT AAA GTT CACAAG
A-3′ and R: 5′-CGG AGT TCC TGG GGA TAA CCA-3′.
OncoTargets and Therapy 2018:11
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Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(used as the internal control): F: 5′-GGA GCG AGA TCC
CTC CAA AAT-3′ and R: 5′-GGC TGT TGT CAT ACT TCT
CAT GG-3′. The qRT-PCR results related to CLEC3A
relative expression levels normalized to GAPDH after performed in triplicate were analyzed using the 2−ΔΔCT calculation method.

Cell proliferation assay
The viability of BT474 cells was detected by Cell Counting
Kit-8 (CCK-8; Beyotime Inc., Shanghai, China) assay after
24 h of transfection in accordance with manufacturer’s
introductions. Cells were placed in 96-well plates and divided
into 4 groups, then their viabilities were detected at 24, 48,
72, and 96 h. A total of 10 μL of CCK8 reagent was added
into each well. Absorbance (optical density, OD) was measured at a wavelength of 450 nm using a spectrophotometer
(Bio-Rad Laboratories Inc., Hercules, CA, USA).

Colony formation assay
Twenty-four hours after transfection, 500 BT474 cells from
each group were cultured in the 6 cm plate for 7–14 days
during this time changing fresh medium every 3 days. When
a visible clone in culture vessel was observed, cultivation of
cells was terminated. Then, the colonies were fixed with 4%
paraformaldehyde for 30 min and stained with 0.1% crystal
violet for 30 min. After washing with water slowly, the plates
were air dried. The number of colonies in 10 random view
fields was counted under a microscope.

Wound-healing and transwell assay
For in vitro wounds, confluent cells were scratched using a
200 µL pipette tip, and then cell migration into the wound
area was photographed under an inverted microscope
(Olympus Corporation, Tokyo, Japan) with 100× magnification. Cells invasion and migration assay were also performed
using 24-well transwell chamber with or without Matrigel
matrix (BD Biosciences, San Jose, CA, USA) following
the manufacturer’s instructions. Briefly, for detecting cell
invasion, serum-free medium suspension (100 μL) containing a total of 1×105 cells was plated in the Matrigel-coated
upper chamber, and the bottom chamber was filled with 600
μL of complete medium (containing 10% FBS). After 24 h
incubation, residual cells were wiped with cotton-tipped
swabs, invaded cells were fixed with 4% paraformaldehyde
for 30 min and stained with 0.1% of crystal violet for 20 min.
Then, the invaded cells were counted under a microscope in
5 random fields per well at 200× magnification. For detecting
OncoTargets and Therapy 2018:11
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cell migration, the steps resemble cells invasion detection,
except for that Matrigel was not applied.

Western blotting analysis
At 48 h after transfection, total proteins of transfected BT474
cells were extracted by a Radio Immunoprecipitation Assay
lysis buffer (Beyotime Inc.) and concentrations of them were
quantified by a bicinchoninic acid protein assay kit (Beyotime
Inc.). Protein lysates were separated using 8%–12% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred onto polyvinylidene fluoride membrane. The
membrane was blocked with 5% non-fat milk for 1.5 h at
room temperature. Then, the membrane was incubated with
primary antibodies against PI3K, phosphorylated-(p-)PI3K,
AKT, p-AKT, phosphorylated ribosomal p70S6 protein
kinase (p-P70S6K), GAPDH (Cell Signaling Technology,
Inc., Danvers, MA, USA), and CLEC3A (Sigma-Aldrich
Co., St Louis, MO, USA) at the dilution of 1:1,000 at 4°C
overnight and were incubated by anti-mouse/rabbit horseradish peroxidase-conjugated secondary antibodies (Proteintech
Group, Inc., Wuhan, China) at the dilution of 1:5,000. The
bands were visualized by electrochemiluminescence imaging analysis system (Pierce Biotechnology, Inc., Rockford,
IL, USA) and were measured with Quantity One software
(Bio-Rad Laboratories Inc.).

Statistical analysis
Fold changes (FCs) were calculated as BC versus normal
tissue from TCGA database. It would be considered as
statistically significant if an FC value was ,0.5 or .2 and
with the P-value ,0.05 in Student’s t-test. Pearson’s chisquared test (χ2) was applied to calculate the correlation
between clinicopathological variables and CLEC3A expression in breast IDC. Kaplan–Meier’s method and the log-rank
test were used to evaluate the prognostic value. Univariate
and multivariate survival analyses with calculation of hazard
ratio (HR) were performed using Cox’s proportional hazards
model for the overall survival (OS). qRT-PCR, Western blot,
and proliferation results were analyzed by Student’s t-test.
A value of P,0.05 was considered statistically significant.
All statistical analyses were performed by SPSS version 22.0
(SPSS Inc., Chicago, IL, USA).

Results
Elevated expression of CLEC3A mRNA
in breast IDC and correlated with
clinicopathological features of patients
To evaluate the expression level of CLEC3A in breast IDC
and its relation with clinical progression, CLEC3A mRNA
submit your manuscript | www.dovepress.com
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Figure 1 The CLEC3A expression in breast IDC tissues and normal group.
Notes: (A) Analyzing the data from TCGA datasets, the CLEC3A expression in breast IDC tissues significantly decreased compared with normal breast tissues. (B) The
CLEC3A expression level in breast IDC tissues was markedly lower than ANT group. **P,0.01 versus normal issues or ANT group.
Abbreviations: ANT, adjacent normal tissue; CLEC3A, C-type lectin domain family 3 member A; IDC, invasive ductal cancer; TCGA, The Cancer Genome Atlas.

expression level between breast IDC tissues and normal breast
tissues were compared through TCGA analysis, additionally,
we also used qRT-PCR assay to detect CLEC3A mRNA level
in IDC tissues and ANT samples. As shown in Figure 1,
TCGA data analyzing and qRT-PCR results showed that
CLEC3A mRNA expression level was significantly higher
in breast IDC tissues than normal or ANT group (both
P,0.05). Moreover, Pearson’s chi-squared test was applied
to assess the association between CLEC3A expression and
clinicopathological features. As shown in Table 1, CLEC3A
Table 1 Correlation between clinicopathological variables and
expression of CLEC3A in 80 cases of breast IDC
Characteristics

Age, years
,60
$60
Pathologic stage
I+II
III+IV
Pathologic-T
T1+T2
T3+T4
Pathologic-N
N0
N1
Pathologic-M
M0
M1

Expression of
CLEC3A

P-value

Low

High

22
18

22
18

23
17

16
24

29
11

21
19

18
22

9
31

32
8

29
11

1.000

0.117

0.065

0.033*

0.431

Notes: T, tumor status; N, regional lymph node status; M, metastasis status;
*Statistically significant.
Abbreviations: CLEC3A, C-type lectin domain family 3 member A; IDC, invasive
ductal cancer.
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expression correlated significantly with Pathologic-N
(P=0.033), suggesting a relationship with metastatic potential.
CLEC3A expression was not significantly correlated with
other clinicopathological features, such as age, Pathologic
stage, Pathologic-T, and Pathologic-M (All P.0.05).

Prognostic significance of CLEC3A
expression in breast IDC
The prognostic impact of CLEC3A expression was analyzed in 80 patients with IDC by Kaplan–Meier OS curves.
We found that high CLEC3A expression was associated
with poor prognosis (Figure 2). Cox’s proportional hazards
regression analysis was also applied to analyze the prognostic relevance to CLEC3A, Pathologic stage, Pathologic-T,
Pathologic-M, Pathologic-N, and age in OS. In line with the
Kaplan–Meier OS curves, as shown in Table 2, univariate
analysis revealed that high CLEC3A (HR=3.603, 95%
CI: 1.423–9.121, P=0.007), Pathologic stage (I+II/III+IV)
(HR=5.263, 95% CI: 2.129–13.010, P,0.001), Pathologic-T
(T1+T2/T3+T4) (HR=4.654, 95% CI: 2.031–10.668,
P,0.001), and Pathologic-M (M0/M1) (HR=4.508, 95% CI:
2.004–10.139, P,0.001) were significant predictors of OS.
To determine the independent prognostic factors for breast
IDC patients in the current cohort, the multivariate Cox’s
proportional hazards regression analysis was performed by
adopting all the potentially significant variables in univariate
analyses. Moreover, the multivariate analysis revealed that
high CLEC3A was significantly associated with shorter OS
(HR=2.829, 95% CI: 1.045–7.659, P=0.041), while other
factors were not significantly correlated with OS in breast
IDC patients. Notably, the results suggest that high CLEC3A

OncoTargets and Therapy 2018:11

Dovepress

CLEC3A promotes breast cancer progression



2YHUDOOVXUYLYDO 



/RJUDQN3 







/RZH[SUHVVLRQ
+LJKH[SUHVVLRQ
/RZH[SUHVVLRQFHQVRUHG
+LJKH[SUHVVLRQFHQVRUHG












7LPH PRQWKV
Figure 2 Kaplan–Meier analysis of OS in patients with breast IDC.
Note: High expression of CLEC3A was significantly associated with shorter OS
than those with low CLEC3A expression in breast IDC.
Abbreviations: CLEC3A, C-type lectin domain family 3 member A; IDC, invasive
ductal cancer; OS, overall survival.

expression is an independent negative prognostic marker of
OS in breast IDC patients.

High expression level of CLEC3A in
BC cell and CLEC3A knockdown
inhibits BC cells proliferation
First, to explore the expression of CLEC3A in BC cells,
CLEC3A at mRNA and protein level in BC cell lines BT474,
MDA-MB-231, MCF-7, and normal breast cells CCD1095Sk were examined. As shown in Figure 3, CLEC3A was
obviously upregulated in BC cells, including BT474, MDAMB-231, MCF-7, in comparison with CCD-1095Sk cells.
In addition, the level of CLEC3A in BT474 was the highest in

these cell lines; therefore, we used the BT474 cell to perform
the subsequent experiments. Second, efficacy of CLEC3A
knockdown was assessed using qRT-PCR and Western blot
assay. The results showed that the level of CLEC3A both
in mRNA and protein was lower evidently in si-CLEC3A
group than si-NC group (Figure 4A and B, P,0.01).
To examine the proliferation of BT474 cells, we performed
CCK-8 assay. The data suggested that the OD value for the
si-CLEC3A group was dramatically decreased at 72 h and at
96 h compared with the si-NC group (Figure 5A, P,0.01).
Next, to further assess the effect of CLEC3A knockdown
on BC cells viabilities, colony formation assay was carried
out by measuring the colony formation rate. As shown in
Figure 5B, the colony formation rate of si-CLEC3A group
was obviously lower than that of the si-NC group (P,0.01),
suggesting that CLEC3A knockdown inhibited clonogenesis of BT474 cells. Collectively, these data indicate that
knockdown of CLEC3A suppresses BC cells proliferation.

CLEC3A knockdown prohibits BC cells
migration and invasion
To test the effect of the CLEC3A knockdown on BT474
cells migration and invasion, wound-healing and transwell
assay were performed. The wound-healing results showed
in Figure 6A that CLEC3A knockdown markedly delayed
wound closure of BT474 cells. Furthermore, transwell
assay results also showed that migrated and invaded BT474
cells number was markedly decreased in BT474 cells after
silencing CLEC3A expression in comparison with si-NC
group (Figure 6B and C, P,0.01). These results indicate
that CLEC3A knockdown represses BC cells proliferation,
migration, and invasion.

Effect of CLEC3A on survival factors
Having established that cell survival regulator genes are
involved in the proliferation, cell cycle progression, cell apoptosis, and cellular transformation, in an effort to investigate

Table 2 Analyses of prognostic variables for OS in breast IDC using Cox proportional hazards regression
Variables
CLEC3A expression (high/low)
Age (,60/$60)
Pathologic stage (I+II/III+IV)
Pathologic-T (T1+T2/T3+T4)
Pathologic-N (N0/N1)
Pathologic-M (M0/M1)

Univariate analysis

Multivariate analysis

P-value

HR

95% CI

P-value

HR

95% CI

0.007**
0.844
0.000**
0.000**
0.062
0.000**

3.603
1.085
5.263
4.654
2.560
4.508

1.423–9.121
0.483–2.434
2.129–13.010
2.031–10.668
0.953–6.880
2.004–10.139

0.041*

2.829

1.045–7.659

0.139
0.104

2.730
2.232

0.721–10.334
0.848–5.875

0.533

1.434

0.462–4.456

Notes: *P,0.05, **P,0.01.
Abbreviations: CLEC3A, C-type lectin domain family 3 member A; HR, hazard ratio; IDC, invasive ductal cancer; OS, overall survival.
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Figure 3 High CLEC3A level in BC cells both at mRNA and protein levels.
Notes: (A) CLEC3A mRNA expression level in BC cells was upregulated significantly compared with normal breast cells. (B) CLEC3A protein expression level in BC cells
was upregulated significantly compared with normal breast cells. **P,0.01 compared with normal control cells (CCD-1095SK) group.
Abbreviations: BC, breast cancer; CLEC3A, C-type lectin domain family 3 member A; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

CLEC3A knockdown decreases the
activity of PI3K/AKT signaling

$

5HODWLYHP51$H[SUHVVLRQ

Previous studies30,31 have suggested that the PI3K/AKT
signaling pathway was closely related to cancer progression. To explore the underlying mechanism, we measured
expression levels of PI3K/AKT signaling-related marker
PI3K/p-PI3K, AKT/p-AKT and p-P70S6K in both proteins
levels using the Western blot assay. The results showed that
si-CLEC3A transfection induced downregulated expressions of p-PI3K, p-AKT, and p-P70S6K while no detectable

Discussion
In this study, the expression of CLEC3A was higher in IDC
patients. Additionally, high CLEC3A expression notably
correlated with higher lymph node metastasis and the poor
prognosis of breast IDC. Moreover, it was observed that
knockdown of CLEC3A by RNAi approach impeded the proliferation, migration, and invasion of BC cells; furthermore,
the activities of survival factor and PI3K/AKT signaling were
downregulated by CLEC3A knockdown, demonstrating that
CLEC3A is a potential gene target in IDC therapy.
BC is the most common neoplasm diagnosed and mortal
among women worldwide. Its pathogenesis mechanism
remains to be probed. In this study, it was demonstrated that
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observations of PI3K and AKT expression levels (Figure 8).
These data suggest that inactivated PI3K/AKT signaling
may be involved in the inhibitory effects of BC cells proliferation, migration, and invasion induced by CLEC3A
silencing.
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whether CLEC3A affect survival factors, c-Myc, Cyclin D1,
and Bcl-2 were examined by Western blot analysis. The result
showed that c-Myc, Cyclin D1, and Bcl-2 proteins levels
were markedly reduced in the si-CLEC3A group compared
with the si-NC group (Figure 7, P,0.01). The result suggests
that these cell survival regulatory molecules are involved
in suppressive effect on cell proliferation and metastasis by
CLEC3A silencing.
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Figure 4 Knockdown of CLEC3A was identified by qRT-PCR and Western blot assay.
Notes: (A) The CLEC3A mRNA level in the si-CLEC3A group was decreased significantly on comparing the si-NC group. (B) The CLEC3A protein level in the si-CLEC3A
group was decreased significantly compared with the si-NC group. **P,0.01 compared with the si-NC group.
Abbreviations: CLEC3A, C-type lectin domain family 3 member A; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; qRT-PCR, quantitative reverse transcription
polymerase chain reaction; si-NC, siRNA negative control.
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Figure 5 Effect of BC cells viabilities was inhibited by CLEC3A knockdown using CCK-8 and colony formation assay.
Notes: (A) OD values in the si-CLEC3A group were significantly decreased in comparison with the si-NC group time-dependently. (B) Number of colonies was apparently
less than the si-NC group. **P,0.01 compared with the si-NC group.
Abbreviations: BC, breast cancer; CCK-8, Cell Counting Kit-8; CLEC3A, C-type lectin domain family 3 member A; si-NC, siRNA negative control.

CLEC3A expression level was higher CLEC3A in breast
IDC than ANT samples, besides, elevation of it associated with higher lymph node and negative postoperative
prognosis of breast IDC patients. As is known to all, tumor
metastasis has been the challenge of therapy in numerous
cancers. Thus, it was pointed out by our finding to some
extent that CLEC3A would be a therapeutic breach for BC.
It was determined that high CLEC-2 expression was correlated with unfavorable prognosis of renal cell carcinoma.18
Moreover, we further found that knockdown of CLEC3A
inhibited BC cells proliferation, invasion, and migration.
It was identified that CLEC-2 promoted hematogenous
tumor metastasis in mice in the previous study.19 CLEC-2
was also recognized to influence the tumor cell migratory
and invasive properties.20 CLEC-2 activation was thought to
promote efficient motility of dendritic cell and trigger cell
spreading.21 Activity of CLEC-2 was inhibited, which was
related to anti-metastatic potency of cancer.22 Our obtained

OncoTargets and Therapy 2018:11

data, in line with the previous investigations, might indicate
that CLEC3A could be a predictive marker for BC cancer
progression.
It has been established that cell survival factors are
responsible for cell growth, apoptosis, and migration, which
play a crucial role in various types of cancers, including
BC.23,24 Previous studies demonstrated that Cyclin D1 was
found to be upregulated in human BCs, which predicted poor
outcome of BC patient.25–27 Prior studies had assessed that
c-Myc was a strong proto-oncogene and it was often found
to be upregulated in many types of tumors.28,29 Bcl-2, identified as the best-characterized regulators of apoptosis, has
been critical in determining how cells respond to apoptotic
or survival signals. In the current work, we detected c-Myc,
Cyclin D1, and Bcl-2 expression levels and found that these
survival factors were decreased by knockdown of CLEC3A.
These observations indicate that CLEC3A functions as a
potential oncogenic action in BC progression.
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Figure 6 The effect of migration and invasion capacities of BC cells by CLEC3A knockdown were assessed by transwell assay.
Notes: (A) The represented images of BC cells in wound-healing assay. Scale bar 200 µm. Original magnification: ×100. (B) BC cells migration and invasion were inhibited by
CLEC3A knockdown using transwell assay. Scale bar 200 µm. Original magnification: ×400. (C) The number of migrated and invaded BC cells in si-CLEC3A or si-NC group
was counted. **P,0.01 compared with the si-NC group.
Abbreviations: BC, breast cancer; CLEC3A, C-type lectin domain family 3 member A; si-NC, siRNA negative control.

To further investigate the mechanism underlying
drives the anti-proliferative and anti-metastatic effect of
CLEC3A knockdown on BC, we assessed the activity of
PI3K/AKT signaling. It is well known that aberrant PI3K/
AKT signaling is recognized in multitude of cancers and
has been demonstrated to be mediated in carcinoma cells
proliferation, survival, migration, and invasion.30,31 PI3K
phosphorylates phosphatidylinositol 4,5-bisphosphate to
phosphatidylinositol 3,4,5-triphosphate that binds to AKT,

c-Myc
Cyclin D1
Bcl-2
GAPDH
si-NC

si-CLEC3A

Relative protein
expression levels

B

A

a serine-threonine protein kinase identified as the central
mediator of PI3K pathway, leading to the phosphorylation
of Akt. P-AKT elicits the activation of the mammalian target
of rapamycin complex, and thus is responsible for the regulation of p-P70S6K, which modulates the cell growth.32,33
Hereby, PI3K/p-PI3K, p-AKT/AKT, and p-P70S6K were
detected in this study, their relative expression levels were
obviously decreased in BC cells after silencing CLEC3A in
comparison with si-NC transfection group. It was identified
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Figure 7 The effect of CLEC3A on survival factors was detected by Western blot assay.
Notes: (A) Western blot analysis was performed with a series of antibodies (c-Myc, Cyclin D1, Bcl-2, and GAPDH). (B) Representative quantification of protein bands were
measured by QUANTITY ONE software and numerical values were showed by column diagram. *P,0.05 and **P,0.01 compared with si-NC group.
Abbreviations: CLEC3A, C-type lectin domain family 3 member A; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; si-NC, siRNA negative control.
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Figure 8 The activity of PI3K/AKT signaling was tested in BC cells after CLEC3A knockdown using Western blot assay.
Notes: (A) Represented bands of PI3K/AKT signaling associated proteins were showed in 2 groups. (B) Densitometric quantification of protein bands were measured by
QUANTITY ONE software and numerical values were showed by column diagram. *P,0.05 and **P,0.01 compared with si-NC group.
Abbreviations: AKT, protein kinase B; BC, breast cancer; CLEC3A, C-type lectin domain family 3 member A; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; PI3K,
phosphatidylinositol-3-kinase; si-NC, siRNA negative control.

that the activation of this pathway was associated with
enhanced cell growth and clinical outcome, and its overexpression correlated with a worse prognosis of tumor, which
proposed it might be a therapeutic potential strategic point for
BC.34,35 Aforementioned evidence demonstrates that PI3K/
AKT signaling may be involved in the action of CLEC3A
knockdown inducing anti-proliferation and anti-metastasis
potency of BC. In spite of this, limitation of the current work
should be acknowledged. Only one cell line was used and
animal model was absent. Besides, in-depth mechanistic
verification would be warranted in the future study.

Conclusion
The data of the current study showed that CLEC3A was elevated
in IDC patients, and overexpression of CLEC3A was associated
with higher lymph node metastasis and poor prognosis of IDC.
Furthermore, our present study suggested that knockdown of
CLEC3A by RNAi approach efficiently inhibited BC cells
proliferation, migration, and invasion, which may be mediated
by PI3K/AKT signaling pathway. Our findings unveiled the
anti-cancer effect of CLEC3A knockdown in IDC as well as
possibly the underlying mechanism, implying CLEC3A would
be a promising biological target for IDC treatment.
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