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Abstract 

We found that microRNA-320a (miR-320a) was an attractive prognostic biomarker in breast 
cancer (BC) previously, whereas its regulatory mechanism in BC was not well understood. Our 
aim was to identify miR-320a target gene, examine the clinical relationship between miR-320a and 
its target, and further explore the functions of its target in BC. In this study, miR-320a downstream 
target gene was determined in HEK-293T cells by dual luciferase reporter assay. Then western 
blotting and immunohistochemistry were used to assess miR-320a target gene expression in fresh 
frozen (n=19, breast cancer and matched non-malignant adjacent tissue samples) and 
formalin-fixed paraffin-embedded (FFPE) (n=130, invasive BC tissues, the same panel detected for 
miR-320a expression previously) breast tissues, respectively. The results suggested that miR-320a 
could significantly suppressed Rab14 3’-untranslated region luciferase-reporter activity, and thus 
Rab14 was first identified as miR-320a target in BC. In 19 matched breast tissues, 12 (63%) breast 
cancer tissues showed high expression of Rab14 compared with the corresponding normal tissues. 
Rab14 immunoreactivity was mainly detected in the cytoplasm, 77/130 (59.2%) showed high 
expression. Furthermore, Rab14 expression was found to be inversely correlated with miR-320a 
expression in fresh-frozen breast tissues as well as in FFPE invasive breast cancer samples. In 
addition, Rab14 expression levels were positively related to tumor size (P = 0.034), lymph node 
metastasis (P < 0.001), distant metastasis (P = 0.001), histological grade (P = 0.035) and clinical 
tumor lymph-node metastasis stage (P = 0.001). Patients with higher Rab14 expression showed 
shorter overall survival time. Moreover, silencing of Rab14 could suppress proliferation, migration 
and invasion in breast cancer cell lines. Collectively, our results indicate that miR-320a could target 
Rab14 and that they could interact biologically in BC. 
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Introduction 
Breast cancer (BC) remains one of the most 

common malignancies in women [1]. Despite the 
remarkable achievements we have made, the 
prognosis of patients with relapse or metastases is still 
disappointing. The molecular mechanisms 
underlying the progression of BC need to be further 
elucidated. Recently, mounting evidence indicates 
that miRNAs are dysregulated in BC and involved in 

breast tumorigenesis and metastasis. microRNAs 
(miRNAs) are small non-coding single-stranded 
RNAs and constitute a large class of gene regulators 
[2]. They exert their regulatory effects by binding to 
3’-UTR of their mRNA targets, and thus repress target 
gene expression post-transcriptionally. It is estimated 
that ≥30% of human genes are regulated by miRNAs 
[3]. Therefore, it is not surprising that miRNAs can 
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affect diverse cellular processes including cell 
proliferation, apoptosis, migration and invasion [4-7]. 
Many miRNAs are implicated in tumorigenesis. For 
example, miR-18a knockdown significantly decreases 
tumor growth by targeting STK4 in prostate cancer 
[8]. Ectopic expression of miR-372 inhibits cancer cell 
proliferation and invasion in hepatocellular 
carcinoma [9]. Overexpression of miR-10b in 
non-metastatic breast tumors initiates robust invasion 
and metastasis [10]. However, to date, no miRNAs 
have been utilized completely in clinical management, 
and further recognition of miRNAs may help to 
unravel their pathogenic role. 

 miR-320a is located at 8p21.3. Alteration of 
miR-320a expression has been implicated in multiple 
cancers, including hepatocellular, gastric and prostate 
cancers [11-13]. miR-320a could suppress colon cancer 
cell invasion by targeting β-catenin [14], where in oral 
cancer, miR-320a regulates angiogenesis by silencing 
neuropilin 1 [15]. In our previous study, miR‑320a 
could serve as a potential biomarker for the prognosis 
of invasive BC, and dysregulation of miR‑320a might 
be involved in BC progression [16]. Nevertheless, the 
downstream target gene of miR-320a to exert its 
regulatory effects in BC remained to be elucidated. 

   Here Rab14 was first identified as a target gene 
directly regulated by miR-320a. Rab14, a member of 
the large Ras-associated binding (Rab) family of low 
molecular mass GTPases, is associated with 
membrane trafficking between the Golgi complex and 
endosomes [17]. In contrast to members of the Ras and 
Rho families, their roles in human malignancies are 
less known. Findings suggested that Rab1a was 
overexpressed in tongue squamous cell carcinomas 
compared with normal tissues [18]. Rab27A conferred 
invasive and metastatic promotion in breast cancer, 
which holded the potential for preventing breast 
cancer invasion and metastasis [19]. Nevertheless, few 
studies have been conducted on Rab14 in cancer. Our 
results suggested that Rab14 was overexpressed in BC 
tissues compared to adjacent normal tissues. The 
expression level of Rab14 was positively related with 
histological grade, clinical stage, lymph-node (LN) 
metastasis and distant metastasis. Moreover, Rab14 
silencing could inhibit cell proliferation and 
migration/invasion in BC. 

Methods 
Human samples 

A total of 130 formalin-fixed paraffin-embedded 
(FFPE) tissues were obtained from Huashan Hospital 
affiliated with Fudan University; the 
clinicopathological data of the patients were 
summarized, which were investigated in our 

previously published paper [20]. Nineteen pairs of 
breast cancer and corresponding normal tissue 
samples were collected and frozen in liquid nitrogen 
immediately after surgery and stored at -70°C till use. 
All participants provided written informed consent 
and ethical approval was obtained from the Clinical 
Research Ethics Committee, Fudan University.  

Cell lines  
Human breast cancer cell line, SK-BR-3, 

MDA-MB-231 (M-231), MCF-7, T-47D, and BT-549 
cells were obtained from the cell bank of Shanghai 
Institute for Biological Sciences. All cell lines were 
maintained in recommended medium supplemented 
with 10% fetal bovine serum (FBS) (Invitrogen, 
Carlsbad, USA). The non-tumorigenic human breast 
epithelial cell line MCF-10A was a generous gift from 
Dr. Zhou (Fudan University, Shanghai, China) and 
cultured in DMEM/F-12 supplemented with 5% 
horse serum (Invitrogen, Carlsbad, USA), 10 µg/ml 
insulin (Sigma–Aldrich, St. Louis, USA), 20 ng/ml 
EGF (Invitrogen, Carlsbad, USA), 100 ng/ml cholera 
toxin (Sigma–Aldrich, St. Louis, USA), 0.5 µg/ml 
hydrocortisone (Sigma–Aldrich, St. Louis, USA) and 
antibiotics. The cells were grown at 37 ℃  in a 
humidified incubator containing 5% carbon dioxide.  

Transfection 
Transient transfection of cells was achieved with 

Lipofectamine 2000 reagent (Invitrogen, Carlsbad, 
USA) according to the manufacturer’s protocol. 
Pre-miR-320a, pre-miR-negative control 
(pre-miR-NC), anti-miR-320a, anti-miR-NC 
(Invitrogen, Carlsbad, USA), siRab14, and scrambled 
siRNA (siNC) (RiboBio, Guangzhou, China) were all 
transfected at a final concentration of 40 nmol/L. 
Cells were harvested 24 h post-transfection for RNA 
analysis or 48 h post-transfection for analyzing 
protein levels. 

Real-time quantitative PCR (RT-qPCR) 
Total RNA was isolated from cells or tissues by 

Trizol reagent (Invitrogen, Carlsbad, USA). RNA 
quantity and quality was assessed using the 
Nanodrop 2000. The expression of miR-320a was 
detected with TaqMan Real-Time PCR Assays 
(Applied Biosystems, Foster City, USA) and 
normalized to RNU6 expression. mRNA was 
quantified following the manufacturer’s instructions 
(Takara, Japan), with GAPDH as an internal reference. 
Primers used here are as follows: GAPDH (Forward 
5’-GACCCCTTCATTGACCTCAAC-3’, Reverse 
5’-CTTCTCCATGGTGGTGAAGA-3’); and Rab14 
(Forward 5’-GACAGATGCAAGGAATCTCACC-3’, 
Reverse (5’-GCTTCGAGGAACAATAAGCCAT-3’). 
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All reactions were run in ABI Prism 7900 Sequence 
Detector System (Applied Biosystems, Foster City, 
USA). Relative quantification was determined by the 
2-△△CT method [21].  

Cell proliferation  
Cell proliferation was determined by Cell 

Counting Kit-8 assay (Dojindo, Japan) according to 
the protocol. Cells were plated in 96-well plates. 
Plates were measured at 450 nm by 
spectrophotometer (Thermo Fisher Scientific, 
Waltham, USA) after incubating 2 hours. 

Cell migration and invasion assays 
The migration and invasion assays were 

performed by Transwell insert chambers (8-μm pore 
size, Corning, USA). For transwell assay, 5×104 or 
1×105 cells in serum-free media were placed into the 
upper chamber coated with or without Matrigel (BD 
Biosciences, San Jose, USA). Serum containing FBS 
was used as a chemo-attractant in the lower chamber. 
After several hours of incubation, the cells remaining 
in the upper chamber were removed by a cotton swab. 
The insert was fixed in methanol and stained with 
crystal violet. The cells were photographed and 
quantified by Vectra Automated Quantitative 
Pathology Imaging System (PerkinElmer, USA). 

Luciferase assay 
Pluc-Rab14-3’UTR-wt was obtained from 

RiboBio (Guangzhou, China) and the corresponding 
mutation constructs were achieved by Fast 
Mutagenesis System (Transgen Biotech, Beijing, 
China). The sequences for the primers are as follows: 
plucRab14-3'UTRwt (Forward 5’-ccgctcgagtgcctcattgt
cttctgtacatc-3’, Reverse 5’-gaatgcggccgctgactgcacaagc
agtaagc-3’), plucRab14-3'UTRmu1 (Forward 
5’-ctcgtgcttaattaattggtatatcttttttta-3’, Reverse 5’- 
taccaattaattaagcacgagagagaagata-3’) and plucRab14-3
'UTRmu2 (Forward 5’-ctaagtaatagacccactggtatattcttgt
gt-3’, Reverse (5’- taccagtgggtctattacttagtgatgtggtt-3’). 
HEK-293T cells were cultured in 24-well plates, 
co-transfected with 100-ng pluc-3’-UTR and 10-nmol 
pre-miR-320a or pre-miR-NC; 24 h after transfection, 
luciferase activities were measured with a 
Dual-Luciferase Reporter System (Promega, Madison, 
USA) on a Glomax Luminometer (Promega, Madison, 
USA). Renilla luciferase activity was normalized to 
Firefly luciferase activity for each transfected well.  

Western blotting 
Cells were lysed with RIPA buffer [50 mM Tris, 

PH 8.0, 150 mM NaCl, 1% NP-40, 0.1% SDS, 0.5% 
sodium deoxycholate, 2 mM EDTA, 0.02% NaN3] 
with protease inhibitor Cocktail (Roche Applied 
Science, Indianapolis, USA). Lysates were SDS-PAGE 

gel electrophoresis followed by electrophoretic 
transfer to a polyvinylidenedifluoride membrane 
(Millipore, Bedford, USA) and immunoblotting with 
the indicated antibodies. Antibodies used were as 
follows: anti-Rab14 (1:2000; polyclonal rabbit 
anti-human, Cat.#ab40938, Abcam, USA) and 
anti-β-actin (1:2000; monoclonal mouse anti-human, 
Cat.#a5441, Sigma–Aldrich, St. Louis, USA). Bound 
antibodies were visualized by chemiluminescence 
(West Pico Super Signal; Pierce, USA). Experimental 
details was described previously [22]. 

Immunohistochemistry 
Slides were deparaffinized in xylene and 

rehydrated in graded alcohols. Antigen retrieval was 
performed with 0.01 M citrate buffer at pH 6.0 at 95°C 
for 12 min. Then, slides were incubated with primary 
antibody (anti-Rab14, 1:100) for 12 h at 4°C, followed 
by incubation with secondary antibody for 1 h at 
room temperature. IHC staining was examined by 
two independent pathologists. The experimental 
detail was performed as previously. For statistical 
analysis, the percentage of positive tumor cells and 
staining intensity were evaluated over 10 visual fields 
at a power of 400× by a microscope (Carl Zeiss, 
Germany). The staining index (SI) was calculated as: 
SI = staining intensity x proportion of positively 
stained tumor cells, and it resulted in a score of 0 to 9. 
Analysis in detail was performed as described 
previously [16]. Cutoff value of Rab14 was chosen by 
a measurement of heterogeneity with the log-rank test 
statistic with respect to overall survival, and a score of 
4 was chosen [23, 24]. The expression levels of Rab14 
were defined as high (SI ≥ 4) or low (SI < 4). 

Statistical analysis 
IBM SPSS 19 (SPSS, USA) was used for statistical 

analysis. Unless otherwise specified, student’s t-test 
was applied to determine significant differences 
(two-tailed, P<0.05).  Spearman correlation 
coefficients were performed to determine the 
association between Rab14 and miR-320a expression. 
Kaplan-Meier survival method was performed to 
assess the prognostic significance of Rab14, and the 
survival difference was analyzed by log-rank test. All 
values in the study were expressed as the mean±SEM, 
a P< 0.05 was defined as statistically significant.  

Results 
Rab14 is a target of miR-320a in breast cancer 
cell lines 

We previously reported that down-regulation of 
miR-320a was inversely associated with the 
progression and prognosis of invasive BC, this study 
was initiated to investigate the potential mRNA 
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targets downstream of miR-320a in BC. To this end, 
we used target gene prediction algorithm TargetScan 
(http://www.targetscan.org/) to search for miR-320a 
targets. Among the predicted targets, Rab14 was of 
particular interest. We found that Rab14 3’-UTR 
contained two putative binding sites for miR-320a at 
nucleotide position 597-603 and 2262-2269. To further 
verify the direct effect of miR-320a on Rab14, 
wild-type and mutant Rab14 3’-UTR containing 
miR-320a binding sites were cloned into the 
downstream of the firefly luciferase reporter gene in 
the Pluc vector (Figure 1A).  We next proceeded to 
conduct a reporter assay in HEK-293T cells by 
co-transfecting pluc-Rab14-wt-3’UTR (wt-3’UTR) or 

its mutant (mut-3’UTR) with pre-mir-320a or 
pre-miR-NC. Indeed, as shown in Figure 1B, miR-320a 
sharply decreased the relative luciferase activity of the 
wt-3’UTR of Rab14, but not of mut-3’UTR, in which 
two putative binding sites were jointly mutated.  

We assessed Rab14 expression in a series of 
breast epithelial cell lines, as shown, Rab14 protein 
level was higher in breast cancer cell lines compared 
with MCF-10A (Figure 1C). We also examined 
miR-320a expression in the same cell lines detected for 
Rab14 expression, miR-320a expression level was 
found to be significantly lower in breast cancer cells, 
when compared with human mammary epithelial cell 
MCF-10A (data shown elsewhere). 

 

 
Figure 1 Rab14 is a target of miR-320a. a, Schematic of the two predicted binding sequences between miR-320a and Rab14 3’UTR at nucleotide 597-603 and 2262-2269, the 
pluc-Rab14-3’UTR-reporter constructs containing the wild-type (wt) or mutated (mut) sequences (underlined). b, Luciferase assay in HEK-293T cells. miR-320a suppressed the 
activity of Rab14-3’UTR-wt, whereas the joint mutation sequences (mut1&2) abolished the suppression in HEK-293T cells. c, Rab14 expression level by western blot in a series 
of breast epithelial cell lines. d, Rab14 protein level measured by western blot after transfection with pre-mir-320a or anti-miR-320a for 48 hours, respectively. e, Histogram figure 
about the densitometric analysis of Rab14 protein expression. f, RT-qPCR for Rab14 expression after transfection with pre-miR-320a or anti-miR-320a for 24 hours, GAPDH was 
used as an endogenous control. All experiments were repeated three times. *P < 0.05, **P < 0.01. 
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Moreover, western blot analysis (Figure 1D and 
E) demonstrated that miR-320a significantly 
suppressed the protein level of Rab14 in both 
MDA-MB-231 and BT-549 breast cancer cell lines by 
transfection of miR-320a precursor. In addition, 
RT-qPCR analyses revealed that miR-320a elicited 
degradation of Rab14 mRNA in MDA-MB-231 cell 
line, but it did target Rab14 through translational 
inhibition in BT-549 cell (Figure 1F). In support of this, 
we silenced miR-320a expression by transfection of 
anti-miR-320a into SK-BR-3 and T-47D cells, and we 
observed a clear induction in the protein level of 
Rab14 in anti-miR-320a-transfected SK-BR-3 and 
T-47D cells, whereas the levels of Rab14 mRNA 
showed no difference. Taken together, Rab14 was a 
downstream target gene of miR-320a. 

Rab14 expression is negatively associated with 
the expression of miR-320a in fresh frozen and 
FFPE breast tissues 

To analyze miR-320a-Rab14 interactions in 
human BC, we detected the expression of miR-320a 
and Rab14 in 19 paired BC and adjacent normal 
tissues using RT-qPCR and western blot, respectively. 
As expected, almost all tumor samples showed 
significant downregulation of miR-320a expression 
with respect to the adjacent non-tumor tissues 
(Wilcoxon signed-rank test, P < 0.001, Figure 2A). 
Nevertheless, 12 of 19 cancer tissues (63%) showed 
high Rab14 expression and 4 tumors (21%) exhibited 
low expression compared with paired normal tissues 
(Figure 2B). Patients with high Rab14 expression 
tended to show low miR-320a expression in fresh 
frozen BC tissues (Spearman’s r = -0.69, P < 0.01, 
Figure 2C).  

 
Figure 2. Rab14 and miR-320a might interact biologically. a, miR-320a expression in 19 paired fresh breast tissues by RT-qPCR. b, Rab14 expression in 19 sets of fresh BC and 
the adjacent non-tumor tissues assessed by western blot. c, Spearman correlation analysis between miR-320a and Rab14 in fresh frozen breast tissues (r = -0.69, P < 0.01). d, 
Representative case of Rab14 staining intensity. e, Rab14 and miR-320a expression level in 130 FFPE invasive BC tissues. Rab14 was immunostained with anti-Rab14 antibody, and 
the consecutive sections were detected for miR-320a with locked nucleic acid probes. f, Representative image of Rab-14 and miR-320a expression. g, Spearman correlation 
analysis between miR-320a and Rab14 in 130 FFPE invasive BC samples (r = -0.48, P < 0.001). Images were taken with a power of ×200. 
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To further evaluate Rab14 expression in human 
BC, IHC was performed in 130 invasive BC tissues. 
Rab14 immunoreactivity was mainly detected in the 
cytoplasm (Figure 2D), 77/130 (59.2%) showed high 
Rab14 expression (SI≥4) and the remaining 53/130 
(40.8%) revealed low expression of Rab14 (Figure 2E). 
Given our previous study of miR-320a by in situ 
hybridization (ISH), together with Rab14 IHC staining 
on consecutive tissue sections, patients who exhibited 
stronger Rab14 expression tended to show 
down-regulated miR-320a levels in BC tissue samples, 
and vice versa (Figure 2F). An inverse association 
between miR-320a and Rab14 was identified 
(Spearman’s r = -0.48, P < 0.001, Figure 2G), which 
corresponded with a similar expression pattern in 
fresh-frozen breast cancer tissues as compared with 
adjacent normal tissues, suggested that increased 
Rab14 expression might result from miR-320a 
down-regulation in human BC. Collectively, Rab14 
and miR-320a might interact biologically in BC. 

Rab14 expression in relation to 
clinicopathological characteristics 

We also analyzed Rab14 expression and its 
association with clinicopathological factors. As shown 
in Table 1, Rab14 expression was not linked to age, 
estrogen receptor (ER), progesterone receptor (PR), 
Her-2 expression or menopause status, but it was 
significantly positively related to tumor size (P = 
0.034), LN metastasis (P < 0.001), distant metastasis (P 
= 0.001), histological grade (P = 0.035) and clinical 
TNM stage (P = 0.001). The results revealed that 
Rab14 was overexpressed in high grade BC tissues. 
Accordingly, we assessed the prognostic value of 
Rab14 expression in selective patient subgroups 
stratified by LN status and clinical stage. As shown in 
Figure 3A, patients with LN metastasis exhibited a 
significant difference in overall survival (P = 0.044), 
whereas no significant correlation for the overall 
survival in the subgroups, including LN negative and 
different clinical stage patients, were found. In 
addition, among the 130 invasive BC patients, the 
overall survival rate of patients with high Rab14 
expression tended to be lower than that of patients 
with low expression of Rab14 (P = 0.001, Figure 3B). 
Our results suggested that Rab14 overexpression was 
associated with a poor prognosis of BC. 

Rab14 plays a key role on proliferation, 
migration and invasion in human breast cancer 
cell lines. 

To explore the biological roles of Rab14, we first 
examined the expression of Rab14 by transfection of a 
specific small interfering RNA against Rab14 into 
MDA-MB-231 and BT-549 cells. As shown in Figure 

4A, B and C, siRab14 transfection led to decreased 
Rab14 expression both in protein and mRNA level. 
Furthermore, in the MDA-MB-231cell line, silencing 
of Rab14 significantly decreased the viability by 36% 
at the fourth day; whereas siRab14 did not reduce the 
viability of BT-549 cells (Figure 4D). Then, we asked 
whether Rab14 could affect cell migration and 
invasion, indeed, using transwell assay, siRab14 did 
reduce migration for both MDA-MB-231 and BT-549 
cells, and Rab14 depletion significantly reduced cell 
invasiveness (Figure 4E). These data indicated that 
Rab14 inhibition could impair the proliferation, 
migration and invasion of breast cancer cells. 

 

Table 1. Correlation of Rab14 expression and the 
clinicopathological characteristics in invasive BC (n=130). 

Characteristics n Rab14 expression 
High expression, n (%)                               
Low expression, n (%) 

P value 

Age (years)    0.574 
<45 15 7 (47) 8 (53)  
45-55 61 37 (61) 24 (39)  
>55 54 33 (61) 21 (39)   
Tumor size (cm)    0.034 
≤2.5 79 41 (52) 38 (48)   
>2.5  51 36 (71) 15 (29)  
Lymph node metastasis    <0.001 
0 71 30 (42) 41 (58)  
1-2  32 24 (75) 8 (25)  
>2 27 23 (85) 4 (15)  
Distant metastasis    0.001 
Yes 118 65 (55) 53 (45)   
No 12 12 (100) 0 (0)   
Histological grade     0.035 
well (І) 14 5 (36) 9 (64)  
moderate (ΙΙ) 93 54 (58) 39 (42)  
poor (ΙΙΙ) 23 18 (78) 5 (22)  
Clinical TNM stage     0.001 
І 44 18 (41) 26 (59)  
ΙΙ 54 32 (59) 22 (41)   
ΙΙΙ-IV 32 27 (84) 5 (16)  
Estrogen receptor     0.756 
- 61 37 (61) 24 (39)  
+ 69 40 (58) 29 (42)  
Progesterone receptor    0.835 
- 75 45 (60) 30 (40)   
+ 55 32 (58) 23 (42)  
Her-2 expression    0.888 
- 50 30 (60) 20 (40)   
+ 80 47 (59) 33 (41)  
Menopause    0.553 
No 50 28 (56) 22 (44)  
Yes 80 49 (61) 31 (39)  
Abbreviations: TNM, tumor lymph-node metastasis.  

 

Discussion 
Given that the biological effects of altered 

miRNA expression rely on the significance of their 
target genes, miRNAs could have various effects in 
different tissues depending on the biological role of 
their targets in the specific tissue. One report 
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demonstrated that miR-320a could inhibit leukemic 
cell proliferation by targeting transferring receptor 1 
(CD71) [25]. Another study indicated that miR-320a 
could inhibit tumor invasion by targeting neuropilin 
[26]. We previously reported that miR-320a was 
down-regulated in invasive BC compared with 
carcinoma in situ. Until recently, very few studies 
have been performed to identify the mRNA effector of 
miR-320a in BC. Here Rab14 was first identified as a 
direct target gene of miR-320a in breast cancer cell 

lines. Analyses of multiple breast cancer cell lines, 
fresh-frozen BC tissues and FFPE invasive BC samples 
showed that decreased miR-320a expression 
paralleled an increase in Rab14 protein levels, which 
suggested that downregulation of miR-320a was to be 
an event responsible for Rab14 overexpression in BC. 
Identification of Rab14 modulated by miR-320a was 
helpful to clarify complicated mechanisms in BC 
development. 

 
 
 

 
Figure 3 Kaplan-Meier survival curves in 130 invasive BC patients with different Rab14 expressions. a, Survival analysis of patients stratified by LN status or categorized according 
to clinical stage. b, Overall survival rate of all patients with high or low Rab14 expression. 
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Figure 4 knockdown of Rab14 led to reduced viability, migration and invasion in breast cancer cells. a, Validation of Rab14 suppression by siRab14 using western blot. b, 
histogram related to densitometric analysis of Rab14 protein expression level. c, RT-qPCR for Rab14 expression after transfection of siRab14 for 24 hours. d, Effects of siRab14 
on the proliferation of MDA-MB-231 and BT-549 cells. e, Transwell cell migration and invasion assay of MDA-MB-231 and BT-549 cells transfected with siRab14 or negative 
control. Cells were counted microscopically (×200). All experiments were repeated three times. *P < 0.05, **P < 0.01. 

 
Rab14 is a member of the Rab protein family, 

which participated in Rab-mediated vesicle budding, 
uncoating, docking and fusion [27]. It has emerged as 
a major regulator of intracellular membrane 
trafficking [28], and studies have shown that Rab14 
play a role in cell migration events by regulating the 
turnover of N-cadherin at the cell surface [29]. 
However, few studies have been performed to 
identify the roles of Rab14 in cancer. One paper 
reported that Rab14 was identified as a lung 
cancer-specific protein, and recent evidence suggested 
that Rab14 was up-regulated in non-small cell lung 

cancer (NSCLC) compared with corresponding 
non-tumor lung tissues [30, 31]. In our study, Rab14 
was overexpressed in fresh-frozen breast cancer 
samples compared with adjacent normal tissues using 
western blotting. Moreover, for the first time, Rab14 
expression was evaluated in FFPE invasive BC tissues 
and its relationship with the clinicopathological 
features of BC was assessed. IHC staining for Rab14 
was performed. Rab14 was mainly detected in the 
cytoplasm. High expression of Rab14 was 
significantly positively associated with increased 
malignancy of BC. In line with this, Kaplan-Meier 
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survival analysis showed that high Rab14 expression 
exhibited significant associations with poor 
prognosis. Taken together, Rab14 might serve as an 
indicator for the prognosis of BC. Nevertheless, no 
significant relations of Rab14 expression for patients 
subgrouped by clinical stage were found which might 
be due to the small subgroup sample size.  

These results suggested potential oncogenic 
functions of Rab14 in BC, and then we sought to 
determine the role of Rab14. Knockdown of Rab14 
could significantly inhibit proliferation in 
MDA-MB-231 cells; the same effects were not 
observed in BT-549 cells, which may be attributed to 
various cellular contexts. Reduction of Rab14 led to 
the inhibition of cell migration and invasion in vitro. 
Rab14 is conserved among mammals, and its 
importance in tumors may not be limited to BC. 
Further investigation of Rab14 is warranted to better 
clarify its role. Recent evidence has shown that the 
up-regulation of Rab14 is partially associated with 
nasopharyngeal carcinoma radio resistance [32].  

Conclusion 
  In conclusion, this study indicates that 

miR-320a could negatively regulate Rab14. Our 
findings also highlight the role of Rab14 in BC, which 
could provide insight into the basic mechanisms of 
breast cancer initiation and progression.  
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