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Figure 3. Silencing Rab14 suppresses the proliferation and migration of OSCC cell lines. Silencing Rab14 could 
induce significant repression of proliferation in (A) SCC4 and (B) Tca8113 cell lines using CCK-8 proliferation assays 
(Mean ± SEM, **, P<0.01, ***, P<0.001, t test). Transwell migration assays suggested that silencing Rab14 signifi-
cantly induced inhibition of migration in (C) SCC4 and (D) Tca8113 cell lines (Mean ± SEM, ***, P<0.001, t test). (E) 
Western Blot showed knockdown of Rab14 downregulated the protein levels of Cyclin D1 and CXCR4 in SCC4 cells 
and Tca8113 cells. (F) Quantitative real-time PCR revealed that Rab14 silencing could significantly decrease the 
mRNA level of Cyclin D1 and CXCR4 in SCC4 cells and Tca8113 cells (Mean ± SEM, ***, P<0.001, t test).
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Figure 4. Rab14 silencing inhibits tumor proliferation and blunts tumor growth in vivo. A. The photos of tumors 
formed from SCC4 cells transfected with control shRNA (Vector, up panel) or Rab14 shRNA (down panel). B. Tumor 
growth curve of formed from SCC4 cells transfected with control shRNA (Vector, n = 6) or Rab14 shRNA (n = 6). 
Silencing Rab14 significantly repressed the tumor growth in vivo (Mean ± SEM, ***, P<0.001). C. Knockdown of 
Rab14 significantly decreased the Ki-67 positive tumor cells in mouse tumor tissue (Mean ± SEM, ***, P<0.001, 
t test, Magnification: 200×). D. Knockdown of Rab14 in vivo decreased the protein levels of Cyclin D1 and CXCR4 
compared with control group (vector). E. Knockdown of Rab14 in vivo decreased the mRNA levels of Cyclin D1 and 
CXCR4 (Mean ± SEM, ***, P<0.001, t test) compared with control group (vector).

Effects of Rab14 silencing on the proliferation 
of OSCC cells in vivo

To explore whether Rab14 silencing effects-
tumorigenesis in vivo, SCC4 cells were trans-
fected with negative control shRNA or with 
Rab14 shRNA. Then, female nude mice (n =  
6/group) were inoculated with the transfected 
cells. We found that tumors derived from Rab14 

shRNA-transfected SCC4 cells grew significant-
ly slower (Figure 4A and 4B) than the negative 
controls. At the end of the experiment, tumor 
tissue from each group was harvested for fur-
ther study. 

Analysis of Ki-67 expression with immunostain-
ing was performed in resected tumor tissues. 
The number of Ki-67 positive cells in tumors 
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Figure 5. Rab14 silencing could enhance the cisplatin sensitivity in OSCC 
cells. A. Western Blot suggested ciplatin (20 μM for 24 h) treatment in-
creased the protein level of Rab14 in SCC4 cells. B. CCK-8 proliferation assay 
indicated that Rab14 silencing significantly enhances the cell growth inhibi-
tion effects caused by cisplatin (Mean ± SEM, **, P<0.01, ***, P<0.001). 
C. The tumor growth curve of control group (Vector), Vector+Cisplatin and 
shRab14+Cisplatin. Rab14 silencing enhances the sensitivity of cisplatin 
in vivo (Mean ± SEM, *, P<0.05, ***, P<0.001). D. Representative im-

ages of Ki-67 immunohistochemi-
cal staining in control group (Vec-
tor), Vector+Cisplatin group and 
shRab14+Cisplatin group. (Magni- 
fication: 200×). ShRab14+Cispla- 
tin mouse tumor tissue displayed 
less Ki-67 positive tumor cells 
compared with other group.

that developed from Rab14 
shRNA-transfected cells was 
significantly lower than tumors 
from the negative control gr- 
oup (Figure 4C). Furthermore, 
we found that Rab14 silenc- 
ing redu-ced the protein and 
mRNA levels of both Cyclin D1 
and CXCR4 in vivo (Figure 4D 
and 4E). These results sugg- 
est that Rab14 expression is 
significantly associated with 
the in vivo proliferation of OS- 
CC cells. 

Rab14 silencing enhances cis-
platin sensitivity in OSCC cells

To determine if Rab14 silenc-
ing influences the sensitivity of 
OSCC cells to the anti-cancer 
drug, cisplatin, SCC4 cells we- 
re treated with 20 μM cisplatin 
for 24 h. We found that cispla-
tin treatment increased the le- 
vel of Rab14 protein in SCC4 
cells, suggesting a potential 
role of Rab14 in cisplatin resis-
tance (Figure 5A). Additionally, 
SCC4 cells were transfected 
with negative control shRNA or 
Rab14 shRNA and treated wi- 
th 20 μM cisplatin for 24 h. 
Then, a CCK-8 proliferation as- 
say was performed to investi-
gate the effect of Rab14 silenc-
ing on cisplatin sensitivity in 
OSCC cells. Our results reve- 
aled that cisplatin treatment 
was more effective on Rab14-
silenced cells than on control 
cells (Figure 5B). 

To investigate cisplatin sensi-
tivity in vivo, female nude mice 
(n = 6/group) were inoculated 
with SCC4 cells transfected wi- 
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th either negative control shRNA and Rab14 
shRNA. On day 14, mice received 10 mg/kg cis-
platin treatment by intraperitoneal injection. As 
shown in Figure 5C, Rab silencing significantly 
enhanced the sensitivity of cisplatin in vivo. 
Furthermore, immunostaining of Ki-67 in the 
tumors from each group indicated that Rab14 
knockdown significantly repressed the prolifer-
ation of SCC4 cells in vivo (Figure 5D). Taken 
together, our results demonstrate that Rab14 
silencing enhances cisplatin sensitivity in OSCC 
cells both in vitro and in vivo.

Discussion

Recent studies have provided evidence for a 
close relationship between the Rab family of 
proteins and tumorigenesis in human cancers 
[15, 16]. Importantly, Rab proteins may exert 
diverse functions in different cancers [17, 18], 
and dysregulated expression of Rab proteins 
was reported in multiple forms of cancer [19, 
20]. Therefore, determining the function of Rab 
proteins and whether they play a role in cancer 
progression is critical for the development of 
novel therapeutic strategies. 

We chose to focus on Rab14, as a recent stu- 
dy reported high levels of Rab14 mRNA in gas-
tric cancer tissues [14], and elevated levels of 
Rab14 protein have been observed in human 
ovarian cancer [12]. In this study, using immu-
nohistochemistry we determined that Rab14 
expression is up-regulated in human OSCC 
samples. In ovarian cancer, overexpression of 
Rab14 has been associated with the Inter- 
national Federation of Gynecology and Obste- 
trics (FIGO) stage, indicating a potential func-
tion of Rab14 in tumor progression [12]. In ad- 
dition, Rab14  overexpression has been corre-
lated with poor outcome in breast cancer [21]. 
However, in our study, we found that expression 
of Rab14 was not significantly related with 
prognosis, pathological grade, tumor size, or 
involvement of the lymph nodes. This discrep-
ancy may be due to a small sample size and 
short follow-up period. Therefore, a future stu- 
dy should be conducted with a larger number of 
samples and a longer follow-up, to resolve this 
question.

Next, we carried out functional assays to evalu-
ate the function of Rab14 in OSCC cell lines. 
Our in vitro study revealed that knockdown of 
Rab14 inhibits the proliferation and migration 

of OSCC and downregulates Cyclin D1 and 
CXCR4 protein. This may have important impli-
cations in disease progression, as Cyclin D1 
plays a vital role in uncontrolled proliferation 
[22], and high expression of CXCR4 promotes 
tumor cell metastasis [23, 24]. The results of 
our in vivo study confirmed a function of Rab14 
in proliferation, as we found that knockdown of 
Rab14 suppressed tumor growth and decre- 
ased Ki-67 expression. These results are con-
sistent with previous studies, which have sho- 
wn that Rab14 can regulate proliferation and 
migration in multiple forms of cancer. For exam-
ple, in ovarian cancer, depletion of Rab14 inhib-
its cell proliferation by decreasing Cyclin E and 
upregulating p21, through a Wnt signaling-
dependent mechanism [12]. Moreover, in gas-
tric cancer, Rab14 promotes cell proliferation 
by activating the Ser473 site of Akt [14]. In non-
small cell lung carcinoma, ectopic miR-338-3p 
expression has been shown to regulate prolif-
eration partially through downregulation of Rab- 
14 [13]. Finally, miR-320a has been suggested 
to modulate cell proliferation, migration, and 
invasion by targeting Rab14 [21].

Resistance to chemotherapeutic drugs reduc-
es the efficacy of chemotherapy, resulting in 
unsuccessful treatment [25, 26]. In recent ye- 
ars, several of the mechanisms underlying  
drug resistance have been identified [27-29]. 
Here, we investigated a role of Rab14 in the 
resistance of OSCC to the chemotherapeutic 
drug, cisplatin. We found that levels of Rab14 
protein were increased after cisplatin treat-
ment. Moreover, the results of our CCK-8 as- 
say and in vivo study showed that Rab14 kno- 
ckdown enhances the cytotoxic effects of cis-
platin. Interestingly, in renal cancer, miR-148a 
has been shown to enhance cisplatin sensitivi-
ty by negatively regulating Rab14 [30] and, in 
nasopharyngeal carcinoma, miR-451 inhibits 
Rab14 expression and increases sensitivity to 
radiotherapy [31]. Taken together with the liter-
ature, our results indicate that Rab14 may  
play a crucial role during chemotherapy or ra- 
diotherapy. 

In summary, our data showed overexpression 
of Rab14 in human OSCC tissue, compared 
with normal oral mucosa samples. The associa-
tion between Rab14 and clinic-pathological 
parameters was also analyzed. Both our in vitro 
and in vivo studies showed that knockdown  
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of Rab14 can suppress the proliferation and 
migration of OSCC cell lines. However, interest-
ingly, silencing Rab14 enhances sensitivity to 
cisplatin. Together, our data provides evidence 
for a role of Rab14 in OSCC, and highlights 
Rab14 as a potential target for OSCC treat- 
ment. 
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Supplemental Table. Primer sequences in this study
Gene Forward Primer (5’ to 3’) Reverse Primer (5’ to 3’)
Rab14 CATGGCAACTGCACCATACAAC GCAAGATTTTCCTACTCCCATGTC
Cyclin D1 GCTGCGAAGTGGAAACCATC CCTCCTTCTGCACACATTTGAA
CXCR4 AGACCACAGTCATCCTCATCCT GTTCTCAAACTCACACCCTTGC


