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ABSTRACT

Rab1l1a, an evolutionarily conserved Rab GTPases, plays important roles in

intracellular transport and has been implicated in cancer progression. However, its
role in human non-small cell lung cancer (NSCLC) has not been explored yet. In
this study, we discovered that Rabl1a protein was upregulated in 57/122 NSCLC
tissues. Rabl1a overexpression associated with advanced TNM stage, positive nodal
status and poor patient prognosis. Rabl1la overexpression promoted proliferation,
colony formation, invasion and migration with upregulation of cyclin D1, cyclin E, and
downregulation of p27 in NSCLC cell lines. Nude mice xenograft demonstrated that
Rab1l1la promoted in vivo cancer growth. Importantly, we found that Rabl1a induced
YAP protein and inhibited Hippo signaling. Depletion of YAP abolished the effects of
Rab11a on cell cycle proteins and cell proliferation. Furthermore, immunoprecipitation
showed that Rabl1a interacted with YAP in lung cancer cells. In conclusion, the
present study suggestes that Rabl1la serves as an important oncoprotein and a

regulator of YAP in NSCLC.

INTRODUCTION

Lung cancer is the leading cause of cancer-related
death worldwide [1-3]. Non-small cell lung cancer
(NSCLC) accounts for 85% of lung cancer cases. Despite
recent advances in diagnosis and treatment including
surgery, chemotherapy, radiotherapy and targeted therapy,
the prognosis of NSCLC patient remains poor [4—10]. It is
necessary to identify new molecular markers involved in
the regulation of lung cancer cell aggressiveness.

Rablla was originally identified as a vesicle
trafficking protein [11], which could control the sensing of
the relative levels of Rac activity [12]. Rabl1a contributes
to mitotic spindle organization/orientation and endosome
recycling to the membrane [13, 14]. Active Rablla is
required for E-cadherin trafficking and lumen formation
during epithelial morphogenesis [15]. Active Rablla can
carry E-cadherin to the cell-cell contacts while inactive
Rabl1a fails to regulate E-cadherin membrane recycling
process [16]. Most studies concerning Rablla focused
on its role on vesicle transportation. The expression and

function of Rablla in human cancers have not been
well investigated. There is one study showing that active
Rablla could induce the colorectal cell transformation
and migration [17]. Rabl1a was also reported to activate
Wnt signaling in human pancreatic cancers [18]. To data,
there was no report concerning protein expression pattern
and clinical significance of Rabl1la in human non-small
cell lung cancer. In addition, the mechanism of Rabl1a in
cancer proliferation and invasion remains unclear.

The Hippo pathway controls tissue growth and
tumorigenesis by inhibiting cell proliferation and
promoting apoptosis [19, 20]. In mammals, activated
Lats1/2 phosphorylates and inactivates the downstream
effector YAP by sequestering them in the cytoplasm
and degrading them. Without inhibition through Hippo
signaling, YAP translocates into the nucleus, binding to
transcription factors TEAD and induces transcription
activation of target genes such as CTGF and enhances
cell proliferation [21]. YAP nuclear localization and YAP/
TEAD luciferase reporter activity are used to reflect Hippo
signaling activity.
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In this study, we examined Rabl1a protein in 122
NSCLC tissues and analyzed its clinical significance. We
also investigated its biological function and association
with Hippo signaling pathway in NSCLC cell lines.

RESULTS

High expression of Rab11a associates with
advanced stage of NSCLC

We investigated Rabl1a expression in 122 NSCLC
tissue specimens and 26 normal lung tissue specimens
by immunohistochemistry. Rablla protein was mainly
located in the cytoplasmic compartment of tumor cells. In
26 normal lung tissues, weak/negative cytoplasmic staining
(final score < 4) was observed in normal bronchial epithelial
cells and alveolar cells (Figure 1A1). As for lung cancer
tissues, 46.72% (57/122) cases showed high cytoplasmic
Rabl1a staining(final score > 4) (Figure 1A2 and A3) and
the rest showed low Rablla staining. We examined the
correlation between Rab11a status and clinical factors. We
found that Rab11a overexpression significantly associated
with advanced TNM stage (Table 1, p = 0.0015) and
positive nodal status (p = 0.0027). No difference was
observed in the Rab11a status according to the age, gender,
histology, differentiation and tumor size (Table 1).

We also examined Rab11a protein in 8 cases of fresh
lung cancer tissues with their corresponding normal tissue.
As shown in Figure 1B, Rabl1a was overexpressed in 5 of
8 tissues examined. We analyzed the grey value of western
blot bands and found that average expression of Rablla in
cancer tissues was significantly higher than that in normal
tissues (Student’s ¢ test, p < 0.05).

Kaplan-Meier survival analysis showed significantly
decreased overall survival in patients with high Rablla
compared with those with positive expression (p = 0.004,
Log-Rank test; Figure 1C). In addition, univariate
analysis showed that TNM stage and Rabl11a status were
both significant prognostic factors (TNM stage: hazard
ratio, 2.370, p < 0.001; Rab11a status: hazard ratio, 1.458,
p = 0.003). Multivariate analysis using a Cox regression
model indicated that TNM stage was an independent,
unfavorable prognostic factor (hazard ratio, 2.205,
p <0.001, Table 2).

Rab11a overexpression promotes proliferation,
migration and invasion of lung cancer cells

Relative expression level of Rablla was analyzed
by western blot in a panel of lung cancer cell lines. In
accordance with immunohistochemical results, Rablla
protein expression was remarkably increased in 3/5
NSCLC cell lines (A549, H292 and LK2) compared
with normal HBE cell line (Figure 2A). H1299 and H460

cell lines were selected for Rabl1a plasmid transfection.
siRNA was used in A549 cell line. Overexpression and
knocking down efficiency was confirmed by western blot
and RT-qPCR analysis (Figure 2B). MTT assay and colony
formation assay were carried out to examine its role on
cancer cell growth. As shown in Figure 2C and 2D, Rabl1a
overexpression greatly promoted the proliferation rate
(Day 5, H1299 EV vs. Rablla: 0.99 = 0.02 vs. 1.98 + 0.03,
p <0.05; H460 EV vs. Rabl1a: 0.91 £ 0.01 vs. 1.64 + 0.04,
p <0.05, Figure 2C) and the potential of colony formation
(H1299 EV vs. Rabl1a: 33.3 + 1.8 vs. 88.6 £ 3.1, p < 0.05;
H460 EV vs. Rablla: 61.3£5.1 vs. 2043+ 7.2, p < 0.05,
Figure 2D), while Rab11a depletion in A549 cells inhibited
proliferation (Day 5, A549 Neg siRNA vs. Rabl1a siRNA:
0.92 £0.02 vs. 0.45 £ 0.03, p < 0.05) and colony formation
ability (A549 Neg siRNA vs. Rablla siRNA: 40.2 £ 0.5
vs. 18.3 = 1.2, p < 0.05). To characterize the effect of
Rabl1a on cell invasion and migration, matrigel invasion
assay and wound healing assay were performed. As shown
in Figure 2E, significant increased invading ability was
observed in cells with Rab11a transfection compared with
empty controls (H1299 EV vs. Rablla: 29.2 + 1.4 vs.
61.3 £0.6, p <0.05; H460 EV vs. Rabl1a: 70.1 £ 2.3 vs.
130.5 + 3.3, p < 0.05, Figure 2E). Rabl1la depletion in
A549 cells reduced invading ability (A549 Neg siRNA vs.
RabllasiRNA: 81.2+2.1vs.49.5+ 1.3, p <0.05). Wound
healing assay demonstrated that Rablla overexpression
increased cell migration in H1299 and H460 cell lines
while its depletion downregulated A549 cell migration
(p < 0.05). The rate of migration distance was calculated
and presented in Figure 2F.

Rab11a facilitates cell cycle and regulates cell
cycle related proteins

The aforementioned results indicate that Rablla
leads to increased cellular proliferation and invasion. We
checked the effect of Rablla on cell cycle progression.
As shown in Figure 3A, Rablla overexpression induced
G1-S transition in H460 and H1299 cell lines. Rabl1a-
siRNA inhibited cell cycle progression in A549 cell line.
To underline the possible mechanisms, we examined a
panel of growth and invasion related proteins. As shown
in Figure 3B, Rabl1a transfection significantly increased
cell cycle protein cyclin D1, cyclin E, CDK4, CDK6 and
reduced expression of cell cycle inhibitor p27. Rablla
depletion in A549 cells showed the opposite effects. We
also found that Rabl1la could induce CTGF while Rabl1a
depletion reduced its expression. Using Realtime RT-
PCR, we found that Rablla positively regulated mRNA
expression of cyclin D1, cyclin E, CTGF and negatively
regulated p27 in both H1299 and H460 cell lines. Rabl1a
depletion downregulated cyclin D1, cyclin EI CTGF mRNA
while upregulated p27 mRNA expression Figure 3C.
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Table 1: Distribution of Rab11a status in NSCLC according to clinicopathological characteristics

Characteristics Number of patients l:::)’:;;silg;v Rez;ll))lrlezslil(:ih P
Age
<60 61 32 29 0.8560
>60 61 33 28
Gender
Male 73 38 35 0.7409
Female 49 27 22
Differentiation
Well 40 22 18 0.7901
Moderate-Poor 82 43 39
Histology
Adenocarcinoma 69 35 34 0.5188
TNM stage
I 55 38 17 0.0015
II+I1I 67 27 40
Tumor status
Tl 47 28 19 0.2699
T2-T4 75 37 38
Nodal metastasis
Negative 73 47 26 0.0027
Positive 49 18 31

Table 2: Univariate and multivariate analysis for predictive factors in patients with NSCLC

Univariate Multivariate
Factors Hazard ratio p value Hazard ratio p value
(95% CI) (95% CI)
Histology 1.168 (0.711-1.919) 0.5396 1.309 (0.776-2.208) 0.3131
Differentiation 1.683 (0.955-2.966) 0.0716 1.413 (0.936-2.133) 0.0998
Age 1.121 (0.686—-1.832) 0.6479 0.930 (0.550-1.572) 0.7861
Gender 0.885 (0.534-1.469) 0.6372 0.938 (0.553-1.590) 0.8118
TNM Stage 2.370 (1.697-3.310) <0.001 2.232 (1.541-3.233) <0.001
Rablla 1.458 (1.137-1.870) 0.003 1.235(0.932-1.637) 0.1412

Rab11a induces YAP nuclear localization and
inhibits Hippo signaling

CTGF was reported as a downstream target of
Hippo pathway. To determine whether Rabl1a is involved
in the regulation of Hippo signaling in lung cancer cells,
we examined the level of YAP and its nuclear localization
in Rablla transfected and depleted cells. The data
showed that Rabl1a overexpression in H1299 and H460
cell lines resulted in upregulation of total YAP protein.

Rablla depletion decreased YAP protein (Figure 4A).
Consistently, western blot using nuclear proteins showed
the level of nuclear YAP was downregulated after siRNA
treatment and Rablla transfection upregulated YAP
nuclear localization (Figure 4A). The level of p-YAP was
slightly decreased by Rabl1a transfection.
Nuclear/cytoplasmic distribution and phosphorylation
of YAP significantly influence its stabilization and
downstream signaling. To test whether Rablla could
regulate Hippo signaling, we transfection lung cancer
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Figure 1: Expression of Rab11la in non-small cell lung cancers. (A) Negative staining of Rab11a in normal bronchial epithelial
cells and alveolar cells (A1&A2).Strong staining of Rab11a in lung squamous cell carcinoma(A3) and adenocarcinoma(A4). (Magnification
200x) (Bar indicates 50 um) (B) Rabl1a protein expression in 8 cases of lung cancer tissues and corresponding normal tissues. (C) Survival
analysis of patients with Rab11a expression and those without. The overall survival was significantly lower in patients with Rab11a- high
expression NSCLCs than in patients with Rab11a-low expression NSCLCs.
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Figure 2: Rablla expression in lung cancer cell lines and its role on proliferation, invasion and migration.
(A) Endogenous expression of Rabl1la was examined in HBE and lung cancer cell lines by western blot and RT-qPCR. Lung cancer cell
lines showed significant upregulated Rabl1a expression. (B) Western blot and RT-qPCR analysis showed that pPCMV6-Rab11a plasmid
markedly increases its levels in H460 and H1299 cells compared with control. Rab11a plasmid downregulated its expression in A549 cells.
(C) MTT showed that Rabl1a overexpression in H1299 and H460 cells greatly promoted the proliferation rate while Rabl1la depletion
inhibited proliferation rate. (D) Rablla overexpression in H1299 and H460 cells promoted the colony formation ability while Rablla
depletion inhibited colony formation ability. (E) Rablla overexpression in H1299 and H460 cells greatly promoted cell invasion while
Rablla depletion inhibited invading ability of A549 cells. (F) Wound healing assay demonstrated that Rabl1a overexpression increased
cell migration in H1299 and H460 cell lines while its depletion downregulated A549 cell migration.
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cells with Rabl1a plasmid and siRNA, together the with
TEAD reporter plasmid which reflect activation of YAP
target genes transcription. We observed that the Rablla
overexpression could activate the luciferase activity of
TEAD reporter plasmid (Figure 4B). Therefore, Rablla
might stabilize and upregulate YAP protein and thus
increase the transcription of target genes, leading to
inhibition of Hippo signaling (Figure 4B).

Next, we asked whether YAP mediates Rablla
induction of CTGF and cell cycle proteins. As shown in
Figure 4C, the YAP siRNA was employed to downregulate
endogenous YAP expression. cyclin proteins and CTGF
were inhibited and p27 was upregulated by YAP-siRNA.
In YAP-siRNA treated lung cancer cells, the Rablla
siRNA induced change of CTGF and cell cycle proteins
was not significant. YAP siRNA treatment also abolished
the effect of Rablla overexpression on CTGF and cell
cycle proteins in H1299 and H460 cells (Figure 4C). In
addition, YAP siRNA significantly reduced the effect of
Rabl1a on cell proliferation (Figure 4D). Importantly, the
effect of Rablla siRNA or plasmid was not obvious in
cells with YAP siRNA treatment compared with control
cells. Together, these results suggested that Rablla
regulates lung cancer progression through, at least partly,
regulation of YAP and inhibition of Hippo signaling
pathway.
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Rabl1a interacts with YAP and promotes lung
cancer cell growth in vivo

To explore the possible mechanism of Rablla
induced YAP upregulation, co-immunoprecipitation was
performed to examine if there is an association between
Rablla and YAP protein. We immunoprecipitated YAP
from cell lysates and analyzed them by western blotting
for Rablla conjugation. As shown in Figure 5A, Rablla
and YAP co-immunoprecipitated in both H1299 and
H460 cells with or without Rablla overexpression. To
examine its effect on in vivo tumor growth in nude mice,
Rabl1la-shRNA stable trasnfected A549 cells and Rablla
overexpressed stable H1299 and H460 cell lines were
established, which were established by G418 selection.
The volume of xenograft tumor of Rabl1a overexpressed
stable cells increased compared with that of the control
plasmid-transfected cells (Figure 5B). On the other hand,
Rablla-depleted A549 cells showed decreased growth
speed compared with negative control.

DISCUSSION

During the last decade, advances have been made
in the understanding of the Hippo signaling pathway.
However, less is known about the function of the Hippo
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Figure 3: Rab11a promotes cell cycle progression and related proteins. (A) Cell cycle analysis showed that Rab11a transfection
decreased cell percentage in Glphase and increased the cell percentage in S phase. Rablla depletion exhibited the opposite effects.
(B) Western blot analysis showed that Rabl1a overexpression increased the protein expression of cyclin D1, cyclin E, CDK4/6, CTGF and
decreased p27 expression. Rabl1a depletion showed the opposite effects in A549 cells. (C) Realtime PCR analysis showed that Rablla
overexpression increased the mRNA expression of cyclin D1, cyclin E, CTGF and decreased p27. Rabl1a depletion showed the opposite

effects. *p < 0.05.
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signaling pathway in mammals, particularly in the
development of human cancers. In this study, we were able
to show that Rab11a overexpression facilitated lung cancer
cell growth and invasion. In addition, Rab11a upregulated
lung cancer growth through YAP protein. To date, this is

the first report concerning the relationship between Rab
family protein and Hippo signaling in human cancers.

We first showed that Rablla protein was
upregulated in NSCLC specimen, which correlated with
nodal metastasis and TNM stage. Importantly, high
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Figure 4: Rablla regulates NSCLC proliferation and cell cycle proteins through upregulation of YAP. (A) Rablla
overexpression in H1299 and H460 cell lines resulted in upregulation of total YAP and nuclear YAP protein. Rab11a depletion decreased
YAP protein. (B) Rabl1a overexpression could activate the luciferase activity of TEAD reporter plasmid in H1299 and H460 cell lines.
YAP depletion in A549 cell line showed the opposite effects. (C) YAP siRNA treatment abolished the effect of Rabl1la overexpression or
depletion on CTGF and cell cycle proteins cyclin D1, cyclin E and p27 in A549, H1299, H460 cells. (D) MTT showed that YAP siRNA
abolished the growth promoting effect of Rabl1a in lung cancer cells. *p < 0.05.
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expression of Rablla correlated with poor prognosis.
Accordingly, Rablla levels in lung cancer cell lines
were higher than that in normal bronchial cell line HBE.
Previous reports indicate that Rabl1a serves as a cancer
biomarker in pancreatic and breast cancers [18, 22].
Our clinical data is in accordance with these studies,
demonstrating that Rabl1a contributes to the malignant
progression of NSCLC.

Next, we showed that Rablla overexpression
significantly promoted in vitro and in vivo cell growth,
which was dependent on its role of cell cycle induction.
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Rabl1a overexpression upregulated cyclin D1, cyclin E,
CTGF and downregulated p27. CTGF (Connective tissue
growth factor) ranks among top upregulated genes by
Hippo effector YAP. It is reported that CTGF could lead to
the upregulation of cyclin proteins and downregulation of
p27 expression [23, 24]. These data suggest that Rablla
regulate aggressive behavior of NSCLC possibly through
regulation of CTGF.

YAP is the main transducer of Hippo signaling which
induces target genes including CTGF, resulting in cell
proliferation and apoptosis evasion [25, 26]. Our previous
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Figure 5: Rab11ainteracts with YAP and promotes lung cancer cell growth in vivo. (A) Rabl1aand YAP co-immunoprecipitated
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studies demonstrated that YAP overexpression promoted
lung cancer cell growth, invasion and correlated with poor
patient survival [27]. In this study, we showed that Rabl1a
overexpression increased YAP expression and its nuclear
localization. Conversely, Rabl1a siRNA downregulated
YAP and decreased its nuclear localization. In addition,
YAP phosphorylation was also inhibited by Rabl1a. Using
luciferase reporter, we found that Rabl1a overexpression
upregulated transcription activity of YAP/TEAD.
Dephosphorylated YAP translocates into the nucleus and
binds to TEAD proteins, which activates downstream
target such as CTGF and promotes proliferation [28, 29].
Furthermore, using siRNA, we were able to demonstrated
that the biological effects of Rablla was dependent on
YAP. Taken together, our observations demonstrate that
Rablla regulate lung cancer aggressiveness through
regulation YAP and Hippo signaling pathway.

Using immunoprecipitation, we found that Rablla
could interact with endogenous YAP. This interaction was
stronger in cells transfected with Rabl1a plasmid, which
further validates the link between Rablla and Hippo
signaling in NSCLC. Since Rabl1a is a vesicle trafficking
protein which regulates turnover of many intracellular
proteins including vascular endothelial-cadherin, protease-
activated receptor-1 and PAR3 [30-32], we believe that
Rabl1la could also interacts and regulates the turnover of
YAP, inhibiting its degradation, which induce its nuclear
accumulation and inhibition of Hippo signaling.

In conclusion, this study delineates the functional
role of Rablla in lung cancer progression. Rablla
expression in lung cancer specimens may be a valuable
biomarker for aggressive behavior and poor prognosis.
We also revealed that Rablla inhibits Hippo signaling
and promotes non-small cell lung cancer cell proliferation
and invasion through regulation of YAP. Rab11a might be
a potential target for the therapeutic strategy in NSCLC.

MATERIALS AND METHODS

Tissue samples

The study was approved by the ethical committee of
China Medical University. 122 cases of NSCLC samples
were obtained from the the first affiliated hospital of china
medical university since 2007 to 2010. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee and with the Helsinki
declaration and its later amendments or comparable
ethical standards. Informed consent was obtained from
all individual participants included in the study. All
patients underwent curative surgical resection without
prior chemotherapy or radiation therapy. 26 normal
lung tissue specimens were obtained from non-cancerous
lung diseases. In addition, 8 paired fresh specimens
including both tumor tissue and corresponding normal

tissue were stored at —70°C immediately after resection
for extraction of protein.

Immunohistochemistry

The tissue sections were treated with xylene, graded
alcohol. Antigen retrieval was performed in 0.01 M citrate
buffer. H202 was used for blockage. Sections were treated
with goat serum for 20 minutes. Then the slides was
incubated Rabl1a antibody (1:300 dilution, Proteintech,
USA) overnight at 4°C. EliVision Super Kit (Maixin,
Fuzhou, China) was then used for immunostaining.
All tumor slides were examined randomly by two
independent pathologists. Five views were selected in
the center of tumor slides for evaluation. Rab11a staining
was located in the cytoplasmic compartment of tumor
cells. Immunostaining of Rablla was scored following
a semi-quantitative scale by evaluating the intensity and
percentage of cells. The intensity of staining score was
indicated as 0 (no staining), 1 (weak staining), 2 (strong
staining). Staining percentage was scored as 0 (0%),
1 (1-25%), 2 (26-50%), 3 (51-75%) and 4 (76-100%).
Each score was multiplied to a final score of 0 to 8.
Rablla status was regarded as low Rablla expression
(score < 4) or high expression/overexpression (score > 4).

Cell culture and transfection

Human NSCLC cell lines H292, LK2, H460, A549,
H1299 and normal bronchial epithelial cell line HBE
were purchased from ATCC. RPMI-1640 (Gibco, USA)
with 10% FBS was used for cell culture. pPCMV6-Rablla
plasmid and the control empty vector pCMV6 were
obtained from Origene (Origene, USA). Transfection of
plasmid (0.12 pg per well for 6-well plate) was performed
using Attractene reagent (Qiagen, Germany). Rablla
siRNA and control siRNA were obtained from Dharmacon
(GE healthcare, USA). Transfection of siRNA (0.2 nmol
per well for 6-well plate) was performed using Dharmafect
reagent (GE healthcare, USA). Rablla (sh)RNA was
designed using the rnaidesigner (Invitrogen, USA):
shRabl1la, 5'-GAATGTCAGACAGACGCGAAAATT-3".
Vectors encoding shRNA was generated using pENTR/
U6. shRNA plasmids using Attractene following the
manufacturer’s instructions. The empty plasmid was used
as a negative control. Selection was accomplished with
G418 (Sigma) at a concentration of 0.5 mg/mL.

Western blotting and immunoprecipitation

Total proteins from cell lines or fresh lung cancer/
normal tissues were extracted in lysis buffer and
quantified using the Bradford method. 30 mg protein was
separated by SDS-PAGE. Nuclear/ cytoplasmic protein
were separated using NE-PER Nuclear and Cytoplasmic
Extraction Reagents (Thermo scientific, USA) according
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to the manufacturer’s protocol. Samples were transferred
to PVDF membranes (Millipore, Billerica, MA, USA)
and incubated overnight at 4°C with primary antibodies.
Antibodies against cyclin D1, cyclin E, p27, CDK4,
CDKGo6, CTGF, p-YAP, YAP (1:1000 dilution) and GAPDH
(1:2000 dilution) were obtained from Cell Signaling
Technology (Beverly, MA, USA). Rabl1a antibody was
from Proteintech (Proteintech, USA). After incubation
with HRP-coupled anti-mouse or rabbit IgG antibody at
37°C for 2 hours. Target proteins on PVDF membrane
were visualized using Pierce ECL kit and captured using a
DNR Biolmaging System (DNR, Jerusalem, Israel).

For immunoprecipitation, Magnetic Beads (Bio-Rad
SureBeads) were incubated with antibodies and unbound
antibodies were washed away. Then beads-antibody
complex was incubated with target protein. The beads
were magnetized using SureBeads magnetic rack and
supernatant was discarded. Then elution buffer was used
to collect purified target protein for western blot analysis.

RNA extraction and real-time RT-PCR

Total RNA was isolated from cultured cells using the
RNAiso Plus reagent (TaKaRa, Dalian, China). Reverse
transcription of RNA was performed using the PrimeScript
RT Mastermix (TaKaRa, Dalian, China). Quantitative
real-time PCR was performed using SYBR mastermix
(TaKaRa, Dalian, China) on the 7900HT fast Real-time
PCR system (Applied Biosystems). The fold change of
gene expression was calculated by the 244 Method.
Experiments were repeated in triplicate. The primer
sequences are listed as follows: Rablla forward, 5'-AAA
GCAAGAGCACCATTGGAG-3', Rablla reverse, 5'-TG
CCCTGCTGTGTCCCAT-3"; cyclin D1 forward, 5'-TGGA
GGTCTGCGAGGAACA-3', cyclin D1 reverse, 5-TTCAT
CTTAGAGGCCACGAACAT-3'; cyclin E forward, 5'-AG
CCAGCCTTGGGACAATAAT-3', cyclin E reverse, 5'-GA
GCCTCTGGATGGTGCAAT-3'; p27 forward, 5'-CTGC
AACCGACGATTCTTCTACT-3', p27 reverse, 5'-CTTCT
GAGGCCAGGCTTCTT-3'"; CTGF forward, 5'-GTTAC
CAATGACAACGCCTCCT-3', CTGF reverse, 5'-TGCA
CTTTTTGCCCTTCTTAATGT-3'; B-actin forward, 5'-CCT
GAACCCCAAGGCCAAC-3', B-actin reverse, 5'-GAT
AGCACAGCCTGGATAGCAAC-3".

Colony formation and MTT assays

For colony formation assay, cells were plated into
three 6-cm cell culture dishes (1000 cells), cultured for
2 weeks in medium. Then plates were washed with PBS and
stained with Giemsa. Colony number was manually counted.

For MTT assay, cells were plated in 96-well plates
about 2000 cells per well and cultured for 5 days. 20 pl of
MTT (thiazolyl blue) solution was added per well and plates
were incubated for 4 hours in a incubator. The medium was
removed and 150 pl of DMSO was added to each well. The
plate was measured at a wavelength of 490 nm.

Matrigel invasion assay

Matrigel invasion assay was carried out using a
24-well Transwell chamber from Costar (Corning, USA)
coated with 20 pl Matrigel with a dilution rate of 1:6 (BD
Bioscience, USA). 48 hours after the transfection, cells
were trypsinized and transferred to the upper chamber with
our serum and incubated for 18 hours. Lower chamber was
added with medium supplemented with 10% serum. Non-
invaded cells were wiped out and cells invaded through
the filter were fixed with 4% paraformaldehyde and
stained with hematoxylin.

Wound healing assay

After 24 h of growth, cells were seeded into
6-well tissue culture plates at a density of about 80-90%
confluence as a monolayer. The monolayer was gently and
slowly scratched using a 1 ml pipette tip under aseptically
conditions. The detached cells were removed and washed
with PBS, then incubated in serum for the indicated times.
Photos of the stained monolayer were taken under a
microscope. The gap distance was quantitatively evaluated
using Image J software.

Flow cytometry for cell cycle analysis

Cells were seeded into 6 cm tissue culture
dishes. Forty eight hours after transfection, cells were
harvested, fixed in 1% paraformaldehyde, washed with
PBS and stained with 5 mg/ml propidium iodide in PBS
supplemented with RNase A (Roche, Indianapolis, IN) for
30 minutes at room temperature. Cells in each individual
phase of the cell cycle were determined based on their
DNA ploidy profile.

In vivo xenograft tumor models

BALB/c athymic nude mice (4-5 weeks old) were
purchased from Shanghai Slac Laboratory Animals Ltd.
(Shanghai, China) and housed in the Laboratory Animal
Center of China Medical University (Shenyang, China).
All animal experiments and procedures conformed to the
institutional animal care guidelines. A xenograft model of
human lung cancer was established by subcutaneous right
armpit injections of stable cell line (1-2 * 10°). Tumor size
was measured every 4-7 d. Following 2 months growth,
animals were sacrificed, and tumors removed. Experiment
was performed in triplicate.

Luciferase reporter assay

To assess change of Hippo signaling and YAP
transcription activity, we performed luciferase assay
according to the manufacturer’s protocol (Promega, USA).
Cells were transfected with luciferase reporter plasmid
8xGTIIC-luciferase with Rablla plasmid/siRNA. Cells
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were transfected with 8xGTIIC-luciferase reporter along
with the Renilla luciferase reporter, which was used for
normalization. The luciferase activity was measured in
cellular extracts using a dual luciferase reporter gene assay
kit (Promega, San Luis Obispo, CA, USA).

Statistical analysis

SPSS version 16 for Windows was used for all
statistical analyses. A chi-square test was used to examine
possible correlations between Rablla expression and
clinicopathologic factors. The Kaplan-Meier method
was used to estimate the probability of patient survival.
Differences in the survival of subgroups of patients were
compared by using Mantel’s log-rank test. The Cox
regression model was used for multivariate analysis.
Student’s #-test was used to compare densitometry data on
focus numbers between control and transfected cells. All
p values are based on a two-sided statistical analysis, and
p < 0.05 was considered to indicate statistical significance.

ACKNOWLEDGMENTS AND FUNDING

The study was supported by the National Natural
Science Foundation of China (No0.81302022 to Qianze
Dong; No.81572854 to Enhua Wang).

CONFLICTS OF INTEREST
No potential conflicts of interest were disclosed.
REFERENCES

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015; 65:87-108. doi: 10.3322/caac.21262.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA
Cancer J Clin. 2015; 65:5-29. doi: 10.3322/caac.21254.

3. DeSantis CE, Lin CC, Mariotto AB, Siegel RL, Stein KD,
Kramer JL, Alteri R, Robbins AS, Jemal A. Cancer
treatment and survivorship statistics, 2014. CA Cancer J
Clin. 2014; 64:252-71. doi: 10.3322/caac.21235.

4. Crombag LM, Annema JT. Left Adrenal Gland Analysis in
Lung Cancer Patients Using the Endobronchial Ultrasound
Scope: A Feasibility Trial. Respiration. 2016; 91:235-40.
doi: 10.1159/000443991.

5. Zhou Q, West DG, Shelley-Fraser G, Medford AR. Foamy
Macrophage Deposition in Lymph Nodes Mimicking
Lung Cancer Recurrence Diagnosed via Endobronchial
Ultrasound-Guided Transbronchial Needle Aspiration.
Respiration. 2015; 90:426-9. doi: 10.1159/000438491.

6. Koizumi T, Tsushima K, Tanabe T, Agatsuma T,
Yokoyama T, Ito M, Kanda S, Kobayashi T, Yasuo M.
Bronchoscopy-Guided Cooled Radiofrequency Ablation as
a Novel Intervention Therapy for Peripheral Lung Cancer.
Respiration. 2015; 90:47-55. doi: 10.1159/000430825.

10.

I1.

12.

13.

14.

15.

16.

17.

Safi S, Rauch G, op den Winkel J, Kunz J, Schneider T,
Bischof M, Heussel CP, Huber PE, Herth FJ, Dienemann H,
Hoffmann H. Sublobar Resection, Radiofrequency Ablation
or Radiotherapy in Stage I Non-Small Cell Lung Cancer.
Respiration. 2015; 89:550-7. doi: 10.1159/000381555.
Zhong WZ, Li W, Yang XN, Liao RQ, Nie Q, Dong S, Yan
HH, Zhang XC, Tu HY, Wang BC, Su J, Yang JJ, Zhou Q,
et al. Accidental invisible intrathoracic disseminated pT4-
Mla: a distinct lung cancer with favorable prognosis. J
Thorac Dis. 2015; 7:1205-12. doi: 10.3978/j.issn.2072-
1439.2015.05.19.

Lin YE, Wu QN, Lin XD, Li GQ, Zhang YJ. Expression
of paired basic amino acid-cleaving enzyme 4 (PACE4)
correlated with prognosis in non-small cell lung cancer
(NSCLC) patients. J Thorac Dis. 2015; 7:850-60. doi:
10.3978/j.issn.2072-1439.2015.05.09.

Wang Y, Liu Y, Yang B, Cao H, Yang CX, Ouyang W,
Zhang SM, Yang GF, Zhou FX, Zhou YF, Xie CH. Elevated
expression of USP9X correlates with poor prognosis in
human non-small cell lung cancer. J Thorac Dis. 2015;
7:672-9. doi: 10.3978/j.issn.2072-1439.2015.04.28.

Kessler D, Gruen GC, Heider D, Morgner J, Reis H,
Schmid KW, Jendrossek V. The action of small GTPases
Rabll and Rab25 in vesicle trafficking during cell
migration. Cell Physiol Biochem. 2012; 29:647-56. doi:
10.1159/000295249.

Ramel D, Wang X, Laflamme C, Montell DJ, Emery G.
Rabl11 regulates cell-cell communication during collective
cell movements. Nat Cell Biol. 2013; 15:317-24. doi:
10.1038/ncb2681.

Hehnly H, Doxsey S. Rabll endosomes contribute to
mitotic spindle organization and orientation. Dev Cell.
2014; 28:497-507. doi: 10.1016/j.devcel.2014.01.014.

Goldenring JR, Smith J, Vaughan HD, Cameron P,
Hawkins W, Navarre J. Rab11 is an apically located small
GTP-binding protein in epithelial tissues. Am J Physiol.
1996; 270:G515-25.

Solis GP, Hulsbusch N, Radon Y, Katanaev VL, Plattner H,
Stuermer CA. Reggies/flotillins interact with Rabl1a and
SNX4 at the tubulovesicular recycling compartment and
function in transferrin receptor and E-cadherin trafficking.
Mol Biol Cell. 2013; 24:2689—-702. doi: 10.1091/mbc.E12-
12-0854.

Desclozeaux M, Venturato J, Wylie FG, Kay JG, Joseph SR,
Le HT, Stow JL. Active Rabl1 and functional recycling
endosome are required for E-cadherin trafficking and
lumen formation during epithelial morphogenesis. Am J
Physiol Cell Physiol. 2008; 295:C545-56. doi: 10.1152/
ajpcell.00097.2008.

Chung YC, Wei WC, Huang SH, Shih CM, Hsu CP,
Chang KJ, Chao WT. Rabll
expression and induces cell transformation in colorectal
carcinoma. BMC Cancer. 2014; 14:587. doi: 10.1186/1471-
2407-14-587.

regulates E-cadherin

www.impactjournals.com/oncotarget

27810

Oncotarget



18.

19.

20.

21.

22.

23.

24.

25.

Yu L, Li X, Li H, Chen H, Liu H. Rablla sustains
GSK3beta/Wnt/beta-catenin signaling to enhance cancer
progression in pancreatic cancer. Tumour Biol. 2016. doi:
10.1007/s13277-016-5172-1.

Xiao Q, Qian Z, Zhang W, Liu J, Hu E, Zhang J, Li M,
Wang J, Kong F, Li Y, Wang R, Tan X, He D, et al.
Depletion of CABYR-a/b sensitizes lung cancer cells to
TRAIL-induced apoptosis through YAP/p73-mediated DR5
upregulation. Oncotarget. 2016; 7:9513-24. doi: 10.18632/
oncotarget.7069.

Sheng X, Li WB, Wang DL, Chen KH, Cao JJ, Luo Z,
He J, Li MC, Liu WJ, Yu C. YAP is closely correlated with
castration-resistant prostate cancer, and downregulation of
YAP reduces proliferation and induces apoptosis of PC-3
cells. Mol Med Rep. 2015; 12:4867-76.

Zhao B, Li L, Lei Q, Guan KL. The Hippo-YAP pathway in
organ size control and tumorigenesis: an updated version.
Genes Dev. 2010; 24:862—74. doi: 10.1101/gad.1909210.
Wang B, Yang Z, Wang H, Cao Z, Zhao Y, Gong C,
Ma L, Wang X, Hu X, Chen S. MicroRNA-320a inhibits
proliferation and invasion of breast cancer cells by targeting
RABI11A. Am J Cancer Res. 2015; 5:2719-29.

Lu H, Kojima K, Battula VL, Korchin B, Shi Y, Chen Y,
Spong S, Thomas DA, Kantarjian H, Lock RB, Andreeff M,
Konopleva M. Targeting connective tissue growth factor
(CTGF) in acute lymphoblastic leukemia preclinical
models: anti-CTGF monoclonal antibody attenuates
leukemia growth. Ann Hematol. 2014; 93:485-92. doi:
10.1007/s00277-013-1939-2.

Garcia P, Leal P, Ili C, Brebi P, Alvarez H, Roa JC.
Inhibition of connective tissue growth factor (CTGF/CCN2)
in gallbladder cancer cells leads to decreased growth
in vitro. Int J Exp Pathol. 2013; 94:195-202. doi: 10.1111/
iep.12023.

Lai D, Ho KC, Hao Y, Yang X. Taxol resistance in breast
cancer cells is mediated by the hippo pathway component

26.

27.

28.

29.

30.

31.

32.

TAZ and its downstream transcriptional targets Cyr61 and
CTGF. Cancer Res. 2011; 71:2728-38. doi: 10.1158/0008-
5472.CAN-10-2711.

Hsu YL, Hung JY, Chou SH, Huang MS, Tsai MJ, Lin YS,
Chiang SY, Ho YW, Wu CY, Kuo PL. Angiomotin decreases
lung cancer progression by sequestering oncogenic YAP/
TAZ and decreasing Cyr61 expression. Oncogene. 2014.
doi: 10.1038/0nc.2014.333.

Wang Y, Dong Q, Zhang Q, Li Z, Wang E, Qiu X.
Overexpression of yes-associated protein contributes
to progression and poor prognosis of non-small-cell
lung cancer. Cancer Sci. 2010; 101:1279-85. doi:
10.1111/5.1349-7006.2010.01511 .x.

Oh H, Irvine KD. In vivo regulation of Yorkie
phosphorylation and localization. Development. 2008;
135:1081-8. doi: 10.1242/dev.015255.

Vassilev A, Kaneko KJ, Shu H, Zhao Y, DePamphilis ML.
TEAD/TEF transcription factors utilize the activation
domain of YAP65, a Src/Yes-associated protein localized in
the cytoplasm. Genes Dev. 2001; 15:1229-41. doi: 10.1101/
2ad.888601.

Grimsey NJ, Coronel LJ, Cordova IC, Trejo J. Recycling
and Endosomal Sorting of Protease-activated Receptor-1
Is Distinctly Regulated by Rab11A and Rab11B Proteins.
J Biol Chem. 2016; 291:2223-36. doi: 10.1074/jbc.
M115.702993.

Yan Z, Wang ZG, Segev N, Hu S, Minshall RD, Dull RO,
Zhang M, Malik AB, Hu G. Rablla Mediates Vascular
Endothelial-Cadherin Recycling and Controls Endothelial
Barrier Function. Arterioscler Thromb Vasc Biol. 2016;
36:339-49. doi: 10.1161/ATVBAHA.115.306549.

Elias S, McGuire JR, Yu H, Humbert S. Huntingtin Is
Required for Epithelial Polarity through RAB11A-Mediated
Apical Trafficking of PAR3-aPKC. PLoS Biol. 2015; 13:
¢1002142. doi: 10.1371/journal.pbio.1002142.

www.impactjournals.com/oncotarget

27811

Oncotarget



