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Abstract.
BACKGROUND: Alterations and mutations of endo-lysosomal trafficking proteins have been associated with cancer progres-
sion. Identification and characterization of endo-lysosomal trafficking proteins in invasive cholangiocarcinoma (CCA) cells may
benefit prognosis and drug design for CCA.
OBJECTIVE: To identify and characterize endo-lysosomal trafficking proteins in invasive CCA.
METHODS: A lysosomal-enriched fraction was isolated from a TNF-α induced invasive CCA cell line (KKU-100) and unin-
duced control cells and protein identification was performed with nano-LC MS/MS. Novel lysosomal proteins that were upreg-
ulated in invasive CCA cells were validated by real-time RT-PCR. We selected Rab7 for further studies of protein level using
western blotting and subcellular localization using immunofluorescence. The role of Rab7 in CCA invasion was determined by
siRNA gene knockdown and matrigel transwell assay.
RESULTS: Rab7 mRNA and protein were upregulated in invasive CCA cells compared with non-treated controls. Immunofluo-
rescence studies demonstrated that Rab7 was expressed predominantly in invasive CCA cells and was localized in the cytoplasm
and lysosomes. Suppression of Rab7 translation significantly inhibited TNF-α-induced cell invasion compared to non-treated
control (p = 0.044).
CONCLUSIONS: Overexpression of Rab7 in CCA cells was associated with cell invasion, supporting Rab7 as a novel candidate
for the development of diagnostic and therapeutic strategies for CCA.
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1. Introduction

Cholangiocarcinoma (CCA), a cancerous tumor of
the bile duct, is a serious health problem in Southeast
Asian countries including Thailand [1]. Low respon-
siveness of CCA to anticancer drugs in combination
with a lack of reliable early diagnosis and prognosis are
major obstacles to prevention and control [2]. In this
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regard, novel protein candidates have been identified
and characterized for the development of reliable di-
agnostic strategies and anticancer chemotherapeutics.
Endo-lysosomal associated proteins, especially endo-
cytic trafficking proteins, are fascinating targets that
are involved in cancer cell development, migration, in-
vasion, and metastasis [3]. The Rab GTPase and asso-
ciated proteins play important roles in the regulation
of endocytic transport. Alteration or mutation of these
proteins is associated with several human diseases, in-
cluding the pathogenesis of cancer [4].

Increased expression of Rab5, Rab7, and Rab11
genes and proteins was detected in patients with oral
squamous cell carcinoma (OSCC). Moreover, expres-
sion of these proteins was significantly elevated in
cases of advanced OSCC with a poor survival rate [5].
Increased Rab25 mRNA level in ovarian and breast
cancer patients correlated with a low survival rate, and
overexpression of Rab25 in in vitro and in vivo models
by transfection with pcDNA-Rab25 plasmid promoted
proliferation, colony formation, and invasion of ovar-
ian and breast cancer cells [6]. Conversely, down reg-
ulation of Rab38 was reported in melanoma primary
tumors and metastases compared to melanocytes [7].
However, the functions of endocytic trafficking pro-
teins including the Rab family have not been demon-
strated in CCA and should be intensively explored.

We performed proteomics analysis of lysosomal
proteins to identify significant targets involved in CCA
cell invasion. Several Rab proteins were upregulated in
TNF-α induced invasive CCA cells, in particular Rab7,
a member of the small GTPase superfamily that func-
tions in trafficking of late endosomes to lysosomes [8].
Alterations of Rab7 have been introduced into several
cancers to promote or inhibit functions such as cell
proliferation, migration, invasion, and metastasis [9].
To validate Rab7 expression in CCA cell lines, mRNA
and protein levels were analyzed with SYBR real-time
RT-PCR and western blot analysis, respectively, and
compared between TNF-α induced CCA cells and
non-treated controls. Subcellular localization of Rab7
and its co-localization with lysosomes was detected us-
ing immunofluorescence. Depletion of Rab7 expres-
sion using siRNA in combination with a matrigel tran-
swell assay was performed to clarify the role of this
protein in CCA cell invasion. Our findings suggest a
role of Rab7 in the aggressive pathogenesis of CCA
that might be a target in the development of effective
strategies to prevent and control CCA.

2. Materials and methods

2.1. Induction of invasive CCA

KKU-100, a non-invasive cholangiocarcinoma cell
line, was continuously cultured as described else-
where [10]. In brief, KKU-100 was cultured in com-
plete medium (Ham’s F12 (Gibco, Billing, MT) sup-
plemented with 10% fetal bovine serum (FBS, Biow-
est, France) and 1 × penicillin/streptomycin (Biow-
est) at 37◦C, 5% CO2, and N2 balance. Invasiveness
of KKU-100 cells was stimulated by treatment with
10 ng/ml TNF-α (ProSpec, East Brunswick, NJ) as de-
scribed previously [11]. The cells were harvested by
the addition of cold EDTA solution (10 mM EDTA in
1 × PBS) and gentle detachment using a cell scraper
(SPL Life Science, Gyeonggi-do, Korea).

2.2. Isolation of lysosomes

Lysosomes of TNF-α treated and non-treated
KKU-100 cells were isolated using a Lysosome En-
richment Kit for Tissue and Cultured Cells accord-
ing to the manufacturer’s instructions (Thermo Fisher
Scientific, Waltham, MA). After removal of OptiPrep
media by centrifugation, lysosomes were mixed with
2% CHAPS (Sigma, St. Louis, MO) in 1 × PBS for
10 min and then sonicated using a sonicator (Heat
System, Farmingdale, NY). Soluble lysosomal pro-
teins were obtained by centrifugation at 18,000 ×
g and 4◦C for 5 min and subsequently concentrated
using an Amicon R© Ultra-0.5 centrifugal filter de-
vice (Merck, Darmstadt, Germany) according to the
manufacturer’s instructions. Protein concentration was
determined using Coomassie PlusTM Protein (Brad-
ford) assay reagent (Thermo Fisher Scientific, Pitts-
burgh, PA). The lysosomal-enriched fraction (LYE)
was confirmed by western blot analysis of lysosomal-
associated membrane protein 1 (LAMP1) using anti-
LAMP1 antibody (Millipore, Billerica, MA) [12].

2.3. Mass spectrometry

Extracted lysosomal proteins (1 µg/µl) from TNF-
α treated and non-treated KKU-100 cells were sepa-
rated by 12% SDS-PAGE and stained with Coomassie
brilliant blue G250 solution (BioRad, Berkeley, CA).
Lanes of gels containing proteins were excised into
equal small cubes (Fig. 1B) and subjected to down-
stream processing including alkylation, tryptic di-
gestion, mass spectrometry analysis (MicroToFQ II,



N. Suwandittakul et al. / Disruption of endocytic trafficking protein Rab7 impairs invasiveness of CCA cells 257

Table 1
Primers used in SYBR real-time RT-PCR for determination of gene expression profile

Gene Accession No. Product size (bp) Primer (5’-3’) Primer length (nt)
Rab7 X93499.1 270 5’-AAGCCACAATAGGAGCTGAC-3’ 20

5’-CAATCTTGTTTCCCAACACA-3’ 20
Rab11B NM_004218.3 260 5’-AACGAGTTCAACCTGGAGAG-3’ 20

5’-ATGATGACGATGTTGCTGTC-3’ 20
CATD M11233.1 110 5’-GACCAGAACATCTTCTCCTTCTAC-3’ 24

5’TAGGACAGAGAACCCTTGTAATACT-3’ 25
GNA13 L22075.1 143 5’-AAGGGTTTTCTTACAATATCTTCCT-3’ 25

5’-GTTCTCCAAGTTTATCCAAGTTATC-3’ 25

Bruker, Germany) coupled with an UltiMate 3000
nano-LC system (Dionex, Surrey, UK), and protein
identification using bioinformatics as described pre-
viously [11,13]. Novel lysosomal proteins that were
overexpressed in TNF-α induced invasive cells were
chosen and computationally analyzed by protein – pro-
tein interaction analysis using STRING database ver-
sion 10 pathway analysis [14] and the KEGG path-
way website [15]. Selected candidates were further val-
idated using molecular biology methods as described
below.

2.4. SYBR real-time RT-PCR

Total RNA of TNF-α treated and non-treated KKU-
100 cells was isolated using Trizol R© reagent (Invit-
rogen, Carlsbad, CA) according to the manufacturer’s
instructions. Five micrograms of total RNA was in-
cubated with DNase I (Thermo Fisher Science, Pitts-
burgh, PA) to remove genomic DNA contaminants and
then converted to first-strand cDNA using RevertAid
First Strand cDNA Synthesis Kit (Thermo Fisher Sci-
entific) according to the manufacturer’s instructions.
Forward (Fwd) and reverse (Rev) primers were de-
signed using Primer3 version 0.4.0 program [16] and
are described in Table 1). To determine the level of
gene expression, SYBR green real-time RT-PCR was
performed by mixing 2 µl of first-strand cDNA with
1 × SsoAdvancedTM SYBR R© Green Supermix (Bio-
Rad, Hercules, CA) and 500 nM each of Fwd and
Rev primers in a total volume of 15 µl. Amplifica-
tion was performed using a LightCycler R© 480 ver-
sion 1.5 (Roche, Basel, Switzerland) with amplifica-
tion conditions of 95◦C for 3 min, followed by 45 cy-
cles of 95◦C for 30 s and 60◦C for 10 s. Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) was used
as a housekeeping gene for normalization [17]. The rel-
ative fold change of gene targets in TNF-α-treated cells
compared to non-treated controls was calculated using
the formula of 2−∆∆ct [18]. The experiment was per-
formed in duplicate in three independent experiments.

2.5. Western blot analysis

The results of SYBR real-time RT-PCR and mass
spectrometry indicated that Rab7 was markedly over-
expressed in TNF-α induced invasive KKU-100 cells
compared with other proteins. Therefore, Rab7 was
selected for further confirmation of the level of pro-
tein expression using western blot analysis. TNF-α
treated and non-treated KKU-100 cells were mixed
with RIPA buffer (50 mM Tris-HCl, 150 mM NaCl,
1% NP-40, 0.1% SDS, and 1 mM EDTA) and dis-
rupted using a sonicator with three pulses of 9.0 s
on and 9.0 s off. Protein concentration was deter-
mined with Coomassie PlusTM Protein assay reagent
(Thermo Fisher Science) prior to size separation by
12% SDS-PAGE. The proteins in the gel were electri-
cally transferred onto PVDF membranes (Pall, Wash-
ington, NY) and subjected to western blot analysis as
described elsewhere [11,13] using mouse anti-human
Rab7 antibody (Abcam, Cambridge, MA) and mouse
anti-human β-actin antibody (Cell Signaling Technol-
ogy, Danvers, MA) as a control. The signal was de-
tected using ChemiDoc Imager (Syngene, Frederick,
MD) and the intensity was calculated with ImageJ pro-
gram (http://imagej.nih.gov/ij/). The experiment was
performed in triplicate.

2.6. Immunolocalization

Detection of Rab7 in TNF-α treated and non-treated
KKU-100 cells was performed by an immunofluo-
rescent technique. The co-localization of Rab7 with
lysosomes (using LAMP1 as a marker) was also
monitored. All procedures were performed as pre-
viously described with minor modification [11,13].
Briefly, the cells were permeabilized by incubation
with 0.25% Tween-20 for 10 min at RT and blocked
with non-specific binding with blocking solution (3%
FBS in 1 × PBS) for 1 h. Mouse anti-human Rab7
antibody (1:500 dilution; Abcam) and rabbit anti-
human LAMP1 antibody (1:500; Millipore, Temec-
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ula, CA) were added and incubated for 2 h at RT.
FITC-conjugated goat anti-mouse IgG (1:500; Bi-
olegend, San Diego, CA) and cy3-conjugated don-
key anti-rabbit IgG (1:2,000; Biolegend) were then
added and incubated with the cells for 1 h at RT
in a dark moist chamber. Nuclei were counterstained
with 1 µg/ml 4’,6-diamidino-2-phenylinodole (DAPI;
Sigma-Aldrich) for 5 min. Fluorescence imaging was
performed using a LSM700 confocal microscope (Carl
Zeiss, Oberkochen, Germany). The intensity of Rab7
expressed in the cells was calculated with ImageJ pro-
gram (http://imagej.nih.gov/ij/).

2.7. siRNA knockdown

To investigate the role of Rab7 in CCA cell lines we
performed gene knockdown using a small interference
RNA (siRNA) approach. Sense [5’ GUC UAGUUCCC
UUCUGUGU(dTdT) 3’] and antisense [5’ACACA
GAAGGGAACUAGAC (dTdT) 3’] oligonucleotides
specific for Rab7 were purchased from BIONEER
Company (Bioneer, Daejeon, South Korea). Transfec-
tion procedures were performed according to the man-
ufacturer’s instructions (Bioneer). Briefly, KKU-100
cells were grown until 60–80% confluent, seeded into
24-well plates at a density of 1 × 105 cells/well, and in-
cubated at 37◦C, 5% CO2 for 24 h. The siRNA duplex-
LipofectamineTM RNAimax complex was prepared
by mixing Lipofectamine (Invitrogen) with 20 nM
siRNA duplex (Rab7 or GAPDH as negative control)
and added to KKU-100 cells. After incubation at 37◦C,
5% CO2 for 5–6 h, the medium was replaced with
OptiMEM without antibiotics and the cells were incu-
bated for a further 24 h. The cells were harvested by
addition of 500 µl Trizol R© reagent for isolation of to-
tal RNA and Rab7 expression level was determined us-
ing SYBR green real-time RT-PCR as described above.
The experiment was performed in triplicate in two in-
dependent experiments.

2.8. Cell invasion assay

The matrigel invasion assay was modified from the
science advisory board protocol (http//www.science
board.net/resources/protocols) to investigate the effect
of Rab7 protein knockdown on the invasiveness of
KKU-100 cells. The transwells were filled with matrix
gel at 1 mg/ml and incubated for 4–5 hours at 37◦C.
KKU-100 cells (1 × 105 cells/well) were seeded on top
of the matrix gel under four conditions: without TNF-
α as a cell control, with 10 ng/ml TNF-α and with-

out siRNA to Rab7 as a positive control, with 10 ng/ml
TNF-α and 20 nM siRNA to Rab7; and with 10 ng/ml
TNF-α and Lipofectamine only as a negative control.
Cells were incubated at 37◦C with or without siRNA
to Rab7 and then treated with or without 10 ng/ml
TNF-α for 1 h depending on the treatment group. Af-
ter treatment, 650 µl of OptiMEM medium without an-
tibiotics was added to all transwells, and the cells were
incubated at 37◦C, 5% CO2 for 24 h. The transwells
were washed with 1 × PBS (pH 7.4) two times and
the cells were fixed with 3.7% formaldehyde for 2 min
and permeabilized by incubation with 100% methanol
for 20 min at room temperature. Cells were washed
with 1 × PBS (pH 7.4), stained with Giemsa (Sigma)
for 15 min in the dark, washed again with 1 × PBS
(pH 7.4), and the non-invading cells were gently re-
moved with a cotton swab. The plates were left at room
temperature until dry and then the transwell membrane
was removed and placed upside down on 90% glycerol
before monitoring of KKU-100 cell invasion under the
microscope (Olympus, Bulverde, TX).

2.9. Data analysis

Mann-Whitney test was used for analysis of the flu-
orescence intensity of Rab7 expressed in cells and
paired t-test was used for analysis of the invasion in-
hibition assay. Both analyses were significant at a p-
value 6 0.05.

3. Results

3.1. Isolation of lysosomal enriched fraction from
CCA cell line

KKU-100 cells were incubated with 10 ng/ml TNF-
α for 24 h to induce invasive characteristics as previ-
ously described by our group [11]. Lysosomes from
TNF-α treated and non-treated KKU-100 cells were
isolated using a gradient centrifugation technique [19].
Western blot analysis of the lysosomal marker
LAMP-1 confirmed that LAMP-1 was predominantly
detected in the LYE of both TNF-α treated and non-
treated KKU-100 cells at a molecular weight of 95 kDa
(Fig. 1A). LAMP-1 was also detected in other subcel-
lular fractions and the wash supernatant but at a lower
level compared to the LYE. The LYE from TNF-α
treated and non-treated KKU-100 cells was separated
by 12% SDS-PAGE and the lanes of the gel were cut
into 10 equal small cubes prior to protein identification
with MicroToFQ II (Fig. 1B).
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Fig. 1. Analysis of lysosomal enriched proteins. (A) Western blot analysis of isolated lysosomal enriched fraction using anti-LAMP1 antibody.
LYE: Lysosome enriched, OSC: Other sub-cellular, WSP: Wash supernatant. LAMP1 was detected at 95 kDa (arrow head). (B) The lysosomal
enriched fraction was separated by 12% SDS-PAGE and the lane of the gel was excised into 10 equal sized.

3.2. Lysosomal protein profiles of TNF-α induced
invasive CCA cell line

Mass spectrometry combined with bioinformatics
analysis identified a total of 78 proteins from the lyso-
somal enriched fraction of both TNF-α treated and
non-treated KKU-100 cells. Thirty-five novel upregu-
lated proteins were detected in TNF-α treated KKU-
100 cells. Analysis of molecular function, biologi-
cal process, cellular component, and protein class us-
ing the PANTHERTMclassification system suggested
that 13 different proteins were associated with the
lysosome and/or endosome, as presented in Table 2.
Mean emPAI value and ratio with standard deviation
(S.D) were calculated to compare the expression level
of endosomal-lysosomal proteins. The interactive pro-
tein network expressed in TNF-α induced invasive
CCA cells was presented through a string pathway
(Fig. 2). Several proteins belonging to the Rab fam-
ily were identified: Rab7, Rab9, Rab11, Rab13, Rab35,
RAP1A, RRAS, GNA13, and CFL1. These proteins
were shown to interact with other protein groups; for
example, proteins related to cytoskeleton organization
such as CDC42, CD44, TUBA1A, and ACTB were
demonstrated to have a close relationship with the Rab-
family.

3.3. Upregulation of lysosomal proteins in TNF-α
induced CCA cell line

Among 13 lysosomal protein candidates, six pro-
teins – Ras-related protein Rab-9A (Rab9A), Ras-
related protein Rab-35 (Rab35), small GTP binding
protein Rab7 (Rab7), Ras-related Rab11B (Rab11B),
cathepsin D (CATD), and guanine nucleotide regula-
tory protein (GNA13) – were selected for further val-
idation using SYBR real-time RT-PCR based on the
following criteria: (1) More than 2-fold up regulation
in TNF-α treated KKU-100 cells compared to non-
treated control, (2) present in TNF-α treated KKU-100
cells but not controls, (3) no or little available informa-
tion regarding a role in CCA pathogenesis. However,
SYBR real-time PCR of Rab9A and Rab35 gave nega-
tive results, in contrast to the results of mass spectrom-
etry. As a result, only four proteins (Rab7, Rab11B,
CATD, and GNA13) that showed consistent findings
between mass spectrometry and SYBR real-time RT-
PCR were selected as candidates. Interestingly, Rab7
mRNA was markedly expressed in TNF-α treated
KKU-100 cells with a fold change of 57.43 com-
pared with non-treated controls. GNA13, Rab11B, and
CATD were also upregulated in TNF-α treated KKU-
100 with fold change units of 4.86, 4.43, and 3.01, re-
spectively (Fig. 3). Rab7 therefore showed massive up-
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Table 2
Upregulated endo-lysosomal proteins in TNF-α induced invasive CCA cells compared with non-treated controls

Accession no. Prot. name Subcellular location Mass emPAI value emPAI ratio
Control TNF-α

1. gi|809185 Annexin V Early and late endosome 35,783 0.22 ± 0.05 2.01 ± 0.25 9.14
2. gi|4757756 Annexin A2 isoform2 Lysosome membrane 38,580 0.59 ± 0.14 3.02 ± 0.31 5.12

Early/late endosome
3. gi|4503143 Cathepsin D Lysosome 44,524 0.08 ± 0.02 0.18 ± 0.04 2.25
4. gi|291360740 MHC class I Ag Early endosome membrane 21,021 0.18 ± 0.08 0.4 ± 0.08 2.22
5. gi|1174149 Small GTP binding protein Rab7 Lysosome membrane 23,447 0.16 ± 0.04 0.35 ± 0.07 2.19

Late endosome
6. gi|763130 Ras-related protein Rab11B Endosome 24,559 0.16 ± 0.04 0.33 ± 0.04 2.06
7. gi|334849548 MHC class I Ag Early endosome membrane 39,295 0.1 ± 0.02 0.2 ± 0.01 2
8. gi|374843690 MHC class I Ag, partial Early endosome membrane 35,565 0.35 ± 0.09 0.57 ± 0.11 1.63
9. gi|410110995 MHC class I Ag, partial Early endosome membrane 31,571 0.25 ± 0.12 0.4 ± 0.06 1.60
10. gi|231367 HLA class I Ag A-31 α chain Early endosome membrane 40,978 ND* 0.42 ± 0.05 NC*
11. gi|4759012 Ras-related protein Rab9A Lysosome/late endosome 22,823 ND* 0.17 ± 0.02 NC*

Phagosome membrane
12. gi|5803135 Ras-related protein Rab35 Endosome membrane 23,011 ND* 0.17 ± 0.07 NC*
13. gi|404722 Guanine nucleotide regulatory protein Lysosome membrane 44,036 ND* 0.08 ± 0.00 NC*

emPAI = exponentially modified protein abundance index. ∗ND = Non detectable, ∗NC = Not calculated.

regulation more than 10 times greater than that of the
other candidates, and was selected for further investi-
gation of the protein expression level by western blot-
ting. Comparison of Rab7 expression in TNF-α treated
and non-treated KKU-100 cells suggested that protein
expression was increased approximately 5-fold during
TNF-α induced cell invasiveness relative to controls
(Fig. 4A and B). These data suggest a pivotal role of
Rab7 in invasiveness and/or other pathogenesis-related
processes of CCA.

3.4. Rab7 localized with lysosomes

The intracellular localization of Rab7 was examined
using immunofluorescence to determine the location of
this protein in subcellular organelles. We found that the
increased Rab7 expression in TNF-α treated KKU-100
cells was predominantly localized in the cytoplasm.
In previous studies, Rab7 was found on the endoso-
mal/lysosomal membrane where it facilitates traffick-
ing of endosomes to lysosomes [20]. To investigate
the lysosomal localization of Rab7, we examined co-
immunofluorescence staining of Rab7 and LAMP-1
and found that Rab7 was co-localized with LAMP-1,
supporting its lysosomal association (Fig. 4C). An ex-
pression level of Rab7 in KKU-100 cells was deter-
mined by detection of the fluorescence intensity using
ImageJ program. The result demonstrated that the in-
tensity of Rab7 expressed in TNF-α treated KKU-100
cells was extremely high but rarely observed in non-
treated control (p-value = 0.0119; Fig. 4D).

3.5. Rab7 knockdown affected invasion of TNF-α
induced CCA cells

The role of Rab7 in cell migration and invasion
of CCA has not been previously described. There-
fore, specific siRNA against Rab7 was introduced into
CCA cells to inhibit gene expression. TNF-α induced
KKU-100 cells transfected with siRNA against Rab7
exhibited an approximately 80% decrease in Rab7
mRNA expression level compared to cells transfected
with siRNA control (Fig. 5A). To prove the hypothe-
sis that Rab7 is associated with invasion of KKU-100
cells, we performed a matrigel invasion assay in com-
bination with Rab7 knockdown. siRNA against Rab7
inhibited cell invasion after TNF-α treatment com-
pared with siRNA control (p-value = 0.044; Fig. 5B).

4. Discussion

Treatment of CCA has recently become an area of
concern because of its low responsiveness to avail-
able anticancer drugs [21]. Trials of alternative drugs
and supportive therapies, as well as identification of
novel drug targets, may provide novel insights into
this cancer. Endo-lysosomal associated proteins, es-
pecially lysosomal trafficking proteins and proteases,
are fascinating candidates for the development of an-
ticancer therapeutics [22]. In prostate cancer, blocking
anterograde lysosome trafficking using niclosamide,
a human anti-helminthic drug, resulted in a signifi-
cant decrease in tumor cell invasion [23]. Treatment of
glioma with the selective lysosome lysing drug glycyl-
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Fig. 2. Functional protein association by string network. Balls show protein alterations; dark grey balls show members of the Rab protein family.
RAB7A: Ras-related protein Rab7, RAB9A: Ras-related protein Rab9, RAB11B: Ras-related protein Rab-11B, RAB13: Ras-related protein
Rab13, RAB35: Ras-related protein Rab35, RAP1A: Ras-related protein Rap-1A, GNA13: Guanine nucleotide-binding protein subunit alpha-13,
CFL1: Cofilin-1, RRAS: Ras-related protein R-Ras.

L-phenylalanine-ß-naphthylamide (GPN) or the lyso-
some exocytosis inhibitor vacuolin-1 significantly in-
hibited cancer cell migration and invasion [24].

Lysosomal proteins associated with the invasion of
CCA were identified in this study using a proteomics
approach. LYE was isolated from TNF-α induced in-
vasive KKU-100 cells and the controls using a gra-
dient centrifugation technique and confirmed by de-
tection of LAMP1. After analysis by mass spectrom-
etry, six lysosomal proteins – Rab7, Rab9A, Rab11B,
Rab35, CATD, and GNA13 – were selected for fur-
ther validation using SYBR real-time PCR. Annexin V
and A2 isoform 2 were remarkably upregulated with
the highest emPAI ratios of 9.14 and 5.12, respectively;
however, these two annexins were not selected for fur-
ther study because they were already known to be as-

sociated with CCA development [25,26]. The MHC
class I family is another group that was omitted from
this study because of available data on its role in can-
cer [27].

Small GTP binding proteins Rab7, Rab9A, Rab11B,
and Rab35 play an important role in endocytosis and
intracellular movement of proteins; Rab7 is localized
on lysosomal membranes and late endosomes and
drives vesicle fusion to the lysosome [28], whereas
Rab9A, Rab11B, and Rab35 are presented on endo-
somes and play a role in recycling proteins to the
trans golgi network and the plasma membrane [29,30].
CATD is a lysosomal aspartic protease that is in-
volved in protein turnover and activation of hormones
and growth factors [31]. Lastly, GNA13 plays impor-
tant roles in transduction and modulation in various
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Fig. 3. SYBR real-time RT-PCR for validation of mRNA expression. Fold change unit was calculated by comparison of TNF-α treated and
non-treated cells. GAPDH was used as a control to normalize the expression level of gene targets. RAB7: Ras-related protein Rab7, GNA13:
guanine nucleotide regulatory protein, RAB11B: Ras-related protein Rab11B, CATD: Cathepsin D.

transmembrane signaling systems as well as cell divi-
sion [32].

The transcription level of all six selected candidates
was compared between TNF-α treated KKU-100 cells
and non-treated controls using SYBR real time RT-
PCR. Rab9A and Rab35 genes could not be detected
despite changing the primer sets and several repeats
of the experiment. Therefore, Rab9A and Rab35 were
discarded from this study. The transcription levels of
Rab7, Rab11B, CATD, and GNA13 were upregulated
during CCA cell invasion. In thyroid adenomas, over-
expression of Rab5A and Rab7 was observed in can-
cerous tissue with a 6-fold increase compared with sur-
rounding quiescent tissue [33]. Comparison of gene
expression signatures between ovarian/primary peri-
toneal serous carcinoma (OC/PPC) and diffuse peri-
toneal malignant mesothelioma (DMPM) showed that
Rab7 was upregulated in OC/PPC whereas Rab25 was
upregulated in DMPM [34]. In colorectal cancer, an
increase in Rab11B expression level was associated
with cancer cell migration through regulation of E-
cadherin [35]. An increase in secreted CATD was ob-
served in most metastatic breast cancer cell lines in re-
sponse to estrogen, growth factors, or unknown mech-
anisms [36]. An important role of GNA13 in induc-
ing invasive characteristics in prostate and breast can-
cers was also reported [37,38]. Among the four pro-

teins, Rab7 was predominantly transcribed in a TNF-
α induced invasive CCA cell line compared with the
control. Moreover, upregulation of Rab7 transcript in
the TNF-α treated CCA cell line was approximately
10 times greater than that of other candidate genes
under the same conditions. These findings imply an
important role of Rab7 in the invasiveness of CCA
cell lines after TNF-α induction. In this regard, Rab7
was selected for further analysis and its expression
was confirmed at the protein level using western blot
analysis. The high expression level of Rab7 protein in
the TNF-α induced CCA cell line seems to empha-
size its association with CCA cell invasion. Rab7 is a
small GTP binding protein that is stimulated by catal-
ysis of the inactive-GDP bound form to the active-
GTP bound form. GTP-bound Rab7 can recruit sev-
eral downstream effectors to facilitate different func-
tions of membrane transportation [28], including a role
in endo-lysosomal trafficking that mediates endosomal
maturation, transportation of vesicles from a late endo-
some to a lysosome via the cytoskeleton (plus or minus
end), and biogenesis [8,39].

In the CCA cell line, Rab7 protein was located in the
cytoplasm and was also co-localized with lysosomes,
consistent with reports in other cancers [40]. Over-
expression of Rab7 in the cytoplasm and lysosomes
of TNF-α treated KKU-100 cells supports its role in
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Fig. 4. Western blot analysis of Rab7 using anti-human Rab7 antibody shows an increase in Rab7 protein in TNF-α induced CCA cells (A)
with calculated fold change compared with non-treated control (B). Immunolocalization of Rab7 in CCA cells demonstrated that Rab7 was
overexpressed in TNF-α induced invasive CCA cells and was localized in the cytoplasm and lysosomes (C). Co-localization of Rab7 (green)
with LAMP1 (red) was indicated in the merged image (yellow). Green, anti-human Rab7; red, anti-human LAMP1; blue, DAPI bound to DNA.
Mean fluorescence intensity of Rab7 expressed in CCA cells; p-value 6 0.05; ∗0.0119, ∗∗0.0119, NS = Not significant (D).



264 N. Suwandittakul et al. / Disruption of endocytic trafficking protein Rab7 impairs invasiveness of CCA cells

Fig. 5. Knockdown of Rab7 expression using siRNA. (A) Approximately 80% suppression of Rab7 expression was achieved with Rab7 siRNA
compared with control siRNA. (B) Rab7 siRNA impaired CCA cell invasion as analyzed by matrigel invasion assay; p-value 6 0.05; ∗0.026,
∗∗0.025, ∗∗∗0.033, ∗∗∗∗0.044 and ∗∗∗∗∗0.036, NS = Not significant. The experiment was performed in triplicate.

cell invasion as well as other processes associated with
cancer progression. In lung cancer, up-regulation of
Rab7 was detected in invasive and metastatic tumors
compared to normal lung tissue [41]. Moreover, recent
follow-up data of patients with metastatic oral squa-
mous cell carcinoma (OSCC) over 10 years suggested
predominant amplification of Rab gene family includ-
ing Rab7 in chromosomal regions [5]. However, up
regulation of Rab7 in progressive clinical CCA sam-
ples has not yet been investigated and this should be a
priority of future studies.

As mentioned above, Rab7 was associated with in-
vasive and progressive characteristics of CCA and
other cancers. Blockage of Rab7 and other Rab fam-
ily members in a variety of cancers interfered with
cell migration, invasion, and metastatic characteris-
tics [42]. Knockdown of Rab7 expression in a CCA
cell line through siRNA silencing resulted in a sig-
nificant decrease in cell invasion after induction with
TNF-α. Our results were consistent with those of pre-
vious studies regarding the role of Rab7 in tumor inva-
sion and metastasis. It has been shown that suppression
of Rab7 expression in skin cancer (A431) and breast
cancer (MCF7) cell lines significantly down regulated
EGFR and HER2 levels, which may affect Akt signal-
ing pathway-mediated cell survival and invasion [43].
However, a controversial outcome of Rab7 down reg-
ulation on cancer invasion has been reported in sev-
eral cancers. For example, depletion of Rab7 expres-
sion in melanoma and prostate cancer using shRNA
induced cancer cell invasion [44,45]. Such discrepan-
cies in the apparent role of Rab7 in cancer cell in-
vasion may reflect the origin of the cancerous tissue.

The mechanism of action of Rab7 in CCA cell inva-
sion was addressed by modeling in the string pathway,
which demonstrated that a partner protein predomi-
nantly involved in cytoskeleton organization interacts
with Rab7 and other Rab proteins in the TNF-α in-
duced invasive CCA cell line. These findings may pro-
vide a good explanation for Rab7 function in migra-
tion and invasion of the CCA cell line. In this regard,
cofilin-1 (CFL1) is an interesting protein that was up-
regulated during TNF-α induced CCA cell invasion. It
belongs to a family of small actin binding proteins that
have an important role in depolymerization, cell mor-
phology, and cytoskeletal management [46]. Major ex-
pression of the cofilin pathway has been described in
invasive and metastatic breast cancer [47]. In addition
to CFL1, cell division control protein 42 (CDC42) was
also identified in the invasive CCA cell line. This pro-
tein associates with CFL1 to activate actin cytoskele-
ton motility in the cell [48] and promotes cell move-
ment via filopodia cell formation. Moreover, overex-
pression of CDC42 has been reported in some breast
cancers [49]. CD44 is another fascinating protein that
was present in our string pathway and correlates with
tumor cell invasiveness and metastasis through the
phenomenon of lamellipodia cell transformation [50].
Based on the information above, most of the proteins
that interplay with Rab7 in invasive CCA cells were
related to cancer cell migration via transformation of
cell cytoskeleton. Nonetheless, the interaction of lyso-
somal trafficking proteins such as Rab7 with other mi-
gration and invasion associated proteins in vitro and in
vivo should be investigated in the near future.
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In summary, overexpression of the endo-lysosomal
trafficking protein Rab7 was identified in invasive
CCA cell lines using a proteomics approach. Silencing
of this gene suggested its important role in CCA cell
invasion. Our findings may advance the development
of anticancer drugs and prognostic markers for CCA.
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