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ABSTRACT

RanGTPase is overexpressed in various human
cancer cell lines. RanGTPase-related genes are essential
for viability of head and neck cancer cell lines. However,
it is currently unclear whether RanGTPase play a role in
metastasis of head and neck cancer. This study aimed to
examine mRNA and protein expressions of RanGTPase
in primary and metastatic head and neck cancer cell lines
using real-time PCR and Western blot analyses. Three
pairs of head and neck cancer cell lines were used.
HN18, HN30 and HN4 were derived from primary
lesions, whereas HN17, HN31 and HN12 were derived
from metastasis lesions from to same patients,
respectively. The results were compared to those
obtained from HaCat, an immortalized non-tumorigenic
human keratinocyte cell line. Cells were cultured and
total RNA was extracted and converted to
complementary DNA. Expression at the mRNA level of
Ran, KPNB1, RanBP2, and TPX2 was monitored using
real-time PCR. GAPDH was used as an internal control.
Western blotting was also performed to examine the
protein expression of Ran, Importin-beta, RanBP2 and
TPX2. Real-time PCR data showed that mRNA
expression of Ran, KPNB1, RanBP2 and TPX2 in
primary and metastatic head and neck cancer cell lines
was significantly different from that of HaCat at p value
of 0.0079, 0.0005, 0.0074 and 0.0039, respectively.
Furthermore, expression of mRNA transcripts of Ran
and TPX2 in the metastatic head and neck cancer cell
lines was higher than that of primary cancer cells.
However, protein expression of RanBP2 and TPX2 was
found to be higher in the metastatic cancer cells
compared to their primary counterparts. These findings
suggest that expressions of mRNA transcripts and
proteins of RanGTPase network were significantly
different from those of normal cells. Particularly,
RanBP2 and TPX2 expressions was elevated in the
metastatic head and neck cancer cell lines. Further
studies are required to understand its functional role in
metastatic head and neck cancer.
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INTRODUCTION

Head and neck cancer accounts for
approximately ten per cent of all human cancers and about
40% of them occur in the oral cavity. More than 90
percent of oral cancer is squamous cell carcinoma. Head
and neck squamous cell carcinoma (HNSCC) is a
devastating disease with high morbidity and mortality
rates and with a moderate to high prevalence in certain
parts of the world, including Thailand (lamaroon et al.,
2004). Only 40-50% of patients diagnosed with HNSCC
will be able to survive for five years. Moreover, most
cases are detected in the advanced cancer stage with
lymph node metastases. About 50% of patients with
locally advanced HNSCC fail to respond to standard
therapies and develop recurrences and distant metastases
(Argiris et al., 2008, Leemans et al., 2011). Currently,
limited curable therapeutics is available for HNSCC
patients with recurrent/metastatic disease. In addition,
understanding how cancer becomes invasive and
metastatic may lead to a more effective treatment of the
disease as certain differential gene expression in
primary HNSCC can predict the presence of lymph
node metastases (Roepman et al., 2005).

The small GTPase Ran (RanGTPase), a
member of Ras superfamily of small GTPases, has
recently emerged to play a role in cancer cell
proliferation and metastasis. A genome-wide siRNA
screen suggested that the RanGTPase plays a
functional role in cellular survival in head and neck
cancer cell lines (Martens-de Kemp et al., 2013).
Multiple genes are known to participate in the
RanGTPase signaling. The candidate genes whose
function were associated with several cancer types
include Ran, KPNB1, TPX2 and Ran-binding protein
2 (RanBP2). A recent study also indicated the anti-
tumor effects of KPNB1 in the genome-wide
CRISPR/Cas9 screen (Kodama et al., 2017). Indeed,
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KPNBL1 levels were found to be over-expressed in
many cancer types, such as cervical cancer (van der
Watt et al., 2009), hepatocellular carcinoma (Yang et
al., 2015) and glioma (Lu et al., 2016). RanBP2 is a
nucleoporin  with  SUMO E3 ligase activity.
Functionally, RanBP2 plays a role as a negative
regulator of cancer cell proliferation as a tumor
suppressor gene (Dawlaty et al., 2008). In addition,
overexpression of Ran was also detected in several
cancer types, such as breast cancer (Ly et al., 2010) and
colon cancer (Fan et al., 2013). Ran is regulated
through the interaction with Survivin which is a
regulator of mitosis overexpressed in tumor cells (Xia
et al, 2008a). Disruption of the Ran-Survivin
interaction resulted in defective spindle assembly
factor TPX2 localization at microtubules (Xia et al.,
2008a). Importantly, repression of Ran expression
caused cancer cell death due to defective TPX2
functional role for mitotic spindle formation, although
the normal cells remained unharmed (Xia et al., 2008a,
Xia et al., 2008b). TPX2 has also been reported to
overexpress in many types of cancer cells and tissues
(Chang et al., 2012, Liu et al., 2015, Warner et al.,
2009, Wei et al., 2013). TPX2 was shown to be
associated with poor survival rate of patients with
colon and ovarian cancers (Caceres-Gorriti et al., 2014,
Wei et al., 2013). Moreover, functional studies showed
that TPX2 was required for metastasis in colon and
liver cancer (Liu et al., 2015, Wei et al., 2013).
Together, the RanGTPase signaling cooperatively
participates in survival and metastatic potential of
several types of cancer. However, little is known how
RanGTPase-associated proteins are regulated in
metastatic cancer of HNSCC.

This study used three pairs of head and neck
cancer cell lines. Each pair represents primary and the
lymph node metastatic cancer cell lines isolated from
the same patient (Cardinali et al., 1995). The head and
neck cancer cell lines are of epithelial cell type origin.
Moreover, the transcriptomic and proteomic data have
been previously characterized in HNSCC cell lines
(Cardinali et al., 1995, Koontongkaew et al., 2009,
Perez-Ordonez et al., 2006, Squire et al., 2002). A
recent study has also showed that numerical alterations
of chromosomes were present in HNSCC cell lines.
Interestingly, structural alterations were frequently
found in metastatic cell lines. The objective of the
present study was to investigate expression of
candidate genes of RanGTPase, including Ran,
KPNB1, TPX2 and RanBP2 in terms of both
expression of mMRNA transcript and protein in three
pairs of HNSCC cell lines HN18/ HN17, HN30/HN31
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and HN4/HN12. The mRNA and protein expressions
were analyzed by quantitative real-time PCR and
Western blotting, respectively.

MATERIALS AND METHODS
Cell culture

The three pairs of HN cell lines were
established from 3 individuals with different clinical
stages according to TNM staging system. The three pairs
of cell lines HN18/HN17, HN30/HN31 and HN4/HN12
cell lines were classified as T2N2MO, T3NOMO,
T4AN1MO, respectively (Cardinali et al., 1995). Three
pairs of HNSCC cell lines HN18/ HN17, HN30/HN31
and HN4/HN12 were kindly provided by Prof. J. Silvio
Gutkind and used under supervision of Prof. Sittichai
Koontongkaew. HN18 HN30, HN4 were derived from
primary lesions whereas HN17 HN31, HN12 were
derived from metastatic lymph node lesions which
belong to same patients, respectively. The non-
tumorigenic skin keratinocyte cell line HaCaT was
originally provided by Prof. Stitya Sirisingha and used
as a control cell line to examine the gene expression. All
cell lines were cultured in Dulbecco’s Modified Eagle
Medium (Life Technologies-Gibco, USA)
supplemented with 10% fetal bovine serum (Life
Technologies-Gibco), 100 mg/ml  penicillin—
streptomycin (Life Technologies-Gibco), 100 mg/ml
Amphotericin B. Cell lines were maintained in the CO;
incubator under 95% humidified atmosphere at 37°C.
This study was approved by the Institute Biosafety
Committee of Thammasat University (TU-IBC,
Approval No. 005/2558).

RNA isolation and cDNA synthesis

Total RNA was isolated from all cell lines using
TRIzol® reagent (Life Technologies, USA) according to
the manufacturer’s protocol briefly as follows. Cells were
washed in PBS and lysed with TRIzol® reagent. Cell
pellet was collected using centrifugation at 12,000 g, 4°C
for 10 minutes. Chloroform and isopropanol were used for
isolation of RNA pellet. The pellet was then washed in
75% ethanol and dissolved in DEPC-treated water. The
quantity and quality of RNA was measured with
Nanodrop 2000 Spectrophotometer (Thermo Scientific,
USA). Five hundred ng of total RNA was used for each
cDNA synthesis reaction. DNA fragments were
synthesized using iScript™ cDNA Synthesis Kit (Bio-
Rad, USA) according to the manufacturer’s protocol.

Real-time PCR
The mRNA expression of Ran, KPNB1,
RanBP2 and TPX2 was measured by Bio-Rad iCycler
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Thermal Cycler with iQ5 Multicolor Real Time PCR
Detection System (Bio-Rad) as signal reporter. Fifty
nanograms of cDNA was amplified in 10 pl of master mix
containing 2X iTag™ Universal SYBR® Green supermix
(Bio-Rad), and 10.0 uM gene-specific primers (Table 1),
designed from either the NCBI reference sequence or as
indicated of Ran (NM_006325.4), KPNB1 (NM_002265.5),
RanBP2 (NM_006267.4) and TPX2 (Warner et al., 2009)
genes. PCR conditions were as follows: an initial
denaturation at 95°C for 30 s, followed by 40 cycles of
95°C for 15 s, 56-62°C for 30 s and 95°C for 1 min.
Dissociation melting curves, created by running a heat
dissociation protocol after the PCR (81 cycles of 55.0°C—
95.0°C for 10 s, increase set point temperature by 0.5°C),
confirmed the specificity of the amplicons and the
absence of nonspecific products. The GAPDH gene was
used as the internal reference to normalize the expression
levels between samples. Quantitative real-time PCR
reactions of all cell lines were performed in biological
triplicates. Threshold cycle (Ct) values were used to
calculate ACt values from the products of GAPDH and
Ran, KPNB1, RanBP2, and TPX2 genes for all cell lines.
The relative expression levels of different cell lines were
calculated using the 2724t method (Livak & Schmittgen,
2001).

Western Blot

Head and neck cancer cell lines were washed in
cold phosphate-buffered saline, lysed with RIPA buffer
[1% Nonidet P-40, 0.5% deoxycholic acid sodium salt,
0.1% sodium dodecyl sulfate (SDS) and phosphate-buffered
saline (pH 7.4)] supplemented with 10 mm sodium
orthovanadate, 1 mM phenylmethanesulfonyl fluoride and
1 x proteinase inhibitor (Complete mini EDTA-free;
Roche Applied Science, Indianapolis, IN, USA). Cell debris
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was removed by centrifugation at 10,000 g for 10 min.
Protein content was determined using the Bicinchoninic
Acid Protein Assay Kit (Pierce Biotechnology, Rockford, IL,
USA). Equal masses of whole-cell protein were separated by
electrophoresis on a 10% SDS—polyacrylamide gel (6% gel
for RanBP2 blot) and transferred to a nitrocellulose
membrane. The membrane was blocked with 5% bovine
serum albumin or 5% semi-skimmed milk in Tris-buffered
saline containing 0.05% Tween 20 (1 h, room temperature)
and incubated overnight at 4°C with antibodies against anti-
mouse Ran (BD, 1:1000) anti-mouse RanBP2 (D-4) (Santa
Cruz Biotechnology, USA, 1:500) anti-rabbit TPX2 (Novus
Biologicals, USA, 1:5000) anti-mouse Importin- (BD,
USA, 1:1000) and anti-mouse actin (Sigma, USA, 1:5000)
followed by incubation in the same buffer with appropriate
horseradish peroxidase-conjugated secondary antibodies
(1:5,000 dilution; GE Healthcare, USA) for 1 h at room
temperature. Immunoreactive proteins that were resolved to
size as a band by gel electrophoresis were detected using
enhanced chemiluminescence (Pierce Biotechnology) and
exposed in the high-performance chemiluminescence
system (GeneGnome; Syngene, Frederick, MD, USA).
The image series were captured using exposure times
varied between 1 and 20 min. Western blotting of B-actin
was used as a loading control.

Statistical analyses

Statistical differences of Ran, KPNB1, RanBP2,
and TPX2 genes between each pair of cell lines were
detected by one-way analysis of variance (ANOVA) with
Turkey’s multiple comparison test, using GraphPad Prism
V5 (GraphPad Software, La Jolla, CA, USA), and the
level of statistical significance was tested and represented
as * for P<0.05, Estimated values were expressed as
mean + standard error.

Table 1 Primer sequences for real-time quantitative reverse transcription PCR.

Gene Primer Sequence (5’ - 37)
Ran Ran Forward GTT GTG TGG CAA CAA AGT GG
Ran Reverse AAA GCT GGG TCC ATG ACA AC
KPNB1 KPNB1 Forward TGT ACAGCATTT GGG AAG GAT GT
KPNB1 Reverse TCGATCTCCGCCCTTCAGT
RanBP2 RanBP2 Forward CTG ATG AAG ACA ATG GAA ATG GGG
RanBP2 Reverse CCATCACTTCAGTCCCACCT
TPX2 TPX2 Forward CGA AAGCATCCTTCATCTCC
TPX2 Reverse TCC TTG GGA CAG GTT GAA AG
GAPDH GAPDH Forward GTC AACGGATTT GGT CGT ATT G

GAPDH Reverse

CAT GGG TGG AAT CAT ATT GGA A
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RESULTS
Differential mRNA expression of Ran, KPNB1,
RanBP2 and TPX2 in paired head and neck
squamous cells cancer cells

We first examined mRNA expression of
RanGTP-associated genes, Ran, KPNB1, RanBP2 and
TPX2, in three pairs of HNSCC cells HN18/HN17,
HN30/HN31 and HN4/HN12 in comparison with that
of non-tumorigenic keratinocyte cell line HaCaT.
Overall, differential expression of all four genes
studied was found in head and neck cancer cells
compared to that of HaCaT cells (Fig.1). The mRNA
expression of KPNB1, Ran and RanBP2 was highly
elevated in the primary cancer cell HN18 compared to
that of its metastatic counterpart cells HN17 (Fig.1A-
C). The expression level of KPNB1 greatly increased
in the HN18 cell line whereas the expression almost
disappeared in the metastatic counterpart HN17 cell
line. However, differences of KPNB1 expression
between the primary and metastatic cells were not
observed in HN30/HN31 and HN4/HN12 lines
(Fig.1A). Similarly, the expression level of Ran
substantially increased in HN18 compared to that of its
metastatic cells HN17. Downregulation of Ran was
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found in HN30 and HN31 cell lines. Interestingly, the
expression level of Ran in the metastatic cells HN31
significantly increased compared to that of the primary
cancer cells HN30 (Fig.1B). The same pattern of the
expression level in all cell lines was observed for the
RanBP2 gene. The expression level of RanBP2 greatly
elevated in HN18 cells compared to that of the
metastatic cells HN17. However, an increase in the
expression of RanBP2 was found in the metastatic
counterpart cells HN31 compared to that of the primary
cancer cells HN30 (Fig.1C). There were no significant
changes in the mRNA expression levels of Ran and
RanBP2 between HN4 and HN12 cell lines (Fig.1B,
Fig.1C). The mRNA expression data of TPX2 showed
the most consistent pattern. Two pairs of head and neck
cancer cell lines HN18/HN17 and HN30/HN31
exhibited significantly higher expression in the
metastatic cell line HN17 and HN31 compared with
that of the primary counterpart HN18 and HN3O0,
respectively. However, the mRNA level of TPX2 in the
metastatic cell line HN12 was downregulated
compared to that of the primary cancer cell line HN4
(Fig.1D).
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Figure 1. Relative mMRNA expression of KPNB1 (A), Ran (B), RanBP2 (C) and TPX2 (D). The mRNA expression
levels were normalized with the expression of the housekeeping gene GAPDH and calculated as fold change
compared to that of the control cell line HaCaT. The data were obtained from three independent experiments.
One-way ANOVA was used to analyze the statistical differences. Asterisks indicate statistical significance at
P<0.05.
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RanBP2 and TPX2 proteins showed higher degree
of expression in the metastatic head and neck
cancer cells

The protein expression of Importin-f (KPNB1
gene), Ran, RanBP2 and TPX2 were examined in three
pairs of head and neck cancer cell lines HN12/HN4,
HN31/HN30 and HN17/HN18, which represent cancer
cells of the metastatic lymph nodes and the primary
oral lesions, respectively. Any changes of the protein
expression levels in the metastatic cell lines, therefore,
were not due to the genetic background of the cell lines.
Western blots showed unchanged levels of protein
expression of Ran and Importin- across three pairs of
head and neck cancer cell lines in this study (Fig.2).
Interestingly, TPX2 was found to be highly expressed
in the metastatic cell line HN17 compared to that of the
primary counterpart cells HN18. In addition, the
expression level of TPX2 was also pronounced in the
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metastatic cell line HN31 compared to its primary cell
line HN30, albeit to a much lower level than in the
HN17/HN18 pair (Fig.2). It is to be noted that higher
protein expression of TPX2 in the metastatic metastatic
cell line HN31 compared to its primary cell line HN30,
albeit to a much lower level than in the HN17/HN18
pair (Fig.2). The higher protein expression of TPX2 in
the metastatic cells was consistent with the previous
data of the mRNA expression (Fig.1D). Changes in the
protein expression of RanBP2 were also found. Similar
to TPX2, higher expression of RanBP2 was detected in
the metastatic cell line HN17 compared to its primary
cell line HN18 (Fig.2). The changes in the expression
were not due to the different amount of total proteins
detected by the loading control Actin (Fig.2). Taken
together, differential expression of TPX2 and RanBP2
in the metastatic cell lines was detected at both mMRNA
and protein levels.
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Figure 2. Western blots detected protein expression of RanBP2, TPX2, Ran, Importin-f in three pairs of head and
neck cancer cell lines HN12/HN4, HN31/HN30 and HN17/HN18. Actin was used as a loading control.

DISCUSSION

RanGTPase is a member of Ras superfamily
GTPase and plays important roles throughout cell
division cycle, including nuclear transport of
macromolecules during interphase and mitotic spindle
formation and nuclear envelope reformation during
mitotic cell division. Defects in RanGTPase signaling
would, therefore, affects these crucial cellular activities
(Clarke & Zhang, 2001, Kalab & Heald, 2008, Rensen
et al., 2008).

The present study investigated the expression of
candidate genes of RanGTPase, including Ran, KPNBL,
RanBP2 and TPX2 in HNSCC cell lines. All genes tested
showed differential expression from non-tumorigenic

keratinocyte cell line HaCaT. RanGTPase-related genes
are necessary for nucleocytoplasmic transport of RNA,
tumor suppressor genes, oncogenes and transcription
factors etc. (Rensen et al., 2008). Therefore, differential
levels of RanGTPase genes in HNSCC cells found in this
study may lead to dysregulation of tumor suppressor
genes and oncogenes such as p53 and PTEN etc. in cancer
cells (Rensen et al., 2008). Such molecules are required
for proper regulation of cell division and detection of cells
with serious mutations (Stadler et al., 2008). Failure of
these control mechanisms would result in uncontrollable
cell division and production of cells with genetic
mutations. Accumulation of defective cells over time,
therefore, induces tumorigenesis (Rensen et al., 2008).
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The present study shows differential
expression of RanGTPase in head and neck cancer cell
lines compared to that of non-tumorigenic keratinocyte
cells. Specifically, mMRNA expression of KPNB1, Ran
and RanBP2 significantly increased only in the HN18
cell line which is the primary cancer cells derived from
the base of tongue (Fig.1). This may be caused by
tumor heterogeneity of head and neck cancer. Each pair
of cells lines represents different oral lesions where the
head and neck cancer cells arose from different
individual (Cardinali et al., 1995). Indeed, distinct
expression patterns at different anatomical sites in the
oral cavity were reported previously in oral cancer
(Frohwitter et al., 2017, Severino et al., 2008).
However, Western blot result showed that only
RanBP2 and TPX2 levels increased in the metastatic
cells compared to that of the primary cells isolated from
the same patient (HN12/HN4, HN31/HN30,
HN17/HN18 (Fig.2). This finding was also consistent
with a number of studies which showed differential
expression between metastatic and non-metastatic
HNSCC (Mendez et al., 2002, Mendez et al., 2007,
Roepman et al., 2005, Ziober et al., 2006). The
discrepancies between gene expression and protein
expression could be due to post-translational
modifications of protein, protein stability and lower
rate of MRNA transcription in comparison with protein
translation (Vogel & Marcotte, 2012). The protein
expression result in this study suggests that both
RanBP2 and TPX2 may play a role in the metastatic
process of head and neck cancer cells. It is well
understood that Ran, KPNB1, RanBP2 and TPX2 play
an important role in the nuclear transport of
macromolecules, mitotic spindle formation and nuclear
envelop formation (Caceres-Gorriti et al., 2014, Clarke
& Zhang, 2001, Kalab & Heald, 2008). Therefore, an
increase in the expression of RanBP2 and TPX2 may
indicate a necessity of both proteins in these crucial
cellular activities in the metastatic head and neck
cancer cells. The nucleocytoplasmic transport of
specific macromolecules such as oncoproteins in the
cancer cells may over-activate to enhance their
proliferation capacity and invasiveness (Gama-
Carvalho & Carmo-Fonseca, 2001, Hill et al., 2014).
The discrepancy between the expression levels in vitro
and in vivo was previously mentioned by a study of C-
X-C chemokine receptor type 4 (CXCR4) in head and
neck cancer cells. This study showed that there was no
change in the expression levels of CXCR4 in head and
neck cancer cells between primary and metastatic
cancer cells. However, the upregulation of CXCR4
MRNA levels was found in the metastatic cancer tissue
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samples compared to that of the primary cancer tissues
(Koontongkaew et al., 2012). It is possible that the
expression of KPNB1, Ran and RanBP2 in head and
neck cancer cells may be different in the in vitro study
from the in vivo study due to an influence of tumor
microenvironment (Koontongkaew et al., 2012).

Upregulation of Ran was detected in the
metastatic cell line HN31 compared to that of the
primary HNSCC cell line HN30 (Fig.1). This
observation was consistent with the study that the
expression of Ran was elevated in the metastatic renal
cell carcinoma compared to that of its primary lesion
(Abe et al., 2008). Functionally, Ran was also
necessary for invasiveness in pancreatic cancer (Deng
et al., 2014). Importantly, this study also uncovered
that Ran was associated with invasive capacity via
Androgen receptor and CXCR4 (Deng et al., 2014).
The latter was also one of the important targets for
metastatic phenotype in head and neck cancer. A study
was found that CXCR4 induced the expression of
MMP-9 and MMP-13 in the tongue squamous cell
carcinoma cells (Yuetal., 2011). Indeed, CXCR4 level
was elevated in the metastatic head and neck cancer
cells (Albert et al., 2013). However, the protein
expression of Ran did not exhibit higher level of
expression in the metastatic cells compared to its
primary counterpart. Further studies are required to
fully understand the metastatic role of Ran in head and
neck cancer.

Increased expression of genes indicates a
functional significance in cells. In this study,
upregulation of TPX2 and RanBP2 in the metastatic
head and neck cancer cells may indicate that they may
serve some functional role in metastasis. Indeed, roles
of TPX2 and RanBP2 on cancer metastasis has been
studied. TPX2 was required for proliferation, migration
and invasion in colon cancer and hepatocellular
carcinoma (Liu et al., 2014, Wei et al., 2013).
Interestingly, MMP-2 and MMP-9 were found to be
linked with invasive function of TPX2 (Liu et al.,
2014). It should be noted that both MMP-2 and MMP-
9 are required for invasiveness in head and neck cancer
(Rosenthal & Matrisian, 2006). RanBP2 is also a
SUMO E3 ligase. RanBP2 was identified among
several genes to be required for multiple myeloma
tumorigenesis. The expression of RanBP2 was
elevated in patient samples (Felix et al., 2009). More
recently, understanding of the molecular mechanism of
one of the major anti-cancer targets the insulin-like
growth factor receptor (IGF-1R) revealed that
sumoylation of IGF-1R required the interaction with
RanBP2 in order to translocate into the nucleus to
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active gene transcriptions (Packham et al., 2015). To
date, it is still unclear whether TPX2 and RanBP2 may
regulate invasiveness in head and neck cancer. If so,
whether MMP-2 and MMP-9 are required for its
metastatic function. Understanding the molecular
mechanisms of TPX2 and RanBP2 on metastasis in
head and neck cancer will be needed for development
of more specific biomarkers and novel therapeutic
targets.

In conclusion, our study indicated that TPX2
and RanBP2 exhibited increased expression levels in
genetically matched pairs of head and neck cancer cell
lines. Differential expression patterns at different oral
lesions may be due to tumor heterogeneity of HNSCC.
How TPX2 and RanBP2 express in such manner needs
to be investigated to fully understand their roles in
HNSCC pathogenesis.
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