
Abstract. Background/Aim: Ran binding protein
microtubule-organizing centre (RanBPM), also known as
RanBP9, is a scaffold protein conserved through evolution.
We investigated the role of RanBPM in human lung cancer.
Materials and Methods: Transcripts of RanBPM were
determined in 56 human lung cancers along with paired
normal lung tissues using real-time PCR. Association with
prognosis was analyzed by online Kaplan–Meier survival
analysis. In vitro lung cancer cell functional assays
examined the impact of RanBPM-knockdown on cellular
growth and invasion. Results: Higher expression of RanBPM
was observed in tumor when compared to paired normal
lung tissues. Increased RanBPM expression was seen in
patients with longer overall and disease-free survival.
Knockdown of RanBPM in lung cancer cell lines resulted in
increased growth and invasion in vitro. Conclusion:
Increased expression of RanBPM associates with postponed
disease progression and better prognosis. RanBPM plays an
inhibitory role in regulating proliferation and invasion of
lung cancer cells.

Lung cancer is the most common cancer and the leading
cause of cancer-related death in China and worldwide (1, 2).
Lung cancers develop through a multistep process involving
development of multiple genetic and epigenetic alterations,

particularly activation of growth-promoting pathways and
inhibition of tumor-suppressor pathways (3-6). It is critical
to have a better understanding of the genetic and molecular
machinery involved in the tumorigenesis and disease
progression of lung cancer for future targeted therapy (7-9).
Unfortunately, little progress has been made in the treatment
of advanced or metastatic lung cancer due to remaining gaps
in the knowledge of the mechanisms of the disease (10-12).
Therefore, there has been great interest in the identification
of novel molecular targets or biomarkers to facilitate early
diagnosis and the development of novel biological therapies.

Ran binding protein microtubule-organizing centre
(RanBPM), also known as RanBP9 functions as a
developmentally-conserved scaffold protein. It is a universally
expressed nucleocytoplasmic protein. The RanBPM gene is
located on human chromosome 6p23 encoding a 77.8 kDa
protein (13, 14). The RanBPM protein contains several
conserved domains that provide potential protein–protein
interaction sites, such as a spore lysis A and ryanoine receptor
(SPRY) domain that is proposed to function as a protein-
interaction module (15, 16), a N-terminus proline rich domain
(PRD), a lissencephaly type-I-like homology (LisH) motif, a
CT11-RanBPM (CRA) motif and a carboxy-terminal to LisH
(CTLH) motif at the C terminus of RanBPM (17). RanBPM
regulates numerous cellular processes by interacting with
different proteins, such as gene expression, signal
transduction, cell adhesion, invasion and migration. To date,
its biological functions remain largely unknown (18-22).

In human and murine cell lines, RanBPM is ubiquitously
expressed and has been detected at the nucleus, cytoplasm,
plasma membrane, and cell junctions (23-26). In an
exploration of its involvement in malignancies, RanBPM has
been shown to be a negative regulator of BLT2 (leukotriene
B4 receptor 2) which inhibits interleukin 8 (IL-8) production
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and reactive oxygen species (ROS) generation leading to an
increase of invasiveness and other aggressive traits of breast
cancer cells (21). Similarly, its expression is also associated
with distant metastasis in gastric cancers. Our recent study
has shown that gastric cancers with distant metastases have
lower levels of RanBPM expression compared to non-
metastatic tumors (20). Finally, there is a recent study
whereby RanBPM acts as a mediator of the cellular DNA
damage response (DDR), and accumulates in the nucleus
upon interventional radiation (IR), depending on ATM kinase
activity in lung cancer (27). Nonetheless, the role of
RanBPM in tumorigenesis and progression of lung cancer is
still unknown.

In the current study, we determined the levels of RanBPM
transcripts in human lung cancer tumors along with paired
normal lung tissues and analysed its association with clinical
features and patient survival. Moreover, we also examined
biological functions of RanBPM in lung cells using a
knockdown model.

Materials and Methods

Cell lines. Human lung adenocarcinoma cell line (A549) and
human lung squamous cell carcinoma cell line (SKMES1) were
purchased from the American Type Culture Collection (Manassas,
VA, USA). The cells were routinely cultured in Dulbecco’s
modified Eagle’s medium/F12 (DMEM/F12) supplemented with
10% foetal calf serum (FCS), amphotericin B, penicillin,
streptomycin(Sigma-Aldrich Inc., Poole, Dorset, UK), at 37˚C with
5% CO2 and 95% humidity.

Lung tissues. Lung cancer tissues (n=56) along with matched
normal lung tissues (n=56) were obtained immediately after surgical
resection at the Beijing Cancer Hospital with informed consent from
the patients. Tissue samples were stored at the Tissue Bank of
Peking University Oncology School. Clinical and histopathological
information was recorded. All protocols were reviewed and
approved by the Beijing Cancer Hospital Research Ethics
Committee (MTA10062009).

RNA isolation and reverse transcription–polymerase chain reaction
(RT-PCR). Total RNA was isolated from lung tissues and cells using
TRI® Reagent (Sigma-Aldrich Inc., Poole, Dorset, UK). RNA was
converted to cDNA using iScript™ cDNA Synthesis Kit (Bio-Rad
Laboratories Ltd., Hercules, CA, USA). Following reverse
transcription, PCR was performed using REDTaq® ReadyMix™ PCR
Reaction Mix (Sigma-Aldrich Inc., Poole, Dorset, UK). Primers used
in the study; GAPDH sense: 5’-ATGATATCGCCGCGCTCGTC-3’,
antisense: 5’-CGCTCGGTGAGGATCTTCA-3’; RanBPM sense: 5’-
ATCGGCCTCTCTCAGAACAA, antisense: 5’-AATTTGGCGGT
AGGTCAGTG. Cycling conditions were preheating at 94˚C for 
5 min, followed by 30 cycles of 30 sec at 94˚C for denaturation, 30
sec at 55˚C for annealing and 40 sec at 72˚C for elongation, followed
by a final 10 min extension at 72˚C. The PCR products were
separated on a 1% agarose gel stained with Sybr Safe DNA gel stain
(Invitrogen Ltd., Paisley, Scotland, UK). The product was then
visualised under ultraviolet light.

Quantitative PCR (QPCR). Real-time quantitative PCR was used to
quantify the level of RanBPM transcripts. The reaction was performed
on Step One Plus Real-Time PCR system (Applied Biosystems,
Waltham, MA, USA), cDNA samples were then examined for
RanBPM transcript expression, along with a set of standards and
negative controls. Real-time QPCR conditions were 95˚C for 10 min,
followed by 100 cycles of 95˚C for 10 sec, 55˚C for 35 sec, and 72˚C
for 10 sec. Pairs of primers were designed using Beacon Design
software (PREMIER Biosoft, Palo Alto, CA). RanBPM QPCR
primers: ZF: 5-TGTGACAAAAAGGGCACAAA, ZR: 5-ACTGAA
CCTGACCGTACAAACAGCCAATGACATCACCA. The underlined
sequence in the reverse primers was the additional Z sequence, which
is complementary to the universal Z probe (TCSBiologicals Ltd.,
Oxford, UK). GAPDH was used as an internal control to normalize
RanBPM gene expression.

Construction of ribozyme transgenes and knockdown of RanBPM in
Lung cancer cells. Hammerhead ribozymes targeted against human
RanBPM were designed based on the secondary structure of the
mRNA generated using Zuker’s RNA Mfold program. The ribozymes
were synthesised and cloned into pEF6/V5-His-TOPO plasmid vector
(Invitrogen Ltd., Paisley, Scotland, UK). The ribozymes were then
transfected into A549 and SKMES1cells using a Gene PulserXcell™
electroporation system (Bio-Rad Laboratories Ltd., Hercules, CA,
USA). This was followed by selection of successfully transfected cells
using selection medium containing 5 μg/ml blasticidin (Sigma-Aldrich
Inc., Poole, Dorset, UK) for up to 2 weeks. Following verification,
stable transfectants were cultured in maintenance medium containing
0.5 μg/ml blasticidin. The ribozymes that specifically target RanBPM
were generated using touchdown PCR with the appropriate primers
(Sense: 5’-CTGCAGGTTCGTCCA CGGCCGGGTAGACTGATGA
GTCCGTGAGGA, Antisense: 5’-ACTAGTTGCAGCGGCGGCTG
AAGCGTTTCGTCCTCACGGACT).

In vitro cell growth assay. Cells were plated into 96-well plates at
density of 3,000 cells/well. The cells were then fixed in 4%
formaldehyde after 1, 2, 3 and 4 days respectively. 0.5% crystal
violet (w/v) was used to stain cells. Following washing, the stained
crystal violet was dissolved with 10% (v/v) acetic acid and the
absorbance was determined at a wavelength of 540 nm using a
spectrophotometer (Bio-Tek, ELx800, Bio-Tek Instruments, Inc.
Winooski, VT, USA). The absorbance of each cell line at day 2, day
3 and day 4 were then normalised against day 1 absorbance.

Cell matrix adhesion assay. This assay was performed following a
previously reported method (14). A 96-well plate was pre-coated
with 5 μg of Matrigel™ (BD Biosciences, Oxford, UK) and air
dried. Following rehydration by serum free medium, 20,000 cells
were added to each well. After 45 min of incubation, non-adherent
cells were washed off using PBS buffer. The adhered cells were
fixed and stained. Following washing, the stained crystal violet was
dissolved with 10% (v/v) acetic acid and the absorbance was
determined at a wavelength of 540 nm using the spectrophotometer
(Bio-Tek, ELx800).

Wound/migration assay. The cells were seeded at a density of
1,000,000 per well into a 6-well plate and allowed to reach
confluence. The monolayer of cells was then scraped with a fine
gauge needle to create a wound. The movement of cells to close
the wound was recorded using a time-lapsed video system. Images
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were captured from the computer at the equivalent of 6h intervals
in real-time and stored as a series of images. The movement of
single cells within a colony was analysed by tracking each cells
boundary, for each frame in a series, using ImageJ software
(https://imagej.nih.gov).

In vitro invasion assay. Transwell inserts (upper chamber) with 8
μm pore size were coated with 50 μg of Matrigel (Collaborative
Research Products, Bedford, Massachusetts, USA) and air dried.
Following rehydration, cells were seeded at a density of 20,000 per
insert and allowed to invade for 2 days. After incubation, cells that
had migrated through the matrix and adhered to the other side of
the inserts were fixed in 4% formalin, stained with 0.5%
(weight/volume) crystal violet, and dissolved with 10% (v/v) acetic
acid and the absorbance was determined at a wavelength of 540nm
using the spectrophotometer (Bio-Tek, ELx800).

Kaplan–Meier survival analysis. An online database was utilized to
assess the correlation of RanBPM expression to survival of patients
with lung cancer. The database was created with gene expression
data and survival information of 1926 patients with lung cancer
from the Gene Expression Omnibus (GEO) database. Briefly,
RanBPM was entered into the online Kaplan-Meier survival
analysis (http://kmplot.com/analysis/index.php?p=service&start=1)
to obtain survival relevance. Hazard ratio (HR), and log-rank p were
determined and displayed.

Statistical analysis. Statistical analysis was performed using SPSS
software (version 12.5; SPSS, Inc., Chicago, IL, USA). The
relationship between RanBPM expression and tumor grade, TNM
staging and nodal status was assessed using the Mann–Whitney test
for nonparametric data. The statistical comparisons for cellular
functional tests were made using Student’s two sample t-test. Values
of p<0.05 were considered statistically significant.

Results

RanBPM is up-regulated in lung cancer tissues. The
expression of RanBPM was significantly up-regulated in lung
cancer tissues (n=226) compared to normal lung tissues
(n=20) in an analysis of gene expression array data
(GSE31210) (Figure 1) (28). We further evaluated the
RanBPM expression in a cohort of 56 lung cancer tissues with
paired normal lung tissues using real-time quantitative PCR.
Higher mRNA expression levels of RanBPM were also
observed in cancer tissues compared to the paired normal lung
tissues using Mann-Whitney test and paired t-test, respectively
(p=0.0011 and p=0.0011). According to the tumor staging, T3
tumors exhibited a higher RanBPM expression compared with
its expression inT1 tumors (p=0.0081). The relationships
between RanBPM expression and histology, clinical TNM
staging, lymph node status and differentiation status were also
analysed, Statistical analysis showed no significant difference
among different groups (Table I).

The prognostic value of RanBPM in Lung cancer. We
examined the prognostic value of RanBPM mRNA

expression using the KMplot (https://www.kmplot.com)
(29). The Affymetrix ID for RanBPM is 202582_s_at.
RanBPM mRNA low expression was discovered to be
linked to worse overall survival (OS) in all lung cancer
patients. Median survival of patients with lower RanBPM
expression was 57 months compared to 112.7 months of
patients with higher expression of the gene. RanBPM
expression is also associated with disease free survival of
patients with lung cancer (Figure 2A). Median of first
progression survival (FP) was 12 months for patients with
lower RanBPM expression, p<0.001 compared to 26.3
months of patients with higher expression (Figure 2B).
Moreover, the reduced expression of RanBPM is
significantly associated with poorer OS of patients with lung
adenocarcinomas (Figure 2C), but not squamous cell
carcinomas (Figure 2D).

Creation of lung cancer cell sub-lines with RanBPM
knockdown. To further dissect the role of RanBPM in lung
cancer, we performed a knockdown of RanBPM using anti-
RanBPM ribozyme in a lung adenocarcinoma cell line
(A549) and a lung squamous cell carcinoma cell line
(SKMES1). RanBPM-knockdown was successfully
established in both SKMES1 (SKMES1 RanRib) and A549
(A549 RanRib) cell lines after transfection with anti-
RanBPM ribozyme transgenes and compared to empty
vectors (PEF) as controls. Reduced expression of RanBPM
in the cell lines was verified using RT-PCR (Figure 3). The
RanBPM-knockdown cells were used for the following in
vitro studies.
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Figure 1. Expression of RanBPM in normal and lung cancer tissue.
RanBPM expression is significantly up-regulated in lung cancer
compared with its expression in normal lung tissues based on an
analysis of a GEO dataset (GSE31210, 202582_s_at) (28).



Influence of RanBPM-knockdown on cell proliferation and
adhesion. We first determined the effect of RanBPM
knockdownon in vitro cell growth of these two lung cancer cell
lines. An increase was seen in the growth of A549 RanBPM-
knockdown cells, (p<0.001) compared to the control (Figure
4A). A similar change was also observed in SKMES1RanRib
cells, (p<0.001) compared to the control (Figure 4B).

We further examined the influence of RanBPM on the
adhesive nature of these lung cancer cells. RanBPM
knockdown in SKMES1 significantly reduced the adhesive
properties (p<0.05) compared to the control cells (Figure 4C).

In contrast, knockdown of RanBPM expression resulted in a
slight increase of adhesive ability in A549 cells (Figure 4D). 

RanBPM is involved in the invasion and migration of lung
cancer cells. We tested the influence of RanBPM on the
invasiveness of both A549 and SKMES1 cell lines. A
significant increase was seen in the invasion of A549
RanBPM-knockdown cells compared with its control (Figure
5A). However, little effect was seen on the invasion of
SKMES1 following the knockdown of RanBPM, though a
subtle increase was also noticed but to a much less extent
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Figure 2. Expression of RanBPM and overall survival (OS) or first progression (FP) of patients with lung cancer. A: Association of RanBPM with
OS of LC patients. B: Association of RanBPM with FP of LC patients. C: Association of RanBPM with OS of patients with lung adenocarcinoma.
D: Association of RanBPM with OS of patients with squamous cell lung cancer.



(Figure 5B). Interestingly, the knockdown of RanBPM
elicited contrasting effects on the migration of these two cell
lines. A remarkably increased migration was seen in
RanBPM knockdown SKMES1 cells while a decrease was
observed in the A549 RanBPM knockdown cells in
comparison with the respective control (Figure 5C and D). 

Discussion

RanBPM is ubiquitously expressed in human and murine cell
lines and has been observed in the cytoplasm, nucleus and
plasma membrane. Overexpression of RanBPM has been
evident in certain cancers and is also associated with the
invasion of certain cancers (20, 21). In the present study, we
investigated the role of RanBPM in lung cancer. In the
analysis of a publically available gene expression array dataset
(GSE31210), an increased expression of RanBPM was shown
in lung cancers compared to normal lung tissues. Our
quantitative analysis of RanBPM transcripts in a cohort of
lung cancers showed an elevated expression of RanBPM in
the lung cancers in comparison with paired normal lung tissue
controls. However, further analyses of its association with
patients’ survival using an online Kaplan–Meier survival
analysis of a combined cohort of lung cancer patients showed
that those with low RanBPM expression tumors had shorter

OS and FP compared to patients with high RanBPM
expression. More interestingly, the association with survival
is highly significant in patients with adenocarcinoma, but not
the other common type of non-small cell lung cancer, i.e.

Zhao et al: RanBPM in Lung Cancer
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Figure 3. Knockdown of RanBPM in lung cancer cell lines. Knockdown of
RanBPM in A549 and SKMES1 cells was verified using reverse
transcription-quantitative polymerase chain reaction. A549pEF and
SKMES1pEF are A549 and SKMES1 cells transfected with empty plasmids,
respectively. A549RanRib and SKMES1RanRib are A549 and SKMES1
cells transfected with anti-RanBPM ribozyme transgenes, respectively.

Table I. RanBPM expression and clinicopathological characteristics of lung cancer.

Clinical/pathological features                                Sample no.                         Median (Copy no.)                               IQR                               p-Value

Tumour tissue                                                                56                                             119                                         15-860                                   
Background tissue                                                         56                                            13.7                                        3.2-74.8                             0.0011
Paired tumour tissue                                                     56                                             119                                         15-860                                   
Paired background tissue                                              56                                            13.7                                        3.2-74.8                             0.0011
Histology                                                                                                                                                                                                                      
Squamous carcinoma                                                    18                                              92                                           3-570                                    
Adenocarcinoma                                                           26                                             286                                        18-1201                             0.1736
Others                                                                             12                                            N/A                                           N/A                                      
TNM staging                                                                                                                                                                                                                
    I                                                                                  14                                              90                                          10-365                                   
    II                                                                                 12                                             484                                        24-1323                             0.2578
    III                                                                               16                                             199                                         31-495                              0.3496
Tumour differentiation
    HighMed                                                                    11                                             186                                          0-981                                    
    Med                                                                            13                                             206                                        25-1066                             0.39
    MedLow                                                                     8                                              260                                        45-1899                             0.61
Tumour status                                                                                                                                                                                                               
    T1                                                                               11                                            44.3                                        5.7-146                                   
    T2                                                                               13                                             206                                         37-923                              0.1178
    T3                                                                               15                                             512                                       186-1458                            0.0081
Lymph node status                                                                                                                                                                                                       
    N0                                                                              32                                              96                                           6-882                                    
    N1                                                                               7                                              444                                         47-865                                0.46
    N2                                                                              12                                             199                                        45-1412                               0.83



squamous cell lung cancer. It suggests that RanBPM plays an
inhibitory role, though it is up-regulated in lung cancers. This
result might also provide us with a new view to explain the
difference in prognosis between lung adenocarcinoma and
lung squamous cell carcinoma patients. 

RanBPM has been implicated in the control of a multitude
of cellular processes including regulation of cell motility
(25), adhesion, development (30, 31), transcription (32-35),
and apoptosis (36-38). For a better understanding of the role
played by RanBPM in lung cancer, we employed two lung
cancer cell lines, an adenocarcinoma cell line (A549) and a

squamous cell carcinoma cell line (SKMES1) to examine its
involvement in the regulation of certain cellular functions.
Both cell lines express RanBPM. We then established two
RanBPM knockdown cell lines to further evaluate the
consequent effect on cellular functions. The adhesion assays
demonstrated that the knockdown of RanBPM resulted in
decreased lung squamous carcinoma cell adhesion, but
exhibited little effect on the lung adenocarcinoma cell line
A549. This means that the role of RanBPM in different types
of lung cancer may be different. Our previous study of
RanBPM in gastric cancer cell lines showed that the
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Figure 4. Influence on in vitro growth and adhesion of A549 and SKMES1 cells by RanBPM knockdown. A: Growth of A549RanRib cells was
increased compared to A549pEF control (p<0.001 at day3). B: Growth of SKMES1RanRib cells was increased compared to SKMES1pEF control
(p<0.001 at day 3). C: Cell adhesion of A549RanRib cells was slightly increased. D: SKMES1RanRib cells had a remarkable decrease in cell
adhesion (p<0.05). *represents p<0.05 and **represents p<0.01.



knockdown of RanBPM resulted in a reduction of adhesion
(20). These findings collectively suggest that RanBPM is
involved in the regulation of cell adhesion through an
unknown mechanism.

More interestingly, differential effects were also observed
in the two lung cancer cell lines when we assessed the
migration using a wound assay. The loss of RanBPM in the
lung adenocarcinoma cancer cells (A549) resulted in a
slightly decreased migration, whereas a marked increase was
seen in the RanBPM-knockdown SKMES1 cells. A recent
study showed that RanBPM inhibits BLT2-mediated IL-8
production and invasiveness in aggressive breast cancer cells

(21). In our experiments, the knockdown of RanBPM
promoted the invasion of A549 cells which was not observed
in the SKMES1 cells. Moreover, we found that knockdown
of RanBPM can increase the proliferation of both A549 and
SKMES1 cells. The differential effects on the cellular
functions are in line with findings for its association with
patients’ survival. Its inhibitory role for proliferation,
migration and invasion of lung cancer cells, in particular the
adenocarcinoma cells, provides supportive evidence for its
clinical relevance, i.e. the association between low RanBPM
expression and disease progression and also poor prognosis
of the disease. 

Zhao et al: RanBPM in Lung Cancer
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Figure 5. Effect of RanRib knockdown on invasion and migration of A549 and SKMES1 cells. A: Invasion was enhanced in A549RanRib cells,
p=0.02 compared to control cells. B: SKMES1RanRibcells also showed a slightly increased invasion, p=0.6 compared to control. C: Decreased
migration was seen in A549RanRib cells compared to A549pEF control (p<0.05). D: SKMES1RabRib cells migrated further in comparison with
SKMES1pEF cells over a period of 12 h. (p<0.05), *represents p<0.05.



A gene expression array analysis of RanBPM knockdown
cells suggested that RanBPM played an inhibitory role in
cancer cells by targeting various pathways including ERK,
Wnt, Notch and PI3K/Akt pathways (19). Following
knockdown of RanBPM, up-regulations of RON tyrosine
kinase, L1CAM and ELF3 were seen in both Hela and
HCT116 cell lines. The involvement of these pathways and
molecules in the RanBPM-regulated cellular functions in
lung cancer cells requires further investigation. 

Recently, Palmieri et al. reported that RanBP9 is a novel
mediator of the cellular DDR, whose accumulation into the
nucleus upon IR is dependent on ATM kinase activity (27). As
known, several cancer treatments, and lung cancer in particular,
cause DNA damage and activation of the cellular response to
DNA damage. In our previous study, we found that RanBPM
plays a role in differential responses to certain
chemotherapeutic agents and consequently influences tumor
chemoresistance (20). An implication has been suggested for
this molecule in the treatment of lung cancer using
radiotherapy and chemotherapy. Reduced expression of
RanBPM confers a support to the cancer cells under these
treatments. Therefore, it can be speculated that RanBPM-
related downstream pathway/molecules can serve as a target to
eliminate resistance. Our next step will be to study the specific
molecular mechanisms of RanBPM in different lung cancers
as well as its upstream and downstream regulatory factors. In
addition to these, S100A7, also known as psoriasin can interact
with RanBPM (39). Overexpression of Psoriasin has also been
observed in lung cancers which is associated with poor
prognosis of the disease (40). Interaction between S100A7 and
RanBPM in lung cancer warrants a further investigation. 

Taken together, our results showed that RanBPM is
significantly involved in the lung cancer development and
disease progression, acting as a tumor suppressor. Reduced
expression of RanBPM is associated with disease progression
and poor prognosis. RanBPM plays an inhibitory role in the
regulation of proliferation and invasion of lung cancer cells, in
particular the adenocarcinoma cells. Further investigations may
provide concept proof for novel targeted lung cancer therapies.
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