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Abstract. RAN binding protein 9 (RANBP9) is widely 
expressed in mammalian tissues, including osteosarcoma, 
lung, gastric and breast cancer tissues. However, currently, 
not much is known about the role of RANBP9 in colorectal 
cancer (CRC). In the present study, RANBP9 expression in 
CRC tissues and cell lines was measured by immunohisto-
chemistry and western blotting, respectively. Subsequently, 
RANBP9-short hairpin RNA (shRNA) and RANBP9 plasmids 
were constructed and transfected into HCT116 and HT29 cells. 
The effects of RANBP9 knockdown were assessed by Cell 
Counting kit-8 and colony formation assays, and its effects on 
tumorigenicity in a nude mouse animal model were investi-
gated. The effect of RANBP9-shRNA on cell cycle progression 
was analyzed by flow cytometry, while cell cycle‑associated 
protein expression levels were examined by western blotting. 
Compared with in paired normal mucosa, RANBP9 was over-
expressed in CRC tissues. Inhibition of RANBP9 in HCT116 
and HT29 cells significantly promoted cell growth, colony 
formation and S phase transition, and increased tumorigenesis 
in vivo. Accordingly, RANBP9 overexpression inhibited cell 
growth and colony formation. Knockdown of RANBP9 was 
associated with upregulated cyclin A2 in the two cell lines. 
In conclusion, RANBP9 served an inhibitory role in CRC 
in vitro and in vivo. Therefore, RANBP9 may be considered a 
potential target for treatment of CRC.

Introduction

Colorectal cancer (CRC) is the third most common cancer 
worldwide. Its prognosis is poor and the total 5-year survival 
rate is 65% (1). CRC is considered to evolve from conventional 
adenoma, which gradually accumulates genetic or epigenetic 
changes, which eventually lead to cancer. The most common 
and characteristic genetic alterations occur in the APC regu-
lator of WNT signaling pathway, tumor protein p53, KRAS 
proto-oncogene GTPase and mismatch repair genes (2).

RAN binding protein 9 (RANBP9) is a 90-kDa protein, 
which was initially screened and identified by Nishimoto et al 
in a yeast two-hybrid experiment (3). RANBP9 is conserved in 
various organisms, including humans, rhesus monkeys, mice 
and frogs (4,5). RANBP9 is widely expressed in mammalian 
tissues and is distributed in the nucleus and cytoplasm (5); 
however, its biological functions remain unclear. RANBP9 
overexpression can reduce dendritic arbor and spine density, 
and can accelerate loss of dendritic spines in an Alzheimer's 
disease mouse model (6,7). Furthermore, RANBP9 has been 
demonstrated to be involved in the nucleation of the central 
microtubule, affecting cell division and differentiation (8). 
Additionally, RANBP9 has been suggested as a platform 
for the interaction of cell signaling molecules, including cell 
surface receptors, nuclear receptors, transcription factors and 
cytoplasmic kinases (4,9). Similar to the majority of RAN 
binding proteins, RANBP9 is functionally associated with 
the β-importin receptor family, which is responsible for trans-
porting proteins into the nucleus (8). Additionally, RANBP9 
has been associated with osteosarcoma, lung, gastric and 
breast cancer (10-14); however, its systematic effects in cancer 
remain to be investigated.

In the present study, overexpression of RANBP9 in CRC 
was identified. Additionally, its suppression by short hairpin 
RNA (shRNA) promoted cell proliferation and transition from 
S phase. Furthermore, cyclin A2 expression was demonstrated 
to be associated with RANBP9 knockdown. In conclusion, the 
findings of the present study suggested that RANBP9 may be 
a potent anti-oncogene in CRC.

Materials and methods

Clinical specimens and immunohistochemistry (IHC) scoring. 
A total of 75 consecutive specimens (tumors and paired normal 
tissues) from 53 (70.7%) male patients and 22 (29.3%) female 
patients (median, 65 years; range, 32-81) with CRC who 
underwent radical colectomy were collected at the Department 
of General Surgery, Jinshan Hospital, Fudan University 
(Shanghai, China) between January and June 2012. IHC was 
performed and investigated as described previously (15). In 
January 2018, 12 fresh specimens (tumors and paired normal 
tissues) from patients with CRC were randomly collected 
from the same hospital for detection of RANBP9 expression 
using western blotting (WB). The age range was 36-79 years 
(median, 56 years), including 9 (75.0%) male patients and 3 
(25.0%) female patients. Ethical approval was obtained from 
the Clinical Research Ethics Committee of Jinshan Hospital, 
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Fudan University. Written informed consent for the acquisition 
and use of tissue samples was obtained from all patients.

Cell culture. The CRC cell lines HCT116, HT29, SW480, SW620, 
RKO, Lovo, Caco2 and DLD1 were obtained from Nanjing 
KeyGen Biotech Co., Ltd. (Nanjing, China). HCT116 and HT29 
cells were maintained in McCoy's 5A medium (Nanjing KeyGen 
Biotech Co., Ltd.), while the other cell lines were cultured in 
Dulbecco's modified Eagle's medium (HyClone; GE Healthcare 
Life Sciences, Logan, UT, USA). The media were supplemented 
with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and cultured in a humidified atmo-
sphere containing 5% CO2/95% air at 37˚C.

Plasmids and cell t ransfect ion. RA NBP9 -shRNA 
(NM_005493.2) targeting sequence (5'-GGA ATT GGA TCC 
TGC GCA T-3') was designed and constructed. Non-sense 
sequence (5'-TTC TCC GAA CGT GTC ACG T-3') was used as 
a control-shRNA. shRNA sequences were then cloned into 
GV112 plasmids (Shanghai GeneChem Co., Ltd., Shanghai, 
China), which were packed into a lentivirus using 293T cells, 
and the lentivirus was harvested and purified by Shanghai 
GeneChem Co., Ltd. HCT116 and HT29 cells at a density of 
104 cells per well in 6-well plates were infected with the lenti-
viruses at 20 multiplicity of infection. The stably infected cells 
were enriched by puromycin (2 µg/ml; Sigma-Aldrich; Merck 
KGaA, Darmstadt, Germany). The time interval between 
infection and subsequent experimentation was >1 month. To 
induce overexpression of RANBP9, HCT116 and HT29 cells 
(1x106) were transfected with 2 µg/ml GV141-RANBP9 or 
empty vectors (Shanghai GeneChem Co., Ltd.) using FuGENE 
HD transfection reagent (Promega Corporation, Madison, WI, 
USA). After 72 h of transfection, WB analysis was conducted 
to verify RANBP9 expression with a RANBP9 antibody. In 
the shRNA experiment, HCT116 or HT29 cells were infected 
with the empty vector in the blank control group.

Cell Counting kit‑8 (CCK‑8) assay. HCT116 and HT29 cells 
(4,000 cells/well) were seeded into 96-well plates. Cell 
viability was measured using a CCK-8 assay (Dojindo 
Molecular Technologies, Inc., Kumamoto, Japan) at several 
time points over 3 days. Briefly, cells were incubated with 
10 µl CCK‑8 for 1 h at 37˚C. Subsequently, the optical density 
was detected at 450 nm using a multifunctional plate reader 
(BioTek Instruments, Inc., Winooski, VT, USA) according to 
the manufacturer's protocol.

Anchorage‑independent colony formation assay. Complete 
medium with 0.5% agarose was layered in a 6-well plate 
and placed at room temperature to concretion. HCT116 and 
HT29 cells (200/well) were inoculated into the plate. Matrigel 
(250 µg/ml; BD Biosciences, San Jose, CA, USA) was mixed 
with the cell solutions for 1 min in advance. When the number 
of cells in the majority of the single colonies were >50, the 
cells were stained with 0.005% crystal violet (Biosharp, Hefei, 
Anhui, China) for 1 h at room temperature. Subsequently, the 
number of visible colonies was counted.

Flow cytometry (FCM). HCT116 and HT29 cells were 
harvested and prepared as cell suspensions. Adherent cells 

were digested with EDTA-free trypsin and washed twice with 
ice‑cold PBS. The cells were subsequently fixed with 70% 
ethanol at ‑20˚C for 2 h, and stained with PI/RNase staining 
solution (BD Biosciences) for 1 h at 4˚C. Following incuba-
tion with PI for 15 min at room temperature in the dark, the 
cells were immediately quantified using FCM (Beckman 
Coulter, Inc., Brea, CA, USA) and the results were analyzed 
using ModFit LT™ 4.1 software (Verity Software House, Inc., 
Topsham, ME, USA).

WB. HCT116 and HT29 cells were homogenized in a lysate 
buffer (Beyotime Institute of Biotechnology, Shanghai, 
China), and protein concentrations were determined with a 
bicinchoninic acid kit (Beyotime). Protein extracts (30 µg) 
were separated by 10% SDS-PAGE and transferred to poly-
vinylidene difluoride membranes (EMD Millipore, Billerica, 
MA, USA). The blots were blocked with 5% non-fat milk for 
1 h at room temperature, followed by incubation with primary 
antibodies overnight at 4˚C. The primary antibodies used 
were: Anti-GAPDH (1:2,000 dilution; cat. no. 10494-1-AP; 
Wuhan Sanying Biotechnology,  Wuhan,  Ch ina), 
anti-RANBP9 (1:1,000 dilution; cat. no. 17755-1-AP; Wuhan 
Sanying Biotechnology), anti-cyclin A2 (1:1,000 dilution; 
cat. no. 18202-1-AP; Wuhan Sanying Biotechnology) and 
anti-cyclin B1 (1:1,000 dilution; cat. no. 55004-1-AP; Wuhan 
Sanying Biotechnology). A horseradish peroxidase-conju-
gated anti-rabbit antibody as the secondary antibody 
(1:10,000; cat. no. KGAA35; Nanjing KeyGen Biotech Co., 
Ltd.) was incubated for 1 h at room temperature. The immu-
noreactive bands were visualized by the Tanon-4500 Gel 
Imaging system (Tanon Science and Technology Co., Ltd., 
Shanghai, China) using an enhanced chemiluminescence kit 
(Thermo Fisher Scientific, Inc.).

In vivo tumorigenicity assay. A total of 12 specific 
pathogen-free male BALB/c mice (4 weeks old; 14-18 g) were 
purchased from Shanghai SIPPR-Bk Lab Animal Co., Ltd. 
(Shanghai, China). All animals were housed under a tempera-
ture of 22±1˚C and a relative humidity of 50±1% in a 12‑h 
light/dark cycle with free access to food and water. All studies 
were approved by the Shanghai Public Health Clinical Center 
Laboratory Animal Welfare and Ethics Committee (IRB 
no. 2018-A001-01; Shanghai, China). All mice were handled 
according to the National Institutes of Health Guidelines for 
the Care and Use of Laboratory Animals (16). Three animals 
per group (4 groups: The control and RANBP9-shRNA group 
for HCT116 cells or HT29 cells) were used in each experiment. 
Mice tissues were homogenized in a lysate buffer (Beyotime) 
and underwent WB. HCT116 or HT29 cells (expressing 
control-shRNA or RANBP9-shRNA) in 100 µl PBS at 
1x108 cells/ml were inoculated into the armpit of the mice. The 
tumor volumes were measured weekly and calculated using 
the following formula: π/6 x length x width2.

Statistical analysis. RANBP9 expression in human tissues 
was analyzed by Wilcoxon test. All data are expressed as the 
means ± standard deviation of three independent experiments. 
Results were analyzed using a Student's t-test, or one-way 
analysis of variance followed by a least significant difference 
post hoc test, using the SPSS version 23 software (IBM Corp., 
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Armonk, NY, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

RANBP9 is overexpressed in human CRC. RANBP9 expres-
sion was detected in the paraffin-embedded CRC tissue 
samples using IHC (Fig. 1A-G) and in fresh tissue samples 
using WB (Fig. 1H). The results revealed that RANBP9 was 
overexpressed in CRC tissues compared with in adjacent 
normal tissues (two-sided Wilcoxon test, P<0.0001; Table I). 
RANBP9 was detected in the nucleus and cytoplasm. These 
results indicated that high levels of RANBP9 were present in 
CRC. In the majority of fresh tissues, RANBP9 expression 

was higher in the tumor tissue than in the adjacent normal 
tissue. Additionally, the protein expression levels of RANBP9 
in CRC cell lines were confirmed by WB (Fig. 2A). HCT116 
and HT29 cells were selected for subsequent experiments as 
they are highly invasive CRC cell lines and exhibited high 
expression levels of RANBP9.

RANBP9 knockdown promotes proliferation of CRC cells. 
RANBP9 overexpression in CRC suggested that it may be asso-
ciated with the biological behavior of CRC. RANBP9-shRNA 
and control-shRNA were successfully infected into 
HCT116 and HT29 cells using a lentiviral vector (Fig. 2B). 
HCT116 and HT29 cells were successfully transfected with 
RANBP9 plasmid or empty vector (Fig. 2C). A CCK-8 assay 

Table I. Expression of RANBP9 in 75 colorectal cancer samples.

 RANBP9 immunostaining
 -----------------------------------------------------------------------------------------
Sample type +++ ++ + - Positive rate (%) P-valuea

Cancer 14 24 31   6 92.0 <0.0001
Normal mucosa   0 10 28 37 50.7

aWilcoxon test was used to determine statistical significance between the two groups. +++, strongly positive; ++, moderately positive; +, 
slightly positive; -, negative. RANBP9, RAN binding protein 9.

Figure 1. Expression of RANBP9 in paraffin‑embedded and fresh colorectal cancer tissue samples. In tumor samples, (A) high‑intensity RANBP9 expression 
was scored as ‘+++’, (B) moderate-intensity RANBP9 expression as ‘++’, (C) low-intensity RANBP9 expression as ‘+’ and (D) the near absence of RANBP9 
staining was scored as ‘-’. (E-G) Moderate, low and negative expression levels of RANBP9 in normal mucosa, respectively. (H) Expression levels of RANBP9 
in 12 colorectal cancer samples as demonstrated by western blotting. Scale bars: Upper rows, 100 µm; lower rows, 50 µm. N, normal mucosa; RANBP9, RAN 
binding protein 9; T, tumor.
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revealed that the number of viable cells at the last time point 
(72 h) in the RANBP9‑shRNA group was significantly higher 
compared with in the control group (P<0.01; Fig. 3A and B). 
In addition, a colony formation assay was performed to deter-
mine tumorigenesis in vitro. Compared with in the control 
group, the number of HCT116 and HT29 cell colonies in the 
RANBP9-shRNA group was significantly higher (P<0.05; 
Fig. 3C and D). These results suggested that RANBP9-shRNA 
exhibited a positive effect on CRC cell proliferation.

RANBP9 overexpression hinders the proliferation of CRC 
cells. A CCK-8 assay revealed that the number of viable 
cells at the final timepoint (72 h) in the RANBP9 group was 
significantly lower compared with in the empty vector group 
(P<0.01; Fig. 4A and B). Similarly, in a colony formation assay, 
the number of HCT116 and HT29 cell colonies in the RANBP9 
group was significantly lower compared with in the empty 
vector group (P<0.05; Fig. 4C and D). These data suggested an 
inhibitory role of RANBP9 in CRC cell proliferation.

RANBP9‑shRNA promotes colon tumorigenesis in vivo. 
To examine the effects of RANBP9 knockdown on tumor 
growth in vivo, HCT116 and HT29 cells that stably expressed 
RANBP9-shRNA or control-shRNA were inoculated into the 
armpit of BALB/c mice. All animals developed tumors within 
1 week following inoculation. At 4 weeks post-inoculation, 
tumor sizes of the RANBP9-shRNA animals were larger than 
those of the control-shRNA group (Fig. 5A and B). The mean 
tumor volume after 4 weeks was 181.3±67.7 mm3 in mice 
inoculated with HCT116 cells that expressed RANBP9-shRNA 
compared with 33.7±8.5 mm3 in the control-shRNA group 
(Fig. 5C). The mean tumor volume of mice inoculated 
with HT29 cells transfected with RANBP9-shRNA was 
925.3±427.3 mm3 compared with a volume of 184.3±48.5 mm3 
in the control group (Fig. 5D). These data demonstrated the 
role of RANBP9-shRNA in promoting the growth of CRC 
cells in vivo. The efficiency of RANBP9‑knockdown in lenti-
virus-infected HCT116 and HT29 cells was ensured according 
to the detection of RANBP9 expression level in transplanted 
tumors using WB (Fig. 5E and F).

RANBP9‑shRNA facilitates the transition from S phase in 
CRC cells. Cell cycle profiling by FCM indicated that knock-
down of RANBP9 expression resulted in a decreased number 
of cells in S phase in HCT116 and HT29 cells (Fig. 6A and B). 
However, no consistency was observed in the distribution 
between G1 and G2 stages for the two cell lines. These results 
suggested that RANBP9-shRNA promoted the proliferation 
of CRC cells indicated in the CCK-8 assay and the colony 
formation assay, by facilitating the transition from S phase. 
Additionally, cell cycle-associated protein expression levels 
were examined by WB following knockdown of RANBP9. 
RANBP9 knockdown yielded a variably increased protein 
level of cyclin A2 in the two cell lines (Fig. 6C and D). In 
addition, HT29 cells exhibited a lower expression of cyclin B1.

Discussion

In the present study, RANBP9 expression was significantly 
increased in tumor tissues compared with in paired normal 

mucosa tissues in patients with CRC, which indicated that 
RANBP9 may be associated with CRC. To further explore 
the function of RANBP9, its expression in several CRC cell 
lines was examined. The suppression of RANBP9 promoted 
proliferation and strengthened colony formation in CRC 
cells; accordingly, its overexpression led to suppressed 
proliferation and impaired colony formation. Additionally, 
shortening of the S phase was identified in two CRC cell 
lines. The present study revealed that RANBP9 may be 

Figure 2. Analysis of RANBP9 protein expression following infection 
with control-shRNA and RANBP9-shRNA, or transfection with an empty 
vector and RANBP9 vector. (A) Western blot analysis of RANBP9 expres-
sion in eight colorectal cancer cell lines. (B) RANBP9 protein expression 
was significantly downregulated in RANBP9-shRNA lentivirus-infected 
HCT116 and HT29 cells compared with in cells infected with empty vector 
or control‑shRNA lentivirus. (C) RANBP9 protein was significantly upregu-
lated in RANBP9 vector-transfected cells compared with in blank cells and 
cells transfected with empty vector. Data are expressed as the means ± stan-
dard deviation. **P<0.01, compared with control or vector cells. RANBP9, 
RAN binding protein 9; shRNA, short hairpin RNA.
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Figure 3. Effect of RANBP9 knockdown on proliferation and colony formation of colorectal cancer cells in vitro. Cell viability analysis of (A) HCT116 and 
(B) HT29 cells infected with control-shRNA or RANBP9-shRNA by Cell Counting kit-8 assay measured at various time points over 3 days. Colony forma-
tion analysis of (C) HCT116 and (D) HT29 cells infected with control-shRNA or RANBP9-shRNA at 2 weeks following culture. Data are expressed as the 
means ± standard deviation. *P<0.05, **P<0.01. OD, optical density; RANBP9, RAN binding protein 9; shRNA, short hairpin RNA.

Figure 4. Effect of RANBP9 overexpression on proliferation and colony formation of colorectal cancer cells in vitro. Analysis of cell viability of (A) HCT116 
and (B) HT29 cells transfected with empty vector or RANBP9 vector by Cell Counting kit-8 assay measured at various time points over 3 days. Colony 
formation analysis of (C) HCT116 and (D) HT29 cells transfected with empty vector or RANBP9 vector at 2 weeks after culture. *P<0.05, **P<0.01. OD, optical 
density; RANBP9, RAN binding protein 9.
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a potential anti-oncogene in CRC. These results were 
consistent with studies on osteosarcoma, lung and gastric 
cancer (10-13).

The present study demonstrated that RANBP9 exhibited an 
inhibitory role in CRC, yet it remains unclear why malignant 
cells overexpress RANBP9. Similar phenomena have been 
observed in osteosarcoma, lung and gastric cancer (10-13). 
Cancer cells are associated with different sets of oncogenes and 
tumor suppressor genes that are normally involved in stabilizing 
negative feedback loops. These genes do not act individually, but 
rather execute their cellular functions in cooperation with other 
genes, including oncogene mouse double minute 2 and tumor 
suppressor gene p53, which are overexpressed in hepatocel-
lular cancer (17,18), or Wnt signaling and conductin, which are 
upregulated in colorectal and liver tumors (19). Nevertheless, 
further studies should be conducted to elucidate the oncogene 
partner of RANBP9 in CRC.

The cell cycle is a complex system, which includes phases 
that are comprehensively regulated by cyclin-dependent 

kinases (CDKs), cyclins, catalytic partners and CDK 
inhibitors, directly affecting the proliferation and tissue 
differentiation of mammalian cells (20,21). In numerous 
diseases, the mechanism of normal cell division is constantly 
altered, particularly in several types of cancer. Cyclins and 
CDKs, including cyclin D, cyclin E, CDK4 and CDK6, have 
been classified as proto‑oncogenes, while CDK inhibitors, 
including p16 and p21, are regarded as tumor suppressors; all 
of these are associated with the occurrence or prognosis of 
CRC (20,22,23). Therefore, cell cycle-targeted therapy is a 
possible way to control the disease. For example, palbociclib, 
which is an orally administered and specific CDK4/6 inhibitor, 
can prominently inhibit tumor growth in mice bearing colon 
cancer (24). Flavopiridol, which inhibits CDK1, CDK2 
and CDK4, has also been widely studied in gastrointestinal 
cancer (25,26). There are additional cell cycle inhibitors in 
different stages of development; nonetheless, to the best of 
our knowledge, there are still no encouraging reports. In the 
present study, RANBP9-shRNA promoted S phase transition 

Figure 5. RANBP9 knockdown promotes colon tumorigenesis in vivo. (A and B) Representative images of BALB/c mice bearing tumors 4 weeks after inocula-
tion with control shRNA or RANBP9-shRNA lentivirus-infected HCT116 and HT29 cells. (C and D) Average tumor volume at each time point. (E and F) 
Expression levels of RANBP9 in transplanted tumors were detected to ensure the efficiency of RANBP9 knockdown in lentivirus‑infected HCT116 and HT29 
cells. Lanes 1-12 corresponds to nude mice 1-12. *P<0.05. RANBP9, RAN binding protein 9; shRNA, short hairpin RNA.
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in HCT116 and HT29 cells, although there were no consistent 
results for the G1 or G2 phases. CDK/Cyclin A2 complexes 
have been reported to phosphorylate proteins, including 
pocket proteins Rb, p107, p130, and proteins involved in DNA 
synthesis, thereby driving S phase progression (27,28). In the 
present study, it was indicated that RANBP9-knockdown 
increased protein level of cyclin A2 in the two cell lines. In 
addition, RANBP9-shRNA promotes cell proliferation by 
CCK8 assay and colony formation assay. These suggest that 
RANBP9-shRNA may facilitate S phase transition rather than 
induce G1 or G2/M arrest. Further studies are required in order 
to prove that RANBP9 overexpression induces cell cycle arrest 
at S phase.

At present, eukaryotic cyclins, including cyclin A-H, 
which are synthesized and degraded in different phases of 
the cell cycle, are fluctuant and periodic‑phase specific (29). 
Cyclin A serves a role in the later stages of the S phase; cyclin 
B is mainly associated with the G2/M phase; cyclin D and 
cyclin E serve a key regulatory role in the G1/S phase; and 
cyclin F and cyclin G are associated with the late S and G2/M 
phase (29,30). The results of the present study revealed that 
there may be an association between cyclin A and RANBP9 
knockdown in CRC cells. However, it may be a phenomenon 
rather than a direct regulatory association, which requires 
further examination.

There are limitations in the present study. Firstly, the 
clinical sample size was small and obtained at a single 
center, which may lead to selective bias. In addition, 
RANBP9 expression in fresh normal intestinal epithelium 
in certain cases was higher compared with in matched 
tumor tissues, which remains unexplained. RANBP9 has 

numerous characteristics as a scaffold protein, including 
a protein interaction sequence, cytoskeleton binding 
domain and multiple classical anchor loci for signal 
transduction molecules (4,31); it can interact with SRC 
proto-oncogene non-receptor kinase, growth factor receptor 
bound protein 2 and hepatocyte growth factor receptor in 
the mitogen-activated protein kinase and extracellular 
signal-regulated kinase signaling pathways (4,32-34). The 
downstream mechanism of RANBP9 in CRC cells should be 
examined in subsequent experiments.

In conclusion, RANBP9 is a molecule associated with 
the complex cell cycle regulation network. The present study 
revealed that RANBP9 contributed to tumor suppression in 
CRC. Exploring the underlying mechanisms of RANBP9 
activity may lead to its use in the treatment of patients with 
CRC.
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