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Introduction

Colorectal cancer (CRC) is the third most common malignancy 
worldwide. It has a poor prognosis, with 5 and 10-year 
relative survival rates of 65% and 58%, respectively (1). 
TNM staging is the gold standard for CRC staging and 
is used to evaluate tumor progression and as a guide to 
select suitable therapy (2). However, there are significant 
differences in prognosis even for patients with the same 
tumor stage (3,4). This suggests that traditional TNM 

staging does not consider all the biological characteristics 
of the tumor. Hence, new reliable prognostic factors are 
required. 

Several genetic and molecular changes accumulate 
during CRC development. For example, most CRCs have 
chromosomal instability, leading to loss of heterozygosity 
at various tumor suppressor gene loci or mutations in 
oncogene loci. This is followed by microsatellite instability 
and DNA promoter hypermethylation (5,6). Mutations in 
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BRAF, NRAS and KRAS affect patient prognosis receiving 
chemotherapy or targeted therapy (7,8). They have been 
used to evaluate prognosis or responsiveness to treatment 
(5,9). However, molecular CRC typing does not have a 
unified standard. Hence, identifying additional molecular 
markers is critical for proper patient prognosis. 

RANBP9 is a RAN-binding protein, and participates 
in nucleation of the centriole microtubules, and affects 
cell division and differentiation (10). It has been studied 
in nerve tissues, immune system, and cancer. In breast 
cancer, its expression was found to correlate with specific 
clinical features and inflammatory cell infiltrates within the  
tumor (11). It is highly expressed in osteosarcoma and 
suppresses metastasis by accelerating mitochondrial-
associated anoikis (12,13). In gastric cancer, reduced 
RANBP9 expression is associated with distant metastasis 
and chemoresistance (14). In lung cancer, reduced RANBP9 
mRNA expression levels are associated with poor survival 
and increased proliferation and invasion in vitro (15).  
RANBP9 protein levels have been reported to be 
upregulated in lung tumors, and is negatively correlated 
with outcome and response to DNA damaging agents 
(16,17). However, the mechanism of RANBP9 in CRC is 
yet to be deciphered.

In our previous study, we found that RANBP9 was 
overexpressed in CRC tissues in a small patient cohort. 
It suppressed CRC cell proliferation both in vitro and  
in vivo (18). The aim of this study was to determine the 
association between RANBP9 expression levels and 
clinicopathological parameters in an expanded patient 
cohort, as well as CRC patient prognosis. Reduced 
RANBP9 expression was found to be correlated with 
vascular  invasion,  tumor locat ion,  normal serum 
carcinoembryonic antigen (CEA), and lower survival rates 
following radical resection. Hence, RANBP9 could be an 
independent prognostic factor. 

Methods 

Patients and tissue samples

Consecutive CRC patients (aged from 18 to 75 years), 
who underwent radical resection (both primary lesion 
and metastases, if present) at Jinshan Hospital of Fudan 
University (Shanghai, China) between January 1st, 2012, 
and February 28th, 2013, were selected for this study. 
Patients who underwent neoadjuvant chemotherapy 

were excluded from this study. Selected CRC patients 
were TNM classified based on the seventh edition of the 
American Joint Committee on Cancer (AJCC) TNM 
staging system (2). All patients were followed-up in the 
same hospital every 3 months for the first two years and 
every 6 months afterwards. We reviewed medical records 
in order to assess clinicopathological characteristics such as 
age, gender, tumor location, tumor differentiation, vascular 
invasion, perineural invasion, TNM stages, pre-surgical 
serum CEA and post-surgical chemotherapy. Disease-free 
survival (DFS) was defined as the time of surgery to the 
date of disease recurrence or death from any cause. Overall 
survival (OS) was defined as the interval between the date of 
surgery and mortality due to any cause. Ethical approval was 
obtained from the Ethics Committee of Jinshan Hospital, 
Fudan University (Shanghai, China, No. 2011-02-01). 
Written informed consents for the use of tissue samples was 
obtained from all patients.

Immunohistochemistry (IHC)

Tissue samples were used for IHC analysis and were 
performed as previously described (19). Briefly, slides were 
blocked with goat serum (Haoranbio, Shanghai, China), and 
incubated with polyclonal anti-RANBP9 antibody (1:100; 
cat. no. 17755-1-AP; Proteintech, Wuhan, Hubei, China). 
Afterwards the slides were incubated with a secondary 
antibody (1:2000; cat. no. KGAA35; KeyGen Biotech, 
Nanjing, Jiangsu, China). The RANBP9 antibody was 
validated for specificity in human samples in our previous 
study (18). All slides were observed using the Olympus 
BX43 (Tokyo, Japan) microscope, and evaluated by two 
investigators who were blinded to the clinicopathological 
characteristics of the study participants. In case of 
discrepancy, consensus was always achieved after discussion. 
IHC scoring for RANBP9 expression was performed using 
a semi-quantitation method as previously described, and was 
based on the multiplication of intensity and percentage of 
stained cells (20). RANBP9 expression intensity was scored 
from 0 to 3 (0, negative; 1, weak; 2, moderate; 3, strong). 
The percentage of positively stained cells was scored from 
0 to 4 (1, 0–25%; 2, 26–50%; 3, 51–75%; 4, 76–100%). 
Three sections of each tumor were assessed for RANBP9 
staining and the average score was calculated. Based on 
the IHC scores, RANBP9 staining patterns were classified 
as low-level (IHC score, 0 to 4) or high-level (IHC score,  
6 to 12).
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Statistical analysis

Data was analyzed using SPSS 23.0 software (IBM, Armonk, 
NY, USA). Comparison between RANBP9 expression levels 
and clinicopathological CRC parameters was performed 
using a χ2 test. DFS and OS curves were estimated using 
the Kaplan-Meier method and compared using log-rank 
test. Cox regression analysis was used to summarize the 
clinicopathological characteristics with respect to DFS and 
OS. All P values were two-sided and considered statistically 
significant if less than 0.05.

Results

Clinical characteristics of the CRC patients

The 228 CRC patients were between 28 to 75 years old 
(median, 59 years), of which, 155 (68.0%) were male and 
73 (32.0%) were female (Table 1). The primary tumor site 
was right-sided for 86 (37.7%) of the patients and left-
sided for 142 (62.3%) of the patients. Based on the depth 
of tumor invasion, 52 (22.8%) patients were staged at T1 
and T2, while 176 (77.2%) patients were staged at T3 and 
T4. Lymph node metastases were present in 98 (43.0%) 
patients. Distant metastasis was present in seven (3.1%) 
patients whose tumors were radically resected, and were 
included in the TNM III, VI subclass. Nine patients were 
lost during follow-up and were excluded. The cutoff date 
for survival data was December 31st, 2017. The median 
follow-up time for the 228 CRC patients was 61 months. 

Association between RANBP9 expression levels and CRC 
clinicopathological parameters

IHC was used to measure RANBP9 expression levels in 
paraffin-embedded tissue samples from CRC patients 
(Figure 1). Patient samples were divided into low RANBP9 
expression (n=119) and high RANBP9 expression (n=109) 
groups based on RANBP9 staining. Clinicopathological 
parameters are summarized in Table 2. Low RANBP9 
expression levels were correlated with tumor location 
(P=0.014), vascular invasion (P=0.057, marginally 
significant) and normal serum CEA levels (P=0.001). No 
statistically significant association was observed for other 
parameters, including age, gender, differentiation, perineural 
invasion, TNM stage and postoperative chemotherapy. 

Table 1 Baseline characteristics of patients with colorectal cancer 
(n=228)

Characteristics n (%)

Age, years

<65 122 (53.5)

≥65 106 (46.5)

Gender

Male 155 (68.0)

Female 73 (32.0)

Tumor location

Right colon 86 (37.7)

Left colon 142 (62.3)

Differentiation

Well 116 (50.9)

Poorly 112 (49.1)

Vascular invasion

Present 19 (8.3)

Absent 209 (91.7)

Perineural invasion

Present 12 (5.3)

Absent 216 (94.7)

T stage

T1, 2 52 (22.8)

T3, 4 176 (77.2)

N stage

N0 130 (57.0)

N1, 2 98 (43.0)

TNM stages

I, II 127 (55.7)

III, IV 101 (44.3)

Serum CEA

Normal 95 (41.7)

Elevated 133 (58.3)

Post-surgical chemotherapy

No 54 (23.7)

Yes 174 (76.3)

TNM, tumor node metastasis, CEA, carcinoembryonic antigen.
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Survival analysis based on RANBP9 expression levels

Of the 228 selected patients, 71 (31.1%) had an event 
during the follow-up period; there were 46 patients with 
low RANBP9 expression levels and 25 patients with high 
RANBP9 expression levels. Kaplan-Meier curves and log-
rank tests were used to determine the association between 
RANBP9 expression levels and DFS rates. Patients with 
low RANBP9 expression levels had a 5-year DFS rate of 
63.0% compared to 78.9% of patients with high RANBP9 
expression levels (P=0.015; Figure 2A). Subgroup analysis 
of the prognostic value of RANBP9 expression levels was 
performed for patients with right and left-sided colon 
cancer. This was because there was a significant correlation 
between RANBP9 expression levels and tumor location. 
For patients in the right-sided colon cancer subgroup, low 
RANBP9 expression levels were not significantly correlated 
with DFS rates (P=0.171; Figure 2B). However, for patients 
in the left-sided colon cancer subgroup, low RANBP9 

expression levels were significantly correlated with a worse 
DFS rate (P=0.037; Figure 2C). Among all the patients, 53 
(23.2%) died during the follow-up period, of which 34 had 
low RANBP9 expression levels and 19 had high RANBP9 
expression levels. Patients with low RANBP9 expression 
levels had a 5-year OS rate of 72.1% compared to 82.6% 
for patients with high RANBP9 expression levels (P=0.057; 
Figure 3).

Additional analysis of the clinicopathological parameters 
with regards to DFS and OS rates are summarized in Table 3.  
Cox’s proportional hazards model analysis revealed that 
RANBP9 expression levels (P=0.029, HR: 0.580, 95% CI: 
0.356–0.946) and TNM stage (P=0.002, HR: 2.102, 95% 
CI: 1.302–3.392) had a significant influence on DFS rate. 
The univariate P-value of serum CEA was <0.1, and was 
included for multivariate analysis for OS rate. Multivariate 
analysis showed that RANBP9 expression levels (P=0.046, 
HR: 0.553, 95% CI: 0.309–0.989) and TNM staging 

Figure 1 Representative immunohistochemical staining micrographs of RANBP9 expression in colorectal cancer (CRC) tissues. (A) Arrows indicate low 
RANBP9 expression in cytoplasm and nucleus of CRC tissue. (B) Arrows indicate high RANBP9 expression in cytoplasm and nucleus of CRC tissue. 
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Table 2 Association between RANBP9 expression levels and 
clinical parameters in colorectal cancer patients

Characteristic
RANBP9 expression intensity

P value*
Low (%) High (%)

Age, years 0.288

<65 68 (29.8) 54 (23.7)

≥65 51 (22.4) 55 (24.1)

Gender 0.572

Male 83 (36.4) 72 (31.6)

Female 36 (15.8) 37 (16.2)

Tumor location 0.014

Right colon 54 (23.7) 32 (14.0)

Left colon 65 (28.5) 77 (33.8)

Differentiation 0.236

Well 56 (24.6) 60 (26.3)

Poorly 63 (27.6) 49 (21.5)

Vascular invasion 0.057

Present 14 (6.1) 5 (2.2)

Absent 105 (46.1) 104 (45.6)

Perineural invasion 1.000

Present 6 (2.6) 6 (2.6)

Absent 113 (49.6) 103 (45.2)

T stage 0.636

T1, 2 29 (12.7) 23 (10.1)

T3, 4 90 (39.5) 86 (37.7)

N stage 0.349

N0 64 (28.1) 66 (28.9)

N1, 2 55 (24.1) 43 (18.9)

TNM stages 0.424

I, II 63 (27.6) 64 (28.1)

III, IV 56 (24.6) 45 (19.7)

Serum CEA 0.001

Normal 62 (27.2) 33 (14.5)

Elevated 57 (25.0) 76 (33.3)

Post-surgical chemotherapy 0.876

No 29 (12.7) 25 (11.0)

Yes 90 (39.5) 84 (36.8)

Total 119 (52.2) 109 (47.8)

*Differences between the two groups were evaluated using 
χ

2
 test. RANBP9, RAN-binding protein 9. TNM, tumor node 

metastasis, CEA, carcinoembryonic antigen.

Figure 2 Kaplan-Meier curves (log-rank test) representing the 
correlation of RANBP9 expression levels with DFS rate in CRC 
patients. DFS rate of the total patient cohort (A), right (B) and left-
sided (C) colon cancer patients with high (solid line) and low (dotted 
line) RANBP9 expression levels.
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(P=0.004, HR: 2.356, 95% CI: 1.315–4.222) significantly 
affected OS rates. 

Discussion

TNM is a staging method based on the human anatomy, 
however it occasionally fails to reflect the extent of 
tumor malignancy (21). Molecular staging, based on the 
identification of clustered genetic alterations and multi-
marker phenotypes has gained a wider acceptance in 
recent years. It allows CRC to be stratified into diverse 
and discrete subtypes that evolved through independent 
evo lu t ionary  pa thways  (3 ,22 ) .  I t  has  promis ing 
applicability in clinical studies and practice. In this study, 
we demonstrated the correlation between low RANBP9 
expression levels with CRC clinical characteristics, 
including tumor location, vascular invasion, and normal 
serum CEA. Survival analysis demonstrated that low 
RANBP9 expression levels were associated with poor DFS 
and OS rates and was an independent prognostic factor for 
CRC survival as determined by multivariate Cox regression 
analysis. This finding is consistent with previous reports 
for osteosarcoma, lung, gastric and colorectal cancers, and 
demonstrated RANBP9 to be a protective factor (12-15,18).  
RANBP9 is involved in the mitochondrial apoptotic 
pathway during DNA damage-induced apoptosis. It inhibits 
the ERK pathway by interacting with the c-Raf complex, 
and complexes with TSSC3 to inhibit tumor metastases 
via the inhibition of SRC-mediated AKT signaling in 
osteosarcomas (12,23,24). This suggests that RANBP9 

acts as a tumor suppressor. Consequently, high RANBP9 
expression levels could be considered as a molecular marker 
for reduced tumor aggressiveness and may be a good 
CRC prognostic factor. However, Tessari et al. suggested 
a contradictory role for RANBP9 in tumorigenesis. In 
their study, RANBP9 acted as a positive mediator of DNA-
damage response and had potential oncogenic activity 
(16,17). These differences may be cell-type specific, or 
dependent on tumor stage or other clinical characteristics. 

Colorectal cancer has different clinicopathological 
features and genetic patterns in right and left-sided colon 
cancer and may be mainly because of their different 
embryonic origins. Several studies have reported that 
patients with right-sided colon cancer were older, more 
often female, had more advanced tumor stages, larger tumor 
size, and with often poorly differentiated tumors (25). Our 
study demonstrated that RANBP9 expression for right-
sided colon cancer was lower compared to left-sided colon 
cancer, suggesting differences in biological characteristics. 
Since RANBP9 is thought to be a tumor suppressor, its 
lower expression in right-sided colon cancer compared to 
left-sided colon cancer in the present study is reasonable. 
Recent studies have shown that CRC prognosis is associated 
with the location of the primary tumor. It has been 
demonstrated that patients with left-sided colon cancer 
have a better prognosis compared to patients with right-
sided colon cancer (26). Due to the limited sample size, we 
could not support these findings in our study using the Cox 
model. However, in subgroup analysis, RANBP9 expression 
was found to be beneficial for patient prognosis with left or 
the right-sided colon cancer, although the difference for the 
latter was not statistically significant. 

Vascular invasion is critical for tumor cell dissemination 
and metastasis in a variety of cancer cells, and has been 
shown to be a poor prognostic factor for CRC (27). The 
American College of Pathologists classifies vascular invasion 
as a prognostic factor of category I (28). To invade tissues 
and organs, tumor cells must penetrate into the surrounding 
stroma and vessel wall, which consists of endothelial cells 
and extracellular matrix components. Integrin signaling 
pathway is essential for invasion and metastasis (29,30). 
It was found that RANBP9 was associated with LFA-1, 
an integrin receptor that has a role in cell adhesion and 
migration (31). Overexpression of RANBP9 has been 
demonstrated to inhibit cell adhesion. Knockdown of 
RANBP9 promoted adhesion, as well as spreading via 
integrin-dependent signaling (32). In gastric cancer cells, 
downregulation of RANBP9 decreased cell adhesion and 

Figure 3 Kaplan-Meier curves (log-rank test) denoting the 
correlation of RANBP9 expression levels with OS rates in CRC 
patients.
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Table 3 Univariate and multivariate Cox’s regression analyses for OS and DFS in colorectal cancer patients

Variable

DFS OS

Univariate 
P

Multivariate Univariate 
P

Multivariate

HR 95% CI P HR 95% CI P

Gender: male vs. female 0.904 0.427

Age: <65 vs. ≥65 0.116 0.101

Vascular invasion 0.065 1.610 0.795–3.259 0.186 0.007 1.950 0.935–4.064 0.075

Perineural invasion 0.867 0.385

Serum CEA: normal vs. elevated 0.208 0.049 1.735 0.937–3.214 0.080

Tumor location: right vs. left colon 0.954 0.695

Differentiation: well vs. poorly 0.135 0.193

T stage: T1, 2 vs. T3, 4 0.007 0.003

N stage: N0 vs. N1, 2 0.011 0.006

TNM: I, II vs. III, IV 0.001 2.102 1.302–3.392 0.002 0.000 2.356 1.315–4.222 0.004

Post-surgical chemotherapy: no  
vs. yes

0.164 0.399

RANBP9: low vs. high expression 0.017 0.580 0.356–0.946 0.029 0.061 0.553 0.309–0.989 0.046

DFS, disease free survival; OS, overall survival; CEA, carcinoembryonic antigen; TNM, tumor node metastasis; RANBP9, RAN-binding 
protein 9.

increased cell motility (14). The role of RANBP9 in cell 
adhesion and migration may explain the relation between 
low RANBP9 expression levels and vascular invasion of 
CRC observed in the present study. However, vascular 
invasion was not an independent factor in survival analysis. 
This could be because of our small patient cohort size, and 
there were only 19 patients with vascular invasion.

Our study had several limitations. First, this was a 
retrospective study of post-surgical patients performed in 
a local medical institution. Hence, selection bias could not 
be avoided as the distribution of clinical characteristics 
of CRC patients in our study differs from the general 
epidemiological data of CRC to some extent (33); in 
addition, the association between RANBP9 and pre-surgical 
serum CEA levels in this study needs to be validated in 
multicenter institutions using larger patient cohorts. CEA 
is useful for post-surgical surveillance of CRC patients, 
however there have been some conflicting reports on pre-
surgical CEA as a prognostic factor (34). Second, RANBP9 
is a part of a protein complex that is larger than 670KD. It 
has several characteristics of a scaffold protein, including 
protein interactions, cytoskeleton binding, and several 
classical anchoring sites of signal transducers (35,36). Future 

studies are required to elucidate the mechanisms underlying 
its expression and its role in CRC.

Conclusions

Low RANBP9 expression levels were significantly correlated 
with tumor location, vascular invasion and poor survival 
in CRC patients. We identified low RANBP9 expression 
levels as a negative prognostic factor. Our findings may help 
advance the development of novel therapeutic strategies to 
improve CRC outcomes in patients. 
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