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Abstract: Reticulocalbin (RCN) family members could play oncogenic roles in human malignancies and facilitate 
tumor cell proliferation and metastasis. However, the expression pattern and potential function of Reticulocalbin 2 
(RCN2) in colorectal cancer has not been addressed yet. In the present study, we investigated the protein expres-
sion of RCN2 by immunohistochemistry assay, and analyzed its association with tumor progression, recurrence and 
prognosis in 326 cases of patients. Results suggested that the expression of RCN2 was up-regulated in colorectal 
cancer compared with paired adjacent nontumor specimens. RCN2 expression was closely related to tumor size 
and the depth of invasion. Kaplan-Meier analysis proved that RCN2 was associated with both disease-free survival 
and overall survival of patients with colorectal cancer. Moreover, cox’s proportional hazards analysis showed that 
high RCN2 expression was an independent prognostic marker of poor outcome. Consistently, overexpressing RCN2 
promoted CRC cell proliferation both in vitro and in vivo and knockdown RCN2 showed the opposite results. These 
results provided the first evidence that RCN2 level was increased in colorectal cancer and significantly correlated 
with tumor growth and proliferation. It also indicated that RCN2 might serve as a potential marker of tumor recur-
rence and prognosis of colorectal cancer.
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Introduction

Reticulocalbin (RCN) is one member of the 
Ca2+-binding proteins in the secretory pathway 
and is localized in the endoplasmic reticulum 
[1]. RCN was initially found in the mouse terato-
carcinoma cell line by Ozawa et al. in 1993 [2]. 
Subsequently, a human RCN gene was cloned 
from the human transitional cell carcinoma cell 
line by Ozawa et al. in 1995 [3]. Recently, in 
addition to RCN, some RCN family proteins are 
identified in both vertebrates and invertebrates 
[4]. Although the exact functions of RCN remain 
unknown, it may play important roles in the 
maintenance of normal cell behavior and life. 
One of the potent evidence is that homozygous 
deletion of the RCN gene is lethal for mice [5]. 
Accumulating evidences suggest that RCN fam-
ily members may also play a role in tumorigen-
esis, tumor invasion, and drug resistance. It 
was found that RCN1 level was significantly 
increased in a variety of solid tumors, such as 
renal cell carcinoma [6], breast [7], colorectal 

[8], lung [9] and liver cancer [10], and could 
facilitate tumor invasion and metastasis in 
these malignancies. In addition, ERC55, one of 
the RCN family proteins, was reported to play 
an important role in the oncogenesis of human 
cervical carcinomas infected by the papilloma 
virus [11]. Furthermore, Hou et al. [12] reported 
that RCN3, a new member of RCN family mem-
bers, may be involved in the development of 
non-small cell lung cancer. These results in- 
dicated that RCN family members could play 
oncogenic roles in human malignancies and 
facilitate tumor cell invasion and metastasis. 

Reticulocalbin-2 (RCN2, also named as ERC-
55), is a 55-kDa Ca2+-binding protein contain- 
ing six EF-hands, which was identified to be 
localized in endoplasmic reticulum [13, 14]. 
Nevertheless, the reports on the role of RCN2 
in various cancers are very limited. Ding et al. 
[15] found that RCN2 was upregulated in 
tumors compared with adjacent non-tumorous 
tissues in hepatocellular carcinoma patients. 

http://www.ajcr.us
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Figure 1. A significant over-expression of RCN2 in CRC tissues. A. IHC assays of RCN2 expression in 326 paired 
CRC samples and adjacent non-tumorous tissues. The left panel represents low RCN2 expression in adjacent non-
tumorous tissues. The middle and right panel represents low and high RCN2 expression in CRC.  Scale bar, 100 
μm. B. RCN2 expression levels were compared with CRC and paired adjacent non-tumorous specimens. C. qRT-PCR 
analyses for expression levels of RCN2 in 40 paired tissues from CRC patients. The relative expression ratio of tu-
mor to peritumor was log2 transformed. The data were displayed according to serial patient ID number. Statistical 
analysis was performed by paired-samples t-test. **P < 0.01. NT: non-tumorous tissues; T: tumorous tissues; CRC: 
colorectal cancer. 

Furthermore, they proved that RCN2 plays a 
pivotal role in HCC cell proliferation and tumor 
growth. However, till now, the expression level 
and potential function of RCN2 remain unclear 
in colorectal cancer. 

Therefore, in order to clarify the expression 
level and explore the potential function of RCN2 
in colorectal cancer, we investigated the pro-
tein expression level of RCN2 in clinical speci-
mens by immunohistochemistry assay, ana-
lyzed the association of RCN2 level with cli- 
nicopathological characteristics and postoper-
ative survival of patients in the present study.

Results

RCN2 expression detected in clinical speci-
mens

In the present study, we examined RCN2 ex- 
pression in human colorectal cancer speci-
mens by immunohistochemistry, including 236 

cases of human colorectal cancer samples  
and 236 paired adjacent nontumor samples. 
According to the immunohistochemical stain- 
ing evaluation protocol described in methods, 
169 cases were defined as high RCN2 expres-
sion and 157 cases were defined as low RCN2 
expression in human colorectal cancer sam-
ples. Among the 236 cases of paired adjacent 
nontumor specimens, high RCN2 expression 
was found in 59 cases of specimens and low 
expression was detected in 177 cases of speci-
mens. With regard to its subcellular localiza-
tion, RCN2 was found to be localized in cyto-
plasm (Figure 1A). Immunohistochemical re- 
sults indicated that the positive rate of RCN2 in 
colorectal cancer specimens was significantly 
increased, compared with that in paired adja-
cent nontumor specimens (P < 0.01) (Figure 
1B). Consistently, quantitative real-time reverse 
transcription (qRT-PCR) analysis showed that 
RCN2 was upregulated in CRC tissues at mRNA 
level (Figure 1C). These results suggested that 
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depth of tumor invasion (P = 0.006) and TNM 
stage (P = 0.015). Nevertheless, no statistically 
significant associations were observed regard-
ing gender (P = 0.824), age at diagnosis (P = 
0.507), tumor site (P = 0.026), lymph node 
metastasis (P = 0.819) or distant metastasis  
(P = 0.254). The results are summarized in 
Table 1.

Association of RCN2 level with disease-free 
survival

Kaplan-Meier analysis was used to evaluate 
the disease-free survival of patients with co- 
lorectal cancer and RCN2 expression. The re- 
sults showed that patients with tumors of RC- 
N2 high expression had unfavorable disease-
free survival compared with those with tumors 
of RCN2 low expression (Figure 2, log-rank te- 
st: P = 0.017). The median disease-free survi- 
val of patients with RCN2 positive tumors was 
47.5 months (95% CI: 27.7-67.3). While the 
median disease-free survival time of patients 
with RCN2 low expression tumors cannot be 
estimated due to the fact that more than half  
of patients survived. This survival pattern indi-
cated that patients with colorectal cancer of 
high RCN2 expression had a higher risk of tu- 
mor relapse compared with those with low 
RCN2 expression. In univariate survival analy-
sis, tumor size (log-rank test: P = 0.003), dep- 
th of invasion (log-rank test: P = 0.002), and 
TNM stage (log-rank test: P < 0.001) were al- 
so proved to be associated with disease-free 
survival of these patients, which indicates th- 
at patients with colorectal cancer of large tu- 
mor size, deep depth of invasion or advanced 
TNM stage had shorter disease-free survival 
and higher risk of relapse than those without. 
However, no statistically significant associa-
tions were observed between disease-free sur-
vival and gender, age, or tumor site. The unad-
justed hazard ratio (HR) was shown in Table 2.

To verify the independent effect of RCN2 level 
on disease-free survival of patients involved, 
cox proportional hazards model analysis was 
performed adjusting for gender, age at diagno-
sis, tumor depth of invasion and TNM stage, 
which aimed to control for confounding fac- 
tors. The results showed that high RCN2 level 
was independently associated with unfavor-
able disease-free survival of patients after  
controlling for all these factors. The adjusted 

Table 1. Relationship between tumor RCN2 ex-
pression and clinic features

Variables No. of 
cases

RCN2 
expression P value
Low High

All 326 157 169
    Age 0.507
        <60 170 85 85
        ≥60 156 72 84
    Gender 0.824
        Female 148 70 78
        Male 178 87 91
    Tumor size 0.003*
        <5.0 cm 140 81 59
        ≥5 cm 186 76 110
    Differentiation grade 0.311
        Well 39 18 21
        Moderately 239 111 128
        Poor 48 28 20
    Depth of invasion 0.006*
        T1+T2 120 70 50
        T3+T4 206 87 119
    Lymph node metastasis 0.819
        Absent 122 60 62
        Present 204 97 107
    Distant metastasis 0.254
        Absent 283 140 143
        Present 43 17 26
    TNM stage 0.015*
        I + II 153 85 68
        III + IV 173 72 101
Abbreviations: TNM, tumor-nodes-metastases; *P value < 
0.05 was considered statistically significant.

the expression of RCN2 was upregulated in 
colorectal cancer and abnormal RCN2 expres-
sion might be related to the progression of 
colorectal cancer.

Association of RCN2 level with clinicopatho-
logic characteristics

As results showed an increased expression pat-
tern of RCN2 in colorectal cancer tissues, we 
next examined the relationship between RCN2 
expression and selected clinicopathological 
parameters in colorectal cancer patients in- 
volved. The statistical analysis results showed 
that RCN2 was significantly associated with 
tumor size (P = 0.003). Moreover, a significant 
correlation was identified between RCN2 and 
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stage (log-rank test: P < 0.001) were also found 
to be associated with overall survival of these 
patients in univariate survival analysis, indicat-
ing that patients with large tumor size, deep 
depth of invasion or advanced TNM stage had 
unfavorable overall survival. Nevertheless, no 
statistically significant associations were found 
between overall survival and gender, age, or 
tumor site. The unadjusted hazard ratio (HR) 
was shown in Table 3.

Multivariate analysis indicated that RCN2 ex- 
pression could be a prognostic factor for over- 
all survival of patients with colorectal cancer 
after adjusting for gender, age at diagnosis, 
depth of invasion and TNM stage. In multivari-
ate analysis, tumor size, depth of invasion and 
TNM stage were also found to be independen- 
tly correlated to overall survival of patients. 
Nevertheless, no statistically significant asso-
ciations were observed between overall surviv-
al and gender, age or tumor site (Table 3).

Overexpressing RCN2 promotes CRC cell prolif-
eration both in vitro and in vivo

To determine the functional role of RCN2 in 
CRC cell, two CRC cells (SW480 and SW620) 
with moderate RCN2 expression were selected 
to establish cell models of RCN2 overexpres-
sion or knockdown (Figure 4A and 4B). As 
shown in Figure 4C, CRC cells with RCN2 over-
expression showed significantly elevated pro-
tein level. Given the previous results that RC- 
N2 was significantly associated with tumor si- 
ze, tumor invasion and TNM stage, we deter-
mined the effect of RCN2 on cell proliferation  
in vitro. Confirmedly, we found that forced ex- 
pression of RCN2 showed significantly incre- 
ased ability of cell proliferation (Figure 4D). 
Moreover, colony formation assay showed that 
overexpression of RCN2 could significantly ele-
vate the ability of cell colony formation in CRC 
cells (Figure 4E). In addition, xenograft nude 
mice mode showed that elevated the level of 
RCN2 significantly enhanced tumor tumorigen-
esis capacity in vivo (Figure 4F). Furthermore, 
IHC staining of Ki-67, a proliferative cell marker, 
was performed in these tumors. As shown in 
Figure 4G, we found that the level of Ki-67 had 
a positive correlation with RCN2. In conclusion, 
the results demonstrated that highly expressed 
RCN2 could promote CRC cell proliferation both 
in vitro and in vivo.

Figure 2. Kaplan-Meier curve analysis of disease-
free survival in CRC patients by the expression of 
RCN2. Recurrence/total number of patients in each 
subgroup were presented. Log-rank test was used to 
calculate the difference significance.

HR of patients with colorectal cancer of high 
RCN2 expression was 0.82 (95% CI: 0.56-0.21, 
P = 0.034), compared with those with RCN2 
low expression tumors (Table 2). Moreover, tu- 
mor size, tumor depth of invasion and TNM 
stage were also found to be independently  
correlated to disease-free survival of patients 
in multivariate analysis. These results suggest-
ed that patients with high RCN2 expression 
would have a higher risk to relapse than those 
with low level of RCN2.

Association of RCN2 expression with overall 
survival of patients

Similar to the results on disease-free survival, 
RCN2 expression level was found to be statisti-
cally related to overall survival of patients. 
Univariate survival analysis results showed th- 
at patients with tumors of high RCN2 expres-
sion had unfavorable overall survival, com-
pared with those with tumors of low RCN2 
expression (Figure 3, log-rank test: P = 0.024). 
The postoperative median overall survival of 
patients with RCN2 positive tumors was 52.4 
months (95% CI: 31.6-69.4). However, the me- 
dian overall survival time of patients with RCN2 
negative tumors cannot be estimated due to 
more than half of patients survived. In addi- 
tion, tumor size (log-rank test: P = 0.007), depth 
of invasion (log-rank test: P = 0.031) and TNM 



Reticulocalbin 2 predicts poor prognosis in CRC

2173 Am J Cancer Res 2017;7(11):2169-2179

Table 2. Association of RCN2 and clinical factors with disease-free survival
Unadjusted HR* (95% CI) P Adjusted HR† (95% CI) P

RCN2 high expression 0.633 (0.434-0.924) 0.018 0.820 (0.555-1.210) 0.034
Gender 1.118 (0.118-1.607) 0.547 - -
Age at diagnosis 0.665 (0.459-0.962) 0.058 - -
Tumor site 1.093 (0.759-1.574) 0.634 - -
Tumor size 0.550 (0.372-0.813) 0.003 0.695 (0.466-1.036) 0.026
Depth of invasion 1.803 (1.237-2.628) 0.002 0.577 (0.385-0.866) 0.012
TNM stage 5.985 (3.708-9.660) <0.001 2.209 (1.127-3.342) 0.008
*Hazard ratios in univariate models. †Hazard ratios in multivariable models. Abbreviations: HR, hazard ratio; 95% CI, 95% 
confidence interval.

Figure 3. Kaplan-Meier curve analysis of overall 
survival in CRC patients by the expression of RCN2. 
Death/total of patients in each subgroup were pre-
sented. Log-rank test was used to calculate the dif-
ference significance.

Knockdown RCN2 inhibits CRC cell prolifera-
tion both in vitro and in vivo

We then established cell model with RCN2 
knockdown using the same CRC cells. As shown 
in Figure 5A, SW480 and SW620 with RCN2 
silencing showed RCN2 low expression. Next, 
the role of RCN2 in vitro CRC cell proliferation 
was determined by cell counting assay. Our 
results showed that CRC cells with RCN2 kno- 
ckdown significantly decreased the ability of 
cell proliferation which was opposite to that of 
RCN2 overexpression (Figure 5B). In addition, 
colony formation assay showed the similar 
results (Figure 5C). Consistently, stable knock-
down RCN2 significantly inhibited tumor growth 
in vivo (Figure 5D and 5E). Taken together, 
these results suggest that knockdown RCN2 

could inhibit CRC cell proliferation both in vitro 
and in vivo.

Discussion

Colorectal cancer (CRC) is one of the most prev-
alent malignancies throughout the world and 
the fourth most common cancer cause of dea- 
th globally [16]. Several risk factors for CRC 
have been reported, including western dietary 
patterns [17], familial adenomatous polyposis 
[18], ulcerative colitis [19] and colorectal ade-
nomas [20]. Although great progress has been 
made in the clinical diagnosis and treatment of 
CRC, the absence of well-defined molecular  
targets makes treatment of CRC challenging. 
Considering the high mortality rate of CRC and 
poor patient response to current therapies, the 
discovery of novel biomarkers involved in this 
pathophysiologic process will shed light on the 
understanding of the molecular mechanisms 
underlying cancer progression, providing more 
effective management strategies. 

Recently, studies on RCN2 functions mainly 
focused on its role in differentiation and endo-
crine regulation in mouse [21, 22]. For exam-
ple, RCN2 is involved in the regulation of extra-
embryonic endoderm differentiation of mouse 
embryonic stem cells. Manichaikul et al. [22] 
found that RCN2 can act as a novel regulator  
of cytokine expression in an atherosclerotic 
mouse model. Another study has suggested 
that RCN2 could be a potential tumor-associat-
ed antigen for mammary cancer immunological 
prevention [23]. Up to now, the experimental 
evidence uncovering the role of RCN2 in can- 
cer is very limited. However, RCN1, a homology 
of RCN2, has been found aberrantly expressed 
in several cancerous cell lines. Furthermore, 
RCN1 has been identified as a potential tumor 



Reticulocalbin 2 predicts poor prognosis in CRC

2174 Am J Cancer Res 2017;7(11):2169-2179

Table 3. Association of RCN2 and clinical factors with overall survival
Unadjusted HR* (95% CI) P Adjusted HR† (95% CI) P

RCN2 high expression 0.596 (0.381-0.934) 0.024 0.806 (0.510-1.272) 0.041
Gender 1.116 (0.729-1.709) 0.612 - -
Age at diagnosis 1.403 (0.911-2.161) 0.125 - -
Tumor site 0.813 (0.531-1.245) 0.342 - -
Tumor size 0.247 (0.139-0.438) 0.007 0.314 (0.176-0.561) 0.035
Depth of invasion 0.636 (0.411-0.986) 0.043 0.792 (0.508-1.233) 0.031
TNM stage 0.189 (0.108-0.333) <0.001 0.24 (0.136-0.425) 0.012
*Hazard ratios in univariate models. †Hazard ratios in multivariable models. Abbreviations: HR, hazard ratio; 95% CI, 95% 
confidence interval.

Figure 4. Overexpressing RCN2 promotes CRC cell proliferation both in vitro and in vivo. A, B. Protein and mRNA 
expression levels of RCN2 in different CRC cell lines. C. RCN2 expression in SW480 and SW620 cells, which were 
transiently transfected with expression vector as indicated. D. Cell counting of CRC cells with RCN2 overexpression. 
E. Colony formation assay of CRC cells with RCN2 overexpression. F, G. Tumor growth curves and comparison of 
Ki-67-positive cells in tumor tissues of subcutaneous xenograft tumor model developed from CRC cells which were 
stably transfected with forced-expression vector (n = 4). Scale bar, 50 μm. RCN2, expression vector encoding RCN2; 
EV, empty vector; Data shown are the mean ± S.E.M. from three independent experiments. *P<0.05; **P<0.01.

biomarker in renal cell carcinoma [6], breast 
[7], colorectal [8], lung [9] and liver cancer [10]. 

Moreover, a recent study indicates that RCN1 
can confer non-small-cell lung cells resistance 
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Figure 5. Knockdown RCN2 inhibits CRC cell proliferation both in vitro and in vivo. A. RCN2 expression in SW480 
and SW620 cells, which were transiently transfected with siRNA as indicated. B. Cell counting of CRC cells with 
RCN2 knockdown. C. Colony formation assay of CRC cells with RCN2 knockdown. D, E. Tumor growth curves and 
comparison of Ki67-positive cells in tumor tissues of subcutaneous xenograft tumor model developed from CRC 
cells which were stably transfected with shRNA of RCN2 (n = 4). Scale bar, 50 μm. siRCN2-1 and siRCN2-2, siRNAs 
against RCN2; siCtrl, control siRNA. shRCN2, shRNA expression vector against RCN2; shCtrl, control shRNA. Data 
shown are the mean ± S.E.M. from three independent experiments. *P<0.05; **P<0.01.

to chemotherapy [9]. While RCN1 has been stu- 
died extensively, the role of RCN2 in oncogen-
esis and progression, especially CRC pathogen-
esis remains to be explored.

Therefore, we conducted the present study to 
determine RCN2 expression level and its asso-
ciation with clinical features, disease-free sur-
vival and overall survival of patients with co- 
lorectal cancer. RCN2 staining results indicated 
that RCN2 level in colorectal cancer was upreg-
ulated compared with that in paired adjacent 
nontumor tissues. Further statistical analysis 
revealed that high RCN2 expression level in 
colorectal cancer was significantly associated 
with tumor size, depth of invasion and advanced 
TNM stage. High RCN2 expression was more 
frequently to be detected in tumors with large 
tumor size, deep depth of invasion or advanced 
TNM stage in our investigation, indicating that 
RCN2 might promote tumor growth and pro-
gression in CRC. Next, we analyzed the associa-
tion of RCN2 level with disease-free and overall 
survival. In our study cohort, high RCN2 expres-
sion was found to be correlated with unfavor-
able disease-free and overall survival. In both 
univariate and multivariate survival analysis, 
the prognostic impact of RCN2 for disease-free 
and overall survival was both statistically sig-
nificant. Moreover, overexpressing RCN2 pro-
moted CRC cell proliferation both in vitro and in 
vivo and knockdown RCN2 showed the oppo-
site results. The results proved that RCN2 
might be an independent molecular marker of 
tumor recurrence and survival for patients with 
CRC. Therefore, our findings have important 
clinical significance and applicable value.

It has been reported that RCN2 could affect 
dimerization and internalization of epidermal 
growth factor receptor (EGFR), and probably 
participated in the regulation of EGFR-ERK 
pathway and cell proliferation [15]. In hepato-
cellular carcinoma (HCC), RCN2 knockdown 
cells exhibited significant decrease in cell gr- 
owth rate compared with control cells. Addi- 
tionally, exogenous expression of RCN2 in kno- 

ckout HCC cells significantly promoted cell 
growth, accelerated G1/S transition and in- 
creased cyclin D1 expression [15]. Overex- 
pressed RCN2 not only correlates with disease 
progression in HCC but also plays a pivotal role 
in the developed resistance to tyrosine kinase 
inhibitors (TKIs) [15]. These findings may pro-
vide clues for the mechanism of the tumor pro-
moting role of RCN2 in colorectal cancer dem-
onstrated by our investigation. In this study, our 
data demonstrated that RCN2 promoted CRC 
cell proliferation both in vitro and in vivo which 
was consistent with clinical feature of patients 
with different RCN2 expression. However, fur-
ther studies are still needed to explore the 
molecular mechanism of RCN2 in colorectal 
cancer.

In conclusion, we proved that RCN2 expression 
level in human CRC was up-regulated and sig-
nificantly associated with tumor cell growth and 
proliferation. Our results also proved for the 
first time that RCN2 was independently associ-
ated with disease-free and overall survival of 
patients with CRC. In addition, our data also 
showed that RCN2 promoted CRC cell prolifera-
tion in vitro and in vivo. These results indicated 
that RCN2 may be a potential predictive marker 
of tumor recurrence and prognosis for patients 
with CRC.

Materials and methods

Cell culture and tissue collection 

Human CRC cell lines SW480 and SW620 were 
routinely cultured in RPMI-1640 medium (Gib- 
co) respectively, supplemented with 10% fetal 
bovine serum (Gibco), 100 U/mL penicillin and 
100 mg/mL streptomycin (PAN Biotech, Aden- 
bach, Germany). In accordance with the Hel- 
sinki declaration, all patients or family mem-
bers involved have signed an informed consent 
form. The study cohort consisted of 236 cas- 
es clinical specimens from patients who were 
diagnosed as colorectal cancer between Ja- 
nuary 2011 and June 2013 in the Department 
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of General Surgery, Tangdu Hospital affiliated 
with the Fourth Military Medical University in 
Xi’an, China. The histomorphology of all tissue 
specimens were confirmed by the Department 
of Pathology, Tangdu Hospital. Patients with  
following criteria were subsequently excluded: 
refused consent; received treatment prior to 
surgery including neoadjuvant chemotherapy; 
diagnosed as colorectal stromal tumor; har-
vested insufficient specimens for protein ex- 
pression evaluation; diagnosed with additional 
cancers. Clinicopathologic information and fol-
low-up data of the remaining 236 patients  
were prospectively entered into a database, 
which was under a close follow-up scheme and 
updated with respect to survival status every 
three month by telephone visit and question-
naire letters. The present study has been ap- 
proved by the Ethics Committee of Fourth 
Military Medical University.

Measurement of endpoints

Disease-free survival is defined as the time 
elapsed from surgery to the first occurrence of 
any of the following events: recurrence of 
colorectal cancer; distant metastasis of co- 
lorectal cancer; or death from any cause with-
out documentation of a cancer-related event; 
development of second non-colorectal malig-
nancy excluding basal cell carcinomas of the 
skin and carcinoma in situ of the cervix. The 
diagnosis of recurrence and distant metastasis 
was based on the imaging method such as 
computed tomography, endoscope, ultrasono- 
graphy, magnetic resonance imaging and po- 
sition emission tomography. Cytologic analysis 
or biopsy was performed if possible. Overall 
survival is defined as the time elapsed from 
surgery to death of patients with colorectal can-
cer. Death of participants was ascertained by 
reporting from the family and verified by review 
of public records. The disease-free and overall 
survival status was assigned by trained staff 
blinded to other clinicopathologic and RCN2 
expression data.

Immunohistochemistry assay and staining 
evaluation

Immunohistochemistry assay on RCN2 was 
performed in all the 236 cases of colorectal 
cancer and 236 paired adjacent non-tumor 
samples. In addition, cell proliferation-associat-
ed nuclear antigen Ki67 was assessed in nude 
mice xenograft samples. Fresh tissues were 

fixed in 10% formalin and embedded in paraffin 
wax. One of the deepest sections from each 
tumor was selected for evaluation, and 4-μm 
sections were examined by immunohistochem-
istry. Tissue sections were deparaffinized in 
xylene, and then rehydrated in graded concen-
trations of ethyl alcohol. Antigen retrieval was 
performed by placing the tissues in sodium 
citrate buffer and applying a high voltage for  
3 min (pH 6.0), followed by natural cooling. 
Then sections were placed in 3% H2O2 for 15 
min to inhibit the endogenous peroxide acti- 
vity, washed three times with phosphate-buff-
ered saline (PBS) buffer for 5 min and placed  
in normal goat serum as blocking antibody at 
room temperature for 20 min. The primary an- 
tibody against RCN2 and Ki67 utilized was ra- 
bbit polyclonal antibody (1:200; Proteintech, 
Chicago, IL, USA), (1:200; Maixin Biotech, Fu- 
zhou, China) respectively. After incubation at 
4°C for 18 h, sections were washed three ti- 
mes with PBS buffer for 15 min. The samples 
were then incubated with the biotinylated goat 
anti-rabbit secondary antibodies and strepta- 
vidin peroxidase at 37°C for 20 min. Subse- 
quently, the sections were washed with distill- 
ed water and PBS for 15 min. Prepared fresh 
3,3’-diaminobenzidine (DAB) solution was dro- 
pped onto the slides, which were then incubat-
ed at 37°C for 5 min. The sections were then 
counterstained in hematoxylin, washed with 
distilled water, differentiated with 1% hydro-
chloric acid alcohol, washed with distilled water. 
The expression level of RCN2 was independent-
ly evaluated by 2 pathologists who were blind  
to the clinical data, according to the propor- 
tion and intensity of positive cells that were 
determined within 5 microscopic visual fields 
per slide. In brief, for quantitative scoring analy-
sis, the percentage of positive stained cells 
was categorized as assigned to the one of five 
categories: score 0, 0-9%; score 1, 10%-25%; 
score 2, 26%-50%; score 3, 51%-75%; score 4, 
76%-100%. The staining intensities was inde-
pendently categorized as no staining (score 0), 
weak (score 1), moderate (score 2), or strong 
(score 3). The total score was calculated as the 
product of intensity and extent, ranging from 0 
to 12.

Quantitative real-time reverse transcription 
PCR (qRT-PCR) 

Briefly, Total RNA was isolated from CRC tis-
sues and cells and was used for reverse tran-
scription. The cDNA was performed for qRT-
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PCR analysis to evaluate the relative expres- 
sion levels of RCN2. The sequences of primers 
were shown as followings: 5’-AGATGTATGA 
TCGTGTGATTGACT-3’ and 5’-GGACCTGAATCC- 
TGGTTAGC-3’ for RCN2. For β-actin, the se- 
quences were 5’-TGACCCAGATCATGTTTGAG-3’ 
and 5’-CGTACAGGGATAGCACAG-3’.

Western blot analysis

Protein lysates were separated using SDS-
PAGE, transferred to polyvinylidenedifluoride 
(PVDF) membrane (Millipore, Bedford, MA), 
hybridized with primary antibodies against 
RCN2 (1:1000), and β-actin (1:3000, Sigma) 
overnight at 4°C, and then incubated with HRP-
conjugated secondary antibodies. Immuno- 
blots were detected using the enhanced che- 
miluminescence reagent (Pierce, Rockford, IL) 
according to the manufacturer’s instructions.

Knockdown and forced expression of target 
genes

For the generation of shRNA expression vec-
tors, a specific sequences targeting the hu- 
man RCN2 mRNA sequence (5’-GACGGAAUU- 
UGUCAUUCAATT-3’) was cloned into the pSilen-
cerTM 3.1-H1 puro vector (Ambion). For overex-
pression, the coding sequence of mtSSB was 
amplified from cDNA derived from SW480  
cells using primers (RCN2-sense: 5’-CCGACT- 
CGAGCGGATGCGGCTGGGCCCG-3’; RCN2-anti- 
sense: 5’-CGGGGTACCGTAAGCTCATCATGATA- 
3’) and cloned into the pcDNATM 3.1(+) vector 
(Invitrogen). Stable transfectants were gener-
ated after selection with G418 (Sigma-Aldrich, 
A1720) for 3 weeks. All siRNAs were synthe-
sized by GenePharma (Shanghai, China). The 
sequences of siRNA for RCN2 were 5’-GA- 
CGGAAUUUGUCAUUCAATT-3’ for siRCN2-1; 5’- 
CUUGGGUAGUACCUAAUAATT-3’ for siRCN2-1 
and 5’-UUCUCCGAACGUGUCACGUTT-3’ for ne- 
gative control siRNA. Both the vectors and si- 
RNAs were transfected with Lipofectamine 
2000 (Invitrogen) reagent according to the 
manufacturer’s protocol.

Determination of in vitro cell proliferation

CRC cells were e transfected with vectors or 
siRNAs for 48 h. Then cells were seeded into 
24-well plates at a density of 0.25 × 104 cells/
well. Cells were trypsinized and counted at 0, 1, 
2, 3 and 4 days. The number of cells was count-
ed using a Countess® Automated Cell Counter 

(Invitrogen, Carlsbad, CA, USA). The assays 
were performed in triplicates.

Plate colony formation assay

Log phase cells with a density of 1000 cells/
well were plated into 6-well plates. The colonies 
of CRC cells were stained with Giemsa after 2 
weeks of culture, and the total number of colo-
nies was counted. Each assay was performed 
in triplicates.

Nude mice xenograft model

Six-week-old BALB/c nude mice weighting 
18-22 g were randomly divided into groups. 
Xenografts were initiated by injection of 1 ×  
107 CRC cells into the back of nude mice. Ten 
days later, the length (L) and width (W) of the 
tumors was measured every 4 days. Tumor vol-
ume (V) was calculated with the formula V = 
1/2 × L × W2. Thirty days later, the mice were 
sacrificed and tumor nodules were dissected. 
The study was approved by the ethics commit-
tee of the Fourth Military Medical University for 
animal research.

Statistical analysis

SPSS 17.0 software (SPSS, Chicago, IL) was 
used for all statistical analyses. Associations 
between RCN2 expression and categorical va- 
riables were analyzed by Pearson X2 test. 
Correlation coefficients were analyzed by con-
tingency or Spearman correlation analysis. Su- 
rvival curves were estimated using the Ka- 
plan-Meier method, and differences in survival 
distributions were evaluated by the log-rank 
test. Cox’s proportional hazards modeling of 
factors potentially related to survival was per-
formed in order to identify which factors might 
have a significantly independent influence on 
survival. Differences with a P value of 0.05 or 
less were considered to be statistically sig- 
nificant.
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