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Decreased expression of SorCS1 in colorectal cancer: An independent 
predictor of poor prognosis 
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Previously, we identified that sortilin related VPS10 domain containing receptor 1 (SorCS1) was hypermethylated in 
colorectal cancer (CRC) tissues. Here, we aimed to investigate the association between CRC and SorCS1. DNA methylation 
was determined by methylation-specific polymerase chain reaction (MSP) or quantitative real-time methylation analysis 
(MethyLight). Colorectal cancer tissue specimens from 239 patients that had undergone surgical treatment were evaluated 
using immunohistochemistry (IHC) analysis for the expression of SorCS1 and correlated with clinicopathological variables 
and prognosis. We found that SorCS1 was hypermethylated in CRC cell lines and 67.5% (27/40) CRC tumor tissues. The 
loss of SorCS1 mRNA (p<0.001) and protein expression (p=0.033) were highly correlated with promoter methylation. In 
addition, SorCS1 expression was significantly increased in younger patients (p=0.006), low CEA level (p<0.001) and pT1–2 
stage (p=0.005). Survival analysis revealed that decreased expression of SorCS1 was an independent factor for predicting 
the increased risk of recurrence (p=0.024) and poor overall survival (p=0.006). Subgroup analysis for CEA level, pT and pN 
classifications showed that SorCS1 retained its stratified significance only in patients with low CEA level, pT3–4 tumors and 
pN1–2 lymph node status. Our findings suggest that SorCS1 is epigenetically inactivated in a substantial fraction of CRC, 
and its expression may be a promising prognostic factor in CRC patients. 
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Colorectal cancer (CRC) is the third most common cause 
of cancer mortality worldwide [1]. Despite modest improve-
ments in the systemic therapy over the last two decades, 
relapse is common among patients with CRC [2]. In recent 
years, the morbidity and mortality of CRC have increased 
rapidly in Chinese population [3]. Although patients with 
an early-stage CRC have a favorable prognosis, a small 
fraction of these patients will inevitably develop a recur-
rence after intentionally curative surgery [4]. The poor 
outcome of certain CRC patients is mainly attributed to 
late diagnosis and tumor recurrence. Therefore, identifying 
these patients with inferior prognosis will allow optimized 
selection of individuals that would benefit from adjuvant 
therapy. Epigenetic alterations, particularly inactivation of 
tumor suppressor genes or tumor-related genes through 

promoter hypermethylation play an important role in the 
development and progression of human cancers, including 
CRC [5–7]. Exciting new insights in such novel genes 
targeted by promoter methylation may help to find alterna-
tive approaches for diagnostic and therapeutic evaluation. 
In order to identify the role of epigenetic alterations in the 
initiation and progression of CRC, we initially carried out an 
epigenome-wide analysis of tissues of normal colon mucosa, 
tubular adenoma and CRC. In this genome-wide survey, we 
found hundreds of novel methylation alterations during early 
stages of progression of tubular adenomas to cancer [8].

Hypermethylation of sortilin related VPS10 domain 
containing receptor 1 (SorCS1) was one of the molecular 
events discovered through HumanMethylation450 Arrays. 
SorCS1 has been reported as the first identified member of 
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a subgroup of the mammalian Vps10p-domain (Vps10p-
D)1 receptor responsible for transporting soluble vacuolar 
enzymes to the yeast vacuole (the yeast equivalent of the 
mammalian lysosome) [9]. Information on SorCS1 is still 
limited and little is known about its cellular and physiolog-
ical functions. Analysis of SorCS1 in healthy tissues showed 
that it is most highly expressed in the brain, heart, kidney, 
pancreatic islets and β-cells [10, 11]. Emerging evidence 
indicated that SorCS1 was related to complex disorders, 
Type 2 diabetes and Alzheimer’s disease [12, 13]. However, 
the role of SorCS1 in tumor is largely unknown. Using 
the TCGA (The Cancer Genome Atlas) Dataset, Hua et al. 
reported that SorCS1 was hypermethylated and downregu-
lated in rectal cancer [14]. Nevertheless, no study has inves-
tigated the protein expression and prognostic significance of 
SorCS1 in human CRCs.

In the present study, we determined the methylation and 
expression status of SorCS1 in colorectal cancer cell lines and 
primary colorectal cancer tissue samples. We also analyzed 
the correlation of SorCS1 expression with clinicopatho-
logical variables and outcomes of patients and addressed its 
prognostic role in CRC.

Patients and methods

Cell lines. Human CRC cell lines HCT116, SW620, LoVo, 
RKO, DLD-1 and Caco-2 were purchased from the U.S. 
National Cancer Institute and cultured by continuous passage 
in Roswell Park Memorial Institute 1640 (Thermo Fisher, 
Waltham, Massachusetts, USA) supplemented with 10% fetal 
bovine serum and 1% penicillin and streptomycin. Cells were 
maintained in a humidified incubator at 37 °C in 5% CO2. 
RNA, DNA and protein were extracted from exponentially 
growing cells. Some of the cell lines were treated with the 
DNMT1 inhibitor (5 μM) 5-aza-2’-deoxycytidine (5-AZA; 
Sigma) in the experiments in this study.

Patients and tissue samples. Tissue specimens used in 
immunohistochemistry (IHC) analysis were obtained from 
239 patients treated for sporadic CRC between January 2009 
and December 2012 in the Colorectal Surgery Department, 
the Sixth Affiliated Hospital of Sun Yat-sen University [15]. 
Both paired tumor and adjacent normal mucosa samples 
were collected from each patient during the surgery. The 
inclusion of the patient cohorts included (a) having a distinc-
tive pathologic diagnosis of CRC, (b) having no distant 
metastasis and none anticancer treatment before surgery, 
(c) having curative resection of CRC, (d) having suitable 
formal infixed, paraffin-embedded tissues and frozen tissues, 
(e) having complete clinicopathologic and follow-up data. 
Curative resection was defined as removal of all macroscopic 
tumor masses, absence of microscopic residual tumor, histo-
logically confirmed negative resection margins and extension 
of lymphadenectomy beyond involved nodes. CRC diagnosis 
was based on World Health Organization criteria and staged 
according to the 7th edition tumor-node-metastasis (TNM) 

classification of the American Joint Committee on Cancer. 
Tumor location was classified as colon and rectum.

Resected tumors from 198 CRC patients were evaluated 
for the presence of the most common mutations of the KRAS 
(codons 12 and 13) and/or BRAF (codon 600) genes.

Follow-up was carried out until April 2017. The median 
follow-up was 64.87 months (range 1.43 to 98.10 months). 
Overall survival (OS) was defined as the interval between 
tumor resection and death; patients alive at the end of follow-
up were censored. Recurrence-free survival was measured 
from the date of surgery to that of recurrent of metastatic 
disease occurrence. We then defined early recurrence (n=33) 
as that diagnosed in the first 24 months after surgery, and 
late recurrence (n=17) as that occurred at any time there-
after. There were 40 cancer specific deaths (mean time 31.13 
months from treatment) and 199 survivors (mean time to the 
last follow-up date 70.89 months).

DNA and RNA extraction. DNA and RNA were isolated 
from the human CRC cell lines, fresh frozen tumor tissues 
and normal mucosa (QIAamp DNA Mini Kit and Qiazol, 
respectively) according to the manufacturer’s instruction. 
The total RNA and DNA extracted from all the samples 
were analyzed for quantity and quality using the NanoDrop 
spectrophotometer. RNA and DNA extraction were repeated 
when samples did not meet the manufacturer’s recommen-
dations. The samples that were not satisfactory for either 
quantity or quality during repeat extraction were excluded 
from the analysis.

SorCS1 methylation analyses. SorCS1 methylation status 
was assessed by methylation-specific PCR (MSP) and quanti-
tative MSP (MethyLight). Firstly, the DNA was modified 
with sodium bisulfite for use in methylation specific PCR 
(MSP) assays as previously described [16]. DNA methyla-
tion of CpG islands was determined by PCR using specific 
primers for both methylated and unmethylated DNA. Two 
sets of primers were used to amplify each region of interest: 
one pair recognized a sequence in which CpG sites are 
unmethylated (bisulfite-modified to UpG), and the other 
recognized a sequence in which CpG sites are methylated 
(unmodified by bisulfite treatment). MSP was performed 
in the ProFlex PCR system (Life, Singapore). The reaction 
system consisted of 1  μl forward primer (20 μM), 1  μl 
reverse primer (10 μM), 1 μl cDNA template and 10 μl Go 
Tap Green Master mix (Promega). The methylated SorCS1 
primers sequences were as follows: methyl-specific forward 
primer: 5’-TTATAGTCGTTAGCGTAGAGTTCGT-3’, reverse 
primer: 5’-AATAAAAAAAACCCCTAAAAATCGA-3’; 
unmethylated specific forward primer: 5’-TTTTTTATA-
GTTGTTAGTGTAGAGTTTGT-3’ and reverse primer: 
5’-ATAAAAAAAACCCCTAAAAATCAAA-3’. The thermo-
cycler conditions are 94 °C × 15 min, 45 × (94 °C × 30 s, 
62 °C × 30 s, 72 °C × 30 s), 72 °C × 10 min. All the samples 
were subjected to at least two independent rounds of sodium 
bisulfite treatment and MSP assays. Control samples from 
cells with known methylated and unmethylated SorCS1 were 
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included in each MSP assay to confirm the technical success 
of the assays. The PCR products were visualized by agarose 
gel electrophoresis and ethidium bromide staining.

Quantitative MSP (“MethyLight”) assays were conducted 
on bisulfite treated DNA following published protocols [16] 
and performed using LC96 PCR System (Roche). CpGenome 
Universal Methylated DNA (Millipore, S7821) was used 
to calculate PMR of each sample. The primers sequences 
are methyl-specific forward primer: 5’-CGGCGGCG-
GTTCGT-3’, methyl specific reverse primer 5’-ACGACC-
GCTTACCCGAACTA-3’; probe sequence: 5’-CGCGTTCG-
GTATAAGT-3’.

Real-time quantitative PCR analysis. PCR was performed 
in a final volume of 20 μl containing 1 μl cDNA, 1 μl SorCS1 
TaqMan® Gene Expression Assay (Hs00364666_m1, Thermo 
Fisher) and 2X TaqMan® Universal Master Mix (Thermo 
Fisher). Data were normalized to the housekeeping gene 
GUSB (Hs00939627_m1, Thermo Fisher). All reactions 
were run in triplicate on an LC96 PCR System (Roche). The 
relative expression level of SorCS1 mRNA for each sample 
was calculated as: ΔΔCt (sample) = ΔCt (sample) – ΔCt 
(calibrator), where ΔCt (sample) = Ct (sample) of SorCS1 
mRNA – Ct (sample) of GUSB mRNA; ΔCt (calibrator) of 
SorCS1 mRNA = Ct (calibrator) of SorCS1 – Ct (calibrator) 
of GUSB mRNA. The fold changes in mRNAs were calcu-
lated by the equation 2–ΔΔCt. The calibrator was defined as the 
sample with the highest Ct value of SorCS1 mRNA (sample 
with the lowest expression level of SorCS1 mRNA) among 
all samples.

Immunohistochemistry staining. Formalin-fixed, 
paraffin-embedded sections of colorectal adenocarci-
nomas and matched normal colonic mucosa tissues were 
subjected to immunostaining using a rabbit anti-human 
SorCS1 polyclonal antibody (HPA011948, Sigma-Aldrich). 
Briefly, 4 μm tissue sections were deparaffinized, rehydrated 
and subjected to antigen retrieval by Tris-HCl (pH 9.2) 
through microwave at 100 °C for 30 min. The sections 
were blocked with goat serum and then incubated with 
anti-SorCS1 primary antibody (1:100 dilution) overnight 
at 4 °C. Next, the sections were stained with 3,3’-diamino-
benzidine, counterstained with hematoxylin and mounted. 
The samples were scored according to following criteria: (a) 
percentage of immunoreactive cells, 1 = 0–30%, 2 = >30–70%, 
3 = >70%; and (b) staining intensity, 0 = negative, 1 = weak, 
2 = moderate and 3 = strong. The final score generated used 
to score the slide was (a) × (b). Each IHC score was indepen-
dently assessed by two pathologists without prior knowledge 
of patient data. Differences in scores were discussed by the 
two pathologists to reach an agreement. A third pathologist 
would take part in the discussion if necessary. For statistical 
analysis, IHC scores of 0–3 were considered low expression, 
and scores of 4–9 were considered high expression.

Western blot analysis. Western blot analysis was 
performed as described previously [16]. The membrane 
was incubated with anti-SorCS1 rabbit polyclonal antibody 

(HPA011948, Sigma-Aldrich) and anti-GAPDH antibody 
(sc-69778, Santa Cruz Biotechnology) (1:2000 for SorCS1 
and 1:1000 for GAPDH). Immunoreactive proteins were 
then visualized by incubating the PVDF membranes with 
ECL plus detection reagents, followed by imaging of chemi-
luminescence on an imager (X-ray film-based).

Statistical analysis. Statistical analyses were performed 
with the SPSS, version 20. Receiver operating characteristic 
(ROC) curves and area under the curve (AUC) for SorCS1 
methylation frequency of primary tissues were constructed 
on the basis of methylation levels. Associations between 
SorCS1 expression and clinicopathological variables were 
evaluated using Chi-Square and Fisher’s Exact Tests. 
Student’s t-test was used to compare data of two different 
groups for normally distributed quantitative data. Univariate 
and multivariate analyses were also conducted using Cox’s 
proportional hazard model for analyzing prognostic factors. 
Survival curves were compared with the log-rank test. All 
statistical tests were two-sided, with significance defined as 
a p-value of <0.05.

Results

Decreased expression and hypermethylation of SorCS1 
in CRC cell lines and tumor tissues. After observing 
methylated SorCS1 in the colorectal cancers ran on the 
HumanMethylation450 arrays, we assessed the methylation 
status of SorCS1 in a second independent set of CRC cell 
lines, normal colon mucosa and CRCs using primer sets in 
promoter region of SorCS1, which had been validated. First, 
quantitative RT-PCR (qRT-PCR) (Figure 1A) and western 
blot (Figure 1B) were employed to examine the expression 
of SorCS1 in 6 colon cancer cell lines. SorCS1 expression was 
remarkably decreased in RKO, DLD-1, Caco-2 and HCT-116 
cell lines compared with SW620 and LoVo cells. SorCS1 
methylation status was assessed in the identical panel of 
cell lines (Figure 1C). The cell lines that carried methylated 
SorCS1 expressed relatively low mRNA and protein levels 
of SorCS1 (Figures 1A, 1B). To furtherly substantiate that 
SorCS1 methylation is primarily responsible for the loss of 
SorCS1 expression, we treated HCT-116, DLD-1 and SW620 
cells with a DNA methyltransferase inhibitor, 5-aza-2’-deox-
ycytidine, to determine whether demethylation restored 
SorCS1 expression. As shown in Figure 1D, 5-aza-2’-deoxy-
cytidine reactivated SorCS1 expression in the HCT-116 and 
DLD-1 as detected by qRT-PCR, while not obvious affecting 
that in SW620, suggesting that DNA methylation plays a 
causal role in the SorCS1 loss of expression in CRC. The 
methylation of SorCS1 after treatment also assessed by MSP 
and the result is shown in Figure 1E. The methylated and 
unmethylated PCR products in promoter region of Sorcs1 are 
251 and 254, respectively. To determine whether there was a 
more consistent relationship between SorCS1 methylation 
status and expression in primary tumor samples, we analyzed 
SorCS1 methylation status and mRNA expression in primary 
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Immunohistochemistry (IHC) was performed to evaluate 
SorCS1 protein expression in 239 pairs of CRC tumor tissues 
and their adjacent normal tissues. In positive samples, 
SorCS1 protein was expressed predominantly in cellular 
cytoplasm and membrane, but not in nucleus.

In the malignant tissues, unlike adjacent normal mucosa 
tissues, the expression area and intensity were both hetero-
geneous. The expressions of the tumors were divided into 
four groups according to the immunohistochemical score: 
negative (staining score 0), low (staining score 1–4), interme-
diate (staining score 5–8) or high (staining score 8–12). For 
statistical analysis, IHC scores of 0–4 were considered low 
expression and scores of 5–12 were considered high expres-
sion. Low expression was detected in 135 CRC cases (56.49%), 
whereas 236 adjacent normal mucosa tissues (98.74%) 
expressed high levels of SorCS1 (Figures 2D–F). When we 
compared the methylation data with the protein expression, 

40 pairs of colorectal cancer samples and in adjacent normal 
colon mucosa. We first established that a Percent of Methyl-
ated Reference (PMR) threshold of 20.7% had a specificity of 
~ 90% for cancer vs. normal tissue according to ROC analysis 
and the AUC for this sample set is 0.894 (0.828–0.960). Using 
this PMR threshold, we detected SorCS1 promoter methyla-
tion in 67.5% of colorectal cancers (n=27), then the methyl-
ation-low and the methylation-high groups were defined 
through this cut-off value. Using this same PMR threshold, 
SorCS1 promoter methylation was found in 10.0% adjacent 
non-tumor tissues (n=4) (Figure 2A). Expression data showed 
that SorCS1 mRNA level was lower in primary CRC tumor 
tissues versus matched normal mucosa (Figure  2B). Next, 
we found that SorCS1 expression was inversely correlated 
with the degree of SorCS1 promoter methylation in tumors 
(Figure 2C), suggesting that SorCS1 promoter methylation 
repressed the transcriptional activity of Sorcs1 in CRC.

Figure 1. SorCS1 methylation status correlated with reduced mRNA and protein expression in colorectal cancer (CRC) cell lines. As shown by real-
time PCR (A) and western blot (B), the expression of SorCS1 was much higher in CRC cell lines SW620 and LoVo. Methylation of SorCS1 was found 
in CRC cell lines HCT-116, RKO, DLD-1 and Caco-2 but not in SW620 and LoVo through methylation-specific PCR (C). SorCS1 mRNA expression 
was restored after treatment with 5-AZA (D). Methylation of SorCS1 was found inversed in CRC cell lines HCT-116, DLD-1 and similar in SW620 
through methylation-specific PCR (MSP) after treatment with 5-AZA (E). M: methylated; U: unmethylated. Two sets of primers for methylated and 
unmethylated allele, respectively.
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difference was observed in CRC samples with lower expres-
sion found in the methylation-high group compared to the 
methylation-low group. (Figures 2D–F, Table 1).

Associations between expression of SORCS1 and clini-
copathological variables. We then explored the correla-
tion of SorCS1 protein expression with patients’ clinico-
pathological features. As shown in Table 1, SorCS1 had 
higher expression in patients with lower serum CEA levels 
(p<0.001), younger age (p=0.006) and earlier local tumor 
stage (pT stage) (p=0.005). However, SorCS1 expression was 
not significantly associated with gender (p=0.080), histo-
logical grade (p=0.318), histological subtype (p=0.175), 
nodal status (p=0.588), vessel invasion (p=0.681), perineural 
invasion (p=0.422), KRAS status (p=0,601) and BRAF status 
(p=0.624).

Associations between expression of SorCS1 and 
clinical outcome. To determine whether there is a relation-
ship between SorCS1 and treatment outcomes, we assessed 
the correlation between SorCS1 expression and survival. 
Survival curves were constructed by Kaplan-Meier 
method and compared by the log-rank test. As shown in 
Figures 3A–B, patients with low SorCS1 expression level had 
shorter OS (p=0.004) and RFS (p=0.005) than those with 
high SorCS1 expression level. In univariate analysis, age 
(p<0.001 and p=0.128), nodal status (p=0.048 and p<0.001), 

and vessel invasion (p=0.009 and p=0.022) were risk factors 
for OS and/or RFS (Table 2). With respect to the time to 
recurrence, the prognostic significance of SorCS1 existed in 
both early (p=0.040) and late recurrence (p=0.048) groups 
(Figures 3C and 3D). Clinicopathological variables signifi-
cant on univariate analysis were introduced into a Cox 
proportional hazard model. Multivariate analysis revealed 
that the SorCS1 expression was an independent prognostic 
factor for both OS (p=0.024) and RFS (p=0.006) (Table 3). In 
addition, age (p=0.001) and vessel invasion (p=0.008) were 
associated with OS only. Nodal status (p=0.001) was associ-
ated with RFS only.

Furtherly, we examined whether CEA level and tumor stage 
significantly modified the association of SorCS1 expression 
with patient survival. We further stratified patients by CEA 
level, tumor status and nodal status (Figures 4A–F). Stratified 
analysis indicated that the significance of SorCS1 expression 
in predicting OS and RFS was retained in the subgroups with 
CEA <5 ng/ml (p=0.014 and p=0.003, respectively), pT3–4 
stage (p=0.014 and p=0.047, respectively) and pN1–2 stage 
(p=0.033 and p=0.007, respectively). Nevertheless, OS and 
RFS were not significantly between SorCS1 high and low 
groups within patients with CEA ≥5 ng/ml (p=0.685 and 
p=0.569, respectively), pT1–2 (p=0.433 and p=0.072, respec-
tively) and pN0 (p=0.058 and p=0.253, respectively).

Figure 2. SorCS1 methylation status and expression in colorectal cancer (CRC) tissues. ROC analysis determined the optimal percentage of methylated 
reference (PMR) for methylated value that detected cancer specific levels of SorCS1 (A). Relative SorCS1 mRNA levels in CRC tumor tissues signifi-
cantly decreased when compared with those in adjacent normal mucosa by qRT-PCR analysis (B). According to SorCS1 methylation status, CRC tumor 
tissues with methylation-high expressed lower levels of SorCS1 mRNA than those in methylation-low (C). Immunohistochemistry staining showed 
that SorCS1 protein expression was significantly downregulated in CRC tumor tissues, especially in tumor tissues with hypermethylation, compared 
with adjacent normal mucosa (D–G). Original magnification ×200, ***p<0.001, *p<0.05.
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Discussion

Methylation of SorCS1 had been recognized in our 
previous study. However, the role of SorCS1 in CRC devel-
opment remains poorly understood. This study aimed to 
identify the clinical significance of SorCS1. Our findings 
showed that expression of SorCS1 was repressed by promoter 
methylation. In survival analysis, SorCS1 was associated with 
disease recurrence and overall survival.

The earliest study of aberrant DNA methylation in CRC 
was published in 1983 [17]. More recently, many studies have 
revealed that methylated alteration appeared to be crucial 
for CRC formation [18]. The most prevalent explanation 
was that hypermethylation caused the decrease of tumor-
suppressor genes in cancers [19]. SorCS1 was aberrantly 
methylated in CRC tumors and adenomas, but it has not yet 
been identified as a tumor-suppressor gene. Using methylight 
primers covered one of the regions analyzed before, higher 
methylation level in tumor tissues than normal mucosa was 
confirmed in Chinese patients. On the other hand, in contrast 
to normal mucosa, we demonstrated that CRC tumor tissues 
exhibited a dramatic reduction of SorCS1 expression. In 
order to identify the role of hypermethylation in inacti-
vation of SorCS1, Methylight and 5-aza treatment were 
performed. Consistent with the study on rectal cancer [14], 
the current data indicated that decreased SorCS1 expression 
might be due to hypermethylation. Taken together, gaining 
methylation and loss expression of SorCS1 may contribute 
to colorectal tumorigenesis. To date, absence of SorCS1 has 
not been reported to promote tumorigenesis. With regard to 
cellular and physiological functions of SorCS1, it is an impor-
tant regulator of intracellular trafficking [20]. APP (amyloid 
precursor protein) processing is modulated by SorCS1 [13]. 
It’s well known that SorCS1 is expressed in pancreatic islet cells 
and its expression is associated with glucose homeostasis and 
insulin secretion [21]. Although little is known about SorCS1 
in cancers, some SorCS1 related genes, such as PDGF-BB, 
STAT3 and synaptic proteins Neurexin and AMPARs [22, 23] 
had been shown to be correlated with cancer development 
in many studies [24–27]. Therefore, in the present study, we 
paid attention to the interaction of SorCS1 expression and 
clinicopathological features. IHC results showed that expres-
sion of SorCS1 expression was inversely associated with age, 
serum CEA level and pT stage. These observations could be 
attributed to the tumor suppressor function of SorCS1 in 
CRC, which strongly suggested that SorCS1 was involved 
in the development and progression of CRC. However, the 
downstream mechanism of SorCS1 in CRC remains uncer-
tain. In a previous study, it has been reported that expression 
of SorCS1 reduced the induction of pSTAT3 in HEK-293 
cells, which indicated that SorCS1 may modulate the cancer-
related molecular system. Although SorCS1 could suppress 
the oncogenic molecules in some types of cell, further studies 
are needed to elucidate the function and underlying mecha-
nism of SorCS1 in CRC.

The VPS10 domain containing receptor family contains 
five members, Sortilin, SorCS1, SorCS2, SorCS3 and SorLA. 
It was shown that VPS10P receptor Sortilin enhanced 
invasion of breast cancer cells [28] and proliferation of 
ovarian carcinoma cells [29]. SorCS2 was found to be 
upregulated in the group of CRCs with poor survival [30]. 
SorCS3 was demonstrated to be hypermethylated in gastric 
cancer [31]. Although the roles of all the family members 
have not been fully understood in cancer, it can be inferred 

Table 1. The association of SorCS1 expression with clinicopathological 
variables.

Variables

SorCS1 
Low 

SorCS1 
High

p-valuen=239 n=135 n=104
Age (years)

≤60 107(44.8%) 50 57 0.006
>60 132(55.2%) 85 47

Gender
Female 111 (46.4%) 56 55 0.080
Male 128 (53.6%) 79 49

CEA (ng/ml)
<5 172 (72.0%) 78 94 < 0.001
≥5 67 (28.0%) 57 10

Histological grade
Moderate, High 193 (80.8%) 106 87 0.318
Poor 46 (19.2%) 29 17

Mucinous
No 208 (87.0%) 114 94 0.175
Yes 31 (13.0%) 21 10

Location
Colon 121 (50.6%) 66 55 0.540
Rectum 118 (49.4%) 69 49

Tumor status
T1-2 55 (23.0%) 22 33 0.005
T3-4 184 (77.0%) 113 71

Nodal status
N0 154 (64.4%) 85 69 0.588
N1-N2 85 (35.6%) 50 35

Vessel invasion
No 221 (92.5%) 124 97 0.681
Yes 18 (7.5%) 11 7

Perineural invasion
No 219 (91.6%) 122 97 0.422
Yes 20 (8.4%) 13 7

KRAS status (n=197)
Wild type 125 (63.5%) 70 55 0.601
Mutant 72 (36.5%) 30 28

BRAF status (n=198)
Wild type 190 (96.0%) 102 88 0.624
Mutant 8 (4.0%) 5 3

Methylation (n=40)
High 27 (67.5%) 18 9 0.033
Low 13 (32.5%) 4 9
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Table 2. Univariate analysis of factors associated with CRC patient outcomes (OS and DFS, n=239).
OS RFS

Variables HR 95%CI p-value HR 95%CI p-value
Age, years (>60 / ≤60) 4.437 1.922–9.829 <0.001 1.561 0.876–2.781 0.128
Gender (female/male) 1.303 0.700–2.424 0.402 0.710 0.401–1.258 0.238
Histological grade (Poor / Moderate, High ) 1.789 0.893–3.584 0.096 0.9546 0.4483–2.033 0.702
Mucinous (Yes / No) 1.215 0.510–2.895 0.659 1.145 0.572–2.289 0.871
Location (Colon / Rectum) 0.661 0.351–1.244 0.196 0.650 0.369–1.145 0.133
Tumor status (T3–4 / T1–2) 2.277 0.892–5.813 0.077 1.954 0.879–4.345 0.094
Nodal status (N1–2 / N0) 1.853 0.997–3.444 0.048 2.686 1.531–4.711 <0.001
Vessel invasion (Yes / No) 3.275 1.447–7.410 0.009 2.469 1.109–5.496 0.022
Perineural invasion (Yes / No) 1.304 0.463–3.699 0.614 2.048 0.919–4.567 0.073
SorCS1 (High / Low) 0.352 0.167–0.739 0.004 0.415 0.221–0.781 0.005

HR greater and less than 1 indicate increased and decreased death risk, respectively; HR, hazard ratio; CRC, colorectal cancer; OS, overall survival; DFS, 
disease free survival

Table 3. Multivariate analysis of prognostic factors associated with overall and recurrence-free survival.

Variables
OS RFS

HR (95% CI) p-value HR (95% CI) p-value
Age, years (>60 / ≤60) 3.859 (1.587–9.385) 0.001
Nodal status (N1–2 / N0) 1.568 (0.835–2.945) 0.162 2.522 (1.426–4.462) 0.001
Vessel invasion (Yes / No) 3.093 (1.349–7.089) 0.008 1.950 (0.865–4.396) 0.107
SorCS1 (High / Low) 0.422(0.199–0.892) 0.024 0.415 (0.220–0.780) 0.006

OS = overall survival; RFS = recurrence-free survival; HR = Hazard ratio; 95% CI = 95% confidence interval

Figure 3. Kaplan-Meier estimates of 
overall survival (OS) and recurrence-
free survival (RFS) of colorectal 
cancer patients according to SorCS1 
expression. Patients with high expres-
sion of SorCS1 had a significantly 
better OS (A) and RFS (B) than those 
with low expression of SorCS1. Ka-
plan-Meier analysis of RFS for SorCS1 
expression in early (C) and late (D) 
recurrence group using a cut-off time 
of 2 years showed that the prognostic 
significance of SorCS1 expression was 
retained.
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from the previous studies that these proteins have impor-
tant functions in tumor development. The possible tumor 
suppressor function of SorCS1 prompted us to explore its 
prognostic significance for CRC. Just as we expected, our 
results demonstrated that high SorCS1 expression was 
significantly associated with favorable OS and RFS of CRC 
patients. It seemed that SorCS1 was reliable prognostic 
biomarker. What’s more, multivariate Cox analysis proved 
that SorCS1 expression was related to both of OS and RFS 
after consideration of other prognostic factors. It could be 
used as a potential prognostic biomarker to classify subtype 
of CRC patients who have increased risk of poor survival. 
In terms of early and late recurrence [32], the predictive 
potential of SorCS1 expression was evident in both of these 
groups, implying that low expression of SorCS1 was not only 
related to an aggressive phenotype, but also was involved in 
future cancer transformation.

In particular, further subgroup analysis revealed that 
higher expression of SorCS1 significantly improved OS and 
RFS of patients with pT3–4 or pN1–2 CRC but not patients 
with pT1–2 or pN0 CRC. This result may suggest that the 
effect of SorCS1 on CRC was more important in the patients 
with late stage. It’s well known that CEA is a tumor marker 
for CRC [33] even its role in CRC prognostic prediction is 
controversial. The different predictive significance of SorCS1 
in low and high CEA subgroups revealed its limited role as a 
predictive marker in patients with normal CEA level and it is 
consistent with the notion that CEA level was correlated with 
biology feature of CRC tumor.

In conclusion, to our knowledge, the present study is the 
first to report the clinical significance of SorCS1 in CRC 
patients. We provide evidence to demonstrate that SorCS1 was 
attenuated by hypermethylation in CRC and that downregu-
lation of SorCS1 was associated with poor prognosis.

Figure 4. Stratified analysis of SorCS1 expression in predicting prognosis according to CEA level, local invasion depth (pT stage) and lymph node 
involvement (pN stage). Patients with high expression of SorCS1 showed a significant benefit toward overall survival (OS) and recurrence-free survival 
(RFS) compared those with low expression of SorCS1 in the normal CEA level (A), pT3–4 (D) or pN1–2 (F) subgroup. No prognostic effect of SorCS1 
expression was found in the high CEA level (B), pT1–2 (C) or pN0 (E) subgroup.
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