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Abstract 

Background: LINC02560 is a new 477 bp long non-coding RNA located in 19q13.43. However, the 
expression of LINC02560 in colorectal cancer (CRC) has not been reported, and its correlation with tumor 
development and function is still unclear. 
Methods: The expression of LINC02560 in CRC was first analyzed in the cancer genome atlas (TCGA) 
combined with The Genotype-Tissue Expression(GTEx) databases and then validated by clinical CRC samples 
and cell lines. The association between LINC02560 expression and clinicopathologic variables was analyzed by 
the Wilcoxon Rank SUM test. Cox regression analysis and Kaplan-Meier plots were used to assess the 
prognostic value of LINC02560 in CRC. The correlation between the expression level of LINC02560 and the 
24 immune cells in tumor microenvironment (TME) was analyzed by single sample gene set enrichment analysis 
(ssGSEA). Gene set enrichment analysis (GSEA) was conducted to detect potential biological processes 
associated with LINC02560 in CRC. 
Results: LINC02560 was significantly up-regulated in CRC in comparison to normal samples. There are 
significant differences in the expression of LINC02560 in different subgroups of N stage, M stage, 
carcinoembryonic antigen (CEA) level, residual tumor, TP53 status and pathological stage. The high LINC02560 
expression indicated poor overall survival (OS) and progress free interval (PFI) in patients with CRC. 
Moreover, the multivariate Cox analysis demonstrated that the expression of LINC02560 was an independent 
prognosis-predicting factor for OS in CRC patients. GSEA indicated that high expression of LINC02560 was 
involved in MAPK, Wnt, and PPAR signaling pathways and participated in humoral immune processes. We also 
identified that LINC02560 expression had a negative correlation with 4 kinds of immune cells. 
Conclusions: In summary, our research results indicate that LINC02560 may be a potential prognostic 
biomarker. It is involved in the occurrence and development of CRC and may affect the prognosis of CRC 
patients by regulating immune cells in the TME. 
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Introduction 
CRC is still predominately a cancer of older 

individuals. CRC is one of the most common 
malignant tumors. In 2018, morbidity and mortality in 
the United States ranked 4th and 2nd in the cancer 
spectrum [1]. However, colon cancer is becoming 
more prevalent in younger individuals [2]. The 
incidence and mortality of CRC in China rank fifth. 
However, the death to new cases (50.8%) ratio is 

significantly higher than that of the United States 
(36.6%). 

Genetic factors are one of the causes of colon 
cancer. Approximately 30% of patients with CRC 
have a family history of CRC. Many factors promote 
the occurrence and development of colon cancer, 
mainly including gene mutation, inflammatory 
response, immunity, non-coding RNA regulation 
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disorder and the activation of some oncoproteins. At 
present, the primary treatment for CRC is a 
combination of surgical resection, chemoradiotherapy 
and immunotherapy. Monoclonal antibodies against 
epidermal growth factor receptor (EGFR) are used to 
treat CRC that has metastasized. The 8th edition of the 
American Joint Committee on Cancer (AJCC) cancer 
staging system establishes a “non-anatomical” 
prognostic risk and curative effect prediction 
evaluation system based on molecular testing results. 
Microsatellite instability and BRAF gene status were 
used as prognostic factors, and BRAF, KRAS and 
NRAS gene mutation status were used as curative 
effect predictors [3]. The above vital genes all show 
the clinical application value of biomolecular markers. 

As we all know, tumors have apparent 
heterogeneity. Tumors of the same type or the same 
stage may significantly differ in their biological 
behavior and prognosis. Genomic changes drive the 
occurrence and development of cancer, and the 
differences in gene changes in tumor cells indicate 
different prognostics, treatment methods and 
therapeutic effects. Many factors promote the 
occurrence and development of colon cancer, mainly 
including gene mutation, inflammatory response, 
immunity, non-coding RNA regulation disorder and 
the activation of some oncoproteins. Nevertheless, the 
level of evidence for each biomolecular marker is 
between I-II [3]. The combined evaluation of multiple 
markers is more effective and clinically valuable. 
Therefore, it is of great scientific and clinical 
significance to find and study more specific 
biomolecular markers for CRC. 

With the in-depth study of non-coding RNA, it 
has been found that it exhibits essential biological 
functions due to its extensive and important gene 
expression regulation function. Long-chain non- 
coding RNA is the most versatile non-coding RNA. It 
is involved in gene transcription, translation, post- 
transcriptional and post-translational level regulation 
and epigenetic regulation. It may play an essential 
role in the occurrence and development of tumors and 
may become new molecular markers for tumor 
prognosis, diagnosis and efficacy judgment. 

LINC02560 is a new long non-coding RNA 
located in 19q13.43 with 477 bp. It has been reported 
that bronchial epithelial cells are expressed in 
Pseudomonas aeruginosa infection [4]. Nevertheless, 
the expression of LINC02560 in tumor tissues has not 
been reported, and the correlation between its 
expression and tumor development and its function is 
still unclear. Our research intends to have an initial 
exploration of the above questions. In this study, 
bioinformatics analysis, clinical samples and tumor 
cell lines were used to analyze the expression 

difference, function and clinical significance of 
LINC02560 in CRC tumors from multiple 
perspectives. 

Materials and Methods 
RNA-sequencing data and bioinformatics 
analysis 

Gene expression data (HTSeq-FPKM) with 
clinical information of CRC samples were collected 
from TCGA (https://cancergenome.nih.gov/) in 
January 2021. At the same time, cases with OS less 
than 30 days were excluded. Finally, 619 primary 
tumors with both clinical and gene expression data 
were used for further analysis. Level 3 HTSeq-FPKM 
was then transformed into TPM for the following 
research. In addition, we download the GTEx 
RNA-Seq data (TPM), which was processed using the 
TOIL pipeline [5]. We acquired pan‐cancer data of 
gene expression from the UCSC XENA (https:// 
xenabrowser.net/datapages/) for pan-cancer 
analysis. 

Clinical specimens and cell lines 
A total of 10 patients with CRC who underwent 

surgical resection in the Affiliated Hospital of 
Youjiang Medical University for Nationalities were 
collected. Inclusion criteria were the following: All 
enrolled patients did not receive any preoperative 
therapies before surgery and sample collection and 
were characterized according to the 8th edition of the 
AJCC staging manual. CRC confirmed by written 
medical report. Patients with metastatic CRC and 
those with past history of other cancer were excluded. 
This study was reviewed and approved by the Ethics 
Committee of the affiliated Hospital of Youjiang 
Medical University for Nationalities and all patients 
agreed with written informed consents 
(YYFY-LL-2021-16). All samples were well preserved 
at -80°. This study was approved by the Academic 
Committee of the Affiliated Hospital of Youjiang 
Medical University for Nationalities and conducted 
according to the Helsinki Declaration’s requirements. 
In addition, SW-480 (ATA-CL1052), SW1116 (ATA- 
CL042) and HCT-116 (CL0125) were purchased from 
PuJian Cell Center (Wuhan, China) and FengHui Cell 
Center (Beijing, China) respectively, human normal 
colon epithelial cells NCM-460 (ATA-CL1041) were 
purchased from PuJian Cell Center, (Wuhan, China). 
All cells were cultured at 37 °C and in a 5% CO2 

constant humidity environment. 

The expression and localization of LINC02560 
in CRC 

RT-qPCR was used to analyze the difference in 
LINC02560 expression between tumor samples and 
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normal tissues. Similarly, RT-qPCR is also used to 
analyze the expression differences of LINC02560 
between different cell lines. Follow the instructions of 
the Trizol reagent to extract total RNA. Moreover, its 
concentration and purity were quantified by a 
spectrophotometer. Use reverse transcription kit to 
synthesize cDNA, using cDNA as template, add 
Real-SYBR Mixture, upstream and downstream 
primers and RNase-free water to configure the 
reaction system, using 2-ΔΔ CT method to calculate the 
relative expression of gene RNA. The LINC02560 
primer sequence is as follows: sense sequence: 
5'-TCGCTCCTAGGTGCTTTTGT-3'; antisense 
sequence: 5'-AAAACAGAATCAAAGGCCGTGC-3'. 
The β-Actin primer sequence is as follows: sense 
sequence: 5'-CTCTTCCAGCCTTCCTTCCT-3' 
antisense sequence: 5'-AGCACTGTGTTGGCGTA 
CAG-3'. The localization of LINC02560 in CRC was 
detected by RNA in situ hybridization. The probe 
sequence of LINC02560RNA was designed as follows: 
5-Cy3-AAGAGGAGAUUGGCUGAGGCUGGGCAA
GGGU-3. 

Bioinformatics analysis 
The 619 patients with CRC were cut off by the 

high expression group (n=309) and low expression 
group (n=310) according to the median expression 
level of LINC02560. In our research, GSEA carried out 
by R package “cluster profile”(3.14.3) was used to 
elucidate the significant functions and pathways 
difference between high- and low- LINC02560 
groups. Gene set permutations were performed 1000 
times for each analysis. A function or pathway term 
with P-value<0.05, FDR q-values <0.25, and 
Normalized enrichment score (|NES|>1) was 
considered statistically significant enrichment. The 
immune cells infiltration analysis of CRC was 
performed by the ssGSEA method to explore the 
correlation between the LINC02560 expression and 
the infiltration levels of immune cells. Spearman’s 
correlation analyzed the correlation between 
LINC02560 and 24 types of immune cells. The 
Wilcoxon rank-sum test was used to clarify the 
association of infiltration of immune cells in the 
different expression groups of LINC02560. 

Statistical analysis 
All statistical analyses were analyzed using R 

(v4.0.2). The different expression of LINC02560 
between tumor and normal tissues was calculated 
using the Wilcoxon rank-sum test and Wilcoxon 
signed-rank test. Kruskal-Wails test and Wilcoxon 
signed-rank test were used to assess the relationships 
between LINC02560 expression and clinic- 
pathological features. Prognostic factors were 

evaluated by using the Kaplan-Meier method and 
uni- and multivariate analyses. In all analyses, 
P-values < 0.05 were considered statistically 
significant. 

Results 
LINC02560 expression status in pan-cancer 
and CRC 

The results of the pan-cancer analysis showed 
that LINC02560 in bladder urothelial carcinoma, 
invasive breast carcinoma, cholangiocarcinoma, colon 
adenocarcinoma, glioblastoma multiforme, head and 
neck squamous cell carcinoma, kidney chromophobe, 
kidney renal clear cell carcinoma, kidney renal 
papillary cell carcinoma, acute myeloid leukaemia, 
brain lower grade glioma, hepatocellular carcinoma, 
lung adenocarcinoma, lung squamous cell carcinoma, 
ovarian serous cystadenocarcinoma, pancreatic 
adenocarcinoma, pheochromocytoma and para-
ganglioma, rectum adenocarcinoma, skin cutaneous 
melanoma, stomach adenocarcinoma, testicular germ 
cell tumors, thyroid carcinoma, thymoma, uterine 
corpus endometrial carcinoma, and uterine carcino-
sarcoma were significantly differentially expressed 
(P<0.05) (Fig. 1A). The expression level of LINC02560 
in the tumor was significantly higher than that in 
normal tissues (Fig. 1B). Moreover, Wilcoxon signed- 
rank test was used to compare the expression of 
LINC02560 in 50 CRC samples and the corresponding 
paired para-cancer samples in TCGA. The results 
showed that LINC02560 was highly expressed in 
paired CRC samples (P< 0.001) (Fig. 1C). In addition, 
we compare the expression of LINC02560 in normal 
samples of GTEx combined TCGA and CRC samples 
of TCGA, and it was found that LINC02560 was 
highly expressed in CRC samples (P<0.001) (Fig. 1D). 
Also, the relative expression of LINC02560 in 10 pairs 
of clinical samples and different cell lines was 
detected by qRT-PCR. The results showed that the 
relative expression of LINC02560 in CRC tissues was 
higher than that in adjacent normal tissues (Fig. 1E). 
The relative expression of LINC02560 in tumor cell 
lines was significantly higher than that in normal 
colon epithelial cells (Fig. 1F). ROC analysis was 
applied to validate the potential diagnostic of 
LINC02560, and the area under the ROC curve was 
calculated for LINC02560. The area under the ROC 
curve is 0.763, suggesting that LINC02560 may be a 
potential diagnostic marker (Fig. 1G). The result RNA 
in situ hybridization shows that LINC02560 is 
localized and expressed in both nucleus and 
cytoplasm in CRC (S1). 
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Figure 1. Expression of LINC02560 in tumors and evaluation of its diagnostic efficacy. A: Pan-cancer analysis of LINC02560 expression. B: The expression of 
LINC02560 was higher in CRC than in normal tissues. C: The differential expression of LINC02560 in 50 paired CRC tumor and adjacent normal tissues in TCGA. D: The 
differential expression levels of LINC02560 from TCGA tumor tissue versus combined normal TCGA and GTEx data. E: Relative expression of LINC02560 in between CRC 
tissues and adjacent non-tumor tissues. F: Relative expression of LINC02560 in different cell lines. G: The diagnostic efficacy of LINC02560 in CRC. 

 

The clinical characteristics of CRC patients in 
TCGA 

The characteristics of 619 CRC patients from 
TCGA , including T stage, N stage, M stage, CEA 
level, History of colon polyps, Colon polyps present, 
Neoplasm type, Residual tumor, Lymphatic invasion, 
Pathologic stage, Gender, Primary therapy outcome, 
Age, were collected and shown in Table 1. 

Association between LINC02560 expression 
and clinicopathology variables 

In order to further understand the clinical 
significance of LINC02560 in CRC, we compared the 
clinicopathological relationship between LINC02560 

expression and different subgroups. The results 
showed that there are significant differences in the 
expression of LINC02560 in different subgroups of N 
stage (P<0.001), M stage (P<0.001), CEA level 
(P=0.028), residual tumor (P=0.035), TP53 status 
(P<0.001) and pathological stage (P<0.001) (Fig. 2A-F). 
These results indicated that CRC with increased 
LINC02560 expression could progress to an advanced 
stage and metastasis. 

LINC02560 was independent prognostic 
factors for OS in CRC 

A Kaplan-Meier diagram drawn by the 
“survminer” package was used to evaluate the 
prognostic value of LINC02560 in CRC. Results 
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showed that high expression of LINC02560 was 
associated with worse OS (HR=1.42 (1.00-2.02), 
P=0.048) and progress free interval (HR=1.42 
(1.04-1.95), P=0.029). In the Cox regression model, 
variables with p<0.05 in the univariate Cox regression 
will be included in the further multivariate Cox 
regression. The variables that meet this threshold are 
T stage (P=0.006), N stage (P<0.001), M stage 
(P<0.001), Pathologic stage (P<0.001), CEA level 
(P<0.001), Age (P<0.001), Residual tumor (P<0.001) 
and LINC02560 (P=0.026). Multivariate Cox 
regression found that Pathologic stage (P= 0.012), Age 
(P=0.002), and LINC02560 (P=0.041) was independent 
prognostic factors for OS (p<0.05) (Table 2). 

 

Table 1. Detailed clinical information for all CRC patients from 
TCGA 

Characteristic levels Overall 
T stage, n (%) T1 20 (3.1%) 
 T2 111 (17.3%) 
 T3 436 (68%) 
 T4 74 (11.5%) 
N stage, n (%) N0 368 (57.5%) 
 N1 153 (23.9%) 
 N2 119 (18.6%) 
M stage, n (%) M0 475 (84.2%) 
 M1 89 (15.8%) 
CEA level, n (%) ≤5 261 (62.9%) 
 >5 154 (37.1%) 
History of colon polyps, n (%) No 377 (67.9%) 
 Yes 178 (32.1%) 
Colon polyps present, n (%) No 224 (69.3%) 
 Yes 99 (30.7%) 
Neoplasm type, n (%) Colon adenocarcinoma 478 (74.2%) 
 Rectum adenocarcinoma 166 (25.8%) 
Residual tumor, n (%) R0 468 (91.8%) 
 R1 6 (1.2%) 
 R2 36 (7.1%) 
Lymphatic invasion, n (%) No 350 (60.1%) 
 Yes 232 (39.9%) 
Pathologic stage, n (%) Stage I 111 (17.8%) 
 Stage II 238 (38.2%) 
 Stage III 184 (29.5%) 
 Stage IV 90 (14.4%) 
Gender, n (%) Female 301 (46.7%) 
 Male 343 (53.3%) 
Primary therapy outcome, n (%) PD 33 (10.6%) 
 SD 5 (1.6%) 
 PR 16 (5.1%) 
 CR 258 (82.7%) 
Age, n (%) ≤65 276 (42.9%) 
 >65 368 (57.1%) 

 

Related signaling pathways and function of 
LINC02560 based on GSEA 

GSEA was used to identify signaling pathways 
correlated with/involved in CRC between high and 
low expression of LINC02560 expression data sets, 
and demonstrated significant differences (FDR<0.05, 
adjusted P-value<0.05)in enrichment of MSigDB 
Collection (C2.all.v6.2.symbols.gmt). A total of 9 

functions and/or pathways, including immune 
response regulating cell surface receptor signaling 
pathway, humoral immune response, antigen 
receptor-mediated signaling pathway, were 
significantly enriched in low expression of 
LINC02560. Furthermore, negative regulation of 
epithelial to mesenchymal transition, the PPAR 
signaling pathway, WNT signaling pathway, basal 
cell carcinoma, MAPK signaling pathway and 
regulation of actin cytoskeleton were significantly 
enriched in high expression of LINC02560. The results 
indicated the potential role of LINC02560 in the 
development of CRC. 

 
 

Table 2. Univariate and multivariate Cox regression analyses of 
OS in CRC patients 

Characteristics Total 
(N) 

HR (95% CI) 
Univariate 
analysis 

P value  HR (95% CI) 
Multivariate 
analysis 

P 
value  

T stage (T3 & T4 
vs. T1 & T2) 

616 2.406(1.294-4.475) 0.006 2.596(0.593-11.362) 0.205 

N stage (N1 & 
N2 vs. N0) 

615 2.567(1.787-3.686) <0.001 0.290(0.079-1.068) 0.063 

M stage (M1 vs. 
M0) 

545 4.096(2.752-6.096) <0.001 1.797(0.697-4.635) 0.225 

Pathologic stage 
(Stage III & 
Stage IV vs. 
Stage I & Stage 
II) 

598 2.916(1.991-4.272) <0.001 7.117(1.543-32.830) 0.012 

CEA level (>5 
vs. ≤5) 

396 2.697(1.646-4.418) <0.001 1.657(0.825-3.326) 0.156 

Neoplasm type 
(Rectum 
adenocarcinoma 
vs. Colon 
adeno-
carcinoma) 

618 0.742(0.479-1.151) 0.183   

Age (>65 vs. 
≤65) 

618 2.023(1.371-2.986) <0.001 3.152(1.525-6.513) 0.002 

Weight (>90 vs. 
≤90) 

323 0.756(0.412-1.388) 0.367   

Height (≥170 vs. 
<170) 

304 0.773(0.466-1.282) 0.318   

Gender (Male 
vs. Female) 

618 1.056(0.744-1.498) 0.762   

Race (White vs. 
Asian & Black or 
African 
American) 

369 0.933(0.541-1.610) 0.803   

History of colon 
polyps (YES vs. 
NO) 

531 0.832(0.522-1.326) 0.44   

Colon polyps 
present (YES vs. 
NO) 

298 1.316(0.777-2.229) 0.307   

Residual tumor 
(R1 & R2 vs. R0) 

491 4.466(2.715-7.347) <0.001 1.920(0.834-4.421) 0.125 

TP53 status 
(Mut vs. WT) 

526 1.119(0.768-1.632) 0.558   

KRAS status 
(Mut vs. WT) 

526 0.954(0.657-1.385) 0.805   

PIK3CA status 
(Mut vs. WT) 

526 0.892(0.579-1.375) 0.605   

LINC02560 
(High vs. Low) 

618 1.494(1.049-2.127) 0.026 1.962(1.029-3.741) 0.041 
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Figure 2. Expression differences of LINC02560 in different subgroups of CRC. 

 
Figure 3. Effect of LINC02560 expression on overall survival and progress free interval in CRC. 

 

The correlation between LINC02560 
expression and immune cells infiltration 

The correlation between the expression level of 
LINC02560 and the immune cells infiltration in TME 
of CRC patients was quantified by ssGSEA and 
analyzed by Spearman correlation. The lollipop chart 
showed a correlation between LINC02560 and levels 
of 24 immune cell infiltrates, and it turned out that the 
expression level of LINC02560 was significantly 
correlated with multiple immunocytes (Fig. 4A). 
Specifically, Cytotoxic cells (r=-0.115, P=0.004), CD8 T 
cells (r=-0.095, P=0.018), T helper cells (r=-0.093, 
P=0.020), DCs (r=-0.092, P=0.022), Th1 cells (r=-0.091, 
P=0.023), Th2 cells (r=-0.233, P<0.001), aDCs 
(activated DCs) (r=-0.175, P<0.001), B cells (r=-0.086, 

P=0.032)and T cells (r=-0.116, P<0.05) are correlated 
with the expression of LINC02560, but there is no 
correlation between LINC02560 and other types of 
immune cells in CRC. Also, 4 types of immune cells 
(Th2 cells, T cells, aDCs, cytotoxic cells) showed 
different expressions in different groups of 
LINC02560 (Fig. 4B-E). We further analyzed the 
correlation between the 4 types of immune cells and 
the expression of LINC02560. The expression of 
LINC02560 was significantly negatively correlated 
with the infiltration of 4 types of immune cells (Fig. 
4F-I). It shows that the different expression of 
LINC02560 in CRC affects the tumor immune 
microenvironment. Tumors with high LINC02560 
expression have reduced cellular immunity and 
antigen presentation ability in the microenvironment. 



 Journal of Cancer 2021, Vol. 12 

 
https://www.jcancer.org 

7513 

 
Figure 4. LINC02560 relative signaling pathways and functions. 

 

Discussion 
According to the CRC staging in the 8th edition of 

AJCC, serum carcinoembryonic antigen (CEA) levels, 
RAS, BRAF gene mutations, microsatellite instability, 
and tumor regression scores are recommended as 
molecular markers for predicting the prognosis risk 
and curative effect of CRC [3]. Studies have found that 
high preoperative CEA serum levels are associated 
with poor prognosis of patients with CRC [6]. 
Postoperative serum CEA levels are also an 
independent prognostic factor in CRC. Both KRAS 
and NRAS gene mutations suggest that stage III to IV 
CRC has a poor prognosis and an inadequate 
response to anti-EGFR targeted therapy. BRAF gene 
mutations predict the poor efficacy of anti-EGFR 
targeted drugs. MSI is often used for colon cancer 
prognosis judgment and medication guidance. MSI-H 
indicates a good prognosis and a poor effect on 5-FU 
chemotherapy [7]. 

At present, there has been researching on long 
non-coding RNA in CRC, but little is known about the 
expression, specific function and clinical value of 
known long non-coding RNA. New long non-coding 

RNA and its new functions are constantly being 
discovered and recognized. It is necessary and 
meaningful to explore further the relationship and 
regulations of the occurrence, development, and 
evolution of long noncoding RNA and CRC. Most 
lncRNAs are located in the nucleus and mainly play a 
regulatory role at the molecular level [8]. They can 
regulate the proliferation, invasion, apoptosis, 
metastasis and other biological processes of CRC, and 
even can be used as biomarkers for prognosis, 
diagnosis and curative effect prediction of CRC [9, 
10]. Current studies have shown that the 
overexpression of lncRNA-p21 can inhibit the 
migration and invasion of straight colon cancer cells 
and can be used as an effective tumor inhibitor, which 
is expected to become a therapeutic target [11]. 
Another study found that in CRC tissues, high 
expression of lncRNA-TUG1 is closely associated with 
rapid disease progression and mediates 5-fluorouracil 
resistance by regulating miR-197-3p in CRC [12]. In 
conclusion, the above studies indicate that lncRNA 
plays a vital role in CRC. At present, we found that 
LINC02560 was overexpressed in CRC through 
database mining and analysis. Therefore, in this 
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study, we identified the expression of LINC02560 in 
the database, CRC cell lines and clinical samples. 
Furthermore, by using the database to verify further 
the clinical significance and function of the molecule 
in CRC. 

In this study, we first analyzed the expression 
status of LINC02560 in different types of human 
cancers. The results showed that LINC02560 was 
significantly highly expressed in 24 cancer tissues, 
suggesting that it may act as an oncogene to promote 
tumors. In addition, we discussed the clinical 
significance and application value of LINC02560 by 
analyzing CRC samples from the TCGA database. The 
results showed that LINC02560 was significantly 
overexpressed in CRC samples, and CRC patients 
with high LINC02560 expression had poorer OS. At 
the same time, we conducted verification tests on the 
expression of LINC02560 in clinical CRC samples and 
cell lines, which confirmed the conclusion that 
LINC02560 was significantly overexpressed in CRC. 
In addition, LINC02560 is also significantly 
overexpressed in many more advanced patients, 
which indicates that higher expression levels of 

LINC02560 have a positive effect on the progression 
of CRC. Finally, through the analysis of GSEA and 
ssGSEA, it is found that LINC02560 may be related to 
the infiltration of immune cells in TME and is mainly 
involved in immune functions and pathways. 

First, we compared the expression of LINC02560 
in normal samples and CRC samples of TCGA. It was 
found that LINC02560 was highly expressed in CRC 
samples, and the results were statistically significant 
(P<0.001). In addition, the results of the high 
expression of LINC02560 in CRC tumor tissues have 
been verified in our own 10 fresh CRC tumors and 
para-cancerous samples. This confirms the role of 
LINC02560 as an oncogene in CRC. We evaluated the 
diagnostic value of LINC02560 as an oncogene for 
CRC through ROC analysis. The area under the ROC 
curve is 0.763. These findings suggest that LINC02560 
may be a potential diagnostic marker. We will further 
try to detect the level of LINC02560 in the serum of 
CRC patients and verify and evaluate the clinical 
value of LINC02560 as a diagnostic marker in our 
cases. 

 

 
Figure 5. The relationship between LINC02560 expression and immune cells infiltration. A: Lollipop diagram showing a correlation between LINC02560 and levels 
of 24 immune cell infiltrates. B-E: 4 kinds of immune cells are differentially expressed in different groups of LINC02560 (P< 0.05). F-I: Scatter plot showed the correlation 
between the infiltration of 4 types of immune cells and the LINC02560 expression (P < 0.05). 



 Journal of Cancer 2021, Vol. 12 

 
https://www.jcancer.org 

7515 

In order to further understand the clinical 
significance of LINC02560 in CRC, the relationship 
between LINC02560 and clinicopathological features. 
On the one hand, there are significant differences 
between LINC02560 and CEA at different levels, 
indicating the feasibility of LINC02560 as a diagnostic 
marker, which is consistent with the results of our 
previous analysis. On the other hand, LINC02560 has 
significant differences in N stage, M stage, Residual 
tumor, TP53 status, and pathologic stage in different 
subgroups. At the same time, we also noticed that 
LINC02560 is always highly expressed in more 
malignant tissues. This indicates that LINC02560 is 
involved in tumor progression and evolution, 
promoting tumor proliferation and lymph node 
metastasis. However, its exact influence mechanism 
and function urgently need to be further studied. 

Given the abnormally high expression of 
LINC02560 in CRC with higher levels of malignancy, 
the prognosis for these patients is generally poor. We 
further analyzed and explored the prognostic role of 
LINC02560 in CRC. First, we evaluated the prognostic 
value of LINC02560 in CRC and found that the high 
expression group of LINC02560 had a worse OS than 
the low expression group (HR=1.49 (1.05-2.13), 
P=0.026). Cox regression analysis showed that 
LINC02560, CEA, pathological grade and age were 
independent prognostic factors in CRC patients. The 
expression of LINC02560 indicates the possibility of 
LINC02560 as a prognostic indicator of CRC. In the 
next step, we will further verify its prognostic value in 
our own CRC clinical samples and cases and actively 
evaluate it as a prognostic judgment of CRC through 
evidence-based medical research. 

GSEA analysis showed that the enriched 
functions mainly involved cell recognition, site 
recognition and signal transduction, humoral 
immune response, etc. The signaling pathways 
enriched and related to the high expression of 
LINC02560 mainly include the MAPK signaling 
pathway, Wnt signaling pathway, PPAR signaling 
pathway, regulation of actin cytoskeleton and Basal 
cell carcinoma. The MAPK signaling pathway is a 
vital transmission pathway of signals from the cell 
surface to the nucleus. It is a group of serine-threonine 
protein kinases activated by different extracellular 
stimuli, such as cytokines, neurotransmitters, 
hormones, cell stress and cell adhesion. It regulates 
many critical cellular physiological and pathological 
processes such as cell growth, differentiation, 
environmental stress adaptation, and inflammatory 
response. Studies have reported that BRAF/KRAS 
induces the activation of the MAPK/ERK signaling 
pathway, triggering colon cancer [13]. The PPAR 
pathway is a member of the nuclear receptor 

transcription factor superfamily that regulates the 
expression of target genes [14]. In recent years, it has 
been found that PPARs are closely related to energy 
(lipid, sugar) metabolism, cell differentiation, 
proliferation, apoptosis, and inflammatory reactions. 
It has been found that PPARγ is highly expressed in 
normal colon cells, highly differentiated and poorly 
differentiated CRC cells, and promotes the 
proliferation and differentiation of tumor cells [15, 
16]. Our results show that in the group with high 
expression of LINC02560, the PPAR signaling 
pathway is activated, which further proves that 
LINC02560 is closely related to CRC and provides a 
reliable direction for further development mechanism 
research. 

The Wnt signal transduction pathway is a set of 
multi-downstream signal transduction pathways 
stimulated by binding to the ligand-protein Wnt and 
the membrane protein receptor. Activation of the Wnt 
pathway can promote tumor proliferation and the 
EMT process and participate in development and 
organ formation. The classical Wnt signaling pathway 
plays a vital role in the occurrence and development 
of colon cancer [17, 18]. Frequent mutations of Wnt 
signaling components are closely related to the 
occurrence of colon cancer, and the abnormally 
activated Wnt/β-catenin signaling pathway promotes 
the occurrence of colon cancer. More than 80% of 
colon cancer tumors are found to have a lack of APC 
function, and about 5% of colon cancer tumors carry 
mutation-activated β-catenin [17, 19]. 

We analyzed the association between LINC02560 
expression level and 24 kinds of immune cell 
infiltration in tumor tissue and found that LINC02560 
expression level was negatively correlated with Th2 
cells (r=-0.233, P<0.001), ADCs (Activated DCs) 
(r=-0.175, P<0.001), Cytotoxic cells (r=-0.115, P=0.004), 
CD8 T cells (r=-0.095, P=0.018). The results suggested 
that Th2 cells, ADCs and Cytotoxic cells infiltration in 
CRC patients with LINC02560 high expression was 
reduced, and the immune microenvironment showed 
immunosuppression. LINC02560 is expected to be a 
target of immunotherapy and provide a direction for 
further research. 

It has been shown that the immune system plays 
an important role in the development of colon cancer 
[20]. A large subpopulation of T cells typically 
infiltrates carcinoma in situ [21-23]. Patients with 
colon cancer with abundant infiltration of 
CD8-positive T cells have a decreased postoperative 
recurrence rate and a significantly increased survival 
rate [22-24]. In particular, the high-density cytotoxic 
memory T cells in the primary neoplasm can reduce 
the postoperative recurrence rate and metastasis rate 
of fully clothed colon cancer [25, 26]. CD4 positive T 



 Journal of Cancer 2021, Vol. 12 

 
https://www.jcancer.org 

7516 

cells expressing FOXP3 as regulatory T cells (Treg) 
block the immune response to cancer cells [27, 28]. 
Rich infiltration of Treg cells in tumors is associated 
with a poor prognosis for various cancers [21, 29, 30]. 
However, in colon cancer, the role of Treg cells is 
controversial. Zhu et al. [31] found that FOXP3- 
positive T cells promoted the development of colon 
cancer by inhibiting the immune response of colon 
cancer. Other studies have shown that infiltration of 
FOXP3-positive T cells predicts better prognostic 
outcomes [21, 30, 32-34]. Based on previous studies, 
Saito et al. further found that in colon cancer tissue, 
patients infiltrating many T cells with low expression 
of Foxp3 had a better prognosis than patients 
infiltrating a large number of T cells with high 
expression of Foxp3 [35]. Therefore, FOXP3 
expression in different T cell subsets determines a 
good prognosis in patients with colon cancer. 

This study studied the expression of LINC02560 
in CRC and its clinical significance by TCGA database 
mining and clinical sample verification. The results 
showed that LINC02560, as a new oncogene, 
promotes the tumor progression of CRC and is an 
independent prognostic biomarker for poor prognosis 
of CRC. Its effect may be related to cell and site 
recognition and humoral immune response. Its 
mechanism may be that it promotes tumorigenesis 
through MAPK signaling pathways and Wnt 
signaling pathways. In this study, clinical specimens 
were used to verify the expression of LINC02560 in 
CRC tissues. We will further increase the number of 
clinical specimens to verify the expression, function, 
clinical significance and mechanism of action and 
further evaluate the value of LINC02560 as a 
prognostic and diagnostic evaluation indicator of 
CRC. Meanwhile, we will further build a prognostic 
risk model for CRC to help clinicians judge the 
prognosis of patients and evaluate the biological 
behavior of tumors, to provide the best 
“individualized” treatment plan for patients. 

Abbreviations 
CRC: colorectal cancer; GTEx: Genotype-Tissue 

Expression; TCGA: the cancer genome atlas; TME: 
tumor microenvironment; ssGSEA: single sample 
gene set enrichment analysis; GSEA: Gene set 
enrichment analysis; OS: overall survival; PFI: 
progress free interval; CEA: carcinoembryonic 
antigen; AJCC: American Joint Committee on Cancer. 

Acknowledgements 
This study was supported by National Natural 

Science Foundation of China (No’s. 81341122, 
81970462), Natural Science Foundation of Guangxi 
Zhuang Autonomous Region (No’s. 

2020GXNSFAA259052), Medical and Health Key 
Project of Xiamen (3502Z20204001), High-level 
Talents Project of Affiliated Hospital of Youjiang 
Medical College for Nationalities (R202011708, 
Y20196301). 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer 

statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA Cancer J Clin. 2018; 68: 394-424. 

2. Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RGS, Barzi A, et al. 
Colorectal cancer statistics, 2017. CA Cancer J Clin. 2017; 67: 177-93. 

3. Weiser MR. AJCC 8th Edition: Colorectal Cancer. Ann Surg Oncol. 2018; 25: 
1454-5. 

4. Balloy V, Koshy R, Perra L, Corvol H, Chignard M, Guillot L, et al. Bronchial 
Epithelial Cells from Cystic Fibrosis Patients Express a Specific Long 
Non-coding RNA Signature upon Pseudomonas aeruginosa Infection. Front 
Cell Infect Microbiol. 2017; 7: 218. 

5. Vivian J, Rao AA, Nothaft FA, Ketchum C, Armstrong J, Novak A, et al. Toil 
enables reproducible, open source, big biomedical data analyses. Nature 
Biotechnology. 2017; 35: 314-6. 

6. Ma CJ, Hsieh JS, Wang WM, Su YC, Huang CJ, Huang TJ, et al. Multivariate 
analysis of prognostic determinants for colorectal cancer patients with high 
preoperative serum CEA levels: prognostic value of postoperative serum CEA 
levels. Kaohsiung J Med Sci. 2006; 22: 604-9. 

7. Battaglin F, Naseem M, Lenz HJ, Salem ME. Microsatellite instability in 
colorectal cancer: overview of its clinical significance and novel perspectives. 
Clin Adv Hematol Oncol. 2018; 16: 735-45. 

8. Peng WX, Koirala P, Mo YY. LncRNA-mediated regulation of cell signaling in 
cancer. Oncogene. 2017; 36: 5661-7. 

9. Zheng W, Li H, Zhang H, Zhang C, Zhu Z, Liang H, et al. Long noncoding 
RNA RHPN1-AS1 promotes colorectal cancer progression via targeting 
miR-7-5p/OGT axis. Cancer Cell Int. 2020; 20: 54. 

10. Li S, Chen S, Wang B, Zhang L, Su Y, Zhang X. The long noncoding RNA 
LINC00341 suppresses colorectal carcinoma by preventing cell migration and 
apoptosis. Cell Biochem Funct. 2020; 38: 266-74. 

11. Liu T, Zhang J, Chai Z, Wang G, Cui N, Zhou B. Ginkgo biloba extract EGb 
761-induced upregulation of LincRNA-p21 inhibits colorectal cancer 
metastasis by associating with EZH2. Oncotarget. 2017; 8: 91614-27. 

12. Wang W, Chen G, Wang B, Yuan Z, Liu G, Niu B, et al. Long non-coding RNA 
BZRAP1-AS1 silencing suppresses tumor angiogenesis in hepatocellular 
carcinoma by mediating THBS1 methylation. J Transl Med. 2019; 17: 421. 

13. Makinen MJ. Colorectal serrated adenocarcinoma. Histopathology. 2007; 50: 
131-50. 

14. Tian Y, Xu T, Huang J, Zhang L, Xu S, Xiong B, et al. Tissue Metabonomic 
Phenotyping for Diagnosis and Prognosis of Human Colorectal Cancer. Sci 
Rep. 2016; 6: 20790. 

15. Girnun GD, Smith WM, Drori S, Sarraf P, Mueller E, Eng C, et al. 
APC-dependent suppression of colon carcinogenesis by PPARgamma. Proc 
Natl Acad Sci U S A. 2002; 99: 13771-6. 

16. Suh N, Wang Y, Williams CR, Risingsong R, Gilmer T, Willson TM, et al. A 
new ligand for the peroxisome proliferator-activated receptor-gamma 
(PPAR-gamma), GW7845, inhibits rat mammary carcinogenesis. Cancer Res. 
1999; 59: 5671-3. 

17. Bienz M, Clevers H. Linking colorectal cancer to Wnt signaling. Cell. 2000; 103: 
311-20. 

18. Clements WM, Lowy AM, Groden J. Adenomatous polyposis 
coli/beta-catenin interaction and downstream targets: altered gene expression 
in gastrointestinal tumors. Clin Colorectal Cancer. 2003; 3: 113-20. 

19. Cancer Genome Atlas N. Comprehensive molecular characterization of 
human colon and rectal cancer. Nature. 2012; 487: 330-7. 

20. Pernot S, Terme M, Voron T, Colussi O, Marcheteau E, Tartour E, et al. 
Colorectal cancer and immunity: what we know and perspectives. World J 
Gastroenterol. 2014; 20: 3738-50. 

21. Sinicrope FA, Rego RL, Ansell SM, Knutson KL, Foster NR, Sargent DJ. 
Intraepithelial effector (CD3+)/regulatory (FoxP3+) T-cell ratio predicts a 
clinical outcome of human colon carcinoma. Gastroenterology. 2009; 137: 
1270-9. 

22. Camus M, Tosolini M, Mlecnik B, Pages F, Kirilovsky A, Berger A, et al. 
Coordination of intratumoral immune reaction and human colorectal cancer 
recurrence. Cancer Res. 2009; 69: 2685-93. 

23. Mlecnik B, Tosolini M, Kirilovsky A, Berger A, Bindea G, Meatchi T, et al. 
Histopathologic-based prognostic factors of colorectal cancers are associated 
with the state of the local immune reaction. J Clin Oncol. 2011; 29: 610-8. 



 Journal of Cancer 2021, Vol. 12 

 
https://www.jcancer.org 

7517 

24. Menon AG, Janssen-van Rhijn CM, Morreau H, Putter H, Tollenaar RA, van de 
Velde CJ, et al. Immune system and prognosis in colorectal cancer: a detailed 
immunohistochemical analysis. Lab Invest. 2004; 84: 493-501. 

25. Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pages C, 
et al. Type, density, and location of immune cells within human colorectal 
tumors predict clinical outcome. Science. 2006; 313: 1960-4. 

26. Pagès F, Berger A, Camus M, Sanchez-Cabo F, Costes A, Molidor R, et al. 
Effector memory T cells, early metastasis, and survival in colorectal cancer. N 
Engl J Med. 2005; 353: 2654-66. 

27. Tanaka A, Sakaguchi S. Regulatory T cells in cancer immunotherapy. Cell Res. 
2017; 27: 109-18. 

28. Chen X, Du Y, Lin X, Qian Y, Zhou T, Huang Z. CD4+CD25+ regulatory T cells 
in tumor immunity. Int Immunopharmacol. 2016; 34: 244-9. 

29. Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P, Mottram P, et al. Specific 
recruitment of regulatory T cells in ovarian carcinoma fosters immune 
privilege and predicts reduced survival. Nat Med. 2004; 10: 942-9. 

30. deLeeuw RJ, Kost SE, Kakal JA, Nelson BH. The prognostic value of FoxP3+ 
tumor-infiltrating lymphocytes in cancer: a critical review of the literature. 
Clin Cancer Res. 2012; 18: 3022-9. 

31. Zhu XW, Zhu HZ, Zhu YQ, Feng MH, Qi J, Chen ZF. Foxp3 expression in 
CD4(+)CD25(+)Foxp3(+) regulatory T cells promotes development of 
colorectal cancer by inhibiting tumor immunity. J Huazhong Univ Sci 
Technolog Med Sci. 2016; 36: 677-82. 

32. Salama P, Phillips M, Grieu F, Morris M, Zeps N, Joseph D, et al. 
Tumor-infiltrating FOXP3+ T regulatory cells show strong prognostic 
significance in colorectal cancer. J Clin Oncol. 2009; 27: 186-92. 

33. Frey DM, Droeser RA, Viehl CT, Zlobec I, Lugli A, Zingg U, et al. High 
frequency of tumor-infiltrating FOXP3(+) regulatory T cells predicts improved 
survival in mismatch repair-proficient colorectal cancer patients. Int J Cancer. 
2010; 126: 2635-43. 

34. Vlad C, Kubelac P, Fetica B, Vlad D, Irimie A, Achimas-Cadariu P. The 
prognostic value of FOXP3+ T regulatory cells in colorectal cancer. J buon. 
2015; 20: 114-9. 

35. Saito T, Nishikawa H, Wada H, Nagano Y, Sugiyama D, Atarashi K, et al. Two 
FOXP3(+)CD4(+) T cell subpopulations distinctly control the prognosis of 
colorectal cancers. Nat Med. 2016; 22: 679-84. 


