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Abstract: LincRNA-p21 is a long non-coding RNA involved in the p53 pathway and angiogenesis
regulation that acts as prognostic marker in several tumors. In the present study, we aimed to
analyze the clinical value of lincRNA-p21 in 177 resected stage I–III colorectal cancer (CRC) patients.
Tumor and normal paired tissue and plasma samples from tumor-draining mesenteric veins and
paired peripheral veins were analyzed. LincRNA-p21 expression was determined by RTqPCR and
correlated with disease-free (DFS) and overall survival (OS). LincRNA-p21 was downregulated
in tumor versus normal tissue (p = 0.0012). CRC patients with high lincRNA-p21 expression had
shorter DFS (p = 0.0372) and shorter OS (p = 0.0465). Of note, the major prognostic impact was
observed in the subset of rectal cancer patients where patients with high lincRNA-p21 levels had
worse DFS (p = 0.0226) and OS (p = 0.0457). Interestingly, rectal cancer patients with high lincRNA-p21
benefited from post-operative chemoradiotherapy, as indicated by a longer OS in the group of high
lincRNA-p21 patients receiving post-operative chemoradiotherapy (p = 0.04). Finally, patients with
high lincRNA-p21 levels in mesenteric vein (MV) had shorter OS (p = 0.0329). LincRNA-p21 is a
marker of advanced disease and worse outcome in CRC. Moreover, rectal cancer patients with high
lincRNA-p21 levels could benefit from post-operative chemoradiotherapy, and plasmatic-lincRNA-p21
is a promising liquid biopsy biomarker.

Keywords: lincRNA-p21; colorectal cancer; radiochemotherapy; rectal cancer; long non-coding RNA;
liquid biopsy

1. Introduction

Colorectal cancer (CRC) remains the third most common cancer worldwide, with 1.8 million new
cases per year (10.2%), and it is the second leading cause of cancer-related death, with almost 900,000
deaths annually (9.2%) [1]. CRC comprises two different cancer types—colon cancer (CC) and rectal
cancer (RC)—which have traditionally been grouped together, although they are different diseases
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with a distinct prognosis and clinical management [2]. The treatment of early-stage CC is mostly based
on surgery, with adjuvant chemotherapy in patients with lymph node involvement [3]. In contrast,
although standard treatment of early-stage RC consists of surgery, if there are poor prognostic signs,
then post-operative chemotherapy/chemoradiotherapy (CT/CRT) treatment could be included [4].
In more advanced stages, preoperative CRT followed by surgery is recommended [4]. Despite advances
in the treatment of CRC, biomarkers to identify patients at high risk of relapse are needed to guide
treatment options and improve survival rates [5], and non-coding RNAs are promising candidates [6].

Non-coding RNAs comprise 97% of the transcriptome, while protein-coding mRNAs account
for only 3% [7]. Long non-coding RNAs (lncRNAs)—RNA molecules larger than 200 nucleotides
lacking protein-coding potential [8]—have been related to the main hallmarks of cancer [9] and have
been described as key mediators of tumorigenesis in different cancer types, including CRC [10].
One of the properties that make lncRNAs especially interesting as potential biomarkers is their highly
specific expression pattern across tissues and diseases [11,12]. LncRNA expression has been shown to
discriminate between tumor and normal tissue better than protein-coding genes [13]. In this setting,
lncRNAs have gained interest as novel biomarkers for CRC determined in both tumor tissue and liquid
biopsy samples [14,15].

The long intergenic non-coding RNA p21 (lincRNA-p21) was first described in 2010 as a
TP53-activated regulator of p53-mediated apoptosis [16]. In recent years, lincRNA-p21 has been mainly
linked to apoptosis regulation [17,18] and response to hypoxia [19,20]. However, other functions have
also been reported, including the regulation of epithelial-to-mesenchymal transition [6]. However,
the role of lincRNA-p21 in CRC remains poorly understood and explored only in vitro or using small
cohorts of patients [21,22].

In the present study, we have explored the potential use of lincRNA-p21 expression levels in tumor
tissue from resected CRC patients as a prognostic biomarker. We have assessed the expression levels
of lincRNA-p21 in tumor and adjacent normal tissue exploring its association with overall survival
(OS) and disease-free survival (DFS) in 177 CRC. We additionally performed an exploratory study to
evaluate the role as a liquid biopsy biomarker of lincRNA-p21 using plasma samples obtained from
the tumor-draining mesenteric vein (MV) or paired peripheral vein (PV).

2. Materials and Methods

2.1. Patient Samples

Tumor and paired adjacent normal tissue samples were obtained from 177 adult CRC patients at
the time of surgical resection in the Hospital Municipal de Badalona, and all samples were stored at
−80 ◦C until use. In addition, on the day of surgery, 5 mL of blood was drawn from the PV and stored
in heparinized tubes. During surgery, with vascular ligation before tumor resection, an additional
5 mL of blood was drawn from the inferior tumor-draining mesenteric vein (MV) in 20 rectal cancer
patients. Blood samples were collected in BD Vacutainer EDTA tubes (k3) and plasma were separated
by centrifugation for 10 min at 2000× g and stored at −20 ◦C until use. The study was approved by the
hospital Ethics Committee, and all participants provided their signed informed consent in accordance
with the Declaration of Helsinki.

2.2. RNA Extraction from Tissue

RNA was isolated from tumor and normal tissue using TriZol™ Reagent (Life Technologies,
Grand Island, NY, USA) and from plasma with TriZol™ LS Reagent (Life Technologies) supplemented
with MS2 RNA using the Total RNA purification kit (Norgen, Thorold, ON, Canada) according to
the manufacturer’s instructions. cDNA was obtained from 500 ng of RNA using the High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA). Relative lincRNA-p21
expression was determined by real-time polymerase chain reaction (RTqPCR) using the StepOne™
Real-time PCR System Thermal Cycling Block (Applied Biosystems). Quantification of lincRNA-p21
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expression levels was performed with Custom qPCR Probes (Integrated DNA Technologies, Coralville,
IW, USA) using the primers and probes described by Hall et al. [17]. Taqman gene expression assays of
B2M (beta-2-microglobulin) (Hs99999907_m1) and 18 s (Hs99999901_s1) (Applied Biosystems) were
used as endogenous control for tissue and blood samples, respectively.

2.3. Statistical Analyses

DFS was defined as the time between surgical resection and recurrence, death without recurrence,
or last follow-up. OS was calculated from resection to the date of death or last follow-up. Kaplan–Meier
curves for DFS and OS were plotted and compared with log-rank test. All factors with p < 0.1 in
the univariate analysis were included in the Cox multivariate regression analyses of DFS and OS
to determine hazard ratios (HR) with their 95% confidence intervals (CI). Paired (when necessary)
or non-paired t-tests were used for comparisons between groups. Optimal cutoffs of lincRNA-p21
expression data for DFS and OS were obtained using X-Tile software [23]. All statistical analyses
were performed using PASW Statistics 18 (SPSS Inc., IBM, Chicago, IL, USA), R 3.5.2 and GraphPad
prism v8. 5.

3. Results

3.1. Patients

From 2003 to 2017, 177 surgically resected CRC patients not having received any treatment prior
to surgery were included in the study. Neoadjuvant treatment was the unique exclusion criteria
used in the patient selection, since it could affect lincRNA-p21 basal levels. Ninety-six patients had
CC and eighty-one had RC. All patients had tumor and adjacent normal tissue samples and 20 RC
patients had blood samples from the MV obtained during surgery and paired PV. Ninety-two (52%)
received adjuvant treatment (0 stage I, 42 stage II, and 50 stage III). Among the patients with CC,
51 received adjuvant CT (22 Capecitabine + Oxaliplatin; 17 Capecitabine; 10 Mayo scheme; 2 Folfox),
while among those with RC, eight received adjuvant CT (5 Capecitabine; 1 Capecitabine + Oxaliplatin;
1 Mayo scheme; 1 Raltitrexed + Oxaliplatin) and 33 received CRT (19 Capecitabine plus radiotherapy
[45–50.4 Gy] and 14 Capecitabine + Oxaliplatin plus radiotherapy [45–50.4 Gy]). Median follow-up
time for CRC patients was 97.6 months (Interquartile range, IQR 65.3–161.7). During follow-up, 33 CRC
patients relapsed, 22 of whom died. Table 1 displays the main clinical characteristics of the patients for
the entire cohort and split in CC or RC alone.

3.2. LincRNA-p21 Expression Levels

First, we analyzed whether differences in the lincRNA-p21 levels exists between tumor and
normal paired tissue. In this analysis, we only included a representative and randomly selected part
of the normal tissues available (n = 62). LincRNA-p21 was downregulated in tumor compared to
normal tissue samples (Paired t-test p = 0.0012) (Figure 1A). The correlation of lincRNA-p21 levels in
tumor tissue with the main clinicopathological characteristics showed a significant association with
lymph node involvement (N), disease stage, and tumor location. N+ patients had higher levels of
lincRNA-p21 than N− patients (p = 0.016). Moreover, lincRNA-p21 levels were significantly different
among N0, N1, and N2 patients (p = 0.0482) (Figure 1B). These results are in line with the association
observed with disease stage where tumor samples from patients with stage III CRC (N+ patients) had
higher levels of lincRNA-p21 than those with stage I–II (N− patients) disease (p = 0.016) (Figure 1C).
Finally, we observed different licRNA-p21 levels according to tumor location, with increasing levels
from right colon to rectum (p = 0.002) (Figure 1D).
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Table 1. Patient characteristics and association with disease-free survival (DFS) and overall survival
(OS) according to the univariate analyses (Log Rank). Significant p values are shown in bold. CRC:
colorectal cancer.

Characteristics Value All CRC Patients
(n = 177)

Colon Cancer
(n = 96)

Rectal Cancer
(n = 81)

N (%) DFS OS N (%) DFS OS N (%) DFS OS

Sex
Male 103 (58.2)

0.644 0.311
52 (54.2)

0.473 0.928
51 (63)

0.081 0.111Female 74 (41.8) 44 (45.8) 30 (37)

Age (years) ≤65 59 (33.3)
0.002 0.001

31 (32.3)
0.02 0.012

28 (34.6)
0.024 0.002

>65 118 (66.7) 65 (67.7) 53 (65.4)

ECOG PS *
0 8 (4.5)

0.041 0.017
6 (6.3)

0.017 0.013
2 (2.5)

0.405 0.2921 148 (84.2) 79 (82.3) 70 (86.4)
2 20 (11.3) 11 (11.5) 9 (11.1)

T

1 11 (6.2)

0.467 0.266

3 (3.1)

0.373 0.446

8 (9.9)

0.761 0.391
2 36 (20.3) 10 (10.4) 26 (32.1)
3 112 (63.3) 68 (70.8) 44 (54.3)
4 18 (10.2) 15 (15.6) 3 (3.7)

N
0 120 (67.8)

0.233 0.418
63 (65.6)

0.385 0.344
57 (70.4)

0.659 0.8581 40 (22.6) 25 (26) 15 (18.5)
2 17 (9.6) 8 (8.3) 9 (11.1)

Stage
I 37 (20.9)

0.314 0.554
10 (10.4)

0.258 0.353
27 (33.4)

0.763 0.994II 83 (46.9) 53 (55.2) 30 (37)
III 57 (32.2) 33 (34.4) 24 (29.6)

Previous polyp Yes 40 (22.6)
0.311 0.179

26 (27.1)
0.142 0.03

14 (17.3)
0.915 0.896No 137 (77.4) 70 (72.9) 67 (82.7)

Mucin secretion
Yes 33 (18.6)

0.534 0.129
27 (28.1)

0.691 0.292
75 (92.6)

0.152 0.054No 144 (81.4) 69 (71.9) 6 (7.4)

Relapse Yes 33 (18.6) --- --- 17 (17.7) --- --- 16 (19.8) --- ---
No 144 (81.4) 79 (82.3) 65 (80.2)

* ECOG PS: Eastern cooperative oncology group performance status.
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Figure 1. (A) Long intergenic non-coding RNA p21 (LincRNA-p21) expression in normal vs. tumor
tissue. The prognostic cutoff used to divide patients in high or low expression for the prognosis analysis
is indicated in the graph (red dashed line). (B) LincRNA-p21 expression according to lymph node
involvement; (C) LincRNA-p21 expression in stage I–II vs. stage III disease; and (D) right/transverse
colon vs. left colon vs. rectum.
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3.3. LincRNA-p21 Expression and Survival

Using the optimal cutoff values identified by X-Tile, we classified the patients as having high
or low lincRNA-p21 expression (Figure 1A). Of the 177 CRC patients, 135 had low and 42 had high
expression. CRC patients with high lincRNA-p21 expression had shorter DFS (not reached [NR] versus
128.9 months; p = 0.0372; Figure 2a) and shorter OS (NR versus 131.5 months; p = 0.0465; Figure 2b)
than those with low levels.
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When we performed a sub analysis according to tumor location (CC versus RC), we observed
that of the 96 CC patients, 47 had low and 49 high expression; and of the 81 RC patients, 50 had low
and 31 had high expression. In the subgroup of 96 CC patients, despite the CC patients with high
lincRNA-p21 levels having worse outcome, there was no significant association between lncRNA-p21
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levels and either DFS or OS (Figure 2c,d). Interestingly, in the subgroup of 81 rectal cancer patients,
those with high lincRNA-p21 levels had significantly shorter DFS (NR versus 80.1 months; p = 0.0226;
Figure 2e) and OS (NR versus 111.6 months; p = 0.0457; Figure 2f).

3.4. LincRNA-p21 is an Independent Prognosis Marker in CRC

The multivariate analysis of DFS identified lincRNA-p21 as an independent prognostic marker in
the overall cohort (HR 1.74, 95% CI 1.07–2.84; p = 0.025) and in the subgroup of rectal cancer patients
(HR 1.98, 95% CI 1.01–3.8; p = 0.046). The multivariate analysis of OS identified lincRNA-p21 levels as
an independent prognostic marker in all patients (HR 1.88 95% CI 1.10–3.21; p = 0.020). Table 2 shows
all factors identified as independent markers in the multivariate analyses.

Table 2. Cox multivariate analyses of disease-free survival (DFS) and overall survival (OS). Bold for
p < 0.05. RC: rectal cancer.

DFS OS

Factor HR (95% CI) p Value HR (95% CI) p Value

CRC patients

Advanced age 1.043 (1.016–1.071) 0.02 1.075 (1.042–1.110) p < 0.001

Stage III 1.379 (0.687–2.769) 0.367 1.435 (0.676–3.046) 0.348

No adjuvant treatment 0.778 (0.339–1.785) 0.554 0.658 (0.258–1.678) 0.380

ECOG PS (0) 0.274 (0.056–1.341) 0.110 0.408 (0.081–2.046) 0.276

High lincRNA-p21 1.747 (1.074–2.841) 0.025 1.884 (1.104–3.217) 0.020

RC Patients

Advanced age 1.032 (0.996–1.069) 0.087 1.064 (1.017–1.113) 0.007

Male 0.570 (0.290–1.119) 0.102 - -

Mucin secretion - - 2.468 (0.833–7.317) 0.103

Stage III 0.769 (0.148–4.013) 0.756 0.606 (0.095–3.861) 0.596

No adjuvant treatment 0.924 (0.409–2.090) 0.850 0.996 (0.423–2.345) 0.992

High lincRNA-p21 1.986 (1.013–3.895) 0.046 1.318(0.562–3.091) 0.562

3.5. LincRNA-p21 and Chemoradiotherapy in Rectal Cancer

Among RC patients not receiving adjuvant CRT, those with high levels of lincRNA-p21 had
shorter DFS (NR versus 74.9 months; log-rank p = 0.018; Figure 3a) and OS (NR versus 80.1 months;
log-rank p = 0.016; Figure 3b). However, this prognostic effect was lost among patients receiving
adjuvant CRT (Figure 3c,d). Interestingly, when we analyzed the association between CRT and DFS
and OS separately in the subgroups of patients with low or high lincRNA-p21, we observed different
behaviors. Among patients with low lincRNA-p21 levels, there was no significant difference in OS
between those receiving and not receiving CRT (log-rank p = 0.965; Figure 3e), while in those with high
lincRNA-p21 levels, OS was longer in those receiving CRT (NR versus 80.1 months, log-rank p = 0.043;
Figure 3f). Interestingly, in those patients treated with CT alone, without radiotherapy, OS was more
similar to that in patients not receiving any adjuvant treatment (Supplementary Figure S1).

3.6. Exploratory Analysis of LincRNA-p21 Expression in Plasma Samples

Since lincRNA-p21 showed a major impact in RC patients, we decided to focus the analysis of
plasmatic–lincRNA-p21 in this subgroup. Among the 20 RC patients with available blood samples
(MV and paired PV), those with high plasmatic–lincRNA-p21 expression in plasma obtained from
MV (Figure 4a) showed a trend toward shorter DFS (NR versus 74.90 months, p = 0.153; Figure 4c)
and significantly shorter OS (NR versus 81.69 months, p = 0.032; Figure 4d). In contrast, there was
no association between plasmatic–lincRNA-p21 expression (Figure 4b) and DFS (p = 0.5591) or OS
(p = 0.4463) in samples from the PV (Figure 4e,f).
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Figure 3. Disease-free survival (DFS) and overall survival (OS) according to lincRNA-p21 expression
levels in (a,b) 48 rectal cancer patients not receiving radiotherapy and (c,d) 33 rectal cancer patients
receiving radiotherapy. (e,f) Overall survival according to radiotherapy vs. no radiotherapy in
(e) 50 rectal cancer patients with low levels of lincRNA-p21 and (f) 31 rectal cancer patients with high
levels of lincRNA-p21. Log-rank test were used to calculate whether significant differences in survival
times between groups were achieved.
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Figure 4. Expression levels of lincRNA-p21 in plasma obtained from (a) mesenteric vein and
(b) peripheric vein (relative to normal colorectal tissue). The most optimal cutoff identified using x-Tile
software and used for the prognostic analysis is indicated with a dashed red line. Disease-free survival
(DFS) and overall survival (OS) according to lincRNA-p21 expression levels in plasma derived from
(c,d) the mesenteric vein and (e,f) the peripheral vein in 20 rectal cancer patients. The log-rank test was
used to calculate whether significant differences in survival times between groups were achieved.

4. Discussion

In the present study, we have studied the clinical utility of lincRNA-p21 in CRC. The analysis of
177 CRC patients showed that despite lincRNA-p21 being downregulated in tumor tissue compared
to normal tissue, its higher levels in tumor tissue positively correlated with advanced disease
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characteristics, including lymph node involvement and an advanced stage, and related to worse
outcome. Moreover, we observed that lincRNA-p21 expression levels were associated with tumor
location where RC patients had the highest lincRNA-p21 levels. In relation with this, we observed that
the major prognostic impact was achieved in RC patients, whereas it was not significantly achieved in
CC patients.

Several studies have explored the function and clinical role of lincRNA-p21 in CRC. An early
study [22] including 66 CRC patients also reported that lincRNA-p21 was downregulated in tumor
tissue compared to adjacent normal tissue and that high lincRNA-p21 expression correlated with
factors associated with poor prognosis, such as higher TNM grade and vascular invasion. Moreover,
they also showed that higher levels of lincRNA-p21 were observed in RC. However, no association
with neither OS nor metastasis-free survival were found, maybe due to the reduced number of patients.
However, in a more recent study [24] in 66 CRC patients, no significant differences were observed
between tumor and adjacent normal tissue and lincRNA-p21 levels, but they found using ROC curve
analysis that lincRNA-p21 could have an impact as diagnostic marker (AUC tumor versus normal
tissue of 0.796). The prognosis impact was not studied in that work. Since lincRNA-p21 have been
described as key element in the TP53 pathway, both papers studied the association with TP53 in patient
samples, analyzing the correlation with TP53 mutational status [22] or the correlation with p53 mRNA
levels [24]. However, no significant correlations with TP53 were observed in both papers.

Although no correlation with survival was observed in previous CRC studies, which was probably
due to the small size of the cohorts analyzed, the prognosis impact of lincRNA-p21 has been confirmed
in other tumors. In line with our results, high lincRNA-p21 levels were correlated with worse outcome
in non-small-cell lung cancer [25] and prostate cancer [26], while in hepatocellular carcinoma [18] and
diffuse large B lymphoma [27], high lincRNA-p21 expression has been related to better prognosis.

Since previous in vitro findings have linked lincRNA-p21 expression to radiation response [21],
we explored this potential association in our cohort, where 41% of RC patients (33 of 81) received
post-operative CRT. Interestingly, we found that high lincRNA-p21 patients benefit from CRT.
We observed that the prognostic impact of lincRNA-p21 expression was lost in patients treated
with CRT. Moreover, the subanalysis of patients according high or low lincRNA-p21 levels showed
that among high lincRNA-p21 patients, those treated with CRT had longer OS than those who were
not, while those with low lincRNA-p21 levels seemed to derive no survival benefit from CRT. No
significant differences were observed in the group of patients treated only with CT, which indicates that
lincRNA-p21 is related to radiotherapy response. These results are in line with previous in vitro studies
showing that high lincRNA-p21 levels promoted apoptosis in CRC cell lines after radiation exposure by
targeting the Wnt/β-Catenin pathway [21]. Similar results have also been reported in glioma cell lines,
where a relationship between miR-146-5p and lincRNA-p21 correlated with sensitization to radiation
therapy [28]. Taken together with these previous findings, our results indicate that lincRNA-p21 may
be a promising predictive biomarker of radiotherapy benefit.

Finally, we performed an exploratory analysis to evaluate the potential utility of lincRNA-p21
as liquid biopsy biomarker. For this, we analyzed lincRNA-p21 levels in plasma obtained from two
different sources: tumor-draining vein and PV. Our group have demonstrated previously the benefit
of analyzing tumor-draining vein samples in front of PV in CCR [29,30] and also in lung cancer [31].
Our analysis was focused on RC, since in that group, we observed the major clinical impact. In MV but
not in PV, we observed that high lincRNA-p21 levels were correlated with shorter OS. Although the
number of samples studied was low, this exploratory analysis denotes a promising role of lincRNA-p21
as a liquid biopsy biomarker for resected RC patients that deserves to be further studied in larger
cohorts. Moreover, several studies have previously pointed out the suitability of lncRNAs as a new
source of biomarker in the field of liquid biopsy [32,33].

To date, the role of lincRNA-p21 in CRC has been studied in small patient cohorts or in vitro,
and the present study is the first to explore its impact in a relatively large number of patients pointing
out their relevance as prognostic biomarker, especially in RC patients.
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In summary, our findings indicate that lincRNA-p21 may be a useful prognostic biomarker in CRC,
especially in RC where it also could play a role as an indicator of survival benefit from radiotherapy.
Of note, these findings will benefit from validation in an independent cohort and from further studies
to elucidate their mechanism of action, since validating the role of lincRNA-p21 as a prognostic marker
could lead to the development of novel therapeutic strategies in CRC.

5. Conclusions

LincRNA-p21 is a marker of advanced disease and worse outcome in CRC with a major impact in
RC patients, where it is clearly overexpressed. Moreover, lincRNA-p21 acts as a marker of radiotherapy
response, since RC patients with high lincRNA-p21 levels benefit from post-operative CRT. Finally,
the analysis of lincRNA-p21 levels in plasma from tumor-draining vein is a prognostic biomarker for
resected RC patients.

Supplementary Materials: The following are available online at http://www.mdpi.com/2075-1729/10/9/172/s1,
Figure S1: OS of patients according adjuvant treatment strategy administered (No treatment, CT or CRT) in
patients with high (a) high lincRNA-p21 or (b) low lincRNA-p21 levels.

Author Contributions: Conceptualization, A.N. and M.M.; methodology, A.N.; Y.L. and J.J.C.; formal analysis,
J.J.C.; investigation, Y.L., J.J.C., J.C., T.D., B.H. and C.M.; resources, I.M., F.M.-R., R.H., and A.B.; data curation,
I.M., F.M.-R., R.H., and A.B.; writing—original draft preparation, Y.L. and J.J.C.; writing—review and editing, A.N.
and M.M.; supervision, A.N. and M.M.; project administration, A.N. and M.M.; funding acquisition, M.M. and
A.N. All authors have read and agreed to the published version of the manuscript.

Funding: This study was partially supported by Servei de Donació del Cos a la Ciencia (Body Donation Service) of
the Faculty of Medicine and Health Sciences, University of Barcelona and by grants from the Ministry of Economy,
Industry and Competition, Agencia Estatal de Investigación co-financed with the European Union FEDER funds
SAF2017-88606-P (AEI/FEDER, UE).

Conflicts of Interest: All authors declare no conflict of interest with the present work.

Abbreviations

CC Colon cancer
CI Confidence intervals
CRC Colorectal cancer
CT Chemotherapy
CTR Chemoradiotherapy
DFS Disease-free survival
HR Hazard ratios
MDPI Multidisciplinary Digital Publishing Institute
MV Mesenteric vein
NT Normal tissue
OS Overall survival
PV Peripheral vein
RC Rectal cancer
TT Tumor tissue

References

1. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; 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. [CrossRef] [PubMed]

2. Tamas, K.; Walenkamp, A.; de Vries, E.; van Vugt, M.; Beets-Tan, R.; van Etten, B.; de Groot, D.; Hospers, G.
Rectal and colon cancer: Not just a different anatomic site. Cancer Treat. Rev. 2015, 41, 671–679. [CrossRef]
[PubMed]

3. Labianca, R.; Nordlinger, B.; Beretta, G.; Mosconi, S.; Mandalà, M.; Cervantes, A.; Arnold, D.; ESMO
Guidelines Working Group. Early colon cancer: ESMO clinical practice guidelines for diagnosis, treatment
and follow-up. Ann. Oncol. 2013, 24 (Suppl. 6), vi64–vi72. [CrossRef] [PubMed]

http://www.mdpi.com/2075-1729/10/9/172/s1
http://dx.doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://dx.doi.org/10.1016/j.ctrv.2015.06.007
http://www.ncbi.nlm.nih.gov/pubmed/26145760
http://dx.doi.org/10.1093/annonc/mdt354
http://www.ncbi.nlm.nih.gov/pubmed/24078664


Life 2020, 10, 172 11 of 12

4. Glynne-Jones, R.; Wyrwicz, L.; Tiret, E.; Brown, G.; Rödel, C.; Cervantes, A.; Arnold, D. Rectal cancer: ESMO
clinical practice guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28 (Suppl. 4), iv22–iv40.
[CrossRef]

5. Arnold, M.; Sierra, M.S.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global patterns and trends in
colorectal cancer incidence and mortality. Gut 2017, 66, 683–691. [CrossRef]

6. Jia, M.; Jiang, L.; Wang, Y.D.; Huang, J.Z.; Yu, M.; Xue, H.Z. lincRNA-p21 inhibits invasion and metastasis of
hepatocellular carcinoma through Notch signaling-induced epithelial–mesenchymal transition. Hepatol. Res.
2016, 46, 1137–1144. [CrossRef]

7. Djebali, S.; Davis, C.A.; Merkel, A.; Dobin, A.; Lassmann, T.; Mortazavi, A.; Tanzer, A.; Lagarde, J.; Lin, W.;
Schlesinger, F. Landscape of transcription in human cells. Nature 2012, 489, 101–108. [CrossRef]

8. Wilusz, J.E.; Sunwoo, H.; Spector, D.L. Long noncoding RNAs: Functional surprises from the RNA world.
Genes Dev. 2009, 23, 1494–1504. [CrossRef]

9. Gutschner, T.; Diederichs, S. The hallmarks of cancer: A long non-coding RNA point of view. RNA Biol.
2012, 9, 703–719. [CrossRef]

10. Galamb, O.; Barták, B.K.; Kalmár, A.; Nagy, Z.B.; Szigeti, K.A.; Tulassay, Z.; Igaz, P.; Molnár, B.
Diagnostic and prognostic potential of tissue and circulating long non-coding RNAs in colorectal tumors.
World J. Gastroenterol. 2019, 25, 5026. [CrossRef]

11. Necsulea, A.; Soumillon, M.; Warnefors, M.; Liechti, A.; Daish, T.; Zeller, U.; Baker, J.C.; Grützner, F.;
Kaessmann, H. The evolution of lncRNA repertoires and expression patterns in tetrapods. Nature 2014, 505,
635–640. [CrossRef] [PubMed]

12. Washietl, S.; Kellis, M.; Garber, M. Evolutionary dynamics and tissue specificity of human long noncoding
RNAs in six mammals. Genome Res. 2014, 24, 616–628. [CrossRef] [PubMed]

13. Yan, X.; Hu, Z.; Feng, Y.; Hu, X.; Yuan, J.; Zhao, S.D.; Zhang, Y.; Yang, L.; Shan, W.; He, Q. Comprehensive
genomic characterization of long non-coding RNAs across human cancers. Cancer Cell 2015, 28, 529–540.
[CrossRef] [PubMed]

14. Baassiri, A.; Nassar, F.; Mukherji, D.; Shamseddine, A.; Nasr, R.; Temraz, S. Exosomal non coding RNA in
LIQUID biopsies as a promising biomarker for colorectal cancer. Int. J. Mol. Sci. 2020, 21, 1398. [CrossRef]
[PubMed]

15. Wang, J.-J.; Wang, X.; Song, Y.-X.; Zhao, J.-H.; Sun, J.-X.; Shi, J.-X.; Wu, Z.-H.; Wang, Z.-N. Circulating
noncoding RNAs have a promising future acting as novel biomarkers for colorectal cancer. Dis. Markers
2019, 4, 1–13. [CrossRef]

16. Huarte, M.; Guttman, M.; Feldser, D.; Garber, M.; Koziol, M.J.; Kenzelmann-Broz, D.; Khalil, A.M.; Zuk, O.;
Amit, I.; Rabani, M. A large intergenic noncoding RNA induced by p53 mediates global gene repression in
the p53 response. Cell 2010, 142, 409–419. [CrossRef]

17. Hall, J.; Messenger, Z.; Tam, H.; Phillips, S.; Recio, L.; Smart, R. Long noncoding RNA lincRNA-p21 is the
major mediator of UVB-induced and p53-dependent apoptosis in keratinocytes. Cell Death Dis. 2015, 6,
e1700. [CrossRef]

18. Ning, Y.; Yong, F.; Haibin, Z.; Hui, S.; Nan, Z.; Guangshun, Y. LincRNA-p21 activates endoplasmic reticulum
stress and inhibits hepatocellular carcinoma. Oncotarget 2015, 6, 28151. [CrossRef]

19. Yang, F.; Zhang, H.; Mei, Y.; Wu, M. Reciprocal regulation of HIF-1α and lincRNA-p21 modulates the
Warburg effect. Mol. Cell 2014, 53, 88–100. [CrossRef]

20. Meng, S.-S.; Xu, X.-P.; Chang, W.; Lu, Z.-H.; Huang, L.-L.; Xu, J.-Y.; Liu, L.; Qiu, H.-B.; Yang, Y.;
Guo, F.-M. LincRNA-p21 promotes mesenchymal stem cell migration capacity and survival through
hypoxic preconditioning. Stem Cell Res. Ther. 2018, 9, 1–11. [CrossRef]

21. Wang, G.; Li, Z.; Zhao, Q.; Zhu, Y.; Zhao, C.; Li, X.; Ma, Z.; Li, X.; Zhang, Y. LincRNA-p21 enhances the
sensitivity of radiotherapy for human colorectal cancer by targeting the Wnt/β-catenin signaling pathway.
Oncol. Rep. 2014, 31, 1839–1845. [CrossRef] [PubMed]

22. Zhai, H.; Fesler, A.; Schee, K.; Fodstad, Ø.; Flatmark, K.; Ju, J. Clinical significance of long intergenic
noncoding RNA-p21 in colorectal cancer. Clin. Colorectal Cancer 2013, 12, 261–266. [CrossRef] [PubMed]

23. Camp, R.L.; Dolled-Filhart, M.; Rimm, D.L. X-tile: A new bio-informatics tool for biomarker assessment and
outcome-based cut-point optimization. Clin. Cancer Res. 2004, 10, 7252–7259. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/annonc/mdx224
http://dx.doi.org/10.1136/gutjnl-2015-310912
http://dx.doi.org/10.1111/hepr.12659
http://dx.doi.org/10.1038/nature11233
http://dx.doi.org/10.1101/gad.1800909
http://dx.doi.org/10.4161/rna.20481
http://dx.doi.org/10.3748/wjg.v25.i34.5026
http://dx.doi.org/10.1038/nature12943
http://www.ncbi.nlm.nih.gov/pubmed/24463510
http://dx.doi.org/10.1101/gr.165035.113
http://www.ncbi.nlm.nih.gov/pubmed/24429298
http://dx.doi.org/10.1016/j.ccell.2015.09.006
http://www.ncbi.nlm.nih.gov/pubmed/26461095
http://dx.doi.org/10.3390/ijms21041398
http://www.ncbi.nlm.nih.gov/pubmed/32092975
http://dx.doi.org/10.1155/2019/2587109
http://dx.doi.org/10.1016/j.cell.2010.06.040
http://dx.doi.org/10.1038/cddis.2015.67
http://dx.doi.org/10.18632/oncotarget.4661
http://dx.doi.org/10.1016/j.molcel.2013.11.004
http://dx.doi.org/10.1186/s13287-018-1031-x
http://dx.doi.org/10.3892/or.2014.3047
http://www.ncbi.nlm.nih.gov/pubmed/24573322
http://dx.doi.org/10.1016/j.clcc.2013.06.003
http://www.ncbi.nlm.nih.gov/pubmed/24012455
http://dx.doi.org/10.1158/1078-0432.CCR-04-0713
http://www.ncbi.nlm.nih.gov/pubmed/15534099


Life 2020, 10, 172 12 of 12

24. Chaleshi, V.; Irani, S.; Alebouyeh, M.; Mirfakhraie, R.; Aghdaei, A.H. Association of lncRNA-p53 regulatory
network (lincRNA-p21, lincRNA-ROR and MALAT1) and p53 with the clinicopathological features of
colorectal primary lesions and tumors. Oncol. Lett. 2020, 19, 3937–3949. [CrossRef] [PubMed]

25. Castellano, J.J.; Navarro, A.; Viñolas, N.; Marrades, R.M.; Moises, J.; Cordeiro, A.; Saco, A.; Muñoz, C.;
Fuster, D.; Molins, L. LincRNA-p21 impacts prognosis in resected non–small cell lung cancer patients through
angiogenesis regulation. J. Thorac. Oncol. 2016, 11, 2173–2182. [CrossRef] [PubMed]

26. Wang, X.; Ruan, Y.; Wang, X.; Zhao, W.; Jiang, Q.; Jiang, C.; Zhao, Y.; Xu, Y.; Sun, F.; Zhu, Y. Long intragenic
non-coding RNA linc RNA-p21 suppresses development of human prostate cancer. Cell Prolif. 2017,
50, e12318. [CrossRef]

27. Peng, W.; Wu, J.; Feng, J. LincRNA-p21 predicts favorable clinical outcome and impairs tumorigenesis in
diffuse large B cell lymphoma patients treated with R-CHOP chemotherapy. Clin. Exp. Med. 2017, 17, 1–8.
[CrossRef]

28. Yang, W.; Yu, H.; Shen, Y.; Liu, Y.; Yang, Z.; Sun, T. MiR-146b-5p overexpression attenuates stemness and
radioresistance of glioma stem cells by targeting HuR/lincRNA-p21/β-catenin pathway. Oncotarget 2016,
7, 41505. [CrossRef]

29. Monzo, M.; Santasusagna, S.; Moreno, I.; Martinez, F.; Hernáez, R.; Muñoz, C.; Castellano, J.J.; Moreno, J.;
Navarro, A. Exosomal microRNAs isolated from plasma of mesenteric veins linked to liver metastases in
resected patients with colon cancer. Oncotarget 2017, 8, 30859. [CrossRef]

30. Santasusagna, S.; Moreno, I.; Navarro, A.; Rodenas, F.M.; Hernandez, R.; Castellano, J.J.; Munoz, C.;
Monzo, M. Prognostic impact of miR-200 family members in plasma and exosomes from tumor-draining
versus peripheral veins of colon cancer patients. Oncology 2018, 95, 309–318. [CrossRef]

31. Castellano, J.J.; Marrades, R.M.; Molins, L.; Viñolas, N.; Moises, J.; Canals, J.; Han, B.; Li, Y.; Martinez, D.;
Monzó, M. Extracellular vesicle lincRNA-p21 expression in tumor-draining pulmonary vein defines prognosis
in NSCLC and modulates endothelial cell behavior. Cancers 2020, 12, 734. [CrossRef] [PubMed]

32. Dragomir, M.; Chen, B.; Calin, G.A. Exosomal lncRNAs as new players in cell-to-cell communication.
Transl. Cancer Res. 2018, 7 (Suppl. 2), S243. [CrossRef] [PubMed]

33. Sole, C.; Arnaiz, E.; Manterola, L.; Otaegui, D.; Lawrie, C.H. The Circulating Transcriptome as a Source of
Cancer Liquid Biopsy Biomarkers. Semin. Cancer Biol. 2019, 58, 100–108. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3892/ol.2020.11518
http://www.ncbi.nlm.nih.gov/pubmed/32391102
http://dx.doi.org/10.1016/j.jtho.2016.07.015
http://www.ncbi.nlm.nih.gov/pubmed/27496652
http://dx.doi.org/10.1111/cpr.12318
http://dx.doi.org/10.1007/s10238-015-0396-8
http://dx.doi.org/10.18632/oncotarget.9214
http://dx.doi.org/10.18632/oncotarget.16103
http://dx.doi.org/10.1159/000490726
http://dx.doi.org/10.3390/cancers12030734
http://www.ncbi.nlm.nih.gov/pubmed/32244977
http://dx.doi.org/10.21037/tcr.2017.10.46
http://www.ncbi.nlm.nih.gov/pubmed/30148073
http://dx.doi.org/10.1016/j.semcancer.2019.01.003
http://www.ncbi.nlm.nih.gov/pubmed/30684535
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Patient Samples 
	RNA Extraction from Tissue 
	Statistical Analyses 

	Results 
	Patients 
	LincRNA-p21 Expression Levels 
	LincRNA-p21 Expression and Survival 
	LincRNA-p21 is an Independent Prognosis Marker in CRC 
	LincRNA-p21 and Chemoradiotherapy in Rectal Cancer 
	Exploratory Analysis of LincRNA-p21 Expression in Plasma Samples 

	Discussion 
	Conclusions 
	References

