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Abstract: This study aimed to explore immune-related IncRNAs for predicting the overall survival of patients with
colon adenocarcinoma. RNA-sequencing data were downloaded from the TCGA data portal. The immune-related In-
cRNAs with differential expression were identified with Cox and LASSO regression analysis. With the stepwise regres-
sion analysis, a seven INCRNA signature was established for calculating the Risk Score with following formula: Risk
Score = [Expression level of ACO27307.2 * (0.156)] + [Expression level of ACO74117.1 * (0.294)] + [Expression level
of AC103702.2 * (-0.025)] + [Expression level of CYTOR * (0.205)] + [Expression level of LINCO2381 * (0.251)] +
[Expression level of MIR200CHG * (0.052)] + [Expression level of SNHG16 * (-0.101)]. The Risk Score was validated
with survival analysis, achieving moderate area under the curve (AUC) of receiver operating characteristic (ROC)
curve over 0.7. GSEA and immune-cell abundance analysis further supported the involved IncRNAs were immune-
relevant. Finally, the prognosis prediction efficacy was verified with clinical samples with an AUC of 0.674 in ROC
curve. Both the Risk Score and involved immune-related IncRNAs presented promising clinical significance.
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Introduction

Based on the World Health Organization re-
ports, colorectal cancer (CRC) has been one
of the most common cancers all around the
world, with an incidence of over 9% in all can-
cer types [1]. The epidemiology analysis reve-
aled that the development of CRC was cau-
sally associated with genetic, nutritional and
environmental factors [2-4]. CRC presented
high incidence and mortality in both develop-
ed and developing countries [5].

The burden of CRC can be effectively lowered
via early diagnosis and timely intervention. The
CRC related morbidity and mortality can be
substantially reduced with targeted screening,
such as the early screening conducted in high-
risk population before clinical symptoms. The
therapy would be easier and more economic,
with higher success rate [6, 7]. The epidemical
analysis revealed some characteristics of high-
risk CRC patients, such as increasing age (old-
er than 40 years), male, and a family history of
CRC [8]. However, epidemiological investiga-
tion based on patients characteristics was too

general and lack of accuracy, while the speci-
fic test such as colorectal polyps pathological
examination [9] would be more practical. The
examination based on CRC specific biomarkers
has become another appropriate option [10].

Long non-coding RNAs (LncRNAs) are a series
of non-coding RNA molecules with the length
of longer than 200 nucleotides. LncRNAs have
been proved to participate in cell differentiation
and development [11]. LncRNAs have also been
intensively involved in the cancer progression.
Several reviews have summarized the cancer
associated IncRNAs, as well as their roles and
functions [12]. The main function of IncRNAs
seemed to regulate the transcription of protein
coding genes, via changing chromatin state
[12]. Another interesting function of IncRNA
was the involvement of competitive endoge-
nous RNA (ceRNA) regulation network, in which
IncRNAs competed with another RNA or protein
for combining with its natural target [13]. The
regulatory effects of IncRNAs have been inves-
tigated in various malignancies [12]. LncRNAs
have been proposed as good biomarkers in
cancer diagnosis and therapeutics [10, 14].
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Immune-related genes (IRGS), including both
immune-related mRNA and IncRNAs, have par-
ticipated in the regulation of systemic immune
response. IRGs provided innovative insight in
exploring the mechanism of cancer immuno-
therapy. Some |IRGs have been verified as
promising biomarkers for predicting the treat-
ment efficacy of cancer [15, 16].

Colon adenocarcinoma (COAD) is a type of can-
cer that started in the colon and rectum. There
are different types of colon and rectal cancer,
but adenocarcinoma is the most observed
CRC, presented malignance and poor progno-
sis. Adenocarcinoma was the precursor of CRC.
This study aimed to explore immune-related
IncRNA signature for survival prediction in
patients with COAD. Firstly, with the RNA-se-
quencing data obtained from TCGA, the im-
mune-related mMRNAs were screened. Based
on the co-expression analysis, immune-related
mRNAs with significantly differential expres-
sion were screened. Secondly, the clinical infor-
mation was also obtained for patients with
COAD. They were divided in Training and Test
cohorts. In the Train cohort, the overall survival
(0S)-associated IncRNAs were identified with
univariate Cox analysis and followed by LASSO
regression analysis. The stepwise regression
analysis was then applied to further determine
the model of Risk Score, which can be calcu-
lated by the formula consist of the involved
IncRNAs and their coefficients. Thirdly, the Risk
Score was validated to show practical signifi-
cance in survival analysis. The Risk Score was
further supported by its relationship with clini-
copathological factors, the GSEA analysis and
immune cells abundance analysis. Finally, the
seven immune-related INncRNA signature was
validated with the clinical COAD specimens.

Materials and methods
Data resource

Transcriptome RNA-sequencing data of TCGA-
COAD were downloaded from the TCGA data
portal, including 473 cases of COAD tumor
tissues and 41 cases of normal tissues. The
Fragments per Kilobase Million (FPKM) expres-
sion profiling data was applied for analysis.
The clinical data and demographic informa-
tion were obtained from the TCGA database.
Expression profiling matrix of both encoding
gene and INcRNA were extracted with Perl.

7061

Identification of survival associated IncRNAs

Differentially expressed IncRNAs and immu-
ne-related IncRNAs: Differentially expressed
IncRNAs between COAD and normal control
were screened with Limma package and pre-
sented with Pheatmap package in R software.
The differentially expressed IncRNAs were
determined with the following cutoff value:
false discovery rate = 0.05, log2 |fold change|
= 1. The immune-related mRNAs were firstly
identified from the background gene set list of
two immune-related pathways (Immune_Res-
ponse.gmt and Immune_System_process.gmt)
from Molecular Signatures Database V7.0. A
total of 332 immune-related mRNAs were in-
cluded in the obtained immune-gene list. The
expression profiling matrix of the 332 IRGs was
extracted with R software. LncRNAs with aver-
age expression less than 0.5 was removed pre-
viously with Limma package in R software.
Then, the correlation test between immune-
related mRNAs and IncRNAs was performed
with Cor.test in R software. The IncRNAs were
included (Pearson correlation coefficient > 0.3,
P < 0.001). The finally immune-related Inc-
RNAs with differential expression were identi-
fied combining the differentially expressed
IncRNAs and immune-related IncRNAs.

Train cohort and test cohort: The OS was taken
as the endpoint for indicating the prognostic
outcome. Only cases with follow-up period lon-
ger than 30 days were included. In the 421
cases of COAD samples, 417 samples were
finally included with a follow-up ranged 30~
3042 days. All the patients were randomly
grouped into Train cohort (n = 293) and Test (n
= 124) cohort according to a ratio of 7:3 with
caret package in R software. In the Train co-
hort, univariate Cox analysis was applied to
evaluate OS related IncRNAs, with P < 0.01.
The hazard ratios (HRs) were calculated and
expressed with forest plot. LASSO regression
analysis was further performed to explore the
key IncRNAs.

Construction of risk score calculation formula

After the survival-associated IRGs were scre-
ened by univariate Cox analysis and LASSO
regression analysis, the stepwise regression
analysis was further applied to construct the
survival prediction signature with the R soft-
ware (direction = “both”). In the optimized
model, the IncRNAs and corresponding coeffi-
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cients were presented and the formula for cal-
culating the prognostic index based on im-
mune-related IncRNAs (designated as Risk
Score) was obtained. The HRs and P values of
all included survival associated IncRNAs were
also provided and presented with forest plot.

Validation of risk score

Survival analysis (train and test cohorts): For
the patients in both Train cohort and Test
cohort, the Risk Score was calculated based
on the expression level of included immune-
related IncRNAs and their corresponding coef-
ficients. The patients could be classified as
high-risk and low-risk groups. The survival
analysis of patients in high-risk and low-risk
groups was performed with survival package
in R software. The 5-year receiver operating
curve (ROC) curve was plotted. Area under
curve (AUC) of the ROC curve was calculated.
The independent prognostic analysis was per-
formed in both Train and Test cohorts. The uni-
variate and multivariate regression analysis
was applied to evaluate the correlation bet-
ween OS and age, gender, stage, TNM (Tumor,
Lymph node, Metastasis) and Risk Score, us-
ing survival package in R software. The HR was
calculated and expressed with forest plot.

Relationships with clinicopathological factors:
The bee swarm package and T test in R soft-
ware was involved to explore the relationships
between the Risk Score and clinical general
characteristics, including age, gender, stage,
and TNM. The association between single
gene and above clinical characteristics was
also analyzed. P < 0.05 indicated statistical
significance.

GSEA analysis: The Gene Set Enrichment
Analysis was performed with GSEA 4.0.1 for
investigating the potential mechanisms in-
volved in high-risk and low-risk groups. The
background gene set was obtained from
Immune_Response.gmt and Immune_System_
process.gmt.

Immune cells abundance: The infiltration levels
of 22 kinds of immune cells in high-risk and
low-risk COAD patients were calculated with
cibersort package in R software. After exclud-
ing samples with P > 0.05, 85 low-risk and
107 high-risk samples were included in the
analysis of immune cell content.
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Exploration of IncRNA function

Immune-related IncRNAs based regulatory net-
work: The co-expression analysis between Inc-
RNAs included in the Risk Score calculation
and 332 immune-related mRNAs was perfor-
med with the function of Cor.test in R software.
The mRNA with Pearson coefficient > 0.3 and P
< 0.05 was screened. The co-expression net-
work between identified mRNAs and Inc-
RNAs was performed with Cytoscape 3.7.0
software. Red line and green line indicated
positive and negative correlation, respectively.

GO and KEGG enrichment: Gene functional
analyses were performed via the GO and KE-
GG pathways enrichments with clusterprofiler
package in R software.

Validation of 7 immune-related IncRNA signa-
tures with clinical specimens

The prognostic prediction significance of Risk
Score was further verified in clinical samples
collected in Department of General Surgery,
Shengjing Hospital, China Medical University.
Eighty (80) samples were collected between
2016~2019, from patients pathologically diag-
nosed with COAD. The tumor and adjacent nor-
mal tissues were obtained during the tumor
resection surgery. All the tissues were retro-
spectively analyzed with rt-PCR using primers
of identified IncRNAs (sequence provided in
Supplementary Materials). The rt-PCR was also
performed on 31 pairs of tumor and adjacent
normal tissues. The expression levels of Inc-
RNAs were normalized with that of the internal
control gene. Then, the Risk Score of these
patients were calculated with the formula and
classified as high and low risk (with the median
value as cutoff value). Kaplan-Meier survival
analysis was performed. The 3-year ROC curve
was plotted, and AUC of ROC was calculated
with the survival ROC package in R software.
The inform consent has been obtained from all
participants.

Results
Data processing

The bioinformatic analysis was performed ac-
cording to the flow chart (Scheme 1). Firstly,
RNA-sequencing data of COAD was obtained
from TCGA database, as well as the clinical
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Scheme 1. The bioinformatic analysis process.

data and demographic information. Secondly,
the differentially expressed immune-related
IncRNAs were screened combining the differ-
entially expressed IncRNAs and immune-re-
lated IncRNAs. Thirdly, the COAD cases were
divided in Train cohort and Test cohort. In the
Train cohort, the 0S-associated INcCRNAs were
sequentially screened with univariate Cox re-
gression and LASSO regression. The Risk Sco-
re was calculated with the model constructed
in stepwise regression analysis, consisting of
both survival-associated IncRNAs and corre-
sponding coefficient. Thirdly, the Risk Score
was verified with survival analysis both in Train
and Test cohorts. In addition, the results were
supported by independent prognostic analysis,
the relationship between Risk Score with clini-
copathological factors, the GSEA analysis and
immune cells abundance analysis. Finally, the
immune-related INncCRNA signature was validat-
ed with clinical cases of COAD collected in our
hospital.
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ferentially expressed IncRNAs
and 1284 immune-related In-
CcRNAs (Figure 1B).

The 295 immune-related IncRNAs was further
screened with univariate Cox analysis. OS was
taken as the endpoint for indicating the prog-
nostic outcome. For the 421 COAD cases, 417
cases were finally included, with the follow-up
ranged 30~3042 days. The 417 cases were
randomly grouped into Train cohort (n = 293)
and Test cohort (n = 124) according to a ratio
of 7:3. In the Train cohort, 295 immune-related
IncRNAs with differential expression were fur-
ther filtered with univariate Cox analysis for
identifying OS related IncRNAs (Figure 2). A
total of 23 IncRNAs significantly correlated with
survival time were screened (P < 0.05). LASSO
regression analysis was further performed and
15 key IncRNAs were identified (Figure 3).

Identification of IncRNAs based risk score

For the 15 identified key IncRNAs, the model
was further established with the step wise
regression analysis (Figure 4). In the optimized
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Figure 1. Immune-related IncRNAs with differential expression. A. LncRNAs with differential expression. Green
bubbles represented down-regulated IncRNAs and red bubbles represented up-regulated IncRNAs. The diameter
of bubbles reflected the fold change. B. The combination of differentially expressed IncRNAs and immune-related

IncRNAs. There were 295 differentially expressed immune-related IncRNAs.
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model, the AIC was 592.27
and Concordance index was
0.7 (P < 0.001). Seven immu-
ne-related IncRNAs were final-
ly included in the model (de-
signated as Risk Score), and
their corresponding coeffici-
ents were presented (Table
1). The Risk Score was calcu-
lated with the following for-
mula: Risk Score = [Expres-
sion level of AC027307.2 *
(0.156)] + [Expression level of
ACO74117.1 * (0.294)] + [Ex-
pression level of AC103702.2
* (-0.025)] + [Expression level
of CYTOR * (0.205)] + [Expre-
ssion level of LINCO2381 *
(0.251)] + [Expression level of
MIR200CHG * (0.052)] + [Ex-
pression level of SNHG16 *
(-0.101)] (P < 0.01). Corres-
ponding HRs and P value for
each included gene was also
provided. The P value for AC-
027307.2, ACO74117.1, AC10-
3702.2, CYTOR, LINCO2381
and MIR200CHG was less th-
an 0.05 (Table 1). The result
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(P < 0.001).

Table 1. The identified survival associated immune-

related IncRNAs with respective coefficient

risk and low-risk patients. The expres-
sion tendency of 7 IncRNAs were con-

LncRNA coefficient HR HR.95L HR.95H

p value

sistent with their corresponding co-

AC027307.2 0.1563 1.1692 1.0615 1.2877
ACO74117.1  0.2941 1.3419 1.0495 1.7157
AC103702.2 -0.0248 0.9755 0.9537 0.9979
CYTOR 0.2047 1.2271 1.0381 1.4506
LINCO2381 0.2512 1.2856 1.0544 1.5675
MIR200CHG  0.0520 1.0533 1.0184 1.0895
SNHG16 -0.1014 0.9036 0.7830 1.0428

efficients in Risk Score calculation for-
mula. The Risk Score was elevated with
increased expression levels of ACO02-

0.0015
0.0190

0.0322 7307.2, ACO74117.1, CYTOR, LINC023-
0.0165 81 and MIR200CHG, while it was de-

0.0130 clined with increased expression levels
0.0025 of AC103702.2 and SNHG16 (Figure
0.1654 5C). Kaplan-Meier survival analysis of

indicated that the six IncRNAs were also signifi-
cantly independent prognostic indicators.

Validation of prognostic prediction of risk score

For the patients in Train cohort, Risk Score was
calculated with above formula, based on the
expression levels of seven involved IncRNAs.
With the median Risk Score as cutoff, the
patients in Train cohort can be classified into
high-risk and low-risk groups (Figure 5A). The
distribution of survival status of all cases was
also presented (Figure 5B). The heatmap dis-
played expression profiles of 7 IncRNAs in high-
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the Risk Score indicated that the sur-
vival probability of patients in high-risk
and low-risk groups can be significantly distin-
guished (P < 0.001) (Figure 5D). Further, 5-year
ROC curves of Risk Score, age, gender, stage,
and TNM were applied to evaluate the prog-
nostic prediction efficiency. Risk Score show-
ed an AUC of 0.844, which was higher th-
an that of other indicators, indicating better
prognostic prediction effectiveness (Figure
5E). The Risk Score was validated in the
patients in Test cohort, similar results can be
obtained (Figure 6).

The independent prognostic prediction effica-
cy of Risk Score was evaluated (Figure 7). Pa-

Am J Transl Res 2020;12(11):7060-7078
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Figure 6. Risk Score in Test cohort. A. The rank of calculated Risk Score. B. The survival status and survival time. C. Heatmap of expression of 7 IncRNAs. D. Kaplan-
Meier survival curve of the patients in high-risk and low-risk groups. E. 5-year ROC curve of Risk Score, age, gender, stage, TNM. With the increased Risk Score, the
mortality rate was increased. The KM survival curves of the high-risk and low-risk groups were significantly different. CYTOR, LINC02381, AC027307.2, MIR200CHG,
ACO74117.1 were up-regulated in the high-risk group, and SNHG16, AC103702.2 were down-regulated in the high-risk group. The 5-year ROC indicated an AUC of
0.710 for the Risk Score in risk prediction, which was better than that of age, gender, stage, and TNM.
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Figure 7. Independent prognostic analysis of Risk Score. Univariate (A, B) and multivariate survival analysis (C, D)

of Train and Test cohorts. In both Train and Test cohorts, the

Risk Score was significant in univariate (P < 0.001)

and multivariate survival analysis (P = 0.005). It was an independent prognostic factor independent of age, gender,

stage, and TNM.

Table 2. Relationships of IncRNAs with clinicopathological factors

LncRNA Age Gender Stage T M N
AC027307.2 -0.845(0.398) -0.26(0.795) -3.017 (0.003)* 0.133 (0.894) -2.431 (0.017)* -2.347 (0.019)*
ACO74117.4  1.771(0.078) -0.769 (0.443) -2.915(0.004)*  -1.104 (0.272) -2.858 (0.006)* -2.739 (0.007)*
AC103702.2 -0.269 (0.788) -1.984 (0.048)*  -0.127 (0.899) -0.241 (0.810) -1.151 (0.253) 0.366 (0.714)
CYTOR -1.688 (0.092)  0.095 (0.925) -1.323 (0.187) -0.846 (0.400) -0.599 (0.551)  -1.755 (0.080)
LINCO2381  2.117 (0.036)*  0.761 (0.447) -1.199 (0.231) -2.15 (0.033)* -0.855 (0.396)  -1.601 (0.110)
MIR200CHG  -1.066 (0.287) -0.011 (0.991) 0.765 (0.445) -0.373 (0.710) 0.841 (0.403) 0.451 (0.653)
SNHG16 -2.178 (0.030)* -0.738 (0.461)  1.812(0.071) 1.63 (0.106) 0.994 (0.323)  2.311(0.021)*
riskScore 0.833 (0.406) -0.487 (0.627) -1.989 (0.048)* -2.082(0.038)* -1.403(0.166) -2.041(0.043)*

Note: *indicated P < 0.05.

tients in both Train and Test cohorts were di-
vided by clinical characteristics, including age,
gender, stage, TNM, respectively. Both the uni-
variate Cox analysis and multivariate Cox ana-
lysis indicated that Risk Score could be signifi-
cantly related to OS, independent of age, gen-
der, stage and TNM (P < 0.05 for all). The Risk
Score was verified as independent predictor
for good prognosis, irrespective of clinical
characteristics.

Besides of the synthetic Risk Score, the rela-
tionship between each involved IncRNA and
clinical characteristics was also evaluated. The
included clinical characteristics were age, gen-
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der, stage, TNM. T test was conducted to find
the relationships between IncRNAs and each
clinical character (Table 2). Based on the
results, the expression level of AC027307.2
and AC074117.1 was negatively associated
with T, N and M (P < 0.05 for all). The level of
AC103702.2 was negatively associated with
gender (P < 0.05). The level of LINCO2381 was
positively related to age while negatively relat-
ed to T (P < 0.05). The level of SNHG16 was
negatively associated with age while positively
associated with N (P < 0.05). Finally, the Risk
Score itself was significantly and negatively
associated with stage and T, while positively
related to N (P < 0.05 for all).

Am J Transl Res 2020;12(11):7060-7078
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Figure 8. Gene Set Enrichment Analysis for high-risk and low-risk patients classified with Risk Score. The results of
GSEA indicated that Immune_response and immune_system_process was more active in the high-risk group (FDR
< 0.05). NES: Normalized enrichment score; FDR: false discovery rate.

The GSEA was conducted for further investigat-
ing potential biological functions. The GSEA
was performed in high-risk and low-risk pa-
tients, with the background gene sets of im-
mune_response and immune_system_process
(Figure 8). For both two gene sets, enrichment
was more obvious in high-risk patients than
that of in low-risk patients. In the gene sets of
immune_response, the Normalized enrichment
score (NES) was 1.85 and false discovery rate
(FDR) was 0.015. In gene sets of immune_sys-
tem_process, NES was 1.73 and FDR was
0.038. The results indicated that the two im-
mune-associated gene-sets were more active
in high-risk patients.

The infiltration levels of 22 types of immune
cells were calculated and the samples with
P > 0.05 was removed. The infiltration levels
of 22 types of immune cells in 85 low-risk
patients and 107 high-risk patients were com-
pared. In the high-risk group, T cells CD4 mem-
ory resting was significantly decreased (P =
0.005), Dendritic cells activated was signifi-
cantly decreased (P = 0.026), Mast cells rest-
ing was increased significantly (P = 0.027), and
Mast cells activated was significantly decreas-
ed (P=0.031) (Figure 9).

Exploration of IncRNA function

LncRNA/mRNA co-expression network provid-
ed information for understanding the interac-
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tion network between IncRNA and mRNA, whi-
ch helped us further exploring the significant
target biomarkers. The co-expression network
was constructed between 7 IncRNAs and 332
immune-related mRNAs. The obtained network
included 198 connections between 7 IncRNAs
and 147 immune-related mRNAs (Figure 10A).
LINCO2381 showed most connections with
included immune-related mRNAs, which may
play an important role. The GO and KEGG ana-
lysis of 147 involved immune-related mRNAs
was performed (Figure 10B, 10C). The most
enriched GO terms were: T cell activation, side
of membrane and cytokine receptor binding
for biological process, cellular component, and
molecular function. The top three enriched
KEGG pathways included cytokine-cytokine
receptor interaction, viral protein interaction
with cytokine and cytokine receptor and T cell
receptor signaling pathway.

Validation of prognostic prediction of risk score
in clinical specimens

The prognostic prediction significance of Risk
Score was further verified in clinical samples
collected in our hospital during 2016~2019.
Eighty (80) cancerous samples were retrospec-
tively analyzed with rt-PCR (Figure 11A). The
patients were divided into high-risk and low-
risk groups with the median Risk Score as cut-
off. Compared to low-risk cases, the expres-

Am J Transl Res 2020;12(11):7060-7078
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Figure 9. The infiltration levels comparison of 22 types of immune cells in high-risk and low-risk patients. (A) Heat-
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decreased (P = 0.005), Dendritic cells activated was significantly decreased (P = 0.026), Mast cells resting was
increased significantly (P = 0.027), and Mast cells activated was significantly decreased (P = 0.031), compared to

that of in low-risk group.

sion levels of AC103702.2 and SNHG16 in
cancerous tissues was significantly lower in
high-risk cases, while the expression levels
of AC027307.2, CYTOR, LINC02381 and MIR-
200CHG were significantly higher (P < 0.05).
The expression tendency of the six differen-
tially expressed IncRNAs in high-risk and low-
risk cases was consistent with their coeffi-
cients in Risk Score calculation formula. Then,
the Risk Scores of these patients were calcu-
lated with the formula based on the determin-
ed expression levels. Kaplan-Meier analysis
was performed, and the 80 patients can be
significantly classified as high-risk and low-
risk groups. The 3-year ROC curve was plot-
ted, and the AUC was calculated as 0.674, in-
dicating a good efficacy in prognostic predic-
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tion. The expression levels of 7 IncRNAs were
also detected in 31 pairs of tumor and adja-
cent normal tissues. Compared to normal tis-
sues, the expression levels were significantly
higher for AC027307.2 (P < 0.01), AC074117.1
(P < 0.05), CYTOR (P < 0.01), MIR200CHG (P <
0.05) and SNHG16 (P < 0.01) in tumor tissues
(Figure 12). Except for SNHG16, the expres-
sion tendency of the other INCRNAs with signi-
ficantly differential expression was consistent
with their coefficients in Risk Score calculation
formula.

Discussion
Biomarkers have been a series of molecules

intrinsically associated with the tumorgenesis
and cancer progression, including biochemical

Am J Transl Res 2020;12(11):7060-7078
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small molecule, protein, nucleic acid and so
on. These biomarkers can be applied in tu-
mor classification, treatment response asse-
ssment and prognostic prediction [17]. Some
CRC specific biomarkers have been applied in
non-invasive tests, including blood CEA, CA
19-9, CA 72-4 etc. The newfound prognostic
biomarkers have been mainly applied in tumor
molecular analysis, including MSI, chromo-
some 18q loss of heterozygosity, p53, KRAS,
BRAF, NRAS, PIK3CA mutations, PTEN expres-
sion, UGT1A1 gene polymorphism, and ezrin
protein [18]. The NCCN Clinical Practice Gui-
delines in Oncology for CRC have incorporated
the genetic biomarkers for clinical manage-
ment of patients with CRC [19]. The mismatch
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repair (MMR) protein, KRAS mutational analy-
sis and BRAF mutational analysis have been
such emerging biomarkers. Considering the
complexity of CRC, various kinds of markers
would be also necessary. The molecular bio-
markers for evaluating CRC have been upda-
ted by expert consensus in 2017 [20]. Some
developing biomarkers with significant asso-
ciation with clinical end point were included
in randomized clinical study, such as gene
expression profile in tumorous tissues and
circulating tumor cells in peripheral blood [17].
In short, the validated biomarkers specific for
CRC have been still limited, which may be
not sufficient for supporting the diagnosis and
therapeutic requirements.

Am J Transl Res 2020;12(11):7060-7078
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Figure 12. The expression level of seven identified In-
cRNAs in tumors and adjacent normal tissues. Note:
* indicated P < 0.05; ** indicated P < 0.01, and ***
indicated P < 0.001; “ns” indicated not significant.

Some IncRNAs based molecule diagnostic ap-
proaches have been explored in recent years.
In a study based on feature selection proce-
dure and classification model, eight IncRNAs
of XXbac-B476C20.9, PP7080, CDKN2B-AS1,
LINCO0092, CA3-AS1, HAND2-AS1, CTD-2269-
F5.1, and LINCO1082 were selected as opti-
mal biomarkers for the diagnosis of COAD
[21]. Another study conducted with Cox re-
gression and Robust likelihood-based survival
model explored prognostic signature of CRC,
and a seven-IncRNA signature was establish-
ed to predict prognosis of patients with CRC,
in which the involved IncRNAs were CTD-235-
4A18.1, NR2F1-AS1, AC073283.1, MIR31HG,
AL132709.8, RP11-834C11.4 and AC0692-
78.4 [22]. Different from previous studies,
our study focused on the immune-related
IncRNAs. The univariate Cox analysis, LASSO
regression analysis and stepwise regression
analysis were conducted for synthetically scr-
eening the survival-associated IncRNAs. Final-
ly, a survival associated signature consisted of
7 IncRNAs was constructed for patients with
COAD, including AC027307.2, ACO74117.1,
AC103702.2, CYTOR, LINC02381, MIR200C-
HG, and SNHG16. A formula was established
for obtaining the Risk Score for evaluating the
survival risk of patients, as follows: Risk Score
= [Expression level of AC0O27307.2 * (0.156)] +
[Expression level of ACO74117.1 * (0.294)] +
[Expression level of AC103702.2 * (-0.025)] +
[Expression level of CYTOR * (0.205)] + [Ex-
pression level of LINC0O2381 * (0.251)] + [Ex-
pression level of MIR200CHG * (0.052)] + [Ex-
pression level of SNHG16 * (-0.101)].

—_——_
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Further, among the 7 IncRNAs, AC027307.2,
ACO74117.1, AC103702.2, CYTOR, LINC0O2381
and MIR200CHG have been evaluated as the
independent prognostic indicators for survival.
These IncRNAs may make unique effects in
the CRC progression. Among the six IncRNAs,
LINCO2381 showed most connections with
included immune-related mRNAs in the regula-
tory network (Figure 10). The roles and func-
tions of LINCO2381 have been explored. LINC-
02381 was reported to down-regulate in tis-
sues of CRC [23]. It was consistent with the
result of our study. The high levels of LINCO2-
381 uplifted the Risk Score of patients with
COAD. Accordingly, the levels of LINCO2381
would be affected with de-methylation and
chemotherapy. The in vitro results reported
that silencing LINCO2381 functioned as a tu-
mor suppressor by regulating PI3K-Akt signal-
ing pathway [23]. Another study on neuroblas-
toma indicated that LINC0O2381 was also up-
regulated in late stage of patients with neuro-
blastoma, which was associated with survival
of neuroblastoma [24]. ACO74117.1 has been
firstly reported as the highest ranked candi-
date prognostic indicator in an eXtreme Gra-
dient Boosting machine learning framework.
ACO074117.1 was the target of several cancer-
related miRNAs and interacted with multiple
protein coding genes, which may be involved in
a cancer-associated ceRNA network [25].

CYTOR has been one of the most mentioned
IncRNAs played oncogenic roles in multiple
cancers. CYTOR was reported to function in
CRC progression and formed a complex with
nucleolin and KHDRBS1 through EXON1. Bas-
ed on these interactions, CYTOR can also be
a treatment target for CRC besides of being
biomarker of recurrence and prognosis [26].
Another mechanism study explored that CYTOR
promoted CRC metastasis via interacting with
B-catenin in Wnt/B-Catenin signaling, which
may also be a target of metastasis manage-
ment [27]. CYTOR also functioned in other can-
cers. It was reported to enhance chemo-resis-
tance in breast cancer cells via sponging miR-
125a-5p [28], modulate progression in non-
small cell lung cancer cells via sponging miR-
195 [29] and promote metastasis in nasopha-
ryngeal carcinoma via miR-613 [30].

AC027307.2 and AC103702.2 were new tar-
gets firstly reported by our study. AC0O27307.2
showed limited connection with immune-relat-
ed mRNAs and it was significantly associated

Am J Transl Res 2020;12(11):7060-7078
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with stage and TM of COAD patients, which pro-
vided information for further relevant studies.
AC103702.2 showed negative connection with
immune-related mRNAs in the regulatory net-
work, while it also presented a negative coeffi-
cient in the formula of Risk Score. AC103702.2
could be further explored as a potential sup-
pressive target in CRC.

Until now, no study was performed on the
roles of MIR200CHG (MIR200C and MIR141
Host Gene) in CRC. However, MIR200CHG was
included in a four-IncRNA based Risk Score
evaluation model for prognosis prediction in
bladder urothelial carcinoma [31]. Limited stu-
dy was performed on MIR200CHG. As the
host gene of MIR200C and MIR141, it may
function through miR-200c and miR141-medi-
ated IncRNA-mRNA crosstalks [32]. The ceRNA
network provided abundant information for fur-
ther function verification and pathway explora-
tion of a certain IncRNAs.

The prognostic prediction efficacy of Risk
Score was validated from several aspects.
Firstly, the survival analysis was performed
in both Training and Testing groups. Kaplan-
Meier survival curve indicated that the survi-
val probability of patients in high-risk and low-
risk groups could be significantly classified.
ROC curved proved that Risk Score can pro-
vide a better AUC compared to that of other
clinical features. Secondly, the association be-
tween Risk Score and clinical characteristics
was comprehensively analyzed. Although it
was an independent prognostic indicator irre-
spective of other clinical symptoms, the pati-
ents divided by Risk Score showed significant-
ly different characters. The GSEA result sug-
gested that two immune-associated gene sets
were more active in high-risk patients. In the
analysis of 22 kinds of immune cells, it ob-
served that, the levels of T cells CD4 memory,
Dendritic cells and Mast cells were significant-
ly varied in high-risk cases. It suggested the
potential cellular mechanism. Above results
further verified the survival risk evaluation effi-
cacy of immune-related IncRNAs based Risk
Score. As we known, the IncRNAs functioned
by interacting with miRNAs and mRNAs, thus
forming ceRNA networks. The mRNAs co-ex-
pressed with the identified 7 IncRNAs were fur-
ther filtered and analyzed. The GO and KEGG
analysis indicated that immune-related path-
ways were most enriched. Finally, the Risk
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Score was validated with follow-up data of
clinical samples, which were obtained in our
hospital. In the Kaplan-Meier survival analy-
sis, the patients can be clearly classified into
high-risk and low-risk groups. The AUC of ROC
was 0.674, indicating a moderate efficacy in
prognostic prediction. However, the limitation
of this study was the small number of clinical
samples for validating the prognostic predic-
tion efficacy of Risk Score. Well-designed and
controlled study should be performed, and
more samples should be included in the fur-
ther validation.

In conclusion, our study explored a 7 immune-
related IncRNAs based signature for predict-
ing OS of patients with COAD. The IncRNAs
were identified sequentially with univariate
Cox analysis, LASSO regression analysis and
stepwise regression analysis. Risk Score can
be calculated with the expression levels of
involved IncRNAs and their respective coeffi-
cients. Both the Risk Score and involved Inc-
RNAs could be prognostic indicators. Further,
the identified immune-related IncRNAs may
also be promising candidates as therapeutic
targets.
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Primer sequences

AC027307.2

Primer

Fw 5-3, TCTATCTTTGCCCTTCTGGTC
Re 5-3, CTTTCAGCCCTAAGTTCCCT
amplicon length: 60 bp, Tm 60

AC074117.1

Primer

Fw 5-3, TCTGCCAGTAGTGAAAGATGG
Re 5-3, AGGCAAGAGGATCACTTCAG
amplicon length: 80 bp, Tm 60

AC103702.2

Primer

Fw 5-3, GATGGAGTTAGGAGAGGGC
Re 5-3, CGCGCTGAACAAGATTCTC
amplicon length: 131 bp, Tm 60

CYTOR

Primer

Fw 5-3, TTGACATTCCAGACAAGCG
Re 5-3, TTTGCTTGTCAAGGAGAGG
amplicon length: 102 bp, Tm 58

LINCO2381

Primer

Fw 5-3, ATCTAGATGAGCCTGTCCG
Re 5-3, CAAGGTCTGGAACAAGCTG
amplicon length: 101 bp, Tm 58

MIR200CHG

Primer

Fw 5-3, CTCTAGGCCGTGGAATCTG
Re 5-3, TGAAGGTTACTGTCACCGG
amplicon length: 91 bp, Tm 59

SNHG16

Primer

Fw 5-3, CTCTAGTAGCCACGGTGTG

Re 5-3, GGGAGCTAACATTAAAGACATGG
amplicon length: 82 bp, Tm 60



