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Background: Previously, long non-coding RNA (lncRNA) gene AP001469.3 was reported to participate in 
the construction of an immune-related lncRNA signature, which showed promising clinical predictive value 
in colorectal cancer (CRC) patients. However, the clinical and immunological significance and biological 
function of AP001469.3 in CRC remain unclear. In this study, we aim to explore the roles of AP001469.3 in 
CRC progression, thereby opening an avenue for CRC treatment.
Methods: Our study collected data from The Cancer Genome Atlas (TCGA) database and investigated the 
role of AP001469.3 in CRC through bioinformatics analysis. Cell-type Identification By Estimating Relative 
Subsets Of known RNA Transcripts (CIBERSORT) and Estimation of STromal and Immune cells in 
MAlignant Tumor tissues using Expression data (ESTIMATE) methods evaluated the immune infiltration. 
The biological functions of AP001469.3 in CRC were validated by in vitro experiments. Gene set enrichment 
analysis (GSEA) was used to estimate the enrichment of functional pathways and gene signatures.
Results: In this work, high expression of AP001469.3 was found in CRC and was positively associated 
with tumor-node-metastasis (TNM) stage in CRC. AP001469.3 expression had a strong relationship with 
microsatellite instability (MSI) in colon adenocarcinoma (COAD). Additionally, AP001469.3 expression was 
associated with StromalScore, ImmuneScore, ESTIMATEScore, immune cell infiltration (ICI) levels and 
immune checkpoint (ICP) genes expression in CRC. Subsequent results showed that immunotherapy could 
be more effective in CRC patients with low-AP001469.3 expression using the immunophenoscore (IPS). We 
confirmed that the transcript of AP001469.3 gene ENST00000430259 was highly expressed in CRC tissues 
and cell lines. In vitro experiments indicated that ENST00000430259 knockdown reduced the proliferation, 
migration and invasion of CRC cells. Finally, our GSEA results showed that the majority of the differentially 
enriched signaling pathways between the high- and low-AP001469.3 expression groups were immune-
related.
Conclusions: Taken together, our study demonstrates that lncRNA gene AP001469.3 is associated with 
immunological characteristics in CRC and promotes malignant progression of CRC. Moreover, AP001469.3 

can be potentially used as an immunotherapeutic indicator and a therapeutic target for CRC patients.
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Introduction

Colorectal cancer (CRC) is an aggressive malignant tumor 
of the digestive system. It has become the second leading 
cause of cancer-related mortality worldwide (1). Due to the 
lack of significant clinical symptoms in the early stages, most 
of CRC patients already have advanced or metastatic lesions 
when diagnosed (2). At present, traditional treatments such 
as surgery and chemotherapy have achieved certain efficacy, 
but the treatment effect is not satisfactory, and problems 
such as recurrence and metastasis of the disease still exist (3).  
Immunotherapy has become a hot research topic in the field 
of CRC treatment (4). Specifically, it includes restoring 
the mechanism by which tumor cells evade the immune 
system and enhancing the anti-tumor immune response. 
Current CRC immunotherapy research focuses on anti-
cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) 
antibodies, anti-programmed cell death protein-1 (PD-1)/ 
programmed cell  death protein-ligand 1 (PD-L1) 
antibodies, and chimeric antigen receptor T (CAR-T) cell 
therapy (4). However, relying on single immunotherapy 
alone is often difficult to clear tumors comprehensively and 
effectively, which is one of the current challenges in the 
immunotherapy field (5). Therefore, more investigations 
are desperately needed to provide potential targets for 
treatment of advanced CRC patients.

Long non-coding RNAs ( lncRNAs),  defined as 
transcripts longer than 200 nucleotides with little protein-

coding potential, constitute a large proportion of the 
transcriptome (6). Mutations and misregulation of lncRNAs 
appear to play vital roles in various biological processes 
associated with tumorigenesis, tumor invasion and tumor 
metastasis (7). Researches have shown that lncRNAs can 
also influence cancer’s malignant progression by regulating 
the tumor immune microenvironment (TIME), such as the 
immune cell infiltration (ICI) and the expression of immune 
checkpoint (ICP) genes (8-10). Mounting evidence suggests 
that the TIME serves pivotal roles in determining tumor 
progression and immunotherapy response in CRC (11,12). 
Previously, lncRNA gene AP001469.3 was reported in one 
bioinformatics study to participate in the construction of 
immune-related lncRNA pair signature, which showed 
promising clinical predictive value for CRC patients (13). 
However, the role of AP001469.3 in clinical implications, 
immune landscape and carcinogenesis of CRC was 
unexplored.

Our study sought to confirm the expression of 
AP001469.3 in pan-cancer and its associations with 
prognosis and clinical characteristics of CRC patients 
using the transcriptome data from The Cancer Genome 
Atlas (TCGA) database. Additionally, the correlation 
of AP001469.3 expression with TIME was explored in 
CRC using bioinformatics tools and algorithms. Further 
in vitro studies indicated that AP001469.3 functioned as 
an oncogene to promote the malignant progression of 
CRC, and the potential molecular functional mechanism 
of AP001469.3 in CRC was also explored using gene set 
enrichment analysis (GSEA). We present this article in 
accordance with the MDAR reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-24-
145/rc).

Methods

Retrieval and processing of TCGA pan-cancer dataset and 
TCGA-CRC dataset

The TCGA pan-cancer dataset with RNA-sequencing 
(RNA-seq) data [fragments per kilobase million (FPKM)] 
and clinical data was downloaded from University of 
California Santa Cruz (UCSC) Xena Data Browser (https://
xenabrowser.net/datapages/) (14). The TCGA pan-cancer 
dataset included 11,057 samples and 60,484 genes. The 
RNA-seq data of ENSG00000239415 (AP001469.3) was 
extracted and log2(FPKM+1) transformation was performed.

The updated TCGA colon adenocarcinoma (TCGA-
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COAD) dataset and TCGA rectum adenocarcinoma 
(TCGA-READ) dataset with RNA-seq data [transcript per 
million (TPM)] and clinical data were downloaded from 
Genomic Data Commons (GDC) Data Portal (https://
portal.gdc.cancer.gov/). Subsequently, TCGA-COAD 
and TCGA-READ were combined into a TCGA-CRC 
dataset for subsequent analysis. After deleting the cases with 
insufficient or missing data, we obtained the transcriptome 
data of 618 CRC tissue specimens and 51 normal tissue 
specimens. The RNA-seq data of ENSG00000239415 
(AP001469.3) was extracted and log2(TPM+1) transformation 
was performed.

Survival analysis

Patients were classified into high- and low-AP001469.3 
expression groups and the cut-off was the median 
of AP001469.3 expression according to the data downloaded 
from TCGA. Thereafter, Kaplan-Meier (KM) method 
was used to compare overall survival (OS), disease-specific 
survival (DSS) and disease-free interval (DFI) in two groups 
of patients using the survival R package. The survminer 
R package was applied to determine the optimal cut-off 
value of AP001469.3 expression in classifying CRC samples 
of TCGA-CRC dataset into high- and low-AP001469.3 
expression groups. The difference between curves was 
examined using the log-rank test, and a value of P<0.05 was 
considered significant.

Immunological characteristics analysis

Tumor mutation burden (TMB) and microsatellite 
instability (MSI) data were obtained from the TCGA 
database. The correlations between AP001469.3 expression 
and TMB and MSI were analyzed by Spearman correlation 
analysis, and radar plots using the fmsb R package were 
displayed as final results. The Estimation of STromal 
and Immune cells in MAlignant Tumor tissues using 
Expression data (ESTIMATE) algorithm estimated 
stromal fractions and immune fractions in tumor tissues 
with data downloaded from the public website (https://
sourceforge.net/projects/estimateproject/). Based on the 
RNA-seq data of CRC samples from the TCGA database, 
the ESTIMATE method was applied to calculate the 
values of each sample’s overall stroma level (StromalScore), 
immunocyte infiltration (ImmuneScore), and combination 
(ESTIMATEScore) (15). Based on the 1,000 permutations 
of leukocyte signature matrix (LM22) signature, the Cell-

type Identification By Estimating Relative Subsets Of 
known RNA Transcripts (CIBERSORT) method was 
employed to estimate the infiltrating percentages of 22 
different types of immune cells in the CRC TIME (16). 
The correlation between AP001469.3 expression and ICI 
was analyzed by Spearman correlation analysis. In addition, 
47 ICP genes were obtained from previous research (17). 
The correlation between AP001469.3 expression and ICP 
genes was examined by Pearson correlation analysis. Finally, 
the immunophenoscore (IPS) of CRC patients in TCGA 
was acquired from The Cancer Immunome Atlas (TCIA) 
database (https://tcia.at/).

GSEA

Kyoto Encyclopedia of Genes and Genomes (KEGG) and 
Gene Ontology (GO) pathways were downloaded from 
Molecular Signatures Database (MSigDB) (18). After 
separating CRC patients into high- and low-AP001469.3 
expression groups, we explored the KEGG and the 
GO pathways of AP001469.3 by using GSEA with the 
clusterProfiler and ggplot2 R packages. The expression 
level of AP001469.3 was used as a phenotype label.

Patients sample collection

This study was supported by the Ethics Committee of the 
First Affiliated Hospital of Nanjing Medical University, 
China, and all the included patients volunteered to 
participate. The CRC specimens and adjacent normal 
tissues were obtained from ten patients who underwent 
surgery from November 2023 to December 2023. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the Ethics Committee of the First Affiliated Hospital 
of Nanjing Medical University, China (No. 2023-SR-206) 
and informed consent was obtained from all individual 
participants.

Cell culture and transfection

The human CRC cell lines HCT116, SW620, SW480, and 
DLD-1 and the human normal intestinal epithelial cell line 
FHC were purchased from the Chinese Academy of Sciences 
(Shanghai, China). FHC, DLD-1 and SW620 cell lines 
were cultured in Roswell Park Memorial Institute (RPMI)-
1640 medium (HyClone, Logan, UT, USA). HCT116 and 
SW480 cell lines were cultured in Dulbecco’s Modified 
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Eagle’s Medium (DMEM) (HyClone, Logan, UT, USA). All 
media were supplemented with 10% fetal bovine serum (FBS), 
100 U/mL penicillin and 100 mg/mL streptomycin. All cells 
were cultured at 37 ℃ in a humid incubator with 5% CO2. 
The small interfering RNA (siRNA)-ENST00000430259 
and negative control (si-NC) were synthesized from 
GeneChem (Shanghai, China), which were transfected into 
CRC cells using Lipofectamine 3000 (Invitrogen, Carlsbad, 
USA) according to the manufacturer’s protocols. The 
sequences of siRNA were as follow: si-ENST00000430259, 
5'-GAGUUGAUUGUUAUUUCAAGC-3' (sense) and 
5'-UUGAAAUAACAAUCAACUCUU-3' (antisense); si-
NC, 5'-UUCUCCGAACGUGUCACGUTT-3' (sense) 
and 5'-ACGUGACACGUUCGGAGAATT-3' (antisense).

Quantitative real-time polymerase chain reaction  
(qRT-PCR)

Total RNA was extracted using TRIzol reagent (Invitrogen). 
Reverse transcriptase was used to convert the extracted 
total RNA into the complementary DNA (cDNA) template 
for qRT-PCR. Then qRT-PCR was conducted on an ABI 
PRISM 7900HT Sequence Detection System (Applied 
Biosystems, Foster City, CA, USA) using the corresponding 
PCR reagent according to the manufacturer’s instructions. 
The primers used were as follows: ENST00000430259, 
5'-ACTTGGCAACAGTCTTAGACCA-3' (forward) 
and 5'-AATGCCAAAAGTTTCTTTAAGGGG-3' 
(reverse); ENST00000447037, 5'-AGTAAGATGTGGTAT 
TTGTGGACCT-3' (forward) and 5'-AAGCGTCTGAAT 
CCCACCAG-3' (reverse); β-actin, 5'-GTGGACATCCGC 
AAAGAC-3' (forward) and 5'-AAAGGGTGTAACGC 
AACTA-3' (reverse). Relative expression was normalized to 
β-actin and calculated using the 2−ΔΔCT method.

Cell counting kit-8 (CCK-8) assays

CRC cells (1×104 cells/well) were seeded into 96-well 
plates and cultured in a 5% CO2 cell incubator at 37 ℃ for  
96 hours. 10 μL CCK-8 solution (Beyotime, Shanghai, 
China) was added to each plate at various time points (12, 
24, 48, 72 and 96 hours) and cells were incubated for 2 hours  
at 37 ℃. The absorbance at 450 nm was measured by a 
microplate reader.

Transwell assays

Transwell assays were implemented to assess cell migration 

and invasion. 24-well Millicell hanging cell culture inserts 
(8.0 μm, Millipore, Bedford, MA, USA) were used as per 
manufacturer’s protocol. For the migration assay, the 
bottom of the insert was seeded with 4×104 cells (per well) in 
200 μL of serum-free medium, and then, 500 μL of medium 
containing 10% FBS was added to the lower chamber. To 
perform the invasion assays, Matrigel (BD Biosciences, 
Franklin Lakes, NJ, USA) was added to the insert, and then, 
8×104 cells (per well) in serum-free medium were added to 
the upper chamber. Then, 500 μL complete medium with 
10% FBS in the lower chamber served as a chemoattractant. 
After 24 hours of incubation, the cells on the bottom of the 
membrane were fixed and stained with 0.5% crystal violet 
for counting. We used light microscopy to observe the 
migrating and invading cells and randomly selected three 
fields for counting.

Wound healing assays

CRC cells (3×105 cells/well) were seeded into 6-well plates 
and cultured until the cell density reached 90%. Each well 
was scratched with a 10 μL pipette tip. Then, the cells were 
washed and incubated in an incubator at 37 ℃, and images 
of the same area of the wounds were captured at 0 and  
24 hours. Finally, the wound area was analyzed by ImageJ.

Statistical analysis

All experiments were performed at least three times. All the 
data were analyzed and organized using R software (version 
4.3.1) and GraphPad Prism 8.0 (GraphPad Software, CA, 
USA). The t-test was conducted to compare the differences 
between the two groups of data that conformed to the 
Gaussian distribution. The Wilcoxon test was used for 
the data that conformed to the non-Gaussian distribution. 
One-way analysis of variance (ANOVA) was conducted 
to compare multiple groups, and the Chi-squared test 
was conducted for categorical variables. All the data were 
presented as the mean ± standard deviation (SD) and P<0.05 
was determined as statistically significant.

Results

AP001469.3 expression is upregulated and positively 
associated with tumor-node-metastasis (TNM) stage in CRC

To investigate the possible role of AP001469.3 in carcinogenesis, 
we first assessed the expression level of the AP001469.3 gene 
in 33 human cancers using the TCGA pan-cancer dataset 
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(Figure 1A). We found that AP001469.3 was significantly 
upregulated in the tissues of colon adenocarcinoma (COAD) 
(P<0.001) and rectum adenocarcinoma (READ) (P<0.001) 
compared with their respective normal tissues. Additionally, 
AP001469.3 was also found to be remarkably upregulated 
in eleven types of tumors compared with the respective 
control tissues, including bladder urothelial carcinoma 
(BLCA) (P<0.001), cholangiocarcinoma (CHOL) (P<0.001), 
esophageal carcinoma (ESCA) (P=0.002), glioblastoma 
multiforme (GBM) (P=0.01), head and neck squamous 
cell carcinoma (HNSC) (P<0.001), liver hepatocellular 
carcinoma (LIHC) (P<0.001), lung adenocarcinoma 
(LUAD) (P<0.001), lung squamous cell carcinoma (LUSC) 
(P<0.001), pheochromocytoma and paraganglioma (PCPG) 
(P=0.008), prostate adenocarcinoma (PRAD) (P<0.001) and 
stomach adenocarcinoma (STAD) (P<0.001). By contrast, 
AP001469.3 was significantly downregulated in the 
tissues of kidney chromophobe (KICH) (P<0.001), kidney 
renal clear cell carcinoma (KIRC) (P<0.001) and thyroid 
carcinoma (THCA) (P=0.004) compared with the respective 
normal tissues.

After deleting the cases with insufficient or missing 
data, the clinical characteristics of 615 CRC patients from 
the TCGA-CRC dataset are displayed in Table 1. The 
prognostic value of AP001469.3 on OS of CRC patients 
was evaluated using KM plotter. However, there was no 
significant difference in OS between the high and low 
expression groups of the AP001469.3 gene when the 
cut-off was taken as the median value of AP001469.3 

expression (P=0.12, Figure 1B). But interestingly, when 
CRC samples were then classified into high- and low-
AP001469.3 expression groups with the optimal cut-off 
value of AP001469.3 expression [log2(TPM+1)] at 2.08, 
which was determined using the survminer package, the 
survival analysis results showed that CRC patients with 
higher AP001469.3 expression had significantly shorter 
OS time than those with lower AP001469.3 expression 
(P=0.01, Figure 1C). Using KM plotter, we also evaluated 
the prognostic value of AP001469.3 on OS (Figure S1), 
DSS (Figure S2) and DFI (Figure S3) of pan-cancer. Next, 
we analyzed the relationship between the expression level of 
AP001469.3 and the clinical characteristics of CRC patients. 
The results showed that the expression of AP001469.3 
was increased along with the progression of metastasis (M) 
stage (P=0.002) and TNM stage (stage IV versus stage I, 
P=0.02; stage IV versus stage II, P=0.008; stage IV versus 
stage III, P=0.03) in CRC (Figure 1D-1F). Moreover, we 
also investigated the relationship between the expression 
of AP001469.3 and TNM stage of pan-cancer (Figure S4). 
From the above results, we speculated that dysregulated 
AP001469.3 expression might play a crucial part in the 
progression of CRC.

The correlations between AP001469.3 expression and 
TMB, MSI and ICP genes expression in pan-cancer

Previously, Sun et al. (13) screened the immune-related 
lncRNA gene AP001469.3 using the Immport database 
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Figure 1 AP001469.3 expression is upregulated and positively associated with TNM stage in CRC. (A) The expression level of AP001469.3 
in 33 human cancers from TCGA database. (B,C) KM method was used to compare OS between the high- and low-AP001469.3 expression 
groups of CRC patients. The population was divided into the two groups according to the median expression level of AP001469.3 (B) or the 
optimal cut-off value of AP001469.3 expression [log2(TPM+1) =2.08] (C). The difference between curves was examined using the log-rank 
test. (D) The heatmap showed the relationship between AP001469.3 expression and clinical characteristics of CRC patients. The data were 
derived from TCGA. Chi-squared test was conducted. (E,F) AP001469.3 expression was increased along with the progression of M stage (E) 
and TNM stage (F) in CRC patients. The data were derived from TCGA. Wilcoxon test was conducted between two groups. *, P<0.05; **, 
P<0.01; ***, P<0.001. TNM, tumor-node-metastasis; CRC, colorectal cancer; TCGA, The Cancer Genome Atlas; KM, Kaplan-Meier; OS, 
overall survival; TPM, transcript per million.
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(https://www.immport.org) and the co-expression analysis. 
As known, TMB and MSI are related to antitumor 
immunity and can predict the immunotherapy response in 
CRC patients (19,20). To investigate the role of AP001469.3 
in regulating the immune mechanism and immune response 
of the TIME, we analyzed the correlations between TMB 
and MSI and AP001469.3 expression across 33 tumors of 
TCGA (Figure 2A,2B). The results showed that AP001469.3 
was significantly correlated with TMB and MSI in many 
kinds of cancers (all P<0.05). However, there was no 
significant correlation between AP001469.3 expression 
and TMB in COAD (P=0.14) and READ (P=0.10). But 
interestingly, we found that AP001469.3 expression was 
significantly negatively correlated with MSI in COAD 
(P<0.001).

Researches have proven that ICP genes, such as PD-
1and its ligand PD-L1, can modulate the signaling pathways 
in regulating immune response and have an important role 
in the field of anti-cancer immunotherapy (21). Therefore, 
from a previous study (17), we obtained 47 ICP genes 
and assessed the correlation between the expression of 
AP001469.3 and these ICP genes expression in pan-cancer. 
Pearson correlation coefficients were calculated to be 
differentially present in different cancer types. As shown 
in Figure 2C, AP001469.3 expression was significantly 
correlated with more than 30 ICP genes in several cancers, 
such as COAD and GBM (all P<0.05). The above results 
indicated that AP001469.3 might influence antitumor 
immunity by modifying the TIME in cancers.

AP001469.3 expression correlates with ICI levels and ICP 
genes expression in CRC

In order to further analyze the relationship between 
AP001469.3 expression and the TIME in CRC, we 
calculated the StromalScore,  ImmuneScore,  and 
ESTIMATEScore of the high- and low-AP001469.3 
expression groups using the ESTIMATE method. The 
results showed that the low-AP001469.3 expression 
group had a remarkably higher StromalScore (P<0.001), 
ImmuneScore (P<0.001) and ESTIMATEScore (P<0.001) 
compared with the high-AP001469.3 expression group 
(Figure 3A), indicating that the immune and matrix 
components between the two groups were significantly 

Table 1 Baseline characteristics of TCGA-CRC patients included 
in clinical pathological analysis

Characteristic Number of patients Percentage

Age (years)

≤65 264 42.9%

>65 351 57.1%

Gender

Female 288 46.8%

Male 327 53.2%

Overall survival information

Known 614 99.8%

Unknown 1 0.2%

Stage

I 103 16.7%

II 228 37.1%

III 177 28.8%

IV 87 14.1%

Unknown 20 3.3%

T classification

T1 19 3.1%

T2 104 16.9%

T3 421 68.4%

T4 69 11.2%

Tis 1 0.2%

Unknown 1 0.2%

N classification

N0 349 56.7%

N1 147 23.9%

N2 116 18.9%

Unknown 3 0.5%

M classification

M0 456 74.1%

M1 86 14.0%

Unknown 73 11.9%

TCGA, The Cancer Genome Atlas; CRC, colorectal cancer; T, 
tumor; N, node; M, metastasis.

https://www.immport.org
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Figure 2 The correlations between AP001469.3 expression and TMB, MSI and ICP genes expression in pan-cancer. (A,B) Spearman 
correlation analysis between TMB (A) and MSI (B) and AP001469.3 expression across all tumors of TCGA. (C) Pearson correlation 
analysis between AP001469.3 expression and ICP genes expression across all tumors of TCGA. *, P<0.05; **, P<0.01; ***, P<0.001. TMB, 
tumor mutational burden; MSI, microsatellite instability; ICP, immune checkpoint; TCGA, The Cancer Genome Atlas; Cor, correlation 
coefficients.
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Figure 3 AP001469.3 expression correlates with ICI levels and ICP genes expression in CRC. (A) The StromalScore, ImmuneScore, and 
ESTIMATEScore of the two groups with high and low expression of AP001469.3 were calculated using the ESTIMATE method. (B) The 
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infiltrating percentages of 22 different types of immune cells between the two groups with high and low expression of AP001469.3 were 
estimated by the CIBERSORT method. (C,D) Spearman correlation analysis between AP001469.3 expression and 22 tumor-infiltrating 
immune cells was conducted (C), the results showed that the infiltration levels of monocytes, resting memory CD4 T cells, activated 
NK cells, M2 macrophages and neutrophils were significantly correlated with AP001469.3 expression (D). (E) The correlation between 
AP001469.3 expression and ICP genes was analyzed using Pearson correlation analysis, with an absolute value of correlation coefficient 
greater than 0.2. Wilcoxon test was conducted between two groups. **, P<0.01; ***, P<0.001. ICI, immune cell infiltration; ICP, immune 
checkpoint; CRC, colorectal cancer; ESTIMATE, Estimation of STromal and Immune cells in MAlignant Tumor tissues using Expression 
data; CIBERSORT, Cell-type Identification By Estimating Relative Subsets Of known RNA Transcripts; NK, natural killer; TME, tumor 
microenvironment; Abs (cor), absolute correlation coefficients.

different. Next, to explore the ability of AP001469.3 to 
predict the ICI levels in the immune microenvironment 
of CRC, the CIBERSORT method was performed to 
determine the infiltrating percentages of 22 different 
types of immune cells. Our results suggested that four 
out of 22 immune cells were differentially enriched in 
high- and low-AP001469.3 expression groups (all P<0.01, 
Figure 3B). We also performed the correlation analysis 
and found that the infiltration levels of monocytes 
(R=0.15, P<0.001), resting memory CD4 T cells (R=0.12, 
P=0.005) and activated natural killer (NK) cells (R=0.085, 
P=0.048) were significantly and positively correlated with 
AP001469.3 expression, while the infiltration levels of M2 
macrophages (R=−0.16, P<0.001) and neutrophils (R=−0.22, 
P<0.001) were significantly and negatively correlated with 
AP001469.3 expression (Figure 3C,3D).

Furthermore, the correlation between AP001469.3 
expression and ICP genes was also analyzed in CRC. As 
shown in Figure 3E with an absolute value of correlation 
coefficient greater than 0.2, the majority of the ICP genes 
including CD276, CD86, CD48, TNFRSF8, CD244, 
TNFSF9, CD70, HAVCR2, CD27, LAIR1, TNFRSF4, 
TNFRSF18 and PDCD1LG2 were significantly and 
negatively correlated with AP001469.3 expression (all 
P<0.001), while only TNFRSF25 was significantly and 
positively correlated with AP001469.3 expression (P<0.001). 
Altogether, the above results indicated that AP001469.3 
might play an important role in regulating the immune 
response in the TIME of CRC by influencing ICI and ICP 
molecules.

The role of AP001469.3 expression in the prediction of 
immunotherapy response in CRC

Based on the differential immune infiltration between 
high- and low-AP001469 .3  express ion groups in 
CRC,  we  suspected  a  d i f fe rence  in  re sponse  to 

immunotherapy between the two groups. As known, 
TCIA is a database based on TCGA and provides 
comprehensive immunogenomic analysis (https://tcia.at/). 
IPS primarily includes four components (effector cells, 
immunosuppressive cells, major histocompatibility complex 
molecules, and immune modulators) that determine tumor 
immunogenicity (22). The IPS is calculated on a 0–10 scale, 
and higher IPS is associated with increased immunogenicity. 
Consequently, a higher IPS for a patient indicates that 
the patient can benefit from immunotherapy (22).  
Here we obtained the IPS scores of CRC patients from 
TCIA database. Then we divided the CRC patients into 
four subgroups according to their usage of anti-PD-1 and 
anti-CTLA-4 immunotherapies: CTLA-4 negative PD-1 
negative (Figure 4A), CTLA-4 negative PD-1 positive 
(Figure 4B), CTLA-4 positive PD-1 negative (Figure 4C),  
and CTLA-4 posit ive PD-1 posit ive (Figure 4D) .  
Notably, our results pointed out that in subgroups of 
CTLA-4 negative PD-1 positive (P=0.03) and CTLA-4 
positive PD-1 positive (P<0.001), the IPS scores of low-
AP001469.3 expression group were higher than those of 
high-AP001469.3 expression group. On the contrary, in 
subgroups of CTLA-4 negative PD-1 negative (P=0.33) 
and CTLA-4 positive PD-1 negative (P=0.84), there was no 
significant difference in IPS scores between the high and 
low expression groups of the AP001469.3 gene. The above 
results indicated that CRC patients with low-AP001469.3 
expression might benefit more from immunotherapy based 
on anti-PD-1 rather than anti-CTLA-4.

The transcript of AP001469.3 gene ENST00000430259 
is overexpressed in CRC tissues and cell lines

In our study, we confirmed that AP001469 .3  gene 
has two transcripts ENST00000447037 (686bp) and 
ENST00000430259 (2,014bp) through the Ensembl 
database (https://asia.ensembl.org/index.html) (23). Using 

https://tcia.at/
https://asia.ensembl.org/index.html
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Figure 4 The role of AP001469.3 expression in the prediction of immunotherapy response in CRC. (A-D) Correlation of IPS with 
AP001469.3 expression was analyzed among four subgroups including CTLA-4 negative PD-1 negative (A), CTLA-4 negative PD-1 
positive (B), CTLA-4 positive PD-1 negative (C), and CTLA-4 positive PD-1 positive (D). Wilcoxon test was conducted between two 
groups. CRC, colorectal cancer; IPS, Immunophenoscore; CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; PD-1, programmed cell 
death protein-1.
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qRT-PCR we found that in three cases of CRC tissues, the 
expression level of transcript ENST00000430259 was much 
higher than that of transcript ENST00000447037 (P=0.006, 
Figure 5A), indicating that ENST00000430259 might play 
a leading role in the biological function of AP001469.3 
gene. Consequently, ENST00000430259 was selected as 
the research target in the subsequent experiments due 
to its relatively high abundance. Using qRT-PCR, our 
results showed that ENST00000430259 was aberrantly 
overexpressed in ten cases of CRC tissues when compared 
with their respective controls (P<0.001, Figure 5B). 
Consistently, ENST00000430259 expression was verified 
to be significantly higher in CRC cell lines (HCT116, 
SW620, SW480 and DLD-1) than in the normal intestinal 
epithelial cell line FHC using qRT-PCR (all P<0.05,  
Figure 5C).

ENST00000430259 functions as an oncogenic lncRNA in 
vitro in CRC

To determine the potential function of ENST00000430259 
in CRC, we first knocked down ENST00000430259 
expression in DLD-1 cells and verified its efficiency by 
qRT-PCR (P<0.001, Figure 6A). CCK-8 assays revealed that 
ENST00000430259 knockdown suppressed the proliferation 
of DLD-1 cells (P<0.001, Figure 6B). Additionally, transwell 
assays revealed that ENST00000430259 knockdown 
reduced the migration and invasion abilities of DLD-1 cells 
(P<0.001, Figure 6C). Furthermore, wound healing assays 
also showed that ENST00000430259 knockdown reduced 
the migration abilities of DLD-1 cells (P<0.001, Figure 6D).  
Thus, the results of in vitro experiments demonstrated that 
the transcript of AP001469.3 gene ENST00000430259 
functioned as an oncogenic lncRNA in CRC.
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Figure 5 The transcript of AP001469.3 gene ENST00000430259 is overexpressed in CRC tissues and cell lines. (A) qRT-PCR showed 
that the expression level of transcript ENST00000430259 in three cases of CRC tissues was much higher than that of transcript 
ENST00000447037. (B) qRT-PCR showed that ENST00000430259 was aberrantly overexpressed in ten cases of CRC tissues when 
compared with their respective controls. (C) qRT-PCR showed that ENST00000430259 expression was significantly higher in CRC cell lines 
(HCT116, SW620, SW480 and DLD-1) than in the normal intestinal epithelial cell line FHC. *, P<0.05; **, P<0.01; ***, P<0.001. CRC, 
colorectal cancer; qRT-PCR, quantitative real-time polymerase chain reaction; 447037, ENST00000447037; 430259, ENST00000430259.

GSEA of AP001469.3 gene in CRC

Subsequently, to better understand the differences in 
function, GSEA was performed in CRC to explore the 
main biological process affected by AP001469.3. KEGG-
related GSEA revealed that the top five signaling pathways 
including cell adhesion molecules (CAMs), graft versus 
host disease, hematopoietic cell lineage, intestinal immune 
network for IgA production and Leishmania infection were 
all significantly enriched in the low-AP001469.3 expression 
group (Figure 7A). Moreover, GO-related GSEA revealed 
that the top five signaling pathways including humoral 
immune response mediated by circulating immunoglobulin, 
immunoglobulin complex, immunoglobulin complex 
circulating, antigen binding and immunoglobulin receptor 
binding were all significantly enriched in the low-
AP001469.3 expression group (Figure 7B). The results 
showed that AP001469.3 might regulate the biological 
process of CRC mainly through the above pathways.

Discussion

CRC is one of the most common gastrointestinal tumors 
with poor prognosis. It has become the second leading 

cause of cancer-related mortality worldwide (1). Despite 
the research progress of CRC treatment, however, the 
molecular mechanisms and biological processes of CRC 
still remain to be clarified. Thus, finding key genes 
and understanding their functions in regulating CRC 
occurrence and development are essential to effectively 
treating CRC. On the other hand, lncRNAs have been 
shown to modulate cancer progression by influencing 
the molecular characteristics of tumors, such as tumor 
microenvironment  (8 ,24) .  For  example ,  lncRNA 
MIR17HG was confirmed to regulate TIME and play an 
oncogenic role in CRC (25). In this study, we investigated 
the expression level of AP001469.3 gene in pan-cancer 
including CRC and explored its association with clinical 
pathological characteristics in CRC using TCGA RNA-
seq data. The relationships between AP001469.3 expression 
and TIME, including StromalScore, ImmuneScore, 
ESTIMATEScore, TMB, MSI, ICI, ICP genes and IPS, 
were analyzed subsequently. Then, in vitro experiments 
were performed to explore the effects of AP001469.3 on 
the biological behavior of CRC cells. We also performed 
GSEA to find the potential signaling pathways by which 
AP001469.3 regulated CRC progression.

AP001469.3 is a lncRNA gene located on chromosome 
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Figure 6 ENST00000430259 functions as an oncogenic lncRNA in vitro in CRC. (A) ENST00000430259 was knocked down in DLD-1 cells 
by transfecting siRNA targeting ENST00000430259, and the efficiency of knockdown was verified by qRT-PCR. (B) CCK-8 assays revealed 
that ENST00000430259 knockdown suppressed the proliferation of DLD-1 cells. (C) Transwell assays revealed that ENST00000430259 
knockdown reduced the migration and invasion abilities of DLD-1 cells. Scale bars: 100 μm. Staining method: crystal violet staining. (D) 
Wound healing assays showed that ENST00000430259 knockdown reduced the migration abilities of DLD-1 cells. Scale bars: 100 μm. 
Observation method: the scratch areas were photographed under a ×40 phase contrast microscope at 0 and 24 h. Relative migration rate 
was calculated as the follows: (original scratch width-scratch width at 24 h)/(original scratch width). ***, P<0.001. lncRNA, long non-coding 
RNA; CRC, colorectal cancer; siRNA, small interfering RNA; qRT-PCR, quantitative real-time polymerase chain reaction; CCK-8, cell 
counting kit-8; Si, small interfering; NC, negative control; 430259, ENST00000430259; OD, optical density.
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21: 46,251,549-46,254,133 reverse strand and its Ensembl 
ID is ENSG00000239415 (23,26). Recently, AP001469.3 
was reported by Chen et al. (27) to participate in the 
construction of a ferroptosis-related lncRNA model, 
which showed promising clinical predictive value for 
CRC patients. In addition, Lin et al. (28) also established 
a novel ferroptosis-related lncRNA prognostic signature 
in hepatocellular carcinoma, which included AP001469.3. 
Using TCGA and ImmPort databases and bioinformatics 
methods, Sun et al. (13) screened the immune-related 
lncRNA gene AP001469.3 and found it was differentially 
expressed between CRC tissues and normal tissues. Our 
results demonstrated that the expression of AP001469.3 was 
up-regulated in CRC, and high expression of AP001469.3 
was associated with a higher M stage and a higher TNM 
stage in CRC, which suggested that AP001469.3 possibly 
play a critical role in the malignant progression of CRC. 
Consistently, the KM survival analysis showed that CRC 
patients in the high-AP001469.3 expression group had 
significantly shorter OS time than those in the low-
AP001469.3 expression group when choosing the optimal 
cut-off value, indicating that high-AP001469.3 expression 
would predict a worse survival outcome.

Then, our ESTIMATE analysis showed that the low-
AP001469.3 expression group had higher StromalScore, 
ImmuneScore and ESTIMATEScore than the high-

AP001469.3 expression group, suggesting that AP001469.3 
might participate in regulating the TIME of CRC. To better 
explore the role of AP001469.3 in the TIME of CRC, the 
correlations between AP001469.3 expression and ICI levels 
and ICP genes expression were analyzed. In CRC samples, 
AP001469.3 expression was significantly and positively 
correlated with the infiltration levels of monocytes, 
resting memory CD4 T cells and activated NK cells, but 
significantly and negatively correlated with the infiltration 
levels of M2 macrophages and neutrophils. In addition, 
the majority of the ICP genes were significantly and 
negatively correlated with AP001469.3 expression in CRC. 
As known, immune response to cancer cells is a crucial 
factor in determining cancer prognosis, and immune cells 
such as lymphocytes, macrophages, granulocytes, dendritic 
cells and mast cells play a key role in determining the 
effects of anti-cancer immunotherapy (29-32). Researches 
also have proven that ICP genes play important roles in 
recruiting immune cells and reconstructing the immune 
microenvironment (17). Moreover, upregulation of ICP 
genes was positively correlated with high immune activity, 
good prognosis and better immunotherapy response (33). 
In order to assess the value of AP001469.3 in the prediction 
of immunotherapy response in CRC, we analyzed the IPS 
scores of different AP001469.3 expression groups in CRC 
patients based on the TCIA database, and found that the 

Figure 7 GSEA of AP001469.3 gene in CRC. (A) The top five differentially enriched KEGG pathways between the high- and low-
AP001469.3 expression groups with the GSEA analysis. (B) The top five differentially enriched GO pathways between the high- and low-
AP001469.3 expression groups with the GSEA analysis. The peak of the upward and downward curve indicates the positive and negative 
regulation of AP001469.3, respectively. GSEA, gene set enrichment analysis; CRC, colorectal cancer; KEGG, Kyoto Encyclopedia of Genes 
and Genomes; GO, Gene Ontology; BP, biological process; CC, cellular component; MF, molecular function.
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IPS scores of low-AP001469.3 expression group were 
higher than those of high-AP001469.3 expression group in 
subgroups of CTLA-4 negative PD-1 positive and CTLA-4  
positive PD-1 positive. Evidence presented that a higher 
IPS for a patient indicates that the patient can benefit from 
immunotherapy (22), and therefore our results indicated 
that CRC patients with low-AP001469.3 expression could 
benefit much from immunotherapy based on anti-PD-1. In 
addition, CRC patients with high microsatellite instability/
deficient mismatch repair (MSI-H/dMMR) tumors have 
been confirmed to be more responsive to immunotherapy 
(26,27), which was consistent with our correlation analysis 
result that AP001469.3 was significantly and negatively 
correlated with MSI in COAD. Consequently, we 
speculated that AP001469.3 could be potentially used as an 
immunotherapeutic indicator for CRC.

U s i n g  t h e  E n s e m b l  d a t a b a s e ,  w e  f o u n d  t h a t 
AP001469.3 gene has two transcripts ENST00000447037 
and ENST00000430259 (23). Then we found that in 
CRC tissues, the expression abundance of transcript 
ENST00000430259  was substantial ly higher than 
that of transcript ENST00000447037, indicating that 
ENST00000430259 might play a leading role in the 
biological function of AP001469.3 gene. Our results showed 
that ENST00000430259 was aberrantly overexpressed 
in CRC tissues and cell lines when compared with their 
respective controls. In our in vitro experiments, we 
subsequently investigated the role of ENST00000430259 
in the biological behavior of CRC cells. As shown in the 
results, knockdown of ENST00000430259 suppressed 
the proliferation, migration and invasion of CRC cells, 
indicating that the transcript of AP001469 .3  gene 
ENST00000430259 promoted the malignant progression 
of CRC. Finally, we explored the molecular functional 
mechanism of AP001469.3 in CRC progression using 
GSEA. For example,  CAMs pathway was the top 
differentially enriched KEGG pathway between the high- 
and low-AP001469.3 expression groups, indicating that 
AP001469.3 might exert its functions in CRC by regulating 
CAMs expression. As known, CAMs have been reported 
to mediate signals involved in tumor cell invasiveness, 
sustained proliferative capacity, and drug resistance both 
in vitro and in vivo (34). Intriguingly, our GSEA results 
also showed that the majority of the differentially enriched 
signaling pathways between the high- and low-AP001469.3 
expression groups were immune-related, indicating that 
AP001469.3 might exert its biological functions in CRC 
mainly through immune-related pathways in vivo.

This study also had certain limitations. First, the 
results of our study were mainly based on the analysis of 
publicly available databases, and further basic experimental 
researches should be carried out. For example, in vivo 
experiments are needed to unveil the role of AP001469.3-
mediated TIME in the regulation of CRC progression. 
Second, further clinical researches are needed to determine 
the role of AP001469.3 expression in the prediction of 
immunotherapy response in CRC.

Conclusions

Taken all together, our study demonstrated that AP001469.3 
overexpression indeed promoted CRC progression and 
could predict a worse immunotherapy response in CRC 
patients. Therefore, AP001469.3 may be a potential 
therapeutic target for CRC patients.
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