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LINCO1121 Is Associated With Prognosis and Facilitates
the Proliferation, Migration, and Invasion
of Colorectal Cancer
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Abstract

Background: The role of LINCO01121 in the pathogenesis and prog-
nosis of colorectal cancer (CRC) remains unknown. This study aimed
to explore the function of LINC01121 in CRC development.

Methods: Transcriptome expression data from The Cancer Genome
Atlas (TCGA) database were utilized to investigate the relationship be-
tween LINCO1121 and CRC prognosis through survival analysis. Sam-
ples from CRC patients and adjacent tissues were collected and analyzed
to assess the expression differences between tumor and adjacent tissues.
Functional assays such as Cell Counting Kit-8 (CCKS), EdU, scratch
test, and Transwell assay were employed to determine the oncogenic
role of LINCO01121 in CRC cells. Additionally, gene enrichment analy-
ses and immune infiltration analyses were conducted with R package.

Results: The LINCO01121 level was obviously higher in CRC tis-
sues. The receiver operating characteristic (ROC) curve suggests that
LINCO1121 has significant diagnostic capabilities (area under the
curve (AUC) =0.659). High expression of LINC01121 predicted poor
overall survival (OS) (P = 0.022), progression-free interval (PFI) (P =
0.007), and disease-specific survival (DSS) (P =0.006). Gene Set En-
richment Analysis (GSEA) demonstrated that LINCO01121-associated
CRC encompasses various crucial pathways linked to tumorigenesis.
The immune infiltration analyses revealed that LINC01121 may be
involved in immune suppression. /n vitro experiments demonstrated
that LINCO1121 facilitated the proliferation, migration, and invasion
of CRC cells.
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Conclusion: LINC01121 exhibits elevated expression in CRC and
correlates with unfavorable prognosis and reduced immune infiltra-
tion in CRC patients. These findings suggest that LINC01121 may
serve as a potential marker for the diagnosis and prognosis of CRC.
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Introduction

Colorectal cancer (CRC) is the main identifiable cause of can-
cer-related deaths globally. It is estimated that by 2040, the
incidence rate of CRC in the world will increase to 3.2 million
[1]. The primary causes of mortality in CRC are attributed to
tumor progression-induced recurrence and metastasis [2, 3].
While the onset of CRC is associated with diet, microorgan-
isms, and their metabolites, the precise mechanism remains
unclear. Thus, identifying dependable molecular markers and
comprehending the underlying mechanisms are vital to en-
hancing diagnosis and therapy of CRC.

Long non-coding RNA (IncRNA) is a class of RNA mol-
ecules with transcript lengths exceeding 200 nt, involved in
the regulation of protein coding genes at different levels such
as epigenetics, transcription, and post-transcriptional regula-
tion [4]. LncRNAs are broadly implicated in various diseases,
including tumors, due to their regulatory functions [5, 6]. Nev-
ertheless, numerous IncRNA expressions are aberrantly regu-
lated in CRC and participate in its occurrence and develop-
ment [7, 8]. The specific molecular mechanism of LINCO1121
in cancer is still unclear. It has been reported that LINCO1121
promoted the development of breast cancer cells through the
miR-150-5p/HMGA?2 axis [9]. In another study, LINCO1121
may be involved in the process of pterostilbene inhibiting
breast cancer cell proliferation and epithelial mesenchymal
transformation (EMT) [10]. LINCO1121 has not been previ-
ously examined in CRC. Our research highlights elevated lev-
els of LINCO1121 in CRC, correlating with unfavorable pa-
tient outcomes. Functional analyses indicate that LINCO1121
is instrumental in CRC progression, facilitating both growth
and metastasis. As a result, this study elucidates the potential
mechanisms and clinical significance of LINC01121 in CRC,
offering new perspectives on the disease’s pathogenesis.
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Materials and Methods

Data source

We gathered gene expression data (HTSeq-TPM) and related
information for a sum of 644 CRC cases from COAD-ROAD
project of The Cancer Genome Atlas (TCGA), and those with-
out clinic information were rejected. We eliminated normal
COAD-ROAD samples and those with an overall survival
(OS) rate of less than 30 days as exclusion criteria.

Clinical statistical analyses

In this study, statistical analyses were conducted using the
R package (version 4.2.2). The median expression level of
LINCO1121 served as the cutoff for categorizing samples into
two groups: high and low expression. A P-value of less than 0.05
was deemed statistically significant across all analyses. The di-
agnostic performance of LINCO01121 expression was analyzed
via the pROC package, which produced a receiver operating
characteristic (ROC) curve. Nomograms were developed based
on the multivariate analysis results to customize the estimated
1-, 3-, and 5-year survival probabilities. The RMS R package
was used to plot bar charts that incorporated clinically relevant
features and calibration plots associated with LINC01121.

GSEA

In this research, the R package ClusterProfiler [11] was uti-
lized to conduct Gene Set Enrichment Analysis (GSEA), a
computational approach that assesses whether there are any
significant consistent differences between two biological con-
ditions in a specified gene set, such as high-LINC01121 and
low-LINCO1121 groups. The analysis process was replicated
1,000 times and an adjusted P-value < 0.05 and false discovery
rate (FDR) < 0.25 was used to determine statistically meaning-
ful enrichment for a function or pathway term.

Immune infiltration analysis by ssGSEA

Utilizing the ssGSEA method from the GSVA R package (ver-
sion 3.6), we quantified the infiltration levels of 24 immune
cell types based on gene expression data from previous studies
[12] and investigated the association between LINC01121 and
these immune cell infiltration levels.

Tissues and cells

Thirty pairs of cancer and adjacent samples of human CRC
patients who underwent radical surgery at Xinghua People’s
Hospital from January 2023 to September 2023 were collect-
ed. The human CRC cell line was obtained from the Chinese
Academy of Sciences (Shanghai, China).

RT-PCR

Total cell RNA was extracted using TRIzol reagent (Invitrogen,
USA), followed by PCR amplification of all transcripts with
the 2X SYBR Green qPCR Master Mix kit (Abm, Canada).
The primer sequence utilized is given below: LINCO1121 (F:
AACAGGCAATAAGGCAAGAATCGC, R: TCCAGCAG-
GCTCAGAAGGCACA). Use B-actin as standard.

Cell transfection

The siRNA sequences (si-1: TTCAACTGACAACAG-
TAAATA, si-2: TGGGTCAAATGACACAATTAA) and
siRNA-NC were obtained from RiboBio and transfected with
Lipofectamine 2000 (Invitrogen, USA).

Cell proliferation assay

For cell survival assays in 96-well plates, the Cell Counting
Kit-8 (CCK8) from Beyotime (China) was used according to
the protocol.

Scratch healing assay

To conduct cell migration experiments, cells were grown in
six-well culture plates. Scratch wounds were created in the
cell monolayer using pipette tips. Over time, cell movement
towards the wound surface was observed at 48-h intervals.

Transwell assays

For transwell invasion assays, Transwell chambers (BD Bio-
sciences, USA) with Matrigel were used. Serum-starved cells
(5 x 10%) were seeded in the upper wells using serum-free
medium. The lower chamber was filled with 600 pL of com-
plete medium. After a period of 48 h, the cells that had invaded
through the matrix were fixed using 4% paraformaldehyde,
stained using 0.1% crystal violet, and counted under a micro-
scope.

Western blot analysis

Cells were lysed using RIPA lysis buffer (Merck, China), and
protein concentration was standardized with the BCA meth-
od. The lysates were separated on 10-15% SDS-polyacryla-
mide gels and transferred to PVDF membranes. Subsequent-
ly, the membranes were incubated overnight at 4 °C with
primary antibodies: anti-E-cadherin (1:1,000, CST, USA),
anti-N-cadherin (1:1,000, CST, USA), and anti-GAPDH
(1:5,000, CST, USA). This was followed by a 2-h incubation
at 25 °C with appropriate secondary antibodies (anti-rabbit,
Immunoway, USA). Finally, the blots were developed using
ECL.
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Table 1. Clinical Information of Colorectal Patients in TCGA

Characteristics Low expression of LINC01121 High expression of LINC01121 P value
n 322 322
Gender, n (%) 0.693
Male 169 (26.2%) 174 (27%)
Female 153 (23.8%) 148 (23%)
Age, n (%) 0.152
<65 129 (20%) 147 (22.8%)
> 65 193 (30%) 175 (27.2%)
Pathologic T stage, n (%) 0.118
T1 15 (2.3%) 5(0.8%)
T2 56 (8.7%) 55 (8.6%)
T3 217 (33.9%) 219 (34.2%)
T4 33 (5.1%) 41 (6.4%)
Pathologic N stage, n (%) 0.568
NO 190 (29.7%) 178 (27.8%)
N1 75 (11.7%) 78 (12.2%)
N2 55 (8.6%) 64 (10%)
Pathologic M stage, n (%) 0.191
MO 244 (43.3%) 231 (41%)
M1 39 (6.9%) 50 (8.9%)
Pathologic stage, n (%) 0.545
Stage I 58 (9.3%) 53 (8.5%)
Stage 11 125 (20.1%) 113 (18.1%)
Stage 111 89 (14.3%) 95 (15.2%)
Stage IV 40 (6.4%) 50 (8%)

TCGA: The Cancer Genome Atlas.

Statistical analyses

R (V 4.2.2) was employed for all statistical analyses in this
study. The ggplot2 R package was utilized to depict the differ-
ences in expression.

Ethical statements

This study complies with the Helsinki Declaration and has
been approved by Medical Ethics Committee of the Xinghua
People’s Hospital (JSXHRYL-NK-202305).

Results

LINCO01121 is upregulated in CRC

The clinical information of CRC patients from COAD-ROAD
project of TCGA was shown in Table 1. LINCO1121 expression
was significantly higher in CRC tissues compared to normal

tissues (Fig. 1a). However, there was no statistically difference
observed in LINCO01121 level between patients with T1-2 and
T3-4 stage of CRC (Fig. 1b). The expression of LINCO1121
was elevated in CRC patients with lymphatic metastasis-posi-
tive compared to those without lymphatic metastasis (Fig. 1¢).
Additionally, patients with distant metastasis demonstrated
significantly higher levels of LINC01121 compared to those
without distant metastasis (Fig. 1d). Furthermore, the expres-
sion of LINC01121 was upregulated in patients with stage I11-
IV compared to those with stage I-II (Fig. 1e). ROC analysis
was conducted to evaluate the predictive value of LINC01121,
and the area under the curve (AUC) was calculated to be 0.659
(95% confidence interval (CI): 0.606 - 0.717) (Fig. 1f).

High LINCO01121 level is associated with adverse out-
comes in CRC

Elevated levels of LINC01121 were strongly correlated with a
poor prognosis in patients diagnosed with CRC. Survival anal-
ysis results highlighted that compared to individuals with low
expression of LINC01121, individuals with high LINC01121
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Figure 1. Association of LINC01121 expression with clinicopathologic characteristics: (a) expression level of LINC01121 in CRC
samples and normal tissues; (b) LINCO1121 expression in T1-2 stage patients compared to T3-4 stage; (c) LINC01121 expres-
sion in lymphatic metastasis-positive patients compared to those without lymphatic metastasis; (d) LINC01121 expression in MO
stage compared to M1 stage; (e) expression of LINC01121 in TNM stage I-1l compared to IlI-1V; (f) ROC curve of LINC01121. *P <
0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. CRC: colorectal cancer; ns: not significant; ROC: receiver operating characteristic.

expression experienced shorter OS, progression-free survival
(PES), and disease-specific survival (DSS) (Fig. 2a-c). Fur-
thermore, when conducting stratified analyses, it was observed
that in the samples classified as T2-4 group (Fig. 2d), lymph
node metastasis group (Fig. 2e), and clinical stage I1I-IV group
(Fig. 2f), patients exhibiting high levels of LINCO1121 expres-
sion showed markedly poorer prognoses than those with lows
LINCO01121 level.

Predictive value of LINC01121 for CRC prognosis

To establish a quantitative model to predict the prognosis of
CRC patients, we constructed nomograms using LINC01121
and independent clinical risk factors for OS, DSS, and progres-
sion-free interval (PFI) (Fig. 3a, c, e). Utilizing multivariate
Cox analysis, we assigned values to these factors in a point-
based system: scores for each variable were determined along
a straight line, and the cumulative score was subsequently ad-
justed to fall within the range of 0 to 100. Additionally, we
created a calibration curve to evaluate the effectiveness of the
nomogram. Our analysis revealed that the model’s C-index for
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OS was 0.746 (CI: 0.719 - 0.773), for DSS it was 0.786 (CI:
0.754 - 0.819), and for PFI it was 0.713 (CI: 0.689 - 0.736),
indicating that the predictive accuracy of this model is moder-
ately reliable. Furthermore, the calibration curve demonstrated
strong predictions for clinical outcomes related to OS and DSS
at 1, 3, and 5 years (Fig. 3b, d), although predictions for PFI
were somewhat less precise (Fig. 3f). The results of univariate
and multivariate regression analyses are presented in Supple-
mentary Material 1 (wjon.elmerpub.com).

Functional enrichment of LINC01121 in CRC

We utilized the normalized enrichment score (NES) to de-
termine the most significant signaling pathways enriched in
relation to LINCO01121 expression. Figure 4 illustrates the re-
sults obtained from GSEA, demonstrating that LINC01121-
associated CRC encompasses various crucial pathways linked
to tumorigenesis. The results of enrichment pathways include
proliferation, NRAS signaling pathway, epithelial mesenchy-
mal transition, colorectal cancer MYC Up, primary immuno-
deficiency syndrome, and cell cycle (Fig. 4).
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Figure 2. Kaplan-Meier survival curves comparing the high and low expression of LINC01121 in CRC patients: (a) overall sur-
vival; (b) progression-free interval; (c) disease-specific survival; (d-f) overall survival analyses of T2-T4, N1-2, and stages Il and

IV subgroup. CRC: colorectal cancer.

LINCO01121 is associated with immune suppression

To investigate the relationship between LINCO01121 expres-
sion and immune cell infiltration levels, we analyzed the corre-
lation between immune cell infiltration and LINCO01121 level.
The results indicated that LINC01121 was negatively correlat-
ed with 13 types of immune cells, including natural killer (NK)
CD56bright cells, Th17 cells, cytotoxic cells and eosinophiles,
suggesting that LINC01121 may be involved in immune sup-
pression (Fig. 5).

LINCO01121 mediates cell proliferation, migration, and
invasion in vitro

To verify the functional role of LINC01121 in CRC, we first de-
tected the LINC01121 level in CRC tissues. In paired specimens,
its level in CRC was notably greater than in the adjacent samples
(P <0.0001) (Fig. 6a). Subsequently, we transfected DLD1 cell
line with LINCO1121 siRNA and detected the knockdown ef-
ficiency by reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) (Fig. 6b). The CCKS8 experiments showed
that knocking down LINCO1121 significantly reduced DLD1
cells proliferation (Fig. 6¢). EAU assays also showed a signifi-

88

cant decrease in cell proliferation after LINC01121 knockdown
(Fig. 6d, e). The scratch experiments indicated that the LINC-
01121downregulation significantly inhibited cell migration abil-
ity (Fig. 6f, g). In the transwell experiments, it was observed that
the downregulation of LINC01121 remarkably suppressed the
invasive capacity (Fig. 6h, i). Western blotting revealed that E-
cadherin expression increased while N-cadherin decreased after
LINCO01121 knockdown (Fig. 6j).

Discussion

Despite significant research efforts over the years to improve
our understanding of the development and treatment modali-
ties of CRC, the prognosis for patients remains unsatisfacto-
ry. Therefore, it is necessary to identify relevant biomarkers,
elucidate the underlying molecular mechanisms of CRC, and
develop effective interventions to improve patient outcomes.
LncRNA is widely distributed and has numerous func-
tions in cells. LncRNAs participate in epigenetic gene regula-
tion, forming scaffolds to organize DNA regions and regulate
transcription, recruiting RNA and cytoplasmic factors to post
transcriptional control sites, and serving as assembly platforms
for multi-protein complex functional connections, in fact, they
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Figure 3. Quantitative methods to predict probability of 1-, 3-, 5-year OS, DSS, and PF| of CRC patients. Nomogram for predict-
ing the probability of 1-, 3-, 5-year OS (a), DSS (c), and PFI (e) for CRC patients. Calibration plots of the nomogram for predicting
the probability of OS (b), DSS (d), and PFI (f) at 1, 3, and 5 years. CRC: colorectal cancer; DSS: disease-specific survival; OS:

overall survival; PFI: progression-free interval.

achieve a hypergenome layer for protein expression programs
and cell fate [13]. In CRC, IncRNAs also play significant roles.
For example, recent studies have shown that LncRNA-HMG can
protect CRC cells from ferroptosis during chemotherapy, thereby

enhancing their drug resistance [14]. LINC00982 may express
a novel protein, PRDM16-DT, which functions as a new regu-
lator in CRC metastasis and drug resistance [15]. Additionally,
LOC101928222, through the m6A-dependent pathway, cooper-
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Figure 4. Enrichment analysis of LINC01121 in CRC: (a) proliferation; (b) NRAS signaling; (c) epithelial mesenchymal transition;
(d) colorectal cancer MYC; (e) primary immunodeficiency syndrome; (f) cell cycle G1 S. CRC: colorectal cancer.

ates with IGF2BP1 to stabilize HMGCS2 mRNA, thus promot-
ing cholesterol synthesis and ultimately driving CRC progres-
sion [16]. In our current study, we focused on LINCO01121, given
our limited understanding of its role in cancer. To comprehen-
sively analyze its biological functions in CRC and uncover its as-
sociated regulatory pathways, we combined data from publicly
available databases with in vitro experimental validation.

Previous research has indicated that the downregulation
of LINCO01121 significantly inhibits the development of breast
cancer cells. Furthermore, LINC01121 directly interacts with
miR-150-5P, leading to the increase of HMGAZ2 level, which
regulates metastasis in breast cancer [9]. Additionally, pter-
ostilbene has been found to inhibit both the proliferation and
EMT of breast cancer cells by decreasing LINC01121 expres-
sion [10]. Moreover, LINCO01121 is implicated in facilitating
the metastasis of prostate cancer cells through the activation of
the EMT process [17].

In our research, we found that LINC01121 was signifi-
cantly overexpressed in CRC, and its overexpression was re-
lated to worse prognosis. Functional enrichment analysis re-
vealed that LINC01121 was associated with cell proliferation,
NRAS signaling pathway, EMT, CRC MYC, primary immu-
nodeficiency syndrome, and G1S phase transition of mitosis.

Tumor-infiltrating immune cells play a crucial role in tu-
morigenesis, development, and therapeutic efficacy [18, 19].

Thus, understanding the types of infiltrating immune cells may
provide insights into the mechanisms by which LINC01121 is
involved in CRC. We found that LINCO01121 was negatively
correlated with anti-tumor immune cells, such as NK CD-
S6bright cells, Th17 cells, and Cytotoxic cells. NK CD56 bright
cells are a subset of natural killer (NK) cells characterized by
high CD56 level and low level of CD16 expression, possessing
powerful cytotoxic activity and immune regulatory functions
[20]. In tumors, NK CD56bright cells play various important
roles. On one hand, they have direct cytotoxic effects on tumor
cells. These cells can recognize and eliminate cancer cells by
releasing cytotoxic granules and promoting apoptosis, thereby
inhibiting tumor growth and spread. On the other hand, NK
CD56bright cells also participate in immune regulation. They
can secrete various cytokines and chemokines, such as inter-
feron-gamma (IFN-y), tumor necrosis factor-alpha (TNF-a),
CCL3, and CCL4, which can activate other immune cells,
such as macrophages and T cells, enhancing the overall anti-
tumor immune response. Additionally, NK CD56 bright cells
are closely related to the effectiveness of anti-tumor immuno-
therapy. They can play a significant role in checkpoint inhibi-
tor therapy by enhancing T-cell responses and modulating the
tumor microenvironment to improve therapeutic efficacy [21,
22]. Th17 cells are a specific subset of T cells characterized by
the production of interleukin (IL)-17 and other inflammatory
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Figure 5. The relationship between LINC01121 expression and immune cell infiltration.

factors [23]. They can promote the infiltration and activation
of tumor-associated immune cells, such as CD8" T cells, NK
cells, and macrophages, thereby enhancing the immune killing
effects against tumor cells. Furthermore, Th17 cells can guide
immune responses by stimulating the function of dendritic
cells, improving anti-tumor immunity. However, Th17 cells
may also mediate inflammatory responses that lead to conges-
tion and tissue damage, potentially stimulating tumor growth
and invasion [24, 25]. Cytotoxic cells, primarily including
CDS8" T cells and NK cells, play crucial roles in tumor immu-
nity, mainly through directly killing tumor cells or releasing
cytokines to regulate immune responses [26, 27].

In addition, the LINCO1121 level is negatively correlated
with the infiltration of eosinophils. In recent years, studies have
found that eosinophils also play important roles in the tumor
microenvironment, with effects that can either promote tumor
development or exert anti-tumor activity, depending on the tu-
mor type and microenvironment [28]. Eosinophils can directly
kill tumor cells by releasing cytotoxic granules, such as major
basic protein and eosinophil cationic protein. They are also ca-
pable of secreting various cytokines, including IFN-y, TNF-a,
and IL-4, which can activate other immune cells and enhance
anti-tumor immune responses. The quantity of eosinophils in
tumors may serve as a prognostic marker in certain immuno-
therapies. An increase in eosinophils could be associated with

patient responses to immune checkpoint inhibitors [29, 30].
To better understand the effect of LINCO01121 in CRC, in
vitro experiments were performed. The results demonstrated that
LINCO1121 promoted the proliferation, migration, and invasion
ability of CRC cells. However, there are still limitations, thus
in vitro experiments and future investigations in mechanism are
needed to further explore the functions of LINC01121 in CRC.

Conclusion

In this study, we report for the first time that elevated expres-
sion of LINCO1121 is notably correlated with disease progres-
sion, poor survival, and immune infiltration in CRC. High
levels of LINCO1121 in CRC facilitate cell proliferation, mi-
gration, and invasion. Furthermore, LINCO1121 may serve as
a potential predictor of treatment outcomes and could emerge
as a new biomarker for CRC. This research offers valuable in-
sights into the clinicopathological significance and molecular
mechanisms underlying CRC.

Acknowledgments

None to declare.

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com 91



Prognostic and Pro-Proliferative Roles of LINCO| |21 World | Oncol. 2026;17(1):84-94

92

C
a b DLDA DLD1
10 1.5
- [ 159 —e— SiRNANC
s} 8 2@
c H _
% - S 10 T g ®- siRNA-1
2 =6 = S 1.04 --*-- siRNA2 N
o = o *
3 2 - 3
HE S 05 e T 3
g P > 054
& 2 2 fa)
2 5 °
0 “ 00 0.04— . ' .
Yfl« 24h  48h  72h  96h
X
‘:O\Q.
d Hoechest € g
(ZI) DLDA1 DLD1
% 100 ° 0.8
x = 3
] & 80 S 06
< S
o 60 § *%
3 g 204 *%
< F 40 £
g 8_ *kKk = 02
L % 20 sk % ’
(I 4
0 0.0 5
O N S NV
£ e‘;\-%&@& ¥
Z £ &8 £ &3
[72]
i DLD1
f siRNA-NC siRNA-1 siRNA-2 5 300 5
(]
& 240
o)
8 1801
2 *kk
8 120
5
g 60 | Fkk
>
C
£ Ll
O N a
~ e?‘ Q?‘
N\l
£ &3

SiRNA-1 siRNA-2 .]

=

siRNA-NC siRNA-1
E-cadherin n 97kDa

N<adhor [ | 100k0a
GAPDH ®| sc0s

Figure 6. LINC01121 mediates the proliferation, migration, and invasion of DLD1 cells. (a) The expression level of LINC01121
in CRC tissue and adjacent tissues. (b) RT-gPCR was used to access the expression level of LINC01121 in DLD1 after knock-
down. (c-e) CCK8 and EdU assays assessed the cell proliferation levels after LINC01121 knockdown. (f, g) Scratch assays were
performed to detect the cell migration ability after LINC0O1121 knockdown. (h, i) Transwell invasion assays showed the cell inva-
sion ability after LINC01121 knockdown. (j) Western blotting revealed the change of E-cadherin and N-cadherin expression after
LINC01121 knockdown. Data are represented as mean = SD. P values were calculated via one-way ANOVA test. **P < 0.01,
***P < 0.001, ****P < 0.0001. ANOVA: analysis of variance; CRC: colorectal cancer; RT-qPCR: reverse transcription-quantitative
polymerase chain reaction.

Invasion

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com



Liu et al

World | Oncol. 2026;17(1):84-94

Financial Disclosure

The project was supported by Science Foundation of Kangda
College of Nanjing Medical University (KD2022KYJJZD089),
Jiangsu Key Laboratory of Experimental & Translational Non-
coding RNA Research (202283), and the Beijing Bethune
Charitable Foundation (KY202301-06).

Conflict of Interest

The authors declare that they have no conflict of interest with
the contents of this article.

Informed Consent

Not applicable.

Author Contributions

JL and CIJS designed the research and wrote the manuscript.
JL, YXZ, and YC conducted the data analysis. XW and JHY
performed the in vitro experiments. DDC performed statistical
analysis on the data. WYC and CJS reviewed and finalized
the manuscript. All authors read and approved the final manu-
script.

Data Availability

The data used to support the findings of this study are included
within the article. The data and materials in the current study
are available from the corresponding author on reasonable re-
quest.

References

1.  Morgan E, Arnold M, Gini A, Lorenzoni V, Cabasag CJ,
Laversanne M, Vignat J, et al. Global burden of colorectal
cancer in 2020 and 2040: incidence and mortality esti-
mates from GLOBOCAN. Gut. 2023;72(2):338-344. doi
pubmed

2. Baidoun F, Elshiwy K, Elkeraie Y, Merjanch Z, Khoudari
G, Sarmini MT, Gad M, et al. Colorectal cancer epidemi-
ology: recent trends and impact on outcomes. Curr Drug
Targets. 2021;22(9):998-1009. doi pubmed

3. Rawla P, Sunkara T, Barsouk A. Epidemiology of colo-
rectal cancer: incidence, mortality, survival, and risk fac-
tors. Prz Gastroenterol. 2019;14(2):89-103. doi pubmed

4. FuD, Shi Y, Liu JB, Wu TM, Jia CY, Yang HQ, Zhang
DD, et al. Targeting long non-coding RNA to therapeuti-
cally regulate gene expression in cancer. Mol Ther Nu-
cleic Acids. 2020;21:712-724. doi pubmed

5. Sun W, Shi Y, Wang Z, Zhang J, Cai H, Zhang J, Huang

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

D. Interaction of long-chain non-coding RNAs and im-
portant signaling pathways on human cancers (Review).
Int J Oncol. 2018;53(6):2343-2355. doi pubmed

Chi Y, Wang D, Wang J, Yu W, Yang J. Long non-coding
RNA in the pathogenesis of cancers. Cells. 2019;8(9). doi
pubmed

Poursheikhani A, Abbaszadegan MR, Kerachian MA.
Mechanisms of long non-coding RNA function in colo-
rectal cancer tumorigenesis. Asia PacJ Clin Oncol.
2021;17(1):7-23. doi pubmed

Tang C, Liu J, Hu Q, Zeng S, Yu L. Metastatic colorectal
cancer: Perspectives on long non-coding RNAs and prom-
ising therapeutics. Eur J Pharmacol. 2021;908:174367.
doi pubmed

Wang Z, Wang P, Cao L, Li F, Duan S, Yuan G, Xiao L,
et al. Long intergenic non-coding RNA 01121 promotes
breast cancer cell proliferation, migration, and invasion
via the miR-150-5p/HMGA?2 axis. Cancer Manag Res.
2019;11:10859-10870. doi pubmed

Huang Y, Du J, Mi Y, Li T, Gong Y, Ouyang H, Hou Y.
Long Non-coding RNAs contribute to the inhibition of
proliferation and EMT by pterostilbene in human breast
cancer. Front Oncol. 2018;8:629. doi pubmed

Yu G, Wang LG, Han Y, He QY. clusterProfiler: an R
package for comparing biological themes among gene
clusters. OMICS. 2012;16(5):284-287. doi pubmed
Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner
M, Obenauf AC, Angell H, et al. Spatiotemporal dynam-
ics of intratumoral immune cells reveal the immune land-
scape in human cancer. Immunity. 2013;39(4):782-795.
doi pubmed

Herman AB, Tsitsipatis D, Gorospe M. Integrated IncR-
NA function upon genomic and epigenomic regulation.
Mol Cell. 2022;82(12):2252-2266. doi pubmed

Xin Z, Hu C, Zhang C, Liu M, Li J, Sun X, Hu Y, et al.
LncRNA-HMG incites colorectal cancer cells to chem-
oresistance via repressing p53-mediated ferroptosis. Re-
dox Biol. 2024;77:103362. doi pubmed

Hu HF, Han L, Fu JY, He X, Tan JF, Chen QP, Han JR, et
al. LINC00982-encoded protein PRDM16-DT regulates
CHEK?2 splicing to suppress colorectal cancer metasta-
sis and chemoresistance. Theranostics. 2024;14(8):3317-
3338. doi pubmed

Chang L, Ding J, Pu J, Zhu J, Zhou X, Luo Q, Li J, et
al. A novel IncRNA LOC101928222 promotes colorectal
cancer angiogenesis by stabilizing HMGCS2 mRNA and
increasing cholesterol synthesis. J Exp Clin Cancer Res.
2024;43(1):185. doi pubmed

Wu J, Hua LX, Liu FD. [Long intergenic non-coding
RNA 01121 promotes metastasis of prostate cancer cells
by activating the EMT process]. Zhonghua Nan Ke Xue.
2022;28(6):483-488. pubmed

Di Caro G, Marchesi F, Laghi L, Grizzi F. Immune cells:
plastic players along colorectal cancer progression. J Cell
Mol Med. 2013;17(9):1088-1095. doi pubmed

Spinner CA, Lamsoul I, Metais A, Febrissy C, Moog-
Lutz C, Lutz PG. The E3 ubiquitin ligase Asb2alpha in T
Helper 2 cells negatively regulates antitumor immunity in
colorectal cancer. Cancer Immunol Res. 2019;7(8):1332-

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com 93


https://www.doi.org/10.1136/gutjnl-2022-327736
http://www.ncbi.nlm.nih.gov/pubmed/36604116
http://www.ncbi.nlm.nih.gov/pubmed/36604116
https://www.doi.org/10.2174/1389450121999201117115717
http://www.ncbi.nlm.nih.gov/pubmed/33208072
https://www.doi.org/10.5114/pg.2018.81072
http://www.ncbi.nlm.nih.gov/pubmed/31616522
https://www.doi.org/10.1016/j.omtn.2020.07.005
http://www.ncbi.nlm.nih.gov/pubmed/32771923
https://www.doi.org/10.3892/ijo.2018.4575
http://www.ncbi.nlm.nih.gov/pubmed/30272345
https://www.doi.org/10.3390/cells8091015
http://www.ncbi.nlm.nih.gov/pubmed/31480503
http://www.ncbi.nlm.nih.gov/pubmed/31480503
https://www.doi.org/10.1111/ajco.13452
http://www.ncbi.nlm.nih.gov/pubmed/32970938
https://www.doi.org/10.1016/j.ejphar.2021.174367
https://www.doi.org/10.1016/j.ejphar.2021.174367
http://www.ncbi.nlm.nih.gov/pubmed/34303661
https://www.doi.org/10.2147/CMAR.S230367
http://www.ncbi.nlm.nih.gov/pubmed/31920395
https://www.doi.org/10.3389/fonc.2018.00629
http://www.ncbi.nlm.nih.gov/pubmed/30619763
https://www.doi.org/10.1089/omi.2011.0118
http://www.ncbi.nlm.nih.gov/pubmed/22455463
https://www.doi.org/10.1016/j.immuni.2013.10.003
https://www.doi.org/10.1016/j.immuni.2013.10.003
http://www.ncbi.nlm.nih.gov/pubmed/24138885
https://www.doi.org/10.1016/j.molcel.2022.05.027
http://www.ncbi.nlm.nih.gov/pubmed/35714586
https://www.doi.org/10.1016/j.redox.2024.103362
http://www.ncbi.nlm.nih.gov/pubmed/39307047
https://www.doi.org/10.7150/thno.95485
http://www.ncbi.nlm.nih.gov/pubmed/38855188
https://www.doi.org/10.1186/s13046-024-03095-8
http://www.ncbi.nlm.nih.gov/pubmed/38965575
http://www.ncbi.nlm.nih.gov/pubmed/37477463
https://www.doi.org/10.1111/jcmm.12117
http://www.ncbi.nlm.nih.gov/pubmed/24151976

Prognostic and Pro-Proliferative Roles of LINCO| |21

World | Oncol. 2026;17(1):84-94

20.

21.

22.

23.

24.

94

1344. doi pubmed 25. Chang SH. T helper 17 (Th17) cells and interleukin-17
Poli A, Michel T, Theresine M, Andres E, Hentges F, Zim- (IL-17) in cancer. Arch Pharm Res. 2019;42(7):549-559.
mer J. CD56bright natural killer (NK) cells: an important doi pubmed
NK cell subset. Immunology. 2009;126(4):458-465. doi 26. Wu SY, Fu T, Jiang YZ, Shao ZM. Natural killer cells in
pubmed cancer biology and therapy. Mol Cancer. 2020;19(1):120.
Michel T, Poli A, Cuapio A, Briquemont B, Iserentant G, doi pubmed
Ollert M, Zimmer J. Human CD56bright NK cells: an up- 27. Farhood B, Najafi M, Mortezace K. CD8(+) cytotoxic T
date. J Immunol. 2016;196(7):2923-2931. doi pubmed lymphocytes in cancer immunotherapy: A review. J Cell
Sanchez-Correa B, Campos C, Pera A, Bergua JM, Arcos Physiol. 2019;234(6):8509-8521. doi pubmed
MJ, Banas H, Casado JG, et al. Natural killer cell immu- 28. Davis BP, Rothenberg ME. Eosinophils and cancer. Can-
nosenescence in acute myeloid leukaemia patients: new cer Immunol Res. 2014;2(1):1-8. doi pubmed
targets for immunotherapeutic strategies? Cancer Immu- 29. Grisaru-Tal S, Rothenberg ME, Munitz A. Eosino-
nol Immunother. 2016;65(4):453-463. doi pubmed phil-lymphocyte interactions in the tumor microen-
Lee GR. The balance of Th17 versus Treg cells in autoim- vironment and cancer immunotherapy. Nat Immunol.
munity. Int J Mol Sci. 2018;19(3). doi pubmed 2022;23(9):1309-1316. doi pubmed
Knochelmann HM, Dwyer CJ, Bailey SR, Amaya SM, 30. Lopez-Perez D, Prados-Lopez B, Galvez J, Leon J, Cara-
Elston DM, Mazza-McCrann JM, Paulos CM. When worlds zo A. Eosinophils in colorectal cancer: emerging insights
collide: Th17 and Treg cells in cancer and autoimmunity. into anti-tumoral mechanisms and clinical implications.
Cell Mol Immunol. 2018;15(5):458-469. doi pubmed Int J Mol Sci. 2024;25(11). doi pubmed

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com


https://www.doi.org/10.1158/2326-6066.CIR-18-0562
http://www.ncbi.nlm.nih.gov/pubmed/31175139
https://www.doi.org/10.1111/j.1365-2567.2008.03027.x
http://www.ncbi.nlm.nih.gov/pubmed/19278419
http://www.ncbi.nlm.nih.gov/pubmed/19278419
https://www.doi.org/10.4049/jimmunol.1502570
http://www.ncbi.nlm.nih.gov/pubmed/26994304
https://www.doi.org/10.1007/s00262-015-1720-6
http://www.ncbi.nlm.nih.gov/pubmed/26059279
https://www.doi.org/10.3390/ijms19030730
http://www.ncbi.nlm.nih.gov/pubmed/29510522
https://www.doi.org/10.1038/s41423-018-0004-4
http://www.ncbi.nlm.nih.gov/pubmed/29563615
https://www.doi.org/10.1007/s12272-019-01146-9
https://www.doi.org/10.1007/s12272-019-01146-9
http://www.ncbi.nlm.nih.gov/pubmed/30941641
https://www.doi.org/10.1186/s12943-020-01238-x
https://www.doi.org/10.1186/s12943-020-01238-x
http://www.ncbi.nlm.nih.gov/pubmed/32762681
https://www.doi.org/10.1002/jcp.27782
http://www.ncbi.nlm.nih.gov/pubmed/30520029
https://www.doi.org/10.1158/2326-6066.CIR-13-0196
http://www.ncbi.nlm.nih.gov/pubmed/24778159
https://www.doi.org/10.1038/s41590-022-01291-2
http://www.ncbi.nlm.nih.gov/pubmed/36002647
https://www.doi.org/10.3390/ijms25116098
http://www.ncbi.nlm.nih.gov/pubmed/38892286

