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Abstract

Background: Lung adenocarcinoma (LUAD) is one of the most common and lethal cancer types worldwide. LINC0572 is a long non-
coding RNA (lncRNA) that has been associated with the clinical characteristics of several types of malignancy. However, the biological
mechanism of LINC0572 in LUAD is still unclear and remains to be elucidated. Methods: R packages and online bioinformatic tools
were used to investigate the biological characteristics of LINC01572, including its abnormal expression, oncogenic role, and clinical
prognostic value. In vitro and in vivo experiments were conducted to investigate the biological functions of LINC01572 in tumorigenesis
and development. These included colony formation assays, cell migration assays, flow cytometry, cell counting kit-8 (CCK-8) cell
proliferation and tumor transplant growth experiments. Results: Bioinformatics results showed that LINC01572 was overexpressed in
both LUAD and lung squamous cell carcinoma (LUSC) patients. LINC01572 overexpression was associated with shorter overall survival
(OS) in LUAD. Further study of clinical specimens confirmed that LINC01572was highly expressed in the tumor tissue of non-small cell
lung cancer (NSCLC) patients. In vitro experiments also confirmed that LINC01572 was overexpressed in tumor cell lines. Inhibition of
LINC01572 expression significantly impaired cell proliferation, cell migration, and clone formation. Experiments in nudemouse revealed
that transplanted tumors with low expression of LINC01572 had significantly slower rates of growth in terms of volume and weight
compared to the control group (p < 0.05). In addition, gene set enrichment analysis (GSEA) and immune landscape profiling showed
that LINC01572 can promote tumor initiation and progression by deregulating the cell cycle and immunocyte infiltration. Conclusions:
LINC01572 is overexpressed in tumor tissue relative to adjacent normal tissue. Moreover, LUAD patients with high expression of
LINC01572 showed a worse survival prognosis. LINC01572 is associated with tumor initiation, progression and immune dysregulation.
It therefore has potential value as a novel biomarker and therapeutic target in LUAD.
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1. Introduction

The GLOBOCAN 2018 estimates of cancer incidence
and mortality show that lung cancer is the most commonly
diagnosed and lethal human cancer type, being responsi-
ble for >1.4 million deaths globally per year. Approxi-
mately 733,000 newly diagnosed cases of lung cancer and
>610,000 lung cancer-related mortalities were reported in
China in 2015, ranking first in males and second in females
in terms of mortality [1,2]. More than 80% of lung can-
cer cases can be categorized as non-small cell lung cancer
(NSCLC). These are further subdivided into lung squamous
cell carcinoma (LUSC) and lung adenocarcinoma (LUAD)
[3,4]. Although significant progress has been made in the
diagnosis and therapy of NSCLC over the past few decades,
the prognosis of such patients remains poor, with an over-
all five-year survival rate of <5% [5]. Due to the lack

of effective early detection biomarkers, the majority of
NSCLC patients are diagnosed with an advanced stage of
disease [6,7]. Distant metastasis is considered to be the
primary cause of treatment failure and mortality amongst
patients with NSCLC. Several biomarkers have been stud-
ied in lung cancer, including clinical factors such as tumor
stage, performance status, and age, as well asmolecular fac-
tors such as Epidermal Growth Factor Receptor (EGFR)
mutation [8], Anaplastic Lymphoma Kinase (ALK) rear-
rangement [9], PD-L1 expression [10,11], and long non-
coding RNA (lncRNA) expression [11]. EGFR mutations
are predictive of the response to targeted therapies, while
PD-L1 expression has been associated with the response to
immunotherapy. Circulating tumor DNA (ctDNA) [12] is
a promising biomarker for monitoring disease progression
and for predicting treatment response. LncRNAs such as
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SNHG15 [13], MIR4435-2 [14] and LINC00958 [15] have
also been investigated for their potential prognostic value
in lung cancer. Moreover, the LC NetWork was recently
established to investigate interactions between known mR-
NAs, lncRNAs and miRNAs. This showed that several
mRNA/lncRNA/miRNA axes play a crucial role in NSCLC
development [16]. However, further research is needed to
validate these findings and to identify new markers that can
improve prognostication in lung cancer patients. The aim
of the present study was to identify novel biomarkers with
high sensitivity and specificity for NSCLC diagnosis and
prognosis, as well as to investigate the underlying molecu-
lar mechanisms of NSCLC. Current biomarkers for progno-
sis and treatment targets remain insufficient and unsatisfac-
tory, and hence it is essential to identify novel prognostic
and/or treatment factors in NSCLC.

Current biomarkers used for cancer diagnosis are pro-
teins. It is well known that >70% of the human genome
is actively transcribed, but only 1–2% of the entire genome
codes for proteins [17]. Noncoding RNAs (ncRNAs) are
widely expressed in various body fluids and are quite sta-
ble, suggesting they may be valuable for diagnosing cancer
[18]. lncRNA of >200 nucleotides in length are the main
subtype of ncRNA. Research has shown that lncRNAs are
essential in multiple biological processes including the im-
printing, modification and maintenance of chromatin. Due
to the high stability and tissue specificity of lncRNAs, these
molecules may be valuable tumor diagnosis biomarkers in
various human cancer types [19]. lncRNAs are also known
to participate in the tumorigenesis of NSCLC [20]. How-
ever, the functions ofmost of the lncRNAs found inNSCLC
to date remain unknown.

The lncRNA LINC0572 has been associated with var-
ious clinical features of LUSC [21] and of gastric cancer
[22]. So far however, few studies have been published
on LINC0572 in LUAD. In the present work we analyzed
the prognostic value of LINC0572 in LUAD patients using
multiple bioinformatics tools and experiments. The results
showed that LINC01572 is a tumor-promoting factor, and
that blocking its signaling pathway could restore tumor de-
velopment. This preliminary data suggests that LINC01572
could be a novel biomarker and therapeutic target in LUAD.

2. Materials and Methods
2.1 Public Database

RNA-seq data and clinical information for 594 LUAD
(including 107 paired samples) and 551 LUSC (includ-
ing 49 paired samples) were downloaded from the TCGA
database (https://cancergenome.nih.gov/) (USA) in order to
evaluate the characteristics of LINC01572 expression and
its prognostic value.

2.2 lncRNA Subcellular Localization
The Lncipedia portal (https://lncipedia.org/) is a pub-

lic database used to obtain lncRNA sequences and annota-

tions [23]. The LncLocator portal (http://www.csbio.sjtu.e
du.cn/bioinf/lncLocator/) (China) is an online tool used to
predict the subcellular localization of lncRNA [24]. Both
these portals were used in the present study of LINC01572.

2.3 Gene Expression Analysis
The differential expression of LINC01572 between

tumor and normal samples in LUAD and LUSC was
analyzed by R based on the TCGA data. lnCAR
(https://lncar.renlab.org/) (China), an online database for
lncRNA analysis, was also used to evaluate LINC01572 ex-
pression levels in LUAD and LUSC from the GSE75037
and GSE88862 databases. The associations of LINC01572
expression with different clinical variables were also ana-
lyzed by R (3.6.3, R Foundation for Statistical Computing,
Vienna, Austria) (R is the language and operating environ-
ment for statistical analysis, plotting, and operation, and it
is an excellent tool for statistical calculations and statistical
mapping).

2.4 Diagnostic Value
The pROC package in R was used to perform diag-

nostic ROC analysis with clinical data obtained from a pub-
lished study [25]. The results were then visualized using the
ggplot2 package (3.3.6, Springer-Verlag New York, 2016).

2.5 Tissue Acquisition and Processing
Pairs of cancerous and adjacent tissue (n = 20) were

obtained from patients diagnosed with NSCLC who under-
went resection at the Affiliated Nanjing Hospital, Nanjing
Medical University, between 2015 and 2018. The tissues
were stored at –80 °C until analysis. The use of human tis-
sues was in accordance with guidelines from the Declara-
tion of Helsinki.

2.6 Mice and Cell Lines
Mice were obtained from Hangzhou Ziyuan Labo-

ratory Animal Technology Co., Ltd. The animal ethics
committee of Nanjing Medical University approved the
use of mice for experiments. A human bronchial epithe-
lial cell line (16HBE) and several tumor cell lines (H1299,
A549, SKMES1, H460, and SBC3) were purchased from
the Cell Bank, Chinese Academy of Sciences. We confirm
that mycoplasma testing has been done for the cell lines
used. In our study, STR genotyping was used for cell
cross-contamination and characterization. These were used
to confirm abnormal expression of LINC01572 and to ex-
amine cell phenotypes. All cell lines were cultured at 37 °C
in an atmosphere containing 5%CO2 and 95% air in RPMI-
1640 medium (HyClone Cytiva; Logan, UT, USA) supple-
mented with 1% penicillin/streptomycin and 10% FBS (Cy-
tiva, Logan, UT, USA).

2.7 siRNAs and shRNAs
To achieve knockdown of LINC01572 expression

in A549 and H1299 cells, two small interfering RNAs
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Fig. 1. Abnormal expression of LINC01572. (A,D) LINC01572 was overexpressed in tumor samples from GSE75037 (LUAD) and
GSE88862 (LUSC), respectively. (B,E) Upregulation of LINC01572 was also observed in LUAD and LUSC from the TCGA database,
respectively. (C) LINC01572 expression in tumor and adjacent normal tissue from 20 paired LUAD samples. (F) Prediction of the
subcellular localization of LINC01572. ***, p < 0.001. LUAD, Lung adenocarcinoma; LUSC, Lung squamous cell carcinoma.

(siLINC01572-1, siLINC01572-2) that were specific
against four LINC01572 transcript variants (NR_159372.1,
NR_126330.2, NR_159371.1, NR_159370.1) were de-
signed and synthesized by GenePharma, together with the
negative control (siNC). The cells were seeded at an initial
concentration of 1 × 105 cells/well in 6-well plates and
grown at 37 °C until they reached 80% confluence. Trans-
fection was then carried out using Lipofectamine® 3000
(Invitrogen; Thermo Fisher Scientific, Inc, Waltham, MA,
USA) with either the siRNAs or siNC as recommended
by the manufacturer. The knockdown efficiency of the
siRNAs was evaluated using RT-qPCR technique.

A stable, low-expression plasmid of LINC01572 was
designed with the si-LINC01572 and vector (pGPU6) se-
quences (shRNA, GenePharma, China), the information of
siRNAs was listed in Table 1.

2.8 RT-qPCR
The relative expression of LINC01572 in NSCLC

tissues and cells was evaluated by RT-qPCR. Total RNA
in the NSCLC tissues and cell lines was extracted using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,

Inc., Waltham, MA, USA). cDNA for analysis by RT-
qPCR was produced from 2 µg of total RNA using the
BestarTM qPCR RT kit (cat. no. 2220; DBI Bioscience,
Shanghai, China) as recommended by the manufacturer.
qPCR was conducted using BestarTM qPCR MasterMix
(cat. no. 2043; DBI Bioscience, China) on an ABI7500
system using the following primers: LINC01572 forward
(F), 5′-AATTTGTGGCGCTTGGTGTC-3′ and reverse
(R), 5′-CTGAGATCCCTGGTTCCACTG-3′; GAPDH
F, 5′-ACAACTTTGGTATCGTGGAAGG-3′ and R,
5′-GCCATCACGCCACAGTTTC-3′. LINC01572 expres-
sion was normalized to that of GAPDH. Pre-denaturation
was at 95 °C for 5 minutes, followed by 30 cycles of
denaturation at 95 °C, annealing at 60 °C for 30 seconds,
and extension at 72 °C for 30 seconds. The reactants were
finally kept at 72 °C for 7 minutes.

2.9 Cell Counting kit-8 (CCK-8) Assay
ACCK-8 kit (CK04; Dojindo, Kumamoto, Japan) was

used according to the manufacturer’s instructions. Trans-
fected A549 and H1299 cells were grown in 96-well cul-
ture plates and then incubated for 0, 24, 48, and 72 h with
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Table 1. The siRNA sequences are shown below.
Sense Antisense

siLINC01572-1 GAATGAAGCTGAGCGTCTCAGTGGA TCCACTGAGACGCTCAGCTTCATTC
siLINC01572-2 TACACGTGGAAATATGCCAACTGAA TTCAGTTGGCATATTTCCACGTGUA
siNC GAACGAAGAGTCTGCGACTTGTGGA TCCACAAGTCGCAGACTCTTCGTTC

100 µL of CCK-8 solution. The cells were then incubated
with CCK-8 solution for an additional 4 hours, after which
the Optical Density (OD) at 450 nm was evaluated using a
spectrophotometer. Experiments were conducted in tripli-
cate.

2.10 Colony Formation Assay
Colony formation assays were performed with A549

and H1299 cells to assess the impact of LINC01572 knock-
down on NSCLC cell proliferation. Following transfection
with shLINC01572-1 or shNC for 48 h, cells were seeded
at an initial density of 250 cells/well in 6-well plates and
incubated for 2 weeks at 37 °C with 5% CO2. Colonies
were then fixed with 70%methanol for 1 h and stained with
Giemsa solution for 20 minutes. The number of visible
colonies was counted manually under a microscope, with
triplicate wells evaluated for each group.

2.11 Cell Cycle Analysis
The effect of LINC01572 knockdown on the cell cycle

was evaluated by flow cytometry. After 48 h transfection
with shLINC01572-1, shLINC01572-2 or shNC, the cells
were trypsinized, centrifuged at 2000 rpm for 10 minutes,
and washed three times with ice-cold PBS. They were then
fixed with 70% ethanol at –20 °C overnight, and the cell
cycle distribution analyzed using a cell cycle kit (BestBio,
China) and a Beckman Coulter FACSCalibur flow cytome-
ter (Beckman Coulter, Inc., USA).

2.12 Transwell Assays
Transwell assays were carried out using chambers

with 8 µm pores (Corning, NY, USA) and Matrigel matrix.
A549 and H1299 cells transfected with shLINC01572-1,
shLINC01572-2 or shNC were collected after 48 h growth
and resuspended in serum-free culture medium at a con-
centration of 2 × 105 cells/mL. A 200 µL cell suspen-
sion was added to the upper chamber, and 500 µL of 10%
FBS-supplemented culture medium to the lower chamber.
After culturing for 24 h, migrating cells were fixed with
4% paraformaldehyde and stained with 0.5% crystal violet.
Cell numbers were counted under a microscope, and this
was repeated three times for each of the shLINC01572-1,
shLINC01572-2 and shNC groups.

2.13 Gene Set Enrichment Analysis (GSEA)
The potential mechanisms for LINC01572 involve-

ment in the development of LUAD were investigated us-
ing the GSEA method. LUAD samples were divided into

“high” and “low” groups based on the median expression
level of LINC01572. Subsequently, the two groups were
compared using GSEA (Broad Institute, Cambridge, Mass.
USA) software and the fold-change value was used to rank
differences. Enrichment analysis was conducted based on
the Hallmark gene set, which was previously identified
using biological knowledge. The normalized enrichment
score (NES) was used as the primary statistic for assessing
gene set enrichment results, while the false discovery rate
(FDR) was used to estimate the probability of false positive
findings in a given gene set with a particular NES value.
Enrichment significance was considered to be present when
the |NES| value was >1 and the FDR was <0.25.

2.14 In vivo Tumor Growth Assay

Male BALB/c mice aged 8 weeks were obtained from
the Shanghai SLAC Laboratory Animal Company Ltd.,
Shanghai, China. These were used to evaluate the impact
of LINC01572 knockdown on NSCLC progression by es-
tablishing in vivo tumor growth assays. The department
of Laboratory Animal Science, Fudan University, approved
all animal experiments. A549 cells that were stably trans-
fected with either shLINC01572-1 or shNCwere suspended
in culture medium at a concentration of 5 × 106 cells/mL.
A 200 µL cell suspension was then subcutaneously injected
into the right flank of nude mice. Tumor growth was moni-
tored on days 2, 4, 6, 8, 10, 12, 14, 16, 18 and 20 following
injection. The volume of tumors was measured using the
formula: length × width2 × 0.5. Euthanasia was carried
out by exposing the mice to carbon dioxide. The percent-
age of chamber volume replaced by carbon dioxide flow
was approximately 50% vol/min.

2.15 LINC01572 and the Tumor Microenvironment

The immune, stromal and ESTIMATE scores are valu-
able and proven indicators for predicting cancer prognosis
[26,27]. The R software package ESTIMATE (https://bi
oinformatics.mdanderson.org/estimate/index.html) (Hous-
ton, TX, USA) was used to calculate these scores based on
TGGA LUAD data. The relationship between LINC01572
and immune, stromal and ESTIMATE scores was explored
using the psych R package (version 2.1.6). Pearson corre-
lation analysis was used to assess the associations between
these factors.

The GSVA package (1.34.0) (Barcelona, Catalonia,
Spain) [28] was used to analyze immune cell infiltration
in the tumor microenvironment (TME) of LUAD patients
by using expression data from TCGA and immunocyte
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Fig. 2. Correlation analysis between clinical characteristics and LINC01572 expression. Significantly higher LINC01572 expression
was detected in males (A), smokers (B), patients with metastasis (C), black/African-American patients (D), T4 stage (E), and pathological
stage IV (F). The AUC for diagnostic ROC was calculated (G) and Kaplan-Meier survival analysis was conducted using TCGA LUAD
data (H). *, p < 0.05; **, p < 0.01. LINC, Large intergenic non-coding; AUC, Areas under ROC curves; ROC, Receiver operating
characteristic.

markers from previous studies [29]. Correlations between
LINC01572 and co-stimulator and co-inhibitor molecules
were also investigated using markers obtained from previ-
ous studies [30]. The ggplot2 package provides visualiza-
tion of significant results only.

2.16 Statistical Analysis

R packages were used to construct and analyze sur-
vival curves. Cox regression analysis was performed us-
ing the “survival” package, and the resulting data was vi-
sualized with the “survminer” package. Appropriate sta-
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tistical tests including the chi-squared test, Student’s t-test,
Wilcoxon test, and Kruskal–Wallis tests were used to assess
the significance of differences between groups. Statistical
significance was confirmed with a p-value < 0.05.

3. Results
3.1 Overexpression of LINC01572 and Analysis of
Subcellular Localization

The expression of LINC01572 in NSCLC was in-
vestigated using the GSE75037 and GSE88862 datasets.
LINC01572 expression was higher in tumor samples than in
matched normal tissues in both LUAD (Fig. 1A) and LUSC
(Fig. 1D). In addition, the TCGA data showed significant
upregulation of LINC01572 in LUAD (Fig. 1B) and LUSC
(Fig. 1E). Analysis of LINC01572 expression in the 20 pairs
of human tumor-adjacent normal tissue of NSCLC further
confirmed the above findings (Fig. 1C).

The subcellular localization of LINC01572 was pre-
dicted by LncLocator based on the characteristics of the
LINC01572 RNA sequence. This showed that LINC01572
was located in the cytoplasm with a score of 0.6353
(Fig. 1F).

The above findings suggest that LINC01572 is likely
to promote the initiation and development of NSCLC, al-
though further investigation is needed.

3.2 Correlation between LINC01572 and
Clinicopathologic Features, and Prognostic Value

Correlation analyses were performed between the
LINC01572 expression level and various clinicopatho-
logical features in order to assess the clinical value of
LINC01572 in LUAD. These showed clear associations be-
tween LINC01572 expression and male gender, smoking,
T4 stage, and pathological stage IV (Fig. 2A–F; p < 0.05
for each).

Analysis of the diagnostic value of LINC01572 ex-
pression in LUAD revealed the area under the curve (AUC)
was 0.958 (95% CI: 0.942–0.973) (Fig. 2G), thereby in-
dicating strong potential as a diagnostic biomarker. Us-
ing median expression as the cutoff value, survival anal-
ysis showed that LUAD patients with higher expression of
LINC01572 had significantly shorter overall survival (OS)
(HR: 1.381; 95% CI: 1.033–1.8481) (Fig. 2H).

In summary, LINC01572 appears to be a promising
and novel biomarker for the diagnosis of LUAD, as well
as having prognostic value and being a potential therapeu-
tic target. We next investigated the underlying biological
mechanisms of LINC01572 in LUAD.

3.3 Activated Signaling Pathways and LINC01572
Expression

The results of GSEA showed that G2M checkpoint
and DNA repair signaling pathways were significantly
activated in patients with high LINC01572 expression
(Fig. 3A,B). This finding suggests that enhanced tumor cell

proliferation and resistance to DNA damage are the main
mechanisms by which LINC01572 promotes tumor devel-
opment.

3.4 Correlation between LINC01572 Expression and
Immune Function

The immune response plays an essential role in
both tumor progression and elimination. Many differ-
ent molecules can influence the tumor microenvironment
(TME), leading to considerable diversity. Tumor cells can
escape or fade depending on whether an immune suppres-
sive TME or an immune-activated TME is dominant.

According to ESTIMATE results, LINC01572 expres-
sion was negatively correlated to stromal (Fig. 3C) and
immune (Fig. 3D) scores. This result indicates that up-
regulation of LINC01572 leads to an immune suppressive
TME. The relationship between LINC01572 expression and
specific immune cell infiltration was further analyzed in
the TCGA LUAD cohort using the GSVA method. This
showed that high LINC01572 expression was associated
with lower levels of infiltrating T cells (p < 0.05), CD8+
T cells (p < 0.001), cytotoxic T cells (p < 0.001) and DC
(p < 0.001) (Fig. 3E). These results confirm those of the
ESTIMATE analysis and suggest that LINC01572 could im-
pair the immune response, leading to tumor progression and
shorter OS.

Based on the current analysis, LINC01572 was found
to be overexpressed in LUAD, as well as being a prognos-
tic factor. Next, in vitro and in vivo experiments were con-
ducted to further investigate the role of LINC01572 in tumor
progression.

3.5 LINC01572 Knockdown and Analysis of Efficacy
The LINC01572 expression level in NSCLC cell lines

was first evaluated under baseline conditions. As shown in
Fig. 4A, tumor cells have significantly higher expression of
LINC01572 compared to 16HBE, which is a benign human
bronchial epithelial cell line. Among the tumor cell lines in-
vestigated here, H1299 and A549 exhibited relatively high
overexpression of LINC01572 and were thus selected for
subsequent experiments.

Two small interfering RNAs, siLINC01572-1 and
siLINC01572-2, were designed to inhibit the expression of
LINC01572 in A549 and H1299 cells. The knockdown ef-
ficiency was determined using RT-qPCR. LINC01572 ex-
pression was found to be significantly downregulated in the
intervention groups (Fig. 4B,C). In addition, the two corre-
sponding shRNAs also caused stable and significant reduc-
tion of LINC01572 expression (Fig. 4D).

3.6 LINC01572 Knockdown Inhibited Cell Proliferation
The effect of LINC01572 knockdown on cell pro-

liferation was evaluated using CCK-8 assays. Clear re-
ductions in cell proliferation activity were observed in
the LINC01572 knockdown groups compared with the
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Fig. 3. Analysis of signaling pathway enrichment and of the immune microenvironment. GSEA results showed that G2M check-
point (A) and DNA repair (B) signaling pathways were significantly activated in samples with high LINC01572 expression. ESTIMATE
analysis indicated that LINC01572 expression was negatively correlated with local immune cell infiltration (C–E). Lymphocyte infiltra-
tion analysis further indicated that fewer cytotoxic and DC cells were present in samples with high LINC01572 expression (F). ns, no
significance. *, p < 0.05; **, p < 0.01; ***, p < 0.001. aDC, antigen Dendritic Cells; DC, Dendritic Cells; NK cells, Natural killer
cells; Th 1, helper T lymphocyte1.

shNC group (Fig. 4E,F). Colony formation assay showed
that the number of colonies following transfection with
shLINC01572-1 or shLINC01572-2 was significantly less

than with shNC for A549 (Fig. 4G,H; p< 0.05) and H1299
(Fig. 4I,J; p < 0.05) cells.
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Fig. 4. Abnormal LINC01572 expression, knockdown efficacy, and colony forming assay results. qPCR analysis of LINC01572
expression in cell lines (A), and LINC01572 knockdown efficacy in A549 and H1299 cells (B–D). 96 h CCK-8 assays (E,F) and 2-week
colony formation assays (G–J) were also performed using A549 and H1299 cells. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Fig. 5. Assessment of cell cycle distribution and cell migration ability. The proportion of cells in G1 phase was increased, and the
proportion in G2 and M phases correspondingly decreased following knockdown of LINC01572 in A549 (A,B) and H1299 (C,D) cells.
Impaired migration ability was observed in the shLINC01572-1 groups compared to the blank and shNC groups in A549 and H1299 cells
(10×) (E). Cellular quantitative changes in migration ability in A549 cells and H1299 cells (F,G). **, p < 0.01; ***, p < 0.001.

3.7 LINC01572 Knockdown Inhibited the Cell Cycle and
Cell Migration

Flow cytometry was conducted to evaluate the effect
of LINC01572 knockdown on the cell cycle. Compared to
the shNC group, a significant increase was observed in the
number of cells in the G1 phase and a corresponding de-
crease in the number of cells in the S andG2 phases. Knock-
down of LINC01572 resulted in significant changes in the
cell cycle distribution in A549 (Fig. 5A,B, p < 0.05) and
H1299 (Fig. 5C,D, p < 0.05) cells.

In addition, the transwell assay showed that the mi-
gratory ability of A549 and H1299 cells was significantly
reduced in the LINC01572 knockdown groups compared to
both the blank control and shNC-treated groups (Fig. 5E–G;
p < 0.05).

3.8 LINC01572 Knockdown Suppressed Tumor Growth in
Vivo

To investigate the effects of LINC01572 knockdown
on tumor growth in vivo, A549 cells with stable knockdown
of LINC01572 were subcutaneously injected into the right

flank of nude mice (Fig. 6A). Tumor growth was reduced
compared to tumors formed after the injection of control
cells (Fig. 6B). The final tumor volume and weight were
significantly smaller in the LINC01572 knockdown group
compared to the shNC group (Fig. 6C,D; p < 0.05). These
results confirm that LINC01572 knockdown significantly
inhibited the progression of LUAD in vivo.

4. Discussion
Lung cancer is an aggressive tumor type with a high

global incidence and mortality rate, especially in the form
of NSCLC. Despite recent progress in treatment strategies,
the prognosis of advanced lung cancer patients remains un-
satisfactory [31]. Therefore, the identification of accurate
prognostic biomarkers and novel therapeutic targets is nec-
essary to improve the clinical outcomes of NSCLC patients.

lncRNA is a potentially useful biomarker for cancer
diagnosis and treatment and may be a worthwhile avenue
for the investigation of tumor growth mechanisms [32].
lncRNA-mediated gene regulation has been implicated in
numerous diseases, particularly tumors, and is believed to
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Fig. 6. In vivo tumor growth experiments. (A) Representative photographs of subcutaneous tumors formed after injection of A549
cells with LINC01572 knockdown. (B) Tumor growth in mice over time. (C) Harvested transplant tumors from LINC01572 knockdown
and control mice groups. (D) Weight of the harvested transplant tumors. *, p < 0.05; **, p < 0.01.

involve several mechanisms. These likely include the inter-
action of lncRNAs with DNA, RNA or protein at the three
different stages of transcriptional, post-transcriptional, and
epigenetic regulation. The extensive capacity of lncR-
NAs to engage with diverse biomolecules has been amply
demonstrated and may be important in multiple aspects of
tumor development, including cell proliferation, differen-
tiation, metabolism, apoptosis, migration, and drug resis-
tance. Current evidence indicates that lncRNA could par-
ticipate in many facets of tumor development, such as in-
teraction with cancer-associated-fibroblasts [33]

The lncRNA LINC01572 has been reported to pro-
mote the progression of hepatocellular carcinoma by spong-
ing miR-195-5p [34]. It can also induce ferroptosis of
LUAD cells, thus suggesting another potential therapeu-
tic use for LINC01572 [35]. However, there are still very
few studies on LINC01572 in LUAD. Data obtained from
a public database and from the tissues of NSCLC patients
show upregulation of LINC01572 in tumor samples. Sub-
sequent analysis in combination with clinical characteris-
tics also showed that LINC01572 expression was associated
with higher tumor stage and shorter OS. These results indi-
cate that LINC01572 is likely to play an essential role in the
initiation and development of LUAD.

We also used a GSEA algorithm to investigate
downstream signaling pathways that are activated by

LINC01572. This showed that G2M checkpoint and DNA
repair signaling pathways were activated in tumor cells with
high expression of LINC01572. The purpose of the G2M
checkpoint is to ensure the DNA is correctly replicated be-
fore the cell enters mitosis. In the event of errors, the G2M
checkpoint prevents the cell from progressing to the next
phase of the cell cycle, thereby allowing time for DNA re-
pair. LINC01572 may simultaneously promote cell prolif-
eration and DNA repair. Previous studies have reported that
the G2M checkpoint and DNA repair signaling pathways
play crucial roles in tumor promotion [36–39]. The present
results suggest that the shorter OS and more advanced tu-
mor stage observed in cases with high LINC01572 expres-
sion could be caused by increased tumor cell proliferation
and DNA damage repair.

The TME is considered an important index for the
optimization of treatment strategies and for its influence
on tumor initiation and elimination [40,41]. We there-
fore analyzed the correlation between LINC01572 expres-
sion and immunity using the ESTIMATE and GSVA algo-
rithms. LINC01572 expression was clearly associated with
an immune suppressive TME, as seen by its negative cor-
relation with the infiltration of cytotoxic T cells, DC and
macrophages, and thereby resulting in shorter OS.

Based on these interesting findings, we conducted fur-
ther in vitro and in vivo experiments to confirm the re-
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sults and to explore possible downstreammechanisms. The
in vitro assay results showed that LINC01572 expression
was generally higher in tumor cell lines than in the 16HBE
cell line. In addition, low cell activity after 96 h was
detected with the CCK-8 assay in shLINC01572 groups.
The colony formation assay also showed that less colonies
were observed in the shLINC01572-1 and shLINC01572-
2 groups compared to control groups. Flow cytometry
was performed to investigate whether low expression of
LINC01572 in tumor cells could affect the cell cycle. Com-
pared to the shNC group, the proportion of cells in the
G1 phase was significantly increased, and the proportion
of cells in the G2 phase was significantly decreased in the
shLINC01572-1 groups of A549 and H1299 cells. Tran-
swell assays were also performed to evaluate the migration
ability of tumor cells. These showed that cell migration
was significantly reduced in the shLINC01572-1 groups of
A549 and H1299 cells compared with the blank and shNC
groups.

The in vivo growth rates in terms of tumor volume
and weight were found to be lower in mice from the sh-
LINC01572-1 group compared to the shNC group. This re-
sult suggests that blocking LINC01572 in tumor cells may
reverse cancerous growth.

One of the limitations of this study was that the down-
stream mechanisms for LINC01527 in tumor initiation and
progression are still unclear, including for example its in-
teractions with miRNA and mRNA. Further detailed inves-
tigations are need to clarify this issue.

The results of multi-omics analysis and other experi-
ments showed that LINC01572 is overexpressed in tumor
samples and may promote tumor initiation and progression
by influencing the cell cycle and DNA repair. Together
with the suppression of immunity in the TME, these fac-
tors could all contribute to the worse outcome observed
for LUAD patients with high LINC01572 expression. In
conclusion, LINC01572 may be an effective diagnostic
biomarker, as well as a promising therapeutic biomarker for
LUAD.

5. Conclusions

LINC01572 is overexpressed in tumor tissue relative
to adjacent normal tissue. LINC01572 is associated with
tumor initiation, progression and immune dysregulation. It
therefore has potential value as a novel biomarker and ther-
apeutic target in LUAD.
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