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Abstract

Background: The mortality and recurrence of patients with cancer is of high prevalence. Long non-coding RNA (Ino@
forkhead box P4 antisense RNA 1 (FOXP4-AS1) is a promising INcBRNA. There is increasing evidence that INcCRNA FOXP4-AS1
is abnormally expressed in various tumors and is associated with cancer prognosis. This study was designed to identify the
prognostic value of INcRNA FOXP4-AS1 in human malignancies.

Methods: We searched electronic databases up to April 29, 2022, including PubMed, Cochrane Library, Embase, MEDLINE,
and Web of Science. Eligible studies that evaluated the clinicopathological and prognostic role of INcRNA FOXP4-AS1 in patients
with malignant tumors were included. The pooled odds ratios (ORs) and the hazard ratios (HRs) were calculated to assess the role
of INcRNA FOXP4-AS1 using Stata/SE 16.1 software.

Results: A total of 6 studies on cancer patients were included in the present meta-analysis. The combined results revealed
that high expression of INcRNA FOXP4-AS1 was significantly associated with unfavorable overall survival (OS) (HR = 1.99, 95%
confidence interval [Cl]: 1.65-2.39, P < .00001), and poor disease-free survival (DFS) (HR = 1.81, 95% Cl: 1.54-2.13, P < .00001)
in a variety of cancers. In additional, the increase in INCRNA FOXP4-AS1 expression was also correlated with tumor size ((larger vs
smaller) (OR = 3.16, 95% Cl: 2.12-4.71, P < .00001), alpha-fetoprotein (=400 vs <400) (OR = 3.81, 95%Cl: 2.38-6.11, P = .83),
lymph node metastasis (positive vs negative) (OR = 2.93, 95%Cl: 1.51-5.68, P = .001), and age (younger vs older) (OR = 2.06,
95% Cl: 1.41-8.00, P = .00002) in patients with cancer. Furthermore, analysis results using The Cancer Genome Atlas (TCGA)
dataset showed that the expression level of INcCRNA FOXP4-AS1 was higher in most tumor tissues than in the corresponding
normal tissues, which predicted a worse prognosis.

Conclusions: In this meta-analysis, we demonstrate that high INcRNA FOXP4-AS1 expression may become a potential marker
to predict cancer prognosis.

Abbreviations: C| = confidence interval, DFS = disease-free survival, DM = distant metastasis, FOXP4-AS1 = forkhead box
P4 antisense RNA 1, HCC = hepatocellular carcinoma, HR = hazard ratios, LncRNA = long non-coding RNA, MCL = mantle cell
lymphoma, NPC = nasopharyngeal carcinoma, OR = odds ratio, OS = osteosarcoma, OS = overall survival, TCGA = the cancer
genome atlas.
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1. Introduction

Cancer is one of the leading causes of death worldwide.!!!
However, the exact mechanism underlying this cancer remains
unclear. Furthermore, surveillance of patients with early
stage cancer remains difficult. Hence, many cancer cases are
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identified at an advanced stage and have a dismal prognosis.
The official databases of the World Health Organization and
American Cancer Society indicate that cancer poses the high-
est clinical, social, and economic burden among all human
diseases. A total number of 18 million new cases have been
diagnosed in 2018, the most frequent of which are lung (2.09
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million cases), breast (2.09 million cases), and prostate (1.28
million cases) cancers.”?! Therefore, early diagnosis and inter-
vention have become vital for improving the overall survival
(OS) of patients with cancer.

Long non-coding RNA (IncRNA) are defined as transcripts
>200 nucleotides in length that display limited protein-coding
potential.’! In recent years, IncRNAs have been found to play
significant regulatory roles in a variety of diseases, especially in
the biological processes of malignant tumors, including differen-
tiation, migration, apoptosis, and dose compensation effects.!*?!
Recent studies have proposed that LINC00675 is related to clini-
copathological features and prognosis of various cancer patients
by participating in cancer cell proliferation and invasion.!®7!
In cervical cancer, SIP1 expression is upregulated by IncRNA
NORAD to promote proliferation and invasion of cervical can-
cer cells.l®¥! Studies have shown that IncNONHSAAT081507.1
(LINC81507) plays an inhibitory role in the progression of non-
small cell lung cancer and acts as a therapeutic target and poten-
tial biomarker for the diagnosis and prognosis of nonsmall cell
lung cancer.”! These results provide evidence that IncRNAs may
serve as novel prognostic biomarkers and therapeutic targets in
human tumors.!!%!1

Forkhead box P4 antisense RNA 1 (FOXP4-AS1), a member
of the IncRNA family, is an antisense IncRNA to FOXP4. The
IncRNA FOXP4-AS1, which is an IncRNA related to tumors, is
believed to participate in the occurrence of tumors and promote
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tumor proliferation, invasion, and migration. Extensive studies
have indicated that FOXP4-AS1 is highly expressed in several
malignancies, including hepatocellular carcinoma (HCC),!'?! col-
orectal carcinoma,"’! and nasopharyngeal carcinoma (NPC).!'#!
Thus, its upregulation is usually related to tumor grade and poor
prognosis.['>') However, no systematic meta-analysis has yet
been conducted to support the prognostic value of FOXP4-AS1
in these cancers. Hence, a meta-analysis was performed to inves-
tigate the clinical prognostic value of IncRNA FOXP4-AS1 in
patients with cancer.

2. Material and Methods

2.1. Literature search

This meta-analysis was conducted in accordance with the
Guidelines for Preferred Reports of Systematic Reviews
and Meta-Analysis and Meta-analysis of Observational
Epidemiological Studies statements. A comprehensive litera-
ture search was conducted. In order to identify relevant arti-
cles, 2 reviewers independently searched electronic databases,
including PubMed, Cochrane Library, EMBASE, Medline and
Web of Science.Use the following search terms: “long non-cod-
ing RNA FOXP4-AS1,” “IncRNA FOXP4-AS1,” “Forkhead
box P4 antisense RNA 1,” “tumor,” “cancer,” and “progno-
sis.” The issue will be discussed with a third reviewer if there
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Figure 1. Flow diagram of the literatures selection in this meta-analysis.
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are any inconsistencies. To select eligible studies, we used the
following criteria: definitive diagnosis or histopathological
diagnosis in cancer patients; survival and clinical prognostic
parameters of IncRNA FOXP4-AS1 in cancer patients were
reported. The combined disaster risk (HR) and 95% confi-
dence intervals (CI) were calculated using sufficient informa-
tion. The exclusion criteria were as follows: studies without
prognostic outcome information, non-human studies, letters,
case reports, review articles, duplicate publications, and stud-
ies without original data.

2.2. Data extraction and quality assessment

The following information was extracted from each study by
3 independent authors and a consensus was reached: author,
country, publication year, tumor type, cancer size, follow-up
time, detection method, and cutoff value. Based on distant
metastasis (DM), tumor size, and cancer node metastasis stage,
the number of patients was divided for each group, and the
number of patients with high or low FOXP4-AS1 expression
in each group. When the HR with 95% CI was reported in a
univariate or multivariate analysis, it was directly extracted
from the report (https://sourceforge.net/projects/digitizer/).l!”!
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We used Engauge Digitizer to calculate HR and 95% CI based
on Kaplan—Meier survival curves, and quality assessments for
all included studies were based on the Newcastle-Ottawa
quality assessment scale, which includes 3 dimensions: selec-
tion, comparability, and exposure. Each study was given a
score ranging from 0 to 9. A study with a Newcastle-Ottawa
quality assessment scale score of =6 was considered to be of
high quality.!'$!

2.3. Statistical analyses

All statistical analyses of the data were performed using
Review Manager (RevMan) 5.3 software and Stata/SE 16.1
software. Sensitivity analysis was performed by omitting the
literature one by one to determine whether the results were
stable, and the publication bias of this meta-analysis was eval-
uated using the Begg test according to Stata/SE 16.1 software.
The Q test and I? statistics were applied to estimate the het-
erogeneity of the results. A fixed-effects model was selected
when an I? < 50% was observed. The synthetic estimate was
calculated based on the random-effects model when heteroge-
neity was evident (I*> > 50%). Statistical significance was set
at P < .0S.

The main characteristics of the eligible literatures included in the meta-analysis.

FOXP4-AS1
Study Region  Tumortype Samplesize = TNM stage expression Cutoff value  Detection method  Outcome measure NOS
High Low
Wang et al 201902 China HCC 213 -V 137 76 Median qRT-PCR 0S, DFS 8
Liang et al 2021019 China HCC 121 I-IV 76 45 Median qRT-PCR 0S, DFS 7
Yao et al 202104 China NPC 166 NA 83 83 Median gRT-PCR 0S, DFS 7
Tao et al 20202 China MCL 60 -V 30 30 Median qRT-PCR 0S, DFS 8
Shi et al 202109 China CRC 448 NA NA NA Median qRT-PCR 0s 6
Yang et al 20182" China 0S 120 NA 60 60 Median qRT-PCR 0S, DFS 7

CRC = colorectal cancer, HCC = hepatocellular carcinoma, MCL = mantle cell lymphoma, NOS = Newcastle-Ottawa Quality Assessment Scale, NPC = nasopharyngeal carcinoma, gRT-PCR = quantitative

real-time fluorescent polymerase chain reaction.
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Figure 2. Forest plots for the association between INcCRNA FOXP4-AS1 expression with OS (A) and DFS (B). DFS = disease-free survival, FOXP4-AS1 = fork-
head box P4 antisense RNA 1, LncRNA = long non-coding RNA, OS = overall survival.
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3. Results

3.1. Literature search and selection

After the preliminary online search, the investigators retrieved
110 relevant studies from electronic databases. After the removal
of duplicates, 57 studies were excluded. After thorough screen-
ing of titles and abstracts, 14 publications were included. After
carefully assessing the full texts, 6 studies published between
2018 and 2021 were included in the present meta-analysis. The
literature screening process is shown in Figure 1. These eligi-
ble studies included 1128 patients. In the present meta-analy-
sis, a variety of tumor types were reported, including HCC,!'>%]
NPC,!"* mantle cell lymphoma (MCL),">! colorectal cancer,*!
and osteosarcoma.?! The expression of IncRNA FOXP4-AS1 in
these included studies was quantified using real-time fluorescent
PCR. The median was selected as the cutoff value to distinguish
between high and low expression of IncRNA FOXP4-AS1. Six
eligible studies used the OS to estimate patient survival. The
detailed clinical characteristics of the patients are summarized
in Table 1.
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3.2. Lncrna FOXP4-AS1 expression is highly correlated
with OS and disease-free survival (DFS)

Overall, all the included studies investigated cancer prognosis.
A total of 1128 patients were assessed for HR and 95% CI for
OS. A random-effects model was used to analyze the pooled
HR, and its 95% CI depended on obvious heterogeneity (P =
.06, I> = 53%). We further elucidated the relationship between
FOXP4-AS1 expression and OS, as illustrated in Figure 2.
The pooled results revealed that high expression of IncRNA
FOXP4-AS1 was related to poor prognosis of cancers (HR =
1.99,95% CI:1.65-2.39, P < .00001, Fig. 2A). In terms of DFS,
5 studies were included, and the pooled results indicated that
patients with high expression of IncRNA FOXP4-AS1 had poor
DFS (HR = 1.81,95% Cl:1.54-2.13, P <.00001, Fig. 2B). Thus,
the prognosis of cancer patients with IncRNA FOXP4-AS1 over-
expression was worse than that of patients with low IncRNA
FOXP4-AS1 expression. These results indicate that IncRNA
FOXP4-AS1 may be a factor in predicting the prognosis of can-
cer patients.
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3.3. Relationship between IncRNA FOXP4-AS1 expression
and clinicopathological characteristics

According to the evaluation of the 6 eligible studies that contained
detailed clinicopathological characteristics, it was observed that
the elevated expression of IncRNA FOXP4-AS1 positively cor-
related with tumor size (larger vs smaller) (OR = 3.16, 95%CIL:
2.12-4.71, P <.00001, Fig. 3B). In particular, the overexpression
of IncRNA FOXP4-AS1 was consistent with elevated alpha-fe-
toprotein (OR = 3.81, 95%CI: 2.38-6.11, P = .83, Fig. 3C) in
HCC, and the fixed effects model was selected to estimate due
to the inconspicuous heterogeneity. The analysis results revealed
that the patients with IncRNA FOXP4-AS1 overexpression were
more vulnerable to younger (OR = 2.06, 95%CI: 1.41-3.00,
P = .00002, Fig. 3A) and lymph node metastasis (OR = 2.93,
95%CIL: 1.51-5.68, P = .001, Fig. 3D) in patients with cancer.
However, there were no significant differences between IncRNA
FOXP4-AS1 expression and TNM stage (OR = 1.38, 95%CI:
0.42-4.48, P = .59, Fig. 4A), DM (OR = 0.84, 95%CI: 0.49-
1.45, P = .54, Fig. 4B), gender (OR = 1.08, 95%Cl: 0.701.67, P
=.72, Fig. 4C), differentiation (OR = 0.91, 95%CI: 0.49-1.67, P
= .76, Fig. 4D). This information is presented in Table 2.
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3.4. Publication bias and sensitivity analysis

This meta-analysis evaluated the publication bias using the
Begg test. The results showed no significant publication bias
affecting OS analysis (Pr > Izl = 0.368) (Fig. 5). Figure 6
illustrates the sensitivity analysis we conducted to show that
the HRs were robust even after removing all the studies
individually.

3.5. Validation of the results in the cancer genome atlas
(TCGA) dataset

As well, the investigators made use of TCGA dataset to ana-
lyze the expression of IncRNA FOXP4-AS1 in the different
types of cancers. This database consists of 22 different types
of human malignant tumors, including bladder urothelial
carcinoma, breast invasive carcinoma, cervical squamous cell
carcinoma and endocervical adenocarcinoma, cholangiocarci-
noma, colon adenocarcinoma, esophageal carcinoma (ESCA),
head and neck squamous cell carcinoma (HNSC), kidney
chromophobe (KICH), kidney renal clear cell carcinoma
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Figure 4. Forest plots for the correlation between INcRNA FOXP4-AS1 expression and clinicopathological characteristics: TNM stage (A), distant metastasis
(B), gender (C), and differentiation (D). FOXP4-AS1 = forkhead box P4 antisense RNA 1, LncRNA = long non-coding RNA.
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The main characteristics of the eligible literatures included in the meta-analysis.

FOXP4-AS1
Study Region  Tumortype Samplesize  TNM stage expression Cutoff value  Detection method  Outcome measure NOS
High Low
Wang et al 201912 China HCC 213 |-V 137 76 Median gRT-PCR 0S, DFS 8
Liang et al 202109 China HCC 121 -1V 76 45 Median gRT-PCR 0S, DFS 7
Yao et al 202104 China NPC 166 NA 83 83 Median qRT-PCR 0S, DFS 7
Tao et al 2020120 China MCL 60 |-V 30 30 Median gRT-PCR 0S, DFS 8
Shi et al 202109 China CRC 448 NA NA NA Median gRT-PCR 0S 6
Yang et al 2018 China 0S 120 NA 60 60 Median qRT-PCR 0S, DFS 7

CRC = colorectal cancer, HCC = hepatocellular carcinoma, MCL = mantle cell lymphoma, NOS = Newcastle—Ottawa Quality Assessment Scale, NPC = nasopharyngeal carcinoma, qRT-PCR = quantitative

real-time fluorescent polymerase chain reaction.
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Figure 5. Publication bias assessment of INcCRNA FOXP4-AS1expression
based on OS. FOXP4-AS1 = forkhead box P4 antisense RNA 1, LncRNA =
long non-coding RNA, OS = overall survival.
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(KIRC), kidney renal papillary cell carcinoma (KIRP), liver
hepatocellular carcinoma (LIHC), lung adenocarcinoma
(LUAD), lung squamous cell carcinoma (LUSC), pancreatic
adenocarcinoma (PAAD), prostate adenocarcinoma (PRAD),
rectum adenocarcinoma (READ), sarcoma (SARC), skin
cutaneous melanoma (SKCM), stomach adenocarcinoma
(STAD), thyroid carcinoma (THCA), thymoma (THYM), and
uterine corpus endometrial carcinoma (UCEC). As shown

in Figure 7, IncRNA FOXP4-AS1 was significantly overex-
pressed in tumor tissues, especially in patients with COAD,
PRAD, READ, and STAD. We found that the expression of
IncRNA FOXP4-AS1 in 6 malignant tumors was significantly
different in clinical staging, such as KIRP, KIPAN (pan-kid-
ney cohort), HNSC, KIRC, LIHC, and TGCT (testicular germ
cell tumors) (Fig. 8). Moreover, the expression of IncRNA
FOXP4-AS1 was significantly different in the differentiation
of 6 malignant tumors, including ESCA, stomach and esoph-
ageal carcinoma (STES), STAD, HNSC, PAAD, and ovarian
serous cystadenocarcinoma (OV) (Fig. 9). Additionally, the
investigators explored whether IncRNA FOXP4-AS1 expres-
sion was associated with the survival and prognosis of cancer
patients in the TCGA dataset.

The results revealed that upregulated IncRNA FOXP4-AS1
expression in different types of malignant tumors exhibited neg-
ative effects on OS (Fig. 10) and DFS (Fig. 11).

4. Discussion

As is well known, numerous cancers have a poor progno-
sis because early diagnosis is difficult. A high proportion
of patients have an advanced stage of cancer at diagnosis,
indicating that tumors have spread to adjacent or distant
organs, tissues, and lymph nodes, indicating poor prognosis.
Consequently, it is indispensable to develop novel biomarkers
that are reliable for predicting cancer patient diagnosis and
prognosis.

In recent years, human cancers can be predicted with the help
of IncRNAs. The IncRNA FOXP4-AS1, in particular, has gener-
ated a lot of interest because accumulating studies suggest that
it may play a key role in determining the clinical outcome of
different types of cancers.!'* In most studies, there are a limited
number of samples; therefore, more evidence is needed regard-
ing the prognostic role of IncRNA FOXP4-AS1, which provides
sufficient data for further investigation.

As far as we are aware, this is the first meta-analysis that
provides insights regarding the precise role played by IncRNA
FOXP4-AS1 in patient survival and clinicopathological param-
eters. The present study demonstrated that elevated IncRNA
FOXP4-AS1 levels were significantly associated with infe-
rior OS and DFS in various cancers, indicating that IncRNA
FOXP4-AS1 may serve as an indicator for cancer prognosis,
with the potential to support new therapies. On the basis of clin-
icopathological features, patients with high IncRNA FOXP4-
ASlexpression are more inclined to have a high risk of tumor
growth than those with low IncRNA FOXP4-AS1 expression.
Additionally, the inferiority of high IncRNA FOXP4-AS1
expression on alpha-fetoprotein and lymph node metastasis was
observed, indicating that IncRNA FOXP4-AS1 overexpression
was associated with worse clinicopathological characteristics.
However, the high expression of IncRNA FOXP4-AS1 was not
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Figure 7. LncRNA FOXP4-AS1 expression in different types of human malignant tumor tissues and corresponding normal tissues. FOXP4-AS1 = forkhead box

P4 antisense RNA 1, LncRNA = long non-coding RNA.

associated with gender, DM, differentiation, or tumor node
metastasis stage.

In cancers, abnormal expression of the IncRNA
FOXP4-AS1 is associated with poor clinical prognosis, and
the exact underlying mechanisms still need to be clarified.
For accounting this significant association, there are several
possible explanations. Wang et al proposed that IncRNA
FOXP4-AS1 is involved in HCC development by mediating
in the PI3K-Akt signaling Pathway.!"l Tao et al demonstrated
that IncRNA FOXP4-AS1 predicts poor prognosis of MCL
and accelerates its progression of MCL through the miR-
423-5p/NACC1 pathway.” Yang et al revealed that the
IncRNA FOXP4-AS1 participates in the development and
progression of osteosarcoma by downregulating LATS1 via
binding to LSD1 and EZH2. Furthermore, overexpression of
IncRNA FOXP4-AS1 led to enhanced proliferation, migra-
tion, and invasion; shortened the GO/G1 phase; and inhibited
the cell cycle.?! The study of Zhong et al demonstrated that
high expression of IncRNA FOXP4-AS1 in NPC portended
poor outcomes. LncRNA FOXP4-ASlupregulated STMN1
by interacting with miR-423-5p as a competing endogenous
RNA (ceRNA) to promote NPC progression.?? Wu et al con-
firmed that the IncRNA FOXP4-AS1 is activated by PAXS
and promotes the growth of prostate cancer by sequestering
miR-3184-5p to upregulate FOXP4.?% Niu et als research
found that IncRNA FOXP4-AS1, which is upregulated in
esophageal squamous cell carcinoma (ESCC), promotes

FOXP4 expression by enriching MLL2 and H3K4me3 in the
FOXP4 promoter through a “molecular scaffold.” Moreover,
FOXP4, a transcription factor of B-catenin, promotes the
transcription of B-catenin and ultimately leads to malig-
nant progression of ESCC.?* Liu et al found that IncRNA
FOXP4-AS1 may function in pancreatic ductal adenocarci-
noma (PDAC) by participating in biological processes and
pathways, including oxidative phosphorylation, tricarbox-
ylic acid cycle, and classical tumor-related pathways such as
NF-kappaB and Janus kinase/signal transducers, in addition
to activators of transcription, cell proliferation, and adhe-
sion.?’! Activation of DNA repair is one of the reasons for
chemoresistance, and the myc-pathway has been associated
with the acquisition of temozolomide resistance in glio-
blastoma through a ¢-Myc-miR-29¢c-REV3L network.?¢!
Through pathway analysis, Huang et al suggested that the
DNA repair/MYC gene set is enriched in low-grade gli-
oma patients with high expression of IncRNA FOXP4-AS1.
Therefore, overexpression of IncRNA FOXP4-AS1may may
affect temozolomide the prognosis of cancer. However, this
result needs to be further explored.?”!

It is noteworthy that the present study had some limita-
tions. First, only English language reports have been consid-
ered, so we might have missed important studies published
in other languages, and the studies included were all from
China, and the results may best reflect the clinical charac-
teristics of Asian cancer patients. Second, considering the
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Figure 9. LncRNA FOXP4-AS1 expression in the differentiation grade of human malignancies. FOXP4-AS1 = forkhead box P4 antisense RNA 1, LncRNA =

long non-coding RNA.

relatively small number of samples in the literature, it is still
necessary to investigate a single tumor type in a larger num-
ber of samples, and additional studies are needed to assess
DFS and PFS. Due to this, potential publication bias is very
likely to exist, despite the lack of evidence from our statistical
tests. In the end, the HRs and 95%CIs were extracted by the
indirect method, which was inevitably biased. Therefore, it
is necessary to increase the number of high quality studies
that contain a large number of samples to avoid the various
factors in the compound.

5. Conclusions

We conducted the first systematic review and estimation of the
relationship between abnormal IncRNA FOXP4-AS1 expression
and survival and clinical outcomes in patients with tumors. Based
on our results, high expression levels of IncRNA FOXP4-AS1 were
associated with poor OS and DFS, making this gene a potential
prognostic biomarker. Given the limitations of this study, a more
large-scale, high-quality study on a variety of ethnic populations
is necessary to assess the value of IncRNA FOXP4-AS1 in tumors.
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Figure 10. Kaplan-Meier plotter of OS for 22 types of human malignancies. OS = overall survival.
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