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Abstract: Cancer remains the second leading life-threatening disease worldwide. Increasing evidence indicates
that long non-coding RNAs (IncRNAs) play an important role in multiple physiological and pathological processes,
including gene amplification, mutation, rearrangement, and overexpression regulations. In this review, we com-
prehensively summarize the current knowledge of IncRNA AGAP2-AS1 from a cancer perspective. As a member of
the IncRNA family, IncRNA AGAP2-AS1 is upregulated in solid tumor malignancies, functions as an oncogene, and
plays a key role in tumorigenesis and tumor progression. AGAP2-AS1 expression is significantly increased in clinical
cancer tissue samples, cell lines, and in vivo, and is closely related to an unfavorable prognosis in several cancers.
Upregulated IncRNA AGAP2-AS1 binds with microRNAs (miRNAs) and promotes activation of downstream genes.
This aberrant regulation induces carcinogenesis and tumorigenesis. Here we provide a comprehensive overview of
AGAP2-AS1 in cancer progression that leads to an improved understanding of the effects of AGAP2-AS1 on early
detection and therapeutic approaches. This information is essential for the future development of IncRNA AGAP2-
AS1 as a potential therapy against these devastating cancers.
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Introduction

Cancer has become the second leading life-
threatening disease in the world, and its inci-
dence and mortality are increasing rapidly [1].
Globally, approximately 18.1 million people
were diagnosed with cancers and 9.6 million
deaths resulted from cancers in 2018 [2, 3].
Lung, colorectum, stomach, and liver cancers
remain the top four types of cancer-causing
deaths worldwide [2-4]. Genomic and chromo-
somal instability are fundamental characteris-
tics of human cancer [5, 6]. Indeed, the hall-
mark of cancer is increased genomic instability,
which is usually detected at an early stage and
contributes to carcinogenesis and disease pro-
gression [7]. Thus, advanced diagnostics and
therapies may increase the effectiveness of
early detection and cancer therapy, respective-
ly. Genome-wide cancer mutation analyses
show that genomic mutations in cancers occur
in non-coding regions [8, 9]. RNAs located in

non-coding regions are frequently transcribed
into long non-coding RNAs (IncRNAs) that are
200 nt-100 kb in length [10]. Also, microRNAs
(miRNAs) are a class of short non-coding RNAs
[11]. The IncRNAs and miRNAs account for 90%
of human genomes that regulate mRNA ex-
pression both directly and indirectly [9]. More
and more studies have reported that IncRNAs
play an important regulatory role in gene tran-
scription, post-transcription modification, gene
translation, gene expression, and protein deg-
radation [12, 13]. Overall, IncRNAs regulate the
pathophysiological process and maintain he-
mostasis. Aberrant IncCRNA expression may
alter the expression of INcCRNA target genes and
thereby contribute to a variety of chronic dis-
eases, including malignancies [14-16]. Addi-
tionally, miRNAs have been recognized as tumor
suppressors, suggesting a potential for miRNA-
based novel therapeutic targets for cancer
patients [17]. Another RNA gene affiliated with
the IncRNA class is Arf GAP [ADP-ribosylation
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factor (Arf), GTPase-activated protein (GAP)],
which has a GTPase domain, ankyrin repeat,
and PH domain 2 isoform 2 antisense RNA 1
(AGAP2-AS1) [18]. The IncRNA AGAP2-AS1 is
located on a cytogenetic band in chromosome
12q14.1, which contains 1567 nucleotides
(12914.1 is the gene symbol of AGAP2-AS1
in HUGO Gene Nomenclature Committee
48633, entrez gene: 100130776, Ensemble:
ENSGO0000255737). AGAP2-AS1 is on the
opposite strand of the AGAP2 gene and
includes the intronic and untranslated (UTR)
regions of the opposite protein-coding gene
(https://www.genecards.org/) [19]. AGAP2 is a
protein that belongs to the Arf GAP protein fam-
ily and is involved in transportation of cellular
signals. However, there is no significant evi-
dence that IncRNA AGAP2-AS1 and protein-
coding gene AGAP2 have common or shared
functions. LncRNA AGAP2-AS1 is primarily
located in the nucleus and weakly expressed
in the plasma membrane, extracellular matrix,
cytoskeleton, endosome, and cytosol. Clinical
research studies and experiments have dem-
onstrated that compared with normal tissue,
AGAP2-AS1 is highly expressed in solid tumor
tissue, such as lung cancer, colorectal cancer,
breast cancer, and esophageal cancer [20-24].
Abnormal expression of AGAP2-AS1 functions
as a key regulator in tumorigenesis and pro-
gression [25-30]. In this review, we comprehen-
sively summarize the current research progress
regarding the role of INcRNA AGAP2-AS1 in clini-
cal human solid tumors and its in vivo regula-
tory mechanism, and discuss the potential
value of IncRNA AGAP2-AS1 as a diagnostic bio-
marker and therapeutic target.

Clinicopathologic characteristics of AGAP2-
AS1 in cancer diseases

AGAP2-AS1 mRNA expression and prognosis
in pan-cancer analyses

Recognized as novel biomarkers in clinical set-
tings, INcCRNAs have an important impact on the
development of solid tumors [31, 32]. RNA
sequence profiling has provided novel insights
into the potential regulatory mechanisms and
clinical features of IncRNAs [33, 34]. Bioin-
formatics applications, such as differential
gene expression, and survival analysis have
been utilized to describe the characteristics of
IncRNAs in the clinic [31, 34, 35]. Increasing

758

evidence demonstrates that IncRNAs have a
close relationship with the prognosis of solid
tumors. In this study, we utilized the Gene
Expression Profiling Interactive Analysis (GE-
PIA) online analysis tools based on The Cancer
Genome Atlas (TCGA) databases to analyze
AGAP2-AS1 expression data and potential prog-
nosis value. We found that IncRNA AGAP2-AS1
is overexpressed in many solid tumors. We
used the GEPIA online tool based on the TCGA
database to explore the expression of AGAP2-
AS1 in 22 common tumors and matched nor-
mal tissues. The results indicate that AGAP2-
AS1 is significantly (P<0.05) upregulated in
eight solid tumors, including cholangiocarcino-
ma, colon adenocarcinoma, esophageal cancer
(EC), head and neck squamous cell carcinoma,
kidney renal clear cell carcinoma (KIRC), lung
squamous cell carcinoma, pheochromocytoma
and paraganglioma, stomach adenocarcinoma,
and downregulated in uterine corpus endome-
trial carcinoma (UCEC) (Figure 1). We further
explored the prognostic value of AGAP2-AS1
among some solid tumors and found that
the increased AGAP2-AS1 expression in nine
tumors [i.e., adrenocortical carcinoma, glio-
blastoma multiforme (GBM), KIRC, lung adeno-
carcinoma, mesothelioma (MESO), skin cutane-
ous melanoma, thyroid carcinoma] show an
unfavorable prognosis (Figure 2). In addition,
current advanced literatures have reported
that AGAP2-AS1 play important role in many
carcinogenesis and tumor progression pro-
cesses, such as e [36, 37], Non-small cell lung
cancer (NSCLC) [38], breast cancer [39], co-
lorectal cancer (CRC) [20, 23] and some other
cancers [40, 41]. The specific regulation mech-
anisms have been validated that IncRNA
AGAP2-AS1 function as sponge and competing
endogenous RNAs, targeting microRNAs and
therefore facilitating the downstream onco-
genes expression and promoting tumor pro-
gression.

Glioma and glioblastoma multiforme (GBM)

GBM has become the most frequent primary
malignant brain tumor with a poor prognosis
[42, 43]. The increased expression of INcCRNA
AGAP2-AS1 in gliomas has been validated in
many studies, which is consistent with the
involvement of IncRNAs in glioma initiation, pro-
liferation, and other malignant activities [44,
45]. LncRNA AGAP2-AS1 has been reported to
be significantly increased in glioma, GBM tis-
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Figure 1. The gene expression level of INcCRNA AGAP2-AS1 in various cancers. A-H. LncRNA AGAP2-AS1 is significantly upregulated in tumor tissue compared with
adjacent tumor tissue (CHOL, COAD, ESCA, HNSC, KIRC, LUSC, PCPG, and STAD). |. LncRNA AGAP2-AS1 is downregulated in UCEC tumor tissue compared with para-
tumor tissue.
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Figure 2. The prognostic value of IncRNA AGAP2-AS1 in various cancers. A-l. The highly expressed INcRNA AGAP2-AS
indicated unfavorable prognosis in various cancers such as ACC, BLCA, GMB, KIRC, LGG, LUAD, MESO, SKCM, and

THCA.

sue samples, and human glioma cell lines [37,
46, 47]. In addition, AGAP2-AS1 expression
was reported as positively correlated with tu-
mor size; that is, tumor sizes larger than 5 cm
have significantly higher AGAP2-AS1 expres-
sion [46]. Studies also investigated whether
the AGAP2-AS1 expression level is higher in
advanced stages and grades and found that
increased AGAP2-AS1 expression is positively
related with poor prognosis. These results sug-
gest that AGAP2-AS1 may function as an onco-
gene and may have potential as a biomarker
and prognosis prediction factor in glioma and
GBM.
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Non-small cell lung cancer (NSCLC)

Lung cancer is ranked first in cancer-related
mortality worldwide, and NSCLC accounts for
80% of all lung cancers [48]. An increasing
number of studies have demonstrated that
IncRNAs may act as a promising biomarker in
diagnosis and prognosis [48]. Also, IncRNA
AGAP2-AS1 was validated as being overex-
pressed in blood samples and tumor tissues
[26, 38]. Studies found that NSCLC patients
had increased levels of exosomal AGAP2-AS1
in the bloodstream compared with cancer-free
subjects. Exosomal IncRNA AGAP2-AS1 is sta-
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ble in the bloodstream, which contributes to its
potential to be used to distinguish malignan-
cies from healthy controls [38].

In addition, researchers have demonstrated
that AGAP2-AS1 expression is upregulated in
NSCLC tumor tissues compared with adjacent
tumor tissues [49]. They also confirmed that
increased AGAP2-AS1 expression is strongly
correlated with greater tumor size, an advanced
tumor stage, and lymph node metastasis sta-
tus [49, 50]. In another study, receiver operat-
ing characteristic (ROC) curve analysis was
used to confirm that the ROC of IncRNA AG-
AP2-AS1 is 0.845 [50]. These studies indicate
that IncRNA AGAP2-AS1 may be an efficient
biomarker for early detection and prognosis
prediction.

Breast cancer

Breast cancer is the most common cancer in
women and has a high mortality rate and poor
prognosis [31, 51]. As in other cancers, INcRNAs
are involved in tumorigenesis and chemoresis-
tance of breast cancer [52, 53]. The expression
level of INcRNA AGAP2-AS1 has been shown by
reverse-transcription quantitative polymerase
chain reaction (RT-gPCR) to be upregulated in
breast cancer tissues compared with adjacent
non-cancer tissues [22, 39]. Studies of exo-
somes have provided novel insights into the
discovery of new therapeutic strategies for can-
cer patients. Exosomal IncRNA AGAP2-AS1 is
upregulated in breast cancer patients com-
pared with healthy controls [22, 39]. The in-
creased AGAP2-AS1 expression level enhanc-
es chemotherapy resistance [39]. Also, IncRNA
AGAP2-AS1 is significantly increased in exo-
somes from breast cancer cells and tumor tis-
sues and facilitates trastuzumab resistance
and unfavorable prognosis. Overall, these stud-
ies indicate that AGAP2-AS1 may function as an
oncogenic biomarker for detection and chemo-
therapeutic response.

Colorectal cancer (CRC)

CRC is the third ranking cancer in the world
and has become the second leading cause
of cancer-related deaths [54, 55]. Evidence
implies that IncRNAs have a close relationship
with CRC tumor initiation, progression, and
metastatic activities [56, 57]. Previous studies
demonstrate that INcRNA AGAP2-AS1 is signifi-
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cantly upregulated in CRC tissue samples and
cell lines and increased AGAP2-AS1 expression
is associated with an adverse prognosis [20,
23]. Multivariate analysis further validated that
IncRNA AGAP2-AS1 functions as an indepen-
dent prognostic factor for CRC [23]. These stud-
ies imply that upregulated AGAP2-AS1 plays an
important role in carcinogenesis and has a
potential function as a biomarker for CRC [20,
23].

Other cancers

Research studies have indicated that AGAP2-
AS1 is overexpressed in CRC, pancreatic can-
cer (PC), gastric cancer (GC), EC, hepatocellular
carcinoma (HCC), prostate cancer [41], papil-
lary thyroid cancer [40], and clear cell renal cell
carcinoma (ccRCC) [18, 19, 29, 58]. Evidence
implies that enhanced AGAP2-AS1 expression
is positively correlated with poor prognosis,
greater tumor sizes, distance metastasis, lym-
ph node metastasis, and advanced grades and
tumor stages in ccRCC and PC [29, 58]. Fur-
ther, overexpressed AGAP2-AS1 can serve as
an oncogene and correlates with poor progno-
sis of GCand HCC[18, 19]. Recent study results
also indicate that high expression of AGAP2-
AS1 shows excellent clinical diagnostic value
and may potentially become a biomarker for
diagnosis and prognosis [58].

Regulatory role of AGAP2-AS1 in cell lines
experiments

Tumor growth, progression, invasion, migra-
tion, and epithelial mesenchymal transforma-
tion (EMT)

To uncover the molecular mechanisms under-
lying AGAP2-AS1 function in cancers, many
researchers have demonstrated that AGAP2-
AS1 has an important role in malignant pro-
cesses. The enhanced expression of AGAP2-
AS1 has been detected in various cancer cell
lines, such as GBM, lung cancer, breast cancer,
etc. Also, AGAP2-AS1 is a classic IncRNA and
functions as an oncogene in tumorigenesis.
The IncRNA-miRNA regulatory network is a
major mechanism of IncRNA regulation in can-
cer development [59]. Indeed, IncRNA AGAP2-
AS1 could band with miRNA and function as a
sponge, thus upregulating the downstream tar-
get gene and triggering malignant activities.

Am J Transl Res 2021;13(2):757-769
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Figure 3. The regulatory mechanism of LncRNA AGAP2-AS1 in cancer cell. AGAP2-AS1 act as a sponge targeting
downstream micro-RNAs, such as miR-628-5p, miR-15a/b-5p, miR-497, miR-4668-3p, and miR-16-5p. The down-
stream target genes, such as PTN, HDGF, FGFR1, SRSF1, FOSL1, and ANXA11/AKT, are dysregulated. The carcino-
genesis and tumorigenesis related pathways are activated. LncRNA AGAP2-AS1 promotes cancer cell proliferation,

invasion, migration, EMT, and inhibit tumor apoptosis.

The regulatory mechanism landscape in solid
tumor cells is illustrated in Figure 3 and Table
1. Studies have implied that in GBM and glio-
ma cell lines, AGAP2-AS1 acts as a sponge by
banding with miR-15a/b-5p and then enhanc-
ing the expression of downstream target gene
HDGF, activating the Wnt/B-catenin signaling
pathway, and thereby inducing the progression
of cancer cells. In prostate cancer cell lines, the
IncRNA AGAP2-AS1 is upregulated, the incre
ased AGAP2-AS1 function as a sponge and
banding with miR-195-5p, which targeted PDZ
and LIM domain 5 (PDLIM5) and subsequently
upregulated its expression, resulting in pro-
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moting tumor growth [41]. In addition, IncCRNA
AGAP2-AS1 bands with miR-4668-3p and en-
hances SRSF1 expression. The AGAP2-AS1/
miR-4668-3p/SRSF1 axis is involved in pro-
moting cell proliferation, migration, and the
EMT process in CRC cell lines [20]. Similarly,
overexpressed AGAP2-AS1 targets miRNA miR-
195-5p and downregulates target gene FOSL1
expression [24]. These results suggest that the
AGAP2-AS1/miR-195-5p/FOSL1 axis acts as a
prognostic biomarker leading to proliferation,
invasion, migration, tumor growth, and inhibi-
tion of apoptosis in EC cells. The sponge effect
was also validated in HCC cell lines. Upregulat-
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Table 1. AGAP2-AS1 expression and regulation mechanism in vivo

. Cell lines . . .
Cancer types Animal model . Interventions and groups Regulation Mechanism References
transfection
GBM BALB/C male u87/MG sh-NC Knockdown of AGAP2-AS1 triggers a reduction of AGAP2-AS1 expression, an increase of TFPI2 [47]
nude mice sh-AGAP2-AS1 protein level in excised tumor masses Silencing of AGAP2-AS1 obviously slows down the tumor
growth
CRC 24 male BALB/c RKO, HT29 RKO/pWPXL, RKO/AGAP2-AS1, AGAP2-AS1 promotes the growth of RKO and HT29 cells in nude mice [23]
nude mice HT29/pWPXL, and HT29/AGAP2-AS1
PC BALB/C male BxPC-3 sh-NC sh-AGAP2-AS1 downregulates tumor growth as well as reduces tumor volume and weight [29]
nude mice sh-AGAP2-AS1
GC BALB/c nude mice BGC823 sh-AGAP2-AS1 sh-AGAP2-AS1 inhibits GC cell tumor growth in vivo [18]
sh-NC
EC 24 male BALB/c KYSE70 sh-NC & oe-NC si-AGAP2-AS1 inhibits tumor volume and weight [24]
nude mice sh-AGAP2-AS1 & oe-NC, Suppressed in vivo tumorigenesis through downregulating FOSL1
sh-AGAP2-AS1 & oe-FOSL1
HCC 4-6 week-old Hep3B, HCCLM3 sh-AGAP2-AS1 AGAP2-AS1 knockdown inhibits the tumor growth of HCC cells in mice [67]
female BALB/c sh-NC AGAP2-AS1 overexpression increases the Ki67 positive staining cells and reduces the number
nude mice of apoptotic cells

AGAP2-AS1 knockdown inhibits proliferation and induces apoptosis cells

763 Am J Transl Res 2021;13(2):757-769



AGAP2-AS1 in human solid tumors

ed AGAP2-AS1 directly targeted miR-16-5P and
functioned as a sponge, inducing ANX1 and
AKT expression. Therefore, the AGAP2-AS1/
mMiR-16-5p/ANXA11/AKT axis is an important
potential therapeutic target for HCC treatments
[19]. Enhancement of zeste homolog 2 (EZH2)
functions as a key epigenetic regulator and
plays an important role in tumor progression
and metastasis. Lysine-specific demethylase 1
(LSD1), a histone demethylase, had critical
functions in carcinogenesis and tumorigenesis
[60]. Tissue factor pathway inhibitor 2 (TFPI2)
was recognized as the most frequently hyper-
methylated gene and may contribute to tumor
progression [61]. Together these findings reveal
that EZH2 and LSD1 may be potential thera-
peutic targets for the treatment of cancer.
Recent studies have shown that AGAP2-AS1
could recruit EZH2 and LSD1 to the TFPI2 pro-
moter region and suppress TFPI2 transcription,
resulting in trimethylation of H3K27 or demeth-
ylation of H3K4 at this region in GBM cells [47].
Another study demonstrated that the EZH2 and
LSD1 could directly bind to large tumor sup-
pressor 2 (LATS2) and Kruppel-like factor 2
(KLF2) promoter regions and mediate down-
stream trimethylation and demethylation modi-
fication in lung cancer cells. Researchers fo-
cusing on breast cancer found that AGAP2-AS1
levels were increased in exosomes and upregu-
lated by heterogeneous nuclear ribonucleopro-
tein A2/B1 (hnRNPA2B1) overexpression. Hn-
RNPA2B1 plays an important role in oncogenic
regulation and is associated with tumor pro-
gression [49, 62, 63].

Drug resistance

Drug resistance occurs at a high frequency and
remains a major clinical challenge; therefore,
the molecular mechanisms of chemoresistance
in cancers still need further study [64]. It is
essential to explore the mechanisms underly-
ing this resistance to develop strategies to
overcome drug resistance. Trastuzumab-resis-
tant SKBR-3 and BT474 cells were used to
investigate the regulatory mechanism of AG-
AP2-AS1 and the results indicate that AGAP2-
AS1 is increased in breast cancer cells [57].
This increase enhances tumor growth and tr-
astuzumab resistance and inhibits apoptosis
[57]. Further, researchers found that MyD88
is induced by upregulation of AGAP2-AS1. Spe-
cificity protein 1 (SP1) plays a vital role in
numerous cellular processes [65]. SP1 is a
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classical transcription factor that upregulates
AGAP2-AS1 transcription in rastuzumab-resis-
tant SKBR-3 and BT474 cells [66]. Over-
expressed AGAP2-AS1 promotes MyD88 acti-
vation and facilitates the NF-kB signaling path-
way, thus inducing tumor progression and ras-
tuzumab-resistant abilities [39].

Overall, these findings indicate that IncRNA
AGAP2-AS1 is involved in the SP1/AGAP2-AS1/
Myd88/NF-kB signaling pathway and promotes
tumorigenesis and chemotherapy drug resis-
tance [57]. These results uncovered the regula-
tory mechanism by which the SP1/AGAP2-AS1/
Myd88/NF-kB axis induces tumor growth and
therapeutic resistance and may be a potential
therapeutic target for breast cancer.

Regulatory role of AGAP2-AS1 in xenograft
model

Xenograft models are used to validate the
oncogenic role of AGAP2-AS1 and its tumori-
genic abilities. In the majority of xenograft mod-
els, various cancer cell lines (e.g., glioma, GBM,
CRC, PC, GC, EC, and HCC) were transferred
into mice using the nude mouse model (Table
2). The results show that IncRNA AGAP2-AS1
is downregulated in the sh-AGAP2-AS1 group
compared with the normal control group [18,
23, 29], and the tumor weight and mass are
lower in the AGAP2-AS1-knockdown group com-
pared with the control group (Figure 4) [24, 29].
In the EC xenograft model, researchers deter-
mined that si-AGAP2-AS1 inhibits tumor volume
and weight, and the knockdown of AGAP2-AS1
inhibits tumorigenesis via downregulating FO-
SL1 [24]. In addition, research has shown that
AGAP2-AS1 overexpression increases prolifera-
tion and decreases apoptosis in vivo, and also
results in decreased E-cadherin expression
and increased vimentin in vivo [24, 67]. These
studies demonstrate that increased IncRNA-
AGAP2-AS1 expression promotes tumor prolif-
eration and metastasis in vivo and can be a
useful prognostic biomarker and therapeutic
target.

Conclusions

Cancers have become the second leading
cause of death worldwide. Despite progress,
many difficulties remain in early detection, tar-
geted therapy, and precision medicine. Re-
cently, changes in IncRNA regulation has been
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Table 2. Expression and regulation mechanism of AGAP2-AS1 levels in cancers cell lines

Cancer Type Cell lines Target miRNA Target gene Activity Pathways PMID
GBM u87, U251 Downregulation of AGAP2-AS1 inhibits proliferation, migration, and [46]
invasion, and promotes apoptosis
Glioma u87, U251 LN229, normal miR-15a/b-5p HDGF Know-down of AGAP2-AS1 decreases cell viability and proliferation, Wnt/B-catenin signaling pathway [37]
human astrocyte cell apoptosis, and cell growth
GBM U87/MG, U251/MG, A172 EZH2, LSD1, Knockdown of AGAP2-AS1 suppresses proliferation and invasion, and AGAP2-AS1/EZH2 and LSD1/TFPI2 patrhway [47]
TFPI2 facilitated apoptosis
Lung cancer H1299, H1975 EZH2, LSD1 Overexpressed AGAP2-AS1 increases proliferation, migration, inva- EZH2 and LSD1/LATS2 and KLF2/H3K27 [49]
sion, and tumorigenesis trimethylation or H3K4me2 demethylation
Breast cancer Trastuzumab-resistant Myd88, Increased AGAP2-AS1 facilitates tumor growth and trastuzumab SP1/AGAP2-AS1/Myd88/NF-kB signaling pathway  [39]
SKBR-3 and BT474 cells HIF-1a resistance, and inhibits apoptosis
Breast cancer SKBR-3 and BT474 cells AGAP2-AS1 expression is increased in trastuzumab resistant cells [22]
Exosome AGAP2-AS1 expression was upregulated by hnRNPA2B1
overexpression
Breast cancer Increased IncRNA AGAP2-AS1 promotes trastuzumab resistance [39]
CRC DLD-1, SW480 miR-497 FGFR1 AGAP2-AS1 promotes proliferation, migration and invasion and [23]
inhibited apoptosis
AGAP2-AS1 promotes G1/M phase cell cycle arrest and increased
gemcitabine sensitivity
CRC SW620, HT-29 and HCT8 miR-4668-3p SRSF1 Upregulated AGAP2-AS1 promotes cell proliferation, migration and RREB1/AGAP2-AS1/miR-4668-3p/SRSF1
EMT process
PC HPDEG6-C7, AsPC-1, EZH2 AGAP2-AS1 promotes proliferation and apoptosis, migration and AGAP2-AS1/EZH2/ANKRD1 and ANGPTL4 axis [29]
SW1990, PANC-1, BxPC-3 invasion
GC BGC823, AGS cells EZH2, LSD1 AGAP2-AS1 promotes proliferation, cell cycle arrest, cell migration, SP1/AGAP2-AS1/EZH2 and LSD1/P21, E-cadherin  [18]
invasion, and tumorigenesis
EC KYSE70, KYSE-510, and miR-195-5p FOSL1 AGAP2-AS1 promotes proliferation, invasion, and migration as well as AGAP2-AS1/miR-195-5p/FOSL1 [24]
EC9706) and human tumor growth
immortalized esophageal Regulated cell cycle, and apoptosis
epithelial cells
HCC LO2, Hep3B, HCCLM3, miR-16-5p ANXA11, AKT AGAP2-AS1 promotes proliferation, migration, invasion, EMT, and AGAP2-AS1/miR-16-5p/ANXA11/AKT [19]
Huh7, MHCC-97H, SMMC- inhibited apoptosis
7721 Overexpression of AGAP2-AS1 increases HIF-1a expression
765 Am J Transl Res 2021;13(2):757-769
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Figure 4. The IncRNA AGAP2-AS1 knockdown cells are transferred into xenograft. The knockdown AGAP2-AS1 slows
down tumor growth, inhibits tumor volume and weight compared with normal control xenograft model.

the most common RNA modification detected
in human cancers and may be a potential trig-
ger for the pathogenesis of solid malignanci-
es. LncRNA AGAP2-AS1 is a well-characterized
cancer-related RNA that is expressed at signifi-
cantly higher levels in tumors compared with
normal tissues. Reporters also validated that
AGAP2-AS1 has an oncogenic role and diverse
functions, such as promoting proliferation,
migration, invasion, EMT, and drug resistance
in cell lines and in vivo. Upregulated AGAP2-
AS1 was involved in multiple pathology pro-
cesses through banding with miRNAs (e.g., miR-
15a/b-5p, MiR-4668-3p, MmiR-195-5p, MmiR-16-
5p). The IncRNAs band with miRNAs to form a
loop, leading to enhanced expression of the
target genes, thereby enhancing malignancy
activities.

Overall, the current research suggests that
IncRNA-AGAP2-AS1 may function as a potential
biomarker for cancer diagnosis and prognosis.
Further exploration is needed to understand
the potential of AGAP2-AS1-based diagnostic
methods and therapies in the clinical setting.
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