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Gastrointestinal cancer is a common malignancy with high mortality and poor
prognosis. Therefore, developing novel effective markers and therapeutic targets
for gastrointestinal cancer is currently a challenging and popular topic in
oncology research. Accumulating studies have reported that N6-
methyladenosine is the most abundant epigenetic modification in eukaryotes.
N6-methyladenosine plays an essential role in regulating RNA expression and
metabolism, including splicing, translation, stability, decay, and transport. FTO,
the earliest demethylase discovered to maintain the balance of N6-adenosine
methylation, is abnormally expressed in many tumors. In this review, we discuss
the molecular structure and substrate selectivity of FTO. we focus on the role of
FTO in gastrointestinal tumor proliferation, migration, invasion, apoptosis,
autophagy, immune microenvironment, and its molecular mechanisms. We
also discuss its potential in the treatment of gastrointestinal cancers.
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Introduction

Gastrointestinal cancer (GIC), which includes esophageal cancer (EC), gastric cancer
(GC), colorectal cancer (CRC), pancreatic cancer (PC), liver cancer (LC), and biliary tract
cancer (BTC) (1), is a significant cause of cancer-related mortality and remains a leading
challenge in cancer treatment (2). Despite the integrated treatment of chemoradiotherapy
(CRT) and modern surgical techniques, the overall 5-year survival rate of patients with
advanced GIC is under 15%, owing to rapid disease progression, metastasis, and CRT
resistance (3). However, immunotherapy based on checkpoint inhibitors has shown an
excellent tumor-suppressive effects in clinical studies, offering a bright prospects in cancer
treatment (4).

Anti-programmed cell death protein 1/programmed cell death ligand 1 (anti-PD-1/
PD-L1) and anti-cytotoxic T-lymphocyte-associated protein 4 (anti-CTLA-4) are the most
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commonly used tumor immunotherapy approaches (4). Low
cytotoxicity, long-term tumor regression, and prevention of
recurrence make this novel treatment strategy a promising
candidate for cancer treatment (4, 5). Immune checkpoint
inhibitors (ICIs) have transformed the treatment landscape for
various cancers, including GIC. However, only 20-25% of patients
respond to ICIs (5), indicating the urgent need to identify effective
biomarkers to screen patients who may benefit from ICIs.

N6-methyladenosine (m6A), as the most abundant post-
transcriptional modification of RNA, plays an important role in
various malignant tumors (6, 7). FTO, a member of the a-
ketoglutarate-dependent dioxygenase family, regulates cellular energy
metabolism. Multiple malignant tumors are associated with FTO
dysregulation, which is involved in various pathological processes (8,
9). In a landmark study, overexpression of FTO promoted leukemia
progression and inhibited all-trans-retinoic acid-induced acute myeloid
leukemia (AML) differentiation by reducing m6A levels in ASB2 and
RARA mRNA (10). Subsequently, several researchers demonstrated
that FTO overexpression induced GIC in humans. FTO stabilized
MYC mRNA by reducing m6A methylation in GC cells, thereby
promoting GC development (11). FTO regulated mRNA stability
through demethylation of G6PD/PARP1, promoting CRC
progression and chemotherapy resistance (12). Many clinical studies
have reported that targeting FTO can significantly improve the
prognosis of patients with GC, CRC, and other GIC (13-17). These
results suggested that FTO inhibition may be an effective treatment
strategy for GIC.

Specifically, the role of FTO in the tumor immune
microenvironment has attracted interest. Su et al (18). have shown
that highly expressed FTO can inhibit the immune activity of T
lymphocytes by increasing the expression of the immunosuppressive
checkpoint molecule/gene “LILRB4”, thereby promoting the
progression of leukemia stem cells. This review focuses on how FTO
promotes the progression of gastrointestinal malignancy and regulates
the expression of immune checkpoints and immune cells activity.

Introduction to FTO

FTO is first identified in the Genome-wide Association Study
(GWAS) on obesity and type 2 diabetes (8, 19). It encodes the FTO
protein belonging to the Fe?" and 2-oxoglutarate (20G)-dependent
AIkB dioxygenase family (20-22). Human FTO is 410.50 KB long,
including eight introns and nine exons, and is located on
chromosome 16Q12.2 (23). Regarding the protein molecular
structure, FTO consists of two domains, a catalytic N-terminal
domain (NTD, residue 32-326) and a C-terminal domain (CTD,
residue 327-498) (8, 24). NTD consists of a double-stranded B-helix
fold called the jelly-roll motif (residues 201-322). The three
conserved residues in this motif serve as catalytic domains
containing metal ion. The hydrogen bonds formed by N205,
Y295, R316, S318, and R322 stabilize N-oxalylglycine (NOG), a
bidentate ligand (8, 25). CTD is primarily composed of o-helix.
Notably, one three-helix bundle interacts extensively and closely
with the NTD, and mutations in specific amino acids involved in
these interactions (F114D or C392D) significantly reduce the
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physiological activity of FTO, suggesting that the CTD plays a
vital role in stabilizing the conformation and catalytic function of
the NTD (8, 26). FTO uses cofactors 20G and Fe*" to catalyze m6A
removal and progressively generates N6-hydroxymethyl adenosine
and N6-formyl adenosine (27). Han et al (24). revealed the substrate
specificity of the FTO protein by analyzing its crystal structure and
found that the single nucleotide 3-meT/3-meU contained all the
basic structural determinants for FTO to recognize its substrate.
Zhang et al. (25) further revealed the activity preference of FTO for
cap m6A over internal m6A in ssRNA and m1A in tRNA or loop-
structured RNA over mlA in linear ssRNA by studying RNA
sequences and tertiary structures. FTO affected snRNA m6A and
m6Am levels and mediated tRNA m1A demethylation in various
cells (28). However, due to the large heterogeneity of different
species, as well as tissue and cell specificity, the function of m6A still
needs further investigation (29-31).

At the cellular level, FTO is located in both the nucleus and
cytoplasm, possibly shuttling between the two cellular
compartments via a mechanism mediated by one of the exportin
2(XPO2) proteins (32, 33). Previous studies have shown that FTO
binds to unmethylated double-stranded DNA and performs
essential physiological functions (24). Wei et al. (34) found that
FTO mediated m6A demethylation of long dispersing element-1
(LINE1) RNA in mouse embryonic stem cells, regulating the
abundance of LINE1 RNA and local chromatin state, and thereby
modulated the transcription of LINEl-containing genes. Further
research has shown that FTO had a high affinity for m6A in mRNA
and showed highly efficient and reversible demethylation activity
(35). FTO plays a crucial role in the post-transcriptional regulation
of RNA in splicing, nuclear production, degradation, and
translation because of its extensive presence and dynamic coding
(23, 36-38).

FTO and GIC

Recent studies have shown that FTO is closely associated with
proliferation, metastasis, invasion, apoptosis, chemotherapy
resistance, and glucolipid metabolism of gastrointestinal tumor
cells. In this study, we summarize the latest findings on FTO in
GIC (Table 1).

FTO and EC

EC is among the top ten most common malignancies
worldwide, ranking as the sixth most common cancer according
to the 2020 tumor-related mortality rates (52, 53). Over 600,000
individuals worldwide are diagnosed with EC annually. The 5-year
survival rate of EC is less than 20% (54). Esophageal squamous cell
carcinoma (ESCC) and esophageal adenocarcinoma (EAC) are two
common histological subtypes (55). FTO is overexpressed at the
cellular and tissue levels of ESCC, and is significantly associated
with poor clinical prognosis (39-41, 56).

Based on the detailed molecular mechanism, FTO can reduce the
stability of SIM2 mRNA by reducing its m6A abundance, promoting
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TABLE 1 The key role of FTO in GIC.

10.3389/fonc.2023.1241357

cancer role targets Mechanism function refs
ESCA Oncogene = SIM2 FTO reduced the stability of SIM2 mRNA by reducing the m6A methylation proliferation (39)
level of SIM2. apoptosis
Oncogene = MMP13 FTO positively regulated the mRNA and protein expression levels of MMP13. proliferation (40)
migration
Oncogene = LINC00022 FTO increased LINC00022 mRNA stability. proliferation (41)
GC Oncogene = ITGB1 FTO promoted ITGB1 mRNA expression, and enhanced the phosphorylation of migration invasion (14)
FAK FAK
Oncogene = Caveolin-1 FTO enhanced the degradation of Caveolin-1 mRNA proliferation, (42)
migration, invasion
Oncogene = mTORC1 FTO negatively regulated DDIT3 in an m6A-dependent manner autophage apoptosis = (43)
DDIT3
Oncogene = Wnt And PI3K/Akt FTO activated Wnt and PI3K/Akt signaling pathways proliferation (44)
signaling pathways migration invasion
Oncogene = MYC FTO stabilized MYC mRNA by removing the m6A modification proliferation (11)
migration invasion
CRC Oncogene =~ G6PD FTO regulated the expression level of GGPD/PARP1 through m6A proliferation (12)
PARP1
Oncogene = MZF1 FTO promoted MZF1 expression in an m6A-dependent manner proliferation (45)
migration
apoptosis
Oncogene =~ ATF4 FTO-induced ATF4 promoted pro-survival autophagy pro-survival (46)
autophagy
PLC Oncogene = PKM2 FTO led to the demethylation of PKM2 mRNA, promoting its mRNA proliferation (47)
production and accelerating its translation process apoptosis
Oncogene = NANOG FTO significantly promoted the expression of NANOG, SOX2 and KLF4 in HCC | HCC cells stemness (48)
SOX2 cells by mRNA demethylation
KLF4
Oncogene = ERa Reduced FTO can increase the m6A level of estrogen receptor alpha (ERa) proliferation (49)
mRNA, thereby reducing the protein translation of ERa
PAAD Oncogene = ¢c-MYC FTO improved the stability of c-MYC expression proliferation (50)
Oncogene = TFPI-2 FTO inhibited the stability of TFPI-2 mRNA through the m6A reader YTHDF1 proliferation, (51)
migration, invasion

the proliferation of ESCC cells and inhibiting cell apoptosis (39). In
contrast, FTO positively regulated the mRNA and protein expression
of MMP13, thus promoting the proliferation and migration of ESCC
cells (40). However, it is still unclear whether FTO regulated the
expression level of MMP13 in an m6A-dependent manner; therefore,
the interaction between the two molecules needs further research.
Methylation of IncRNAs by FTO is rare. Recent studies have shown
that FTO mediated m6A demethylation of LINC00022 to increase its
RNA stability, thereby promoting its expression in a YTHDF2-
dependent manner. Furthermore, LINC00022 promoted the decay
of the P21 protein through the ubiquitin-proteasome pathway (UPP)
(41) (Figures 1A-C).

FTO and GC

Multiple clinical and bioinformatics studies have shown that
FTO is significantly overexpressed at the cellular and tissue levels of
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GC and acts as an oncogenic gene to promote the progression of GC
(13-16). The Cox proportional risk model showed that FTO
expression, histological grade, TNM stage, invasion depth, and
lymph node metastasis significantly correlated with the overall
survival (OS) rate of patients with GC. Furthermore, FTO
expression and TNM stage were independent prognostic
indicators of OS in patients with GC (13). Wang et al. (14) found
that FTO promoted ITGBI mRNA expression by enhancing its
stability in an m6A-dependent manner. Notably, FTO promoted
the malignant progression of GC cells through the ITGBI-
FAK pathway.

Furthermore, FTO enhanced the degradation of Caveolin-1
mRNA by reducing its m6A level, which regulated mitochondrial
fission/fusion and metabolism. Finally, FTO promoted GC cell
proliferation, migration, and invasion (42). WNT/B-catenin and
PI3K/AKT/mTOR signaling pathways are critical regulators of
essential biological functions in malignant tumors, including cell
proliferation, metabolism, angiogenesis, and epithelial-
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FIGURE 1

The Role of FTO in EC (A-C) and GC (D-H). A: Mechanically, FTO reduced the stability of SIM2 mRNA by reducing the m6A methylation level of
SIM2; Phenotypically, FTO promoted proliferation and inhibited apoptosis. B: Mechanically, FTO positively regulated mRNA and protein expression
levels of MMP13; Phenotypically, FTO promoted proliferation and migration. (C): Mechanically, FTO increased LINCO0022 mRNA stability;
Phenotypically, FTO promoted proliferation. (D): Mechanically, FTO promoted ITGB1 mRNA expression, and enhanced the phosphorylation of FAK.
Phenotypically, FTO promoted proliferation and invasion. (E): Mechanically, FTO enhanced the degradation of Caveolin-1 mRNA. Phenotypically,
FTO promoted proliferation, migration, and invasion. (F): Mechanically, FTO negatively regulated DDIT3 in an m6A-dependent manner.
Phenotypically, FTO inhibited apoptosis. (G): Mechanically, FTO activated Wnt and PI3K/Akt signaling pathways. Phenotypically, FTO promoted
proliferation, migration, and invasion. (H): Mechanically, FTO stabilized MYC mRNA by removing the m6A modification. Phenotypically, FTO

promoted proliferation, migration, and invasion

mesenchymal transformation (EMT) (57-59). FTO promoted the
proliferation, migration, and invasion of GC cells, possibly by
activating WNT/B-catenin and PI3K/AKT/mTOR signaling
pathways (44). However, this study only analyzed the correlation
between FTO and key molecule protein expression in the signaling
pathway. Therefore, the mechanism underlying FTO-mediated
regulation of WNT/B-catenin and PI3K/AKT/mTOR signaling
still needs further investigation. FTO stabilized MYC mRNA by
removing m6A modifications, ultimately promoting the
proliferation, migration, and invasion of GC cells. Notably, this
study verified the upstream regulatory mechanism of FTO and
found that HDAC3 promoted the expression of FTO and MYC by
degrading FOXA2 (11) (Figures 1D-H).

FTO not only plays an important role in the development of
GC, Feng et al. (43) found that FTO-mediated activation of
mTORC1 and DDIT3 up-regulation was involved in the
improved chemosensitivity of GC induced by omeprazole.

FTO and CRC

One study showed that FTO mediated intracellular ROS
balance by regulating the expression of G6PD and maintained
genomic instability by regulating the expression of PARPI.
Notably, FTO regulated the expression of GG6PD/PARP1 through
m6A manner. Targeting FTO can significantly inhibit cancer cell
growth and improve sensitivity to chemotherapy (12). FTO
enhanced the expression of MYC by removing m6A
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modifications, thereby inducing proliferation, migration, and
inhibiting the apoptosis of CRC cells (45, 60). Glutaminolysis
inhibition upregulated FTO to reduce m6A modification of
activating transcription factor 4 (ATF4) mRNA. FTO-induced
ATF4 expression promoted pro-survival autophagy in CRC cells
(46) (Figures 2A-C).

FTO and LC

FTO is upregulated in patients with hepatocellular carcinoma
(HCC) and promotes HCC cells proliferation and migration. From
a clinical perspective, FTO was an independent prognostic factor for
HCC (17). Mechanistically, FTO led to the demethylation of PKM2
mRNA, promoting its mRNA production and accelerating its
translation. FTO inhibited cell apoptosis and promoted
proliferation through PKM2 demethylation (47). Notably, FTO
enhanced HCC cell stemness in an m6A-dependent manner. The
specific molecular mechanism was that a high level of AMDI1 can
increase the level of SPD in HCC cells, thus modifying the scaffold
protein IQGAP1 and enhancing the interaction between IQGAP1
and FTO. This interaction can enhance the phosphorylation of FTO
and reduce its ubiquitination, thus increasing FTO expression.
Furthermore, FTO significantly promoted the expression of
NANOG, SOX2, and KLF4 in HCC cells via mRNA
demethylation (48). Gao et al. (49) found that FTO promoted
cholangiocarcinoma (CCA) proliferation through the ERa/miR-16-
5P/YAP1 signaling pathway (Figures 2D-F).
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FIGURE 2

The Role of FTO in CRC (A-C), PLC (D-F), and PAAD (G, H). (A): Mechanically, FTO regulated the expression level of GGPD/PARP1 through m6A;
Phenotypically, FTO promoted proliferation. (B): Mechanically, FTO promoted MZF1 expression in an m6A-dependent manner; Phenotypically, FTO
promoted proliferation/migration and inhibited apoptosis. (C): Mechanically, FTO-induced ATF4 promoted pro-survival autophagy. (D): Mechanically,
FTO led to the demethylation of PKM2 mRNA, promoting its mRNA production and accelerating its translation process. Phenotypically, FTO
promotes proliferation and inhibits apoptosis. (E): Mechanically, FTO significantly promoted the expression of NANOG, SOX2 and KLF4 in HCC cells
by mRNA demethylation. Phenotypically, FTO promoted HCC cell stemness. (F): Mechanically, reduced FTO can increase the m6A level of estrogen
receptor alpha (ERa) mRNA, thereby reducing the protein translation of ERa. Phenotypically, FTO promoted proliferation. (G): Mechanically, FTO
improved the stability of c-MYC expression. Phenotypically, FTO promoted proliferation. (H): Mechanically, FTO inhibited the stability of TFPI-2
MRNA through the m6A reader YTHDF1. Phenotypically, FTO promoted proliferation, migration, and invasion.

FTO and PC

FTO is overexpressed in pancreatic adenocarcinoma (PAAD) cells
and is critical for cancer progression (61). Regarding its underlying
mechanism, FTO improved the stability of c-MYC expression, thereby
promoting cell proliferation (50). Furthermore, FTO inhibited the
expression of TFPI-2 mRNA through the m6A reader YTHDFI,
leading to the down-regulation of TFPI-2 expression and ultimately
promoting the proliferation, colony formation, sphere formation,
migration, and invasion of PAAD cells, as well as tumor growth in
vivo (51) (Figures 2G, H).

Single nucleotide polymorphisms (SNPs) are biomarkers of
susceptibility to malignant tumors (62-64). The FTO rs9939609
polymorphism was associated with lung, kidney, and breast cancer
(65, 66). Recent studies on FTO gene polymorphisms and PC have
shown that the SNP of FTO, especially the FTO rs9939609
polymorphism, was significantly correlated with the occurrence of
PC, suggesting that rs9939609 may be a potential biomarker for the
early diagnosis of PC or a gene therapy target (67-70).

Potential immunomodulatory effects
of FTO

Currently, immunotherapy is at the forefront of cancer treatment.
However, patients with GIC usually do not benefit as much as patients
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with other solid malignancies such as lung cancer and melanoma (3,
71). Advances in ICIs, especially anti-PD-1/PD-LI, and anti-CTLA-4,
have enabled revolutionary progress in the treatment of malignant
tumors (72). Recently, FTO has been confirmed to be closely related to
the expression of multiple immune checkpoints in malignant tumors,
making it a novel target with great potential.

FTO modulates the immune
microenvironment in CRC

Nobuhiro et al. (73) reported a positive correlation between the
high expression of FTO and PD-L1 in CRC cells. In order to elucidate
the underlying mechanism by which FTO regulated PD-L1 expression,
FTO was knocked down in the presence of IFN-y, the main stimulator
of PD-LI expression. The absence of FTO decreased PD-L1 expression
in an IFN-yindependent manner. An RNA immunoprecipitation assay
showed that m6A modified PD-L1 mRNA in CRC cells and the FTO
bound to PD-L1 mRNA. In summary, m6A modification regulated the
expression of PD-L1 in CRC cells, providing a novel approach for
regulating PD-L1 expression via FTO modification.

Microsatellites are repeated DNA motifs widely distributed in the
genome (74). If two or more replicates are altered, the tumor is defined
as high-microsatellite instability (MSI-H); if only one mutation
sequence is found, the tumor is considered to have low-microsatellite
instability (MSI-L). A microsatellite located in a protein-coding region
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is called a coding microsatellite (cMS). Therefore, cMS mutations, also
known as those encoding MSI (cMSI), are considered key events in the
development of MSI cancer (75, 76).

The mutation rate of U79260 (FTO) mRNA in colon cancer was
very high, indicating high specificity for CRC cells. Frameshift peptide
11 (FSP11), a HLA-A0201-restricted peptide, was rooted in a (—1)
mutation of THE T (15) channel in the U79260 gene. The peptide
FSP11 sensitized the CD8" T cells of peripheral blood for a specific
release of IFN-y and coordinated recognition in the context of HLA-
A0201. Furthermore, the obtained T cell cultures selectively attacked
cancer cells expressing potential mutations along with HLA-A0201
(77). MSI-H-induced FSP was a promising tumor-specific antigen that
may be suitable for clinical applications in future tumor therapies (78).
In addition to immunotherapy interventions for patients with MSI-H
tumors, this opens up significant possibilities for preventive vaccination
even for carriers of hereditary non-polyposis colorectal cancer
(HNPCC) mutations (77-79) (Figure 3).

siRNA

YTHDF2

QWA !

PD-L1 —> mRNA
expression

‘... activition .o...
IFN-y .

FIGURE 3

colon cancer — — —

10.3389/fonc.2023.1241357

FTO modulates the immune
microenvironment in oral squamous
cell carcinoma

Arecoline is a primary carcinogen of oral squamous cell
carcinoma (80, 81); however, its carcinogenic mechanism remains
unclear (80). Li et al. (82) found that arecoline-induced FTO and
MYC expression promoted the up-regulation of PD-L1 in oral
squamous cell carcinoma cells. Specifically, FTO improved the
stability of PD-L1I mRNA in an m6A-dependent manner, and
MYC promoted PD-L1 transcription. PD-L1 upregulation
enhanced cell proliferation, migration, and resistance to T-cell
death. Therefore, arecoline plays a pro-cancer role by regulating
FTO/MYC/PD-L1 signaling, which may be a strategy for
immunotherapy (Figure 4). The mechanism by which FTO
regulates PD-L1 needs further study.

.y
y N
\ FTO gene mute /
N (MSI-H) _
Di
‘gﬂ

FSP11 peptide
(tumor-specific antigen)

FTO regulated the tumor immune microenvironment in m6A-dependent manner and gene mutation in CRC. FTO increased PD-L1 mRNA
expression levels in an IFN-y independent manner. The HLA-A0201-restricted peptide FSP11 was derived from a (=1) mutation of U79260(FTO) gene
The peptide FSP11 sensitized peripheral CD8+ T cells for specific release of IFN-y.
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FIGURE 4

FTO regulated the tumor immune microenvironment in OC and HCC. FTO improved the stability of PD-L1 mRNA in an m6A-dependent manner,
and MYC promoted PD-L1 transcription. TAAs and FB23-2 co-delivered to TIDCs were expected to help ICBs inhibit HCC progression by increasing
m6A methylation, enhancing T-cell infiltration, and generating immune memory.

FTO modulates the immune
microenvironment in LC

ICIs and thermal ablation (TA) have been extensively used to
treat HCC (83). TA is known to release tumor-associated antigens
(TAAs), which activate the anti-tumor immune response and
initiate the infiltration of T cells (84). However, significant
obstacles to incorporating ICIs with TA include the insufficient
internalization of tumor antigens and the immaturity of tumor-
infiltrating dendritic cells (TIDCs), which result in a poor immune
response to tumor progression (83, 85). To address this problem,
Xiao et al. (85) synthesized a novel nanomaterial in which the FTO
inhibitor (FB23-2) was wrapped in the pores of mesoporous
polydopamine (MPDA) nanoparticles, maleimide was used as an
antigen catcher, and mannose as the active TIDCs-targeting ligand
was fixed to the MPDA surface via a polyethylene glycol (PEG)
ligand. Nanomaterials injected into the tumor captured TAAs
released during TA and were then ingested by TIDCs via a
mannose-mediated targeting effect. FB23-2 and TAAs co-
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delivered to TIDCs were expected to help ICBs inhibit tumor
progression by increasing m6A methylation, enhancing T-cell
infiltration, and generating immune memory (Figure 4).

FTO modulates macrophage
activation

Macrophages are among the most abundant normal cells in the
tumor immune microenvironment (86, 87). Macrophages that
infiltrate the tumor microenvironment are often identified as
tumor-associated macrophages (TAMs) (87). Macrophages alter
their metabolic pathways, leading to their differentiation into
inflammatory macrophages(M1) or regulatory macrophages (M2)
subtypes in response to various cytokines (88). Given the important
role of TAMs polarization in tumor development, it is important to
study the effects of epigenetics on TAM:s polarization.

Studies on the role and mechanism of FTO in macrophage
polarization have shown that FTO significantly promoted M1 and
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M2 polarization (86). FTO inhibition decreased the phosphorylation
levels of IKKo/f, IkBo., and P65, key genes of the NF-kB signaling
pathway (86). It has been confirmed experimentally that STAT1 was
an important molecule for the polarization of M1, and the levels of
STAT6 and PPAR-y represented the polarization degree of M2 (86,
89). Further studies showed that STATI expression level was
significantly down-regulated in M1 macrophages after FTO
inhibition, while PPAR-y and STAT6 expression levels were
inhibited in M2 macrophages. From the molecular mechanism,
FTO inhibition promoted the decay of PPAR-y and STATI
mRNA. Furthermore, the expression and stability levels of STATI
and PPAR-y mRNA were significantly enhanced when m6A reader
YTHDF2 was inhibited. The results suggested that FTO activated the
NF-kB signaling pathway and promoted macrophage polarization by
increasing the mRNA stability of PPAR-yand STAT1 (86) (Figure 5).
Changes in macrophage activation and stiffness often represent
significant pathological changes in tissues (90). For example,
inflammatory tissue and tumors are often stiffer than healthy
tissue (91, 92). Hu et al. (93) studied the potential role of FTO in
macrophage activation and stiffness perception. FTO knockout

(KO) macrophages reduced inflammatory responses by increasing

10.3389/fonc.2023.1241357

mo6A levels in Socs] mRNA. YTHDF1 was identified as an m6A
reader that recognized Socs] mRNA and enhanced its stability,
facilitating its translation (Figure 5).

According to recent studies on FTO and macrophages, FTO
played an essential role in macrophage activation. Therefore, to
further study how FTO affects the tumor immune
microenvironment through macrophages, we need to co-culture
tumor cells and macrophages based on FTO knockdown or
overexpression and observe functional changes in macrophages.

FTO as a therapeutic target

Given the critical role of FTO in tumor genesis and
development, the development of small molecule inhibitors of
FTO is a promising research direction. With the continuous
understanding of FTO abnormal expression and its pathological
mechanisms, as well as the clarification of the crystal structure of
FTO (8, 24), developing small molecule compounds targeting FTO
is possible (94). Several FTO inhibitors have been identified, and
their therapeutic efficacy has been verified in various malignancies.
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FIGURE 5

FTO promoted M1 and M2 macrophage activation. FTO promoted the polarization of M1 macrophages by improving STAT1 mRNA stability and
enhancing the phosphorylation of IKKa/f, IkBa and P65. FTO promoted the polarization of M2 macrophages by enhancing the stability of PPAR-y
MRNA and increasing the expression of STAT6. FTO KO macrophages can reduce inflammatory responses by increasing m6A levels in Socs1 mRNA
YTHDF1 was identified as an m6A reader that recognizes Socs1 mRNA and enhances its stability, thus facilitating its translation.
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FB23, a novel MA-derived inhibitor, is nearly 140 times more
active than MA at inhibiting FTO enzymatic activity (95). FB23-2
significantly inhibited proliferation and promoted differentiation
and apoptosis of AML cells in vitro. Furthermore, FB23-2
drastically suppressed the progression of AML cells in
xenotransplanted mice (95, 96). The function of FTO-04, a potent
inhibitor of FTO, has also been demonstrated in glioma stem cells
(GSC). Specifically, FTO-04 impaired the self-renewal of GSC-
derived neural spheres but had no significant effect on healthy
human neural stem cells (97).

The role of FTO inhibitors in regulating the tumor immune
microenvironment is gaining attention. CS1 and CS2, two potent and
selective FTO inhibitors, were found to have more satisfactory
antitumor efficacy than FB32. Furthermore, CS1 and CS2 inhibited
the self-renewal of leukemia-initiating cells and suppress immune
infiltration by decreasing LILRB4 mRNA stability (18). Moreover,
Dac51 was a recently discovered analog of FB23, that can
weaken glycolytic metabolism and promote tumor tissue
infiltration of CD8+T cells by inhibiting FTO, thus producing
significant anti-tumor effects in melanoma (98). In summary, we
believe that through continued efforts in the future, better quality
FTO-targeted inhibitors will be discovered and applied clinically,
bringing new hope for tumor immunotherapy.

Discussion and future direction

Further exploration of the molecular mechanisms by which
FTO regulates the tumor immune microenvironment, such as
immune checkpoint expression, glucose metabolism and MSI, has
valuable potential for clinical applications in guiding the selection of
individualized treatment methods. Based on recent studies, small
molecules or drugs targeting FTO may be effective in treating
various malignancies. However, no direct FTO inhibitors have
been approved for clinical use. Understanding how FTO affects
tumor immunity should help clarify which patients with FTO-
induced malignancies are most likely to respond to specific
treatments, such as direct FTO inhibitors and FTO suppression
combined with immunotherapy.

As the first discovered m6A demethylase, FTO has gained
popularity in epigenetic research owing to its important roles in
metabolism, tumors, and other physiological functions. To the best
of our knowledge, the role and mechanism of FTO in tumor genesis
and development have not yet been thoroughly studied. The
important role of FTO in the tumor immune microenvironment
still has a vast space to explore. Specifically, FTO inhibition reduced
the expression of PD-1, CXCR4, and SOX10, which suggested that
the combination of FTO inhibition with anti-PD-1 blockade may
reduce the resistance to immunotherapy in melanoma (99). FTO
regulated another important immune checkpoint, LILRB4, in
leukemia cells (18). Bioinformatic analysis of FTO showed that
the expression levels of other immune checkpoints, such as CTLA4,
were significantly associated with m6A levels in multiple tumors
(100, 101). Therefore, whether FTO can modulate other immune
checkpoints in an m6A-dependent manner is an exciting research
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topic. MSI is a common gene mutation in malignant tumors and
plays a vital role in many tumors (102). MSI of FTO can produce a
mysterious polypeptide, FSP11, which promoted the infiltration of
CD8+T cells, thereby affecting tumor progression (77). We already
know that MSI is a pivotal predictor of immunotherapeutic regimen
efficacy. Zhao et al. (103)extracted the MSI data from TCGA
database. The results showed that the MSI significantly correlated
with FTO expression in testicular germ cell tumors. Simultaneously,
MSI was negatively associated with invasive breast carcinoma,
thyroid carcinoma, head and neck squamous cell carcinoma, lung
squamous cell carcinoma, stomach adenocarcinoma, prostate
adenocarcinoma, cutaneous melanoma, and diffuse large B-
cell lymphoma.

Of note, FTO affected tumor progression by regulating the
efficiency of glucose metabolism (98, 104-106). For example, R-
2HG, a specific FTO inhibitor, inhibited glycolysis by down-
regulating the expression of two glycolytic enzymes,
phosphofructokinase platelets and lactate dehydrogenase B.
Furthermore, R-2HG exhibited strong antitumor activity based on
the inhibition of glucose metabolism (104).

In most studies, FTO is overexpressed and plays a carcinogenic
role, whereas in a few studies, FTO may also play a tumor suppressor
role. Ruan et al. (107) studied the physiological role of FTO in the
hypoxic environment of CRC and found that hypoxia induced FTO
degradation via the ubiquitination-proteasome pathway. FTO
inhibition increased m6A methylation of MTA1 mRNA, which was
recognized by the m6A “reader” IGF2BP2, and maintained RNA
stability/protein expression, thereby accelerating cancer metastasis
and progression. Regarding tumor initiation, FTO has a protective
effect on chemically induced HCC development. FTO may target
cullin4A (Cul4A) mRNA and degrade Cul4A protein levels, thereby
blocking cell proliferation (105).Huang et al. (106) found that FTO
inhibited the expression of APOE through m6A modification
mediated by IGF2BP2 and may inhibit the glycolytic metabolism of
PTC by regulating the IL-6/JAK2/STAT3 signaling pathway, thus
inhibiting tumor growth. Zhuang et al. (108) found that low FTO
expression in human clear cell renal cell carcinoma (ccRCC) was
associated with increased tumor severity and poor patient survival.
FTO increased PGC-10. expression by reducing m6A levels in PGC-1
omRNA transcripts, thereby restoring mitochondrial activity,
inducing ROS production and oxidative stress, and inhibiting
ccRCC growth. These conflicting results may be caused by
individual differences in tumor patients, high heterogeneity of
different cell lines of the same tumor, different experimental
methods and equipments, and other potential biases.

Here, we summarize and discuss recent findings on the
relevance of FTO in tumor immune microenvironment.
Furthermore, we gain a deeper understanding of the molecular
mechanisms by which FTO promoted GIC occurrence and
development. Given the key role of FTO in GIC, targeting FTO
as a therapeutic strategy is reasonable. Several studies have shown
that FTO significantly affected the efficacy of tumor chemotherapy
(12, 109, 110). Finally, we highlight targeting FTO strategies that
may improve therapeutic outcomes for GIC, including
combined immunotherapy.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1241357
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ren et al.

Conclusion

m6A is considered the most common epigenetic modification of
RNA and plays an essential role in malignant cell proliferation,
migration, invasion, and apoptosis. As the earliest demethylase
discovered, FTO may initiate and maintain cancer through
intrinsic carcinogenic signaling pathways and the immune
microenvironment of tumor cells. In this review, we describe
various mechanisms by which FTO regulates immune
checkpoints and immune cells. Therefore, we believe that FTO
can be used as biomarkers and adjuvant immunotherapy targets
for GIC.

Author contributions

XR conceptualized and designed the study. XR, XT, and TH
drafted the work for intellectual content and context. ZH revised the
first draft. YZ and YW gave the final approval and overall
responsibility for the published work. All authors contributed to
the article and approved the submitted version.

Funding

This study was supported by the Natural Science Foundation of
Gansu Province (22JR5RA906); the Educational Technology

References

1. Wang F, Lau JKC, Yu J. The role of natural killer cell in gastrointestinal cancer:
killer or helper. Oncogene (2021) 40(4):717-30. doi: 10.1038/s41388-020-01561-z

2. Abdul-Latif M, Townsend K, Dearman C, Shiu KK, Khan K. Immunotherapy in
gastrointestinal cancer: The current scenario and future perspectives. Cancer Treat Rev
(2020) 88:102030. doi: 10.1016/j.ctrv.2020.102030

3. Wang DK, Zuo Q, He QY, Li B. Targeted immunotherapies in gastrointestinal
cancer: from molecular mechanisms to implications. Front Immunol (2021) 12:705999.
doi: 10.3389/fimmu.2021.705999

4. DuH, Yang J, Zhang Y. Cytokine-induced killer cell/dendritic cell combined with
cytokine-induced killer cell immunotherapy for treating advanced gastrointestinal
cancer. BMC Cancer (2020) 20(1):357. doi: 10.1186/s12885-020-06860-y

5. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF, et al.
Safety, activity, and immune correlates of anti-PD-1 antibody in cancer. N Engl ] Med
(2012) 366(26):2443-54. doi: 10.1056/NEJMoa1200690

6. Gao R, Ye M, Liu B, Wei M, Ma D, Dong K. m6A modification: A double-edged
sword in tumor development. Front Oncol (2021) 11:679367. doi: 10.3389/
fonc.2021.679367

7. Olsen SN, Armstrong SA. It's not what you say but how you say it: targeting RNA
methylation in AML. Mol Cell (2020) 78(6):996-8. doi: 10.1016/j.molcel.2020.05.027

8. Zhou LL, Xu H, Huang Y, Yang CG. Targeting the RNA demethylase FTO for
cancer therapy. RSC Chem Biol (2021) 2(5):1352-69. doi: 10.1039/d1cb00075f

9. Kumar S, Nagpal R, Kumar A, Ashraf MU, Bae YS. Immunotherapeutic potential
of m6A-modifiers and microRNAs in controlling acute myeloid leukaemia.
Biomedicines (2021) 9(6). doi: 10.3390/biomedicines9060690

10. Li Z, Weng H, Su R, Weng X, Zuo Z, Li C, et al. FTO plays an oncogenic role in
acute myeloid leukemia as a N(6)-methyladenosine RNA demethylase. Cancer Cell
(2017) 31(1):127-41. doi: 10.1016/j.ccell.2016.11.017

11. Yang Z, Jiang X, Zhang Z, Zhao Z, Xing W, Liu Y, et al. HDAC3-dependent
transcriptional repression of FOXA2 regulates FTO/m6A/MYC signaling to contribute
to the development of gastric cancer. Cancer Gene Ther (2021) 28(1-2):141-55.
doi: 10.1038/s41417-020-0193-8

Frontiers in Oncology

10.3389/fonc.2023.1241357

Innovation project in Gansu Province, China (2022B-001); the
Foundation of The First Hospital of Lanzhou University, China
(Idyyyn2021-3).

Acknowledgments

The authors are grateful to the Gansu Province Clinical
Research Center for Digestive Diseases for its guidance and
moral support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

12. WangJ, Qiao Y, Sun M, Sun H, Xie F, Chang H, et al. FTO promotes colorectal
cancer progression and chemotherapy resistance via demethylating G6PD/PARP1. Clin
Transl Med (2022) 12(3):772. doi: 10.1002/ctm2.772

13. Xu D, Shao W, Jiang Y, Wang X, Liu Y, Liu X. FTO expression is associated with
the occurrence of gastric cancer and prognosis. Oncol Rep (2017) 38(4):2285-92.
doi: 10.3892/0r.2017.5904

14. Wang D, QuX, Lu W, Wang Y, Jin Y, Hou K, et al. N(6)-methyladenosine RNA
demethylase FTO promotes gastric cancer metastasis by down-regulating the m6A
methylation of ITGB1. Front Oncol (2021) 11:681280. doi: 10.3389/fonc.2021.681280

15. Shimura T, Kandimalla R, Okugawa Y, Ohi M, Toiyama Y, He C, et al. Novel
evidence for m(6)A methylation regulators as prognostic biomarkers and FTO as a
potential therapeutic target in gastric cancer. Br J Cancer (2022) 126(2):228-37.
doi: 10.1038/s41416-021-01581-w

16. Zhang ], Piao HY, Wang Y, Meng XY, Yang D, Zhao Y, et al. To develop and
validate the combination of RNA methylation regulators for the prognosis of patients
with gastric cancer. Onco Targets Ther (2020) 13:10785-95. doi: 10.2147/OTT.S276239

17. Ye Z, Wang S, Chen W, Zhang X, Chen J, Jiang J, et al. Fat mass and obesity-
associated protein promotes the tumorigenesis and development of liver cancer. Oncol
Lett (2020) 20(2):1409-17. doi: 10.3892/01.2020.11673

18. Su R, Dong L, Li Y, Gao M, Han L, Wunderlich M, et al. Targeting FTO
suppresses cancer stem cell maintenance and immune evasion. Cancer Cell (2020) 38
(1):79-96 el1. doi: 10.1016/j.ccell.2020.04.017

19. Zhao X, Yang Y, Sun BF, Zhao YL, Yang YG. FTO and obesity: mechanisms
of association. Curr Diabetes Rep (2014) 14(5):486. doi: 10.1007/s11892-014-
0486-0

20. Zheng QK, Ma C, Ullah I, Hu K, Ma RJ, Zhang N, et al. Roles of Né6-
methyladenosine demethylase FTO in Malignant tumors progression. Onco Targets
Ther (2021) 14:4837-46. doi: 10.2147/OTT.S329232

21. Annapoorna PK, Iyer H, Parnaik T, Narasimhan H, Bhattacharya A, Kumar A.
FTO: an emerging molecular player in neuropsychiatric diseases. Neuroscience (2019)
418:15-24. doi: 10.1016/j.neuroscience.2019.08.021

frontiersin.org


https://doi.org/10.1038/s41388-020-01561-z
https://doi.org/10.1016/j.ctrv.2020.102030
https://doi.org/10.3389/fimmu.2021.705999
https://doi.org/10.1186/s12885-020-06860-y
https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.3389/fonc.2021.679367
https://doi.org/10.3389/fonc.2021.679367
https://doi.org/10.1016/j.molcel.2020.05.027
https://doi.org/10.1039/d1cb00075f
https://doi.org/10.3390/biomedicines9060690
https://doi.org/10.1016/j.ccell.2016.11.017
https://doi.org/10.1038/s41417-020-0193-8
https://doi.org/10.1002/ctm2.772
https://doi.org/10.3892/or.2017.5904
https://doi.org/10.3389/fonc.2021.681280
https://doi.org/10.1038/s41416-021-01581-w
https://doi.org/10.2147/OTT.S276239
https://doi.org/10.3892/ol.2020.11673
https://doi.org/10.1016/j.ccell.2020.04.017
https://doi.org/10.1007/s11892-014-0486-0
https://doi.org/10.1007/s11892-014-0486-0
https://doi.org/10.2147/OTT.S329232
https://doi.org/10.1016/j.neuroscience.2019.08.021
https://doi.org/10.3389/fonc.2023.1241357
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ren et al.

22. Gerken T, Girard CA, Tung YC, Webby CJ, Saudek V, Hewitson KS, et al. The
obesity-associated FTO gene encodes a 2-oxoglutarate-dependent nucleic acid
demethylase. Science (2007) 318(5855):1469-72. doi: 10.1126/science.1151710

23. Lan N, Lu Y, Zhang Y, Pu S, Xi H, Nie X, et al. FTO - A common genetic basis for
obesity and cancer. Front Genet (2020) 11:559138. doi: 10.3389/fgene.2020.559138

24. Han Z, Niu T, Chang J, Lei X, Zhao M, Wang Q, et al. Crystal structure of the
FTO protein reveals basis for its substrate specificity. Nature (2010) 464(7292):1205-9.
doi: 10.1038/nature08921

25. Zhang X, Wei LH, Wang Y, Xiao Y, Liu J, Zhang W, et al. Structural insights into
FTO's catalytic mechanism for the demethylation of multiple RNA substrates. Proc
Natl Acad Sci U.S.A. (2019) 116(8):2919-24. doi: 10.1073/pnas.1820574116

26. Larder R, Cheung MK, Tung YC, Yeo GS, Coll AP. Where to go with FTO?
Trends Endocrinol Metab (2011) 22(2):53-9. doi: 10.1016/j.tem.2010.11.001

27. FuY, Jia G, Pang X, Wang RN, Wang X, Li CJ, et al. FTO-mediated formation of
N6-hydroxymethyladenosine and N6-formyladenosine in mammalian RNA. Nat
Commun (2013) 4:1798. doi: 10.1038/ncomms2822

28. Wei], LiuF, Lu Z, Fei Q, Ai Y, He PC, et al. Differential m6A, m6Am, and m1A
Demethylation Mediated by FTO in the Cell Nucleus and Cytoplasm. Mol Cell (2018)
71(6):973-985.e975. doi: 10.1016/j.molcel.2018.08.011

29. Frye M, Harada BT, Behm M, He C. RNA modifications modulate gene
expression during development. Science (2018) 361(6409):1346-9. doi: 10.1126/
science.aaul646

30. Shi H, Wei J, He C. Where, when, and how: context-dependent functions of
RNA methylation writers, readers, and erasers. Mol Cell (2019) 74(4):640-50.
doi: 10.1016/j.molcel.2019.04.025

31. Wei J, He C. Chromatin and transcriptional regulation by reversible RNA
methylation. Curr Opin Cell Biol (2021) 70:109-15. doi: 10.1016/j.ceb.2020.11.005

32. Gulati P, Avezov E, Ma M, Antrobus R, Lehner P, O'Rahilly S, et al. Fat mass and
obesity-related (FTO) shuttles between the nucleus and cytoplasm. Biosci Rep (2014) 34
(5):621-8. doi: 10.1042/BSR20140111

33. Chen J, Du B. Novel positioning from obesity to cancer: FTO, an m(6)A RNA
demethylase, regulates tumour progression. ] Cancer Res Clin Oncol (2019) 145(1):19-
29. doi: 10.1007/s00432-018-2796-0

34. Wei ], YuX, Yang L, Liu X, Gao B, Huang B, et al. FTO mediates LINE1 m 6 A
demethylation and chromatin regulation in mESCs and mouse development. Science
(2022) 376(6596):968-73. doi: 10.1126/science.abe9582

35. Jia G, Fu Y, Zhao X, Dai Q, Zheng G, Yang Y, et al. N6-methyladenosine in
nuclear RNA is a major substrate of the obesity-associated FTO. Nat Chem Biol (2011)
7(12):885-7. doi: 10.1038/nchembio.687

36. Fustin JM, Doi M, Yamaguchi Y, Hida H, Nishimura S, Yoshida M, et al. RNA-
methylation-dependent RNA processing controls the speed of the circadian clock. Cell
(2013) 155(4):793-806. doi: 10.1016/j.cell.2013.10.026

37. Huang H, Weng H, Sun W, Qin X, Shi H, Wu H, et al. Recognition of RNA N(6)-
methyladenosine by IGF2BP proteins enhances mRNA stability and translation. Nat
Cell Biol (2018) 20(3):285-95. doi: 10.1038/541556-018-0045-z

38. Bartosovic M, Molares HC, Gregorova P, Hrossova D, Kudla G, Vanacova S. N6-
methyladenosine demethylase FTO targets pre-mRNAs and regulates alternative
splicing and 3'-end processing. Nucleic Acids Res (2017) 45(19):11356-70.
doi: 10.1093/nar/gkx778

39. Qin B, Dong M, Wang Z, Wan J, Xie Y, Jiao Y, et al. Long noncoding RNA
CASCI5 facilitates esophageal squamous cell carcinoma tumorigenesis via decreasing
SIM2 stability via FTOmediated demethylation. Oncol Rep (2021) 45(3):1059-71.
doi: 10.3892/0r.2020.7917

40. Liu S, Huang M, Chen Z, Chen J, Chao Q, Yin X, et al. FTO promotes cell
proliferation and migration in esophageal squamous cell carcinoma through up-
regulation of MMP13. Exp Cell Res (2020) 389(1):111894. doi: 10.1016/
j.yexcr.2020.111894

41. CuiY, Zhang C, Ma S, Li Z, Wang W, Li Y, et al. RNA m6A demethylase FTO-
mediated epigenetic up-regulation of LINC00022 promotes tumorigenesis in
esophageal squamous cell carcinoma. J Exp Clin Cancer Res (2021) 40(1):294.
doi: 10.1186/5s13046-021-02096-1

42. Zhou Y, Wang Q, Deng H, Xu B, Zhou Y, Liu J, et al. N6-methyladenosine
demethylase FTO promotes growth and metastasis of gastric cancer via m(6)A
modification of caveolin-1 and metabolic regulation of mitochondrial dynamics. Cell
Death Dis (2022) 13(1):72. doi: 10.1038/s41419-022-04503-7

43. Feng S, Qiu G, Yang L, Feng L, Fan X, Ren F, et al. Omeprazole improves
chemosensitivity of gastric cancer cells by m6A demethylase FTO-mediated activation
of mTORC1 and DDIT3 up-regulation. Biosci Rep (2021) 41(1). doi: 10.1042/
BSR20200842

44. Zhang C, Zhang M, Ge S, Huang W, Lin X, Gao J, et al. Reduced m6A
modification predicts Malignant phenotypes and augmented Wnt/PI3K-Akt
signaling in gastric cancer. Cancer Med (2019) 8(10):4766-81. doi: 10.1002/cam4.2360

45. Zhang Z, Gao Q, Wang S. Kinase GSK3beta functions as a suppressor in
colorectal carcinoma through the FTO-mediated MZF1/c-Myc axis. J Cell Mol Med
(2021) 25(5):2655-65. doi: 10.1111/jemm.16291

46. Han S, Zhu L, Zhu Y, Meng Y, Li ], Song P, et al. Targeting ATF4-dependent pro-
survival autophagy to synergize glutaminolysis inhibition. Theranostics (2021) 11
(17):8464-79. doi: 10.7150/thno.60028

Frontiers in Oncology

11

10.3389/fonc.2023.1241357

47. Li J, Zhu L, Shi Y, Liu J, Lin L, Chen X. m6A demethylase FTO promotes
hepatocellular carcinoma tumorigenesis via mediating PKM2 demethylation. Am ]
Transl Res (2019) 11(9):6084-92.

48. Bian X, Shi D, Xing K, Zhou H, Lu L, Yu D, et al. AMDI upregulates
hepatocellular carcinoma cells stemness by FTO mediated mRNA demethylation.
Clin Transl Med (2021) 11(3):e352. doi: 10.1002/ctm2.352

49. Gao Y, Ouyang X, Zuo L, Xiao Y, Sun Y, Chang C, et al. R-2HG downregulates
ERalpha to inhibit cholangiocarcinoma via the FTO/m6A-methylated ERalpha/miR16-
5p/YAPI signal pathway. Mol Ther Oncolytics (2021) 23:65-81. doi: 10.1016/
j.omt0.2021.06.017

50. Tang X, Liu S, Chen D, Zhao Z, Zhou J. The role of the fat mass and obesity-
associated protein in the proliferation of pancreatic cancer cells. Oncol Lett (2019) 17
(2):2473-8. doi: 10.3892/01.2018.9873

51. Wang W, He Y, Zhai LL, Chen L], Yao LC, Wu L, et al. m(6)A RNA demethylase
FTO promotes the growth, migration and invasion of pancreatic cancer cells through
inhibiting TFPI-2. Epigenetics (2022) 17:1-15. doi: 10.1080/15592294.2022.2061117.

52. Sung H, Ferlay ], Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin (2021) 71(3):209-49.
doi: 10.3322/caac.21660

53. Shi M, Zhai GQ. Models for predicting early death in patients with stage IV
esophageal cancer: A surveillance, epidemiology, and end results-based cohort study.
Cancer Control (2022) 29:10732748211072976. doi: 10.1177/10732748211072976

54. Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland JH, et al. Cancer
treatment and survivorship statistics, 2016. CA Cancer J Clin (2016) 66(4):271-89.
doi: 10.3322/caac.21349

55. LiJ, XuJ, Zheng Y, Gao Y, He S, Li H, et al. Esophageal cancer: Epidemiology,
risk factors and screening. Chin J Cancer Res (2021) 33(5):535-47. doi: 10.21147/
j.issn.1000-9604.2021.05.01

56. Zhao H, Xu Y, Xie Y, Zhang L, Gao M, Li S, et al. m6A regulators is differently
expressed and correlated with immune response of esophageal cancer. Front Cell Dev
Biol (2021) 9:650023. doi: 10.3389/fcell.2021.650023

57. Barzegar Behrooz A, Talaie Z, Jusheghani F, Los MJ, Klonisch T, Ghavami S.
Wnt and PI3K/akt/mTOR survival pathways as therapeutic targets in glioblastoma. Int
J Mol Sci (2022) 23(3). doi: 10.3390/ijms23031353

58. Tian W, Li J, Wang Z, Zhang T, Han Y, Liu Y, et al. HYD-PEP06 suppresses
hepatocellular carcinoma metastasis, epithelial-mesenchymal transition and cancer
stem cell-like properties by inhibiting PI3K/AKT and WNT/beta-catenin signaling
activation. Acta Pharm Sin B (2021) 11(6):1592-606. doi: 10.1016/j.apsb.2021.03.040

59. Wang W, Dong X, Liu Y, Ni B, Sai N, You L, et al. Itraconazole exerts anti-liver
cancer potential through the Wnt, PI3K/AKT/mTOR, and ROS pathways. BioMed
Pharmacother (2020) 131:110661. doi: 10.1016/j.biopha.2020.110661

60. Yue C, Chen J, Li Z, Li L, Chen J, Guo Y. microRNA-96 promotes occurrence
and progression of colorectal cancer via regulation of the AMPKalpha2-FTO-m6A/
MYC axis. ] Exp Clin Cancer Res (2020) 39(1):240. doi: 10.1186/s13046-020-01731-7

61. Hou J, Wang Z, Li H, Zhang H, Luo L. Gene signature and identification of
clinical trait-related m(6) A regulators in pancreatic cancer. Front Genet (2020) 11:522.
doi: 10.3389/fgene.2020.00522

62. De Souza C, Madden J, Koestler DC, Minn D, Montoya DJ, Minn K, et al. Effect
of the p53 P72R polymorphism on mutant TP53 allele selection in human cancer. ] Nat]
Cancer Inst (2021) 113(9):1246-57. doi: 10.1093/jnci/djab019

63. Yang ML, Huang Z, Wu LN, Wu R, Ding HX, Wang BG. IncRNA-PCAT1
1s2632159 polymorphism could be a biomarker for colorectal cancer susceptibility.
Biosci Rep (2019) 39(7). doi: 10.1042/BSR20190708

64. Su Z, Luo L, Wu X, Wei B, Wang L, Liu F, et al. Association of the MARCO
polymorphism rs6761637 with hepatocellular carcinoma susceptibility and clinical
characteristics. Immunol Res (2022) 70(3):400-7. doi: 10.1007/s12026-022-09271-2

65. Brennan P, McKay J, Moore L, Zaridze D, Mukeria A, Szeszenia-Dabrowska N,
et al. Obesity and cancer: Mendelian randomization approach utilizing the FTO
genotype. Int ] Epidemiol (2009) 38(4):971-5. doi: 10.1093/ije/dyp162

66. Kaklamani V, Yi N, Sadim M, Siziopikou K, Zhang K, Xu Y, et al. The role of the
fat mass and obesity associated gene (FTO) in breast cancer risk. BMC Med Genet
(2011) 12:52. doi: 10.1186/1471-2350-12-52

67. Huang X, Zhao J, Yang M, Li M, Zheng J. Association between FTO gene
polymorphism (rs9939609 T/A) and cancer risk: a meta-analysis. Eur J Cancer Care
(Engl) (2017) 26(5). doi: 10.1111/ecc.12464

68. Lin Y, Ueda J, Yagyu K, Ishii H, Ueno M, Egawa N, et al. Association between
variations in the fat mass and obesity-associated gene and pancreatic cancer risk: a case-
control study in Japan. BMC Cancer (2013) 13:337. doi: 10.1186/1471-2407-13-337

69. Pierce BL, Austin MA, Ahsan H. Association study of type 2 diabetes genetic
susceptibility variants and risk of pancreatic cancer: an analysis of PanScan-I data.
Cancer Causes Control (2011) 22(6):877-83. doi: 10.1007/s10552-011-9760-5

70. Tang H, Dong X, Hassan M, Abbruzzese JL, Li D. Body mass index and obesity-
and diabetes-associated genotypes and risk for pancreatic cancer. Cancer Epidemiol
Biomarkers Prev (2011) 20(5):779-92. doi: 10.1158/1055-9965.EPI-10-0845

71. Kather JN, Pearson AT, Halama N, Jager D, Krause ], Loosen SH, et al. Deep
learning can predict microsatellite instability directly from histology in gastrointestinal
cancer. Nat Med (2019) 25(7):1054-6. doi: 10.1038/s41591-019-0462-y

frontiersin.org


https://doi.org/10.1126/science.1151710
https://doi.org/10.3389/fgene.2020.559138
https://doi.org/10.1038/nature08921
https://doi.org/10.1073/pnas.1820574116
https://doi.org/10.1016/j.tem.2010.11.001
https://doi.org/10.1038/ncomms2822
https://doi.org/10.1016/j.molcel.2018.08.011
https://doi.org/10.1126/science.aau1646
https://doi.org/10.1126/science.aau1646
https://doi.org/10.1016/j.molcel.2019.04.025
https://doi.org/10.1016/j.ceb.2020.11.005
https://doi.org/10.1042/BSR20140111
https://doi.org/10.1007/s00432-018-2796-0
https://doi.org/10.1126/science.abe9582
https://doi.org/10.1038/nchembio.687
https://doi.org/10.1016/j.cell.2013.10.026
https://doi.org/10.1038/s41556-018-0045-z
https://doi.org/10.1093/nar/gkx778
https://doi.org/10.3892/or.2020.7917
https://doi.org/10.1016/j.yexcr.2020.111894
https://doi.org/10.1016/j.yexcr.2020.111894
https://doi.org/10.1186/s13046-021-02096-1
https://doi.org/10.1038/s41419-022-04503-7
https://doi.org/10.1042/BSR20200842
https://doi.org/10.1042/BSR20200842
https://doi.org/10.1002/cam4.2360
https://doi.org/10.1111/jcmm.16291
https://doi.org/10.7150/thno.60028
https://doi.org/10.1002/ctm2.352
https://doi.org/10.1016/j.omto.2021.06.017
https://doi.org/10.1016/j.omto.2021.06.017
https://doi.org/10.3892/ol.2018.9873
https://doi.org/10.1080/15592294.2022.2061117
https://doi.org/10.3322/caac.21660
https://doi.org/10.1177/10732748211072976
https://doi.org/10.3322/caac.21349
https://doi.org/10.21147/j.issn.1000-9604.2021.05.01
https://doi.org/10.21147/j.issn.1000-9604.2021.05.01
https://doi.org/10.3389/fcell.2021.650023
https://doi.org/10.3390/ijms23031353
https://doi.org/10.1016/j.apsb.2021.03.040
https://doi.org/10.1016/j.biopha.2020.110661
https://doi.org/10.1186/s13046-020-01731-7
https://doi.org/10.3389/fgene.2020.00522
https://doi.org/10.1093/jnci/djab019
https://doi.org/10.1042/BSR20190708
https://doi.org/10.1007/s12026-022-09271-2
https://doi.org/10.1093/ije/dyp162
https://doi.org/10.1186/1471-2350-12-52
https://doi.org/10.1111/ecc.12464
https://doi.org/10.1186/1471-2407-13-337
https://doi.org/10.1007/s10552-011-9760-5
https://doi.org/10.1158/1055-9965.EPI-10-0845
https://doi.org/10.1038/s41591-019-0462-y
https://doi.org/10.3389/fonc.2023.1241357
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ren et al.

72. Lee JB, Ha SJ, Kim HR. Clinical insights into novel immune checkpoint
inhibitors. Front Pharmacol (2021) 12:681320. doi: 10.3389/fphar.2021.681320

73. Tsuruta N, Tsuchihashi K, Ohmura H, Yamaguchi K, Ito M, Ariyama H, et al. RNA
N6-methyladenosine demethylase FTO regulates PD-L1 expression in colon cancer cells.
Biochem Biophys Res Commun (2020) 530(1):235-9. doi: 10.1016/j.bbrc.2020.06.153

74. Cullis CA. The use of DNA polymorphisms in genetic mapping. Genet Eng (N'Y)
(2002) 24:179-89. doi: 10.1007/978-1-4615-0721-5_8

75. Alhopuro P, Sammalkorpi H, Niittymaki I, Bistrom M, Raitila A, Saharinen J,
et al. Candidate driver genes in microsatellite-unstable colorectal cancer. Int | Cancer
(2012) 130(7):1558-66. doi: 10.1002/ijc.26167

76. Yang G, Zheng RY, Jin ZS. Correlations between microsatellite instability and
the biological behaviour of tumours. J Cancer Res Clin Oncol (2019) 145(12):2891-9.
doi: 10.1007/s00432-019-03053-4

77. Linnebacher M, Wienck A, Boeck I, Klar E. Identification of an MSI-H tumor-
specific cytotoxic T cell epitope generated by the (-1) frame of U79260(FTO). ] BioMed
Biotechnol (2010) 2010:841451. doi: 10.1155/2010/841451

78. Zhao P, Li L, Jiang X, Li Q. Mismatch repair deficiency/microsatellite instability-
high as a predictor for anti-PD-1/PD-L1 immunotherapy efficacy. ] Hematol Oncol
(2019) 12(1):54. doi: 10.1186/s13045-019-0738-1

79. Sammalkorpi H, Alhopuro P, Lehtonen R, Tuimala J, Mecklin JP, Jarvinen HJ,
et al. Background mutation frequency in microsatellite-unstable colorectal cancer.
Cancer Res (2007) 67(12):5691-8. doi: 10.1158/0008-5472.CAN-06-4314

80. Ren H, He G, Lu Z, He Q, Li S, Huang Z, et al. Arecoline induces epithelial-
mesenchymal transformation and promotes metastasis of oral cancer by SAAIL
expression. Cancer Sci (2021) 112(6):2173-84. doi: 10.1111/cas.14866

81. Warnakulasuriya S, Chen THH. Areca nut and oral cancer: evidence from studies
conducted in humans. ] Dent Res (2022) 101(10):1139-46. doi: 10.1177/00220345221092751

82. Li X, Chen W, Gao Y, Song J, Gu Y, Zhang J, et al. FTO regulates arecoline-
exposed oral cancer immune response through PD-L1. Cancer Sci (2022) 113:2963-73.
doi: 10.1111/cas.15332

83. Minami Y, Takaki H, Yamakado K, Kudo M. How compatible are immune
checkpoint inhibitors and thermal ablation for liver metastases? Cancers (Basel) (2022)
14(9). doi: 10.3390/cancers14092206

84. Yang X, Gao M, Xu R, Tao Y, Luo W, Wang B, et al. Hyperthermia combined
with immune checkpoint inhibitor therapy in the treatment of primary and metastatic
tumors. Front Immunol (2022) 13:969447. doi: 10.3389/fimmu.2022.969447

85. Xiao Z, Li T, Zheng X, Lin L, Wang X, Li B, et al. Nanodrug enhances post-ablation
immunotherapy of hepatocellular carcinoma via promoting dendritic cell maturation and
antigen presentation. Bioact Mater (2023) 21:57-68. doi: 10.1016/j.bioactmat.2022.07.027

86. GuX, ZhangY, Li D, Cai H, Cai L, Xu Q. N6-methyladenosine demethylase FTO
promotes M1 and M2 macrophage activation. Cell Signal (2020) 69:109553.
doi: 10.1016/j.cellsig.2020.109553

87. Noy R, Pollard JW. Tumor-associated macrophages: from mechanisms to
therapy. Immunity (2014) 41(1):49-61. doi: 10.1016/j.immuni.2014.06.010

88. Mehla K, Singh PK. Metabolic regulation of macrophage polarization in cancer.
Trends Cancer (2019) 5(12):822-34. doi: 10.1016/j.trecan.2019.10.007

89. Zhao M, Bian YY, Yang LL, Chen YQ, Wang YJ, Ma YT, et al. HuoXueTongFu
formula alleviates intraperitoneal adhesion by regulating macrophage polarization and
the SOCS/JAK2/STAT/PPAR-gamma signalling pathway. Mediators Inflammation
(2019) 2019:1769374. doi: 10.1155/2019/1769374

90. Nakasaki M, Hwang Y, Xie Y, Kataria S, Gund R, Hajam EY, et al. The matrix
protein Fibulin-5 is at the interface of tissue stiffness and inflammation in fibrosis. Nat
Commun (2015) 6, 8574. doi: 10.1038/ncomms9574

91. Zhang J, Reinhart-King CA. Targeting tissue stiffness in metastasis:
mechanomedicine improves cancer therapy. Cancer Cell (2020) 37(6):754-5.
doi: 10.1016/j.ccell.2020.05.011

92. de Bruyn JR, van den Brink GR, Steenkamer J, Buskens CJ, Bemelman WA,
Meisner S, et al. Fibrostenotic phenotype of myofibroblasts in crohn's disease is

Frontiers in Oncology

12

10.3389/fonc.2023.1241357

dependent on tissue stiffness and reversed by LOX inhibition. J Crohns Colitis (2018)
12(7):849-59. doi: 10.1093/ecco-jcc/jjy036

93. HuZ, Li Y, Yuan W, Jin L, Leung WK, Zhang C, et al. N6-methyladenosine of
Socsl modulates macrophage inflammatory response in different stiffness
environments. Int ] Biol Sci (2022) 18(15):5753-69. doi: 10.7150/ijbs.74196

94. Li Y, Su R, Deng X, Chen Y, Chen J. FTO in cancer: functions, molecular
mechanisms, and therapeutic implications. Trends Cancer (2022) 8:598-614.
doi: 10.1016/j.trecan.2022.02.010

95. Huang Y, Su R, Sheng Y, Dong L, Dong Z, Xu H, et al. Small-molecule targeting
of oncogenic FTO demethylase in acute myeloid leukemia. Cancer Cell (2019) 35
(4):677-691.e610. doi: 10.1016/j.ccell.2019.03.006

96. Wei H, Li Z, Liu F, Wang Y, Ding S, Chen Y, et al. The role of FTO in tumors and
its research progress. Curr Med Chem (2022) 29(5):924-33. doi: 10.2174/
0929867328666210714153046

97. Huff S, Tiwari SK, Gonzalez GM, Wang Y, Rana TM. m(6)A-RNA demethylase
FTO inhibitors impair self-renewal in glioblastoma stem cells. ACS Chem Biol (2021)
16(2):324-33. doi: 10.1021/acschembio.0c00841

98. Liu Y, Liang G, Xu H, Dong W, Dong Z, Qiu Z, et al. Tumors exploit FTO-
mediated regulation of glycolytic metabolism to evade immune surveillance. Cell Metab
(2021) 33(6):1221-1233.e1211. doi: 10.1016/j.cmet.2021.04.001

99. Yang S, WeiJ, Cui YH, Park G, Shah P, Deng Y, et al. m(6)A mRNA demethylase
FTO regulates melanoma tumorigenicity and response to anti-PD-1 blockade. Nat
Commun (2019) 10(1):2782. doi: 10.1038/541467-019-10669-0

100. Mo P, Xie S, Cai W, Ruan J, Du Q, Ye J, et al. N(6)-methyladenosine (m(6)A)
RNA methylation signature as a predictor of stomach adenocarcinoma outcomes and
its association with immune checkpoint molecules. J Int Med Res (2020) 48
(9):300060520951405. doi: 10.1177/0300060520951405

101. Liu M, Xu K, Saaoud F, Shao Y, Zhang R, Lu Y, et al. 29 m(6)A-RNA
Methylation (Epitranscriptomic) Regulators Are Regulated in 41 Diseases including
Atherosclerosis and Tumors Potentially via ROS Regulation - 102 Transcriptomic
Dataset Analyses. J Immunol Res (2022) 2022:1433323. doi: 10.1155/2022/1433323

102. Bonneville R, Krook MA, Kautto EA, Miya J, Wing MR, Chen HZ, et al.
Landscape of microsatellite instability across 39 cancer types. JCO Precis Oncol (2017)
2017. doi: 10.1200/p0.17.00073

103. Zhao C, Liu Y, Ju S, Wang X. Pan-cancer analysis of the N6-methyladenosine
eraser FTO as a potential prognostic and immunological biomarker. Int ] Gen Med
(2021) 14:7411-22. doi: 10.2147/TJGM.S331752

104. QingY,DongL, Gao L, Li C, Li Y, Han L, et al. R-2-hydroxyglutarate attenuates
aerobic glycolysis in leukemia by targeting the FTO/m(6)A/PFKP/LDHB axis. Mol Cell
(2021) 81(5):922-939.€929. doi: 10.1016/j.molcel.2020.12.026

105. Mittenbuhler MJ, Saedler K, Nolte H, Kern L, Zhou J, Qian SB, et al. Hepatic
FTO is dispensable for the regulation of metabolism but counteracts HCC development
in vivo. Mol Metab (2020) 42:101085. doi: 10.1016/j.molmet.2020.101085

106. Huang J, Sun W, Wang Z, Lv C, Zhang T, Zhang D, et al. FTO suppresses
glycolysis and growth of papillary thyroid cancer via decreasing stability of APOE
mRNA in an N6-methyladenosine-dependent manner. ] Exp Clin Cancer Res (2022) 41
(1):42. doi: 10.1186/513046-022-02254-z

107. Ruan DY, Li T, Wang YN, Meng Q, Li Y, Yu K, et al. FTO downregulation
mediated by hypoxia facilitates colorectal cancer metastasis. Oncogene (2021) 40
(33):5168-81. doi: 10.1038/s41388-021-01916-0

108. Zhuang C, Zhuang C, Luo X, Huang X, Yao L, Li J, et al. N6-methyladenosine
demethylase FTO suppresses clear cell renal cell carcinoma through a novel FTO-PGC-
1o signalling axis. J Cell Mol Med (2019) 23(3):2163-73. doi: 10.1111/jcmm.14128

109. Wang R, Wang W, Wang L, Yuan L, Cheng F, Guan X, et al. FTO protects
human granulosa cells from chemotherapy-induced cytotoxicity. Reprod Biol
Endocrinol (2022) 20(1):39. doi: 10.1186/s12958-022-00911-8

110. Zhang ZW, Zhao XS, Guo H, Huang X]. The role of m(6)A demethylase FTO in
chemotherapy resistance mediating acute myeloid leukemia relapse. Cell Death
Discovery (2023) 9(1):225. doi: 10.1038/541420-023-01505-y

frontiersin.org


https://doi.org/10.3389/fphar.2021.681320
https://doi.org/10.1016/j.bbrc.2020.06.153
https://doi.org/10.1007/978-1-4615-0721-5_8
https://doi.org/10.1002/ijc.26167
https://doi.org/10.1007/s00432-019-03053-4
https://doi.org/10.1155/2010/841451
https://doi.org/10.1186/s13045-019-0738-1
https://doi.org/10.1158/0008-5472.CAN-06-4314
https://doi.org/10.1111/cas.14866
https://doi.org/10.1177/00220345221092751
https://doi.org/10.1111/cas.15332
https://doi.org/10.3390/cancers14092206
https://doi.org/10.3389/fimmu.2022.969447
https://doi.org/10.1016/j.bioactmat.2022.07.027
https://doi.org/10.1016/j.cellsig.2020.109553
https://doi.org/10.1016/j.immuni.2014.06.010
https://doi.org/10.1016/j.trecan.2019.10.007
https://doi.org/10.1155/2019/1769374
https://doi.org/10.1038/ncomms9574
https://doi.org/10.1016/j.ccell.2020.05.011
https://doi.org/10.1093/ecco-jcc/jjy036
https://doi.org/10.7150/ijbs.74196
https://doi.org/10.1016/j.trecan.2022.02.010
https://doi.org/10.1016/j.ccell.2019.03.006
https://doi.org/10.2174/0929867328666210714153046
https://doi.org/10.2174/0929867328666210714153046
https://doi.org/10.1021/acschembio.0c00841
https://doi.org/10.1016/j.cmet.2021.04.001
https://doi.org/10.1038/s41467-019-10669-0
https://doi.org/10.1177/0300060520951405
https://doi.org/10.1155/2022/1433323
https://doi.org/10.1200/po.17.00073
https://doi.org/10.2147/IJGM.S331752
https://doi.org/10.1016/j.molcel.2020.12.026
https://doi.org/10.1016/j.molmet.2020.101085
https://doi.org/10.1186/s13046-022-02254-z
https://doi.org/10.1038/s41388-021-01916-0
https://doi.org/10.1111/jcmm.14128
https://doi.org/10.1186/s12958-022-00911-8
https://doi.org/10.1038/s41420-023-01505-y
https://doi.org/10.3389/fonc.2023.1241357
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	FTO plays a crucial role in gastrointestinal cancer and may be a target for immunotherapy: an updated review
	Introduction
	Introduction to FTO
	FTO and GIC
	FTO and EC
	FTO and GC
	FTO and CRC
	FTO and LC
	FTO and PC
	Potential immunomodulatory effects of FTO
	FTO modulates the immune microenvironment in CRC
	FTO modulates the immune microenvironment in oral squamous cell carcinoma
	FTO modulates the immune microenvironment in LC
	FTO modulates macrophage activation
	FTO as a therapeutic target
	Discussion and future direction
	Conclusion
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


