
                            European Journal of Histochemistry 2024; volume 68:4145

High WTAP expression level as a promising biomarker for poor 
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Colorectal cancer (CRC) is a major public health concern and identifying prognostic molecular biomarkers can
help stratify patients based on risk profiles, thus enabling personalized medicine. Epitranscriptomic modifica-
tions play a relevant role in controlling gene expression, N6-methyladenosine (m6A) regulators play crucial
roles in cancer progression, but their clinical significance in CRC cancer has thus far not been elucidated. Thus,
we aimed to examine by immunohistochemical techniques and RT-qPCR, protein levels and RNAs expression
of m6A writers (METTL3, WTAP) and eraser (FTO) in a cohort of 10 patients affected by CRC. The patients
were followed for 5 years and values of METTL3, WTAP and FTO RNAs in alive vs dead patients were com-
pared. Proteins expression and RNAs expression had a different trend, METTL3, WTAP and FTO proteins’
expression showed an increasing trend from non-cancerous adjacent (N) tissue vs carcinoma (CA) tissue G1
stage, and then a decreasing trend from G1 to G2 and G3 stages. The most marked increase was observed in
WTAP that, from a 40% of protein expression positivity in N tissue raised to the 81% of positivity in G1 stage
K tissue. RNAs expression of METTL3, WTAP and FTO genes in N tissue vs G1 stage CA tissue was signifi-
cantly different, the analysis and comparison of RNAs values in patient alive after 5 years (0.58±0.04) vs
patients dead after 5 years (1.69±0.29) showed that only WTAP values resulted significantly high in dead
patients. The fact that WTAP protein expression levels lower while WTAP RNA expression remains high, let
us hypothesize a sort of inhibition of protein expression, but further studies are needed to clarify the mecha-
nism. Although the results suggest a relationship between biological meaning and prognostic utility of WTAP,
this prognostic utility must be confirmed by further studies on a larger sample. 
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Introduction
Colorectal cancer (CRC) is a prevalent malignancy affecting

the colon or the rectum, representing the third most common can-
cer worldwide. In Europe, in 2020, CRC was estimated to be the
second most diagnosed cancer and the second leading cause of
cancer death.1 Although early CRC detection reduces patients’
mortality2 and there are significant advancements in diagnostic
techniques and treatment approaches, the clinical outlook for CRC
individuals remains unsatisfactory due to the advanced stage at the
time of diagnosis, when cancer invades secondary organs, such as
the liver.3 The limits of current non-invasive diagnostic screening
that are not sensitive to detect pre-cancerous lesions and difficulty
in establishing appropriate surrogate markers for early disease
detection driven researchers to find new prognostic biomarkers to
predict disease progression including early recurrence and mortal-
ity 

Currently, only KRAS, NRAS, BRAF, and MSI status are rec-
ommended by national guidelines in evaluating treatment response
and predicting outcomes in CRC.4-7

In a modern view of personalized medicine, molecular bio-
markers with a possible prognostic value are needed to guide cli-
nicians in tailoring therapies based on the specific biological fea-
tures of the tumor. Hence, a thorough investigation into the molec-
ular biology of CRC is essential to identify new biomarkers for the
prognosis of CRC progression. Since cancer tissues showed differ-
ent gene expression profiles compared to regular counterparts, the
study of gene expression regulation in cancer has been well inves-
tigated. In this context, epitranscriptomic modifications are rele-
vant in controlling gene expression.8,9 In particular, the N6-methy-
ladenosine (m6A) modification represents one of the most wide-
spread epigenetic methylations of both mRNAs and noncoding
RNAs (ncRNAs),10-12 affecting significantly various aspects of
RNA, including translation, splicing, transport, and stability.13,14

Several studies revealed that the abnormal methylation of m6A is
associated with different types of cancers15 suggesting its crucial
role in the tumorigenesis process.16-18 m6A modification is per-
formed by other enzymes, including methyltransferases, RNA-
binding proteins, and demethylases.19 Methyltransferases catalyze
RNA m6A modification, and they are composed of several proteins
like METTL3 (methyltransferase like 3) and WTAP (Wilms
tumor1 associating protein); on the contrary, demethylases remove
m6A modification of RNA and they include FTO (fat mass and
obesity-associated protein) which is the first m6A demethylase dis-
covered; finally, RNA-binding proteins bind RNA and regulate
gene expression. Considering their functional activity, 
methyltransferases are called “writers,” demethylases “erasers,”
and RNA-binding proteins “readers”.20,21 To find possible new
molecular biomarkers for CRC prognosis, we investigated the
mRNA and protein expression of m6A writers (METTL3, WTAP)
and eraser (FTO) in a group of 10 CRC patients, comparing protein
expression levels in normal-adjacent tissues vs G1-G3 CRC tissues
and examining RNAs expression between adjacent non-cancerous
tissues and CRC tissues, comparing then their values, after 5 years,
in patients who were still living and those who had died.

Materials and Methods

Ethics statement
This pilot study was approved by the Institutional Review

Board of the Sapienza University of Rome (RS5304/2019) and
conducted according to good clinical practice and the ethics of the
Helsinki Declaration. 

Patients’ characteristics and sample collection 
Adjacent non-cancerous tissue and corresponding different

grades (G1, G2, and G3) of tumoral tissue were retrieved from a
cohort of 10 patients (5 women, and 5 men, older than 56 years),
affected by CRC at different stages (I-IV), according to the Tumor
Nodes Metastasis (TNM) staging system and Tumor grades (G1-
G3) subjected to surgery at Sant’Andrea Hospital in Rome from
May 2018 to July 2020. Table 1 reports each patient’s colon cancer
location, TNM staging, and tumor grade.

The histological subtype and tumor grade assignment were
based on the percentage of glandular structure formation in the
tumor area according to WHO classification:19 grade G1 >95%,
grade G2 50-95%, grade G3 0-49%, G4-no gland formation. 

According to WHO recommendations, all the examined sam-
ples belonged to grades G1-G3; G1-G2 were considered tumors
with low malignancy, and G3-G4 were considered with a high
degree of malignancy.22-24

Patients with a newly histologically confirmed diagnosis of
primary colon neoplasm cancer (by an expert pathologist (E.P.) of
the Pathology Lab of Sant’Andrea Hospital), who underwent
laparoscopic resection surgery with curative intent, were eligible.
The exclusion criteria adopted were pregnancy, relapsing cancer or
metastatic cancer, simultaneous diagnosis of other neoplasms, can-
cer treatment in the five years before recruitment, severe cardio-
vascular, pulmonary, orthopedic, and neurological pathologies,
cognitive impairment, and regular use of immunosuppressive
drugs. The study was explained in detail during the assessment,
and the inclusion and exclusion criteria were evaluated. Eligible
patients who agreed to participate signed written informed consent.
The list of 5-year survived and dead patients with respective tumor
locations, TNM, and tumor grades are reported in Table 2.

Histopathological procedures
Colon carcinoma specimens were fixed in 3,7% formalin (Bio-

Optica, Milan, Italy) for 48 h, at room temperature, dehydrated in
the ascending series of alcohol, dipped in xylene, embedded in
paraffin blocks, and cut with a microtome (RM2255; Leica,
Wetzlar, Germany) into 2 µm thick serial sections. Sections were
then deparaffined and hydrated through xylenes and a descending
series of alcohol, stained with Hematoxylin and Eosin (H&E)
according to the manufacturer’s instruction (Bio Optica) and
observed by light microscopy (microscope Axioskop 40; Zeiss,
Göttingen, Germany) for morphological evaluations.

Immunohistochemistry
Deparaffinized sections were boiled in 10 mM citrate buffer,

pH 6.1 (Bio-Optica) in a microwave at 720 W (3 cycles/3 min
each) for antigen retrieval. The sections were then subjected to
treatment for blocking endogenous peroxidase activity (Dako,
Glostrup, Denmark). After thorough washing, sections of each
sample were incubated, overnight at 4°C, with M.O.M rabbit IgG
blocking reagent (Vector Laboratories, Newark, CA, USA) accord-
ing to the manufacturer’s protocol. Later sections were incubated
with rabbit polyclonal primary antibodies, anti-FTO, anti-METTL-
3, or anti-WTAP, (Proteintech, Planegg-Martinsried, Germany)
diluted 1:200 in M.O.M diluent for 30 min, according to the Vector
Laboratories instructions. Primary antibodies were then revealed
by biotinylated anti-rabbit IgG, followed by streptavidin- horse-
radish peroxidase (HRP), 3,3-diaminobenzidine (DAB) substrate
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buffer, and DAB (Dako kit, Santa Clara, CA, USA), according to
manufacturer’s instructions.25 Negative controls were performed
by omitting the primary antibody and substituting it with M.O.M
diluent alone. Sections were counterstained with hematoxylin
(Bio-Optica). Finally, three different sections for each sample were
dehydrated and mounted with Neomount (Merck, Darmstadt,
Germany). Twenty microscopic fields for each section were
observed by a 40x objective, and photographed under the Zeiss
microscope Axioskop 40, equipped with a Zeiss AxioCamMRc
digital camera (Zeiss). The percentage of positivity to examined
markers was obtained by recording the positive cells/total cell
nuclei ratio.

Light and transmission electron microscopy procedures
Samples were prepared according to this procedure: fixation in

2.5% glutaraldehyde (Electron Microscopy Sciences, EMS, Hat-
field, PA, USA) in Phosphate buffer 0.1M pH 7.4, for at least 48 h,
at 4°C; post-fixation in osmium tetroxide 1.33% in dH2O (Agar
Scientific, Stansted, UK), for 2 h; dehydration in ascending alcohol
series; propylene oxide (Sigma-Aldrich, St. Louis, MO, USA) for
40 min; 1:1 solution of propylene oxide/epoxy resin (Agar
Scientific); overnight epoxy resin embedding and polymerization
in a stove for 48 h at 60°C. 

Resin blocks were cut with a diamond knife in semithin (1 μm
thick, for light microscopy) and ultrathin (90-100 nm thick) sec-
tions using an Ultracut E ultramicrotome (EMUC6, Leica).
Semithin sections were stained with methylene blue (Sigma-
Aldrich) and photographed with the Zeiss Axioskop 40 micro-
scope. Digital images were acquired by the Zeiss AxioCamMRc
camera. Ultrathin sections were mounted on 100-mesh copper
grids (Assing, Rome, Italy), contrasted using Uranyless (Uranyl
acetate alternative) (TAAB Laboratories Equipment Ltd.,
Aldermaston, UK) and lead citrate (Electron Microscopy
Sciences) and analyzed using a TEM (EM10, Zeiss, Oberkochen,
Germany), operating at 60 kV. Images were acquired using a digi-
tal camera (AMT CCD, Deben UK Ltd., Suffolk, UK).26-30

Molecular characterization of samples: RNA
extraction and RNA expression analysis

Fresh frozen samples were homogenized by a gentle dissocia-
tor (Miltenyi Biotec, Bergisch Gladbach, Germany) in 700 μL of
Qiazol (Qiagen, Chatsworth, CA) and RNA was extracted follow-
ing the manufacturer’s instruction. The concentration and purity of
total RNA were assessed using a Nanodrop TM 1000 spectropho-
tometer (Nanodrop Technologies, Wilmington, DE, USA). A quan-
tity of 250 ng of total RNA was reverse transcribed using High-
Capacity RNA-to-cDNA Kit (Applied Biosystems, Carlsbad, CA,
USA) and diluted 1:5 for Quantitative Real-time PCR (RT-qPCR)
experiments. Quantification of gene expression was measured by
Sybr Green assay (Applied Biosystems) on Abi Prism 7500
Sequence Detection System (Applied Biosystems), using the fol-
lowing primers:

WTAP (FW: 5’- GGCGAAGTGTCGAAT GCT- 3’; RW: 5’-
CCAACTGCTGGCGTGTCT-3’); METTL3 (FW: 5’-
AAGCAGCTGGACTCTCTGCG-3’; RW: 5’- GCA CTGGGCT-
GTCAC-TACGG-3’); FTO (FW: 5’-TGGGTTCATCCTA-
CAACGG-3’; RW: 5’-CCTCTTCAGGGCCTTCAC-3’).

Gene expression levels were analyzed by absolute quantifica-
tion method relative to a standard curve; the standard curve was
performed with serial dilution of a reference cDNA obtained from
RNA extracted from a tumor sample. All reactions were performed
in duplicate.

Statistical analyses
Molecular data were statistically evaluated by the software by

MedCalc© software (version 20.218, MedCalc Software Ltd.,
Ostend, Belgium) and SPSS© statistical software (version 29,
IBM©, Milan, Italy). The statistical analysis of immunohistochem-
ical data, expressed as mean ±SD was calculated using a paired
parametric t-test for matched samples. The statistical analysis of
METTL3, WTAP, and FTO gene expression data, evaluated by RT-
qPCR, using the paired parametric t-test for matched samples and
the bootstrap estimation of the confidence interval (Cohen’s d
effects size).31 Differences in values were considered significant at
p<0.05.

Results

Histopathological observations
Representative images of adjacent non-cancerous and cancer-

ous colorectal tissue are represented in Figure 1 by hematoxylin-
eosin (A-D) and methylene blue (E-H) staining. Ultrastructural
analysis of ultrathin sections to transmission electron microscopy
is also reported (Figure 1 I-N). 

Compared to adjacent non-cancerous colonic mucosa (Figure
1A), tumoral tissues showed an altered architecture characterized
by shorter and coiled glandular structures in the G1 and G2 stages
(Figure 1 B,C) that remained as scattered glands remnants and dis-
played a spheroidal shape in G3 stage (Figure 1D). In addition,
whereas the adjacent non-cancerous colonic mucosa showed well-
differentiated enterocytes and goblet cells ordinately arranged in a
monolayer (Figure 1E) the G1 sample displayed a tortuous struc-
ture of colonic glands, enterocytes, and goblet cells with heteroge-
neous shapes: taller and thinner cells, shorter and larger cells,
apoptotic and necrotic cells, and capillary vessels (Figure 1F).
Severely altered colonic gland structures characterized by different
intensities of connective tissue in the lamina propria associated
with an increased number of apoptotic and necrotic cells are shown
in the G2 sample. Moreover, enterocytes were poorly differentiat-
ed, with large nuclei showing chromatin patches (Figure 1G).
More alteration is shown in the G3 stage. The glandular structures
were almost in-distinct, characterized by a few scattered remnants
of still differentiated enterocytes dispersed in a context of undiffer-
entiated round cells with large nuclei. Large and irregular capillary
vessels are often detected (Figure 1H). Details of the enterocytes
and goblet cells’ ultrastructure to electron microscopy showed that
well-differentiated enterocytes exhibit preserved junctional com-
plexes and microvilli. In addition, the enterocyte borders a goblet
cell in the right corner of the image (Figure 1I). Enterocytes in the
G1 stage, although still well-differentiated and in tight contact with
each other, showed irregular nuclei and enlarged endoplasmic
reticulum (Figure 1L). Enterocytes in the G2 stage appeared as het-
erogeneous cells with a cubic/round shape rather than columnar
and irregular microvilli that often lack polarity. Irregular nuclei
and large cytoplasmic vacuoles are present (Figure 1M). Finally,
enterocytes in the G3 stage were characterized by numerous undif-
ferentiated round cells that lost contact with neighboring cells.
Their cytoplasm is rich in mitochondria, and their nuclei show
chromatin patches. Although the undifferentiated cells were more
abundant than differentiated ones, the latter were still recognizable
as enterocytes (Figure 1N).
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Immunohistochemical results
METTL3, WTAP, and FTO protein expression revealed by

immunohistochemical staining are represented in Figures 2 and 3.
The immunohistochemical staining for METTL3 (Figure 2 A-D)
demonstrated that the protein, localized in the nucleus and cyto-
plasm was expressed in adjacent non-cancerous tissue. The protein
level increases in G1, remains quite stable in G2 and declines in
G3 tissue. In addition, in G1 and G2 the protein has a localization
strongly nuclear and cytoplasmic whereas in G3 becomes perinu-
clear in some cells and predominantly cytoplasmic in all tissue
cells tissue. WTAP staining (Figure 2 E-H) indicated that the pro-
tein was expressed at deficient levels (40%) in adjacent non-can-
cerous tissue with cytoplasmic localization. Protein expression
strongly increases in G1 (81%), localizing in the nucleus, then it
declines in G2 and slightly in G3 stages. Finally, FTO staining
(Figure 2 I-N) showed that the protein with almost mainly nuclear
localization in adjacent non-cancerous tissue increases in colorec-

tal G1 tumor grade exhibiting a nuclear and cytoplasmic localiza-
tion and then decreases in G2 tumor grade (M) in G3 tissues,
changing its localization from nuclear to more cytoplasmic. To
clarify even more the pattern of expression of METTL3, WTAP,
and FTO as a function of the degree of malignancy, we have graph-
ically depicted the percent cell positivity for each of the three
markers (Figure 3), values obtained from analysis of immunohis-
tochemical images in Figure 2. It can be seen from the graph that
METTL3 value increases from adjacent non-tumoral tissue to G1
grade tissue, declines slightly in G2, and then declines again in G3.
WTAP shows a marked difference in expression between adjacent
non-tumoral tissue and G1 grade tissue, its expression then drops
slightly in G2 and then again in G3. FTO value increases slightly
from adjacent non-tumoral tissue to G1 grade tissue, increases
again in G2, and then declines in G3. A statistical analysis of these
data was not performed because the sample of patients for each
tumor grade was too small (Table 1).
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Figure 1. Histological analyses of adjacent non-cancerous and cancerous tissue in patients with different tumor grades (G1, G2, and G3).
A-D) H&E staining, scale bar: 50 µm. A) adjacent non-cancerous mucosa with well-developed glands. B) G1 stage colonic mucosa with
moderately altered glands. C) G2 stage with severely altered glands. D) G3 stage colonic mucosa, colonic glands are virtually unrecog-
nizable. E-H) Semithin sections stained with methylene blue, scale bar: 50 µm. E) in the normal colonic mucosa, the epithelium presents
enterocytes, goblet cells ordinately arranged (asterisk), and the submucosa well vascularized (arrows). F) The colonic epithelium exhibits
an irregular layer due to the heterogeneous shape of enterocytes; taller and thinner cells are inter-mingled with shorter and larger cells, and
some apoptotic and necrotic cells are visible (asterisks); the submucosa is richly vascularized (arrows). G) A severely altered colonic gland
structure characterizes the G2 sample; numerous apoptotic and necrotic cells (asterisks) are visible; less differentiated enterocytes with
large nuclei showing chromatin patches are present. H) In the G3 stage, no clear distinction between epithelium and submucosa is evident;
glandular structures are almost unrecognizable; most cells are undifferentiated (asterisks); capillary vessels are more prominent and irreg-
ular (arrow). I-N) transmission electron microscopy images; scale bars: I,L) 1 µm, M,N) 2 µm. I) Enterocytes with intact junctional com-
plexes (asterisks) and microvilli (arrows) and a goblet cell (g) are illustrated. L) G1 stage enterocytes are still well-differentiated, main-
taining intercellular contact; nuclei are irregular, and the endoplasmic reticulum (asterisks) is enlarged. M) Enterocytes in G2 have
cubic/spherical shapes rather than columnar; often, they lack polarity, showing few microvilli (arrow); irregular nuclei and large cytoplas-
mic vacuoles (asterisks) are present. N) Undifferentiated round cells (asterisks) characterize the G3 stage; their cytoplasm is rich in mito-
chondria and nuclei show chromatin patches; these cells lose contact with neighbor cells.
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Writers and erasers RNAs expression
The expressions of METTL3, WTAP, and FTO RNAs, has

been evaluated by RT-qPCR in adjacent non-cancerous (N) and
carcinoma (CA) tissue, results are illustrated in Figure 4. Results
demonstrated that all the markers were significantly more

expressed (p<0.05) in colon carcinoma tissue. Statistical data
analysis was performed firstly by summary statistics and then,
being the distributions normal according to D’Agostino Pearson
test, using parametric t-test, detailed results are reported in the cap-
tion of Figure 4. The data were also confirmed using the bootstrap
estimation of the confidence interval. Cohen’s d values of 1.418

Figure 2. Immunohistochemical staining of METTL3, WTAP, and FTO in adjacent non-cancerous tissue samples and different tumor
grades (G1, G2, and G3). A-D) METTL3 staining shows that the expression of the protein increases in the G1 remaining quite similar in
G2 stages (B,C) compared with normal adjacent tissue (A) and decreases in G3 (D); the protein localization was strongly nuclear (*) and
slightly cytoplasmic both in adjacent non-cancerous tissue and G1/ G2 grade and became perinuclear (arrows) and in G3 tissue. E-H)
WTAP staining highly increases from normal adjacent colon tissue to G1 and declines in advanced stages (G2, G3) exhibiting nuclear and
cytoplasmic localization. I-N) FTO staining increases its expression in G1 grade (L) and decreases in the advanced stages of G2 and G3
(M,N) changing its localization from nuclear to cytoplasmic. Scale bars: 50 µm.

Table 1. Colon cancer location, TNM staging, and tumor grade of patient’s cohort.

Patient ID                                        Location                                             TNM                                                            Tumor grade

SR 13150                                                   Colon LT                                                     IIA                                                                                G1
TD 2078                                                    Colon RT                                                     IIB                                                                                 G2
LB 12460                                                  Colon RT                                                    IIIB                                                                                G2
AP 13733                                                   Colon LT                                                     IVA                                                                                G3
CR 13456                                                  Colon LT                                                    IIIB                                                                                G2
SO 13265                                                  Colon RT                                                    IVB                                                                                G1
FG 13820                                                  Colon RT                                                     IIA                                                                                G1
MA 11899                                                  Colon LT                                                    IIIC                                                                                G3
OG 11994                                                  Colon RT                                                       I                                                                                   G1
FA 11539                                                   Colon RT                                                    IIIB                                                                                G3

LT, left; RT, right.
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for METTL3; 1.424 for WTAP; and 1.182 for FTO; indicate that
the effect size value was substantial (interpreting Cohen’s d key:
d=0.2 small effect; d=0.5 medium effect; d=0.8 significant impact,
a generally accepted minimum level of power is 0.80). To evaluate
if METTL3, WTAP, and FTO RNAs values could be used as prog-
nostic markers we compared their expression in the carcinoma tis-
sue of patients alive after 5 years and in the carcinoma tissue of
patients dead after 5 years (Figure 5). The list of alive and dead
patients with respective tumor locations, TNM, and tumor grades
is reported in Material and Methods (Table 2). In our study no spe-
cific location is prevalent; however, most dead patients had an
advanced TNM stage and tumor grade.

Even if our cohort is small, the results suggested that only
WTAP expression levels were statistically significant in the carci-
noma tissue patients alive after 5 years vs carcinoma tissue of
patients dead after the same time. Considering the overall data, it
is interesting to note that protein levels have a different trend from
RNAs levels, protein levels increase from normal adjacent to G1
stage and then decrease in G2 and G3 stages, while RNA, in par-
ticular WTAP RNA remains high in high tumor grades, suggesting
that high levels of WTAP RNA could be a promising biomarker for
poor CRC prognosis. The fact that protein levels decreases while
RNA level remains high must be furtherly evaluated. The trends of
the other two markers do not change significantly, but we observed
a change in the localization of their expression from nuclear to
cytoplasmic, this change might be related to a functional change.

Discussion
CRC is a major health concern worldwide, with a high inci-

dence and mortality rate. Biomarkers play a crucial role in detect-
ing, treating, and managing CRC, with ongoing research aimed at
identifying effective prognostic and predictive markers to improve
patient outcomes.

m6A modification, one of the most frequent and recurrent
RNA modifications, has been implicated in various aspects of CRC
development and progression.32,33 Studies have shown that m6A
modification can inhibit CRC’s proliferation and metastasis by
affecting specific RNA molecules’ stability. Furthermore, m6A
modification has been associated with lipid metabolism in CRC,
suggesting its involvement in metabolic pathways crucial for can-
cer progression.34

The dysregulation of m6A modification patterns in CRC has
been linked to prognosis and tumor microenvironment infiltration,
indicating its potential as a prognostic marker and impact on the
immune response within the tumor microenvironment.35 m6A-relat-
ed genes and regulators have been identified as potential therapeutic
targets in CRC, emphasizing the importance of understanding the
role of m6A modification in this cancer.36 Moreover, m6A modifica-
tion has been shown to influence the expression of specific onco-

genes and tumor suppressor genes in CRC, further underlining its
role in the epigenetic dysregulation observed in this cancer.37

Overall, m6A modification in CRC is a complex and multifac-
eted process that affects various aspects of cancer biology, includ-
ing gene expression regulation, tumor microenvironment interac-
tions, and therapeutic responses. Understanding the mechanisms
underlying m6A modification in CRC is crucial for developing tar-
geted therapies and im-proving patient outcomes.

The METTL3 expression has been extensively studied in
CRC37 and was found also highly expressed in other cancers such
as breast and liver cancer.38,39 The work of Lan et al.38 reported a
significant upregulation of METTL3 in tumor tissues compared to
adjacent normal tissues. In the paper of Li et al.40 was observed a
higher expression level of METTL3 in CRC tissues compared with
neighboring tissues.

We observed that in our patients, METTL3 protein value
increases from adjacent non-tumoral tissue to G1 grade tissue
(Figure 3), decreases slightly in G2, and further de-creases in G3.
Our findings indicate that METTL3 protein expression is altered in
CRC, with consistent evidence pointing toward its upregulation in
cancerous tissues,41 in agreement with the studies.37-40

WTAP protein expression showed a marked increase between
adjacent non-tumoral tissue and G1 grade tissue, its expression
then drops slightly in G2 and then again in G3. According to Dong
et al.,41 we observed an upregulation of WTAP protein expression
in CRC, suggesting that WTAP may play a crucial role in CRC

Figure 3. METTL3 WTAP and FTO protein levels were expressed
in adjacent non-cancerous and G1-G3 cancerous tissues. m6A pro-
tein expression values are the mean ± SD of 10 counts in triplicate
for each sample.

Table 2. Colon cancer location, TNM, and tumor grade in 5-year survived and dead patient.

5-year survived patientsLocation     TNM     Tumor grade   Patients dead after 5 years     Location               TNM         Tumor grade

SR 13150/18                         Colon LT            IIA                  G1                             AP 13733/18                     Colon LT                    IVA                      G3
TD 2078/19                           Colon RT            IIB                   G2                             SO 13265/18                     Colon RT                    IVB                      G1
LB 12460/18                         Colon RT           IIIB                  G2                            MA 11899/18                     Colon LT                    IIIC                      G3
CR 13456/18                         Colon LT            IIIB                  G2                            OG 11994/18                     Colon RT                      I                         G1
FG 13820/18                         Colon RT            IIA                  G1                             FA 11539/18                     Colon RT                    IIIB                      G3

LT, left; RT, right.
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development. Furthermore, Dai et al.42 demonstrated that WTAP
mediates the N6-methyladenosine modification of PDK4, influ-
encing the malignant behaviors of CRC cells both in vitro and in
vivo. This data indicates that WTAP’s involvement in m6A modi-
fication contributes to the aggressiveness of CRC. Moreover, Ye et
al.43 revealed that WTAP activates MAPK signaling through m6A
methylation in VEGFA mRNA, mediated by YTHDC1, promoting
CRC development. This suggests a mechanistic link between
WTAP, m6A modification, and CRC progression. Additionally, Ye
et al.43 and Zhou et al.44 both highlighted WTAP as a novel onco-
gene in CRC through the Wnt signaling pathway, emphasizing its
significance in driving CRC pathogenesis.

In a broader context, WTAP has been implicated in various
cancers, including CRC, as confirmed by different authors.45-49

Heng et al.47 further supported the role of ARRB2 in promoting
CRC growth through triggering WTAP, suggesting a complex
interplay between different factors in CRC progression. Data on
WTAP protein expression in our patients resulted in statistically
significant differences in normal vs G1 tumor tissue; WTAP
expression de-creases in advanced cancer stages, in agreement
with the results of Dong et al.41

FTO value increases slightly from adjacent non-tumoral tissue
to G1 grade tissue, increases slightly again in G2, and then declines
in G3. 

The expression of the FTO gene in CRC has been a subject of
research to understand its role in cancer progression and its poten-
tial role as a biomarker or therapeutic target.

In agreement with our results, many studies report that FTO
expression is significantly higher in colorectal tumor tissues than
in healthy tissues, demonstrating correlations between tumor stage
and metastasis.50-53 However, Liu et al.54 showed no significant dif-

ference in FTO expression in CRC compared to the one in normal
tissue, thus indicating variability in its expression pattern. FTO
protein is downregulated in CRC tissues and associated with poor
prognosis and increased recurrence.51 Accordingly, our histochem-
ical results showed an elevated FTO expression in the G1 stage of
CRC compared to normal tissue; however, FTO expression
decreases in the G2 and G3 stages. Interestingly, protein localiza-
tion changes from nuclear to cytoplasmic in advanced cancer
stages. The complex and unclear role of FTO in CRC could be
linked to FTO involvement in CRC progression through various
pathways, including the AMPKα2-FTO-m6A/MYC axis and the
Wnt/β-catenin pathway.50,55 Interestingly, the expression of FTO in
CRC is associated with the tumor microenvironment, suggesting
its involvement in tumor-stroma communication and possibly in
early carcinogenic stages.53 The subcellular localization of FTO
protein in CRC at different stages has been a matter of significant
interest,56 demonstrated that the spatial distribution of FTO influ-
ences its demethylase activity: cytoplasmic FTO catalyzes the
demethylation of both m6A and cap-m6A, while nuclear FTO pref-
erentially demethylates m6A, potentially due to accessibility con-
straints to the cap-moiety. Furthermore, Ruan et al.52 provided
insights into the downregulation of FTO protein expression medi-
ated by hypoxia. This leads to increased ubiquitin-mediated pro-
tein degradation, which may contribute to the observed shift from
nuclear to cytoplasmic expression in advanced stages of CRC.
Addition-ally, Gui et al.57 highlighted the association of FTO with
RNA N6-methyladenosine methyltransferase complex and nuclear
speckles, indicating its nuclear localization and potential role in the
regulation of gene expression. These findings suggest that the
dynamic subcellular localization of FTO in CRC may be influ-
enced by hypoxia-induced downregulation, different target sub-

Figure 4. METTL3 WTAP and FTO RNAs expression in patients
with different tumor grades (G1, G2, and G3). METTL3, WTAP,
and FTO RNAs expression in adjacent non-cancerous (N) and car-
cinoma (CA) tissue, evaluated by RT-qPCR are significantly dif-
ferent (p<0.05) as calculated by Paired sample t-test (METTL3 N,
arithmetic mean=1.6786 SD=0.4281; METTL3 CA, arithmetic
mean=2.8873 SD=0.9130, t=4.484 p=0.002); WTAP N (arithmetic
mean=0.5470 SD=0.1388; WTAP CA, arithmetic mean=1.1369
SD=0.6183, t=3.597, p=0.005); FTO N, (arithmetic mean=0.4472
SD=0.1922; FTO CA, arithmetic mean=0.7342 standard devia-
tion=0.2775; t=4.132, p=0.002).

Figure 5. Comparison of METTL3 and WTAP and FTO expres-
sion in 5-year-survived (CAL) tumor tissue and dead patients
(CAD). Between METTL3 CAL (arithmetic mean=2.7522
SD=0.6247) and METTL3 CAD (arithmetic mean=3.0225
SD=1.1999) no significant difference exists (t=0.447, p=0.6669).
Instead, WTAP expression in CAL (arithmetic mean=0.5814
SD=0.04016) was lower and significantly different (t=9.447,
p≤0.0007) from the value in CAD (arithmetic mean 1,6923 stan-
dard deviation = 0,2954). About FTO, no significant difference
(t=0.670, p=0.5215) exists between the two groups (FTO CAL
arithmetic mean=0.7588 SD=0.1090; FTO CAD arithmetic
mean=0.8497 SD=0.2827).
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strates, and its association with nu-clear components. All the above
provide valuable insights into the mechanistic basis for the
observed shift -from nuclear to cytoplasmic expression- in the
advanced stages of CRC. To evaluate which among METT3,
WTAP, and FTO, had the characteristics of a prognostic biomarker
we compared the values of METTL3, WTAP, and FTO RNAs in
the tumor tissue of patients alive after 5-year vs those in the tumor
tissue of dead patients after the same time. METTL3 level of alive
patients was found not significantly different from the value in
dead patients, the same was for FTO values. 

Instead, in our cohort WTAP RNA expression in the tumor tis-
sue of alive patients was lower than WTAP level in the tumor tis-
sue of dead patients. Thus, we suggest that WTAP’s RNA high
expression level could be considered a promising biomarker for
poor prognosis. The impact of WTAP RNA overexpression on the
survival of CRC patients is a matter of clinical significance.
WTAP protein expression is upregulated in CRC and negatively
associated with tumor differentiation, but no clear relationship
between WTAP RNA and patient prognosis has been established
until now as stated in the large study of Dong et al.41 The hypoth-
esis may be that protein levels decreases while RNA level remains
high due to a sort of suppression of protein expression. The recent
findings of Liu et al.58 suggested that hypoxia reduced WTAP
expression in CRC cells by decreasing the ubiquitin-mediated
breakdown of WTAP. 

In this study we examined the trend of METTL3, WTAP and
FTO protein and RNA expression in a cohort of 10 patients: the
trend of protein expression was ascending from adjacent non-can-
cerous tissue to G1 stage (marked difference for WTAP), almost
stable between G1-G2 and descending in G3. The RNA expression
instead had different behavior, RNAs expression of METTL3,
WTAP and FTO in adjacent non-cancerous tissue vs G1 stage tis-
sue was significantly different but analyzing the values in the sub-
group of alive patients and dead patients after a time of 5 year, we
found that only WTAP RNA value was significantly higher in dead
patients who had also the higher tumor grades. The observation of
persistence of high WTAP RNA expression while protein expres-
sion decrease, let us hypothesize a sort of inhibition of protein
expression, but further studies are needed to clarify the mecha-
nism. Considering that our cohort is small, a larger number of
patients enrolled in a 5-year follow-up is needed to further confirm
the prognostic significance of WTAP in CRC and determine its
potential function as a prognostic biomarker for survival in the
clinical practice. 
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