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Introduction

CRC is the third most frequently diagnosed cancer 
worldwide and the second leading cause of cancer-related 
mortality. In 2022, around 1.9 million people were 
diagnosed with CRC  [1]. In Egypt, CRC ranks 7th and 
constitutes 3.9% of all cancer diagnoses. It ranks fifth 
among women and seventh among men, according to 
GLOBOCAN 2022 [2]. The overall mortality rate of 
CRC is 60%, which represents the second leading cause 
of cancer-related death. In recent decades, the mortality 
rates of CRC patients have declined, largely attributable 
to earlier diagnosis and the novel therapeutic strategies 
[3].The relative five-year survival rate is 90% for CRC 
diagnosed at an early stage compared with only 13% for 
advanced stages [4]. Variation in CRC patients’ prognosis 
underscores the urgent need for new molecular biomarkers 
to complement the traditional TNM staging system for 
clinical practice [5, 6].

RNA modification pathways as epigenetic mechanisms 
cause cancer growth and can be effectively targeted for 
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cancer therapy [7].  
N6-methyladenosine (m6A) is the most prevalent and 

widespread ribonucleic acid (RNA) alteration. The m6A 
modification process in mammals is dynamically reversible 
and regulated by writers, erasers, and readers [8]. Recent 
research indicates that m6A modification is crucial for 
tissue development, stem cell formation, differentiation, 
circadian clock regulation, and tumorigenesis [9, 10]. In 
tumors, METTL3, as a pivotal m6A methyltransferase 
writer, remains a topic of contention. Specific research 
indicated that METTL3 exhibited an oncogenic function 
in myeloid leukemia, liver cancer, breast cancer, 
glioblastoma, bladder cancer, and lung cancer. Other 
investigations suggested that METTL3 is a tumor 
suppressor in renal cell carcinoma and glioblastoma [11]. 
These investigations indicated that METTL3’s influence 
on tumorigenesis may be specific to certain tumors. 
Some studies have shown that METTL3 expression is 
consistently elevated in CRC, is associated with poor 
clinicopathological features, and poor survival  [12]. 
However, other studies, such as those by Deng et al., 
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have reported that positive METTL3 expression inhibits 
cell proliferation, migration, and invasion in CRC [13].  

OXA with a 5-FU regimen is universally considered 
one of the most effective treatments for mCRC, 
particularly when combined with target therapy. Although 
the antitumor effect of OXA is limited because of the 
development of drug resistance [14].

Through m6A modification, METTL3 plays a crucial 
role in regulating the tumor microenvironment dynamics 
in CRC, thereby facilitating tumor progression and 
affecting its response to treatment via distinct pathways 
[15]. To this aim, we investigate the prognostic and 
predictive value of METTL3 in mCRC.

Materials and Methods

Study design and patients: A prospective cohort study 
included 60 patients with mCRC who presented to the 
Medical Oncology Department, SECI, Assiut University, 
between June 2022 and December 2024. All patients 
underwent comprehensive clinical, laboratory, and 
pathological evaluations, including Rat Sarcoma (RAS) 
and V-Raf Murine Sarcoma Viral Oncogene Homolog B 
(BRAF) testing. METTL3 expression was assessed using 
IHC. Chest, abdominal, and pelvic computed tomography 
(CT) scans were performed at baseline and after every 
three treatment cycles to evaluate response.

Inclusion criteria comprised individuals aged > 
18 years, of both genders, who were diagnosed with 
mCRC and received oxaliplatin-based first-line therapy 
(CAPOX or FOLFOX), with disease-free survival > 1 
year for metachronous cases who received oxaliplatin 
in an adjuvant setting. Exclusion criteria: patients with 
concomitant double malignancies, severe comorbidities, 
pregnancy or lactation, poor performance status, or age 
<18

METTL3 IHC
The hematoxylin and eosin-stained slides were 

initially reviewed, and the tumors were classified using 
the American Joint Committee on Cancer (AJCC) staging 
system [16]. The expression of METTL3 antibody by IHC 
on available Formalin-Fixed, Paraffin-Embedded (FFPE) 
specimens.

Steps were done according to the protocol of USA 
Bioss Inc. for IHC. The FFPE tissue sections were cut 
in 3-micron thick, and mounted on positively charged 
glass slides. Sections were deparaffinized and rehydrated 
through graded alcohols to distilled water. Slides were 
immersed in unsealed plastic containers filled with enough 
antigen retrieval solution (Tris EDTA) in a heated water 
bath at 90 °C for 45 minutes [17].

Primary rabbit polyclonal anti-METTL3 receptor 
antibody (Catalog bs-2987R, Bioss Inc., USA) at 1:200 
overnight at 4˚C. Universal staining kit “Polyo stain 
2 step detection system goat Anti-mouse/rabbit HRP, 
peroxidase quench, DAP-kit (Ready-To-Use)” (Protaqs® 
Quartett, catalog # DK-211-015, BIOCYC Gesellschaft 
für Bio-technologies, Kosmetik und Recycling verfahren 
mbH & Co. Entwicklung KG, Am Mühlenberg 11, 14476 
Potsdam, Germany) was applied at room temperature for 

one hour following the manufacturer’s instructions. After 
three washes with PBS, the staining was visualized using 
3, 3’-diaminobenzidine tetrahydrochloride, followed by 
counterstaining with Mayer’s haematoxylin.

Evaluation of METTL3 expression
The immune-stained slides were examined at a 

lower magnification (X10) to identify the positive cells 
and calculate the percentage of positive cells by two 
independent, blinded pathologists. The immunoreactivity 
in the nucleocytoplasmic of tumor cells was assessed, 
where staining intensity was classified as (0) Absent, 
(1) Weak, (2) Moderate, and (3) Strong. The H-score 
was derived by multiplying the staining intensity by the 
percentage of positive cells for all cases. The H-score 
values ranged from 0 to 270, as shown in Table 1, the 
median of METTL3 expression used as the ideal cut-
off value in our investigation, which similar to many 
studies, with low expression defined as METTL3 levels 
below the median and high expression as levels equal to 
or beyond the median [18]. So, our cases were classified 
as low METTL3 expression (<100) and high METTL3 
expression (≥100).

Statistical analysis
The data were collected, tabulated, and statistically 

analyzed using SPSS (Statistical Package for the Social 
Sciences; SPSS Inc., ARMONK, NY, USA) version 26. 
For comparing categorical variables, the Chi-square (χ²) 
test was applied, and when expected cell counts were 
below 5, Fisher’s Exact test was utilized. The exact version 
of the McNemar test was used in cases of small sample 
sizes to evaluate paired nominal data. PFS (defined as 
the time from treatment initiation (1st line) until the first 
documented tumor progression or death) and OS (defined 
as the duration from the date of diagnosis to the time of 
death from any cause or last follow up) were assessed 
by using the Kaplan-Meier method, with differences 
assessed via the log-rank test. Cox proportional hazards 
regression was used to identify factors influencing PFS 
and OS among metastatic CRC cases.  The p-value is 
significant at <0.05.

Results

Pattern of METTL3 expression
Immunostaining results showed that METTL3 

expression was high in 53.3% of specimens, while 46.7% 
of specimens showed low METTL3 expression, as shown 
in Figure 1. The tissue of CRC had higher expression than 
the adjacent tissue (which were negative or lower), with 
a p-value of 0.03, as shown in Table 1.

Re la t ion  be tween  METTL3  expres s ion  and 
clinicopathological parameters

*A substantial link existed between METTL3 
expression and increased synchronous metastasis, yielding 
a significant p-value of 0.001. The right side exhibited 
a significantly higher METTL3 expression than the left 
side and rectum, with a P value of 0.048. Furthermore, 
elevated METTL3 expression correlated with a greater 
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METTL3 expression %
Low (H-score <100) 28 46.7
High (≥100) 32 53.3
Min. – Max. 0.0 – 270.0
Mean ± SD. 114.5 ± 94.07
Median (IQR) 100.0 (20.0 – 210.0)

Low High P value
Tumor tissue (n=60) 28 32 0.3
Adjacent normal tissue (n= 6) 9 0

Table 1. METTL3 Expression Pattern, Comparison between Tumor and Normal Tissue
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Figure 1. Immunohistochemical Expression of METTL3: (A) high (B) low, X400

number of metastatic sites and distant LN metastasis, 
yielding a statistically significant p-value of 0.001 and 
0.017, respectively. Also, increased METTL3 expression 
was associated with heightened lympho-vascular invasion 
and peri-neural invasion (p = 0.035 for both) as well as 
tumor depth (p = 0.00013) and non-brisk immune response 
(p = 0.0017). No association was found between METTL3 
and KRAS, BRAF, type of tumor or its grade, nodal 
involvement, or serum levels of CEA and CA19.9. Also, 
no correlation was found between METTL3 and patients’ 
age, sex, and family history, as shown in Table 2.

*There was a significant correlation between high 
METTL3 and the occurrence of obstruction, with a p-value 
of 0.02, as shown in Table 2.

Treatment response according to METTL3 expression: 
High expression of METTL3 was associated with less 
response (CR and PR) with P value <0.001, and a 
Disease control rate (CR, PR, SD) with P value <0.001 
for oxaliplatin based therapy (Figure 2).

The relation between METTL3 expression and survival
The median overall survival (OS) for all patients was 

19.1 months. In patients with high METTL3 expression, 
the median OS was 11.9 months, while it was not reached 
in those with low expression (P < 0.001). The median PFS 
for all patients was 7.3 months; it was 4.4 months in the 
high-expression group, whereas it was not reached in the 
low-expression group (P = 0.001), as shown in Figure 3, 
respectively. Multivariate analysis showed that METTL3 
was an independent prognostic marker for OS and PFS 

(Table 3).

Discussion

CRC is the third most common cancer worldwide and 
the second leading cause of death. It also ranks among 
cancers with high fatality rates. This poses a major risk to 
patient health [19]. mCRC accounts for 20% of new CRC 
cases, with about 80% of these cases being inoperable. 
The disease has complex signaling pathways. Its cause 
involves specific genetic and epigenetic changes. These 
changes lead to distinct tumor behaviors, treatment 
outcomes, and survival rates  [20].   

METTL3 is an enzyme encoded by the METTL3 gene. 
It plays a crucial role in methylating internal adenosine 
residues in eukaryotic mRNAs. This forms m6A, a 
key RNA methylation modification. m6A is critical for 
epigenetic regulation in human diseases [21]. METTL3 is 
involved in several biological processes related to cancer. 
These include tumor initiation, cancer cell proliferation, 
invasion, migration, metabolism, and drug resistance [22]. 
Limited reports exist about the potential of METTL3 as a 
biomarker for CRC.

Consequently, this study aimed to investigate 
the association between METTL3 expression, the 
clinicopathological features, survival outcomes, and 
treatment response. our results showed that most patients 
in this study exhibited high-risk pathological features, 
consistent with those of Yaeger et al. [23].

In our study, we found that METTL3 expression was 
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METTL3 P
Low (H score <100) (n = 28) High (H score≥ 100) (n = 32)
No. % No. %

Sidedness
     Right 7 25.0 18 56.3 0.048*
     Left 11 39.3 8 25.0
     Rectum 10 35.7 6 18.8
Grade of tumor
     G1 6 21.4 13 40.6 0.125
     G2 10 35.7 5 15.6
     G3 12 42.9 14 43.8
Type
     Adenocarcinoma 22 78.6 24 75.0 0.744
     Other 6 21.4 8 25.0
Status of metastases
     Metachronous 22 78.6 12 37.5 0.001*
     Synchronous 6 21.4 20 62.5
Number of metastases
     Low (≤2) 23 82.1 12 37.5 <0.001*
     High (>2) 5 17.9 20 62.5
Metastatic sites
     Distant LN 3 10.7 12 37.5 0.017*
     Deposit 11 39.3 14 43.8 0.726
     Ascites 5 17.9 11 34.4 0.149
     Lung 3 10.7 9 28.1 0.093
     Bone 7 25.0 8 25.0 1.000
     Liver 13 46.4 22 68.8 0.080
CEA
     Normal 9 32.1 15 46.9 0.245
     High 19 67.9 17 53.1
CA19.9
     Normal 12 42.9 18 56.3 0.301
     High 16 57.1 14 43.8
KRAS
     Mutated 14 50.0 12 37.5 0.330
     Wild 14 50.0 20 62.5
BRAF .60
     Mutated 15 53.5 15 46.9
     Wild 13 46.5 17 53.1
T
     T1 4 14.2 0 0 .00013*
     T2 10 35.7 4 12.5
     T3 2 7.1 19 59.3
     T4 12 43 9 28.2
N (regional)
     N0 12 42.9 9 28.1 .233
     N positive 16 57.1 23 71.9
LVI 
     Yes 9 32.1 19 59.4 .035*
     No 19 67.9 13 40.6

Table 2. Correlation between METTL3 Expression and Clinicopathological Parameters (n=60).
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METTL3 P
Low (H score <100) (n = 28) High (H score≥ 100) (n = 32)
No. % No. %

TR deposit
     No 12 42.9 17 53.1 0.4427
     Yes 16 57.1 15 46.9
PNI
     Absent 19 67.9 13 40.6 0.035 *
     Present 9 32.1 19 59
Immune response
     Non brisk 8    28.6 22 68.8 0.0017*
     Brisk 20 71.4 10 31.2
Age
     <=49 19 31.7 21 35 1
     >49 10 16.6 10 16.6
Sex 0.292
     Male 18 30 11 18.4
     Female 14 23.3 17 28.3
Family history of CRC 0.56
     Yes 17 28.3 16 26.7
     No 11 18.3 16 26.7
Complications related to CRC
     Obstruction 4 14.3 14 43.7 0.02
     Perforation 7 25 8 25 0.93
     Bleeding 6 21.4 4 12.5 0.35

Table 2. Continued

Figure 2. Correlation between METTL3 Expression and Response to Treatment

higher in CRC tissues than in adjacent tissues. This result 
supports evidence from Li et al. [18] and Zhao et al. 
[24] because, METTL3 promotes oncogene expression, 
suppresses tumor suppressor genes via m6A modification, 
and supports stem cell properties, CRC proliferation, and 

a pro-tumorigenic microenvironment key characteristics 
of cancer initiation.

 Also, there was a statistically significant correlation 
between high expression of METTL3 and a variety of 
adverse clinicopathological characteristics of CRC, 
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(a): COX regression analysis for OS
Univariate

P HR (LL – UL 95% CI) P HR (LL – UL 95% CI)
Regimen
     Folfox 0.731 1.135 (0.550 – 2.344)
     Capox 1.000
KRAS
     Mutated 0.396 1.409 (0.638 – 3.110)
     Wild 1.000
METTL3
     Low (<100) 1.000 1.000
     High (≥100) <0.001* 3.4 (1.003 – 4.133) <0.001* 2.068 (1.388 – 3.476)
Status of disease
     Metachronous 1.000 1.000
     Synchronous 0.013* 2.494 (1.214 – 5.121) 0.567 1.258 (0.573 – 2.758)
Number of metastases
     Low (≤2) 1.000 1.000
     High (>2) 0.026* 2.276 (1.106 – 4.683) 0.919 1.042 (0.469 – 2.313)
Sidedness
     Left/ Rectum 1 1
     Right 0.038* 1.5 (1.248 – 2.962) 0.209 1.03 (1.020 – 1.352)
LVI
     Yes 0.03* 2.27(1.106 – 3.683) 0.919 1.199 (1.286 – 2.019)
     No 1.000 1.00
Immune response
     Non brisky 1.000 1.00
     Brisky 0.020* 0.275 (0.093 – 0.816) 0.20 0.21 (0.020 – 2.30)
Sex
     Male 1.00
     Female .8 1.789 (1.706 – 3.970)
Age
     <= 49 0.762 (0.389 – 1.493)
     >49 0.428 1.00
(b): COX regression for PFS.

Univariate Multivariate
P HR (LL – UL 95% CI) P HR (LL – UL 95% CI)

Regimen
     Capox 1.000
     Folfox 0.675 0.835 (0.360 – 1.937)
KRAS
     Mutated 0.906 1.049 (0.476 – 2.312)
     Wild 1.000
METTL3
     Low (<100) 1.000 1.000
     High (≥100) <0.001* 6. 9(4.528 – 9.044) <0.001 * 3.487 (2.803 – 6.804)
Status of cases
     Metachronous 1.000 1.000
     Synchronous 0.013* 2.400 (1.202 – 4.791) 0.775 1.140 (0.466 – 2.788)

Table 3. Univariate and Multivariate COX Regression Analysis
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(b): COX regression for PFS.
Univariate Multivariate

P HR (LL – UL 95% CI) P HR (LL – UL 95% CI)
Number of metastases
     Low (≤2) 1.000 1.000
     High (>2) 0.021* 2.991 (1.740 – 4.151) 0.154 1.959 (0.777 – 4.937)
Sidedness
     Right 0.299 1.518 (0.691 – 3.335)
     Left/ Rectum 1.000
LVI
     Yes 0.314 1.815 (0.568 – 2.795)
     No 1.000
Sex
     Male 1.00
     Female .540 0.771 (0.336 – 1.769)
Age
     >49 1.00
     <= 49 .246 0.545 (0.039 – 7.699)
Immune response
     Non-brisky 1.00
     Brisky .654 0.545 (0.039 – 7.699)

Table 3. Continued

including lympho-vascular, perineural invasion, tumor 
depth, and distant LNs involvement, with P values of .035, 
.035, .00013, .017, respectively. This was matched with 
Li et al. [18] and pan et al. [25], which support the role of 
METTL3 in tumor invasion and systemic dissemination. 
Additionally, high METTL3 expression was significantly 
associated with obstruction (p = 0.02), likely linked to 
larger tumor size. 

However, no significant correlation was found between 
METTLE3 expression and regional node involvement or 
TR deposits. Furthermore, higher expression of METTL3 
in this study was significantly associated with non-brisk 
immune response, with a p-value of .0017. Similar to our 
findings, Guo et al. found that METTL3 may play essential 
roles in modulating tumor immune response, especially 
T-lymphocytes in tumor-infiltrating lymphocytes, by its 
effect on basic helix-loop-helix 41(BHLHE41) protein, 
which is involved in immune cell signaling. So, high 
METTL3 expression antagonizes the antitumor immune 
response and permits the tumor cells to escape from the 
immune system, resulting in tumor progression [26].

In this study, no significant connection was found 
between METTL3 and KRAS, BRAF, Although KRAS/
BRAF mutations drive MAPK signaling in CRC, METTL3 
has been shown to activate parallel oncogenic pathways 
that may converge on similar downstream signaling 
networks which found with Sun et al [7]. No significant 
correlation between METTL3 and CEA, CA19.9, absence 
of correlation in our study may reflect the independent 
biological roles of METTL3 and CEA, rather than a lack of 
clinical relevance. Additionally, no statistical association 
was found between METTL3 expression and demographic 
characteristics. These include age, sex, and family history, 

consistent with a study by Li et al.  [18]. 
Our investigation revealed higher METTL3 expression 

on the right side than on the left side or rectum. This 
finding is consistent with those of Missiaglia et al. [27] 
and Xiu et al. [28], who linked the right side to a poorer 
prognosis and distinct molecular characteristics, possibly 
due to biological and environmental factors and to delayed 
clinical manifestation. No direct studies have compared 
METTL3 expression with CRC sidedness.

Furthermore, METTL3 upregulation in our study 
was associated with a greater number of metastatic 
sites (p = 0.001). High METTL3 expression was also 
significantly associated with more synchronous metastasis 
(p = 0.001), suggesting a relationship with more aggressive 
tumor biology [29].

Overexpressed METTL3 was also associated with 
shorter survival (OS, PFS) and was an independent 
prognostic marker, consistent with Tang et al. [30], Wang 
et al. [31], and Pan et al. [32]. 

All of this is explained by METTL3’s role in tumor 
progression and metastasis through various mechanisms. 
These include regulation of epithelial-mesenchymal 
transition, oncogene activation, downregulation of tumor 
suppressor genes, and activation of specific signaling 
pathways linked to CRC [33]. METTL3 also promotes 
miRNA maturation by interacting with the microprocessor 
protein DGCR8. This reduces PTEN levels and ultimately 
promotes cancer proliferation [34, 35]. METTL3 
inhibition can also induce cancer cell apoptosis by 
regulating the expression of apoptosis-related genes in an 
m6A-dependent manner [36, 37]. It also plays a role in 
angiogenesis. Yao et al. [38], who found that microvessel 
density was significantly higher in tumor tissues with high 
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Figure 3. Patient's Survival According to METTL3 Expression: A) OS, B) PFS.

METTL3 expression than in those with low expression.
However, our findings disagreed with Deng et al. 

[13], who reported that METTL3 suppresses CRC cell 
proliferation, migration, and invasion via p38/ERK 
signaling. These contradictory conclusions may be due 
to differences in modification sites, various m6A-binding 
writers, and multiple downstream targets activated by 
METTL3 in the cell.

A crossover study showed similar efficacy of FOLFOX 
and FOLFIRI in mCRC, with comparable response and 
survival after switching at progression [39]. However, 
many patients with metastatic disease exhibit varying 
levels of treatment resistance, demonstrating notable 
interindividual variability in therapeutic efficacy. These 
observations highlight the importance of identifying 

biomarkers to select the chemotherapy regimen most 
likely to provide a response.

This study found that METTL3 overexpression was 
associated with a lower response to OXA-based therapy 
(P = .001), consistent with Huo et al. [40]. This is because 
METTL3 mediates resistance of CRC to chemotherapy, 
for example, by enhancing m6A modification of Sec62 
mRNA and increasing its affinity for β-catenin in the Wnt 
pathway [41].

In conclusion, our findings revealed that elevated 
METTl3 expression, as determined by IHC, was 
associated with lower response, survival in mCRC patients 
treated with oxaliplatin-based regimens as the first-line 
treatment. Moreover, METTL3 IHC expression may serve 
as an independent prognostic factor in metastatic CRC, 
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