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Abstract
Background  Enhancer of zeste homolog 2 (EZH2), the catalytic subunit of Polycomb 
Repressive Complex 2, catalyzes trimethylation of histone H3 lysine 27 and has been 
implicated in tumor progression.

Aim  Our study aims to assess the relationship between EZH2 expression and 
clinicopathologic data, and survival in colorectal carcinomas (CRC).

Materials and methods  EZH2 immunohistochemistry was performed on tumor 
blocks from 124 CRC patients. Based on H-scores, cases were stratified into low- and 
high-expression groups. EZH2 status was correlated with demographic, clinical, and 
pathologic features, and overall survival was analyzed with the Kaplan–Meier method 
and log-rank test.

Results  A total of 124 cases of CRC; 12 (9.7%) cases were classified as low EZH2 
expression, and 112 (90.3%) cases were classified as high EZH2 expression. A significant 
association was found between EZH2 expression and microsatellite stability. High 
EZH2 expression was significantly enriched in microsatellite-stable tumors (p = 0.007) 
and in left-sided lesions (p = 0.049). No significant associations were detected with sex, 
stage, grade, lymph-node status, or vascular invasion. Kaplan–Meier analysis revealed 
no difference in overall survival between low- and high-EZH2 groups (log-rank p = 0.47; 
hazard ratio = 1.13, 95% CI 0.45–2.85). EZH2 staining was uniformly strong in normal 
mucosa and adenomas, mirroring the high expression observed in most CRCs.

Conclusions  EZH2 is highly expressed across the normal-adenoma-carcinoma 
sequence and, in our cohort, was not linked to overall survival or to most 
clinicopathologic parameters in CRC. The lower expression observed in a subset of 
MSI-H tumors warrants further investigation; present evidence remains insufficient to 
establish EZH2 as an independent prognostic biomarker.
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Microsatellite

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1007/s12672-025-02990-6
http://orcid.org/0000-0002-8391-1891
http://orcid.org/0000-0003-3713-3344
http://orcid.org/0000-0002-3688-2768
http://orcid.org/0000-0002-8181-0739
http://crossmark.crossref.org/dialog/?doi=10.1007/s12672-025-02990-6&domain=pdf&date_stamp=2025-6-19


Page 2 of 13Cagatay et al. Discover Oncology         (2025) 16:1156 

1  Introduction
Colorectal carcinomas (CRCs) are the third most common cancer worldwide and a lead-
ing cause of cancer-related deaths [1]. Disease progression and response to treatment in 
CRCs are highly variable. Several factors contribute to this variability, including tumor 
stage, location and molecular characteristics of the tumor [2]. In recent years, genetic 
and epigenetic alterations have been shown to have important effects on tumor devel-
opment, prognosis and therapeutic response [3, 4]. Among these molecular factors, 
enhancer of zeste homolog 2 (EZH2) has emerged as a potential prognostic marker and 
therapeutic target in several cancers [5].

EZH2 is a core component of the Polycomb Repressive Complex 2 (PRC2), which reg-
ulates histone methylation and chromatin modification. By silencing tumor-suppressor 
genes, EZH2 can promote tumor progression [6]. Numerous studies have reported that 
elevated EZH2 expression is associated with poor prognosis and aggressive clinicopath-
ologic features in various malignancies, including prostate, breast, and ovarian cancers 
[7]. Beyond its prognostic value, EZH2 inhibitors is being actively explored as an anti-
cancer strategy [8].

Investigations of EZH2 expression in CRC have yielded conflicting results. Some 
studies suggest that high EZH2 levels correlate with worse clinical outcomes and more 
aggressive disease [9, 10], whereas others find no association with patient prognosis [11]. 
These divergent findings highlight the need for a more comprehensive evaluation of 
EZH2 in CRC.

Therefore, in this study, we aimed to evaluate EZH2 expression comprehensively 
throughout the entire tumor area and to investigate its relationship with key prognos-
tic factors in CRCs. Elucidation of the relationship between EZH2 and CRCs may help 
clarify the clinical significance of EZH2 expression in this cancer.

2  Materials and methods
2.1  Case selection

This study received ethical approval from the Ethics Committee of Erzincan Binali 
Yıldırım University on 31 March 2023, under decision number 01/05. We analyzed the 
electronic records of the Department of Pathology at Erzincan Binali Yıldırım University 
and identified cases of CRC that underwent surgery between January 2015 and January 
2023. To ensure the relevance and quality of the data, we excluded cases that underwent 
chemotherapy or radiation therapy prior to surgery, those with fewer than two tumor 
blocks, those with synchronous second primary tumors, and those with incomplete clin-
ical data. After applying these inclusion and exclusion criteria, a total of 124 cases were 
deemed eligible for the study.

In addition to CRC tissues, we extended our analysis to investigate the expression of 
EZH2 in different stages of tumorigenesis. For this, we included normal colon tissue, 
low-grade adenomas, and high-grade adenomas. We reviewed the documentation of 
patients who underwent polypectomy between January 2015 and January 2023. The cor-
responding slides were evaluated blindly by two experienced pathologists, who assessed 
the degree of dysplasia. In cases where there was disagreement between the two pathol-
ogists, consensus was reached through joint review. A total of 15 cases of low-grade 
tubular adenoma, 15 cases of high-grade tubulovillous adenoma, and 15 cases of normal 
colon tissue were selected. During the selection process, care was taken to exclude cases 
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with a history of CRC-related surgery or concurrent CRC. In total, 45 polypectomy 
cases were included for evaluation, in addition to the 124 CRC cases. The case selection 
process is summarized in Fig. 1.

2.2  Data collection

Clinicopathological data were collected from pathology reports and electronic health 
records. The variables collected included patient age, gender, tumor size, depth of inva-
sion, lymph node involvement, tumor differentiation, tumor localization, presence of 
tumor deposits, lymphocytic response (both intratumoral and peritumoral), lymphovas-
cular invasion, perineural invasion, microsatellite instability status, and survival data.

2.3  Immunohistochemical analysis and evaluation

All H&E-stained sections of the cases were re-evaluated by light microscopy. Blocks that 
best represented the tumor morphology and had a tumor rate greater than 80% were 
identified. Sections with a thickness of 4 microns were taken from these blocks. Sections 
were deparaffinized by incubation at 40 °C for 1 h. After deparaffinization, slides were 
stained with monoclonal anti-EZH2 antibody (clone 6A10, Leica) in a fully automated 
immunohistochemistry instrument (Leica BondMax, Melbourne, Australia). A reactive 
lymph node with germinal center, reported as a positive control in the Human Protein 
Atlas, was used as a staining control.

The stained slides were evaluated by a pathologist who was blinded to the clinical 
details of the cases. Cells showing nuclear staining with EZH2 were classified as EZH2-
positive. For evaluation, both the intensity of nuclear staining and the percentage of 
positively stained cells were assessed. These evaluations were performed based on the 
criteria outlined in Table 1. The immunoreactivity score for each sample was calculated 
by multiplying the percentage of positively stained cells by the degree of nuclear staining 
intensity [12]. This 3-tier intensity scale (0–3) follows the immunoreactive score origi-
nally described by Remmele and Stegner and adopted by Abou Gabal et al. [9, 10] In 
cases where cells exhibited varying levels of nuclear staining intensity within the same 
preparation, the arithmetic mean of the immunoreactivity scores was taken. Cases with 

Fig. 1  Flowchart of Case Selection for EZH2 Expression Analysis. *Cases with fewer than two tumor blocks were 
excluded according to our laboratory’s standard operating procedure to ensure sufficient tissue for reliable mo-
lecular analysis and patient safety
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an immunoreactivity score of 1–3 were classified into the low-expression group, while 
those with a score of 4–9 were categorized into the high-expression group.

2.4  Statistical evaluation

Data were analyzed using IBM SPSS Statistics version 23. Two groups were defined 
based on EZH2 expression levels: the low EZH2 expression group and the high EZH2 
expression group.

The normality of data distribution was assessed using the Kolmogorov-Smirnov test 
and the Shapiro-Wilk test. For normally distributed quantitative variables, the indepen-
dent samples t-test was used, while the Mann-Whitney U test was applied for non-nor-
mally distributed data. The comparison of categorical variables (e.g., sex, tumor stage) 
between the low and high EZH2 expression groups was performed using the Pearson 
Chi-Square test, Fisher’s Exact test, and the Yates continuity correction when appropri-
ate. To assess the robustness of the association between MSI status and EZH2 expres-
sion, a power analysis was conducted using R software (TTestIndPower function). The 
analysis revealed a statistical power of 52.56% (p = 0.05). The data included in the power 
analysis were the proportions of MSI cases in the low and high EZH2 expression groups.

Overall survival was defined as the interval from the date of surgery to death from 
any cause; patients alive on the census date (01 February 2024) were censored. Survival 
curves were generated by the Kaplan–Meier method, and differences were assessed with 
the log-rank test.

Results are presented as frequencies and percentages for categorical variables and as 
mean ± standard deviation for normally distributed data or median (range) for non-
normally distributed data. A significance level of p < 0.05 was considered statistically 
significant.

3  Results
A total of 124 CRC, along with 15 normal colonic mucosa, 15 low-grade tubular ade-
noma, and 15 high-grade tubulovillous adenoma samples, were analysed. Fifty-four 
patients (43.5%) were female and 70 (56.5%) were male. The ages of the CRC cases 
ranged from 26 to 98 years, with a mean of 69.46 ± 14.14 years.

Regarding staining scores, 7 (5.6%) CRC cases had a score of 1, 32 (25.8%) had a score 
of 2, and 85 (68.6%) had a score of 3. In 7 cases, 1–10% of cells were stained (score 1); in 
31 cases, 11–50% of cells were stained (score 2); and in 86 cases, more than 50% of cells 
were stained (score 3). Based on immunoreactivity scores, 12 (9.7%) CRC cases had low 
EZH2 expression, and 112 (90.3%) had high EZH2 expression. Representative images are 

Table 1  Immunoreactivity scoring criteria for EZH2 expression
Percentageof Positive Cells Stained Cell Score Staining Intensity Staining Intensity Score
None of cells 0 None 0
1–10% of cells 1 Weak staining 1
11–50% of cells 2 Moderate staining 2
Over 50% of cells 3 Strong staining 3
Immunoreactivity score (IRS) = Stained Cell Score X Staining Intensity Score
IRS = 0 - negative IRS = 1–4 - low expression IRS = 5–9 - high expression
Explanation of Staining Intensity: Weak Staining: Staining is faint and barely visible, Moderate Staining: Staining is clearly 
visible but not overly intense, Strong Staining: Intense and easily visible staining

Adapted from Cizkova et al. [13]
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shown in Fig. 2, and the distribution of cases by staining intensity and stained cell ratio 
is in Table 2.

The mean age of patients with low EZH2 expression was 67.4 years, while those with 
high EZH2 expression had a mean age of 69.6 years, showing no significant difference 
(p = 0.600). EZH2 expression did not show a significant difference between men and 
women (p = 0.164). In terms of tumor size, the mean size was 4.75 cm for cases with low 
EZH2 expression and 4.5 cm for those with high expression. This difference was not sta-
tistically significant (p = 0.324).

EZH2 expression was not significantly associated with tumor invasion depth, lymph 
node metastasis, tumor grade, stage, lymphovascular invasion, perineural invasion, 
tumor budding, tumor deposits, or lymphocytic response (p > 0.05). EZH2 expression 
was significantly correlated with tumor location (p = 0.049), with high expression cases 
predominantly located in the left colon. The clinicopathological and demographic char-
acteristics of the low and high EZH2 expression groups are summarized in Table 3.

In our CRC cases, 29 (23.4%) were MSI, and 95 (76.6%) were microsatellite stable 
(MSS). Among the low EZH2 expression group, 7 (58.3%) cases were MSI and 5 (41.7%) 
were MSS, while in the high EZH2 expression group, 22 (19.6%) cases were MSI and 
90 (80.4%) were MSS (Table 4). A statistically significant association was found between 
microsatellite status and EZH2 expression (p = 0.007), with the majority of high EZH2 
expression cases being MSS. A power analysis was conducted, revealing a statistical 
power of 52.56% at a significance level of p = 0.05.

Table 2  EZH2 stained cell ratio and nuclear staining intensity distribution in colorectal cancer 
specimens

Number of Cases; n (%)
EZH2 Stained Cell Ratio
 Score 1 7 (5.6)
 Score 2 31 (25)
 Score 3 86 (69.4)
 Nuclear Staining Intensity
 Score 1 7 (5.6)
 Score 2 32 (25.8)
 Score 3 85 (68.6)
 Group according to the immunoreactivity score
 Low expression group 12 (9.7)
 High expression group 112 (90.3)
The data regarding EZH2 Stained Cell Ratio and Nuclear Staining Intensity distribution were adapted from Abou Gabal et 
al. Evaluation of EZH2 and ERRα in colorectal carcinoma: an immunohistochemical study [9]

Fig. 2  Representative microscopic views of EZH2 staining: A score 1/weak staining in tumor cells, B  score 2/
moderate staining in tumor cells, C score 3/strong staining in tumor cells, and D positive and negative control in a 
reactive lymph node. Magnification: X400
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Table 3  Distribution of cases according to clinicopathological features and EZH2 expression
Clinicopathological features Groups according to the EZH2 Expression P value

Low EZH2 Expression group High EZH2 Expression group
Age 67.417 ± 14.829 69.685 ± 14.119 0.600 x

Gender
 Male 4 (33.3) 66 (58.9) 0.164 x

 Female 8 (66.7) 46 (41.1)
Histologic Grade
 Well differentiated 4 (33.3) 40 (35.7) 0.476 x

 Moderately differentiated 0 (0) 11 (9.8)
 Poorly differentiated 8 (66.7) 61 (54.5)
T Stage
 Tis-T1 0 (0) 23(2.7) 0.913 x

 T2 1 (8.3) 17 (15.2)
 T3 8 (66.7) 72 (64.3)
 T4 3 (25) 20 (17.9)
N Lymph node metastasis
 0 7 (58.3) 77 (68.8) 0.552 x

 1 2 (16.7) 20 (17.9)
 2 3 (25) 15 (13.3)
Lymphovascular invasion
 Negative 6 (50) 64 (57.1) 0.867 x

 Positive 6 (50) 48 (42.9)
Perineural invasion
 Negative 7 (58.3) 68 (60.7) 1.000 y

 Positive 5 (41.7) 44 (39.3)
Intratumoral lymphocytic infiltration
 Absent 0 (0) 7 (6.3) 0.441x

 Mild 9 (75) 68 (60.7)
 Moderate 2 (16.7) 11 (9.8)
 Severe 1 (8.3) 26 (23.2)
Tumor deposit
 Present 3 (25) 9 (8) 0.093 y

 Absent 9 (75) 103 (92)
Tumor budding
 Mild 10 (83.3) 94 (83.9) 0.816 x

 Moderate 2 (16.7) 15 (13.4)
 Severe 0 (0) 3 (2.7)
Peritumoral lymphocytic infiltration
 Mild 5 (41.7) 63 (56.3) 0.275 x

 Moderate 4 (33.3) 17 (15.2)
 Severe 3 (25) 32 (28.5)
Survival
 Alive 7 (58.3) 62 (55.4) 1.000 x

 Ex 5 (41.7) 50 (44.6)
Yates’ continuity correction, Fisher’s Exact test, and Pearson’s Chi-Square test were used to compare categorical data

Bonferroni-corrected Z-test was used to examine multiple comparisons

The significance level was taken as p < 0.05

Table 4  Relationship between EZH2 expression and microsatellite distribution in cases
MSS (Microsatellite Stability) Low EZH2 Expression group High EZH2 Expression group P value
 MSS 5 (41.7) 90 (80.4) 0,007y

 MSI 7 (58.3) 22 (19.6)
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In addition to the CRC cases, 15 normal colonic mucosa, 15 low-grade tubular ade-
noma, and 15 high-grade tubulovillous adenoma samples were evaluated, and a strong 
and uniform EZH2 staining pattern was observed in all these tissues, with more than 
90% of the cells exhibiting intense staining (Fig.  3). This strong staining was pres-
ent regardless of the degree of dysplasia, with no significant difference between low-
grade and high-grade adenomas. Moreover, no heterogeneity in staining intensity was 
observed in any of the tissue types, including both normal and adenomatous tissues. 
During the evaluation of the EZH2 staining pattern in the tumor tissue, heterogeneity 
in expression was observed between the tumor center and the most invasive area. Lower 
levels of EZH2 expression were found at the site of invasion compared to other regions 
(Fig. 4).

The follow-up periods ranged from 2 to 121 months (mean 40.6 ± 24.3 months) in the 
high EZH group and 16 to 100 months (mean 47.8 ± 26.9 months) in the low EZH group. 
Mortality rates were recorded as 50 cases (44.6%) in the high EZH group and 5 cases 
(41.7%) in the low EZH group.

The median overall survival was 36 months (95% CI: 30–42) in the high-EZH2 group 
compared to 38.5 months (95% CI: 26–60) in the low-EZH2 group. Kaplan–Meier anal-
ysis with log-rank testing demonstrated no statistically significant survival difference 
between groups (p = 0.47; Fig. 5). The hazard ratio of 1.13 (95% CI: 0.45–2.85) further 
confirmed the absence of clinically significant prognostic impact from EZH2 expres-
sion levels. However, the limited sample size of the low-EZH2 cohort (n = 12) resulted in 
wide confidence intervals, precluding definitive conclusions regarding EZH2’s potential 
prognostic value.

4  Discussion
CRCs are the third most common cancer worldwide and the second leading cause of 
cancer-related deaths, with approximately 500,000 fatalities annually [1]. Advances in 
molecular detection have significantly enhanced our understanding of tumorigenesis, 
leading to the identification of novel biomarkers and the development of targeted thera-
peutic strategies.

One such biomarker, EZH2, has gained increasing attention in recent years due to 
its role in tumorigenesis. As an epigenetic regulator, EZH2 contributes to cancer pro-
gression and immune regulation by silencing tumor suppressor genes [6]. High EZH2 
expression has been associated with poor prognosis in various cancers, including lung, 
breast, ovarian, and prostate cancers, suggesting its potential as a prognostic marker [7]. 

Fig. 3  Representative microscopic views of EZH2 expression: A normal colonic mucosa, B tubular adenoma, and 
C tubulovillous adenoma. Magnification: X100
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Beyond its prognostic relevance, EZH2 inhibition is being explored therapeutically; the 
FDA-approved inhibitor tazemetostat is now in basket trials that include CRC cohorts 
[11, 12].

EZH2 overexpression has been linked to poor prognosis, metastasis, and tumor 
aggressiveness in several cancers [7]. However, data on the relationship between EZH2 
expression and prognosis in CRCs are inconsistent. Gabal H. et al. reported that EZH2 
overexpression was associated with high tumor grade, advanced stage, lymph node 
metastasis, and worse survival rates [9]. Chen et al. found that high EZH2 expression 
in colorectal cancers correlated with tumor progression, stage, size, differentiation, and 
lymph node metastasis, all of which contributed to poor prognosis and worse survival 
[14]. Liu et al. also reported faster disease progression and significantly decreased sur-
vival in CRCs related with high EZH2 expression [15]. Furthermore, Mimori et al. found 
that high EZH2 expression could serve as both an oncogene and a prognostic marker, 
given its association with poor prognosis [16]. In contrast, Takawa et al. reported that 
high EZH2 expression was associated with a good prognosis in colorectal cancer [17]. 
Fluge et al. observed that patients with high EZH2 expression had longer disease-free 

Fig. 4  Representative microscopic views of EZH2 expression: A central (left) and invasive (right) regions of the 
tumor, B central regions of the tumor, and C invasive regions of the tumor. Magnification: X100, X400
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survival [18]. Laura-Viloria et al. performed a meta-analysis and suggested that high 
EZH2 expression has a protective role and prolongs survival in colorectal cancer, in con-
trast to findings in other solid tumors [19]. A comprehensive overview of studies evalu-
ating EZH2 expression in colorectal cancers is presented in Table 5.

Considering the results of numerous studies and meta-analyses, conflicting data exist 
regarding the impact of EZH2 expression on patient prognosis, survival, and tumor 
aggressiveness. Our findings indicate that EZH2 expression was not significantly asso-
ciated with tumor size, age, gender, tumor grade, stage, invasion depth, lymph node 
metastasis, tumor budding, intratumoral and peritumoral lymphocytic infiltration, lym-
phovascular invasion, perineural invasion, extratumoral large vessel invasion disease 
progression, or survival. Similarly, Wang CG et al. reported that high EZH2 expres-
sion was not associated with gender, tumor location, lymph node metastasis, or distant 
metastasis [20]. Kodach Ll. et al. also found no significant correlation between EZH2 
expression and survival [21].

The inconsistencies in the findings from previous studies regarding the relationship 
between EZH2 expression and CRCs may be attributed to several factors, such as the 
heterogeneity of the study populations, the size of the tumor areas examined, and the 
methods used to select study regions. Most previous studies utilized microarray meth-
ods to analyze small tumor areas, typically in the range of 1–6 mm, which may limit the 
ability to capture the full scope of EZH2 expression across the entire tumor. In contrast, 
we analyzed the entire tumor area, providing a broader assessment that may explain 
some of the divergent results.

We observed that in a subset of cases, EZH2 staining intensity was lower at the inva-
sive front compared to the tumor center (Fig. 2). This pattern suggests a region-specific 

Fig. 5  Kaplan-Meier Survival Analysis by EZH2 Expression Status Kaplan-Meier curves demonstrate comparable 
overall survival between high-EZH2 (n = 112, red line) and low-EZH2 (n = 12, blue line) patient groups. Median 
survival was 36 months (95% CI: 30–42) for high-EZH2 versus 38.5 months (95% CI 26–60) for low-EZH2 expression 
(log-rank p = 0.47). Vertical ticks indicate censored observations
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modulation of EZH2 expression rather than a uniform staining artifact. The invasive 
margin of tumors is a dynamic microenvironment where cancer cells often undergo 
epithelial–mesenchymal transition (EMT). During EMT, transcriptional repressors like 
SNAIL and SLUG recruit chromatin modifiers that reduce PRC2 activity, leading to the 
downregulation of EZH2 and its associated histone mark, H3K27me3 [26, 27]. This facil-
itates the activation of gene programs involved in migration and invasion. Julian et al. 
similarly reported reduced EZH2 and H3K27me3 levels at the invasive margin, which 
contributed to a more aggressive cellular phenotype [23]. Our findings are consistent 
with this model and highlight that EZH2 expression can vary within the tumour.

Gabal H. and Samar M. et al. reported minimal EZH2 staining in normal colonic 
mucosa [9, 22]. By contrast, we found uniformly strong staining in normal epithelium 
and in both grades of adenoma. Since reagent sensitivity can significantly affect nuclear 
staining, these differences may have resulted from clone 6A10, ready-to-use dilution 
and stringent antigen recovery. Since down-regulation of EZH2 is linked to EMT and 
tumour progression [28], its persistent high expression in normal and dysplastic tissues 
may be related to the absence of EMT in these compartments.

The relationship between MSI status and EZH2 expression is likewise inconsistent 
across studies [23, 29]. A recent pan-cancer analysis revealed positive correlations 
between EZH2 and several MMR genes, suggesting crosstalk with the mismatch-repair 
system [30]. In our cohort, MSI-H tumors were over-represented in the low-EZH2 
group (58.3% vs. 19.6%, p = 0.007); however, statistical power was limited (52.6%), and 

Table 5  Summary of studies evaluating EZH2 expression in colorectal carcinoma
Author Method Num-

ber of 
Cases

Tumor Area Important Findings

Wang et al. 
[20]

IHC 119 2 mm High EZH2 expression is associated with poor 
prognosis.

Chen et al. 
[14]

PCR, Western Blot 95 Not 
specified

A significant correlation between high EZH2 
expression and tumor stage, tumor size, and 
lymph node metastasis. Low EZH2 expression 
has been associated with increased survival.

Fluge et al. 
[18]

IHC 425 1 mm High EZH2 expression is associated with 
increased survival.

Kodach et al. 
[21]

PCR, IHC 72 TMA No significant correlation between EZH2 
expression and survival.

Abdel Raouf 
et al. [22]

IHC 50 Whole slide High EZH2 expression is associated with 
advanced tumor stage and lymph node 
metastasis.

Julian et al. 
[23]

IHC, WesternBlot 105 6 mm EZH2 staining intensity decreased from the 
tumor center to the invasion area.

Abou Gabal 
et al. [9]

IHC 120 Whole slide High EZH2 expression has been reported to 
be associated with high tumor stage, grade, 
lymph node metastasis, and decreased 
survival.

Sanches et 
al. [24]

IHC, Western blot, 
Immunofluorescence

75 TMA High expression of EZH2 is associated with 
advanced tumor stages

Takawa et al. 
[17]

IHC 172 Not 
specified

High EZH2 expression associated with a 
good prognosis

Yamamoto 
et al. [25]

IHC, PCR 109 3–4 mm Low EZH2 expression is associated with 
decreased survival.

Lauro Vilorio-
Marques et 
al. [19]

Meta-analysis 1662 – High EZH2 expression has been reported to 
have a protective role and is associated with 
increased survival.
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this finding should be interpreted with caution. Larger studies are needed to clarify 
whether EZH2 truly modulates MSI biology or reflects underlying molecular subtype.

EZH2 inhibitors are emerging as a promising therapeutic strategy in cancer treatment 
[31]. As an epigenetic regulator, EZH2 mediates silencing of tumor suppressor genes 
through histone methylation, promoting tumor progression and metastasis. Inhibition of 
EZH2 restores the expression of these silenced genes, leading to tumor growth suppres-
sion, increased apoptosis, and reduced metastatic potential [32]. Furthermore, EZH2 
inhibition can remodel the tumor microenvironment, enhancing immune responses. By 
increasing immune cell infiltration and upregulating antigen presentation, EZH2 inhibi-
tors may sensitize tumors to immune checkpoint inhibitors, providing a complementary 
approach to immunotherapy, especially in immune-cold tumors like CRC [33].

EZH2 inhibition appears to be particularly effective in MSI-high CRC tumors, where 
ARID1A mutations are common [30]. These tumors tend to be more dependent on 
EZH2 for silencing immune-stimulatory genes and may exhibit greater sensitivity to 
EZH2-targeted therapies [34, 35]. Preclinical studies show that EZH2 inhibition can 
suppress CRC tumor growth and overcome chemotherapy resistance [31]. Clinical tri-
als are investigating EZH2 inhibitors in combination with immunotherapy and chemo-
therapy, particularly in MSS CRC, with promising early-phase data [36]. While no EZH2 
inhibitor is yet approved for CRC, ongoing research continues to explore their potential 
in treating both chemoresistant and advanced tumors, positioning EZH2 as an action-
able target in CRC therapy.

Taken together, while preclinical and early clinical data highlight EZH2 as a promis-
ing therapeutic target, the complexity of its biological behavior in CRC—as reflected by 
our findings—underscores the need for further validation in larger, mechanistic stud-
ies. Importantly, although EZH2 inhibition shows therapeutic promise, the relationship 
between EZH2 expression levels and treatment efficacy in CRC remains to be clearly 
established.

Although this study provides valuable insights into the relationship between EZH2 
expression and various clinical and pathological parameters in CRCs, several limitations 
must be acknowledged. First, the sample size, although adequate, may not fully capture 
the heterogeneity of CRCs, potentially limiting the generalizability of our findings. Sec-
ondly, the retrospective nature of the study may introduce selection bias and limit the 
ability to establish causality. In addition, although we used a comprehensive whole slide 
approach, the inherent variability in tumor regions may still influence the interpretation 
of EZH2 expression patterns. Finally, our study did not investigate the functional mech-
anisms underlying the observed associations, and further research is needed to eluci-
date the biological pathways by which EZH2 influences microsatellite stability and other 
tumor characteristics.

5  Conclusion
The role of EZH2 in colorectal carcinogenesis has received considerable attention due 
to its involvement in cancer initiation, progression and prognosis. In this study, we 
evaluated the association between EZH2 expression and various clinical and patholog-
ical parameters in CRC. Our results showed that there was no significant association 
between EZH2 expression and patient age, sex, tumour size, stage, depth of invasion, 
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lymph node metastasis, tumour budding, lymphocytic infiltration, lymphovascular inva-
sion, perineural invasion, extratumoral large vessel invasion, or survival.

In our cohort, EZH2 expression was markedly lower in MSI colon cancers. Future 
research using next generation sequencing genomic profiling and larger studies investi-
gating the relationship between microsatellite status, clinicopathological parameters and 
EZH2 in CRC will likely provide more insight.
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