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Background & Objective: One of the most lethal as well as prevalent malignancies
across the globe is colorectal cancer (CRC). MMPI1, a certain type of matrix
metalloproteinase, as well as EZH2, a histone methyltransferase, are gaining attention
for their part in metastasis and tumor progression. This research analyses the expression
of immunohistochemistry EZH2 and MMP1 in relation to colorectal carcinoma, and
how these two proteins correlate with other clinicopathological features.
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?E:J ?W:};ﬁ Methods: An analysis was done retrospectively on 38 cases of colorectal cancer, which
;"#:i:;i'q’ K '.s:-r,";-"rf?"’;-;i were formalin-fixed and paraffin-embedded. MMP1 and EZH2 staining were assessed
@fg-ﬁ.% immunohistochemically and correlated with the tumor’s stage, lymph nodes, clinical

stage, and prognosis. Statistical analysis was conducted with SPSS version16.0 and a level
Main Subjects:

) ] of significance of p <0.05.
Diagnostic Pathology

Results: Markedly increased expression of EZH2 and MMP1 had notable correlation
with advanced T stage (p =0.01 and0.03) along with metastasis to the regional lymph
nodes (p =0.027) and clinical stages I1I or IV (p =0.04 for EZH2 and p =0.023 for MMP1).
Although both markers demonstrated a trend for decreased disease-free survival (DFS),
neither achieved statistical significance for DFS or overall survival (OS).
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Conclusion: EZH2 and MMP1 overexpression were associated with aggressive
clinicopathologic features (higher T stage, nodal involvement, and advanced clinical
stage). However, neither marker showed a statistically significant association with
overall survival (OS) or disease-free survival (DFS) in this cohort. Larger, adequately
powered studies are required to clarify any potential prognostic value.
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Introduction

Following breast, lung, and prostate cancer,
colorectal cancer (CRC) remains the third most
prevalent malignant tumor and holds the fourth most
common cause of cancer mortality across the globe. In
Egypt, colorectal cancer constitutes roughly3.47 % of
all cancer cases, ranking as the seventh most frequent
cancer type. Over 1.9 million new CRC cases and
930 000 deaths were estimated in 2020 (2).

Nonetheless, the epigenetic processes that govern CRC
formation are still not well appreciated (1).

Enhancer of Zeste Homolog 2 (EZH2) is a
component of the polycomb repressive complex 2
(PRC2) and acts as a histone methyltransferase,
silencing gene expression by chromatin compaction.
Overexpression of EZH2 has been associated with
increased cell proliferation and tumorigenesis across

The adenoma-carcinoma sequence, initially posited
by Fearon and Vogelstein, delineates the genetic
evolution of colorectal carcinogenesis. They proposed
that colorectal cancer arises from adenomatous polyps
by a sequence of genetic changes, including the
inactivation of tumor suppressor genes (3).
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several cancer types (1,5). EZH2 is known to drive
oncogenesis through modulation of both cell cycle and
apoptotic pathways (27). Nonetheless, the specific
function of EZH?2 in colorectal carcinogenesis remains
under examination.

IRANIAN JOURNAL OF PATHOLOGY


https://dx.doi.org/10.30699/ijp.2025.2067098.3494
mailto:mohamudsadawy@med.psu.edu.eg
https://orcid.org/0000-0002-4177-5035
https://orcid.org/0009-0005-2721-5591
https://orcid.org/0000-0003-0622-2598
https://orcid.org/0000-0002-3679-8718

Matrix metalloproteinases (MMPs) constitute a
group of enzymes that degrade the extracellular matrix
(ECM), hence promoting tumor invasion and
metastasis. MMP-1 (collagenase-1) specifically targets
collagen types I, II, and III, which constitute the
principal structural elements of the interstitial stroma
(7). In many cancers, higher MMP levels have been
linked with poorer prognosis because of the increased
angiogenesis, invasion, and metastasis that they
facilitate. )13 .( Increased MMP-1 expression has been
linked to aggressive behavior and advanced stages of
colorectal cancer.

These findings may have implications in clinical
oncology. EZH2 and MMP1 molecular biomarkers may
support characterization of tumour aggressiveness &
progression, and the molecular patterns delineated in
this study may help clarify their roles and inform future
therapeutic research.

This study is to evaluate the immunohistochemical
expression of EZH2 and MMPI across different
histological subtypes of colorectal cancer and to
connect their expression with clinicopathologic factors.

Materials and Methods

This research utilized a retrospective analytical
cohort design, 50cases with colorectal carcinoma were
retrieved from the archives of the pathology laboratory
at the Oncology Center, Mansoura University, during
the period from January 2014 to June2017. 12cases
were excluded due to unavailable paraffin blocks
(9cases) and 3 were excluded due to unavailable
clinical data. The remaining 38 formalin-fixed were
reviewed  microscopically  for recording of
histopathological parameters including grading,
staging, size of tumor and clinicopathologic data The
Medical and Bioethics Committee of Mansoura
University authorized the investigation (Approval ID:
RP.22.09.141) and conducted it according to the
Declaration of Helsinki.

Tissue Preparation and Immunohistochemistry

Paraffin-embedded tissue blocks were sectioned to
a thickness of 4 um, deparaffinized using xylene, and
rehydrated through a series of graded alcohols. Antigen
retrieval was conducted as outlined below.

» Sections were autoclaved in Histofine solution
(pH9.0; Nichirei Biosciences, Tokyo, Japan) for 15
minutes for EZH2.

* Sections were incubated in citrate buffer (Nichirei
Biosciences) at 95°C for 15 minutes for MMPI.
For ten minutes,0.3 % hydrogen peroxide (H20:) was
used to inhibit endogenous peroxidase activity, and
afterward the mixture was washed with phosphate-
buffered saline (PBS). The specified primary
antibodies were applied to the sections, and then they
were placed at 4°C overnight.

* Mouse monoclonal antibody against EZH2 (Cat.
1n0.612666; BD Biosciences, San Jose, CA, USA)
* Rabbit polyclonal antibody against MMPI
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(diluted1:30; Thermo Fisher Scientific)
Subsequently, a primary antibody enhancer was
applied at room temperature for 10 minutes to mitigate
non-specific binding. This was followed by a 15-
minute incubation of the sections with horseradish
peroxidase (HRP) polymer.3,3 -diaminobenzidine
tetrahydrochloride (DAB; Zymed) was employed to
observe the reaction. Hematoxylin was employed for
counterstaining, and Tissue-Tek Glas 6419 (Sakura
Finetek) was employed to mount the transparencies.
The primary antibody was omitted to generate negative
controls. Reactive lymph node tissue for EZH2 and
scar tissue for MMP1 were used as positive controls.

Immunohistochemical Scoring

Two expert pathologists examined and scored all
stained sections independently and blinded to the
patients’  clinicopathologic and outcome data.
Discrepant cases were subsequently reviewed jointly to
reach a consensus score, which was used for the final
analysis. A formal concordance metric (e.g., Cohen’s
kappa) could not be calculated because individual
rater-level scoring records were not retained in a format
suitable for k computation.

e EZH2 expression was scored semi-
quantitatively by multiplying the staining
intensity and extent:

e Intensity: O(negative), l(weak), 2(moderate),
3(strong)

e Extent: 0(0%), 1 (<10%), 2 (10-50%), 3 (50—
80%), 4 (>80%)

e Final score ranged from 0 tol2. Scores <4 were
classified as low expression and scores >4 as high
expression, as previously described (9). This
prespecified dichotomization was used to
distinguish low versus overexpression and to
enable categorical analyses given the limited
sample size.

e MMPI1 expression was evaluated based on the
percentage of tumor cells with positive
cytoplasmic staining: Negative (<10%), Weak
(10-50%), Strong (50-80%), and Intense
(>80%). For categorical analyses, strong and
intense staining were grouped as high expression
(versus negative/weak as low), following
previously reported methodology (8) and
reflecting a biologically meaningful higher-
expression category.

Statistical Analysis

Statistical analysis was performed using SPSS
version16.0. Normality of the data was assessed by the
Shapiro-Wilk test. Categorical variables were
described as counts and proportions, while continuous
variables were expressed as mean + SD or median
(range).

For analysis purposes, clinical stage was
dichotomized as early stage (I/I) versus advanced
stage (III/IV) to enable categorical comparisons given
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the limited sample size across individual stages.
Missing data were handled by available case analysis.
For each clinicopathologic or laboratory variable,
analyses were performed using all cases with non-
missing data for that variable. Where subgroup
analyses were performed on fewer than 38 cases, the
denominator (n) is explicitly reported in tables and
relevant Results text.

For comparison of groups, the Mann—Whitney U
test or independent t-test was used for continuous
variables.

* Fisher's exact test or Chi-square test for categorical
variables

* The time from date of diagnosis to date of death was
termed Overall Survival (OS).

* Disease-Free Survival (DFS) was defined as the time
interval from surgery to recurrence or metastasis.
Because of the limited sample size and number of
survival events, multivariable Cox proportional
hazards modeling was not performed; therefore,
survival analyses should be interpreted as exploratory

Table 1. Sociodemographic characteristics of all patients
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univariate findings. Given the limited cohort size and
number of survival events, multivariable Cox
proportional hazards regression (adjusted for stage,
grade, and nodal status) was not performed; therefore,
survival analyses should be interpreted as exploratory
univariate findings only.

Results

Clinicopathological features of all cases:

The study included 38 patients diagnosed with colorectal
cancer, with a mean age of56.1 years (SD +13). The
predominant portion was female (63.2 %), and most had no
history of diabetes mellitus or hypertension. Abdominal pain
was the most frequent presenting complaint (71%), and the
predominant portion of patients (74.1 %) underwent
hemicolectomy (Tablel).

Some clinicopathologic and laboratory variables were not
available for all cases; therefore, percentages and subgroup
comparisons were calculated using the number of evaluable
cases for each variable (variable-specific denominators are
indicated in the corresponding tables).

| N%_

Age Ys Mean (SD) 56.1 (13)
Male 14 (36.8)
Gender
Female 24 (63.2)
No 26 (92.9)
Family history (N=28)
Yes 2(7.1)
No 20 (71.4)
M/HTN (N=28) *
Yes 8 (28.6)
Abdominal pain 20 (71.4)
Bleeding per rectum 3(10.7)
Complaint (N=28) - -
Intestinal obstruction 2(7.1)
Others 3(10.7)
Hemicolectomy 20 (74.1)
Surgery Sigmoidectomy 3(11.1)
Others 4 (14.8)

* Chronic diseases: Diabetes or Hypertension

Note: Denominators (n) may vary due to missing data; where analyses were performed on fewer than 38 cases, the
applicable denominator is indicated in the parameter label (e.g., DM/HTN (N=28)) and reflected in the corresponding
counts/percentages.

Correlation Between EZH2 Expression and Clinicopathologic Parameters
Regarding immunohistochemical findings, EZH2

expression was classified as low in 13 patients (34.2

%) and high in 25 patients (65.8 %) (Figurel).
Table 2 indicates that no substantial correlations

were identified between EZH2 expression and the

majority  of  sociodemographic  or  clinical

characteristics, except T stage and overall clinical

stage.
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Table 2. The association between Characteristics of the studied groups and EZH2 expression (N=38)

Low High
Parameter N (%) N (%) Significance
13 (34.2%) 25 (65.8)
Age Ys Mean (SD) 53.8(11.3) 57.4 (13.9) t: -0.75, p=0.462°
Gender Male 7(29.2) 17 (70.8) P=0.486°
Female 6(42.9) 8(57.1)
Family history No 9 (34.6) 17 (65.4) p=1°
Yes 1(50) 1(50)
DM/HTN (N=28) No 8 (40) 12 (60) P=0.669"°
Yes 2(25) 6 (75)
Complaint (N=28) Abdominal pain 8 (40) 12 (60) P=0.669"°
Others 2(25) 6 (75)
Surgery Hemicolectomy 8 (40) 12 (6) P=0.678"°
Others 2(28.6) 5(71.4)
Site Right 4 (25) 12 (75) X?=1.27, p=0.260
Left 9(42.9) 12 (57.1)
Pathology type Adenocarcinoma 10 (41.7) 14 (58.3) P=0.294"°
Mucinous/signet ring 3(21.4) 11 (78.6)
Pathology grade Gl1/2 10 (34.5) 19 (65.5) P=1°
G3/4 3(33.3) 6 (66.6)
Margin infiltration (N=27) No 9 (36) 16 (64) P=0.693"°
Yes 1(50) 1 (50)
T stage TV 5(83.3) 1(16.7) P=0.012"°
THI/IV 8(25) 24 (75)
N stage NO 9 (50) 9(50) P=0.087°
N1-2 4(20) 16 (80)
M stage MO 13 (41.9) 18 (58.1) P=0.072"°
Ml 0(0) 7 (100)
Clinical Stage Stage 2 9(52.9) 8(47.1) P=0.042"°
Stage ¥ 4(19) 17 (81)
Lymphovascular Invasion No 11 (35.5) 20 (64.5) p=1°
Yes 2(33.3) 4 (66.7)
Perineural Invasion No 9 (37.5) 15 (62.5) pP=1°®
Yes 1(33.3) 2 (66.7)
Adjuvant chemotherapy No 5(55.6) 4(44.4)
Yes 5(27.8) 13(72.2) P=0.219"°
Overall survival Dead 1(16.7) 5(83.3) P=0.643"°
Live 12 (37.5) 20 (62.5)
CEA Median (min-max) 2.4 (0.1-68) 4 (0.1-100) Z:0.77, p=0.444°
CA99 Median (min-max) 16 (2.5-36) 13 (0.1-86.6) Z:-0.63, p=0.527°¢
lymphocytes Median (min-max) 2.1(1.2-4.5) 2.3 (0.9-7.9) Z:-0.34, p=0.735°
Neutrophils Median (min-max) 5.8(3-9.7) 5(3.4-12.5) Z:-0.49, p=0.624°
Monocytes Median (min-max) 0.5 (0.2-0.9) 0.5 (0.003-2.6) Z:0,p=0.1¢

@ Levene’s Test, ®: Fisher's Exact Test, ©: Mann-Whitney U
CA: Cancer antigen 99
CEA: Carcinoembryonic antigen

Note: Denominators (n) may vary due to missing data; where analyses were performed on fewer than 38 cases,
the applicable denominator is indicated in the parameter label (e.g., DM/HTN (N=28)) and reflected in the
corresponding counts/percentages.
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High EZH2 expression was observed in 75% of
tumors classified as T stage4.3, compared to only16.7
% of T stage 2.1 tumors (p =0.012). Similarly, high
EZH2 expression was significantly more prevalent
among patients with clinical stage III/IV (81%) than
those with stage I/II (47.1 %) (p =0.042) (Figurel).
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Correlation Between MMP1 Expression and
Clinicopathologic Parameters

Immunohistochemical investigation revealed that
MMPI expression was low in 10 instances (26.3 %)
and high in 28 cases (73.7 %). (Figure2).

Table 3 indicates that elevated MMP1 expression
was substantially correlated with advanced tumor stage
(T), nodal involvement (N), and clinical stage.

Fig. 1. Immunohistochemical staining for EZH2 in colonic adenocarcinoma showing:

(A) Weak nuclear expression
(C) Strong nuclear expression
All images captured at 400 magnification.

(B) Moderate nuclear expression
(D) Negative expression in signet ring carcinoma.

Table 3. The association of different patients’ parameters and MMP1 expression

MMP1
Low High
Parameter N (%) N (%) Significance
10 (26.3%) 28 (73.7%
Age Ys Mean (SD) 65.5 (13.3) 56 (13.2) T:0.09, p=0.930*
Sex Male 5(20.8) 19 (79.2) P=0.449°
Female 5(35.7) 9 (64.3)
Family history No 7 (26.9) 19 (73.1) P=0.497°
Yes 1 (50) 1 (50)
Complaint (N=28) Abdominal pain 7 (35) 13 (65) P=0.371"
Others 1(12.5) 7 (87.5)
Surgery hemicolectomy 8 (40) 12 (60) P=0.068"°
Others 0 7 (100)
DM/HTN (N=28) No 6 (30) 14 (70) P=1"
Yes 2 (25) 6 (75)
Site Right 5(3L.3) 11 (68.8) P=0.716"°
Left 5(23.8) 16 (76.2)
Pathology type adenocarcinoma 6 (25) 18 (75) P=1"
Mucinous/signet ring 4 (28.6) 10 (71.4)
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e v
Parameter N (%) N (%) Significance
10 (26.3% 28 (73.7%)
Pathology grade G1/2 8 (27.6) 21 (72.4) P=1°
G3/4 2(22.2) 7(77.8)
Margin infiltration (N=27) No 7 (28) 18 (72) P=0.513"
Yes 1 (50) 1 (50)
T stage T/ 4 (66.7) 2(33.3) p=0.031"
TII/TV 6 (18.8) 26 (81.3)
N stage NO 8 (44.4) 10 (55.6) P=0.027"°
NI1-N2 2 (10) 18 (90)
M stage MO 10 (32.2) 21 (67.7)
M1 0 7(100) p=0.156"
Clinical Stage Stage > 8 (47.1) 9 (52.9) p=0.023"
Stage %4 2 (9.5) 19 (90.5)
Lymphovascular Invasion No 8 (25.8) 23 (74.2) P=0.653"
Yes 2(33.3) 4 (66.7)
Perineural invasion No 7(29.2) 17 (70.8) P=1°
Yes 1(33.3) 2 (66.7)
Adjuvant chemotherapy No 4 (44.4) 5(55.6) P=0.375"
Yes 4(22.2) 14 (77.8)
Overall survival Dead 1(16.7) 5(83.3) P=1"
Live 9 (28.1) 23 (71.9)
CEA Median (min-max) 1.4 (0.1-5.5) 5.3(0.1-100) Z:1.9,p=0.05°¢
CA99 * Median (min-max) 11.7(0.1-36) 14 (0.6-86.6) Z:0.23,p=0.821°
lymphocytes Median (min-max) 2.5(1.9-4.5) 2.1(0.9-7.9) Z:-14,p=0.176°
Neutrophils Median (min-max) 5.7 (3.1-8.5) 5.1 (3.4-12.5) Z:-0.16, p=0.874°
Monocytes Median (min-max) 0.35(0.01-0.7) 0'562.(603'())03_ Z:0.83, p=0.405¢

a: Levene's Test, *: Fisher's Exact Test, ©: Mann-Whitney U
Note: Denominators (n) may vary due to missing data; where analyses were performed on fewer than 38 cases, the applicable
denominator is indicated in the parameter label (e.g., DM/HTN (N=28)) and reflected in the corresponding counts/percentages.

Specifically, high expression was observed in81.3 % of tumours with T stage %, compared t033.3 % of tuOmours
with T stage % (p =0.031). Similarly, it was more frequent among patients with nodal metastasis (N stage1-3; 90%)
versus those without (N0;55.6 %) (p =0.027). In terms of clinical stage, high MMP1 expression was detected in90.5
% of stage III/IV tumours, compared t052.9 % of stage I/II tumours (p =0.023) (Figure2).

Association Between EZH2 Expression and Survival Outcomes

Table 4 shows that people with higher mean EZH2 expression suffered a lower mean overall survival (OS) and
mean disease-free survival (DFS) compared to those with lower expression. Among participants in the high-
expression cohort, the average overall survival was88.1 months compared t091.9 months for the low-expression
cohort. Mean DFS in the high-expression group was63.8 months, while in the low-expression group it was92.4
months.

Although the high-EZH2 group showed numerically lower mean OS and DFS, the differences did not reach
statistical significance (OS: p = 0.357; DFS: p = 0.052, log-rank test) (Figure 3). These findings should be interpreted
cautiously given the limited sample size and the univariate nature of the analysis.
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Fig. 2: Immunohistochemical staining for MMP1 in colonic adenocarcinoma showing:

(A) Weak cytoplasmic expression at x200 magnification

(C) Strong cytoplasmic expression at x100

(B) Moderate cytoplasmic expression at x400

(D) Negative cytoplasmic expression at X400

Table 4. Analysis of survival data of the patients about EZH2 expression: Survival Analysis Results

Group T((]:;ll

Survival Type

Events

)

Censored N

(%)

Survival Time Mean (95%

CI)

X2*
3.8

p_
value

Disease-Free Low 13 1 12(92.3 %) 92.4 (78.1 -106.7) 0.052
Survival
High 25 11 14(56.0 %) 63.8 (42.4 -85.2)
Overall Survival | Low 13 1 12(92.3 %) 91.9 (76.6 -107.1) 0.84  0.357
High 25 5 20(80.0 %) 88.1 (69.3 -107.9)
*: Log Rank (Mantel-Cox)
EZH2

Cum Survival

—ow

~thigh

—tlow-censored
—+ high-censored

Overall survival duration (Months)

400

600
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Figure 3: Analysis of survival data of the
patients about EZH2 expression.
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Association Between MMP1 Expression and Survival Outcomes

Table 5 summarizes survival outcomes by MMP1
expression level. Neither overall survival (OS) nor
disease-free survival (DFS) differed significantly
between high and low MMP1 expression groups (OS:

p = 0.722; DFS: p = 0.052, log-rank test) (Figure 4).
These results did not reach statistical significance and
should be interpreted cautiously.

Table 5: Analysis of survival data of the patients about MPP1 expression:

Survival Type Grou Total Events Censored N Survival Time Mean
yP Pl (N) (%) (95% CI) Rank)

Disease-Free

X2 (Log

p_
value

Survival 9(90.0 %) 90.8 (73.8 -107.9) 3.8 0.052
High 28 11 17(60.7 %) 63.6 (48.2 -88.9)

Overall Survival ~ Low 10 1 9(90.0 %) 87.2 (63.9 -110.4) 0.126 0.722
High 28 5 23(82.1 %) 92.2 (74.9 -109.5)

The Log Rank (Mantel-Cox) test was used for survival analysis.

L MMP1
—low

thigh
Ahafussssi - low-censored
s/ : ~+=high-censored

Cum Survival

0 20 400 &0 800 1000 1200

Overall survival Duration (Months)

Discussion

Colorectal cancer (CRC) is one of the deadliest
oncological diseases, with the third highest incidence
and fourth highest mortality rate internationally.

Colorectal carcinogenesis involves multistep and
various mechanisms starting from ordinary epithelial
cells into malignant cells, undergoing local invasion,
intravasation into the vasculature, and metastasising to
other organs, most commonly the liver (10).

The extracellular matrix has a significant role in the
emergence of cancer by providing tumour cells with
organisation and information concerning the activity of
cells. The remodelling of the extracellular matrix is
critical to enable the dispersion of tumour cells from
the primary site. This is brought about predominantly
through the action of proteolytic enzymes by MMPs,
which cleave extracellular matrix elements and
facilitate tumour progression. MMP-1 is designated as
interstitial collagenase due to its activity in the
cleavage of collagen types I, II and III, primary
constituents of the interstitial stroma (11).

MMPs cleave matrix proteins as one of the primary
processes in matrix degradation as well as the

Vol.21, No.2 Spring, 2026

Figure4: Analysis of survival data of the patients
about MMP1 expression.

mediation of bioactive molecules (12). They control
proteolytic ‘shedding’ of numerous surface proteins
such as growth factors, chemokines, and adhesion
molecules. In many cancers, higher MMP levels have
been linked with poorer prognosis because of the
increased angiogenesis, invasion, and metastasis that
they facilitate. There are recent studies suggesting that
certain MMPs may also have some tumour-suppressive
functions (13).

In carcinoma lesions, MMP-1 has been reported in
the stromal cells bordering the malignancy, as well as
in the carcinoma cells themselves. In colorectal cancer
patients, higher MMP-1 expression in tumour tissues is
associated with more aggressive disease and poor
prognosis (14). This enzyme facilitates stromal
destruction by augmenting the interstitial collagen
cleavage and increasing the collagenolytic activity
within the tumour, thus promoting tumour invasiveness
™).

Among other factors in this study of 38 patients
with colorectal cancer, high MMP-1 expression was
significantly associated with more advanced tumour
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stage (T4.3), Regional lymph node metastases N stage
(N1-3), and clinical stage III/IV.

The data support the prior study of the expressive
correlation between the increase in MMP-1 and the
aggressive nature of the tumour (7). Other studies
indicate possible involvement of MMP-1 in the
phenomenon termed “tumour self-seeding,” which
refers to the re-infiltration of circulating tumour cells
back to the primary tumour, thereby increasing the
tumour’s malignancy (9).

Experimental studies have shown that stimulation
of muscarinic receptors can markedly increase MMP-1
mRNA expression in colon cancer cell lines,
supporting its role in invasion and metastasis (8).
Additionally, higher levels of MMP-1 have been linked
to increased tumour invasiveness and lymph node
involvement in clinical specimens (16). Interestingly,
discrepancies in MMP-1 expression between primary
tumours and metastatic lesions have been reported.
While high expression is observed in node-positive
primary tumours, lower levels are noted in
metachronous metastases, suggesting a time-dependent
role for MMP-1 in early invasion (17).

Although  molecular markers of  tumor
aggressiveness may eventually be explored in broader
interdisciplinary contexts, our study did not evaluate
medicolegal or forensic applications. Therefore, any
such implications are purely hypothesis-generating and
require dedicated studies before any forensic
applicability can be considered.

Moreover, genetic polymorphisms in the MMP-1
promoter region have been linked to increased CRC
risk, particularly the 2G allele, which enhances
transcriptional activity (17). These findings highlight
MMP-1 as a potential marker for tumour
aggressiveness and metastatic potential.

Historically, prognosis in colorectal cancer (CRC)
has relied on tumour dimensions, lymph node
involvement, and the existence of metastases. (18). Our
study demonstrated that while high MMP-1 expression
correlated with aggressive pathological features, it did
not substantially influence overall survival (OS) or
disease-free survival (DFS), aligning with results from
earlier studies (16).

In our series, MMP-1 immunoreactivity was absent
in normal mucosa and adenomas but present in
invasive carcinoma cases (T1-T4). These findings
support previous observations by Shiozawa et al. (16),
who reported strong MMP-1 expression in tumours
exhibiting infiltrative growth patterns.

Type 1 and III collagens constitute the structural
framework of the gastrointestinal stroma (19), and their
breakdown is essential for tumour penetration through
the bowel wall. MMP-1 is believed to play a critical
role in this process (20), thus supporting its
involvement in local tumour spread.

Although the exact cellular source of MMP-1
remains under debate, both carcinoma and stromal cells
have been shown to express the enzyme (21-24). Some
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studies suggest that variation in immunolocalisation
may be due to differences in antibody specificity (25).

EZH2 was discovered to be considerably elevated
in colorectal cancer tissues compared to neighbouring
normal mucosa. EZH2, an essential element of the
polycomb repressive complex 2 (PRC2), promotes
gene silencing via histone methylation and is known to
drive oncogenesis through modulation of cell cycle and
apoptotic pathways (26-27).

Prior studies have demonstrated that EZH2
overexpression facilitates proliferation, invasion,
angiogenesis, and metastasis in several tumour types,
including breast cancer (32), bladder (33), ovarian (34),
and lung cancers (35-36). Its oncogenic potential in
CRC, although less understood, is gaining attention
(31,43).

In our cohort, higher EZH2 expression was
associated with adverse clinicopathologic features.
However, EZH2 expression was not significantly
associated with OS or DFS, and thus its prognostic
relevance remains inconclusive in this sample (43).

Importantly, because multivariable Cox regression
adjusting for stage, grade, and nodal status was not
performed, we cannot conclude that EZH2 or MMP1
provides independent prognostic information beyond
established clinicopathologic factors. In our cohort, the
high EZH2 expression group showed numerically
lower OS and DFS; however, these differences were
not statistically significant (OS: p = 0.357; DFS: p =
0.052). Although some prior studies have linked EZH2
overexpression to adverse features and poorer
outcomes in CRC (43), our survival analyses did not
reach statistical significance; thus, our findings should
be interpreted cautiously and do not confirm prognostic
utility. To enhance scoring reliability, two pathologists
assessed slides independently and discrepancies were
resolved by consensus; however, formal inter-observer
concordance statistics (e.g., k) were not available.

In conclusion, EZH2 and MMP1 overexpression
were associated with aggressive clinicopathologic
characteristics in this cohort. Survival analyses did not
demonstrate statistically significant associations with
OS or DFS, and all survival analyses were univariate.
Because multivariable Cox regression adjusted for
established prognostic factors was not performed,
independent prognostic utility cannot be inferred.
Larger, adequately powered studies with multivariable
modeling are warranted. Survival findings were not
statistically significant and should be interpreted
cautiously; independent prognostic utility cannot be
inferred without multivariable modeling in larger
cohorts.

This study proposes that future studies focus on
delineating the exact molecular pathways involved and
extending the clinical scope of these biomarkers to
include larger sample sizes.

Additional research involving larger cohorts is
necessary to confirm these results and to investigate the
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underlying molecular mechanisms. Furthermore,
EZH2 and MMP1 could function as potential
prognostic biomarkers and therapeutic targets in the
treatment of colorectal cancer.

Study Limitations and Practical Constraints

This study is limited by its retrospective design and
modest cohort size (n = 38), which reduces statistical
power, particularly for subgroup and survival analyses.
Some clinicopathologic variables were missing for a
subset of cases; therefore, analyses were performed
using available cases for each wvariable and
denominators (n) are reported accordingly in the
Results and tables. Due to the small sample size, stage
was analyzed in two categories (I/Il vs II/IV) as
described in the Methods; however, survival findings
remained not statistically significant and should be
interpreted cautiously. Larger, prospective studies with
adequately powered cohorts and multivariable
modeling are warranted to validate these observations.

Inter-observer agreement between pathologists was
not formally quantified (no « statistic), as rate-level
scoring data were not preserved for concordance
analysis; however, all discrepant cases were resolved
by consensus review.

Conclusion

In this retrospective cohort of 38 colorectal
carcinoma cases, high EZH2 and MMPI
immunoexpression was significantly associated with
aggressive  clinicopathologic  features, including
advanced T stage, nodal involvement, and clinical
stage III/IV. However, neither marker showed a
statistically significant association with overall
survival (OS) or disease-free survival (DFS) in
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prospective studies with standardized scoring and
multivariable modeling are warranted to clarify any
independent prognostic value and to explore potential
therapeutic relevance.

Acknowledgments
None

Authors' Contributors

All  authors contributed equally to the
conceptualization, design, and execution of this study.

Data Availability

The datasets generated and analyzed during the
current study are not publicly available; however, the
data can be shared for research and authentication
purposes upon reasonable request.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or not-for-
profit sectors.

Ethics Approval

Approval was obtained from the ethical committee
of Mansoura Faculty of Medicine, ID (RP.22.09.141).
The Institutional Review Board approved the request
for a waiver of informed consent.

Conflict of Interest
The authors declared no conflict of interest.

1. DengH, XuQ, Zhang Q, Liu C, Ren L. EZH2 promotes
chemoresistance in colorectal cancer by inhibiting
autophagy through NRP1 suppression. Biochem J.
2025;482(10):569-81.  [DOI:10.1042/BCJ20240607]
[PMID] [PMCID]

2. Morgan E, Arnold M, Gini A, Lorenzoni V, Cabasag CJ,
Laversanne M, et al. Global burden of colorectal cancer
in 2020 and 2040: incidence and mortality estimates
from  GLOBOCAN. Gut.  2023;72(2):338-44.
[DOI:10.1136/gutjnl-2022-327736] [PMID]

3. Cornish AJ, Gruber AJ, Kinnersley B, Maura F, Casper
C, Koh G, et al. The genomic landscape of 2,023
colorectal cancers. Nature. 2024;633(8028):127-36.
[DOI:10.1038/541586-024-07747-9] [PMID] [PMCID]

4. Cardamone F, Piva A, Loser E, Noack F, Briandl B,
Semrau S, et al. Chromatin landscape at cis-regulatory
elements orchestrates cell fate decisions in early
embryogenesis. Nat Commun. 2025;16(1):3007.
[DOI:10.1038/541467-025-57719-4] [PMID] [PMCID]

Vol.21, No.2 Spring, 2026

5. Antonucci L, Li N, Duran A, Cobo I, Nicoletti C, Guma
M, et al. Self-amplifying NRF2-EZH2 epigenetic loop
converts KRAS-initiated progenitors to invasive
pancreatic cancer. Nat Cancer. 2025;6(7):1263-82.
[DOI:10.1038/s43018-025-01003-3] [PMID] [PMCID]

6. Jonsson A, Falk P, Angenete E, Hjalmarsson C, Ivarsson
ML. Plasma MMP-1 expression as a prognostic factor
in colon cancer. J Surg Res. 2021;266:254-60.
[DOI:10.1016/j.jss.2021.04.021] [PMID]

7. Shoari A, Ashja Ardalan A, Dimesa AM, Coban MA.
Targeting invasion: the role of MMP-2 and MMP-9
inhibition in colorectal cancer therapy. Biomolecules.
2025;15(1):35. [DOI:10.3390/biom15010035] [PMID]
[PMCID]

8. WangY, Wei Y, Huang J, Zhu H, Chen Q, Zhou J, et al.
Prognostic value of matrix metalloproteinase-2 protein
and matrix metalloproteinase-9 protein in colorectal
cancer: a meta-analysis. BMC Cancer.
2024;24(1):1065. [DOI:10.1186/s12885-024-12775-9]
[PMID] [PMCID]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1042/BCJ20240607
https://www.ncbi.nlm.nih.gov/pubmed/40314246
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12203955
https://doi.org/10.1136/gutjnl-2022-327736
https://www.ncbi.nlm.nih.gov/pubmed/36604116
https://doi.org/10.1038/s41586-024-07747-9
https://www.ncbi.nlm.nih.gov/pubmed/39112709
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11374690
https://doi.org/10.1038/s41467-025-57719-4
https://www.ncbi.nlm.nih.gov/pubmed/40148291
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11950382
https://doi.org/10.1038/s43018-025-01003-3
https://www.ncbi.nlm.nih.gov/pubmed/40588523
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12331375
https://doi.org/10.1016/j.jss.2021.04.021
https://www.ncbi.nlm.nih.gov/pubmed/34034060
https://doi.org/10.3390/biom15010035
https://www.ncbi.nlm.nih.gov/pubmed/39858430
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11762759
https://doi.org/10.1186/s12885-024-12775-9
https://www.ncbi.nlm.nih.gov/pubmed/39210344
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11360742

262 Immunohistochemical Expression of Hla Classes I And II In Neonatal Cholestatic Liver Disease

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Abdel Raouf SM, Ibrahim TR, Abdelaziz LA, Farid MI,
Mohamed SY. Prognostic value of TWIST1 and EZH2
expression in colon cancer. J Gastrointest Cancer.
2021;52(1):90-8. [DOI:10.1007/s12029-019-00344-4]
[PMID]

Zhang X, Fan H, Han S, Zhang T, Sun Y, Yang L, et al.
Global burden of colon and rectal cancer and
attributable risk factors in 204 countries and territories
from 1990 to 2021. BMC Gastroenterol.
2025;25(1):332. [DOI:10.1186/s12876-025-03948-2]
[PMID] [PMCID]

Huang J, Zhang L, Wan D, Zhou L, Zheng S, Lin S, et
al. Extracellular matrix and its therapeutic potential for
cancer treatment. Signal Transduct Target Ther.
2021;6(1):153.  [DOI:10.1038/s41392-021-00544-0]
[PMID] [PMCID]

Veljkovic A, Stanojevic G, Brankovic B, Roumeliotis S,
Leivaditis K, Djordjevic B, et al. MMP-9 activation via
ROS/NF-kB signaling in colorectal cancer progression:
molecular  insights and  prognostic-therapeutic
perspectives. Curr Issues Mol Biol. 2025;47(7):557.
[DOI:10.3390/cimb47070557] [PMID] [PMCID]

Pezeshkian Z, Nobili S, Peyravian N, Shojaee B, Nazari
H, Soleimani H, et al. Insights into the role of matrix
metalloproteinases in precancerous conditions and in
colorectal cancer. Cancers (Basel). 2021;13(24):6226.
[DOI:10.3390/cancers13246226] [PMID] [PMCID]

Sun YF, Lai X, Liu CJ, Chen YP, Wang W, Wei WL, et
al. Plasma matrix metalloproteinase-1 as a prognostic
factor in oral squamous cell carcinoma. Sci Rep.
2022;12(1):12854.

Lobbes LA, Schiitze MA, Droeser R, Arndt M, Pozios
I, Lauscher JC, et al, Weixler B. Muscarinic
acetylcholine receptor M3 expression and survival in
human colorectal carcinoma-an unexpected correlation
to guide future treatment?. International Journal of
Molecular Sciences. 2023;24(9):8198.
[DOI:10.3390/ijms24098198] [PMID] [PMCID]

Shiozawa J, Ito M, Nakayama T, Nakashima M, Kohno
S, Sekine I. Expression of matrix metalloproteinase-1 in
human  colorectal  carcinoma. Mod  Pathol.
2000;13(9):925-33. [DOI:10.1038/modpathol.3880169]
[PMID]

Xu DM, Chen LX, Xue T, Zhuang XY, Wei LC, Han H,
et al. Decoding the impact of MMP1+ malignant subsets
on tumor-immune interactions: insights from single-cell
and spatial transcriptomics. Cell Death Discov.
2025;11(1):244. [DOI:10.1038/s41420-025-02503-y]
[PMID] [PMCID]

Zeineddine FA, Zeineddine MA, Yousef A, Gu Y,
Chowdhury S, Dasari A, et al. Survival improvement for
patients with metastatic colorectal cancer over twenty
years. NPJ Precis Oncol. 2023;7(1):16.
[DOI:10.1038/541698-023-00353-4] [PMID] [PMCID]

Villarejo-Campos P, Garcia Gomez-Heras S, Gonzalez-
Moreno S, Qian Zhang S, Franco-Rodriguez R, Diaz-
Caro I, et al. Characterization of collagen profile in
peritoneal metastases of colorectal cancer. Sci Rep.
2025;15(1):20528. [DOI:10.1038/s41598-025-05604-
x] [PMID] [PMCID]

Vol.21, No.2 Spring, 2026

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lo Buglio G, Lo Cicero A, Campora S, Ghersi G. The
multifaceted role of collagen in cancer development and
progression. Int J Mol Sci. 2024;25(24):13523.
[DOI:10.3390/ijms252413523] [PMID] [PMCID]

FuY,LiS, Zhao Y, Zhang X, Mao X, Xu R. Integrative
single-cell and spatial transcriptomics analysis reveals
MDK-NCL pathway's role in shaping the
immunosuppressive environment of lung
adenocarcinoma. Front Immunol. 2025;16:1546382.
[DOI:10.3389/fimmu.2025.1546382] [PMID]
[PMCID]

Fu CK, Lee HT, Chen JC, Yang MD, Cheng HC, Mong
MC, Tsai CW, Chang WS, Hung YC, Bau DT.
Contributions of Tissue Inhibitor of Metalloproteinase-
1 Genotypes to the Risk of Metastasis in Gastric Cancer.
Anticancer Research. 2024 Nov 1;44(11):4833-41.
[DOI:10.21873/anticanres.17309] [PMID]

Kwon MJ. Matrix metalloproteinases as therapeutic
targets in breast cancer. Front Oncol. 2023;12:1108695.
[DOI:10.3389/fonc.2022.1108695] [PMID] [PMCID]

Zucker S, Vacirca J. Role of matrix metalloproteinases
(MMPs) in colorectal cancer. Cancer Metastasis Rev.
2004;23(1-2):101-117. doi:10.1023/A:1025867130437.
[DOI:10.1023/A:1025867130437] [PMID]

Choi EK, Kim HD, Park EJ, Song SY, Phan TT, Nam
M, et al. 8-Methoxypsoralen induces apoptosis by
upregulating p53 and inhibits metastasis by
downregulating MMP-2 and MMP-9 in human gastric
cancer cells. Biomol Ther (Seoul). 2023;31(2):219-26.
[DOI:10.4062/biomolther.2023.004] [PMID] [PMCID]

Liu Y, Yang Q. The roles of EZH2 in cancer and its
inhibitors. Med Oncol. 2023;40(1):167.
[DOI:10.1007/s12032-023-02025-6] [PMID] [PMCID]

Zhao C, Yu H, Fan X, Niu W, Sun S, Gong M, et al.
GSK3p palmitoylation mediated by ZDHHC4 promotes
tumorigenicity of glioblastoma stem cells in
temozolomide-resistant ~ glioblastoma through the
EZH2-STAT3 axis. Oncogenesis. 2022;11(1):28.
[DOI:10.1038/s41389-022-00402-w] [PMID] [PMCID]

AnR, Li YQ, Lin YL, XuF, Li MM, Liu Z. EZH1/2 as
targets for cancer therapy. Cancer Gene Ther.
2023;30(2):221-35. [DOI:10.1038/s41417-022-00555-
1] [PMID]

Wu ZL, Zheng SS, Li ZM, Qiao YY, Aau MY, Yu Q.
Polycomb protein EZH2 regulates E2F1-dependent
apoptosis through epigenetically modulating Bim
expression. Cell Death Differ. 2010;17(5):801-810.
doi:10.1038/cdd.2009.162.
[DOI:10.1038/cdd.2009.162] [PMID]

Wang S, Ordonez-Rubiano S, Dhiman A, Jiao G,
Strohmier BP, Krusemark CJ, et al. Polycomb group
proteins in cancer: multifaceted functions and strategies
for modulation. NAR Cancer. 2021;3(4):zcab039.
[DOI:10.1093/marcan/zcab039] [PMID] [PMCID]

Spisak S, Chen D, Likasitwatanakul P, Li Z, Bala P,
Vizkeleti L, et al. Identifying regulators of aberrant stem
cell and differentiation activity in colorectal cancer
using a dual endogenous reporter system. Nat Commun.

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1007/s12029-019-00344-4
https://www.ncbi.nlm.nih.gov/pubmed/31823218
https://doi.org/10.1186/s12876-025-03948-2
https://www.ncbi.nlm.nih.gov/pubmed/40316922
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12048922
https://doi.org/10.1038/s41392-021-00544-0
https://www.ncbi.nlm.nih.gov/pubmed/33888679
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8062524
https://doi.org/10.3390/cimb47070557
https://www.ncbi.nlm.nih.gov/pubmed/40729026
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12293130
https://doi.org/10.3390/cancers13246226
https://www.ncbi.nlm.nih.gov/pubmed/34944846
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8699154
https://doi.org/10.3390/ijms24098198
https://www.ncbi.nlm.nih.gov/pubmed/37175905
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10179005
https://doi.org/10.1038/modpathol.3880169
https://www.ncbi.nlm.nih.gov/pubmed/11007031
https://doi.org/10.1038/s41420-025-02503-y
https://www.ncbi.nlm.nih.gov/pubmed/40394037
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12092693
https://doi.org/10.1038/s41698-023-00353-4
https://www.ncbi.nlm.nih.gov/pubmed/36781990
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9925745
https://doi.org/10.1038/s41598-025-05604-x
https://doi.org/10.1038/s41598-025-05604-x
https://www.ncbi.nlm.nih.gov/pubmed/40594269
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12218282
https://doi.org/10.3390/ijms252413523
https://www.ncbi.nlm.nih.gov/pubmed/39769286
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11678882
https://doi.org/10.3389/fimmu.2025.1546382
https://www.ncbi.nlm.nih.gov/pubmed/40396179
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12089103
https://doi.org/10.21873/anticanres.17309
https://www.ncbi.nlm.nih.gov/pubmed/39477311
https://doi.org/10.3389/fonc.2022.1108695
https://www.ncbi.nlm.nih.gov/pubmed/36741729
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9897057
https://doi.org/10.1023/A:1025867130437
https://www.ncbi.nlm.nih.gov/pubmed/15000152
https://doi.org/10.4062/biomolther.2023.004
https://www.ncbi.nlm.nih.gov/pubmed/36782271
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9970839
https://doi.org/10.1007/s12032-023-02025-6
https://www.ncbi.nlm.nih.gov/pubmed/37148376
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10162908
https://doi.org/10.1038/s41389-022-00402-w
https://www.ncbi.nlm.nih.gov/pubmed/35606353
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9126914
https://doi.org/10.1038/s41417-022-00555-1
https://doi.org/10.1038/s41417-022-00555-1
https://www.ncbi.nlm.nih.gov/pubmed/36369341
https://doi.org/10.1038/cdd.2009.162
https://www.ncbi.nlm.nih.gov/pubmed/19893569
https://doi.org/10.1093/narcan/zcab039
https://www.ncbi.nlm.nih.gov/pubmed/34617019
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8489530

32.

33.

34.

35.

36.

37.

38.

2024;15(1):2230. [DOI:10.1038/541467-024-46285-w]
[PMID] [PMCID]

Gallardo A, Lépez-Onieva L, Belmonte-Reche E, et al.
EZH2 represses mesenchymal genes and upholds the
epithelial state of breast carcinoma cells. Cell Death Dis.
2024;15(9):609. [DOI:10.1038/s41419-024-07011-y]
[PMID] [PMCID]

Mohamedali R, Mitra S, Mandal S, Nayak P, Adhya
AK, Purkait S. Expression of EZH2 and H3K27me3
predicts tumor biology of urothelial carcinoma. Indian J
Pathol Microbiol. 2023;66(3):488-94.
[DOI:10.4103/ijpm.ijpm_1267_21] [PMID]

Reid BM, Vyas S, Chen Z, et al. Morphologic and
molecular correlates of EZH?2 as a predictor of platinum
resistance in high-grade ovarian serous carcinoma.
BMC Cancer. 2021;21(1):714. [DOI:10.1186/s12885-
021-08413-3] [PMID] [PMCID]

Gao M, Li Y, Cao P, Liu H, Chen J, Kang S. Exploring
the therapeutic potential of targeting polycomb
repressive complex 2 in lung cancer. Front Oncol.
2023;13:1216289. [DOI:10.3389/fonc.2023.1216289]
[PMID] [PMCID]

Fan K, Zhang BH, Han D, Sun YC. EZH2 as a
prognostic-related biomarker in lung adenocarcinoma
correlating with cell cycle and immune infiltrates. BMC
Bioinformatics. 2023;24(1):149. [DOI:10.1186/s12859-
023-05271-7] [PMID] [PMCID]

Zeng J, Sun L, Huang J, Yang X, Hu W. Enhancer of
zeste homolog 2 is a negative prognostic biomarker and
correlated with immune infiltrates in meningioma. Front
Neurosci. 2022;16:1076530.
[DOI:10.3389/fnins.2022.1076530] [PMID] [PMCID]

Bai YK, Wang J, Xu S, Sun Z, Zhang M, Li C, et al.
Clinicopathological and prognostic significances of

Vol.21, No.2 Spring, 2026

39.

40.

41.

42.

43.

Doha Maher Taie et al. 263

EZH2 expression in urological cancers: kidney, bladder,
and  prostate.  Oncol  Lett.  2023;25(1):315.
[DOI:10.3892/01.2023.13902] [PMID] [PMCID]

He LJ, Cai MY, Xu GL, Li JJ, Weng ZJ, Xu DZ, et al.
Prognostic significance of overexpression of EZH2 and
H3K27me3 proteins in gastric cancer. Asian Pac J
Cancer Prev. 2012;13(7):3173-8.
[DOI:10.7314/APJCP.2012.13.7.3173] [PMID]

Jing Y, Yang K, Cheng Y, Huang T, Chen S, Chen K, et
al. EZH2 promotes malignant biological behavior in
esophageal squamous cell carcinoma via EMT. Zhong
Nan Da Xue Xue Bao Yi Xue Ban. 2025;50(2):155-66.

Bremer SCB, Conradi LC, Mechie NC, et al. Enhancer
of Zeste Homolog 2 in Colorectal Cancer Development
and Progression. Digestion. 2021;102(2):227-235.
doi:10.1159/000504093.  [DOI:10.1159/000504093]
[PMID]

Hoffmann F, Diensthuber M, Kluth M, et al. H3K27me3
and EZH2 expression in melanoma: relevance for
disease progression and patient outcome. Clin
Epigenetics. 2020;12(1):81. [DOI:10.1186/s13148-020-
0818-7] [PMID] [PMCID]

Guo B, Tan X, Cen H. EZH2 is a negative prognostic
biomarker associated with immunosuppression in

hepatocellular carcinoma. PLoS One.
2020;15(11):¢0242191.
[DOI:10.1371/journal.pone.0242191] [PMID]

[PMCID]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1038/s41467-024-46285-w
https://www.ncbi.nlm.nih.gov/pubmed/38472198
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10933491
https://doi.org/10.1038/s41419-024-07011-y
https://www.ncbi.nlm.nih.gov/pubmed/39174513
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11341823
https://doi.org/10.4103/ijpm.ijpm_1267_21
https://www.ncbi.nlm.nih.gov/pubmed/37530328
https://doi.org/10.1186/s12885-021-08413-3
https://doi.org/10.1186/s12885-021-08413-3
https://www.ncbi.nlm.nih.gov/pubmed/34140011
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8212453
https://doi.org/10.3389/fonc.2023.1216289
https://www.ncbi.nlm.nih.gov/pubmed/37909018
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10613995
https://doi.org/10.1186/s12859-023-05271-7
https://doi.org/10.1186/s12859-023-05271-7
https://www.ncbi.nlm.nih.gov/pubmed/37069494
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10111667
https://doi.org/10.3389/fnins.2022.1076530
https://www.ncbi.nlm.nih.gov/pubmed/36532284
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9748184
https://doi.org/10.3892/ol.2023.13902
https://www.ncbi.nlm.nih.gov/pubmed/37346412
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10280112
https://doi.org/10.7314/APJCP.2012.13.7.3173
https://www.ncbi.nlm.nih.gov/pubmed/22994729
https://doi.org/10.1159/000504093
https://www.ncbi.nlm.nih.gov/pubmed/31694013
https://doi.org/10.1186/s13148-020-0818-7
https://doi.org/10.1186/s13148-020-0818-7
https://www.ncbi.nlm.nih.gov/pubmed/32041674
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7011516
https://doi.org/10.1371/journal.pone.0242191
https://www.ncbi.nlm.nih.gov/pubmed/33180829
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7660515

