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Article 

E-Cadherin and MMP-9 Gene Promoter Methylation 

in CLL Pathogenesis and Prognosis 

Zeki Ali Mohamed 

University of Duhok, College of medicine, Department of Internal Medicine; zeki.mohamed@uod.ac 

Abstract 

Background/Objectives: Chronic lymphocytic leukemia (CLL) is characterized by genetic and 

epigenetic alterations. This study aimed to assess the methylation status of E-Cadherin and MMP-9 

gene promoters and to explore their relationships with disease pathogenesis and hematological 

parameters in CLL patients. Methods: A case–control study was conducted including 70 newly 

diagnosed CLL patients and 70 age- and sex-matched healthy controls. Promoter methylation of E-

Cadherin and MMP-9 genes was evaluated using methylation-specific PCR (MSP) and methylation-

sensitive restriction enzyme PCR (MSRE-PCR), respectively. Results: The median patient age was 62 

years, and 68.5 % were males. Binet stage A was the most common (57.3 %). E-Cadherin promoter 

methylation was detected in 75.7 % of CLL patients and 77.1 % of controls (p = 0.91), showing no 

significant association with disease occurrence, however, it showed a significant correlation with 

higher lymphocyte counts (p = 0.01). In contrast, MMP-9 promoter methylation was significantly less 

frequent in CLL cases (70.0 %) than in controls (100 %, p = 0.001). Unmethylated MMP-9 correlated 

significantly with female gender (p = 0.02), lower hemoglobin (p = 0.031), and reduced platelet 

counts (p = 0.001) and higher lymphocytes counts (p = 0.035). Conclusion: MMP-9 promoter 

hypomethylation may play a pathogenic role in CLL and is associated with female gender and 

cytopenia, whereas E-Cadherin methylation appears non-specific. MMP-9 methylation status could 

therefore serve as a potential biomarker for CLL biology and prognosis. 

Keywords: chronic lymphocytic leukemia; DNA methylation; MMP-9; E-Cadherin; epigenetics; 

prognosis 

 

1. Introduction 

Chronic lymphocytic leukemia (CLL) is the most prevalent adult leukemia in Western nations. 

It is distinguished by clonal proliferation and accumulation of mature B lymphocytes in peripheral 

blood, bone marrow, and lymphoid organs [1]. Despite its indolent character in many situations, CLL 

has a widely variable clinical presentation and prognosis. Some individuals are asymptomatic for 

years, while others deteriorate quickly, necessitating early treatment intervention. This diversity has 

stimulated much investigation into the biochemical and molecular factors that drive CLL 

development. 

Epigenetic alterations, particularly DNA methylation, have emerged as critical players in CLL 

pathogenesis [2]. DNA methylation involves the addition of methyl groups to the 5-position of 

cytosine residues in CpG dinucleotides, often leading to transcriptional silencing of tumor suppressor 

genes [3]. Aberrant DNA methylation profiles have been observed in various malignancies, including 

hematologic cancers, where they serve not only as early events in carcinogenesis but also as 

prognostic and predictive biomarkers [4,5]. 

One gene of interest in this context is E-Cadherin (CDH1), a transmembrane glycoprotein that 

mediates calcium-dependent cell-cell adhesion in epithelial tissues. E-Cadherin loss is a hallmark of 

epithelial-mesenchymal transition (EMT), a process that facilitates tumor cell migration and invasion 

[6]. Though CLL is a hematological malignancy, recent evidence suggests that EMT-related pathways 

may influence leukemic cell trafficking and interactions with the microenvironment [7]. Promoter 
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methylation of CDH1 has been documented in various cancers and is associated with gene silencing 

and poor clinical outcomes [8]. However, data on its methylation status in CLL remain sparse and 

inconclusive. 

Another key molecule involved in tumor progression is Matrix Metalloproteinase-9 (MMP-9). 

MMP-9 is a member of the MMP family responsible for degrading extracellular matrix components, 

thereby facilitating tumor invasion, metastasis, and angiogenesis [9]. In CLL, MMP-9 is not only 

overexpressed but also contributes to the survival and drug resistance of leukemic cells through 

autocrine and paracrine mechanisms [10]. Studies have shown that MMP-9 expression may be 

regulated epigenetically, and promoter hypomethylation is often linked with its overexpression in 

cancers [11]. Investigating the methylation status of the MMP-9 promoter may thus provide insight 

into its role in CLL pathobiology and prognosis. 

Despite increasing interest in epigenetics in CLL, studies assessing the methylation patterns of 

E-Cadherin and MMP-9 gene promoters in newly diagnosed patients are limited, particularly in 

Middle Eastern populations. Moreover, the clinical relevance of these epigenetic markers—such as 

their association with white blood cell count, hemoglobin level, platelet count, and Rai staging—

remains to be fully clarified. 

The present study aims to evaluate the promoter methylation status of E-Cadherin and MMP-9 

genes in newly diagnosed CLL patients compared to healthy controls, using methylation-specific 

PCR (MSP) and methylation-sensitive restriction enzyme PCR (MSRE-PCR). We also explore the 

association of these epigenetic changes with clinical and hematological parameters. This work seeks 

to enhance understanding of the epigenetic landscape of CLL and to determine the potential of E-

Cadherin and MMP-9 promoter methylation as biomarkers for disease prognosis and progression. 

To our knowledge, few studies have jointly evaluated E-Cadherin and MMP-9 promoter methylation 

in CLL, particularly in Middle Eastern populations. This study therefore aims to characterize their 

methylation patterns in CLL and to assess their potential clinical and hematologic associations. 

2. Materials and Methods 

Study Design and Participants 

A case-control research was carried out at Azadi Teaching Hospital in Duhok, Iraq. The study 

included 70 newly diagnosed chronic lymphocytic leukemia (CLL) patients and 70 age- and sex-

matched healthy control subjects. All CLL patients were diagnosed using the World Health 

Organization (WHO) 2017 criteria [12], which include persistent absolute lymphocytosis (≥5 × 10⁹/L), 

small mature lymphocytes with clumped chromatin, and B-cell lineage markers (CD19+, CD20+) with 

co-expression of CD5 and CD23. All patients with cytogenetic or molecular abnormalities, including 

TP53 mutations, were excluded. A priori sample size calculation was not performed; however, the 

selected number (n=70 per group) provided adequate power for detecting methylation frequency 

differences exceeding 20%. 

Ethical Approval and Informed Consent 

The study protocol was approved by the Research and Ethics Committee of the College of 

Medicine, University of Duhok. All participants provided written informed consent prior to sample 

collection, in accordance with the Declaration of Helsinki. 

Sample Collection and Hematological Assessment 

All participants provided peripheral blood samples (5 mL) in EDTA tubes. Hematological 

parameters such as hemoglobin concentration, total white blood cell count (WBC), absolute 

lymphocyte count, and platelet count were determined using a Medonic hematology analyzer 

(Sweden). The Binet staging approach was used for clinical CLL staging [13]. 

DNA Extraction and Bisulfite Conversion 

Genomic DNA was isolated from whole blood using a modified salting-out procedure, which is 

inexpensive and produces high-purity DNA appropriate for methylation investigations [14,15]. To 
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conduct methylation analysis, 1 μg of genomic DNA was converted to sodium bisulfite using the 

EpiTect Fast Bisulfite Conversion Kit (Qiagen, Germany) per the manufacturer's recommendations. 

This chemical modification converts unmethylated cytosine residues to uracil while leaving 

methylated cytosines unchanged, allowing for differential amplification in subsequent PCR steps. 

Methylation Analysis 

The methylation status of the E-Cadherin (CDH1) and MMP-9 gene promoters was assessed 

using two different techniques: 

Methylation-Specific PCR (MSP) was used for E-Cadherin gene promoter analysis. Two sets of 

primers were employed [16]—one specific for the methylated sequence and another for the 

unmethylated version: Methylated CDH1 primers: Forward: 5’-

GGTGAATTTTTAGTTAATTAGCCGGTAC-3’; Reverse: 5’-CATAACTAACCGAAAACGCCG-3’. 

Unmethylated CDH1 primers: Forward: 5’-GGTAGGTGAATTTTTAGTTAATTAGTGGTA-3’; 

Reverse: 5’-ACCCATAACTAACCAAAAACACCA-3’. PCR amplification was performed in a final 

volume of 25 µL with an initial denaturation at 95°C for 5 minutes, followed by 35 cycles of 94°C for 

30 seconds, 52°C for 30 seconds (annealing), and 72°C for 30 seconds, with a final extension at 72°C 

for 7 minutes. Amplified products (204 bp for methylated and 211 bp for unmethylated alleles, 

Figures 1 and 2) were analyzed by 2% agarose gel electrophoresis stained with safedye. 

 

Figure 1. Gel electrophoresis for the detection of E-Cadherin methylation status. L: represents 100-1500bp ladder; 

Lane 2: CM; Methylated commercial E-Cadherin control DNA (204bps); Lane 3: CU; Un-methylated commercial 

E-Cadherin control DNA. Lane 3&5 disclose Methylated E-Cadherin DNA patient samples; and lane 4: 

represents um-methylated E-Cadherin DNA patient samples. 
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Figure 2. Gel electrophoresis for the detection of E-Cadherin methylation status. L: represents 100-1500bp ladder; 

Lane 2: CU: Un-methylated commercial E-Cadherin control DNA (211bps); Lane 3: CM: Methylated commercial 

E-Cadherin control DNA. Lane 4: 1: represents Methylated E-Cadherin DNA patient samples. Lane 5&6 disclose 

reveal Un-methylated E-Cadherin DNA patient samples. 

Methylation-Sensitive Restriction Enzyme PCR (MSRE-PCR) was used to determine the 

methylation status of the MMP-9 gene promoter using specific primers [17]: Forward: 5’-

GCTTCATCCCCCTCCCTCC-3’ and Reverse: 5’-AGCACCAGGACCAGGGGC-3’. Genomic DNA 

was first digested with the restriction enzyme AciI, which selectively cuts unmethylated CpG sites. 

PCR was then conducted with the aid of thermal cycler (Applied Biosystems 2720, Singapore) under 

the following cycling conditions: 95°C for 5 minutes, followed by 35 cycles of 94°C for 30 seconds, 

annealing at 70°C for 30 seconds, and extension at 72°C for 30 seconds, with a final extension at 72°C 

for 10 minutes. A 369 bp product indicated a methylated promoter (uncut by the enzyme), whereas 

absence of amplification implied unmethylation due to enzyme digestion. PCR products were 

visualized using 100 bp DNA ladders as molecular markers on 2% agarose gels under UV 

illumination (Figure 3). Commercial methylated and unmethylated control DNA (EpiTect PCR 

Control DNA Set, Qiagen) were included in each batch of reactions to ensure assay reliability. 

 

Figure 3. Gel electrophoresis of MMP-9 suing MSRE-PCR. Lane 1 (L): 100-1500bp ladder. Lane2 (1) methylated 

commercial MMP-9 control DNA (369bps). Lane 3(2): Un-Methylated commercial MMP-9 control DNA. Lane 
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4,5,7 (3,4&6): methylated MMP-9 DNA patient samples; and Lane 6(5): Un-Methylated MMP-9 DNA patient 

sample. 

Statistical Analysis 

The data were processed with SPSS version 26.0 (IBM, USA). Categorical data were reported as 

frequencies and percentages, whereas continuous variables were presented as means ± standard 

deviation. The Chi-square test was used to compare categorical data and the independent sample t-

test for continuous variables. A p-value of <0.05 was considered statistically significant. 

3. Results 

Patient Demographics and Clinical Features 

This study included 70 newly diagnosed CLL patients (48 males and 22 females) and 70 age- 

and sex-matched healthy controls. The median age of patients was 62 years (range: 44–80 years), 

with a male predominance of 68.6 % (male-to-female ratio 2.18:1). The distribution of clinical stages 

according to Binet classification (Table 1) showed that most patients were in stage A (54.3 %), 

followed by stage B (28.6 %) and stage C (17.1 %). Female patients were more frequently diagnosed 

at stage A (77.3 %) compared with males (43.8 %, p = 0.022), suggesting earlier-stage disease among 

women. Hematological parameters revealed a predominance of mild anemia and moderate 

thrombocytopenia (Table 2). 

Table 1. Binet stage distribution in relation to gender (n = 70). 

Stage Males n (%) Females n (%) Total n (%) p-value 

A 21 (43.8%) 17 (77.3%) 38 (54.3%) 0.022 

B 16 (33.3%) 4 (18.2%) 20 (28.6%) 

C 11 (22.9%) 1 (4.5%) 12 (17.1%) 

Total 48 (100%) 22 (100%) 70 (100%) 

Table 2. Hematological parameters of CLL patients (n = 70). 

Parameter Category n (%) 

Hemoglobin (g/L) Normal (>120) 30 (42.9%) 

Mild anemia (100–120) 31 (44.3%) 

Severe anemia (<100) 9 (12.9%) 

Platelet count ×10⁹/L >150 36 (51.4%) 

100–150 21 (30.0%) 

<100 13 (18.6%) 

WBC ×10⁹/L <50 65 (92.9%) 

50–100 4 (5.7%) 

>100 1 (1.4%) 

Lymphocyte count ×10⁹/L 5–20 34 (48.6%) 

20–50 32 (45.7%) 

>50 4 (5.7%) 

E-Cadherin Promoter Methylation 

Methylation-specific PCR showed E-Cadherin promoter methylation in 75.7 % (n = 53) of CLL 

patients and 77.1 % (n = 54) of healthy controls, revealing no significant difference (p = 0.91). 

Among patients, methylation was observed in 86.4 % (n=19) of females and 72.9 % (n=35) of males (p 

= 0.44). There were no significant associations between E-Cadherin methylation and hemoglobin, 

platelet, total white blood cells (WBC) count and advanced staging, however a significant association 

was found with absolute lymphocyte count (p = 0.01) (Table 3). 
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Table 3. Relationship of E-Cadherin gene methylation to hematological parameters and stage (n = 70). 

Parameter Methylated n (%) Unmethylated n (%) Total n (%) χ² p-value* 

Hemoglobin (g/L) 

>120 26 (37.1%) 4 (5.7%) 30 (42.9%) 

3.099 0.212 100–120 21 (30.0%) 10 (14.3%) 31 (44.3%) 

<100 7 (10.0%) 2 (2.9%) 9 (12.9%) 

Platelet count ×10⁹/L 

>150 30 (42.9%) 6 (8.6%) 36 (51.4%) 

2.588 0.274 100–150 16 (22.9%) 5 (7.1%) 21 (30.0%) 

<100 8 (11.4%) 5 (7.1%) 13 (18.6%) 

WBC ×10⁹/L 

<50 48 (68.6%) 16 (22.9%) 64 (91.4%) 

1.944 0.378 50–100 4 (5.7%) 0 4 (5.7%) 

>100 2 (2.9%) 0 2 (2.9%) 

Lymphocytes ×10⁹/L 

5–20 21 (30.0%) 13 (18.6%) 34 (48.6%) 

9.044 0.011 20–50 29 (41.4%) 3 (4.3%) 32 (45.7%) 

>50 4 (5.7%) 0 4 (5.7%) 

Stage (Binet) 

A 29 (41.4%) 9 (12.9%) 38 (54.3%) 

0.555 0.758 B 14 (20.0%) 5 (7.1%) 19 (27.1%) 

C 11 (15.7%) 2 (2.9%) 13 (18.6%) 

*Significant at p < 0.05. 

MMP-9 Promoter Methylation 

In contrast to E-Cadherin, significant differences in methylation status were observed for the 

MMP-9 gene promoter. Methylation-sensitive restriction enzyme PCR revealed that 70.0% (n = 49) of 

CLL patients had methylated MMP-9 promoters, compared to 100% (n = 70) of controls (p = 0.001), 

indicating that promoter hypomethylation is significantly associated with the disease. The remaining 

30% (n = 21) of patients exhibited unmethylated MMP-9 promoters, a pattern not seen in any control 

sample. 

Unmethylated MMP-9 was significantly associated with female gender (≈ 53 % vs. 19 % in 

males, p = 0.02), lower hemoglobin levels (p = 0.031), lower platelet counts (p = 0.001), and higher 

lymphocyte counts (p = 0.035) (Table 4). No significant differences were observed for WBC, or clinical 

stage (p > 0.05). These findings imply that MMP-9 promoter demethylation may be linked to 

particular clinical and biological features, particularly thrombocytopenia, anemia and gender-related 

differences, although it may not directly reflect disease stage. 

Table 4. Relationship of MMP-9 gene methylation to hematological parameters and stage (n = 70). 

Parameter Methylated n (%) Unmethylated n (%) Total n (%) χ² p-value 

Hemoglobin (g/L) 

>120 26 (37.1%) 4 (4.7%) 30 (42.9%) 

6.87 0.031 100–120 18 (25.7%) 13 (18.6%) 31 (44.3%) 

<100 5 (7.1%) 4 (5.7%) 9 (12.9%) 

Platelet count ×10⁹/L 

>150 31 (44.3%) 5 (7.1%) 36 (51.4%) 

14.93 0.001 100–150 8 (11.4%) 13 (18.6%) 21 (30.0%) 

<100 10 (14.3%) 3 (4.3%) 13 (18.6%) 

WBC ×10⁹/L 

<50 47 (67.1%) 18 (25.7%) 65 (92.9%) 4.45 0.108 
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50–100 1 (1.4%) 3 (4.3%) 4 (5.7%) 

>100 1 (1.4%) 0 1 (1.4%) 

Lymphocytes ×10⁹/L 

5–20 27 (38.6%) 6 (8.6%) 33 (47.1%) 

6.69 0.035 20–50 21 (30.0%) 12 (17.1%) 33 (47.1%) 

>50 1 (1.4%) 3 (4.3%) 4 (5.7%) 

Stage (Binet) 

A 23 (32.9%) 14 (20.0%) 37 (52.9%) 

3.23 0.199 B 17 (24.3%) 3 (4.3%) 20 (28.6%) 

C 9 (12.9%) 4 (5.7%) 13 (18.5%) 

*P value < 0.05 considered to be significant. 

4. Discussion 

This study assessed the promoter methylation status of two genes—E-Cadherin (CDH1) and 

Matrix Metalloproteinase-9 (MMP-9)—in newly diagnosed chronic lymphocytic leukemia (CLL) 

patients, highlighting their potential roles in disease pathogenesis and progression. The main 

findings indicate a lack of significant association between E-Cadherin methylation and CLL, while 

loss of MMP-9 promoter methylation was significantly associated with CLL and correlated with 

certain clinical parameters such as gender, platelet count, hemoglobin level and lymphocytes count. 

E-Cadherin, a key adhesion molecule, is frequently hypermethylated in several solid tumors—

such as breast, prostate, and gastric cancers—where it contributes to epithelial-mesenchymal 

transition, tumor invasion and metastasis [6,8]. However, in the current study, E-Cadherin promoter 

methylation was detected in 75.7% of CLL patients and 77.1% of healthy controls, with no significant 

difference (p = 0.91), suggesting that its methylation may be a non-specific or even age-related 

epigenetic event in peripheral blood cells rather than a leukemia-specific phenomenon. This aligns 

with previous findings by Starska et al., who noted that while CDH1 methylation is common, it does 

not always correlate with malignant transformation [16]. 

Furthermore, no significant correlations were found between E-Cadherin methylation and 

hematological parameters (e.g., hemoglobin, WBC, platelet count) or Binet stage. Although an 

association with absolute lymphocyte count (p = 0.011), this does not strongly support a diagnostic 

or prognostic role for CDH1 methylation in CLL, it may reflect general leukocyte turnover rather 

than a disease-specific mechanism. Previous studies have suggested that CDH1 expression might 

play a role in the interaction between leukemic cells and the microenvironment [7], but the present 

data do not substantiate a meaningful clinical correlation. 

In contrast, the MMP-9 promoter methylation status revealed a significant difference between 

CLL patients and controls. While 100% of the healthy controls exhibited methylated MMP-9 

promoters, only 70.0% of CLL cases showed methylation, with the remaining 30.0% being 

unmethylated (p = 0.001). This hypomethylation in CLL is consistent with the role of MMP-9 as a key 

effector in matrix remodeling, tumor cell migration, and angiogenesis [9]. MMP-9 is known to be 

overexpressed in CLL and contributes to B-cell survival, tissue invasion, and drug resistance through 

both autocrine and paracrine pathways [10]. 

The significant association between unmethylated MMP-9 and low platelet counts (p = 0.001) 

suggests that demethylation may be linked to more aggressive disease or advanced marrow 

involvement. Thrombocytopenia is a recognized poor prognostic indicator in CLL [1], and its 

correlation with MMP-9 demethylation may reflect the pathological remodeling of the bone marrow 

niche, facilitating leukemic expansion. While no significant relationship was found with Binet staging 

(p = 0.199), this may be attributed to sample size limitations or staging insensitivity to subtle 

molecular changes. 

Interestingly, unmethylated MMP-9 status was also significantly more frequent in female 

patients (53.0%) compared to males (19.0%) (p = 0.02). Gender-specific epigenetic variations have 

been reported in other hematologic malignancies, and although the mechanism remains unclear, 
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hormonal or chromosomal influences on DNA methylation machinery may play a role. Such findings 

were similarly observed by Saeed et al., who reported variable TP53 methylation patterns among 

Iraqi CLL patients with gender differences [2]. 

Functional support for the role of MMP-9 promoter methylation comes from prior studies 

showing that hypomethylation leads to increased MMP-9 mRNA levels, as demonstrated in 

periapical inflammatory lesions by Campos et al. [17]. Moreover, Redondo-Muñoz et al. showed that 

MMP-9 enhances CLL B-cell survival through its hemopexin domain, further reinforcing the 

biological significance of this gene in CLL progression [10]. 

While these results are compelling, this study has limitations. The sample size is modest, which 

may restrict the ability to detect additional associations. Moreover, the study was cross-sectional and 

did not include gene expression or protein quantification to directly correlate methylation with 

functional changes. Future studies should include mRNA expression profiling and protein assays, 

such as ELISA or immunohistochemistry, to validate the clinical relevance of methylation findings. 

Additionally, longitudinal analysis would help clarify whether these epigenetic markers predict 

disease progression or treatment response. 

5. Conclusions 

Methylation of E-Cadherin promoter was common in both CLL patients and healthy controls, 

indicating it is not specific or useful for CLL diagnosis or prognosis. In contrast, MMP-9 promoter 

hypomethylation was significantly more frequent in CLL patients and was associated with lower 

platelet counts, lower Hemoglobin levels, higher lymphocytes count and female gender, suggesting 

a link to disease aggressiveness and possible gender-related differences. These results propose MMP-

9 promoter methylation as a potential biomarker for CLL progression, though further longitudinal 

and functional studies are needed to confirm its clinical significance. 
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