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Objectives: Chronic lymphocytic leukemia (CLL) is characterized by the clonal expansion of malignant B cells. Biomarkers able to diagnose

CLL in the early phases of the disease and to predict its clinical course are urgently needed. Methylation alterations are early events in

tumorigenesis and represent powerful cancer biomarkers.

The main aim of this study was to identify differential methylation patterns between CLL and healthy individuals to employ as potential

biomarkers for CLL early diagnosis and prognosis. Moreover, the correlation between methylation and gene expression was investigated.

Methods: A genome-wide methylation analysis of 18 CLL cases and six normal controls was performed by Illumina Infinium

HumanMethylation450 BeadChips. Raw methylation data were analysed by RnBeads and absolute lymphocyte count data was added as a

covariate in the limma analysis. Methylation of the most altered CpG island (CGI), associated with SHANK1 gene, was validated using

publicly available methylation data of a large cohort including 139 CLL and 20 controls. Methylation data of 438 samples of mature B-cell

neoplasms (MBCN), including 82 CLL and small lymphocytic lymphoma (SLL) cases, collected years before diagnosis and 438 controls

were analysed to investigate whether the selected CGI could undergo methylation changes prior to the clinical manifestation of the disease.

SHANK1 gene expression analysis was performed in 27 CLL and 16 healthy controls by qRT-PCR.

Results: Differential methylation analysis between CLL and healthy controls allowed the identification of several CGIs altered in CLL. A CGI

located in SHANK1 gene body showed the highest differential methylation value (Δβ=0.29) in our experimental cohort. SHANK1 displayed

statistically significant lower levels in CLL samples compared to healthy controls. Hypermethylation of this CGI was successfully replicated in

a larger CLL dataset. A positive correlation between SHANK1 methylation levels and absolute lymphocyte counts, in particular CD19+ B

cells, was detected in CLL patients. A statistically significant gain of SHANK1-associated CGI methylation was detected in blood samples of

82 CLL and SLL collected years before diagnosis compared to matched controls as well as in 438 MBCNs.

Conclusions: Our study suggests methylation alteration at SHANK1-associated CGI as a biomarker for CLL risk definition, allowing the

monitoring of people displaying methylation changes at this locus prior CLL onset, early diagnosis and quantification of tumour

aggressiveness. Since gene body methylation may regulate cell context-specific alternative promoters, we will investigate SHANK1

alternative transcripts and protein isoforms expression to elucidate the functional role of SHANK1 in tumorigenesis.
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• DNA methylation alterations are early events in cancerogenesis [2-4] and can be detected years prior

diagnosis [5,6]

• DNA methylation alterations are excellent tumour biomarkers to be detected in different matrices [3, 7-9 ]

• Apparently, there are less DNA methylation alterations in blood cancers compared with solid cancers

• SHANK1-CGI was the most hypermethylated among the altered CGIs → CLL detection biomarker

• SHANK1-CGI methylation correlated with lymphocyte counts → biomarker of tumour aggressiveness

• Hypermethylation of SHANK1-CGI was validated in independent datasets [1, 5]

• SHANK1-CGI gain of methylation detected 10 years before diagnosis → biomarker of tumour prediction

• SHANK1-CGI hypermethylation was associated with downregulation in CLL→ possible functional role
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SHANK1 AS A PREDICTIVE, DIAGNOSTIC AND PROGNOSTIC METHYLATION BIOMARKER 

AND A POSSIBLE FUNCTIONAL PLAYER IN CHRONIC LYMPHOCYTIC LEUKEMIA

Study workflow and sample sets used in the study
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hypermethylated

in CLL

Differential methylation analysis

between CLL and healthy controls

A CGI located at the gene body of SHANK1 showed the largest Δβ (0.29) 

SHANK1-CGI methylation positively correlates with 

lymphocyte count and CD19+ B cells

SHANK1-CGI as a 

BIOMARKER OF TUMOUR 

AGGRESSIVENESS

Groups
Mean 

Δβ
p value adj p value 

18 CLLs vs 6 normal controls

(experimental dataset)
0.29 0.0023 0.2641

139 CLLs vs 20 normal controls

(validation dataset) [1]
0.26 8.66e-12 2.43e-10

59 U-CLL vs 6 CD5+NBC/NBC

(validation dataset) [1]
0.38 FDR<0.05 [1]

82 CLL/SLL yr before diagnosis      

vs matched controls

(experimental predictive dataset)

0.047 0.00863 0.0921

438 MBCN cases yr before diagnosis

vs matched controls

(experimental predictive dataset)

0.03 4.97e-07 7.47e-05

RESULTS (2)

SHANK1-CGI 

• was hypermethylated in different independent

datasets

• was hypermethylated in U-CLL (subgroup with poor

prognosis)

• showed a gain of methylation in CLL and other

MBCN cases collected years before tumour

diagnosis

SHANK1-CGI as a 

PROGNOSTIC AND 

PREDICTIVE BIOMARKER OF CLL RISK

Gene expression analysis (by qRT-PCR) showed that

SHANK1 is downregulated in CLL

Gene body hypermethylation was associated with downregulation

Possible regulation of alternative promoters?

All cases Matched controls CLL cases Matched controls
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SHANK1 expression
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Lymphocyte count / mm3

r = 0.78

p value = 4.5e-03
r = 0.91

p value = 6.0e-08

CD19+ B cells
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