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Aberrant Methylation of Tumor Suppressor Genes in Renal Cell Carcinoma
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[ABSTRACT] Promoter CpG methylation is a major epigenetic mechanism
to inactivate the functions of tumor suppressor genes (TSG), in addition to
genetic mechanism  (point mutation and deletion), plays important roles in
the pathogenesis of various tumors. Renal cell carcinoma (RCC) is a
malignant tumor with poor prognosis, in which aberrant methylation of TSGs
has also been widely reported. Most RCC patients are presented with
advanced disease because early stage RCC does not have apparent
symptoms. The detection of TSG methylation might provide new specific
biomarkers for early non-invasive diagnosis of this disease. Because RCC is
generally insensitive to conventional chemotherapy and radiotherapy, using
epigenetic agents, such as azacytidine, to modulate the activities of DNA
methyltransferases and reverse the methylation status of TSGs might be an
attractive strategy for future treatment of RCC, which could be combined with
conventional therapies. We reviewed recent advances in the research on TSG
methylation in RCC, summarized the methylation profile of RCC-related
genes, including HOXB13, HAI2/SPINT2, CDH1 and CTNNG/JUP, and
discussed the clinical significance of aberrant CpG methylation for the
diagnosis and treatment of RCC.
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Figure 1 Process of DNA methylation and its role in carcinogenesis
’ ’ A': Methylation occurs at CpG sites through the action of DNA methyltransferases.
B: Tumor DNA thus cannot transcribe due to promoter methylation, which results in the
° silencing of tumor suppressor genes.
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Table 1 Methylation profile of renal cell carcinoma (RCC)-related genes
Chromosomal Frequency of methylation (%)
Gene . - - Function Reference
location Tumor tissue Cell line
HOXB13 17q21.2 30 73 Homeobox B13, transcriptional factor [6]
HAI2/SPINT2 19q13.1 30 45 Serine protease inhibitor, Kunitz type 2; HGF activator inhibitor type 2 [7]
CDHI 16q22.1 16 64 Ca* -dependent cell-cell adhesion [8]
CTNNG/JUP 17q21 91 83 Cell adhesion [9]
DALI/EPB41L3 18pl1.3 45 47 Actin-binding protein, involved in actin cytoskeleton organization and biogenesis [10]
RARB 3p24 12 - Retinoic acid receptor beta, signal transduction [11]
RASSF1A 3p21.3 64 84 Restrain cyclin D1 accumulation, involved in cell cycle arrest and apoptosis [12]
CX32/GJB1 Xql3.1 23 - Gap junction connexin [13]
SLIT2 4p15.2 25 - Actin cytoskeleton organization, signal transduction [14]
LSAMP 3ql13.31 26 56 Neuronal surface glycoprotein, growth suppression [15]
BHD/FLCN 17p11.2 28 33 Birt-Hogg-Dube syndrome gene [16]
DAPK1 9q34.1 24 - Apoptosis-related protein kinase [17]
MT1G 16q13 20 - Metallothionein1G [17]
RASSF5/ NORE1 1q32.1 19 - Ras association domain family 5, cell cycle arrest and apoptosis [17]
MGMT 1026 50 - 0-6- methyl guanine-DNA methyltransferase [17]
CDKN2A/pl6 9p21 20 14 Cell cycle-dependent kinase inhibitor [18]
ROBO1/DUTT1 3pl2 18 - NCAM family receptor [19]
APC 5q21 14 - Signal transduction, cell adhesion [20]
CDKN2A/pl14ARF  9p21 17 - Negative regulator of cell cycle [20]
GSTP1 11q13 12 - Glutathione S-transferase [20]
TIMP3 22q12.3 58 - Tissue inhibitor of metalloproteinase [20]
CA9 9pl13-pl2 69 - Carbonic anhydrase IX, hypomethylated in RCC [21]
DLC1 8p21-22 35 14 Rho GTPase activing protein [22]
2.2 HOXBI13 ° 102
HOXB13 (homeo-box gene B13): ,HOXB13 o 11 s
HOXBI13 HOXBI13 o 64 38
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