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Abstract. The leucine rich repeat containing 3B (LRRC3B) 
gene is a putative tumor suppressor located on human chro-
mosome 3 in the 3p24 region. LRRC3B is frequently altered 
in colon and gastric cancers and also in leukaemias. In this 
study we investigated the promoter region methylation as a 
possible mechanism of LRRC3B gene inactivation in clear 
cell renal cell carcinomas. We found that the LRRC3B gene 
promoter was methylated in 43% of clear cell renal carcinoma 
samples. However, no correlation between DNA methylation 
and LRRC3B expression was found.

Introduction

Renal cell carcinoma (RCC) is among the ten most common 
type of cancer and accounts for 3% of all adult malignancies (1). 
The hallmark of RCC is a strong resistance to chemotherapy 
and radiotherapy. The pattern of RCCs includes non-papillary 
and papillary carcinomas. In both cases, malignant cells arise 
from the epithelium of the proximal section of the renal tube. 
The most common type among non-papillary RCCs is clear 
cell RCC, which accounts for 75-80% of RCCs. Other types of 
RCCs are papillary (10%) and chromophobe (4-5%) (2).

 The main features of clear cell RCCs are loss of func-
tion of chromosome 3 and gain-of-function of chromosomes 
5q and 7 (3). Human chromosome 3 contains several tumor-
suppressor genes, including VHL, RASSF1, DLEC1, FHIT, G21 
and RBSP3, which are inactivated through genetic alterations 
or epigenetic changes in clear cell RCCs (4-10). The loss of the 
short arm of chromosome 3, due to deletions or unbalanced 
translocations, is a typical event in clear cell RCCs. The most 
frequently lost regions are 3p12-14, 3p21.3 and 3p25 (11).

Previously, global scanning of genetic and epigenetic 
changes of human chromosome 3 has been performed by 
NotI-microarray technology in RCC (12). Among genes with a 
high score of alterations, the leucine rich repeat containing 3B 
(LRRC3B) gene was identified as one of the most frequently 
altered genes in RCCs (9). Our study aimed to investigate 
DNA methylation of the promoter region of the LRRC3B gene 
in clear cell RCCs. We demonstrated that the LRRC3B gene 
is hypermethylated in clear cell RCCs. However, no correla-
tion between changes in expression and methylation status of 
LRRC3B was found in these tumors.

Materials and methods

Thirty-five surgically excised tissue samples of clear cell 
RCCs were used in the present study. All tumor samples were 
paired with non-malignant tissues, which were considered to 
be normal tissue samples. Samples of clear cell RCCs and 
adjacent non-malignant tissues were obtained from patients 
who had undergone kidney resection owing to renal cancer 
in the Institute of Urology (Kiev, Ukraine). Immediately 
following surgery, tissue samples were frozen in liquid 
nitrogen and stored at -70˚C. No chemotherapy or radiotherapy 
was conducted on any patients prior to surgery. Each sample 
was characterized histologically.

The genomic DNA isolation was performed as previously 
described (13). Briefly, 0.3-0.5 g of tissues was homogenized 
following freezing in liquid nitrogen and lysed in buffer 
containing 10 mM Tris-Cl (pH 8.0), 0.1 M ethylenediamine-
tetraacetic acid (EDTA), 0.5% sodium dodecyl sulfate (SDS) 
for the duration of 20 min, followed by proteinase K (final 
concentration 100 µg/ml) (Fermentas, MD, USA) which was 
added to the lysates. The reaction mix was incubated for 3 h 
at 50˚C. DNA was extracted twice with phenol (pH, 8.0) and 
twice with chloroform. Precipitation of genomic DNA was 
performed by adding ammonium acetate up to 1.5 M and 
3 volumes of ethanol. DNA was washed twice with 70% 
ethanol and dissolved in TE buffer.

The methylation status of the CpG-island of the LRRC3B 
gene was assessed by methyl-specific polymerase chain reac-
tion (PCR), as previously described (14). To perform 
methyl-specific PCR (MSP) we designed primers for the 
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CpG-island of the promoter region of the LRRC3B gene: 
LRRC3B M-F 5'-GGTGCGAGGAAGGTAGGC-3'; LRRC3B 
M-R 5'-ACCAATACCTCGCCGACG-3'; LRRC3B U-F 5'-GG 
GTGTGAGGAAGGTAGGT-3'; and LRRC3B U-R 5'-CCAA 
CCAATACCTCACCAACA-3'.

The PCR mixture contained 1X PCR Dream buffer 
(Fermentas), 0.2 mM deoxyribonucleotide triphosphates 
(dNTPs), 0.3 µM primers, 100 ng of modified DNA and 1 U 
of DreamTaq polymerase (Fermentas). Amplification was 
performed over 40 cycles (30 sec at 95˚C, 30 sec at 63˚C and 
30 sec at 72˚C), initiated with DNA denaturation at 95˚C for 4 
min. The final extension was at 72˚C for 5 min. Electrophoresis 
of the PCR samples was carried out in 12% polyacrylamide 
gels.

To verify methyl-specific PCR data the MSP sequencing 
assay was performed. Briefly, PCR products, obtained with 
primers for methylated DNA were cloned into pJET 1.2 vector. 
For each sample, at least 5 clones were selected and sequenced.

Genomic DNA was treated with sodium bisulfite (DNA 
Methylation kit, EZNA) and subjected to amplification with 
primers for the CpG-island with a product of 489 bp, containing 
two NotI sites: LRRC3B-BS For: 5'-GTTTTTGTTTGT 
TTTTTTTGTAAGGTTA-3'; LRRC3B-BS Rev: 5'-ACTAAT 
ATAATAATTCTCCTCTACTTATTCCTTAA-3'.

Amplification was performed under the following condi-
tions: 95˚C for 4 min, 35 cycles; 95˚C for 30 sec, 56˚C for 
30 sec and 72˚C for 60 sec. The final extension step involved 
72˚C for 7 min. The reaction mixture contained 1X RedTaq 
buffer (Sigma, St. Louis, MO, USA), 0.2 µM of dNTPs, 0.8% 
dimethyl sulfoxide (DMSO), 1 U of RedTaq polymerase 
(Sigma) and 100 ng of bisulfite-treated DNA. The PCR prod-
ucts were purified from agarose gels with a DNA purification 
kit and cloned into the pGEM-T vector (Promega, Madison, 
WI, USA). At least 8 individual colonies were isolated and 
sequenced for each sample.

To assess expression of the LRRC3B gene in clear cell 
RCCs quantitative PCR (q-PCR) was used. Reverse transcrip-
tion reactions were performed using 2 µg of total RNA by 
RevertAid H MinusReverse Transcriptase kit (Fermentas) 
according to manufacturer's instructions. Obtained comple-
mentary DNA (cDNA) was ethanol precipitated and diluted in 
10 µl of mQ H2O. Amplification was performed with the 
following primers: LRRC3B q-F 5'-CACACCCCTAAG 
CATACG-3'; and LRRC3B q-R 5'-TGTCTCTTCATTATTTCT 
TTCCTTG-3'.

The reaction of amplification contained 1X SYBR Green 
(Fermentas), 0.4 µM of each primer and 500 ng of cDNA. The 
conditions of q-PCR were 95˚C for 10 min, for 45 cycles; 95˚C 
for 15 sec, 59˚C for 20 sec and 72˚C for 30 sec. The quality 
of PCR products was checked by melting curve analysis. 
Q-PCR data were processed with R-package (2.12.1. version) 
as described by Spiess et al (15).

Results

Through the use of NotI-microarray technology we previously 
demonstrated that the LRRC3B gene locus was altered in 57% 
of RCC samples (9).

To study DNA methylation of the LRRC3B gene promoter 
region the MSP assay was used. A total of 35 samples of 

clear cell RCCs, with tumor stages T1N0M0 (3 tumors), 
T2N0M0 (20 tumors) and T3N0M0-T3NxMx (12 tumors), 
were assayed by MSP. It has been previously demonstrated 
that a critical promoter of the LRRC3B gene is between -195 
and +323 bp (16), and contains two CpG-islands. Therefore, 
primers for methylated and unmethylated DNA of the LRRC3B 
gene promoter region (from -256 to -105 bp) were used in the 
MSP assay. Methylation of the LRRC3B gene was detected in 
15 out of 35 clear cell RCC samples (43%). Results on LRRC3B 
methylation are presented in Table I and Fig. 1A.

To validate the results of the MSP assay a sequencing 
of methylated PCR product for 7 samples was performed. 
Sequencing confirmed the accuracy of the DNA methylation 
determination by MSP assay. The MSP product of the meth-

Table I. Methylation status of the LRRC3B gene in clear cell 
renal cell carcinomas. 

No. Stage DNA methylation status

  1 T3N0M0 -
  2 T2N0M0 +
  3 T3N0M0 +
  4 T3N0M0 +
  5 T2N0M0 +
  6 T3N0M0 +
  7 T2N0M0 +
  8 T2N0M0 -
  9 T3N0M0 -
10 T2N0M0 +
11 T3N0M0 +
12 T3N0M0 -
13 T3N0M0 -
14 T2N0M0 -
15 T1N0M0 -
16 T2N0M0 -
17 T1N0M0 -
18 T3N0M0 -
19 T2N0M0 -
20 T1N0M0 -
21 T2N0M0 -
22 T3N0M0 -
23 T3N0M0 -
24 T2N0M0 -
25 T2N0M0 +
26 T2N0M0 +
27 T2N0M0 +
28 T2N0M0 -
29 T2N0M0 -
30 T2N0M0 +
31 T2N0M0 -
32 T2N0M0 +
33 T3N0M0 +
34 T2N0M0 -
35 T2N0M0 +
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ylated LRRC3B gene contained 8 CpG-dinucleotides. The 
results of MSP-sequencing assay for the LRRC3B gene are 
presented in Fig. 1B.

To confirm these results, the bisulfite sequencing of 
the LRRC3B promoter region of three tumor samples and 
the corresponding adjacent non-malignant renal tissue was 
performed. The results of bisulfite sequencing are presented in 
Table II. We detected both the methylated and unmethylated 
clones in tumors, while only the unmethylated clones were 
detected in normal tissues.

 To find a correlation between methylation of the promoter 
region and expression of LRRC3B, q-PCR was used in 6 
methylated samples. We found that the LRRC3B gene was 
downregulated in 3 samples (≤0.5-fold) and significantly 
upregulated in another 3 samples (~2.5-fold) (Fig. 2). Therefore, 
we conclude that there is no clear correlation between LRRC3B 
expression and its promoter methylation. 

Discussion

The LRRC3B gene is a putative tumor-suppressor gene that is 
located in the 3p24 region of human chromosome 3. It spans 
approximately 88 kbp and consists of 2 exons (http://www.
ncbi.nlm.nih.gov/gene/116135). A product of the LRRC3B gene 
is a member of the transmembrane protein family, containing 
a leucine-rich repeat (LRR)-domain (17). These proteins 
have essential functions in various processes, including the 
regulation of mRNA decay during cell cycle progression 
and prevention of cell death and senescence (18). It has been 
suggested that the LRRC3B protein may regulate expression 
of the genes encoding components of the DNA damage check-
point and repair pathways. It was also found that repair was 
more rapidly completed and more efficient in LRRC3B-positive 
cells following ultraviolet (UV) exposure. Moreover, it has 

Table II. Bisulfite sequencing results for the NotI site sur-
rounding the region of the LRRC3B gene.

Sample
and   Number of methylated
ratio (T/N) Clones CpG's

T1 1 0
(0.55) 2 6, 22, 35, 44, 48
 3 All CpG's
 4 5, 34
 5 28, 32
 6 6, 22, 35, 49
T2 1 2, 4, 27, 32, 40, 51
(0.49) 2 8, 14
 3 0
 4 0
 5 1, 3, 8, 28, 29, 30, 35, 41, 51
 6 17, 41
T3 1 0
(0.67) 2 30, 34, 35, 44, 46
 3 32, 33, 34, 35, 37
 4 22, 41, 52
 5 46, 47, 53, 54
 6 0

Figure 1. Results of the methylation analysis (A) using methyl-specific PC and (B) MSP-sequence assay of the LRRC3B gene promoter region. M, marker; T, 
tumor sample; N, normal sample; NC, negative control. PCR, polymerase chain reaction; MSP, methyl-specific PCR.

  A

  B

Figure 2. Relative expression of the LRRC3B gene in clear cell renal cell 
carcinoma samples. Grey bars, adjacent non-malignant renal tissues; black 
bars, clear cell renal cell carcinomas.
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been shown that the level of cyclin B1 was decreased in HeLa 
cells following re-expression of LRRC3B (19). Noteworthy, the 
elevated level of expression of genes that are involved in the 
immune response and interferon (IFN) pathways was detected 
in xenograft tumors that were derived from a cell line that 
constitutively expressed LRRC3B (15). 

It has been shown that DNA methylation of the promoter 
regions of tumor-suppressor genes plays a crucial role in cancer 
development. The common mechanism of LRRC3B inactiva-
tion is methylation of its 5'-CpG-islands. Hypermethylation  of 
the 5'-CpG-island of the LRRC3B gene was detected in various 
types of cancer, including colon (20) and gastric (15) tumors, 
as well as acute leukaemia (21,22). 

We previously showed, using NotI-microarray, that the 
LRRC3B gene is frequently affected in various types of tumors 
(renal, ovary and colon) owing to genetic (deletions or ampli-
fications) and epigenetic (promoter methylation/demethylation) 
changes (12,23,24). To assess the mechanism of LRRC3B 
alterations in clear cell RCCs, an analysis of DNA methylation 
of the LRRC3B promoter region was performed using MSP. We 
found that the promoter region of LRRC3B is hypermethylated 
in clear cell RCCs. DNA methylation of the LRRC3B gene was 
detected in 43% (15 out of 35) of cases. Therefore, the results 
of the MSP assay are in concordance with the NotI-microarray 
data that were previously obtained in our laboratory. NotI-
microarray techniques allow us to detect genetic and epigenetic 
alterations simultaneously. However, we were unable to draw 
conclusions on the genetic or epigenetic causes of LRRC3B 
gene inactivation (9). MSP precisely detects DNA methylation. 
Therefore, we propose that the main alteration of the LRRC3B 
gene is its promoter methylation. A sequencing of MSP prod-
ucts confirmed the methylation-specific PCR data.

We selected a set of clear cell RCC samples where the 
LRRC3B promoter was methylated, as detected by MSP assay. 
q-PCR did not reveal a correlation between the methylation of 
the LRRC3B promoter and its expression levels. Bioinformatic 
analysis of EST-database detected the isoforms of LRRC3B 
mRNA that were not discussed earlier. Possible usage of 
other promoters may explain an absence of the correlation 
between CpG-island methylation and level of expression of the 
LRRC3B gene.

In conclusion, our results reveal that the 5'-CpG islands in 
the LRRC3B locus are frequently hypermethylated in clear 
cell renal cell carcinomas. However, no correlation between 
DNA methylation of the 5'-CpG island and expression of the 
LRRC3B gene was found in clear cell RCCs.
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