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Blsl- and Glal-PCR assays have been applied to determine a methylation status of regulatory regions of
SEPT9b, IGFBP3, CEBPD, MGMT and RASSF1A tumor suppressor genes in malignant cell lines Hela,
Raji, U-937, Jurkat and in the control fibroblast cell line L-68. Glal- and BlslI-PCR assays have shown
either presence or absence of 5-R(5mC)GY-3 sites in the regulatory regions of the studied tumor
suppressor genes depending on malignant cell line, which was a source of DNA preparation. Regulatory
regions are methylated in different combinations in the studied malignant cell lines. At the same time no
5-R(5mC)GY-3’ sites have been found in these regulatory regions in DNA from normal fibroblast cell line
L-68. These results show that method of Blsl- and Glal-PCR assays allow to determine and to
discriminate malignant cell lines. Thus, Blsl- and Glal-PCR assays may be used for epigenetic typing of
malignant cell lines.

DNA methylation in mammalian genomes takes place mostly at CpG-dinucleotides producing 5-
methylcytosine (M) in both DNA strands. In many cases regulatory regions (promoter and first exon) of
mammalian genes include DNA sequences with high G+C content which are called CpG islands
(Antequera, 2003). Methylation of these islands in the regulatory regions suppresses transcription, so this
is a mechanism of epigenetic regulation of gene activity.

Normally, DNA of each tissue may be characterized by the unique set of active genes, whereas other
genes are inactive due to methylation of their regulatory regions. A change of gene methylation status in
tissue may cause abnormal functioning of this gene, which in turn may lead to illness, such as a cancer
(Bird, 2002). It is well known that at early stage of cancer the methylation of regulatory regions takes
place in some genes which are active in normal tissue (de Caseres et al.,, 2007). Such abberant
methylation was shown for a number of tumor suppressor genes in tumor tissues and this methylation
status preserves in malignant cell lines obtained from these tissues (Kiseleva and Lihtenshtein, 2004; de
Caseres et al., 2007). Aberrant methylation was described for several dozens of tumor suppressor genes
and a set of modified genes varies in different tumors and malignant cell lines (Mishra et al., 2010).

De novo DNA methylation in mammals is performed by Dnmt3a and Dnmt3b DNA methyltransferases,
which recognize a tetranucleotide 5-RCGY-3’ and modify an inner CG-dinucleotide with formation 5'-
RMGY-3'/3’-YGMR-5’ (Handa et al., 2005). A direct determination of the DNA sequence in methylated
regulatory regions of some tumor suppressor genes has revealed a presence of the consensus sequence
5-RMGC-3/3’-YGMG-5 (Kim et al., 2008), which corresponds to the product of DNA modification with
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Dnmt3a and Dnmt3b.

Recently we have developed a method of Glal- and BIsl-PCR assays which allows determining the
presence of 5-RMGY-3’ and 5-RMGYNRMGY-3’ sites, respectively, in a studied DNA region (Gonchar et
al., 2010). The method includes DNA hydrolysis with methyl-directed DNA endonucleases Glal or Blsl,
followed by PCR with primers designed for the DNA region of interest. We have used this method to
determine methylated sites in the regulatory regions of the tumor suppressor genes DAPK, RASSF1A and
RARB (Gonchar et al., 2010).

Here, we have applied Glal- and Blsl-PCR assays to determine the presence of 5-RMGY-3" and 5'-
RMGYNRMGY-3’ sites, respectively, in promoter and first exon regions of SEPT9b, IGFBP3, CEBPD and
MGMT tumor suppressor genes in DNA preparations from well studied human malignant cell lines HelLa,
Raiji, U-937, Jurkat and control fibroblast cell line L-68. We have also performed more detailed study of
RASSF 1A gene regulatory region methylation in the mentioned cell lines.

Glal- and BIsl-PCR assays have shown that the studied regulatory regions of RASSF1A, SEPT9b,
IGFBP3, CEBPD and MGMT tumor supressor genes either have or have no 5-RMGY-3’ sites depending
on malignant cell line which was used for DNA isolation. Different combinations of tumor supressor genes
with methylated sites were observed in the studied cell lines. None of the mentioned regulatory regions
contain 5-RMGY-3’ sites in the non-tumor fibroblast cell line L-68. The obtained results show that
determination of methylation status of tumor supressor gene regulatory regions using Glal- and Blsl-PCR
assays gives an opportunity for both determination and differentiation of malignant cell lines. Thus, Glal-
and BlIsl-PCR assays may be applied for epigenetic typing of human malignant cell lines.

MATERIALS AND METHODS

Studied DNA regions of human genome. Five DNA regions have been chosen for this study: a
promoter region of CEBPD (CCAAT/enhancer binding protein, delta); a promoter and first exon region of
RASSF1A (Ras association domain family 1A); a promoter and first exon region of SEPT9b (septin 9b); a
promoter and first exon region of MGMT (O6-methylguanine DNA methyltransferase); a promoter and first
exon region of IGFBP3 (insulin-like growth factor binding protein 3).

Genomic DNA digestion. DNA preparations from five human cell lines: L-68 (control, lung fibroblast),
HeLa (cervix adenocarcinoma), Raji (Burkitt's lymphoma), U-937 (histiocytic lymphoma) and Jurkat (acute
T-cell leukemia) have been used as templates for PCR. Genomic DNA from human cell lines; restriction
endonucleases Haelll, Taqgl, Tru9l; methyl-specific endonucleases Blsl and Glal; HotStart Tag DNA
polymerase were supplied by SibEnzyme Ltd. (Russia). DNA from Drosophila melanogaster was kindly
provided by Dr. L.P. Zakharenko.

5 pg of each genomic DNA was hydrolyzed with 50 units of Taql or Tru9l in 50 pl of reaction mixture
containing 1 x SE-buffer at 65°C for 2 hours (preliminary treatment). Phenol extraction and purification of
digested DNA was carried out as described (Sambrook et al., 2001).

0.1 ug of each pretreated DNA was incubated in 20 pl of reaction mixture containing 100 units of Haelll,
or 16 units of Blsl, or 16 units of Glal and 1 x SE-buffer recommended by the manufacturer at 37 °C
(Haelll) or 30 °C (Blsl and Glal) for 2 hours. After incubation, the enzymes were inactivated by heat (80
°C in case of Haelll, 65 °C in cases of Blsl and Glal) for 20 min. 1 pl of reaction mixture (5 ng of DNA)
was used in PCR reaction without phenol extraction.

PCR technique. PCR was performed with GC-PCR kit (SibEnzyme cat. number KO07) and HotStart Taq
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DNA polymerase (1 unit per 25 pl of reaction mixture) (SibEnzyme cat. number E351) in 25 ul of reaction
mixture in thermocycler "Tercyk" (DNA Technologies, Russia). Table 1 lists the primers used in this study.
Detailed PCR conditions are given in Table 2.

CEBPD Cd1 5-CCTGGAGTGCTGGCAGAGGGAGTGTC-3’
Cr1 5-GGGCCGGGCTCTGCGTCCAA-3’
MGMT Md1 5-GGCGTGCCGGCGTCCAGCG-3’
Mr1 5-GGAGCGAGGCGACCCAGACACTCACC-3
IGFBP3 Id1 5-GCAGGTGCCCGGGCGAGTCTCGA-3’
Ir1 5-CTCCCGCAGCGGCACCCAGCA-3’
RASSF1A Rd1 5-CCGGATGTGGGGACCCTCTTCCTCTAGC-3’
Rd2 5-GCCATGTCGGGGGAGCCTGAGCTCA-3’
Rr1 5- CTGTGGCCCAGATACGAGTGGAGTGCGAC-3
Rr2 5-GGCCACTACTCACGCGCGCACTGCA-3’
Rr3 5- GCTCAATGAGCTCAGGCTCCCCCGAC-3’
SEPT9b Sd1 5-CTGCCCAAATACAGCCTCCTGCAGAAGG-3’
Sd2 5-CGCCTTCCTCCCCCATTCATTCAGCTG-3’
Sd3 5-CGACCCGCTGCCCACCAGCCATC-3
Sr1 5-CCCTAGGCCCCCTGGCTCAGCTG-3
Sr2 5-CGTTGACCGCGGGGTCCGACATG-3
Sr3 5-CGAGGAGGTCGCTGTCGCTTGGCA-3’

Table 1. Primers structure

PCR products were analyzed by 1.2% agarose gel electrophoresis in TAE buffer. After electrophoresis
DNA bands were stained with ethidium bromide and photographed in UV light. 100 bp DNA ladder
(SibEnzyme Ltd., Russia) was used as a marker of DNA fragment lengths.
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PCR Initial Amplification Final

fragment | denaturation extension
length Number | 1.Denaturation | 2.Annealing | 3.Extension
CEBPD 341 bp 95°C ' 2min |38 96°C | 15sec 67°C 20sec 72°C | 25sec  72°C | 1 min
MGMT 356 bp 95°C ' 5min |38 96°C | 15sec 71°C 20sec 72°C | 25sec  72°C | 1 min
IGFBP3 817 bp 95°C | 5min |38 95°C 20sec | 70°C | 20sec 72°C 50sec |72°C | 1min
RASSF1A 804 bp 95°C |2min |38 95°C | 20sec | 68°C | 20sec 72°C 50sec |72°C | 1min
385 bp 95°C ' 2min | 38 95°C | 20 sec 69°C | 20 sec | 72°C | 25sec | 72°C | 1 min
266 bp 95°C |2min |38 95°C 15sec | 71°C | 20sec 72°C 20sec | 72°C | 1 min
SEPT9b 432 bp 95°C ' 3min |38 96°C | 15sec 69°C 20sec 72°C 30sec 72°C | 1 min
197 bp 95°C |3 min |38 96°C | 15sec | 70°C | 20sec 72°C 20sec | 72°C | 1 min
399 bp 95°C ' 2min |38 96°C | 15sec 71°C 20sec 72°C | 30sec  72°C | 1 min

Table 2. PCR conditions

RESULTS

Analysis of DNA methylation. In this work we have studied methylation of CpG islands in regulatory
regions of several human tumor suppressor genes - CEBPD, RASSF1A, SEPT9b, MGMT and IGFBP3A,
by Blsl- and Glal-PCR assays. The location of these genes in the human genome (according to
GRCh37.p2 primary reference assembly) is given in Table 3.
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Tumor Chromosome and the Location of DNA A number of sites in

suppressor DNA fragment position | fragment in human | DNA fragment
gene in it genome
RCGY |RCGYNRCGY

CEBPD 8—8p11.2-p11.1 515093 - 515 433 11 1
MGMT 10—10qg26 2499161 -2 499 516 16 0
IGFBP3 7—7p13-p12 45 951 065 — 45 950 41 1

249
RASSF1A 3—3p21.3 50 318 593 — 50 317 26 1

790
SEPT9b 17—17925 40643 169 — 40 644 33 3

107

Table 3. Location of studied regions of the tumor suppressor genes in human genome (according to
GRCh37.p2 primary reference assembly)

The structure of the regulatory region of all studied tumor suppressor genes is presented in Figure 1.
According to Figure 1 and Table 3 a number of 5-RCGY-3’ and 5-RCGYNRCGY-3’ sites significantly
differ in selected DNA fragments. We have determined methylated 5’-RMGY-3’ and 5’-RMGYNRMGY-3’
sites in the regulatory regions of tumor supressor genes in DNA preparations from five cell lines: four well-
known malignant cell lines (HeLa, Jurkat, Raji, U-937) and the fifth one is DNA from the fibroblast cell line
L-68, which is used as a control. Initially, all DNA preparations have been pretreated with a restriction
endonuclease which does not have recognition sites in the selected fragments of the regulatory regions
(Tru9l in the cases of SEPT9b and IGFBP3; Taqgl in the other cases), in accordance with a pretreatment
procedure used in bisulphite genomic sequencing (Clark et al., 1994).
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Figure 1. Scheme of the regulatory region of CEBPD, RASSF1A, SEPT9b, MGMT and IGFBP3 genes.
Recognition sites of the restriction endonuclease Haelll are indicated by vertical bars. 5-RCGY-3’ sites
are indicated by circles. The DNA sequences comprising of two 5-RCGY-3’ sites separated by one
nucleotide (forming Blsl recognition site if methylated) are given below. Transcription start is indicated by
a bended arrow. The size of DNA fragment is given at right of each scheme. Primers locations are given
by arrows.

All DNA preparations from human cell lines have been treated separately with

1) Haelll, which has recognition sites in the studied DNA fragment, positive control;

2) Glal (recognizes 5-RMGY-3’ (Tarasova et al., 2008));

3) Blsl (recognizes 5’-RYNRY, if there is 5-methycytosine in each DNA strand of the site); Blsl hydrolyzes
DNA sequence 5-RMGYNRMGY-3'/3’-YGMRNYGMG-5’ consisting of two sites 5-RMGY-3’ separated by
one nucleotide (Blsl site is underlined).

4) no added enzyme, negative control.

After incubation, DNA from four reaction mixtures was used as DNA templates for PCR. Analysis of PCR
products has been done by electrophoresis instead of real time PCR because of relatively long DNA
fragments studied in the work (341 bp, 678 bp and three fragments more than 800 bp). DNA from
Drosophila melanogaster at the same concentration has been used as a negative PCR control.

Figure 2 shows the data obtained for a study of five selected regulatory regions.
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Figure 2. Blsl- and Glal-PCR assay of the selected regions.

Pretreated DNA from L-68 (2-5), HelLa (6-9), Raiji (10-13), U-937 (16-19), Jurkat (20-23); DNA from
Drosophila melanogaster (14 and 24); Haelll (2, 6, 10, 16, 20); Glal (3, 7, 11, 17, 21); Blsl (4, 8, 12, 18,
22); no added enzyme (5, 9, 13, 19, 23); 100 bp DNA Ladder (1, 15, 25). The primers used for PCR
amplification (see Figure 1) and the lengths of the whole regions are shown at right.

CEBPD. Figure 2a shows data on Glal- and BlsI-PCR assays of CEBPD promoter region. PCR product,
341 bp DNA fragment, is present in positive control (lanes 5, 9, 13, 19 and 23) whereas it is absent after
hydrolysis of DNA from Raji and U-937 cells with Glal and Blsl (lanes 11, 12, 17 and 18). There is only
one site 5-RCGYNRCGY-3’ in the studied DNA fragment, which may be cleaved with Blsl if methylated
(5-GCGCAGCGC-3’, Fig. 1a). According to Blsl-PCR assay results, this sequence remains non-
methylated in DNA from L-68, HelLa and Jurkat but it converts to completely methylated sequence 5’-
GMGCAGMGC-3'/3'-CGMGTCGMG-5’ in Raji and U-937 cells. Thus, according to Glal- and Blsl-PCR
assays data, at least two methylated sites 5’-RMGY-3’ are present in the CpG island of CEBPD promoter
region in DNA from Raji and U-937 cells, whereas the studied 341 bp DNA fragment from control cell line
L-68 and malignant cell lines HelLa and Jurkat does not contain methylated 5-RMGY-3’ sites. The
obtained data may be regarded as evidence of CEBPD activity in control cell line L-68 and malignant cell
lines HelLa and Jurkat, whereas it is probably inactive in Raji and U-937 cells due to presence of
methylated 5-RMGY-3’ sites in the promoter region.

As it was reported earlier, an absence of CEBPD protein in cells causes genomic instability (including
chromosomal rearrangements) followed by a loss of normal growth control (Huang et al., 2004).
Interestingly, such chromosomal rearrangements have been observed both in Raji (Karpova et al., 2005)
and U-937 (Strefford et al., 2001) cells. Thus, our results confirm a possible relation between CEBPD
gene silencing and some leukemia diseases.

MGMT. Figure 2b demonstrates results of Glal- and Blsl-PCR assays of promoter / first exon region of
MGMT tumor supressor gene. Glal-PCR assay leads to 356 bp PCR product formation in all cases
excepting DNA preparation from U-937 cells (lane 17). So, CpG island in the regulatory region of MGMT
gene contains at least one 5’-RMGY-3’ site in U-937 cells, whereas this DNA fragment in other malignant
cell lines and control L-68 cell line do not contain 5-RMGY-3’ sites. The Blsl-PCR assays show negative
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results for DNAs from all other malignant cell lines and this is probably due to absence of 5'-
RCGYNRCGY-3’ sites in the studied DNA region.

MGMT gene expression has been previously studied in U-937, Jurkat, Raji and some other cell lines. No
MGMT activity was found in U-937 cells whereas rather high MGMT activity was found in Jurkat and Raji
cells (Horton et al., 2009). Our results correspond to these literature data.

IGFBP3. Figure 2c presents the results of Glal- and Blsl-assays of the IGFBP3 regulatory region. A
predicted 817 bp fragment is produced in both assays of DNA from control L-68 and malignant HeLa cells
(lanes 3-4 and 7-8), whereas this band is not observed in PCR assays of DNA preparations from other
malignant cells.

The analysed DNA fragment (817 bp in length) contains only one 5-RCGYNRCGY-3’ site, which may be
cleaved with Blsl if methylated (5-GCGCTGCGT-3’, Fig. 1c). According to the obtained results, 5-
GCGCTGCGT-3’ site remains non-methylated in L-68 and HeLa DNAs only and becomes methylated (5’-
GMGCTGMGT-3'/3'-CGMGACGMA-5’) in Jurkat, Raji and U-937 cells. So, according to the results of
Glal- and BIsl-PCR assays, there are at least two methylated sites 5-RMGY-3'’ in the regulatory region of
IGFBP3 gene in DNAs from Jurkat, Raji and U-937 cell lines, whereas DNA preparations from control L-
68 cell line and malignant HeLa cell line do not contain methylated 5-RMGY-3’ sites in the studied
promoter / first exon region.

Previously it has been shown that IGFBP3 protein level may decrease during the progression of some
oncological diseases including prostate cancer (Miyake et al., 2000), ovarian endometrioid carcinoma
(Torng et al., 2009) and colorectal cancer (Kawasaki et al., 2007). Our data indicate that IGFBP3
regulatory region methylation followed by putative decrease of IGFBP3 protein level also takes place in
leukemia diseases, though inactivation of this gene is not observed in cervix adenocarcinoma (HeLa).

RASSF1A. Previously, we have used Glal- and Blsl-PCR assays to study the 804 bp DNA fragment which
includes CpG island of RASSF1A regulatory region. It have been shown that this region contains 5’-
RMGY-3’ sites in Raji and Jurkat cell lines only (Gonchar et al., 2010). In Figure 2d we have provided a
detailed study of methylated sites 5-RMGY-3’ distribution in RASSF1A regulatory region.

Besides the whole DNA fragment (804 bp in length) we have analysed promoter region of RASSF1A gene
(DNA fragment 385 bp in length) and a part of the first exon (DNA fragment 266 bp in length) which
includes 5’-GCGCTGCGC-3’ site (Fig. 1d). Figure 2d presents results of Glal- and BlIsl-PCR assays of
three mentioned DNA fragments. PCR products of the predicted lengths are seen in the assays of all
three fragments in the cases of DNA preparations from control cell line as well as HeLa and U-937 cells
(Fig. 2d, lanes 3-4, 7-8, 17-18). PCR products after amplification of 804 bp and 266 bp are absent in the
case of Raji and Jurkat cells (lanes 11-12, 21-22), due to methylation of the mentioned 5-GCGCTGCGC-
3’ site which is converted to 5-GMGCTGMGC-3'/3’CGMGACGMG-5’ site, cleaved with Blsl (Gonchar et
al., 2010).

The results of Glal-PCR assay of 385 bp DNA fragment are not so clear. Blsl-PCR assay of this fragment
gives negative result for all DNA preparations (row 2, lanes 4, 8, 12, 18, 22). Probably this is caused by
the absence of 5-RCGYNRCGY-3’ sites within this region. At the same time Glal-PCR assay has shown
that some methylated 5-RMGY-3’ sites are present in this fragment in Raji and Jurkat cells only (row 2,
lanes 11 and 21). This corresponds to results of assay for 804 bp and 266 bp fragments. However, it
should be notified that 804 bp and 266 bp fragments are completely absent in Gla-PCR assay of DNA
from Raji and Jurkat cells, while 385 bp fragment is amplified in low extent in comparison with control
(lanes 13 and 23).

Methylation of the RASSF1A promoter and first exon regions has been studied previously (Hesson et al.,
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2007; Feng et al., 2008; Peters et al., 2007). A detailed study of the RASSF1A promoter and first exon
regions methylation in DNA from breast cancer cell lines was undertaken previously (Yan et al., 2003).
The authors found weaker methylation of the promoter region than the first exon one and observed
significant methylation of DNA in a region, that is close to the DNA sequence 5-GCGCTGCGC-3'. Our
results correspond to these published data.

SEPT9b. The regulatory region of the SEPT9b gene includes three 5-RCGYNRCGY-3’ sites, which are
located downstream of the start of transcription (Fig. 1€) and may be cleaved with Blsl after methylation.
We have carried out Glal- and Blsl-PCR assays of three DNA regions, each of which contains one 5'-
RCGYNRCGY-3’ site, separately. This allows to determine methylation status of the three overlapping
fragments (432, 197 and 399 bp in length) in the whole promoter / first exon region. Data provided in
Figure 2e show the same picture of all three DNA fragments methylation for each cell line. The amplified
DNA fragments of the predicted lengths were observed in cases of control fibroblast and Jurkat cells only
(Fig. 2, rows 1-3, lanes 21-22). The obtained results demonstrate that the 5-RMGYNRMGY-3’ site is
present in each studied region in DNA from HelLa, Raji and U-937 cells, whereas these sites are not
methylated in L-68 and Jurkat cells.

Aberrant methylation of SEPT9b has been reported in colorectal cancer patients only (Grutzmann et al.,
2008). Our results indicate that this abnormal methylation of the SEPT9b gene may be detected in other
malignant cells as well.

DISCUSSION

Determination of methylation status of tumor supressor gene regulatory region using Glal- and
Blsl-PCR assays. DNA methylation of the regulatory regions of tumor supressor genes is the main
reason of their inactivation (Jones and Baylin, 2002) and may be observed even at early stage of cancer
(de Caseres et al., 2007). So, methylation status determination for these DNA regions is an important task
for early diagnostics of oncological diseases. Currently, a method of sodium bisulphite conversion of DNA
is the main method for direct determination of 5-methylcytosines in the DNA region of interest (Grigg,
1996). However, this method has a number of restrictions and is not used routinely in clinical practice. In
this work we have applied the previously developed method of Glal- and Blsl-PCR assays (Gonchar et al.,
2010) for detection of 5-RMGY-3’ and 5-RMGYNRMGY-3’ sites in the regulatory regions of CEBPD,
RASSF1A, SEPT9b, MGMT and IGFBP3 tumor supressor genes. The results of Glal- and Blsl-PCR
assays have shown a good correlation with published data on analysis of regulatory regions of tumor
supressor genes obtained using the method of bisulphite conversion of DNA. Glal- and Blsl-PCR assays
are simple to use and allows to obtain unambiguous result (the presence or absence of methylated 5’-
RMGY-3’ sites) in the most cases. BIsl-PCR assay has shown either presence or absence of 5'-
RMGYNRMGY-3' sites in the studied DNA fragments depending on the analyzed cell line. This allows to
use Glal- and Blsl-PCR assays as a simple and reliable method for determination of methylation status of
regulatory regions of tumor suppressor genes.

Distribution of 5'-RMGY-3' sites in the regulatory regions. Previously, we applied Glal-PCR assays to
determine DNA methylation of the RARB regulatory region in malignant HelLa, Jurkat, Raji, U-937 cell
lines and L-68 control cells (Gonchar et al., 2010). 5-RMGY-3’ sites have been observed in the studied
DNA region in all tumor cell lines but not in DNA from control fibroblast cells. Blsl-PCR assay of the
DAPK1 regulatory region revealed the presence of the methylated sequence 5-GMGCCGMGC-3'/3’-
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CGMGGCGMG-5’ in DNA from Raji cells only (Gonchar et al., 2010).

The data obtained in this work and previously published data (Gonchar et al., 2010) are presented in
Table 4. This table includes the results of methylation status determination for regulatory regions of
RARB, DAPK1, CEBPD, RASSF1A, SEPT9b, MGMT and IGFBP3 tumor supressor genes using Glal-
and BIsl-PCR assays. According to the table Glal- and Blsl-PCR assays have revealed different
combinations of the regulatory regions with methylated 5-RMGY-3’ sites in DNA from all five human cell
lines.

Glal PCR assay | Blisl/Glal PCR assay Bisl PCR assay

L-68 - - - - - - -
Lung fibroblast

HeLa + - - - - + -
Cervix adenocarcinoma

Raji + - + + + + +
Burkitt's lymphoma

U-937 + + + + - + -
Histiocytic lymphoma

Jurkat + - - + + . .
Acute T-cell leukemia

Table 4.Summarized data on Blsl- and Glal-PCR assays results

Blsl-PCR assay gives the negative result in study of RARB and MGMT genes probably due to absence of
5-RCGYNRCGY-3’ sites in the regulatory regions of these genes. At the same time Gla-PCR assay
allows to reveal a difference in the methylation status of RARB and MGMT genes. In case of RARB gene
5-RMGY-3’ sites are detected in regulatory regions of all malignant cell lines, CpG island of MGMT gene
carries 5-RMGY-3’ sites in U-937 cells only (Table 4).

Both Glal-PCR assays and BlsI-PCR assays produced the same results in the methylation study of each
regulatory regions in the cases of CEBPD, IGFBP3, SEPT9b and RASSF1A, except a promoter region of
the last gene. However, DNA preparations from all studied cell lines display different combinations of
methylated regulation regions: CEBPD promoter region is methylated in Raji and U-937 cells only;
RASSF1A promoter and first exon region is methylated in Raji and Jurkat cells only; SEPT9b promoter
and first exon region is methylated in U-937, Raji and HelLa cells; the IGFBP3 promoter and first exon
region is methylated in U-937, Raji and Jurkat cells.

Gla-PCR assay of the RASSF1A promoter region (385 bp fragment) in DNA from Raji and Jurkat cells has
shown a presence of 5-RMGY-3’ sites only in a part of DNA molecules. This differs from a result of the
RASSF1A first exon study by Gla-PCR assay, which has not revealed unmethylated 804 and 266 bp
fragments. We can speculate that a promoter region of RASSF1A in Raji and Jurkat cells carries 5'-
RMGY-3’ sites in one allele only, whereas a first exon of this gene carries two 5-RMGY-3’ sites in DNA
sequence 5’-GMGCTGMGC-3’ in the both alleles of diploid chromosome set of cells. The future work on
Gla-PCR assay of this DNA region in a real time mode will verify this assumption.

Analysis of DNA structure in the regions with Bisl sites. BIsl-PCR assay of regulatory regions of
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tumor supressor genes has demonstrated that each of seven 5-RCGYNRCGY-3' sites in the studied DNA
fragments (Fig. 1 and DAPK1 regulatory region in Gonchar et al., 2010) is methylated at least in one
malignant cell line. In case of IGFBP3 and SEPT9b CpG islands these sites are methylated in three cell
lines (excepting HelLa and Jurkat, respectively). In CEBPD and RASSF1A regulation regions these sites
are modified in two cell lines (Raiji, U-937 and Raiji, Jurkat, respectively). Site 5’-GCGCCGCGC-3’ in CpG
island of DAPK1 gene is methylated in Raji cells only. So, 5-RCGYNRCGY-3’ sites in the regulatory
regions of tumor supressor genes are methylated in different combinations depending on cell line, from
which DNA was isolated, however each of sites is methylated at least in one cell line. Figure 3 shows
nucleotide sequences of seven DNA fragments with 5-RCGYNRCGY-3’ site. Comparative analysis of
DNA structure does not reveal any similarity of sites' vicinities in all fragments. Nevertheless, it should be
noted that each DNA fragment includes direct repeats surrounding 5-RCGYNRCGY-3' site. These
repeats consist of 5 or 6 nucleotides, which are located at different distances from 5-RCGYNRCGY-3’ site
and include mainly G and C nucleotides.

1 50
DAPK1 GGAGCTGGGAGGAGCAGCGAGCGCCGCECAGAACCCGCAGCGCCGGCCTGEC
SEPT9b-2 TCTGChCTGCAGGAECGCGGGCGCGGCGCCCCEGCEAECGCGCﬁGGGCCCGG
IGFBP3 GTGAGCCGCCCGCGCCEGGTGCGCTGCGTGC&GCACCCGGCGC.&CTGGCGCC
SEPTS9b-1 GEGGCGGGGGCGGGGCGGGGGCGCAGCGCGEGGGGAGGGGCC_GGCGCCCGCC
RASSF1A CCCGGCTGGAGCGTGCCAACGCGCTGCGCATCGCGCGEGGGCACCGCGTGCAR
SEPT9b-3 CAGGCGCCCTCCCGCTGAGAGCGCCGCECGCCCCCGGCCCCGTGCCCGLELC

CEPED AGGGAGTGTCATTCCCAGCAGCEGCAGCEGCAGGCCGGCCCGGGCCGEGEEAGGE

Figure 3. Primary structure of short DNA fragments with 5-RCGYNRCGY-3' sites (shown in grey). Direct
repeats are underlined.

Typing of cancer cell lines. A set of methylated 5-RMGYNRMGY-3’ sites in regulatory regions of
DAPK1, CEBPD, IGFBP3, RASSF1A and SEPT9b tumor suppressor genes varies in the studied
malignant cell lines. It allows to consider a characterization of cancer cell lines based on results of Gla- or
Blsl-PCR assay of the selected DNA regions. Such Gla- or Blsl-PCR assay results in either an absence or
presence of PCR product and gives an unambiguous conclusion. Authentication of cell lines is a very
important problem in modern biology. It is well-known that many cell lines maintained in laboratories are
incorrectly identified or contaminated (Stacey, 2000; Nardone, 2007; Capes-Davis et al., 2010). Many
methods, such as isoenzyme analysis, karyotyping, single nucleotide polymorphism (SNP) and amplified
fragment length polymorphisms (AFLP) are used for cell culture authentication. Recently short tandem
repeat (STR) profiing has been chosen as a standard method for cell line characterization and
confirmation of its purity (Alston-Roberts et al., 2010; Barallon et al., 2010). The cytogenetical and
biochemical methods of identification (morphological observations, karyotyping and isoenzyme
polymorphisms profiling) require rather serious differences in cell properties and morphology. These
methods often are not reliable enough and are not convenient as routine laboratory procedure. Modern
molecular approaches based on DNA variation are more accurate and a growing progress in
standardization of some of these methods may be of great importance for cell biology and oncology.

However, none of the mentioned methods takes into account an epigenetic issue for differentiation of cell
lines, which is especially important for cancer cell lines. It is well-known that the methylation status of
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certain DNA regions is a serious sign of cell malignancy and differences in CpG island methylation has
been observed for many cancer cell lines (Issa, 2004). So, determination of methylation status of
regulatory regions of tumor suppressor genes is an important criterion for cancer cell line identification
and differentiation. In this paper we have shown that combination of methylation status of seven
regulatory regions of tumor suppressor genes differs for each of the studied malignant cell line (Table 4).
Thus, Blsl- and Glal-PCR assays of regulatory regions of tumor suppressor genes may be used for a
rapid epigenetic characterization of cancer cell lines.

CONCLUSIONS

Glal- and BlsI-PCR assays have been applied to determine the DNA methylation status of the regulatory
regions of SEPT9b, IGFBP3, CEBPD, MGMT and RASSF1A human tumor suppressor genes. The
methylation status has been determined by the presence of methylated 5-RMGY-3’ sites. Each of the
studied malignant cell lines (HelLa, Raji, U-937 and Jurkat) differs from others in combination of regulatory
regions with methylated 5’-RMGY-3’ sites. DNA from the control fibroblast cell line L-68 does not contain
5’-RMGY-3’ sites in any mentioned regulatory region.

Glal- and BIsl-PCR assays of

1. the CEBPD promoter region showed the presence of methylated 5-RMGY-3’ sites in DNA from Raiji
and U-937 cells;

2. the RASSF1A promoter and first exon region showed DNA methylation in Raji and Jurkat cells;

3. the SEPT9b promoter and first exon region showed DNA methylation in U-937, Raji and HelLa cells;

4. the IGFBP3 promoter and first exon region showed DNA methylation in U-937, Raji and Jurkat cells.

Glal-PCR assay of the MGMT promoter and first exon region demonstrated DNA methylation in U-937
cells only.

These results support determination of methylation status of regulatory regions of tumor suppressor
genes by Glal- and BIsl-PCR assays and allow to consider results of these PCR assays as a specific
characteristic of cancer cell lines. This characterization may be helpful in determination of cancer cell lines
and complements other well known methods
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