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Figure 3: Receiver operating characteristic (ROC) curves for GLAD-PCR analysis of individual RCGY marker sites
methylation in CRC versus normal mucosa tissues. Resulting sensitivity, specificity, area under the ROC curve

(AUC) with standard error, and 95% confidence interval are summarized in Table 3

80 100

Number of Number of
detected CRC negative controls/
samples/total total number of
number of CRC Sensitivity, normal mucosa Specificity, AUC
Gene (region) samples % controls % (standard error) 95% CI
FBN1(3.3) 20/21 95.2 9/9 100 0.976 (0.024) 0.843-1.000
FBN1(3.1) 20/21 95.2 9/9 100 0.971 (0.029) 0.834-1.000
CNRIP1 16/21 76.2 9/9 100 0.952 (0.036) 0.806-0.997
ADHFE1 18/21 85.7 9/9 100 0.915 (0.055) 0.755-0.985
FBN1(2) 19/21 90.5 8/9 88.9 0.902 (0.065) 0.737-0.980
FBN1(1) 17121 81.0 9/9 100 0.884 (0.062) 0.714-0.971
SDC2 15/21 714 9/9 100 0.873 (0.058) 0.701-0.966
UCHL1 13/21 61.9 9/9 100 0.870 (0.068) 0.697-0.964
SEPT9 16/21 76.2 9/9 100 0.862 (0.067) 0.688-0.960
VIM 15/21 71.4 9/9 100 0.862 (0.056) 0.688-0.960
THBD 15/21 71.4 9/9 100 0.841 (0.058) 0.662-0.948
SOCS3 13/21 61.9 9/9 100 0.825 (0.074) 0.644-0.939
RXRG 12/21 57.1 9/9 100 0.778 (0.085) 0.589-0.908
EID3 18/21 85.7 7/9 77.8 0.778 (0.103) 0.589-0.908
SFRP2 15/21 71.4 8/9 88.9 0.772 (0.099) 0.584-0.905
ELMO1 12/21 571 9/9 100 0.757 (0.089) 0.566-0.894
ESR1 12/21 57.1 8/9 88.9 0.730 (0.097) 0.538-0.875
TMEFF2 15/21 71.4 8/9 88.9 0.714 (0.114) 0.521-0.863
RYR2 17/21 81.0 6/9 66.7 0.704 (0.115) 0.510-0.855
NGFR 11/21 52.4 8/9 88.9 0.667 (0.108) 0.472-0.827
LAMA1 7121 33.3 9/9 100 0.651 (0.106) 0.456-0.815
ALX4 12/21 571 8/9 88.9 0.646 (0.112) 0.451-0.810
HLTF 9/21 42.9 9/9 100 0.550 (0.106) 0.359-0.731
RARB 11/21 52.4 6/9 66.7 0.550 (0.114) 0.359-0.731
SOX17 14/21 66.7 5/9 55.6 0.548 (0.127) 0.356-0.729
NEUROG1 10/21 47.6 8/9 88.9 0.540 (0.110) 0.349-0.722

Table 3: Receiver operating characteristics for diagnosis of CRC versus normal mucosa determined by means of GLAD-PCR assay

of selected RCGY sites (sorted by AUC values)
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methylated. Methylated site in FBNI1(3.3) and FBNI(3.1) regulation
regions is the same and located in position 48645483 (Table 2). So, we
studied 26 DNA regions and identified 25 R(5mC)GY sites in regulation
regions of 23 genes. Results of GLAD-PCR assay of FBNI(3.3)
regulation region (data are not shown) indicate that sites GCGC and
ACGT, located in positions 48645433 and 48655447, respectively, are
not methylated. Thus, a GLAD-PCR assay showed that in FBNI(3.1)
and FBNI(3.3) regulation regions (positions 48645378-48655638,
see Figure la), there is one methylated site G(5mC)GC in position
48645483, whereas other four RCGY sites (two RCGY sites upstream
and two RCGY sites downstream this location) are not methylated.

At the next step, we performed GLAD-PCR assay of DNA
preparations from 21 tumor tissues samples and 9 paired tissue samples
from normal colon mucosa studying the abovementioned 26 DNA
regions. The Cq data obtained for all studied DNA samples are shown in
Figure 2. In all studied regulation regions, we see the methylated target
sites in most of the tumor DNA samples. Comparing the obtained Cq
data, we can see that FBN1(3.3) and FBNI1(3.1) regulation regions give
a similar pattern of selected RCGY site methylation in all 30 studied
DNA samples. This coincidence corresponds to GLAD-PCR assay of
two DNA regions but the same RCGY site located in position 48645483
of 15th chromosome. ROC curves and calculated AUC values are also
identical for both regions (Figure 3 and Table 3).

We compared the data obtained in our study and published earlier.
In most cases the results of our analysis confirm the high levels of
methylation for many well-studied genes in CRC. All investigated genes
with the highest AUC values also have shown sensitivity higher than
60% and specificity higher than 80% in the published literature. The
sensitivity/specificity values for FBNI and CNRIPI biomarkers were
determined as 79/99 and 94/95, correspondingly, in the study of DNA
methylation in tumor and adjacent tissue samples [22]. Other tissue-
based studies of ADHFEI, SDC2, and UCHLI methylation showed
values of 82/92 [23], 75/83 [8], and 60/100 [24]. VIM gene methylation
frequency was determined using DNA from stool and blood samples
of CRC patients and healthy donors. In this case the sensitivity/
specificity values were 73/87 [30] and 59/93 [31], correspondingly.
SEPT9 methylation is considered to be one of the most promising CRC
biomarkers, so it was investigated in a number of works. For example,
the cancer tissue DNA study resulted in 87/100 sensitivity/specificity
values [8]. The changes in SEPT9 methylation in blood samples of
CRC patients compared to healthy donors were also significant and
sensitivity/specificity values of 72/90 [32], 90/89 [33], 69/86 [34], and
73/91 [35] were reported earlier. THBD is also frequently methylated
in the blood of CRC patients showing 71/80 sensitivity/specificity
values [36].

It should be noted that the difference in sensitivity/specificity values
for the same gene in different studies is not a rare case. For example, we
can observe such results in literature for SEPT9, ALX4, RASSF1, and
some other genes [20,21]. Probably the variability of the methylation
data may be explained by the difference in the methodologies used in
the experiments or by samples’ selection. So, the experimental data
mainly show the tendency and probability of the gene methylation in
malignant cells.

Thus, the GLAD-PCR analysis allows identifying aberrantly
methylated RCGY sites of gene regulatory regions in tumor tissues and
cell line SW837. We are planning to continue a work with tissue samples
to identify aberrantly methylated sites suitable for GLAD-PCR analysis
in regulatory regions of other genes. A second group of scientists will

analyze a methylation of established target sites in DNA preparations of
peripheral blood of CRC patients.

Conclusion

In this study we applied a new GLAD-PCR assay to identify
aberrantly methylated RCGY sites in a number of downregulated
genes in the tissue DNA samples of CRC patients. The analysis of
the methylation status of RCGY sites demonstrated good prognostic
potential with relatively high sensitivity and specificity of CRC detection
in the tissue DNAs. We believe that the selected RCGY sites may be
used in GLAD-PCR assay of CRC determination in case of noninvasive
blood and stool DNA analysis.
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