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Early diagnosis of oral squamous cell carcinoma (OSCC) may have a major impact on survival and quality of
life. Recent studies have shown that the majority of OSCC is preceded by precursor lesions characterized by
genetic alterations. The aim of this study was to develop and evaluate a noninvasive screening test for oral
preneoplastic lesions, based on genetic alterations as marker. Various methods to obtain a high yield of cells by
brushing a small area of the oral mucosa were compared. A novel genetic assay, multiplex ligation-dependent
probe amplification (MLPA), was applied that enables the measurement of gains and losses at 40 different
chromosomal locations in one PCR reaction using 150ng DNA. MLPA was performed on DNA of normal and
dysplastic oral mucosa as well as of OSCC with the intention to select a specific probe set for accurate
detection of precursor lesions in the oral cavity. The assay was correlated to loss of heterozygosity analysis
using microsatellite markers, and evaluated on noncancer subjects and patients with oral leukoplakia. A
noninvasive sampling method was developed with DNA yields ranging from 150 to 600ng. Using 120 probes, we
could detect large differences with MLPA in the number of alterations between normal vs dysplastic and
dysplastic vs tumor tissue with P-values o0.001. A significant correlation was found between the number of
alterations as detected by MLPA and the analysis for allelic loss. The available data enabled the selection of a
set of 42 MLPA probes, which had the power to optimally discriminate between normal and dysplastic tissue.
Our data show that MLPA is a sensitive, reliable, high-throughput and easy-to-perform technique, enabling the
detection of genetic alterations on small noninvasive samples and can be considered a promising method for
population-based screening of preneoplastic lesions in the oral cavity.
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Worldwide approximately 300 000 individuals are
yearly diagnosed with oral cancer, approximately
80% with squamous cell carcinomas (OSCC) that
arise in the mucosal linings.1 Despite advances in
locoregional therapy, still 50% of OSCC patients die
of their disease.2,3 Screening populations for the
early detection of asymptomatic carcinoma or pre-
cursor lesions is an attractive strategy to reduce the
burden of OSCC. The major example in this respect
is the cytological screening of women with smears to
prevent cervical cancer. The introduction of screen-

ing programs has considerably declined the inci-
dence of cervical cancer in the last three to four
decades in most developed countries.4 In the 1960s
and 1970s, numerous reports on the use of oral
cytology as a diagnostic approach were published.
However, low sensitivity and specificity precluded
the general adoption of microscopic cytology for the
detection of oral cancer and precancerous lesions.5

In recent years, considerable progress has been
made in understanding the genetic basis of OSCC
carcinogenesis. It has been well established that these
cancers arise as a result of the accumulation of genetic
alterations in proto-oncogenes and tumor suppressor
genes, referred to as multistep carcinogenesis.6 In
2003, Braakhuis et al proposed a progression model of
oral cancer in which they described that mucosal
fields with genetic alterations can replace the normal
epithelium in the oral cavity. Clonal evolution in
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these fields leads to the invasive carcinoma.7–9

Despite the large dimensions up to 10cm in diameter,
the majority of these lesions are not visible by clinical
inspection. Only a minor subgroup of precursor
lesions can be seen clinically and present as a white
or a red lesion in the oral mucosa, designated as
leukoplakia or erythroplakia, respectively.10

The knowledge that far most, if not all, OSCC, may
be preceded by large precursor lesions now opens
the possibility for early diagnosis of these precan-
cerous lesions.8 At this moment, histology is the
gold standard for diagnosis and grading of oral
preneoplastic lesions. The lesions are histologically
recognized as either nondysplastic or dysplastic,
and if dysplastic, graded as mildly, moderately or
severely. The potential of histological examination
to identify preneoplastic lesions might suggest that
histology is suitable for screening. However, screen-
ing by taking random biopsies of both clinically
normal and suspect oral tissue is unpractical, since
this causes serious discomfort to the patient and is
not suited for repeated sampling at multiple sites.
Moreover, histological grading has some value for
the assessment of the risk for progression, but due to
inter- and intraobserver variability, it is of limited
importance for the individual patient. Grading of
preneoplastic lesions by genetic methods or DNA
ploidy seems more promising in this respect.11–16

Noninvasive sampling is a more attractive alter-
native that would allow repeated screening for
preneoplastic lesions. The cells can be brushed or
scraped from the mucosa,17 and the DNA analyzed
for genetic alterations. It has been generally ac-
cepted that specific genetic changes are related to
the carcinogenic process, and are of value to predict
the risk for progression.18 Of note, to obtain a
homogeneous sample of a potential preneoplastic
lesion, only small samples should be used, restrict-
ing the amount of DNA available for analysis. On the
other hand, numerous chromosomal regions have
been associated with early OSCC carcinogenesis and
should therefore be analyzed in parallel.

Hence, an assay is needed that allows analysis of
multiple markers using only small amounts of DNA.
Recently, a novel assay for analysis of multiple
genetic alterations using small amounts of template
DNA has been developed: multiplex ligation-depen-
dent probe amplification (MLPA).19 This assay
allows the measurement of numerical chromosomal
alterations at 40 target locations using only 20ng of
DNA, corresponding to approximately 3000 cells.
The aim of this study was to develop a noninvasive
screening test using MLPA to detect preneoplastic
lesions in the oral cavity.

Materials and methods

Patients and Tissue Samples

Normal oral mucosa was derived from 10 paraffin-
embedded surgical specimens of uvulas from pa-

tients who underwent surgical treatment for snor-
ing. In addition, 10 paraffin-embedded tumor
specimens were selected from patients who under-
went surgical treatment for OSCC. Dysplastic oral
mucosa was obtained from 10 fresh frozen and 10
paraffin-embedded surgical margins that were taken
from the specimen of surgically treated OSCC
patients for routine histological assessment. All
specimens were histologically examined by an
experienced pathologist. Dysplasia was scored ac-
cording to the standard criteria of the World Health
Organisation.20

Specimens from three leukoplakia patients who
underwent a transoral excision were used for
comparison of the genetic changes in brushed cells,
and those in the excised tissue samples. The
leukoplakia lesion was brushed before excision,
and the excised specimen was subsequently em-
bedded in paraffin. The microdissected mucosal
epithelium was analyzed for genetic changes as
described below.

Blood samples and cells brushed from the oral
mucosa obtained from 20 noncancer subjects served
as control material.

The study was approved by the Institutional
Review Board, and all patients were enrolled after
written informed consent.

Noninvasive Sampling

For noninvasive sampling, exfoliated cells were
brushed from the oral mucosa in noncancer con-
trols and leukoplakia patients. Different sampling
methods were tested, including a small disposable
brush (Omnidents, Dental Union, Nieuwegein, The
Netherlands), a Cytobrush pluss (Medscand Medical,
Sweden) and an excavator 125–126 (Dentsply Ash,
UK). To investigate the depth of sampling, cytospins
were made from the different samples and subse-
quently immunostaining with suprabasal CK-13 and
basal CK-19 antibody was performed, using IgG as
negative control.

Sites of 5� 10mm were brushed repeatedly five
times at different anatomical sites in the oral cavity
in healthy controls or at the leukoplakia lesion
before excision. Each brush was immediately placed
into a 2ml reaction vial containing 200 ml phos-
phate-buffered saline (PBS). After 15 s of vortexing,
the brush was removed by a sterilized pair of
tweezers. Next, the cells were pelleted by centrifu-
ging the vials at 1500 g for 10min. Finally, excess
PBS was removed by a glass capillary and the pellets
were stored at �201C.

Microdissection

From all tissue specimens, 10-mm sections were cut
and mounted on microscopic glass slides. The
paraffin-embedded specimens were subsequently
deparaffinized in xylene and rehydrated. The first
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and last tissue sections were stained with hematox-
ylin and eosin for histological analysis and to guide
microdissection. The other tissue sections were
stained with 1% toluidine blue and 0.2% methylene
blue and manually microdissected under a stereo-
microscope. From the uvulas and leukoplakia
samples, the entire mucosal epithelium was micro-
dissected. From the surgical margins and tumor
samples, only dysplastic and neoplastic areas were
microdissected, respectively.

Isolation of DNA

The pelleted exfoliated cells and blood cells as well
as the microdissected tissues were treated with
1mg/ml of proteinase K for 24h at 521C in 100 ml
buffer containing 100mM TRIS-HCL (pH 9.0),
10mM NaCl, 1% sodium dodecyl sulfate and
5mM EDTA (pH 8.2). The DNA was purified by
phenol–chloroform extraction and collected by
ethanol precipitation using 2mg of glycogen as
carrier. The DNA was redissolved in 20 ml LoTE
buffer (3mM TRIS-HCL, 0.2mM EDTA, pH 7.5).
DNA concentrations were measured by an ND-1000
spectrophotometer (B&L, Maarssen, The Nether-
lands). For comparison, DNA isolation from exfo-
liated cells was also performed with DNA Stat
(Campro Scientific Bv, Veenendaal, The Nether-
lands) and QIAamp DNA mini Kit (50) (Qiagen
GmbH, Hilden, Germany), carried out according to
the suppliers.

Measurement of Numerical Chromosomal Alterations
by MLPA

MLPA kits were used as described by the supplier.19

Three different probe sets each were evaluated with
40–42 probes detecting primarily oncogenes and
tumor suppressor genes: SALSA P005, P006 and
P007 (MRC-Holland, Amsterdam, The Netherlands).
In addition, the SALSA P014 chromosome 8p kit
was used. In short, 5 ml of genomic DNA diluted in
LoTE at a concentration of 10 ng DNA/ml was
denatured at 981C for 5min, cooled to 251C and
3ml of a 1:1 mixture of MLPA buffer and SALSA
probe-mix was added. After hybridization for 16h at
601C, 32ml ligation mix was added and the reaction
was incubated for 15min at 541C followed by 5min
at 981C. Subsequently, 40ml of the SALSA PCR-mix
(FAM label) was added to 10 ml of ligation product
and this was amplified by PCR in 33 cycles (30 s
951C, 30 s 601C, 60 s 721C). For analysis, 12 ml of
deionized formamide was combined with 0.5 ml of
Genescan-500 (Rox) size standard (Applied Biosys-
tems, Nieuwerkerk a/d IJssel, The Netherlands) and
1ml of PCR product in a Genetic Analyzer plate. This
was denatured at 961C for 2min, loaded on an
automated ABI PRISM sequence analyzer and run
following the supplier’s protocol (3100 Genetic
Analyser; Applied Biosystems). All assays were
performed in triplicate.

The data were analyzed with Genescan Analysis
software (version 3.7; Applied Biosystems). All peak
areas were exported to an Excel spreadsheet. The
data were standardized on the basis of the total peak
areas. For each peak, a ratio was calculated by
dividing the median of the normalized peak area of
the tissue sample by the normalized peak area of
control DNA from peripheral blood samples, or as
otherwise indicated. A number of quality controls
were used. The total signal of all peaks had to pass a
certain threshold value. When one or more MLPA
reactions failed to pass this threshold value, the
triplicate assay was repeated. Finally, in every
MLPA run a tumor DNA sample and a normal
DNA sample were included as control.

Microsatellite Analysis

Allelic loss was assessed using 23 microsatellite
markers located at chromosomes 3p, 9p, 17p, 8p,
13q and 18q. These markers were selected because
they frequently demonstrate loss of heterozygosity
(LOH) in head and neck squamous cell carcinoma
and preneoplastic lesions.6,8 The following markers
were used: D3S1274, D3S1284, D3S1217, D3S1766,
D3S1029, D3S1293, D9S171, D9S1748, D9S1751,
IFNA, D9S162, D9S157, CHRNB1, TP53, D17S1866,
D13S294, D13S168, D13S170, D13S158, D18S34,
D18S57, D8S1130 and LPL-GZ. Primer sequences
were obtained from the Genomic Database for all of
these markers (http://gdbwww.gdb.org/). LOH ana-
lysis was performed as described previously.8,9

Statistical Analysis

All MLPA experiments were performed in triplicate.
For analysis, the median was used to control for
outliers. Fisher’s exact test was used to assess the
difference of the number of genetic alterations
between the different experimental groups. P-values
o0.05 were considered statistically significant. To
determine the relation between MLPA and LOH
analysis on the dysplastic tissues, the Pearson
correlation coefficient was calculated, using SPSS
(SPSS for windows, release 10.1; SPSS, Chicago, IL,
USA). To determine more specific cutoff values for
genetic alterations in MLPA, the 99.99% confidence
intervals to set the criteria for ‘normal’ were
calculated for each probe on the log-transformed
data.

Results

Noninvasive Sampling

Noninvasive sampling of 5� 10mm areas in the oral
cavity of healthy controls showed a minimal yield of
30 000 exfoliated cells per brushed site. We found
that the yield varied with site, with the lowest yields
at the palate and the highest yields at the gingiva
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and lateral border of the tongue. Measured DNA
amounts showed a range of 150–600 ng/sample.

For noninvasive sampling, we chose to use a small
disposable brush. Other sampling methods, the
Cytobrush pluss and excavator 125–126, gave less
reproducible and lower yields. All three different
sampling methods showed comparable numbers of
positive cells for CK-13 and CK-19, suggesting that
the same depth was obtained (data not shown).

DNA isolation from exfoliated cells with protei-
nase K isolation showed approximately five times
higher DNA yield compared to DNA isolation with
DNA Stat and QIAamp DNA mini Kit.

Suitability of MLPA

MLPA was performed on DNA isolated from 10
normal oral mucosa and 10 OSCC (paraffin-em-
bedded) samples, using all available probes, to set
initial cutoff values to decide whether the DNA copy
number was normal or showed gain or loss. The
genetic status of the OSCC samples was determined
previously with LOH analysis using microsatellite
markers and this information was exploited.8,9 The
following arbitrary criteria for an aberration were
defined: a ratio o0.75 was considered a loss and a
ratio 41.33 was considered a gain. Within these
limits, all normal samples were free of losses and
gains (0/1160 probes), whereas tumor tissues
showed losses and gains in 29.5% (342/1160
probes), which compared well with the previous
LOH data. Also, 10 paraffin-embedded surgical
margins that were dysplastic and known to contain
genetic alterations were analyzed by MLPA, show-
ing losses and gains in 23.0% (267/1160 probes).

The MLPA results of normal vs dysplastic tissues
and dysplastic vs tumor tissues showed signifi-
cant differences in the number of alterations with
P-values o0.001. The unprocessed MLPA data,
displayed as peaks, showed distinct differences
between normal and dysplastic mucosal epithelium.
A typical example is shown in Figure 1.

A widely used and more accepted assay for
genetic analysis of oral premalignant lesions is
detection of LOH using microsatellite markers.
Previous studies have even reported that LOH at
different chromosome arms is associated with an
increased risk for OSCC.13,14 To see whether MLPA
analysis corresponds to LOH analysis on the same
tissues, we compared the results of both assays on
20 surgical margins, focusing on those chromosomal
regions for which both LOH markers and MLPA
probes were available. The MLPA assay on fresh
frozen tissue does not differ from the MLPA assay on
paraffin-embedded tissue. The overall percentage
LOH and overall percentage genetic alterations
(gains and losses) as assessed with MLPA was
determined for each sample and their Pearson
correlation coefficient was calculated to be 0.474,
with a two-tailed P-value of 0.035, indicating a
moderate but nevertheless significant correlation
between MLPA and LOH results (Figure 2).

Selection of Probes and Cutoff Values for an OSCC Set

Since the DNA amount of the small noninvasive
samples is limited and not all available probes are
relevant for the detection of oral preneoplastic
lesions, the most suitable probes were combined in
one probe set. Probes, suitable for the detection of

Figure 1 Unprocessed MLPA data of DNA derived from normal oral mucosa (upper panels) and from a dysplastic surgical margin (lower
panels), all paraffin-embedded tissue. Duplicate MLPA analyses are indicated as exp. 1 and exp. 2. On the x-axis, the number of base
pairs is depicted, and on the y-axis, the fluorescence intensity. The lower left arrow indicates a gain of 11q and the lower right arrow
indicates a loss of 17p in the DNA of the dysplastic sample. Besides these two genetic changes, a considerable number of other alterations
can be observed in the dysplastic sample.

Screening for oral preneoplastic lesions
JF Bremmer et al

1484

Laboratory Investigation (2005) 85, 1481–1488



oral preneoplastic lesions, were selected based on
the following characteristics: (1) genetic alterations
in a high percentage of dysplastic oral lesions, (2)
reproducible measurements, and (3) no genetic
alteration in healthy controls using the arbitrary
cutoff values of 1.33 and 0.75. Probes at chromo-
somes 2 (IL1A-DO1, TANK-DO1) and 17q (ERBB2-
DO2), which did not show genetic alterations in
dysplastic mucosa and OSCC, were added as control
probes enabling independent standardization of
the data.

Initially, cutoff values of 1.33 and 0.75 were used
to define a gain or loss, respectively. These values
were chosen more or less arbitrarily, and do not take
variation between probes into account. Therefore,
for each MLPA probe in the OSCC probe set, a
99.99% confidence interval was calculated, using
the median values of 20 DNA samples of blood from
noncancer controls. The upper limit of the con-
fidence interval was used to define gain, while the
lower limit defines loss. The mean coefficient of
variation for the probes over these 20 samples was
determined to be 7.2%, with a range of 4.0–17.6%.
The MLPA assay, using the OSCC probe set with
specific cutoff values, was performed on 10 normal,
10 dysplastic and 10 tumor tissues, all paraffin
embedded. The normal tissues showed 0% (0/420),
the dysplastic tissues 21.4% (90/240) and the
tumor tissues 29.3% (123/420) genetic alterations
(Figure 3). The number of genetic alterations
between the normal and the dysplastic tissues, as

well as between the dysplastic and tumor tissues
remained significantly different (Po0.0001 and
P¼ 0.011, respectively). The 99.99% confidence
interval corresponding to a nonaltered DNA content
of all probes is presented in Table 1.

Feasibility of Noninvasive Screening by MLPA

In order to investigate the feasibility of noninvasive
screening by MLPA, we first brushed the oral
mucosa of 20 noncancer subjects. None of these
samples showed genetic changes. Then, we com-
pared the MLPA results from noninvasive samples,
obtained by brushing the mucosal surface of three
different leukoplakia lesions, with the MLPA results
from the microdissected mucosal epithelium of the
paraffin-embedded surgical specimen. All surgical
specimens were found to be nondysplastic and
showed no genetic alterations. The MLPA results
of the exfoliated cells showed in all three cases no
genetic alterations.

Discussion

This study was performed to develop and evaluate a
noninvasive screening test for oral preneoplastic
lesions, based on genetic markers. Early diagnosis of
oral preneoplastic lesions might be of importance
for clinical management, particularly in high-risk
populations, considering the poor prognosis of
advanced stage tumors. Patients who are known to
be at high risk for developing OSCC and would
qualify for screening are those with oral leukoplakia
or erythroplakia, those who have been treated for
OSCC and those with excessive tobacco and alcohol
abuse. Besides these well-known risk groups, there
are also patients who are genetically predisposed,
suffering from Fanconi anemia, or relatives from
OSCC patients who should be considered as risk
groups.21,22

Methods such as toluidine blue staining23 and
autofluorescence imaging have been investigated to
improve the clinical identification of oral premalig-
nant lesions as the majority other than leukoplakia
and erythroplakia cannot be recognized by visual
inspection. These methods would allow frequent
surveillance of lesions by imaging or inspection and,
when indicated, histological examination of biop-
sies, but to date there is not much evidence for the
efficacy of these visualization methods. Considering
that these premalignant lesions are characterized
by genetic alterations, and that genetic markers can
be assayed on minimal amounts of tissue, we
developed a genetic test that allows analysis of
noninvasive samples.

To ensure homogeneous sampling within a pre-
cursor lesion, we used small brushes. These gave the
most consistent results, even more reliable than
scraping cells with an excavator. This simple
sampling method might even allow self-sampling

Figure 2 Results of MLPA analysis and LOH analysis on 20
dysplastic surgical margins. On the x-axis, the % MLPA
alterations (gains and losses) are shown, and on the y-axis, the
% LOH alterations for each sample. In all, 14 MLPA markers were
used: 03p21.3 (2x), 03p22, 08p23.1, 08p22 (2x), 09p21 (2x),
13q14.3, 17p13.1 (4x) and 18q11.2. A total of 13 LOH markers
were used: D3S1029, D3S1293, D9S171, D9S1748, D9S1751,
D9S162, TP53, D13S294, D13S168, D18S34, D18S57, LPL-GZ
and D8S1130. Pearson correlation coefficient¼ 0.474, with a
two-tailed P-value of 0.035.
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in the future. As expected, the amount of DNA
isolated from these samples was limited, and we
therefore decided to exploit the recently developed
MLPA test. Although the lower limit of DNA for
analysis has been indicated as 20ng according to the
supplier, we found in numerous experiments that
40–60ng of input DNA gave most reliable results.
Furthermore, we consider triplicate assays a pre-
requisite to ensure sufficient accuracy.

Previously, we used microsatellite markers to
assess the presence of mucosal precursor lesions,
and we analyzed whether the genetic changes
determined by allelic loss correlate to those deter-
mined by MLPA. Although both techniques deter-

mine essentially genetic alterations, numerical
methods such as MLPA do not allow one to detect
copy number neutral events, while allelic loss
analysis by microsatellites is less suited for detect-
ing gains. In addition, the exact locations of
microsatellite markers and MLPA probes did not
exactly correspond. Despite these limitations, the
data collected by both assays correlated signifi-
cantly, indicating that major changes detected by
LOH analysis are in agreement with major changes
as detected by MLPA.

Based on the results obtained with tumor, dys-
plastic and normal mucosa, we selected a number of
markers from all available genomic probe sets that

Figure 3 MLPA results from DNA obtained from microdissected normal, dysplastic and OSCC tissue samples, using the OSCC probe set.
Columns from left to right: probe name, chromosome position, 10 normal, 10 dysplastic and 10 OSCC tissue samples. For calculations,
the 99.99% confidence interval limits were used. Explanation of used colors: gray¼ gain, black¼ loss and white¼no genetic alteration.
The normal tissues showed 0% (0/420), the dysplastic tissues 21.4% (90/420) and the tumor tissues 29.3% (123/420) genetic alterations.
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could be combined in a single OSCC probe set.
Initially, we used arbitrary cutoff levels to indicate a
loss or gain (a ratio of 0.75 or 1.33, respectively), and
using these limits, there were significant genetic
differences between normal and dysplastic mucosa,
indicating that MLPA with this OSCC probe set has
the ability to discriminate between normal and
preneoplastic tissue. However, screening exfoliated
samples is different from screening microdissected
mucosal epithelium. It is to be expected that
exfoliated samples of precursor lesions are contami-
nated with few wild-type cells, necessitating a
higher sensitivity to detect genetic alterations. After
selection of the probes for the OSCC screening set,
we decided to refine the cutoff level to improve the

accuracy and included variation per probe. The
99.99% confidence interval for normality of each
separate probe was determined on 20 normal DNA
samples isolated from blood of noncancer subjects.
Within these limits, all tissue samples from non-
cancer controls showed no genetic alterations. It
should be noted that there is a variation in the
confidence intervals making some markers more
reliable than others.

To determine proof of principle of noninvasive
screening by MLPA, we analyzed noninvasive
samples of leukoplakia biopsies and their corre-
sponding noninvasive samples. In addition, we
analyzed 20 brushed noninvasive samples of non-
cancer subjects. All samples revealed reliable data
and no alterations were found as expected. These
results indicated the feasibility of noninvasive
screening by MLPA. The next step is a prospective
screening study to determine the clinical sensitivity
and specificity by analyzing a large number of
matched brushed and biopsy samples in leukoplakia
and erythroplakia patients. Subsequently, the prog-
nostic value of MLPA-based detection of oral
preneoplastic lesions should be ascertained in a
large cohort of subjects at risk. As the number and
type of specific genetic alterations is most likely
associated with the risk for progression of a
lesion,12–14,17 criteria must be defined that allow
identification of specifically those lesions with a
high risk for progression.

In summary, the MLPA technique with a panel
of specific markers has proven to be sufficiently
sensitive, accurate, high-throughput and easy-to-
perform on small noninvasive samples, and can be
considered a promising method to improve the early
diagnosis of preneoplastic lesions in the oral cavity.
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Table 1 Details of MLPA probes and performance in normal DNA

Probe name Length
(bases)

Chromosome
position

Confidence
interval

lower limit

Confidence
interval

upper limit

CTSB-D01 127 08p22 0.7767 1.2876
CREM-D01 133 10p12.1 0.7343 1.3618
ERBB2-D02 139 17q21.1 0.7373 1.3563
DLEU-D01 147 13q14.3 0.732 1.3662
MLH1-D02 152 03p21.3 0.7744 1.2914
BCL2L1-D01 159 20q11.1 0.7712 1.2967
CASPG-D01 166 04q25 0.8441 1.1847
MYBL2-D01 174 20q13.1 0.6393 1.5643
N33-D01 184 08p22 0.7052 1.418
PMAIP1-D01 192 18q21 0.68 1.4705
CDKN2A-D01 201 09p21 0.783 1.2771
CDKN2B-D01 210 09p21 0.4073 2.4554
TANK-D01X 218 02q24 0.7996 1.2506
EMS1-D01 228 11q13 0.6849 1.4602
IGSF4-D02 236 11q23 0.7921 1.2624
STK11-D02 245 19 0.5655 1.7683
IL1A-D01 255 02q14 0.8024 1.2462
CDKN2D-D01 263 19p13 0.7069 1.4147
BCL2-D01 273 18q21.2 0.8073 1.2387
LMNA-D01 282 01q21.2 0.7214 1.3862
CCND1-D02 291 11q13 0.7511 1.3314
TP53-D13 299 17p13.1 0.652 1.5337
IL18-D01 309 11q22.2–q22.3 0.7808 1.2808
CDH2-D01 320 18q11.2 0.8052 1.242
RB1-D17 328 13q14.2 0.7409 1.3497
MLH1-D12 337 03p21.3 0.7657 1.3061
TP53-D01 345 17p13.1 0.5759 1.7364
BRCA2-D01 355 13q12.3 0.7971 1.2545
AI651963-D01 364 10p14 0.7343 1.3618
IL2-D01 371 04q26 0.6707 1.4909
BLM-M04 382 15q26.1 0.7579 1.3195
TP53-D06 390 17p13.1 0.7026 1.4233
IGF1R-D01 399 15q25–q26 0.4817 2.0761
TP53-D05 408 17p13.1 0.7305 1.369
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