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Abstract
Background: DNA hypermethylation is one of the epigenetic mechanisms leading to transcriptional inactivation of genes and shows tissue
and tumor-type specificity.
Methods: We evaluated DNA deletions/duplications as well as hypermethylation status of chosen tumor suppressors in 57 laryngeal
squamous cell carcinomas using MS-MLPA.

Results: We observed a significantly higher frequency of gene methylation and deletions in cancer cells compared to normal laryngeal
cells. In tumor cells, hypermethylation is also often observed at ESR1 and CDH13, TIMP3, RARB, while CDKN2B hypermethylation appears to be
increased in both normal and tumor cells. Deletions suggest the presence of genetic instability in LSCC and in tumors are associated with low
values of tumor size and stage. The risk of metastases increased with at least 3 deletions in the laryngeal tumor, in particular with deletion at the
FHIT locus, also with at least 3 hypermethylated sites in normal laryngeal cells.
Conclusion: The results of our study confirm involvement of both epigenetic and genetic events in laryngeal cancer development.
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Introduction
Laryngeal cancer (in 95% - LSCCs, laryngeal squamous
cell carcinomas), an uncommon type of cancer, belongs to the
subgroup of head and neck cancers (HNSCCs, head and neck
squamous cell carcinomas) [1]. On average, around 2800 new
cases of laryngeal cancer are diagnosed each year in Poland
[2,3]. LSCC is relatively rare in people under the age of 40,
mainly affect people in their 60s and 70s. Laryngeal cancer is
much more common in men than in women. The incidence
ratio for males compared to females ranges from around 1:1
to 80:1, depending on the country and even specific regions
within countries [4,5] The most common location of laryngeal
cancer is the glottis (in Poland - over 47% laryngeal cancers) [6].
Cancers in the supraglottis are much more frequently observed
in women [5].
Glob J Otolaryngol 13(3): GJO.MS.ID.555864 (2018)

The aetiology of laryngeal cancer is complex, influenced
by genetic and epigenetic alterations, as well as exposure to
carcinogens. Tobacco and alcohol are known environmental
risk factors, metabolites of which may contribute to DNA
damage. Moreover, genetic variants in some genes acting in both
xenobiotic metabolism and DNA repair pathways may affect an
individual’s susceptibility to LSCC. CpG island hypermethylation
within promoter regions of tumor suppressor genes is the one of
the important epigenetic mechanisms leading to transcriptional
inactivation of genes and shows tissue and tumor-type specificity
[7].
In this study, we evaluated the promotor methylation status
of chosen tumor suppressor genes in LSCC within a Polish cohort
using MS-MLPA assay (methylation-specific multiplex ligationdependent probe amplification).
0084
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Material
The study was performed on DNA isolated from
histopathologically confirmed laryngeal cancer tissues and
adjacent normal laryngeal tissues. Tissue samples were
obtained from a homogeneous group of 57 patients (a part of
a previously described group) with primary LSCC [8,9]. All the
57 patients were Caucasians from Lower Silesia province in
Poland. All tissue samples from the study group were taken
during laryngectomy. The patients had no prior chemotherapy
or radiotherapy. The study received approval from the Bioethics
Committee of Wroclaw Medical University (KB-332/2006).

The mean age of the patients was 60.1 years (range 43-80).
The median follow-up time was 29.4 months (range 5 to 172
months). None of the patients had distant metastases at the time
of diagnosis. During follow-up, 6 patients developed distant
metastases (10.5%) and 15 patients (26.3%) were found to
have recurrences of LSCC. Of the 57 patients, 21 patients died
(36.8%), with the average age at death being 60.3 years.

Methods

Screening for promoter methylation and exon deletion/
duplication was performed using SALSA MLPA ME001 Tumor
Suppressor Mix 1 (MRC-Holland, Amsterdam, The Netherlands).
This kit contains 26 MS-MLPA probes analyzing the methylation
status of the promoter region of 24 different tumor suppressor
genes. Described group of 57 patients was a part of the group
of 72 patients with LSCC in which the analysis of CpG island
hypermethylation (tumor suppressor genes: CDKN2A (p16), p14
ARF
, CDKN2B (p15), TP73, TIMP3, APC, DAPK1, RARB2, GSTP1,
RASSF1, CDH1, CASP8, hMLH1, MGMT, DCC, THBS1, TERT and
the sequences MINT: MINT1, MINT2, MINT12, MINT25, MINT27,
MINT31) using MS-PCR (methylation-specific polymerase
chain reaction) method were previously performed [published
in Polish] [9]. The MS-MLPA commercially available panel
included eleven of those genes and one member of the cadherin
superfamily - CDH13 (in MS-PCR is CDH1).

Genomic DNA was isolated from freshly-frozen solid tissues
using a Gentra Puregene Tissue Kit (QIAGEN, Hilden, Germany)
according to the producer’s protocol. The producer’s protocol
for MS-MLPA, was applied precisely. The PCR products were

separated using an ABI 310 Genetic Analyser in conjunction
with GeneScan Analysis software version 3.1.2, POP-4 Polymer
and the LIZ 500 size standard (Applied Biosystems, Foster City,
USA). The analysis of the results was prepared using GeneMarker
software version 1.85 (SoftGenetics LLC, USA).

With regard to the analysis of copy number variants, a change
in the peak values of over +/-0.3 was considered as duplication
(increase in value) or a deletion (decrease in value). To analyze
promoter methylation, MS-MLPA analysis function was used.
Probes with a ratio of over 0.3 were considered to be methylated
(not digested by endonuclease).

Statistical analysis

The Mann-Whitney test and Kruskal-Wallis test were used
to test for a difference between the means for two groups and
several groups, respectively. The Cox-Mantel test and Wald’s test
were used to compare survival times. Fisher’s exact test was used
to analyze the association between two categorical variables and
the Mantel-Haenzel test was used when the variables involved
were ordinal. The 18th version of PASW was used.

Results

We observed a significantly higher frequency of gene
methylation in cancer cells compared to normal laryngeal
cells (p<0.001, Fisher’s test of independence; Table 1). In both
tissues, the frequency of DNA methylation was significantly
higher for the CDKN2B (p15) gene than the mean overall rate
(p<0.001, test for a difference between two proportions) and
tended to appear simultaneously (p=0.0003765, Fisher’s test
of independence). Hypermethylation of the promoter region of
TIMP3 was significantly more frequent in cancer than in normal
tissue (p=0.029, Fisher’s test of independence). In cancer cells,
hypermethylation tends to appear simultaneously at each
of the following pairs of genes: APC/DAPK1 (p=0.0001661;
Fisher’s test of independence), ATM/HIC1 (p=0.0006266),
CD44/IGSF4 (p=0.0003418), FHIT/IGSF4 (p=0.0003418),
FHIT/MLH1 (p=0.0001443), IGSF4/MLH1 (p=0.00001266).
In normal laryngeal cells, hypermethylation tends to appear
simultaneously at the following pairs of genes: DAPK1/IGSF4
(p=0.0003418, Fisher’s test of independence), DAPK1/GSTP1
(p=0.0006835), IGSF4/GSTP1 (p=0.0001841).

Table 1: Results of MS-MLPA analysis in 57 patients with laryngeal cancer.
Hypermethylation

Duplications

Deletions

Gene

Cancer tissue
(%)

Normal tissue
(%)

Cancer tissue
(%)

Normal tissue
(%)

Cancer tissue
(%)

Normal tissue
(%)

TIMP3

10 (17.5)

2 (3.5)

4 (7.0)

4 (7.0)

2 (3.5)

4 (7.0)

CDKN2A

3 (5.3)

0 (0.0)

4 (7.0)

9 (15.8)

7 (12.3)

2 (3.5)

APC

MLH1
ATM

RARB
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9 (15.8)
5 (8.8)
2 (3.5)

8 (14.0)

3 (5.3)

1 (1.8)

3 (5.3)

6 (10.5)

2 (3.5)

2 (3.5)

16 (28.0)

14 (24.6)

17 (29.8)

6 (10.5)

2 (3.5)

5 (8.8)

2 (3.5)

8 (14.0)

2 (3.5)

0 (0.0)

8 (14.0)

6 (10.5)

1 (1.8)

1 (1.8)
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CDKN2B

40 (70.0)

33 (57.9)

CHFR

5 (8.8)

HIC1

BRCA1
CASP8

CDKN1B
PTEN

BRCA2
CD44

RASSF1

2 (3.5)
1 (1.8)
1 (1.8)
1 (1.8)
1 (1.8)
1 (1.8)
3 (5.3)
2 (3.5)

DAPK1

9 (15.8)

ESR1
FHIT

VHL

TP73
IGSF4

CDH13
GSTP1

0 (0.0)

5 (8.8)

0 (0.0)

12 (21.0)

9 (15.8)

0 (0.0)

2 (3.5)

1 (1.8)

1 (1.8)
1 (1.8)
0 (0.0)

9 (15.8)
6 (10.5)
7 (12.3)

1 (1.8)

8 (14.0)

2 (3.5)

6 (10.5)

7 (12.3)

8 (14.0)

5 (8.8)

4 (7.0)

3 (5.3)

4 (7.0)

2 (3.5)

4 (7.0)

0 (0.0)

6 (10.5)

6 (10.5)

13 (22.8)

11 (19.3)

A very strong association was found between duplication at
the locus of the CDKN1B gene (p27) and hypermethylation of
the PTEN gene (p=3.782×10-9, Fisher’s test of independence).
Strong associations were also found between hypermethylation
of the GSTP1 gene and deletion at the locus of the GSTP1 gene
(p=0.0001841, Fisher’s test of independence) and between
deletion at CD44 in tumor cells and deletion at ESR1 in normal
laryngeal cells (p=0.0008326, Fisher’s test of independence).

Analysis of the association between clinical data and
epigenetic alterations

Lower values of both disease stage and tumor size (T) were
associated with a higher than average number of deletions in
tumor cells (p=0.01, p=0.021, respectively, Kruskal-Wallis test).
The cancers without deletions have on average a higher stage
number and T than those with at least one deletion (p=0.001 and
p=0.005, Mantel-Haenszel test for linear association).
Metastases were associated with a high number of deletions
in cancer cells (p=0.020, Mann-Whitney test). The patients
with at least 3 deletions in the laryngeal tumor had a higher
rate of metastases (p=0.007, Cox-Mantel test). In particular, an
association between metastases and deletion at the FHIT locus

5 (8.8)

12 (21.0)

8 (14.0)

2 (3.5)

3 (5.3)

3 (5.3)

6 (10.5)

Many associations between particular deletions and/or
particular duplications were found in both tissues (p=0.002 and
p<0.001, respectively, Spearman’s test of correlation, BenjaminiHochberg procedure for multiple testing). However these
changes were more common in cancer tissue than in normal
laryngeal tissue (p<0.001, p=0.015, respectively, Fisher’s test
of independence). In particular, deletions in the chromosomal
locus of the MLH1 and FHIT genes were significantly more
frequent (p=0.032 and p=0.024, respectively, Fisher’s test of
independence).
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2 (3.5)

8 (14.0)

10 (17.5)

5 (8.8)

5 (8.8)

12 (21.0)

3 (5.3)

18 (31.6)

0 (0.0)

4 (7.0)

5 (8.8)

5 (8.8)

3 (5.3)

3 (5.3)

1 (1.8)

4 (7.0)

2 (3.5)
2 (3.5)

5 (8.8)

5 (8.8)

8 (14.0)

7 (12.3)

2 (3.5)

5 (8.8)

8 (14.0)

1 (1.8)

0 (0.0)

2 (3.5)
6 (10.5)

6 (10.5)

7 (12.3)

15 (26.3)

4 (7.0)

3 (5.3)

9 (15.8)

6 (10.5)

10 (17.5)
5 (8.8)

3 (5.3)

1 (1.8)

13 (22.8)

6 (10.5)

3 (5.3)

3 (5.3)

10 (17.5)

0 (0.0)

3 (5.3)

0 (0.0)

5 (8.8)

4 (7.0)

7 (12.3)

4 (7.0)
5 (8.8)
3 (5.3)
3 (5.3)
2 (3.5)
5 (8.8)
5 (8.8)

in tumor cells was observed (p=0.009, Cox-Mantel test). The
risk of metastasis increases as the number of hypermethylated
genes in normal laryngeal cells increases (p=0.014, Wald’s test).
In particular, those who have at least 3 hypermethylated sites
in normal laryngeal cells are more likely to develop metastasis
(p=0.006, Cox-Mantel test).

Recurrences were associated with a low number of
hypermethylated genes and a low number of duplications in
laryngeal cancers (p=0.013 and p=0.014, respectively, MannWhitney test). The risk of recurrence decreases as the number
of duplications in tumor cells increases (p=0.006, Fisher’s
exact test; p=0.021, Wald’s test). Patients, who have at least 3
duplications in tumor cells are significantly less likely to have a
recurrence (p=0.006, Cox-Mantel test). In particular, those with
duplications at CHFR and PTEN in tumor cells are less likely to
suffer recurrence (p=0.019 and p=0.015, respectively).

Discussion

We analysed promotor hypermethylation status in a
homogeneous set of 57 primary LSCC using the MS-MLPA
method and we have compared results to our others results
obtained using MS-PCR method from a group of 72 patients
with LSCC [9]. We observed a significantly higher frequency of
gene methylation in cancer compared to normal tissues in the
MS-MLPA and MS-PCR study [9]. The lack of hypermethylated
genes in 10.5% of LSCCs (six tumours) in the MS-MLPA study
may suggest the existence of hypermethylation of others genes
or another mechanism of cancer development (the theory of the
complex development of LSCC) [10,11].
In our MS-MLPA study, hypermethylation occurred most
commonly at CDKN2B (p15) gene in both tissues and tended to
appear simultaneously. This observation confirms our results
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from the MS-PCR study, in which the hypermethylation of
CDKN2B (p15) gene was correlated with high smoking packyears index [9]. Wong et al. found a high frequency of p15 gene
methylation in primary HNSCC and in histologically-normal
surgical margin epithelia of HNSCC in alcohol drinking and
tobacco smoking patients [12]. All the patients from our study
group were smokers and nearly all had a history of alcohol
drinking. Furthermore, a high level of p15 and p16 genes
methylation in the plasma of patients presented by Wong et al.,
suggests the possibility of using this change as a marker of early
HNSCC detection in drinking and smoking patients [12].
In our study, hypermethylation of TIMP3 was significantly
more common in cancer tissue than in healthy tissue. Aberrant
methylation of CDKN2B and TIMP3 was frequent in laryngeal
papillomas, head and neck cancers, as described in [11-13].

We observed that in cancer tissues, hypermethylation of
the promotor region of particular genes tends to be associated
with hypermethylation of other genes, rather than other genetic
changes (duplications, deletions). For example hypermethylation
of the following genes: FHIT, MLH1, IGSF4 and CD44, may well
be strongly associated with each other. However, due to the
relatively low rate of hypermethylation more data is required to
investigate this phenomenon and the possible consequences.

Although many associations between particular deletions
or/and particular duplications were found in both tissues.
However, the associations between changes in tumor cells are
stronger. In particular, deletions in the chromosomal locus of the
MLH1 and FHIT genes were significantly more common in LSCC.
Different genetic and epigenetic changes of MLH1 and FHIT
genes in HNSCC are described in [11, 14-16]. In the other study
performed by our group, more frequently loss of heterozygosity
(LOH) than hypermethylation of MLH1 gene was observed [17].
LOH in MLH1 gene was correlated with higher grade [16].
We found a strong association between duplication at the
locus of the CDKN1B gene (p27) and hypermethylation of the
PTEN gene. It was suggested that PTEN may correlate with the
activity of p27 [18,19]. Using an immunohistochemistry study
of LSCC patients, Fan et al. found an association between lack
of p27 expression and advanced clinical stage, lymph node
involvement, and distant metastases [20]. Also, other authors
have confirmed the correlation between low p27 levels and a
poor prognosis in laryngeal cancer [21,22].

We observed associations between hypermethylation of the
GSTP1 gene and deletion at the locus of the GSTP1 gene and
between deletion at CD44 gene in tumor cells and deletion at
ESR1 gene in normal laryngeal cells. Frequent hypermethylation
of the GSTP1 gene in our MS-PCR study and in laryngeal cancer
cell lines has been described in [9,23,24]. Aberrant methylation
of ESR1 gene was found to be a predictor of late stage LSCC
in a study performed by Stephen et al. using MS-MLPA [25]. It
is suggested that CD44 expression is associated with a poor
prognosis in pharyngolaryngeal cancer patients [26]. A study
performed by Allegra et al. showed that determination of
0087

salivary CD44 levels can be used as a prognostic test in laryngeal
carcinomas [27].

Stephen et al. studied hypermethylation of chosen genes
in 79 primary LSCCs in 45 Caucasian Americans and 34 other
patients using MS-MLPA [25]. The authors found that CDH13,
RARB, GSTP1, TP53, APC, CHFR, DAPK1, CDKN2A and ESR1
genes were most frequently hypermethylated. Chen et al. using
MS-MLPA method identified RARB, APC, CHFR as frequent
hypermethylated sites in primary HNSCCs [28]. Lopez at al.
analysed 53 primary laryngeal squamous cell carcinomas and
found hypemethylation of RARB, APC, CHFR, DAPK1, CDKN2B to
be frequent epigenetic events [29].
Our
MS-MLPA
study
showed
more
frequently
hypremethylation of ESR1 and CDH13, TIMP3, RARB, whereas
the MS-PCR study: hipermethylation of GSTP1, DAPK1, DCC,
MGMT, CDH1 [9]. Differences in hypermethylation sites may
result from the different size of study groups, set of genes
applied or different ethnic origins. In our MS-MLPA study there
was a significant positive correlation between 1) the number
of deletions and the number of duplications in tumors; 2) the
number of deletions and the number of duplications in normal
laryngeal tissues. The level of associations between various
deletions seems to be higher in tumor cells than in healthy cells.
This may indicate that deletions are a form of genetic instability
and play an important role in the development of cancer. The
following genes seem likely to be important in defining such
genetic instability as they appear most often (CD44, RASSF1,
RARB, FHIT, ESR1, CASP8).
In order to investigate the possibility of there being individuals
with genetic instability, we looked at the distribution of the
number of changes (hypermethylation, deletion and duplication
in tumor and normal tissue) an individual has. All of these
distributions are right skewed, in particular the distributions
of the number of deletions in normal laryngeal and tumor cells.
This may indicate that some individuals are affected by genetic
instability. These observations are in agreement with previous
results of research on genetic instability in LSCC [10,16,30]. In
previously performed studies using MS-PCR method we selected
three genes (DAPK1, CDH1, MGMT) and one MINT (methylated in
tumors) sequence (MINT2), which hypermethylation can serve
as markers of epigenetic instability [9].

We observed that lower values of the disease stage and tumor
size (T) are associated with a higher average number of deletions
in the tumor. In our studies, the occurrence of metastases was
associated with the presence of at least 3 deletions in tumor
cells or at least 3 hypermethylated genes in normal laryngeal
cells. Deletion at the FHIT locus in tumor cells seems strongly
associated with the occurrence of metastases (p=0.009, CoxMantel test). This result is similar to those obtained by other
authors, who reported deletion of the FHIT locus in 40–60% of
tumors and cell lines in HNSCC [31-34]. Tai et al. found a loss
of FHIT expression in 52 of the 80 study patients with HNSCC
(65%) [31]. Patients with tumors without FHIT expression had
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a worse 5-year survival record. Since the number of cases of
metastasis observed in our study is low, more data is needed on
the relation between metastasis and these changes.

LSCC is associated with the risk of recurrence and a
second independent cancer of the respiratory system (mostly
lung cancer) or cancer of the head and neck, which is mainly
associated with exposure to the same carcinogenic agents
before and after diagnosis (the theory of field carcinogenesis field cancerization). The risk of patients with laryngeal cancer
developing a second primary tumor is approximately 10-30%
[3,35,36]. A second outbreak of cancer in the same location, as
well as advanced LSCC, is associated with a worse prognosis
[29]. We found that patients with LSCC who had duplications
at CHFR and PTEN in tumor cells were less likely to suffer
recurrence. CHFR is a mitotic checkpoint protein that delays
entry into mitosis in response to stress. CHFR is one of several
proteins, which regulate the process of mitosis and are crucial
for the maintenance of genomic stability. Shinde et al. showed in
their study that PTEN plays an important role in the functioning
of CHFR [38].

Conclusion

The results of our study confirm involvement of both
epigenetic and genetic events in laryngeal cancer development.
Further research using larger study groups, as well as more
numerous set of genes, are necessary.
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