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Abstract
Introduction: The silencing of death-associated protein kinase 1 (DAPK-1) is an effective way of inactivating
a tumor-suppressing mechanism. The aim of this study was to investigate the immunohistochemical
expression of DAPK-1 in oral leukoplakia (OL) and oral squamous cell carcinoma (OSCC).

Methods: The immunohistochemical (IHC) detection of DAPK-1 was carried out in cases of OLs and OSCCs.
DAPK-1 molecules’ tissue distribution in OLs/OSCCs tissues was evaluated using semiquantitative
immunohistochemistry in representative paraffin-embedded tissue samples (57 in total) from 2004-2019,
retrieved from the archives of the Department of Oral Medicine/Pathology, School of Dentistry, Aristotle
University of Thessaloniki, Greece and the St Lukas Hospital of Thessaloniki, Greece. The inclusion criterion
was the presence of sufficient precancerous or cancerous biological material (estimated as more than 70%
per tissue specimen) in the paraffin cubes. The exclusion criterion was the opposite, i.e. the lack of sufficient
material due to previous sections. Statistics for IHC were evaluated by a non-parametric Mann-Whitney U
Test. A two-sided p-value < 0.05 was considered statistically significant.

Results: DAPK-1 IHC expression was increased in OLs without dysplasia and with OLs with mild dysplasia
compared to moderate/severe dysplasia (p=0.019, Mann-Whitney U Test) and OSCCs (p=0.003, Mann-
Whitney U Test). 

Conclusions: DAPK-1 seemed to function as an oncosuppressor molecular biomarker, as its expression was
decreased in areas of cellular dysplasia in OLs and in areas of OSCCs composed of less differentiated cells.
The clinical application of this biomarker is that the positively stained, potentially malignant lesions are less
likely to transition into malignancy, and cancerous lesions are more likely to behave non-aggressively. On
the other hand, the lack of staining could signify the loss of this oncosuppressing ability, and it could be a
potential prognostic biomarker for OSCC’s aggressive biologic behavior if considered with other clinical
parameters and a prognostic factor of malignant transformation of potentially malignant lesions. Since this
is a preliminary study, more studies with larger sample sizes are required to support these conclusions.
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Introduction
Head and neck squamous cell carcinoma (HNSCC) is a group of malignancies, involving the oral cavity,
pharynx, hypopharynx, larynx, nasal cavity, and salivary glands, which together compose the seventh most
common cancer diagnosis worldwide [1]. HNSCC accounts for roughly 4.5% of cancer diagnoses and deaths,
with 890,000 new cases and 450,000 deaths annually [1]. A 40% rise in the incidence of HNSCC by 2040 is
expected, and this is partially attributed to this condition's unpredictable clinical course and an associated
pattern of late detection [2]. Although rigorous research is being conducted to achieve an early and valid
diagnosis of HNSCC lesions [3-4], its measure of success, i.e., the overall survival rate, has not significantly
improved over the past 20 years. International data indicate that the five-year survival rate remains below
42% [5].

Like all solid malignancies, HNSCC results from an interplay between genetic and environmental causes [6].
The evolution of HNSCC passes through a cascade of molecular as well as cytological events and pathways
abandoning the idea of a single event [6-7]. In most cases, these alterations start from oral potentially
malignant disorders (OPMDs) that eventually become malignancies. According to the phenotypic approach,
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numerous prognostic scales have been developed for oral lesions. Yet the result for HNSCC and the
malignant potential of OPMDs is not determinable by available objective means [4]. This is usually observed
in clinical practice because, for instance, patients with HNSCCs or OPMDs may harbor different clinical
outcomes even when characterized by similar prognostic attributes, reflecting different events of genetic
and epigenetic background [8-9].

Epigenetics contributes to the final characteristics of cancer, being the end point of a long multistage
carcinogenic process [8-9]. In contrast with genetic changes, which are irreversible, epigenetic changes
reversibly regulate gene expression on the genomic level and are regarded as an interface that could connect
genotype with phenotype; hence it is relevant to the exploration of the underpinning mechanisms involved
in cancer phenotypes as well as prospective therapies [8, 10]. DNA methylation has not only proved to be
one of the important epigenetic marks but also the master regulator of many cellular processes, including
growth and differentiation [8]. DNA methyltransferases are generally considered the key enzymes that
perform and regulate the transfer of a methyl group from S-adenosylmethionine to cytosine in both forms
[10]. In cancer cells, hypomethylation of DNA is linked to chromosomal instability and reduced expression of
anti-tumor genes [8]. DNA hypomethylation may also contribute to genomic instability and mutagenesis
[10]. On the other hand, DNA hypermethylation is responsible for the formation of cancer by inactivating
tumor-suppressor genes and DNA repair genes. This is caused by the addition of a methyl group to CpG
islands in the promoter regions of these genes, a process facilitated by S-adenosylmethionine, which
donates the methyl group to the fifth position of the cytosine ring [11].

As far as oral cancer is concerned, epigenetic silencing is detected in many genes with tumor-suppressing
abilities, a fact that undermines cellular processes such as cell cycle, apoptosis, and cellular interactions [12].
In oral cancer, more than 40 tumor suppressor genes silenced by DNA hypermethylation have been reported
in a process affecting several cellular functions such as cellular cycles, apoptosis, and cell-to-cell adhesion
[13-14]. On the other hand, the role of histone modifications is not limited to the inhibition of the
expression of certain genes but expands to the overregulation of epithelial-mesenchymal transition, to the
association with transcription that regulates processes such as anoikis and intravasation. Both these two
procedures play a crucial role in metastasis [15-16]. International data denotes that the deficiency of histone
modifications entails the aggressiveness of malignancy [17-18].

Aberrant DAPK DNA methylation is one of the most extensively studied events in the genesis of tumors of
the head and neck. Death-associated protein kinase (DAPK) is a protein kinase with tumor-suppressing
ability that among others promotes apoptosis of cells by means of INF-Ƴ implication [19]. So any epigenetic
modification can alter any of DAPK's roles. More specifically, DAPK hypermethylation is able to inhibit its
tumor suppressive potential, promoting in this way the rise of a malignant disorder. Such kinds of
malignancies include tumors of the gastrointestinal tract as well as those of the head and neck region [19-
21]. Another meta-analysis shows that the methylation of the DAPK kinase is associated with 39.7% of OSCC
lesions [22]. In addition, DAPK methylation seems to be strongly associated with lymph node metastasis in
patients with HNSCC [23-24]. Furthermore, a previous study by Papadopoulos et al. showed that DAPK may
be expressed in the vessels underlying oral lesions as well [25].

The aim of this study was to investigate the immunohistochemical profile of DAPK-1 in oral potentially
malignant disorders (OPMD) and oral cancer. In particular, our study focused on the DAPK-1 expression in
oral leukoplakia (OL) and oral squamous cell carcinoma (OSCC) compared to the normal oral mucosa (NOM).
The hypothesis is that DAPK-1 expression varies based on the degree of dysplasia in OL and differentiation
in OSCC.

Materials And Methods
The immunohistochemical detection of DAPK-1 was carried out in cases of OLs and OSCCs. DAPK-1
molecules’ tissue distribution in OLs/OSCCs tissues was evaluated using semiquantitative
immunohistochemistry in representative paraffin-embedded tissue samples retrieved from the archives of
the Department of Oral Medicine/Pathology, School of Dentistry, Aristotle University of Thessaloniki,
Greece and the St Lukas Hospital of Thessaloniki, Greece during the period 2004-2019. The study was
conducted in accordance with the Research and Ethics Committee guidelines of Aristotle University, School
of Dentistry, and the Helsinki II declaration. Approval for the present study was granted by the Ethics
Committee of the School of Dentistry, Aristotle University of Thessaloniki, Greece, during its meeting on
21.11.2018, under protocol number 29/21.11.2018. The tissue specimens originate from patients who
provided informed consent when they were submitted to excisional biopsy and histopathological
examination. The inclusion criterion was the presence of sufficient precancerous or cancerous biological
material (estimated as more than 70% per tissue specimen) in the paraffin cubes. The exclusion criterion was
the opposite, the lack of sufficient material due to previous sections.

Regarding immunohistochemical analysis, 4μm-thick sections from the following tissues-samples were
stained (Table 1): 30 samples of OLs, subdivided into three groups--hyperkeratosis/no dysplasia (10
samples), mild dysplasia (10 samples), and moderate to severe dysplasia (10 samples); 22 samples of OSCCs,
categorized as well-differentiated (2 samples), moderately differentiated (17 samples), and poorly
differentiated (3 samples); and 5 samples of normal oral mucosal tissue.
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Diagnosis Degree of Dysplasia or Differentiation Localization Gender Age

Normal  Lip Female 79

Normal  Lip Male 44

Normal  Buccal mucosa Male 23

Normal  Buccal mucosa Female 49

Normal  Tongue Male 36

OSCC Poorly differentiated Alveolar process Male 80

OSCC Poorly differentiated Palate Male 35

OSCC Poorly differentiated Lower jaw Male 80

OSCC Moderately differentiated Alveolar process Male 62

OSCC Moderately differentiated Alveolar process Female 56

OSCC Moderately differentiated Alveolar process Female 59

OSCC Moderately differentiated Tongue Female 67

OSCC Moderately differentiated Alveolar process Female 75

OSCC Moderately differentiated Tongue Female 65

OSCC Moderately differentiated Tongue Female 27

OSCC Moderately differentiated Tongue Female 79

OSCC Moderately differentiated Lip Female 77

OSCC Moderately differentiated Mouth floor Male 46

OSCC Moderately differentiated Alveolar process Male 72

OSCC Moderately differentiated Tongue Female 42

OSCC Moderately differentiated Buccal mucosa Male 59

OSCC Moderately differentiated Lower jaw Male 30

OSCC Moderately differentiated Tongue Female 82

OSCC Moderately differentiated Gingica Female 78

OSCC Moderately differentiated Gingiva Male 57

OSCC Well-differentiated Buccal mucosa Female 79

OSCC Well-differentiated Alveolar process Female 72

OL Non-dysplastic Tongue Male 69

OL Non-dysplastic Tongue Male 53

OL Non-dysplastic Buccal mucosa Female 58

OL Non-dysplastic Buccal mucosa Female 55

OL Non-dysplastic Buccal mucosa Female 61

OL Non-dysplastic Palate Male 39

OL Non-dysplastic Buccal mucosa Male 51

OL Non-dysplastic Gingiva Female 60

OL Non-dysplastic Buccal mucosa Female 58

OL Non-dysplastic Buccal mucosa Male 55

OL Mildly dysplastic Buccal mucosa Male 55
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OL Mildly dysplastic Gingiva Female 60

OL Mildly dysplastic Buccal mucosa Female 58

OL Mildly dysplastic Tongue Female 41

OL Mildly dysplastic Buccal mucosa Male 51

OL Mildly dysplastic Buccal mucosa Female 58

OL Mildly dysplastic Tongue Male 69

OL Mildly dysplastic Buccal mucosa Female 61

OL Mildly dysplastic Buccal mucosa Male 56

OL Mildly dysplastic Buccal mucosa Male 69

OL Moderately or severely dysplastic Tongue Female 65

OL Moderately or severely dysplastic Tongue Male 57

OL Moderately or severely dysplastic Gingiva Female 62

OL Moderately or severely dysplastic Tongue Female 70

OL Moderately or severely dysplastic Gingiva Female 70

OL Moderately or severely dysplastic Mouth floor Male 69

OL Moderately or severely dysplastic Tongue Male 52

OL Moderately or severely dysplastic Tongue Male 64

OL Moderately or severely dysplastic Tongue Female 70

OL Moderately or severely dysplastic Tongue Male 52

TABLE 1: Display of the epidemiological characteristics of the tissue samples.
OSCC: oral squamous cell carcinoma

OL: oral leukoplakia

Conventional H&E staining was used to confirm the initial diagnosis for all specimens. The
immunohistochemical (IHC) procedure was followed in tissue sections of NOM, OLs, and OSCC in order to
detect the expression of rabbit Anti-DAPK-1 (Novus Biologicals, Centennial, Colorado, USA), diluted in
1/100.

The stepwise protocol for the immunohistochemical method included tissue fixation in 10% formalin
solution, embedding in paraffin blocks, and sectioning into 4-6 μm thick slices using a Jung Biocut 2035
microtome (Rankin Biomedical Corporation, Davisburg, MI, US). The sections were applied to
electrostatically charged microscope slides, deparaffinized in xylene with three changes for 5 min each, and
gradually hydrated through graded alcohols-100% ethanol twice for 15 min each, followed by 90% ethanol
twice for 15 min each before being washed in deionized water for 1 min with stirring. Excess liquid was
aspirated from the slides, and antigen retrieval was performed by heat treatment. Endogenous peroxidase
activity was blocked, and the slides were dipped in phosphate-buffered saline (PBS) solution. The primary
antibody was applied for 15 min, followed by another PBS dip. EnVision (Agilent Technologies, Inc., Santa
Clara, CA) was applied for 30 min, followed by another PBS dip. The DAB EnVision chromogen was then
applied for a maximum of 15 min, followed by another PBS dip and a final wash in deionized water for 1 min
with stirring. Hematoxylin was applied for 10 sec before the sections were mounted, covered with coverslips,
and examined under a microscope and camera.

The evaluation of immunohistochemical staining was performed by microscopically examining the incisions
to observe and record the results. Two observers, VZ and PP, undertook the evaluation of the
immunohistochemical staining. The histochemical score was evaluated by calculating the percentage of
positive cells, into a 0-3 grading scale (quantitative method) classified as: Grade 0 when less than 5% of cells
were stained, Grade I when 6-25% of cells were stained, Grade II when 26-50% of cells were stained
and Grade III when more than 50% of cells were stained.
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The staining was deemed positive when the cytoplasm and/or the nucleus were colored brown. DAPK-1
staining was expected to be predominantly cytoplasmic. Statistical analysis was performed using SPSS
version 25.0 (IBM Corporation, Armonk, NY, USA). The degree of IHC staining in OLs, OSCCs, and NOM was
evaluated using the non-parametric Mann-Whitney U Test. A two-sided p-value < 0.05 was considered
statistically significant.

Results
Immunohistochemical (IHC) evaluation of the expression of DAPK-1 in OLs and OSCCs showed certain
characteristics that revealed interesting details about its pattern of expression and, in some cases, confirmed
its main activity as a tumor suppressor factor. Immunohistochemistry may specifically determine which
cellular populations are being stained positively and thus express the DAPK-1. By defining a certain scale of
staining (0-III) to designate the extent and thus the intensity of staining as a representative factor of the
expression of DAPK-1 protein, it was observed that there was a significant difference in staining among
normal tissue specimens and those of OLs with moderate/severe dysplasia (p=0.013, Mann-Whitney U Test)
as well as between normal tissue samples and those of OSCCs (p=0.003, Mann-Whitney U Test) (normal
tissue outperformed both of these conditions). More specifically, most of the normal tissue sections showed
an intense staining pattern (grade III; n=4), and only one was moderately stained (grade II), whereas most
OLs with moderate to severe dysplasia and OSCCs were stained faintly (grade I or II respectively). This
observation was expected since DAPK-1 has a tumor-suppressing role so in lesions with malignant and pre-
malignant characteristics, it is expected to be mostly inactive.

Moreover, the analysis revealed a statistically significantly higher expression of DAPK-1 in OLs with no
dysplasia than in OLs with moderate/severe dysplasia (p=0.019, Mann-Whitney U Test). Also, a statistically
significantly higher expression of DAPK-1 was noticed in OLs without dysplasia than in OSCCs (p=0.003,
Mann-Whitney U Test). Finally, there was statistically significantly increased expression in OLs with mild
dysplasia compared to OLs with moderate/severe dysplasia as well as in OLs with mild dysplasia compared to
OSCCs (p=0.019 Mann-Whitney U Test and p=0.003, Mann-Whitney U Test, respectively).

Normal tissue
The expression of DAPK-1 in normal epithelial tissue adjacent to fibroma biopsies is highly intense. It is
characteristic that no sample was found to be classified as Grade I staining intensity as the vast majority of
them were observed to be of Grade III (Fig 1A).

OLs with no dysplasia
OLs with no dysplasia are characterized by intense expression of the DAPK-1. Indeed, 60% (6/10) of the OLs
showed staining of grade III (Figure 1B-1C).

FIGURE 1: A: Overexpression of DAPK-1 in normal epithelium:
cytoplasmic staining with only dispersed cells with nuclear staining
(X40). B: Characteristic intense staining (Grade III) of all layers of
epithelium, except the basal one in a case of OL without dysplasia
(x20). C: Characteristic intense cytoplasmic expression of DAPK-1 in
epithelial cells of OL without dysplasia (x40).

OLs with mild dysplasia
DAPK-1 expression is intense in the majority of OL lesions with mild dysplasia (Figure 2A-2B). Staining
reveals a similar pattern to the one of lesions of OL with no dysplasia.
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FIGURE 2: Α: Intense cytoplasmic expression of DAPK-1 in OL with mild
dysplasia only in epithelial layers without dysplasia (most of spinous
and granular) and absence in the lower 1/3 of ep-ithelium. Furthermore,
it was observed a distinct staining in the interface between basal cells
and basal membrane (x20) Β: Intense cytoplasmic staining of epithelial
cells in a OL with mild dysplasia. Focal area of unstained cells among
the intensively stained ones of the spinous layer (x40).

OL with moderate/severe dysplasia
The vast majority of OLs with moderate/severe dysplasia seem to be positively stained in less than 50% of
the epithelial cells in the upper third of the spinous and granular layers but not in the basal cell layer. In
lesions with moderate dysplasia, the expression of DAPK-1 is higher than that in heavily dysplastic lesions
although still weak (Figure 3A-3B). Especially in OL lesions of severe dysplasia, the expression of DAPK-1 is
weak (Figure 3C).

FIGURE 3: A: Positive staining of DAPK-1 is established in dispersed
areas of the spinous layer and the full thickness of the granular one in a
tissue section of moderate OL (X10), B: Positively stained epithelial
cells in the granular layer showing nuclear as well as cytoplasmic
expression of DAPK-1. Positive expression of DAPK-1 in the
intercellular space of the spinous layer and few positively stained
disperse cells in the upper part of it (X40). C: The expression of DAPK-1
in OL with severe dysplasia is limited to the granular layer (x10).

OSCC
DAPK-1 expression in the epithelial cells of the OSCCs is weak in the vast majority. DAPK-1 is highly
expressed in the layers (spinous and granular) where there is no presence of dysplasia in overlying to OSCC
cells’ island epithelium (Figure 4A). Moreover, in the center of neoplastic epithelial islands as well as
adjacent to the keratin pearls staining is intense revealing strong DAPK-1 expression observed mostly in well
and moderate grade of differentiation (Figure 4B). Staining is most of the time cytoplasmic and, on rare
occasions nuclear. Very rarely membranous staining is detected (Figure 4C).
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FIGURE 4: A: Dispersed epithelial islands of distinct positivity. Absence
of staining in the epithelium in all layers but not the upper part of
spinous and the granular layers where there is no dysplasia above
neoplastic epithelial islands in a moderately differentiated case of OSCC
(X20), B: Epithelial islands in a moderate differentiated OSCC case in
which the more “differentiated” neoplastic cells in the center of the
neoplastic islands show intense positive staining. Staining is either
cytoplasmic or rarely nuclear (x20). C: Keratin pearl, in a case of well-
differentiated OSCC, surrounded by DAPK-1 highly stained neoplastic
epithelial cells as well as in the center of the neoplastic epithelial
island. Staining is mainly cytoplasmic and, in some cases, membranous
(x40).

Discussion
The present study is an integrated effort to visualize the expression pattern of DAPK-1 in OL, OSCC, and
NOM with the aid of immunohistochemistry. In particular, the more intense protein expression in NOM,
non-dysplastic OL, and mildly dysplastic OL aligns with the tumor-suppressing function of DAPK-1, which
is expected to be expressed in these conditions of the oral epithelium. Subsequently, in moderately and
severely dysplastic OL as well as in OSCC, DAPK-1 protein expression naturally regresses (fewer tissue
samples manifest Grade III DAPK-1 expression), most probably due to methylation. As dysplasia worsens,
and the transition to carcinoma in situ and full-fledged OSCC gradually takes place, the inactivation of
tumor-suppressing genes or at least, their less intense expression constitutes a necessary prerequisite. The
increasing DNA methylation of the DAPK-1 gene may not be able to affect the respective protein expression,
at least not until a certain threshold is reached. The degree of dysplasia may serve as such a threshold,
particularly between mild and moderate dysplasia. 

Another key finding of our study is that DAPK-1 was not expressed in the basal layer of normal epithelium.
This means that kinase is not expressed in areas that contain cells with an increased proliferation capacity.
On the contrary, DAPK-1 staining is intense in spinous and occasionally in granular layers in which the cells
are completely differentiated. This description corresponds with the results of a similar study by Bhat et al.
in 2017 that found that DAPK-1 expression was reduced in dysplastic and cancerous lesions [26]. It also
found that there was an inverse correlation between DAPK-1 hypermethylation and DAPK-1 expression [26].
Nevertheless, the study of Melchers et al. found no association between DAPK-1 methylation and its protein
expression [27]. This may be attributed to the fact that MSP (methylation-specific PCR) is not a quantitative
method, in contrast to immunohistochemical staining analysis, which can depict the distinct cell layers and
thus the number of cells being positively stained.

Bhat et al. underlined the presence of DAPK-1 in the cytoplasm of the epithelial cells, which matches the
findings of the present study which indicated that staining in all kinds of epithelial cells and lesions is
mainly cytoplasmic and, on rare occasions, nuclear [26], similar to a previous study by Papadopoulos et al
[28]. Finally, DAPK-1 methylation might function as a trigger for carcinogenesis in oral potentially malignant
lesions, receding until higher degrees of dysplasia transition to oral cancer, where methylation is expected
to be present [29].

The study's limitations include the lack of tumor, nodes, and metastases (TNM) classification, the five-year
survival rate of the OSCC cases, and the lack of information regarding the clinical course of OL, a potentially
malignant disorder. 

Conclusions
DAPK-1 seemed to function as an oncosuppressor molecular biomarker, as its expression was decreased in
areas of cellular dysplasia in OLs and in areas of OSCCs composed of less differentiated cells. The clinical
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application of this biomarker is that the positively stained, potentially malignant lesions are less likely to
transit into malignancy, and cancerous lesions are more likely to behave non-aggressively. On the other
hand, the lack of staining may indicate the loss of this oncosuppressing ability and, when considered
alongside other clinical parameters, could serve as a prognostic biomarker for OSCC's aggressive biological
behavior and a predictor of malignant transformation in potentially malignant lesions. Since this is a
preliminary study, more studies with larger sample sizes are required to support these conclusions.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Vasileios Zisis, Petros Papadopoulos, Dimitrios Andreadis, Konstantinos Poulopoulos,
Dimitrios Parlitsis, Konstantinos Paraskevopoulos, Pinelopi A. Anastasiadou, Eleftherios Anagnostou,
Konstantinos Vahtsevanos, Athanasios Poulopoulos

Acquisition, analysis, or interpretation of data:  Vasileios Zisis, Petros Papadopoulos, Dimitrios
Andreadis, Konstantinos Poulopoulos, Dimitrios Parlitsis, Konstantinos Paraskevopoulos, Pinelopi A.
Anastasiadou, Eleftherios Anagnostou, Konstantinos Vahtsevanos, Athanasios Poulopoulos

Drafting of the manuscript:  Vasileios Zisis, Petros Papadopoulos, Dimitrios Andreadis, Konstantinos
Poulopoulos, Dimitrios Parlitsis, Konstantinos Paraskevopoulos, Pinelopi A. Anastasiadou, Eleftherios
Anagnostou, Konstantinos Vahtsevanos, Athanasios Poulopoulos

Critical review of the manuscript for important intellectual content:  Vasileios Zisis, Petros
Papadopoulos, Dimitrios Andreadis, Konstantinos Poulopoulos, Dimitrios Parlitsis, Konstantinos
Paraskevopoulos, Pinelopi A. Anastasiadou, Eleftherios Anagnostou, Konstantinos Vahtsevanos, Athanasios
Poulopoulos

Supervision:  Athanasios Poulopoulos

Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Ethics Committee of the School of Dentistry, Aristotle University of Thessaloniki,
Greece issued approval 29/21.11.2018. Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure
form, all authors declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three years with
any organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Barsouk A, Aluru JS, Rawla P, Saginala K, Barsouk A: Epidemiology, risk factors, and prevention of head and

neck squamous cell carcinoma. Med Sci (Basel). 2023, 11:42. 10.3390/medsci11020042
2. Sayal L, Hamadah O, AlMasri A, et al.: Salivary-based cell-free mitochondrial DNA level is an independent

prognostic biomarker for patients with head and neck squamous cell carcinoma. J Pers Med. 2023, 13:301.
10.3390/jpm13020301

3. Kujan O, Agag M, Smaga M, Vaishnaw Y, Idrees M, Shearston K, Farah CS: PD-1/PD-L1, Treg-related
proteins, and tumour-infiltrating lymphocytes are associated with the development of oral squamous cell
carcinoma. Pathology. 2022, 54:409-16. 10.1016/j.pathol.2021.09.013

4. Idrees M, Farah CS, Sloan P, Kujan O: Oral brush biopsy using liquid-based cytology is a reliable tool for oral
cancer screening: A cost-utility analysis: Oral brush biopsy for oral cancer screening. Cancer Cytopathol.
2022, 130:740-8. 10.1002/cncy.22599

5. Pontes F, Garcia AR, Domingues I, et al.: Survival predictors and outcomes of patients with recurrent and/or
metastatic head and neck cancer treated with chemotherapy plus cetuximab as first-line therapy: A real-
world retrospective study. Cancer Treat Res Commun. 2021, 27:100375. 10.1016/j.ctarc.2021.100375

6. Speight PM, Khurram SA, Kujan O: Oral potentially malignant disorders: risk of progression to malignancy .
Oral Surg Oral Med Oral Pathol Oral Radiol. 2018, 125:612-27. 10.1016/j.oooo.2017.12.011

7. Kumari P, Debta P, Dixit A: Oral potentially malignant disorders: etiology, pathogenesis, and transformation
into oral cancer. Front Pharmacol. 2022, 13:825266. 10.3389/fphar.2022.825266

8. Cheng Y, He C, Wang M, et al.: Targeting epigenetic regulators for cancer therapy: mechanisms and
advances in clinical trials. Signal Transduct Target Ther. 2019, 4:62. 10.1038/s41392-019-0095-0

9. Kumar A, Emdad L, Fisher PB, Das SK: Targeting epigenetic regulation for cancer therapy using small
molecule inhibitors. Adv Cancer Res. 2023, 158:73-161. 10.1016/bs.acr.2023.01.001

10. Castilho RM, Squarize CH, Almeida LO: Epigenetic modifications and head and neck cancer: implications for

 

2025 Papadopoulos et al. Cureus 17(2): e79085. DOI 10.7759/cureus.79085 8 of 9

https://dx.doi.org/10.3390/medsci11020042
https://dx.doi.org/10.3390/medsci11020042
https://dx.doi.org/10.3390/jpm13020301
https://dx.doi.org/10.3390/jpm13020301
https://dx.doi.org/10.1016/j.pathol.2021.09.013
https://dx.doi.org/10.1016/j.pathol.2021.09.013
https://dx.doi.org/10.1002/cncy.22599
https://dx.doi.org/10.1002/cncy.22599
https://dx.doi.org/10.1016/j.ctarc.2021.100375
https://dx.doi.org/10.1016/j.ctarc.2021.100375
https://dx.doi.org/10.1016/j.oooo.2017.12.011
https://dx.doi.org/10.1016/j.oooo.2017.12.011
https://dx.doi.org/10.3389/fphar.2022.825266
https://dx.doi.org/10.3389/fphar.2022.825266
https://dx.doi.org/10.1038/s41392-019-0095-0
https://dx.doi.org/10.1038/s41392-019-0095-0
https://dx.doi.org/10.1016/bs.acr.2023.01.001
https://dx.doi.org/10.1016/bs.acr.2023.01.001
https://dx.doi.org/10.3390/ijms18071506


tumor progression and resistance to therapy. Int J Mol Sci. 2017, 18:1506. 10.3390/ijms18071506
11. Yu X, Zhao H, Wang R, et al.: Cancer epigenetics: from laboratory studies and clinical trials to precision

medicine. Cell Death Discov. 2024, 10:28. 10.1038/s41420-024-01803-z
12. Mesgari H, Esmaelian S, Nasiri K, Ghasemzadeh S, Doroudgar P, Payandeh Z: Epigenetic regulation in oral

squamous cell carcinoma microenvironment: a comprehensive review. Cancers (Basel). 2023, 15:23.
10.3390/cancers15235600

13. Foy JP, Pickering CR, Papadimitrakopoulou VA, et al.: New DNA methylation markers and global DNA
hypomethylation are associated with oral cancer development. Cancer Prev Res (Phila). 2015, 8:1027-35.
10.1158/1940-6207.CAPR-14-0179

14. Arantes LM, de Carvalho AC, Melendez ME, et al.: Validation of methylation markers for diagnosis of oral
cavity cancer. Eur J Cancer. 2015, 51:632-41. 10.1016/j.ejca.2015.01.060

15. Yang H, Jin X, Dan H, Chen Q: Histone modifications in oral squamous cell carcinoma and oral potentially
malignant disorders. Oral Dis. 2020, 26:719-32. 10.1111/odi.13115

16. Markouli M, Strepkos D, Basdra EK, Papavassiliou AG, Piperi C: Prominent role of histone modifications in
the regulation of tumor metastasis. Int J Mol Sci. 2021, 22:2778. 10.3390/ijms22052778

17. Seligson DB, Horvath S, McBrian MA, et al.: Global levels of histone modifications predict prognosis in
different cancers. Am J Pathol. 2009, 174:1619-28. 10.2353/ajpath.2009.080874

18. Yao W, Hu X, Wang X: Crossing epigenetic frontiers: the intersection of novel histone modifications and
diseases. Signal Transduct Target Ther. 2024, 9:232. 10.1038/s41392-024-01918-w

19. Righini CA, de Fraipont F, Timsit JF, Faure C, Brambilla E, Reyt E, Favrot MC: Tumor-specific methylation in
saliva: a promising biomarker for early detection of head and neck cancer recurrence. Clin Cancer Res. 2007,
13:1179-85. 10.1158/1078-0432.CCR-06-2027

20. Cai F, Xiao X, Niu X, Zhong Y: Association between promoter methylation of DAPK gene and HNSCC: A
meta-analysis. PLoS One. 2017, 12:e0173194. 10.1371/journal.pone.0173194

21. Rivera-Peña B, Folawiyo O, Turaga N, et al.: Promoter DNA methylation patterns in oral, laryngeal and
oropharyngeal anatomical regions are associated with tumor differentiation, nodal involvement and
survival. Oncol Lett. 2024, 27:89. 10.3892/ol.2024.14223

22. Don KR, Ramani P, Ramshankar V, Sherlin HJ, Premkumar P, Natesan A: Promoter hypermethylation
patterns of P16, DAPK and MGMT in oral squamous cell carcinoma: a systematic review and meta-analysis.
Indian J Dent Res. 2014, 25:797-805. 10.4103/0970-9290.152208

23. Guo Z, Liu W, Yang Y, Zhang S, Li C, and Yang W.: DNA methylation in the genesis, progress and prognosis
of head and neck cancer. Holist Integ Oncol. 2023, 2:23. 10.1007/S44178-023-00037-W

24. Strzelczyk JK, Krakowczyk Ł, Owczarek AJ: Methylation status of SFRP1, SFRP2, RASSF1A, RARβ and DAPK1
genes in patients with oral squamous cell carcinoma. Arch Oral Biol. 2019, 98:265-72.
10.1016/j.archoralbio.2018.12.001

25. Papadopoulos P, Zisis V, Andreadis D, Vahtsevanos K, Poulopoulos A: Investigation of the vascular-
endothelial pattern of expression of DAPK-1 in oral squamous cell carcinoma and oral potentially
malignant disorders through immunohistochemistry. Cureus. 2024, 16:e63519. 10.7759/cureus.63519

26. Bhat S, Kabekkodu SP, Jayaprakash C, Radhakrishnan R, Ray S, Satyamoorthy K: Gene promoter-associated
CpG island hypermethylation in squamous cell carcinoma of the tongue. Virchows Arch. 2017, 470:445-54.
10.1007/s00428-017-2094-2

27. Melchers LJ, Clausen MJ, Mastik MF, et al.: Identification of methylation markers for the prediction of nodal
metastasis in oral and oropharyngeal squamous cell carcinoma. Epigenetics. 2015, 10:850-60.
10.1080/15592294.2015.1075689

28. Papadopoulos P, Zisis V, Andreadis D, et al.: DAPK-1 as a potential early marker for malignant
transformation risk of oral lichen planus. Cureus. 2024, 16:e71714. 10.7759/cureus.71714

29. Papadopoulos P, Zisis V, Andreadis D, et al.: Methylation profile of DAPK-1 between oral potentially
malignant disorders and oral squamous cell carcinoma. DNA. 2024, 4:494-506. 10.3390/DNA4040033

 

2025 Papadopoulos et al. Cureus 17(2): e79085. DOI 10.7759/cureus.79085 9 of 9

https://dx.doi.org/10.3390/ijms18071506
https://dx.doi.org/10.1038/s41420-024-01803-z
https://dx.doi.org/10.1038/s41420-024-01803-z
https://dx.doi.org/10.3390/cancers15235600
https://dx.doi.org/10.3390/cancers15235600
https://dx.doi.org/10.1158/1940-6207.CAPR-14-0179
https://dx.doi.org/10.1158/1940-6207.CAPR-14-0179
https://dx.doi.org/10.1016/j.ejca.2015.01.060
https://dx.doi.org/10.1016/j.ejca.2015.01.060
https://dx.doi.org/10.1111/odi.13115
https://dx.doi.org/10.1111/odi.13115
https://dx.doi.org/10.3390/ijms22052778
https://dx.doi.org/10.3390/ijms22052778
https://dx.doi.org/10.2353/ajpath.2009.080874
https://dx.doi.org/10.2353/ajpath.2009.080874
https://dx.doi.org/10.1038/s41392-024-01918-w
https://dx.doi.org/10.1038/s41392-024-01918-w
https://dx.doi.org/10.1158/1078-0432.CCR-06-2027
https://dx.doi.org/10.1158/1078-0432.CCR-06-2027
https://dx.doi.org/10.1371/journal.pone.0173194
https://dx.doi.org/10.1371/journal.pone.0173194
https://dx.doi.org/10.3892/ol.2024.14223
https://dx.doi.org/10.3892/ol.2024.14223
https://dx.doi.org/10.4103/0970-9290.152208
https://dx.doi.org/10.4103/0970-9290.152208
https://dx.doi.org/10.1007/S44178-023-00037-W
https://dx.doi.org/10.1007/S44178-023-00037-W
https://dx.doi.org/10.1016/j.archoralbio.2018.12.001
https://dx.doi.org/10.1016/j.archoralbio.2018.12.001
https://dx.doi.org/10.7759/cureus.63519
https://dx.doi.org/10.7759/cureus.63519
https://dx.doi.org/10.1007/s00428-017-2094-2
https://dx.doi.org/10.1007/s00428-017-2094-2
https://dx.doi.org/10.1080/15592294.2015.1075689
https://dx.doi.org/10.1080/15592294.2015.1075689
https://dx.doi.org/10.7759/cureus.71714
https://dx.doi.org/10.7759/cureus.71714
https://dx.doi.org/10.3390/DNA4040033
https://dx.doi.org/10.3390/DNA4040033

	Immunohistochemical Expression of DAPK-1 in Oral Leukoplakia And Oral Squamous Cell Carcinoma: A Preliminary Study
	Abstract
	Introduction
	Materials And Methods
	TABLE 1: Display of the epidemiological characteristics of the tissue samples.

	Results
	Normal tissue
	OLs with no dysplasia
	FIGURE 1: A: Overexpression of DAPK-1 in normal epithelium: cytoplasmic staining with only dispersed cells with nuclear staining (X40). B: Characteristic intense staining (Grade III) of all layers of epithelium, except the basal one in a case of OL without dysplasia (x20). C: Characteristic intense cytoplasmic expression of DAPK-1 in epithelial cells of OL without dysplasia (x40).

	OLs with mild dysplasia
	FIGURE 2: Α: Intense cytoplasmic expression of DAPK-1 in OL with mild dysplasia only in epithelial layers without dysplasia (most of spinous and granular) and absence in the lower 1/3 of ep-ithelium. Furthermore, it was observed a distinct staining in the interface between basal cells and basal membrane (x20) Β: Intense cytoplasmic staining of epithelial cells in a OL with mild dysplasia. Focal area of unstained cells among the intensively stained ones of the spinous layer (x40).

	OL with moderate/severe dysplasia
	FIGURE 3: A: Positive staining of DAPK-1 is established in dispersed areas of the spinous layer and the full thickness of the granular one in a tissue section of moderate OL (X10), B: Positively stained epithelial cells in the granular layer showing nuclear as well as cytoplasmic expression of DAPK-1. Positive expression of DAPK-1 in the intercellular space of the spinous layer and few positively stained disperse cells in the upper part of it (X40). C: The expression of DAPK-1 in OL with severe dysplasia is limited to the granular layer (x10).

	OSCC
	FIGURE 4: A: Dispersed epithelial islands of distinct positivity. Absence of staining in the epithelium in all layers but not the upper part of spinous and the granular layers where there is no dysplasia above neoplastic epithelial islands in a moderately differentiated case of OSCC (X20), B: Epithelial islands in a moderate differentiated OSCC case in which the more “differentiated” neoplastic cells in the center of the neoplastic islands show intense positive staining. Staining is either cytoplasmic or rarely nuclear (x20). C: Keratin pearl, in a case of well-differentiated OSCC, surrounded by DAPK-1 highly stained neoplastic epithelial cells as well as in the center of the neoplastic epithelial island. Staining is mainly cytoplasmic and, in some cases, membranous (x40).


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


