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Simple Summary: Hemidesmosomes are junctional complexes that contribute to the attachment of
epithelial cells to the underlying basement membrane. Importantly, detachment from the basement
membrane, migration and invasion through the connective tissues represent early steps in oral
carcinogenesis. Therefore, it is possible that these processes involve alterations of hemidesmosomes.
The results of our systematic review provide evidence that oral potentially malignant disorders and
oral cancer are associated with structural and molecular modifications of hemidesmosomes. We
conclude that these cell adhesion structures represent potential candidates for use as biomarkers.

Abstract: Background: Oral cancers have limited diagnostic tools to aid clinical management. Current
evidence indicates that alterations in hemidesmosomes, the adhesion complexes primarily involved
in epithelial attachment to the basement membrane, are correlated to cancer phenotype for multiple
cancers. This systematic review aimed to assess the experimental evidence for hemidesmosomal
alterations, specifically in relation to oral potentially malignant disorders and oral squamous cell
carcinomas. Methods: We conducted a systemic review to summarise the available literature on
hemidesmosomal components and their role in oral pre-cancer and cancer. Relevant studies were
retrieved from a comprehensive search of Scopus, Ovid MEDLINE, Ovid Embase and Web of Science.
Results: 26 articles met the inclusion criteria, of which 19 were in vitro studies, 4 in vivo studies,
1 in vitro and in vivo study, and 2 in vitro and cohort studies. Among them, 15 studies discussed
individual alpha-6 and/or beta-4 subunits, 12 studies discussed the alpha-6 beta-4 heterodimers,
6 studies discussed the entire hemidesmosome complex, 5 studies discussed bullous pemphigoid-
180, 3 studies discussed plectin, 3 studies discussed bullous pemphigoid antigen-1 and 1 study
discussed tetraspanin. Conclusion: Heterogeneity in cell type, experimental models, and methods
were observed. Alterations in hemidesmosomal components were shown to contribute to oral pre-
cancer and cancer. We conclude that there is sufficient evidence for hemidesmosomes and their
components to be potential biomarkers for evaluating oral carcinogenesis.

Keywords: hemidesmosome; oral; carcinogenesis; OSCC; integrin; plectin; BPA1; Col17; CD151

1. Introduction

Oral cancers are one of the most common malignancies worldwide, with approximately
145,000 deaths and 300,000 new cases reported in 2021 [1], and they come under the umbre-
lalla of head and neck squamous cell carcinoma (HNSCC). They are defined as malignant
neoplasias occurring within the oral cavity or on the lips, with oral squamous cell carcinoma
(OSCC) being the most common malignancy, accounting for 92–95% of all oral cancers [2].
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Oral potentially malignant disorders (OPMDs) are precursors to oral cancer and constitute a
group of benign mucosal disorders associated with an increased risk of oral cancer develop-
ment. These include leukoplakia, erythroplakia, oral lichen planus, oral lichenoid lesions, and
oral submucous fibrosis, among others [3]. Current literature links mucosal alterations to an
increased risk of malignant transition in comparison to normal mucosa and those without
OPMDs [3], and cancer progression arising from OPMD is thought to be a multi-step process
leading to the accumulation of certain genetic mutations [2]. Currently, histopathological
features, specifically the presence and degree of epithelial dysplasia, remains the most useful
indicator and a clinical diagnostic tool for identifying the risk of cancer progression [4]. Due
to the complexity and variability in OPMD presentation, identifying biomarkers of OPMDs
capable of predicting the likelihood of progression will aid in early disease diagnosis and
improve clinical management [5]. Pertinently, multiple studies have reported alterations in
epithelial anchoring junction hemidesmosomes (HDs) in OPMD lesions that may predict
progression to malignancy [6]. HDs contain multiprotein structures that facilitate the linkage
between basal epithelial cells and the underlying basal lamina. They are also a component of
the extracellular matrix and the mechanically stress-resilient keratin intermediate filament (IF)
network [7]. Based on their molecular structure, HDs are classified as either Type I or Type II
(Figure 1) [8]. Several reports have implicated enzymes, such as matrix metalloproteinases,
with the transition to oral carcinoma and invasiveness [9,10]. Alternatively, the disruption
of the basement membrane (BM) could result from the inflammatory infiltrate involving
neutrophils, fibroblasts, and macrophages within the connective tissue [11–13]. However,
these possibilities are not yet conclusive and have been suggested to explain the malignant
progression and invasion of epithelial cells during oral carcinogenesis and may correspond to
limited hemidesmosome expression/function.
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Figure 1. The hemidesmosomal complex exists as two alternative types. Type I consists of Integrin 
α6β4, Plectin isoform 1a, bullous pemphigoid antigen (BPAG)1 isoform e, BPAG2 and tetraspanin 
CD151. Type II is formed by Integrin α6β4 and Plectin isoform 1a only. Both are specialised 
multiprotein junctional complexes that mediate adherence of basal epithelial cells to the underlying 
basement membrane. (Figure created on Canva). 
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2.2. Selection Criteria 
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- Article types: in-vivo and in-vitro studies; 
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Figure 1. The hemidesmosomal complex exists as two alternative types. Type I consists of Integrin
α6β4, Plectin isoform 1a, bullous pemphigoid antigen (BPAG)1 isoform e, BPAG2 and tetraspanin
CD151. Type II is formed by Integrin α6β4 and Plectin isoform 1a only. Both are specialised
multiprotein junctional complexes that mediate adherence of basal epithelial cells to the underlying
basement membrane. (Figure created on Canva).
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This systematic review aims to collate currently available evidence regarding hemidesmo-
somal alterations during oral carcinogenesis and to address the following research questions:

1. Are alterations to hemidesmosomes or their components correlated with particular
stages of oral cancer?

2. Which cellular pathways do hemidesmosomes contribute to during oral carcinogenesis?
3. Can alterations in hemidesmosomal components be used as stage-specific biomarkers

for oral cancer progression as well as prognosis?

2. Materials and Methods

The 2020 version of PRISMA was used as a guideline for screening and data collection
in this systematic review.

2.1. Literature Search Strategy

Electronic literature searches were conducted on 17 June 2022, using Scopus, Ovid
MEDLINE, Ovid Embase and Web of Science databases with no publication year restrictions.
The search strategy applied was identical across all databases, with the exception of the
database-specific syntax. The search term strategy involved keyword searches for all terms
pertaining to; (1) hemidesmosomes, (2) oral cavity, (3) stage and development of cancer and
(4) the presence of OPMDs [3]. Refer to Appendix A (Table A1) for the full search strategy.

2.2. Selection Criteria
2.2.1. Inclusion Criteria

- Article types: in-vivo and in-vitro studies;
- Hemidesmosomes and components (not all adherens junction);
- Oral cancer and/or precancerous conditions (human and/or animal);
- Published in English;
- No restriction on publication date.

2.2.2. Exclusion Criteria

- Article types: Review articles, conference abstracts, letters to the editors, personal
communications and opinion articles, and case reports;

- Retracted studies;
- No full text available.

2.3. Quality Assessment

A total of 26 studies were included in the systematic review for quality assessment. The
Office of Health Assessment and Translation (OHAT) risk of bias tool, which is designed for
both human and animal studies, was used for assessment [14]. The OHAT tool consists of
11 questions and each question has 4 possible answers (definitely low, probably low, proba-
bly high and definitely high). The 11 questions were classified into six domains (selection,
confounding, performance, attrition/exclusion, detection, and selective reporting). The
OHAT questions were adapted to ensure relevance to the included in vitro studies. A total
of nine questions were applicable to the quality assessment (Appendix A, Table A2).

2.4. Statistical Analysis

All statistical analysis was performed using IBM® SPSS Statistics® (version 27.0).
Cohen’s Kappa coefficient was calculated for the two independent reviewers conducting
the title and abstract screening [15]. Additionally, Cohen’s Kappa coefficients were then
calculated between pairs conducting the full-text screening, and those studies with the
complete agreement were included.



Cancers 2023, 15, 2533 4 of 25

3. Results
3.1. Literature Selection

The process of selection for the inclusion of eligible studies is summarised in a
flowchart (Figure 2). The literature search identified 298 papers, which were compiled on
Covidence, and a total of 126 duplicates were removed by this software. Two blind re-
viewers additionally manually extracted undetected duplicates. The remaining 172 unique
articles were then assessed for inclusion in the current review.
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Figure 2. Selection processes for the inclusion of eligible studies.

In accordance with PRISMA protocol, two independent reviewers were selected for
the title and abstract screening. Covidence was used for the title screening process. From
the 172 articles, 52 studies were selected for inclusion, with a Cohen’s Kappa coefficient
of 0.71 (95% Confidence Interval [C.I.]: 0.610–0.824). Conflicts between reviewers were
resolved via discussion with an independent third reviewer. Ultimately, a total of 52 papers
were unanimously accepted by all the reviewers for full-text screening.

Full text screening was conducted by eight independent reviewers. The eight review-
ers were paired, and each group underwent calibration for the screening process. A total of
26 articles were included in this systematic review, with key characteristics
(Tables A3 and A4) and a Cohen’s Kappa coefficient of 1.0 considered for each pair of
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reviewers. The specific methods used to assess each hemidesmosomal component have
also been summarised in Table A3.

3.2. Risk of Bias

Two independent reviewers evaluated the risk of assessment for the included studies
via the OHAT tool, with a Cohen’s Kappa score of 0.79 (95% [C.I.]: 0.723–0.861). Conflicts
were resolved via discussion between the reviewers as summarised in Figure 3. A bias
rating of “definitely high” was found for ‘detection’ (4%). A rating of “probably high” was
found in categories of ‘performance’, ‘attrition’, ‘detection’, ‘selective’ and ‘other’ (15%, 8%,
6%, 4% and 46%, respectively). A “probably low” risk of bias was evaluated for ‘selection’,
‘performance’, ‘attrition’, ‘detection’, ‘selective’ and ‘other’ (2%, 81%, 92%, 96% and 54%,
respectively). Finally, a “definitely low” risk of bias rating was determined for ‘selection’
and ‘performance’ (98% and 4%, respectively). (Refer to Appendix A, Table A2).
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3.3. Hemidesmosome Complex

A total of six studies, three in vitro and three in vivo, analysed the properties of
carcinogenesis in oral tissues in relation to the entire hemidesmosome complex [16–21].
These studies, using Electron Microscopy (EM), indicated that in normal oral mucosa
sections, hemidesmosomes were observed as highly dense aggregates along the basal
cell surface facing the basal lamina. In contrast, severe dysplasia showed a thin and
discontinuous basal lamina with few hemidesmosomes adjacent to the basal lamina. During
oral carcinogenesis, there was a generalised consensus of a reduction in expression of the
hemidesmosome, both fewer in number and appearing smaller with discontinuity of the
basal lamina. These findings also correlated with increased invasiveness of epithelial cells,
as notably the adherence between the IFs and the BM became more diffuse.

3.3.1. α6β4. Heterodimer

Integrins are transmembrane receptors broadly found within cellular membranes and
thereby function to link the cellular cytoskeleton to the extracellular matrix [22]. In the
context of HDs, these receptors are composed of an α and a β subunit. The α6 and β4
subunits combine to form α6β4 integrin heterodimers that subsequently act as laminin-332
receptors and link with the basement membrane (BM) [7]. The phosphorylation of the
cytoplasmic tail of the β4 integrin subunit enables the α6β4 integrin to be released from the
hemidesmosome complex and thus promote invasiveness and metastasis through growth
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factor signalling cooperation and alterations in gene transcription to further promote
carcinogenesis [23].

A total of 15 studies, comprising 12 in vitro, 1 in vivo and 2 in vivo and in vitro studies,
examined changes to individual α6 and/or β4 subunits at different stages of oral carcino-
genesis [6,24–37]. Expression of α6 in OSCC and oral leukoplakia (OL) lesions was higher
compared to normal mucosa, while β4 expression was increased in OSCC lesions with
negligible changes in OL lesions [25]. Integrin subunit α6 was also elevated in OSCC lesions
in a rat model [30]. Precancerous cellular stages of transformation, such as hyperplasia and
dysplasia from human biopsies showed increased expression of α6β4 integrin. However,
these subunits decreased during the latter stages of cancer development [29]. Interestingly,
β4 upregulation mediated epidermal growth factor receptor (EGFR) signalling, indicating
that the β4 subunit may have a role to play in facilitating tumour migration [6]. Further-
more, a number of OSCC studies directly correlated metastasis with upregulated gene
expression and elevated protein levels of α6 and β4 subunits within tumour cells [27,31,32].

Pertinently, in humans, increased β4 subunit levels were shown to correlate with
higher rates of OSCC mortality [31]. In studies comparing OSCC tumours at various stages
of progression, alterations in polarity and reduced numbers of α6 and β4 were observed
more in poorly differentiated (PD) tumours compared to moderately differentiated (MD)
and well-differentiated (WD) OSCC tumours [24].

A total of 12 studies, comprising 11 in vitro and 1 in vivo, specifically examined
alterations in the hemidesmosomal integrin α6β4 heterodimer [24–30,33–37]. An in-vitro
study on human primary OSCC tumours demonstrated increased α6β4 expression in
aggressive lesions compared to non-metastatic growths, but reduced expression in PD
and recurring tumours [27,34,36]. This observed reduction in the expression of the α6β4
heterodimer in PD tumours is in agreement with the reduced α6 and β4 subunits previously
found in vivo [18]. Human in vitro studies of oral lichen planus (OLP) indicated the
discontinuous distribution of α6β4 in basal epithelial cells of lesions compared to normal
human mucosal cells [26]. Increased levels of α6 and β4 subunits were also found in cells
from OLP lesions [33].

A human study of the epithelial–mesenchymal transition (EMT) in oral carcinogen-
esis demonstrated that the breakdown of the α6β4 complex was associated with cellular
alteration, leading to an alternate pairing of subunits with other heterodimers, such as
α6β1. This latter complex has been demonstrated to have an affinity with laminin α5
through electrostatic interactions with large surfaces on the β-propeller domain of α6 [35].
Furthermore, transfection of β4 into H376 OSCC cells demonstrated that increasing α6β4
cell surface expression did not improve the proportion of cell adherence to laminin 1 and 5.
Furthermore, it also did not increase the capacity of cells to express involucrin, a protein
marker of cellular differentiation, often downregulated in OSCC and a constituent of the
insoluble cornified cell envelope of stratified squamous epithelia [28].

Overall, these results demonstrate that OMPDs and OSCC are associated with struc-
tural modifications of HDs and with molecular alterations of their constituents. Interest-
ingly, our data suggest that a reduction in density and size of hemidesmosomal complexes
is paralleled by an increase in the expression of α6 and β4 integrin subunits during oral
carcinogenesis, as well as a reduction in α6β4 heterodimer in poorly-differentiated tumours.

3.3.2. Plectin

Plectins and BPAG1, belong to the plakin family of cytoskeletal linker proteins con-
necting the keratin filaments to the hemidesmosomal junction through α6β4 integrin.
Plectin is a protein of >500 kDa, which acts as an integral part of the cytoskeleton network
organization, involving the viscoelastic properties of the cytoplasm and the mechanical
integrity and resistance of cells. Plectin has also been found to promote the migration and
invasion of HNSCC cells through the activation of Erk 1/2. In our review, a total of three
studies, two in vitro and one both in vitro and in vivo, examined the role of plectin in oral
carcinogenesis. Plectin loss in OSCC-derived cells has been shown to reduce cell migration,
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invasion and tumourigenicity [38]. Proposed mechanisms responsible for this reduced
cell motility and invasiveness include decreased Arp 2/3 protein expression and MMP-9
activity, respectively [38]. Indeed, induced expression of MMP-2 and -9 has been found to
be positively associated with HD disruption and wound repair in keratinocytes. Enhanced
phosphorylation and upregulation of plectin s4642 along the basal membrane in OLP was
also reported, with reticular OLP displaying the strongest expression of cytoplasmic and
membranous plectin in basal and suprabasal cells [33], showing an increased interaction
with β4 integrin when vimentin (a type III IF) was depleted in OSCC-derived cells [39].
Furthermore, co-immunoprecipitation of plectin and β4 integrin with vimentin was ob-
served in OSCC-derived cells [39]. Overall, these studies suggest that plectin upregulation
is associated with tumourigenic progression of OSCC.

3.3.3. BPA1/BPAG1e/BP230/Dystonin

Two in vitro studies examined the role of BPA1 in oral carcinogenesis. Downregulation
of BPA1 resulted in reduced tumourigenic potential of OSCC-derived cell lines, through
reduced cell migration and invasion, accompanied by changes in actin organisation [38]. In
contrast, increased BPA1 gene expression was observed in malignant tumours compared
to mildly dysplastic regions and normal squamous mucosa, and in primary tumours
compared to non-metastasising tumours [27]. Finally, aberrant loss of basal BPA1 with
extended pericellular localisation of BPA1 in the floor of mouth (FoM) OSCC was associated
with increased cytoplasmic BPA1 localisation in OLP. In general, these studies indicate that
basal BPA1 loss may be a predictive marker for the metastatic potential of invasive OSCC
tumour cells [27].

3.3.4. BPAG2/Col17/BP180/COL17A1

Five studies investigated alterations of Col17 in OPMD and OSCC [6,33,40–42] and
used mostly immunostaining techniques, with the overall findings indicating that OLP
cells had higher levels of Col17 in the cytoplasm compared to normal oral mucosa [33].
Additionally, both central and peripheral OSCC tumour cells showed upregulated mRNA
expression of Col17, compared to healthy oral mucosa. Similarly, severe dysplastic cells
demonstrated upregulated Col17 levels in suprabasal keratinocytes; however, in mild
dysplasia, basal cells exhibited downregulation [40]. Col17 also appears to be augmented
in OSCC cells, specifically in peripheral tumour nest cells and the cytoplasm of OLP cells,
resulting in compromised attachment with IFs that usually stabilise the cell structure and
anchorage to the basement membrane [33,40]. Additionally, elevated Col17 expression was
associated with greater invasiveness and OSCC severity, possibly due to Col17’s ability
to promote transmigration [6,41]. Crucially, increased Col17 positivity may potentially be
used as a prognostic factor for OSCC patients, associated with a higher mortality risk at
later clinical stages [42].

3.3.5. CD151

CD151 belongs to the tetraspan superfamily proteins associated with other tetraspan
molecules and integrins to form large complexes at the cell surface highly concentrated in
hemidesmosomes [43] CD151 has been implicated in cell adhesion and motility and the
transport of integrins via vesicles [44]. Upon co-transfection with β4, the surface expression
of CD151 is enhanced, and the protein becomes recruited into hemidesmosomes. This
process only occurs when the α6 subunit is associated with β4, indicating that CD151 is
probably bound to this subunit. One in vivo study investigated the expression of CD151
in OLP and found that the location of CD151 was unaltered when healthy controls were
compared to OLP mucosa and was expressed along the basal membrane (seven cases) or in
the cytoplasm (five cases) [33].
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4. Discussion

The process of cancer progression and metastatic dissemination requires detachment
from the basal membrane. However, there is currently limited evidence regarding the
involvement of hemidesmosomal alterations during the progression from oral pre-cancer
to cancer. There is also limited evidence regarding a potential correlation between the
alterations of the hemidesmosomal subcomponents and overall OSCC prognosis and sur-
vival rate. The data presented in this study show that hemidesmosomal alterations do
occur in OPMDs, particularly OLP, as well as during the process of oral carcinogenesis,
invasion and metastasis. The main trends of expression alteration for each hemidesmoso-
mal components across the oral precancer and cancer disease spectrum are summarised
in Table A5.

The link between hemidesmosomal components and oral lichen planus was inves-
tigated in three papers [25,26,33]. Expression of α6 and CD151 subcomponents were
increased in OLP in comparison to normal mucosal tissues; however, integrin β4 exhib-
ited poor expression [27,33]. Additionally, localisation of α6β4 integrin was diffuse or
discontinuous in OLP lesions, suggesting the possibility of α6 polarised expression levels
and altered localisation as an early indicator of oral cancer [25,26,33]. α6β4 expression
in pre-cancerous conditions, such as hyperplasia and dysplasia, are increased but fre-
quently absent during the later stages of cancer development [29,30]. These studies indicate
the possibility of α6β4 and CD151 expression as biomarkers for both pre-cancer and
cancer progression.

From our analysis of the current literature, numerous studies have suggested a cor-
relation between the entire hemidesmosomal complex and oral carcinogenesis [16–21].
One study identified alterations in the hemidesmosomal proteins β4 and COL17A1 and
a change in their localisation from cell membrane to cytoplasm, which was associated
with tumour progression within oral tissues. This is suggestive of an underlying intrinsic
influence and linkage between the keratin IF network and BM in the advancement of oral
cancer [6]. Several studies also reported a numerical loss of HDs, usually coupled with
atypical thinning or absence in the BM during tumour progression [16,45]. Supporting
this notion, White and colleagues (1980) detected an increase in the size and frequency of
lysosomes in basal cells suggesting enzymatic involvement [20]. Overall, our review of
the literature pertaining to OSCC is supportive of a role for the entire hemidesmosomal
complex in this cancer.

As regards the hemidesmosomal subcomponents, our review has shown that there
is supportive evidence for plectin not only as an integral factor binding to β4 integrin
and connecting the HD to keratin IFs but also a role in OSSC carcinogenesis. Plectin’s
ability to bind to IFs is compromised when plectin S4642 is phosphorylated (associated
with hemidesmosomes in the epidermis and in hemidesmosome-like structures in cul-
tured keratinocytes), and this coincides with decreased MMP-9 activity [38,46]. Elevated
MMP-9 is known to facilitate cancer cell invasion and metastasis as well as potentiate
the invasiveness of OSCC [47]. Supporting this theory, plectin loss resulted in reduced
cell migration in OSCC-derived cells that also coincided with decreased expression of
Arp 2/3 complexes [38]. Furthermore, it was reported that Arp2/3 was expressed more
commonly in invasive OSCC than in non-invasive verrucous carcinomas and carcinomas
in situ [48]. Moreover, there was a concomitant elevation in actin-related protein (Arp)
2/3 complex levels and colocalisation of β4 integrin and plectin associated with vimentin
downregulation in OSCC-derived cells [39]. Importantly, vimentin has been demonstrated
as a potential biomarker for OSCC [49]. More conclusively, co-immunoprecipitation studies
revealed plectin as a possible linker between β4 integrin and vimentin [39], indicating a
role for plectin in OSCC progression.

BPA1/BPAG1e/BPA230/Dystonin is also a component of the hemidesmosome that
facilitates linkage to the keratin cytoskeleton [50]. A single study in OSCC-derived cell
lines reported that the downregulation of BPA1 decreased cell motility and reduced cell
invasion [38]. Similar findings implicate disruption of BPA1 expression through loss of IF
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attachment to the HD interfering with basal keratinocyte migration [23]. BPA1-knockdown
results in changes in actin organisation known to have a role in cell migration regula-
tion [38,51]. Additionally, BPA1-Plectin knockdown cells were less invasive and had signif-
icantly reduced MMP9 activity [38]. Elevated MMP activity (MMP2 and MMP9) has been
reported to correlate with enhanced invasive potential of OSCC [47]. BPA1 gene expres-
sion was also observed at higher levels in malignant tumours and metastasising primary
tumours, compared to mildly dysplastic/normal tissues and non-metastasising tumours,
respectively [27]. In conclusion, BPA1 appears to be a promising biomarker for assessing
OPMD carcinogenic potential. Upregulated synthesis of BPA1 mRNA and α6-integrin
are associated with invasive tumours and extended expression of α6β4-integrins. Cru-
cially, BPA1 is associated predominantly with metastasizing rather than non-metastasizing
primary tumours.

Two papers mentioned aberrant cellular localisation of BPA1 in OLP [27,33] with
increased cytoplasmic BPA1 in basal and parabasal cells. This finding was thought to
be due to failed recruitment of BPA1 to HDs [33], leading to the formation of Type II
HDs associated with weakened binding to keratin filaments and thus the BM, permitting
cell migration [52,53]. In contrast, the loss of basally polarised localisation and enhanced
pericellular localisation of BPA1 was demonstrated in an MD FoM carcinoma [27]. It is
possible the progression of OMPDs to OSCC involves a shift from basal to pericellular
BPA1 localisation, promoting migration and affecting cell growth or substratum adhesion.
Indeed, these pathways are involved in compromising the mechanical integrity of the cells
and their cancer evolution.

The role α6β4 integrin in the context of OSCC has been investigated in a number
of studies to determine if cancer cells are associated with alterations in α6β4 expression
and/or polarity [24,27,36,37]. Observed α6β4 mRNA expression was increased in OSCC
and upregulated in invasive cancer tissue [27]. These findings suggest that an increase in
expression could be associated with a shift from pre-malignant to malignant status and a
concomitant decrease with poor differentiation. Furthermore, α6 integrin was proposed
as a biomarker to predict the metastatic potential of tumour cells with an absence of
α6β4 found in recurring tumours [27,36]. OSCC induced in rat cells through exposure to
4-nitroquinoloine-1-oxide also resulted in oral tumours with the absence of α6β4 compared
to normal keratinocytes [37]. Interestingly, it has been postulated that α6β4 integrin
released from HDs may promote cancer cell growth, invasion and metastasis [54], possibly
through epidermal growth factor receptors, which increase signalling of the PI3K-Akt
pathway, the Mitogen-Activated Protein Kinase (MAPK) pathway and the Rho small
GTPase pathways [55–58].

Epithelial–mesenchymal transition is the sequence through which carcinoma cells
suppress their epithelial features and acquire mobility and invasive potential. In this
regard, Takkunen et al. observed transformation with the removal of the β4 subunit and
replacement with β1, thus forming an α6β1 heterodimer [35]. This modification could be
used to predict the transition from solid benign tumours to malignancy with increased
migrative properties [35]. In another study, Jones et al. attempted to restore the β4 subunit
in an OSCC line through transfection with β4. This failed to reestablish stable anchorage
and suppress the proliferation of these cells, suggesting that other pathways could also be
involved in mediating continued growth and de-differentiation in these cell lines, aside
from α6β4 integrin loss [28].

In terms of the Integrin β4 subcomponent, two studies investigated the relationship
between the β4 integrin subcomponent and the risk of OSCC mortality [31,39]. OSCC
metastasis and higher risk of mortality were associated with a high gene expression ratio
of β4/plakoglobin (JUP) [31]. In addition, integrin β4/JUP gene expression ratios were
also related to lymph node metastasis (LMN), primary site recurrence, distant metastasis
and death from OSCC. This indicates a potential adoption of β4 integrin as a prognostic
marker for local invasion and metastasis [31]. Additional studies linked the expression of
integrin β4 with nodal metastasis, EGFR signalling and vimentin expression, suggesting
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migrative capabilities [6,39]. This could possibly explain the heterogeneity of β4 integrin’s
role in metastasis. In conclusion, if hemidesmosomes remain intact, they can function as an
anchoring unit; however, during cancer progression, the β4 subunit appears to promote
cell survival and invasion [55–58].

Altered expression of Col17 (BP180/Col17A1) during the process of oral carcinogenesis
and dysplasia has been reported extensively within the literature. In mild dysplasia, de-
creased expression was observed with disturbed adhesion of basal keratinocytes within the
ECM, while moderate and severe dysplasia, as well as grade II and III patients, displayed
increased Col17 without hemidesmosome formation. This indicates Col17 involvement
in tumour progression, further evidenced by its upregulation in response to a tumour
promoter [40]. The complexity of Col17, composed of a globular cytoplasmic domain
(associated with 4 integrins and a large extracellular domain containing multiple collage-
nous repeats) and associated with the 6 and 1 integrins, is also highlighted and may
point towards other potential roles besides cell adhesion [40]. Col17’s complex association
with different stages of oral carcinogenesis illustrates its potential as a staging/grading
biomarker and prognostic parameter in OSCC. Col17 is upregulated at the invasive front
of malignant tumours, and cytoplasmic staining is associated with higher histological
grade and invasiveness of OSCC, while unchanged localisation of Col17 may indicate
a low probability of LMN [6,40]. Furthermore, the cell adhesion domain of Col17 may
stimulate the transmigration of OSCC cells by utilising a molecular interaction with αIIb
integrin uncovering its novel chemotactic function in cancer invasion [41]. A hypothetical
mechanism for Col17’s correlation with cancer severity is that its extracellular domain is
essential for basal lamina function by connecting cytoplasmic structures with the ECM.
Disrupting this relationship may influence cell invasion and migration and, therefore,
tumourigenesis and progression [42]. Finally, it is postulated that Col17 may serve as a
factor for prognosis determination, with positivity suggestive of lower OS and disease-free
survival (DFS) scores and a high risk of death in later clinical stages of cancer [42].

5. Conclusions

This systematic review evaluated the relevance of HDs and their subcomponents in
relation to oral carcinogenesis and overall prognosis. The assessment of correlation and
expression of HDs subcomponents may enable clinicians to precisely estimate the extent of
local invasion and lymphatic metastasis of OSCC and provide information on the incidence
of local recurrence as well as the possibility of a targeted therapy. However, further research
needs to be conducted to investigate how alterations in hemidesmosomal components
themselves relate to pathways that influence progression to oral cancer. The current body
of evidence primarily implicated reduction in mature hemidesmosomal structures and in-
creased expression of its subcomponents with cancer severity and poorer prognosis. These
findings suggest that it would be of value in future methodologies that categorise prognosis
and cancer severity to include an analysis of HDs and hemidesmosomal subcomponents.

Author Contributions: Conceptualization, R.P. and A.C.; methodology, R.P. and A.C.; software, J.N.,
T.W.C., H.E., J.M. (Jiani Ma), J.M. (John Madi), A.M., E.M., J.M. (Julian Messina), N.M., S.N., T.J.N.
and H.N.; validation, J.N., T.W.C., H.E., J.M. (Jiani Ma), J.M. (John Madi), A.M., E.M., J.M. (Julian
Messina), N.M., S.N., T.J.N. and H.N.; formal analysis, J.N., T.W.C., H.E., J.M. (Jiani Ma), J.M. (John
Madi), A.M., E.M., J.M. (Julian Messina), N.M., S.N., T.J.N. and H.N.; investigation, J.N., T.W.C.,
H.E., J.M. (Jiani Ma), J.M. (John Madi), A.M., E.M., J.M. (Julian Messina), N.M., S.N., T.J.N. and H.N.;
resources, A.C.; data curation, R.P. and A.C.; writing—original draft preparation, J.N., T.W.C., H.E.,
J.M. (Jiani Ma), J.M. (John Madi), A.M., E.M., J.M. (Julian Messina), N.M., S.N., T.J.N., H.N., R.P. and
A.C.; writing—review and editing, M.M., F.C., L.A.O., N.C., R.P. and A.C.; supervision, R.P. and A.C.;
project administration, R.P. and A.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Cancers 2023, 15, 2533 11 of 25

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: The authors gratefully acknowledge the support of the Melbourne Dental School,
The University of Melbourne. Furthermore, the authors are grateful to University of Melbourne
Librarian, Lindy Cochrane, for assisting and guiding the formation of the literature search strategy
used in this systematic review. The authors would wish to gratefully acknowledge Tammy Matthyssen
for her contribution to this work.

Conflicts of Interest: The authors declare no conflict of interest to disclose.

Appendix A

Table A1. The search term strategy involved keyword searches for all terms pertaining to
(1) hemidesmosomes, (2) oral cavity, (3) stage and development of cancer and (4) diseases related to
oral carcinogenesis.

#1 Hemidesmosom* or half-desmosom* or hemi-desmosom

#2 Oral or mouth or tongue or mucosa* or palate or lip or gum* or gingiva* or
alveolar or buccal or retromolar or floor of*

#3
Cancer or carcinogenesis or neoplasm or malignant or cancer stage or oral
potentially malignant dis* or OPMD or squamous cell carcinoma or neoplastic cell
transformation or OSCC or dysplas*

#4

Leukoplakia or submucous fibrosis or erythroplakia or lichen planus or
erythroleukoplakia or proliferative verrucous leukoplakia or lupus erythematosus
or dyskeratosis congenita or actinic cheilitis or chronic hyperplastic candidosis or
exophytic verrucous hyperplasia or graft vs. host disease or actinic keratosis or
actinic cheilitis or palatal lesions in reverse smokers or lichenoid lesions

#5 #1 and #2 and #3

#6 #1 and #2 and #4

#7 #5 or #6
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Table A2. Risk of bias table. The modified OHAT tool for risk of bias analysis, consists of nine questions, each with four possible answers (definitely low, probably
low, probably high and definitely high). The selected nine questions were classified into six domains (selection, confounding, performance, attrition/exclusion,
detection, and selective reporting).

Potential Bias

First Author Surname, Year

Chaudhari
et al. (2017),
India [38]

Cheng et al.
(2002), UK

[16]

Dmello et al.
(2016), India,
Norway, USA

[39]

Downer et al.
(1993), UK

[24]

Frithiof (1972),
Sweden [17]

Garzino-Demo
et al. (1998),

Italy [25]

Haapalainen
et al. (1995),

Finland,
Canada [26]

Herold-Mende
et al. (2001),

Germany [27]

Jones et al.
(1996),

Netherlands [28]

Jones et al.
(1993), United
Kingdom [29]

Selection

Q1. Was administered
dose or exposure
level adequately

randomised?

↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓

Q2. Was allocation to
study groups

adequately concealed?
↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓

Performance

Q3. Were experimental
conditions identical

across study groups?
↓ ↓ ↑ ↓ ↑ ↓ ↓ ↓ ↑ ↓

Q4. Were experimental
conditions identical

across study groups?
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Attrition/exclusion

Q5. Were outcome data
complete without

attrition or exclusion
from the analysis?

↓ ↓ ↑ ↓ ↓ ↑ ↓ ↓ ↓ ↓

Q6. Can we be confident
in the exposure

characterisation?
↓ ↑↑ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Detection
Q7. Can we be confident

in the outcome
assessment?

↓ ↑↑ ↓ ↑ ↓ ↓ ↓ ↓ ↓ ↑

Selective reportion Q8. Were all measured
outcomes reported? ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↑

Other biases
Q9. Statistics: were
statistical methods

appropriate?
↓ ↑ ↓ ↑ ↑ ↑ ↑ ↓ ↑ ↑

Potential bias

First Author Surname, Year

Kanojia et al.
(2012), India

[30]

Meng et al.
(2021), Japan

[42]

Nagata et al.
(2013), Japan

[31]

Parikka et al.
(2003),

Finland [40]

Parikka et al.
(2006),

Finland [41]

Sawant et al.
(2017), India [32]

Sawant et al.
(2000), India

[18]

Schreurs et al.
(2020), Norway

[33]

Shklar, Flynn &
Szabo (1978),

USA [19]

Sugiyama et al.
(1993), UK [34]
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Table A2. Cont.

Selection

Q1. Was administered
dose or exposure
level adequately

randomised?

↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓

Q2. Was allocation to
study groups

adequately concealed?
↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓

Performance

Q3. Were experimental
conditions identical

across study groups?
↓ ↓ ↓ ↑ ↑ ↓ ↓ ↓ ↓ ↑

Q4. Were experimental
conditions identical

across study groups?
↓ ↓↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Attrition/exclusion

Q5. Were outcome data
complete without

attrition or exclusion
from the analysis?

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Q6. Can we be confident
in the exposure

characterisation?
↑ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Detection
Q7. Can we be confident

in the outcome
assessment?

↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Selective reportion Q8. Were all measured
outcomes reported? ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↓

Other biases
Q9. Statistics: were
statistical methods

appropriate?
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↑ ↑ ↑

Potential bias

First Author Surname, Year

Takkunen et al. (2008), Finland
[35]

Takkunen et al. (2006), Finland
[36] White et al. (1984), UK [21] White et al. (1981), UK [20]

Witjes et al.
(1995),

Netherland [37]

Xin et al. (2014),
Japan [6]

Selection

Q1. Was administered
dose or exposure
level adequately

randomised?

↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓

Q2. Was allocation to
study groups

adequately concealed?
↓↓ ↓↓ ↓↓ ↓↓ ↓↓ ↓↓

Performance

Q3. Were experimental
conditions identical

across study groups?
↑ ↓ ↓↓ ↓ ↑ ↓
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Table A2. Cont.

Q4. Were experimental
conditions identical

across study groups?
↓ ↓ ↓ ↓ ↓ ↓

Attrition/exclusion
Q5. Were outcome data

complete without
attrition or exclusion

from the analysis?

↓ ↓ ↓ ↓ ↓ ↓

Q6. Can we be confident
in the exposure

characterisation?
↓ ↓ ↓ ↓ ↓ ↓

Detection
Q7. Can we be confident

in the outcome
assessment?

↓ ↓ ↓ ↓ ↓ ↓

Selective reportion Q8. Were all measured
outcomes reported? ↓ ↓ ↓ ↓ ↓ ↓

Other biases
Q9. Statistics: were
statistical methods

appropriate?
↓ ↑ ↓ ↓ ↑ ↓

Definitely low, ↓↓; Probably low, ↓; Probably high, ↑; Definitely high ↑↑.

Table A3. Findings from 26 studies on hemidesmosomes and subcomponents with oral carcinogenesis. Refer to Appendix B for abbreviations.

Progressive
Number

Author, Year,
Country

Hemidesmosomal
Component

Anatomical
Location Cell + Experimental Model OPMD Dysplasia OSCC Characteristics Main Outcomes/Findings Reported

1 Chaudhari et al.
(2017), India [38] Plectin, BPAG1e Tongue

OSCC cell lines and mice
In vitro:

qRT-PCR, WB, IFL, SA,
TMIC and BCCIA, SAA,
MTT cell viability assay,

CGA, GZG,
RhoA/Rac1/Cdc42

activation assay,
fractionation and

quantification of F-Actin,
SWATH analysis

In vivo:
Tumourigenicity assay

N/A N/A

TNM Staging
Classification
50-year-old

male—T3N0M0
35-year-old

male—T4N1M0
Unspecified Grading

System
50-year-old male—PD
35-year-old male—PD

to MD

• Downregulation of plectin and BPAG1e
caused reduction in cell migration
and invasion

• Loss of plectin and BPAG1e reduced
tumourigenic potential of OSCC cells

• Ablated plectin and BPA1Ge defective
phenotypes were improved upon loss of
NDRG1 in plectin and BPAG1e deficient cells
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Table A3. Cont.

Progressive
Number

Author, Year,
Country

Hemidesmosomal
Component

Anatomical
Location Cell + Experimental Model OPMD Dysplasia OSCC Characteristics Main Outcomes/Findings Reported

2 Cheng et al. (2002),
UK [16]

Entire
hemidesmosomes Oral mucosa

Normal, leukoplakia, OSCC
and normal margins

adjacent to OSCC specimens
In vitro:

TEM

Leukoplakia Severe

Unspecified Stage and
Staging Classification
Unspecified Grading

System
WD

• Thin, discontinuous basal laminas with few
hemidesmosomes were identified in oral
mucosa with severe dysplasia and in the
normal margin adjacent to OSCC

• No clear outline of both basal lamina or
hemidesmosomes in OSCC

Active motility and loss of cell cohesiveness was
consistent with reduced hemidesmosomes in
carcinomatous cells

3
Dmello et al.
(2016), India,

Norway, USA [39]
β4, plectin Oral mucosa

In vitro:
RT-PCR, WB, IP, SWMA

SAA, ZG, IFL, CA, MISA,
EMT induction and

stimulation of β4 signalling,
IEM, IHC

N/A N/A

Unspecified Staging
Classification

n = 20 < Stage III,
n = 54 ≥ III

Unspecified Grading
Classification

n = 67 PD and MD,
n = 7 WD

• β4 protein levels inversely correlated with
vimentin expression in OSCC

• Cell motility and invasion is reduced in
vimentin depleted cells due to increased
adhesion mediated by β4

• Plectin may link β4 with vimentin

4 Downer et al.
(1993), UK [24] α6, β4 Retromolar Pad

Oral mucosa

Normal, hyperproliferative
and OSCC specimens

In vitro:
IHC, IPX, double label IFL

N/A N/A

Unspecified Staging
System

Grading based on
differentiation

n = 10 MD or WD,
n = 5 PD

• Alterations in supra basal expression and loss
of polarity of α6 and β4 subunits on basal
layer of keratinocytes more common in MD
or WD tumours than in PD tumours

• Extensive focal loss or changes in polarisation
of α6 and β4 subunits more common in PD
tumours than in MD or WD lesions

5 Frithiof (1972),
Sweden [17]

Entire
hemidesmosomes

Gingival tissues
Oral mucosa

Normal, hyperplastic,
pre-invasive and invasive

OSCC specimens
In vitro:

EM

N/A N/A

Staging by pre-invasive
vs. invasive

n = 10 pre-invasive
OSCC, n = 13 invasive

OSCC
Unspecified Grading

Classification

• Hemidesmosomes are normal or reduced in
size in pre-invasive OSCC

• Hemidesmosomes are reduced in size or
absent in invasive OSCC.

6
Garzino-Demo

et al. (1998), Italy
[25]

α6β4 Retromolar Pad
Oral mucosa

Normal, OL and OSCC
samples
In vitro:
IPX, WB

Leukoplakia Mild, moderate or
severe

Unspecified Stage and
Staging Classification

Grading by
Differentiation

n = 1 PD, n = 5 MD,
n = 2 WD

• α6 expression increased in OSCC compared
to normal mucosa

• α6 expression increased in OL compared to
normal mucosa but weaker and more focal
compared to OSCC

• Minimal increase in β4 expression in OSCC
• β4 expression is weak or undetectable in OL

7
Haapalainen et al.

(1995), Finland,
Canada [26]

α6β4 BM

Reticular OLP and bullous
OLP samples

In vitro:
IHC, IFL

OLP N/A N/A
• α6β4 localised at the basal aspect of basal

epithelial cells in normal oral mucosa
• α6β4 diffuse and discontinuous in LP lesions
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Table A3. Cont.

Progressive
Number

Author, Year,
Country

Hemidesmosomal
Component

Anatomical
Location Cell + Experimental Model OPMD Dysplasia OSCC Characteristics Main Outcomes/Findings Reported

8
Herold-Mende

et al. (2001),
Germany [27]

α6β4
BPA1

FoM
Uvula

H&N epithelial tissues for
tumour patients

In vitro:
IIF, ISH, EM

N/A

6 cases of mild to
moderate
dysplasia

2 cases of severe
dysplasia

TNM Staging System
n = 2 T1 to T3

n = 1 T3N1M0 to
T4N3M1

Unspecified Grading
Classification

MD FoM Carcinoma
WD Tongue Carcinoma

• Upregulated expression of BPA1 and α6 seen
in metastasising and non-metastasising H&N
SCC

• Upregulated and redirected expression of
BPA1 and α6 observed in invasive cancers

• Loss of basally polarised localisation of BPA1
and α6 may predict the metastatic potential
of invasive tumour cells

9 Jones et al. (1996),
Netherlands [28] α6β4 FoM

OSCC Cell Lines (H376)
In vitro:

CC, SAA, CT, CE, MAD,
FACS, FC, CA assays, IB,

IFL

N/A N/A

OSCC present
Unspecified Stage and
Staging Classification
Unspecified Grade and

Grading System

• No evidence of stable anchoring complex
formation in α6β4 transfected H376 cells

• β4 transfection did not increase proportion
of cells that adhered to L1 and L5

• β4 transfection did not suppress
anchorage-independent growth or increase
capacity of the cells to express involucrin

10
Jones et al. (1993),
United Kingdom

[29]
α6β4

Cheek
Hard palate

Lateral tongue
FoM

Normal and OSCC
specimens

In vitro:
IHC

N/A Mild or moderate

Unspecified Stage and
Staging System

Unspecified Grading
System

10 MD and 7 PD
specimens

• Increased integrin expression observed in
hyperplastic and dysplastic lesions

• α6 and β4 subunits were lost more
frequently in later stage cancer

11 Kanojia et al.
(2012), India [30] α6, β4 Dorsal tongue

Buccal mucosa

Dissected tissues that were
exposed to 4NQO

In vivo:
Tumour induction via

4NQO exposure. SDS PAGE.
RT-PCR, IHC, IFL

N/A
Rats treated with
4NQO for 80/120

days

OSCC present
Unspecified Stage and
Staging Classification
Unspecified Grade and

Grading System and
Grading

• α6 is overexpressed in papilloma and OSCC
lesion cells in the rat model

• Suprabasal expression of α6 may be a
predictor of premalignant and malignant
OSCC lesions

• α6β4 mRNA overexpression was observed
in OSCC

12 Meng et al. (2021),
Japan [42] BP180

Tongue
FoM

Gingiva

FFPE tumour specimens
In vitro:

TMAC, IHC
Cohort Study

N/A N/A

UICC TNM Staging
Classification (7th

edition)
n = 70 N0, n = 28

N1-N3, n = 59 T1 + T2,
n = 39 T3 + T4, n = 43
Clinical stage I + II,

n = 55 Clinical stage III
+ IV Unspecified Grade

and Grading System

• Aberrant BP180 expression exhibited along
peripheral cells of tumour nests and along
the invasive front

• BP180 expression is a potentially significant
biomarker for targeted OSCC treatment
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Table A3. Cont.

Progressive
Number

Author, Year,
Country

Hemidesmosomal
Component

Anatomical
Location Cell + Experimental Model OPMD Dysplasia OSCC Characteristics Main Outcomes/Findings Reported

13 Nagata et al.
(2013), Japan [31] β4 Lips and Oral

Cavity

OSCC biopsies
In vitro:

RT-qPCR
Cohort Study

N/A N/A

UICC TNM Staging
Classification (7th

edition) n = 83 T1,
n = 123 T2, n = 5 T3,

n = 59 T4, n = 149 N0,
n = 41 N1, n = 80 N2,

n = 14 M1 YK Grading
Classification

(Yamamoto et al. 1983)
n = 115 1–3,
n = 155 4c-d

• Tumour metastasis associated with high gene
expression ratio of β4/JUP in OSCC

14 Parikka et al.
(2003), Finland [40] Collagen XVII Tongue, BM

Normal and OSCC cell lines
In vitro:

IHC, WB, IP, ISH, RT-PCR
N/A

WHO 3-tier
grading of oral

dysplasia

Unspecified Stage and
Staging Classifications
Unspecified Grading

Classifications
n = 15 MD, n = 5 PD

• Enhanced expression of collagen XVII in
epithelial dysplasias and OSCCs

• Increased collagen XVII mRNA expression in
epithelial dysplasias and OSCCs

• Upregulation of Collagen XVII in SCC cells
• Collagen XVII expression is induced by

Phorbol Myristate Acetate

15 Parikka et al.
(2006), Finland [41] Collagen XVII Tongue, BM

Buccal mucosa tissue, SCC
tumours, human tongue

SCC cell line HSC-3 In vitro:
IHC, FC, IP, Transmigration

Assay

N/A N/A

OSCC present
Unspecified Stage and
Staging Classification
Unspecified Grade and

Grading System

• Presence of the cell adhesion domain of Col17
and COL15 promotes transmigration of
carcinoma cells.

16 Sawant et al.
(2017), India [2] β4 BM, tongue

FFPE,
glutaraldehyde/osmium

tetroxide-fixed and araldite
embedded In vitro:

IHC, TEM

N/A N/A

TMN Staging System
n = 27 < T3, n = 48 ≥ T3

Unspecified Grading
System n = 24 PD,

n = 44 MD, n = 7 WD

• β4 expression significantly correlated with
nodal metastasis.

• Number of hemidesmosomes significantly
correlated with nodal metastasis

• Nomogram constructed for prediction of risk
of neck node metastasis in pN0 patients with
OSCC using postsurgical tumour samples.

17 Sawant et al.
(2000), India [18] Entire hemidesmosome Cheek pouch

Hamster cheek pouch
tumours
In vivo:

TEM, Optical

N/A Marked to massive

OSCC present
Unspecified Stage and
Staging Classification
Unspecified Grade and

Grading System

• Oral carcinogen exposure exhibited tumours
associated with decrease in hemidesmosomal
count
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Table A3. Cont.

Progressive
Number

Author, Year,
Country

Hemidesmosomal
Component

Anatomical
Location Cell + Experimental Model OPMD Dysplasia OSCC Characteristics Main Outcomes/Findings Reported

18
Schreurs et al.

(2020), Norway
[33]

α6β4, CD151, Plectin
1a, Col17A1, Dystonin

Oral buccal
mucosa

OLP biopsy
In vitro:

Biopsy, FFPE and cryogenic
freezing, IFL staining

OLP N/A N/A

• Hemidesmosomal components had uniform
distribution across the basement membrane
in normal BM

• Breaks in uniform distribution in basement
membrane observed for most
hemidesmosomal components in OLP

• Accumulations of hemidesmosomal
components found in intracellular cytoplasm,
such as Plectin S4642 phosphorylation

• Decreased basal cell layer attachment,
correlating with increased death of basal
keratinocytes observed in OLP.

19
Shklar, Flynn &

Szabo (1978), USA
[19]

Entire hemidesmosome Tongue and buccal
mucosa

OLP biopsy
In vitro:

Biopsy, EM
OLP N/A N/A

• Loss of hemidesmosomes observed in OLP
lesions

20 Sugiyama et al.
(1993), UK [34] α6, β4 Tongue, BM, FoM,

AP

Normal and SCC human
keratinocyte cell lines

In vitro:
FC, IHC, CA, IFL

N N/A

Unspecified Staging
System I: tumour ≤ 2
cm in dimension; no
regional lymph node

involvement, no
metastases II: tumour >

2 cm, ≤ 4 cm, no
regional lymph node

involvement, no
metastases III: tumour
≤ 4 cm, regional lymph
node involvement, no

distant metastases
Unspecified Grading
System WD and MD

• Variation of α6β4 patterns in OSCC is
dependent on characteristic of derived
cell line

• Reduced expression of α6β4 common in
poorly differentiated SCC and coincides with
limited terminal differentiation

21 Takkunen et al.
(2008), Finland [35] α6β4 Gingiva

OSCC UT-SCC-43A (43A),
OSCC UT-SCC-43B (43B),

Snail-transfected 43A-SNA
In vitro: IFL, IP, WB

N/A N/A

TMN Staging System
T4N1M0

Unspecified Grade and
Grading System

• Diffuse distribution of α6β4 pattern in
OSCC and 43B cells

• EMT undermines α6β4 complex, reducing
β4 subunit; the α6 subunit redistributes and
pairs with β1

22 Takkunen et al.
(2006), Finland [36] α6β4 Mandibular

gingiva

Primary tumour (43A) and
recurrent tumour (43B)

In vitro: IFL, IP, WB, NB
N/A N/A N/A

• Absence of α6β4 in tumour cells
• Absence of BP180 and minute β4 presence in

recurrent tumours.

23 White et al. (1984),
UK [21]

Entire
Hemidesmosome Cheek pouches

Cheek pouch epithelium
administered with 0.5%

DMBA In vivo: Stereology
N/A Mild to severe N/A

• Carcinogenesis accompanied with a
progressive decline in hemidesmosomal
numbers in mucosal tissue and reduction in
adherence to the lamina propria
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Table A3. Cont.

Progressive
Number

Author, Year,
Country

Hemidesmosomal
Component

Anatomical
Location Cell + Experimental Model OPMD Dysplasia OSCC Characteristics Main Outcomes/Findings Reported

24 White et al. (1981),
UK [20]

Entire
Hemidesmosome Cheek pouch

In vivo:
Cheek pouch epithelium
administered with 0.5%

DMBA

Y Unspecified N/A

• Attachment to connective tissue by
epithelium defective in carcinogenesis

• Reduction in hemidesmosome frequency
correlated with poorly differentiated lesions

• Localisation of hemidesmosomes in inner
aspect of a cytoplasmic leaflet of BPM that lack
tonofilament insertions or anchoring filaments

25 Witjes et al. (1995),
Netherland [37] α6β4 Palate

UHG-RaC’93
In vitro:

IFL, Gel electrophoresis
Not specified EAI N/A

• α6β4 expressed at normal levels by normal
keratinocytes of the palate whereas UHG-
Rac’93 cells did not express alpha6beta4.

26 Xin et al. (2014),
Japan [6] β4, COL17A1 Tongue, FoM, BM

OSCC tissues fixed in 10%
formalin and placed in

paraffin In vitro:
TMAC, IHC

N/A N/A

OSCC present
Unspecified Stage and
Staging Classification
Unspecified Grade and

Grading System
and Grading

• β4 mediates EGFR signalling,
facilitating migration

• Upregulated expression may contribute to
invasivity of cancer cells

• Increased cytoplasmic expression of COL17A1
correlated with greater invasiveness and
higher histological grade for OSCC
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Table A4. Studies on hemidesmosomes and subcomponents with oral cancer prognosis. Refer to Appendix B for abbreviations.

Reference
Number/

Progressive
Number

First Author
Surname et al.

(Year), Country

Hemidesmosomal
Component

Anatomical
Location Cell + Experimental Model OPMD

Present Dysplasia OSCC Characteristics Main Outcomes/
Findings Reported

3
Dmello et al.
(2016), India,

Norway, USA [39]
β4, plectin Oral mucosa

In vitro:
RT-PCR, WB, IP, SWMA SAA,

ZG, IFL, CA, MISA, EMT
induction and stimulation of
β4 integrin signalling, IEM,

IHC

N/A N/A

Unspecified Staging Classification
n = 20 < Stage III, n = 54 ≥ III

Unspecified Grading Classification
n = 67 PD and MD, n = 7 WD

• Low β4 integrin
expression showed poor
prognosis, and high
vimentin-low β4
expression, significantly
correlated with poor
patient survival

11 Meng et al. (2021),
Japan [42] BP180

Tongue
FoM

Gingiva

FFPE tumour specimens
In vitro:

TMAC, IHC
Cohort Study

N/A N/A

UICC TNM Staging Classification (7th edition)
n = 70 N0, n = 28 N1-N3, n = 59 T1 + T2, n = 39 T3 + T4,
n = 43 Clinical stage I + II, n = 55 Clinical stage III + IV

Unspecified Grade and Grading System

• BP180 expression can be
used as a positive,
independent predictor of
mortality in OSCC

12 Nagata et al.
(2013), Japan [31] β4 Lips and Oral

Cavity

OSCC biopsies
In vitro:

RT-qPCR
Cohort Study

N/A N/A

UICC TNM Staging Classification (7th edition)
n = 83 T1, n = 123 T2, n = 5 T3, n = 59 T4, n = 149 N0,

n = 41 N1, n = 80 N2, n = 14 M1
YK Grading Classification (Yamamoto et al. 1983)

n = 115 1–3, n = 155 4c-d

• Risk of mortality
associated with high gene
expression ratio of
Integrin β4/JUP in OSCC
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Table A5. Summary of the Hemidesmosomal component expression alterations in OPMDs and OSCC
across the included studies.

N. of Studies with Increased
Expression (Refs)

N. of Studies with Decreased
Expression (Refs)

N. of Studies with Loss of
Expression (Refs)

OPMDs OSCC OPMDs OSCC OPMDs OSCC

Hemidesmosomal
complex 0 0 1 (19) 3 (18; 20; 21) 0 2 (16; 17)

α6 1 (25) 2 (25; 30) 0 0 0 1 (29)

β4 1 (33) 1 (25) 1 (25) 1 (32) 0 1 (29)

α6β4 1 (29; 33) 1 (26) 1 (26) 1 (34) 0 1 (36)

Plectin 1 (33) 0 0 0 0 0

BPAG1e 0 2 (26; 33) 0 0 0 0

BPAG2 3 (33; 40;42) 2 (6; 40) 0 0 0 0

CD151 1 (33) 0 0 0 0

Appendix B. Summary of Abbreviations

Abbreviations: Full form:

4NQO 4 Nitroquinoline 1 Oxide

Arp Actin Related Proteins

ATR-OLP Atrophic Oral Lichen Planus

BCCIA Boyden Chamber Cell Invasion Assay

BM Buccal Mucosa

BP180 Bullous Pemphigoid Antigen II/Collagen XVII/COL17A1/BPA 2/BPAg2

BPA1 Bullous Pemphigoid Antigen 1

BPAG1e Bullous Pemphigoid Antigen 1e

BPM Basal Plasma Membrane

CA Cell Adhesion

CC Cell Culture

CE Clonal Expansion

COL17A1 Collagen Type 17 Alpha 1

DFS Disease-Free Survival

DMBA 7,12 Dimethylbenz(α)anthracene

EAI Epithelial Atypia Index

EGFR Epidermal Growth Factor Receptor

EM Electron Microscopy

EMT Epithelial Mesenchymal Transition

FACS Fluorescence-Activated Cell Sorting

FC Flow Cytometry

FFPE Formalin Fixed Paraffin Embedded tissue

FoM Floor of Mouth

GZG Gelatin Zymography

H&N Head and Neck
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HNSCC Head and Neck Squamous Cell Carcinoma

H376t+ H376 line cells transfected with an α6β4 vector

IEM Immune-Electron Microscopy

IF Intermediate Filament

IFL Immunofluorescence

IHC Immunohistochemistry

IIF Indirect Immunofluorescence

IP Immunoprecipitation

IPX Immunoperoxidase

ISH In Situ Hybridisation

JUP Plakoglobin

L1 Laminin 1

L5 Laminin 5

LMN Lymph Node Metastasis

MAD Monoclonal Antibody Detection

MAPK Mitogen-Activated Protein Kinase

MD Moderately Differentiated

MISA Migration, Invasion and Spreading Assays

MMP Matrix Metallopeptidase

MTT Cell
Viability Assay

3 (4,5 dimethylthiazol 2 yl) 2,5 diphenyl 2H tetrazolium bromide
cell viability assay

NB Northern Blotting

NDRG1 N Myc downstream-regulated gene 1

OL Oral Leukoplakia

OLP Oral Lichen Planus

OSCC Oral Squamous Cell Carcinomas

PD Poorly Differentiated

qRT- PCR Quantitative Real-Time Polymerase Chain Reaction

RT-qPCR Quantitative Real-Time Polymerase Chain Reaction

SCC Squamous Cell Carcinoma

SDS PAGE Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

SWATH Sequential Window Acquisition Of All Theoretical Fragment Ion Spectra

SWMA Scratch Wound Migration Assay

TEM Transmission Electron Microscopy

TMAC Tissue Microassay Construction

UICC Union For International Cancer Control

WB Western Blot

WD Well Differentiated

YK Yamamoto Kohama

ZG Zymography
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