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Abstract: Human oral cancer is the single largest group of malignancies in the Indian subcontinent
and the sixth largest group of malignancies worldwide. Squamous cell carcinomas (SCC) are the
most common epithelial malignancy of the oral cavity, constituting over 90% of oral cancers. About
90% of OSCCs arise from pre-existing, potentially malignant lesions. According to WHO, OSCC
has a 5-year survival rate of 45-60%. Late diagnosis, recurrence, and regional or lymph nodal
metastases could be the main causes of the high mortality rates. Biomarkers may help categorize
and predict premalignant lesions as high risk of developing malignancy, local recurrence, and lymph
nodal metastasis. However, at present, there is a dearth of such markers, and this is an area of
ongoing research. Keratins (K) or cytokeratins are a group of intermediate filament proteins that show
paired and differentiation dependent expression. Our laboratory and others have shown consistent
alterations in the expression patterns of keratins in both oral precancerous lesions and tumors.
The correlation of these changes with clinicopathological parameters has also been demonstrated.
Furthermore, the functional significance of aberrant keratins 8/18 expression in the malignant
transformation and progression of oral tumors has also been documented. This article reviews the
literature that emphasizes the value of keratins as biomarkers for the prognostication of human oral
precancers and cancers.
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1. Classification of Oral Tumors

Oral cancer is a neoplastic disorder in the oral cavity, which includes the following
subsites: lip, buccal mucosa, alveolar ridges, retromolar region (gingiva), the floor of the
mouth, hard palate, and the anterior/posterior tongue [1]. Oral squamous cell carcinomas
(OSCC) are generally classified according to the TNM system by the Union for International
Cancer Control [2], where the primary tumor size and extent of tumor growth represents T,
regional lymph node metastasis is N, and distant metastasis is M [3,4]. By morphological
assessment, tumors are graded as well, moderate, and poorly differentiated [1]. This
uniform classifying system is essential for objective evaluation and guiding treatment for
oral cancer patients.

2. Development of Oral Precancerous Lesions and Oral Tumors

Oral squamous cell carcinoma develops through multistep genetic, epigenetic, and
metabolic changes resulting from exposure to carcinogens [5]. The precursor lesions, such
as oral leukoplakia and submucous fibrosis (SMF), can subsequently progress to cancers;
however, only 8-10% of these lesions become malignant [6,7]. The ability to clinically
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predict malignant transformation is limited, and routine histopathological diagnosis has
insufficient prognostic value. The presence of epithelial dysplasia is one of the critical
parameters used in the prognostication of leukoplakia. However, the subjective nature of
the diagnosis and the observation that both diagnosed and undiagnosed lesions exhibiting
leukoplakia may develop to carcinoma or even regress, restricts its use [6]. Therefore,
it is necessary to develop supplementary methods to predict the malignant potential of
precursor lesions [8].

Loco-regional recurrence and regional lymph node metastases are two other contribu-
tory factors for poor survival rates of human oral cancers and have proven to be significant
hurdles in managing the disease. The presence of lymph nodal metastasis is an important
prognostic factor, which can decrease patient survival by 50%. In addition, the accuracy
of current clinical and radiological parameters used to predict cervical metastasis is ques-
tionable, and there is no consensus on treating the NO neck [9]. Thus, reliable biomarkers
that can predict premalignant lesions at risk of progressing to malignancy or oral tumors
that are likely to recur or metastasize, can help prevent the onset of malignancy and delay
metastasis through therapeutic intervention.

3. Biological Markers

As an area of ongoing research, we postulate that specific biological markers may help
predict patients with a high risk of local recurrence and lymph nodal metastasis. They
may also help categorize premalignant lesions as high risk of developing malignancy and
improve the management and early detection of oral cancers [10]. In this direction, although
the Head and Neck Cancer Genome Anatomy Project (CGAP) has been established, the
molecular signals triggering the onset of oral carcinogenesis are still unknown [11]. The
current need is to develop reliable, sensitive, and specific markers with the clinical utility
to predict high risk oral premalignant lesions. Furthermore, a better understanding of the
molecular mechanisms underlying the development of OSCC could add to the treatment
and better prognosis of this disease [12].

4. Keratins

Keratins are the predominant intermediate filament (IF) proteins in epithelial cells.
They are expressed in pairs and are differentiation-dependent and tissue-specific [13].
Keratins account for 80% of the total protein content of stratified epithelia [14]. The first
keratin protein nomenclature was published as a comprehensive keratin catalog by Moll
etal. in 1982 [15]. At the time, this catalog included 19 members of the keratins family, which
were further classified as type I and II keratins. Keratins 9 to 19 are the type I IF proteins.
These are acidic (PI 4.5-5.5), with low molecular weight (40-56.6 kDa). Keratins 1 to 8 are
the type II IF proteins. These are basic to neutral (PI 5.5-7.8) and have higher molecular
weights (53-68 kDa). Additional keratins were subsequently identified in humans and in
other species, and the keratin catalog has been updated several times [16,17]. Since the
completion of the human genome sequence, an updated nomenclature for mammalian
keratin genes and proteins is now available [18]. It includes 28 type I (20 epithelial and
8 hair) keratins and 26 type II (20 epithelial and 6 hair) keratins.

5. Keratin Expression in Normal Human Oral Cavities

The human oral cavity is one of the best examples to illustrate the differentiation-
dependent expression of keratin in a stratified epithelia. Various sites in the human oral
cavity show distinct levels of differentiation and keratinization, and a corresponding
variation in the keratin expression. All the sites in the human oral cavity express the keratin
pair K5 and K14 in the basal layer; however, expression of other keratin pairs, such as K1
and K10 or K4 and K13, in the suprabasal layers follows [19]. For example, as shown in
Figure 1, buccal mucosa, a nonkeratinizing epithelium, expresses a keratin pair of K4 and
K13 in the suprabasal layers, whereas the basal layer expresses a keratin pair of K5 and
K14. Gingiva, a keratinizing epithelium, expresses K1 and K10 in the suprabasal layers,
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while the basal layer shows the expression of keratin pair K5 and K14 [20]. This differential
expression of differentiation specific keratins in keratinizing and nonkeratinizing epithelia
has functional implication. For example, K1/10 have high molecular weight and form
dense bundles that provide mechanical strength to the epidermal tissue and inhibits the
proliferation of the keratinocytes. Hence, mutations or loss in K1/10 are associated with
skin blistering and hyperproliferation [21,22]. On the other hand, the nonkeratinizing
epithelia specific keratin pair K4/13 has a comparatively lower molecular weight than
K1/10 and functions to provide strength to the mucosal stratified squamous epithelia.
Mutations in these keratins are manifested as white plaques on the buccal mucosa [21].
Keratins are being widely used in clinics as tumor markers to aid in the histodiagnosis and
management of certain cancers [23-25]. These proteins hold a unique position due to their
abundance and tissue-specific and differentiation-dependent expression in the epithelial
cells. [15,19,26-34].
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Figure 1. Differentiation specific expression of keratins in oral cavity. The illustration shows
expression of keratins in the suprabasal and basal layers of nonkeratinizing epithelia-Buccal mucosa
and in the suprabasal and basal layers of keratinizing epithelia-gingiva. (Created with BioRender-
Available online: https:/ /biorender.com/, accessed on 4 February 2022).

6. Detection of Keratins
6.1. Transcription

Keratin typing or fingerprinting [35] is widely used to identify simple and stratified
epithelia, characterize normal and transformed epithelia, mark invasive and noninvasive
tumor margins, and predict patient survival. In another study, Bosch et al. [31] have shown
changes in the keratin expression pattern and their corresponding mRNAs in pathologically
altered oral gingiva. They noted an increase in the number of cells producing keratins
4 and 13 coupled with a reduction in the number of cells producing keratins 1, 10, and
11. Moreover, an increase in the expression of keratin 19 was seen in the basal as well as
suprabasal layers. These observations indicated that keratin expression might be altered
during and after the malignant transformation of the oral mucosa. In another study,
Yonemochi et al. compared the profiles for K13 and K16, which are not expressed in normal
epithelia. They reported that these are enhanced in carcinoma in situ (CIS) using in situ
hybridization and RT-PCR in formalin fixed paraffin sections of CIS. Their results suggest
that the loss of K13 can either be attributed to its gene repression or an unknown post-
translational event [36]. Su et al. reported a lower expression of mRNAs for K7, K8, and
K18 in the basal layer of normal oral epithelia. Weak mRNA and protein expression for
keratins 8 and 18 were observed in the suprabasal layers of dysplastic oral leukoplakia
tissues that was reversed in OSCC, suggesting that the transcriptional or repression block
on keratin expression is removed under these conditions [37].
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6.2. Proteomics

The initial efforts of researchers focused on cataloging the keratin expression profiles in
both premalignant and malignant lesions and comparing their expression to normal tissues.
Several studies have shown and cataloged specific keratin subtypes as downregulated or
upregulated in oral premalignant lesions and oral squamous cell carcinoma (OSCC) using
biochemical methods such as immunoblotting and 2-D gel electrophoresis [38-40]. Ermich
et al. [38] reported altered keratin expression in the leukoplakia and SCC of oral mucosa
using SDS-PAGE. Although the pattern of basic keratins remained unchanged compared
to normal tissue, abnormal expression of K18 and K19 was observed in some samples.
However, these alterations did not correlate to the degree of dysplasia. In 1989, we showed
differentiation-dependent changes in keratin expression pattern in SCC of buccal mucosa
using SDS-PAGE and 2-D gel electrophoresis [39]. Our results showed aberrant expression
of keratins 17, 18, and 19 in moderately differentiated SCC, while aberrant expression of
K1 and K16 was seen predominantly in well differentiated SCC. Both types of tumors
consistently showed the non-expression of keratin pair K5 and K13. Importantly, some of
the SCCs also demonstrated isoelectric point variants. In another study, we demonstrated
altered keratin expression in the SCC of tongue and alveolar mucosa (AM). Our results
showed that keratins such as K4, K5, and K14 were not expressed in SCC at both these sites,
while other keratins, such as K1 and K18, were aberrantly expressed. Thus, non-expression
of basic keratin K5 in the epithelia of the oral lining and aberrant expression of simple
epithelial keratins seem to be the major events in the malignant transformation of the oral
epithelium [41]. We have also reported the non-expression of keratin pair K5 and K14
in most leukoplakia and oral submucous fibrosis (OSMF) samples [40] and an aberrant
expression of simple epithelia specific K8 in a few leukoplakia and OSMF samples. Overall,
our studies have highlighted the non-expression of stratified epithelia specific keratin pair
of 5/14 as tobacco related.

Some researchers have used large-scale proteomic analysis to characterize oral tissues
as normal, precancerous, and SCCs. In one such study, Gires et al. screened head and
neck carcinoma patients with the proteomics based AMIDA technology. It yielded a
set of tumor associated antigens, including keratin 8, which positively correlated to the
malignancies of the head and neck. Interestingly, de novo expression of K8 also correlated
to the dysplastic areas of oral leukoplakic lesions, while hyperplastic leukoplakia remained
K8 negative. Thus, K8 was proposed as an attractive marker for the differential diagnosis
of leukoplakia and head and neck carcinomas [42]. To explore the presence of differentially
expressed proteins in OSCC and enable discrimination between the normal and tumor
mucosa, 12 paired normal and tumor samples were analyzed using 2-D gel electrophoresis
and MALDI-TOE. Some keratins, such as 5, 6, 13, 14, 16, 17, and 19, were differentially
expressed [43]. Chiang et al. analyzed differential proteomes between oral cancer cells and
the areca nut extract treated cells using isobaric mass tag (iTRAQ) labeling and LC-MS
mass spectrometry. K17 was identified as one of the differentially expressed proteins. A
murine carcinogen treated model also showed an elevated expression of K17 in hyperplastic
and carcinoma tissues. Furthermore, K17 knockdown significantly suppressed areca nut
extract induced cell migration and invasion and modulated the EMT process. The authors
conclude that K17 contributes to areca nut-induced oral malignancy [44].

6.3. Immunohistochemistry

With the advent of monospecific monoclonal antibodies against several keratins,
immunohistochemistry became the method of choice to detect changes in keratin expression
during and after the malignant transformation of the oral cavity. IHC allowed visualizing
the localization of keratins, which was useful in multilayered epithelial tissue such as the
oral mucosa, which expresses different subsets of keratins. Keratin IHC analysis using
monoclonal antibodies was successfully demonstrated by Ogden et al. using fresh tissue
sections to detect subtle changes in epithelial differentiation that were not visible by H&E
staining [45]. Similar changes were also observed in clinically normal epithelium from oral
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cancer patients, primarily in the expression of keratins K8 and K7 in the basal cells of tumor
biopsies. Moreover, a trend towards reducing the complexity of keratin differentiation was
also noted. Examining changes in keratin expression by IHC is a valuable adjunct to H&E
staining, given its prognostic and diagnostic significance.

7. Aberrant Keratin Expression in Oral Precancerous Lesions

Lindberg et al. have shown the suprabasal expression of K19 in the dysplastic ker-
atinizing and nonkeratinizing tissues, and the SCC of the oral mucosa [29], which may
be linked to the retention of stem-cell characteristics typical of keratinocytes that are un-
committed to terminal differentiation. Thus, K19 presents itself as a valuable tool in oral
histopathologic diagnosis. Bloor et al. [46] investigated the differentiation-specific keratins
(K4, K13, K1, and K10) in oral epithelial dysplasia and squamous cell carcinoma (SCC). In
severe dysplasia and poorly differentiated SCC, keratin gene expression reflected the gross
changes in epithelial differentiation and maturation. A lower expression of K14 mRNA
was seen in OSCC tissues compared to normal and white patch tissues with dysplasia,
indicating that K14 downregulation is a late event in human oral carcinogenesis [47]. Along
the same line, non-expression of keratin pair of 5/14 in the majority of leukoplakia and
OSMEF samples was reported [40]. Aberrant expression of simple epithelia-specific K8 in a
few leukoplakia and OSMF samples was also demonstrated. The authors concluded that
non-expression of the stratified epithelia specific keratin pair of 5/14 was a tobacco related
change. Ranganathan et al. studied the keratin profile in OSMF tissues to ascertain if
keratins can serve as a marker for malignant transformation [48]. They found a significant
difference in the keratin staining pattern between normal, OSMEF, and cancer. Significant
changes in OSMF included increased intensity of staining for pan keratin and high molec-
ular weight keratin, aberrant expression of K8, and decreased expression of K5 and K14.
These results indicate their potential as the surrogate markers of malignant transformation.

In another study, the investigators aimed to understand if the loss of expression of K4,
K13, and cornulin can predict malignant transformation from oral leukoplakia; however,
they reported no significant correlation between the keratins and malignant transformation,
in complete contrast to several other studies. A likely explanation for the discrepancy
could be that the aberrant differentiation state of hyperkeratotic leukoplakia lesions had
already decreased the keratin expression, thus lowering its value to predict its malignant
potential [49]. However, the aberrant expression of keratin 17 and non-expression of K13
were the two changes observed in the severe dysplasia and SCC tissues of the human oral
mucosa. Normal mild dysplasia showed the expression of K13, while K17 was not detected
in these tissues [50]. In a subset of the most severe OSMF cases (14%) proposed to be at
most risk of undergoing malignant transformation, K17 expression was lost in the basal
layer. In addition, the increase in K1 and K10 in the suprabasal layers, induction of K6 in
the basal layer, and complete loss of K19 in the epithelium in SMF samples in comparison
with normal tissues were some of the salient features of the study by Lalli et al. [51]. A
study by Bloor et al. showed the presence of both sets of differentiation keratins (K4/13
and K1/10) in mild dysplasia and in tumor islands of well and moderately differentiated
SCC. In moderate lesions, the expression of K4 and K13 was reduced in the presence of
enhanced K1 and K10 synthesis, whereas K1/K10 mRNA and protein expression was lost
in severe dysplasia and poorly differentiated SCC of the oral cavity [11].

8. Aberrant Expression of Keratins in OSCC

Sakamoto et al. analyzed the expression of all the keratins in OSCC samples by cDNA
microarray and the immunohistochemistry of OSSC and oral epithelial dysplasia (OED),
to identify relevant keratin subtypes associated with the pathogenesis of oral epithelial
neoplasms. They observed consistent non-expression of keratin pair K4,/K13 in SCC and
OED. Additionally, in vitro transfection of various keratins in oral epithelial cell lines
showed changes in cell shape and movement, leading to the conclusion that these changes
arise due to the dysregulation of cell differentiation and can be used to prognosticate oral



Life 2022, 12, 343

60f11

cancers [52]. Furthermore, Farrar et al. proved that lower AE1/AE3 and K14 expression
was a late event in oral carcinogenesis, particularly in poorly differentiated SCC [53]; cell
lines derived from the SCC of the human tongue revealed that the downregulation or
absence of keratins 13, 14 and 16 is associated with an invasive and metastatic phenotype
of the cells [54]. In addition, Wei et al. have shown increased expression of K17 in OSCC-
derived cell lines and tissues, compared to their normal counterparts [55]. Consistent with
these studies, we have demonstrated that vimentin regulates differentiation switching via
the modulation of K5/14 transcript levels, perhaps via ANP63 signaling. The expression of
K5/14 and vimentin correlated with a poor prognosis of oral cancer patients [56,57].

A study by Schulz et al. has reported marked aberrations from normal keratin expres-
sion characterized by the appearance of K8, K18, and K19, proteolytic modifications of
keratins, and partial loss of site specific keratins in leukoplakia and mucosal squamous cell
carcinoma [58]. Furthermore, Ogden et al. showed that simple epithelial keratins expres-
sion (K8, K18, and K19) was not confined to poorly-differentiated tumors [59] and can also
be relevant to oral cancer prognosis. For example, increased K19 expression was detected
in hyperplastic, dysplastic, and malignant lesions, whereas K8 expression increased only in
dysplastic and malignant lesions [60]. Zhong et al. reported a correlation between increased
K19 mRNA and protein expression in OSCC tissue with the pathological differentiation
grade. In their study, K19 expression in surrounding uninvolved tissue suggested a higher
tumor recurrence and a lower survival rate [61]. Cintorino et al. have demonstrated the
presence of K19 in both the basal and suprabasal layers of severely dysplastic nonkera-
tinizing oral tissues and poorly differentiated OSCC, while K1 expression was limited to
the suprabasal layers [62]. Increased keratin 19 expression was detected in EBV infected
oral SCCs [63]. In addition, K8 expression was detected in the early stages of the disease,
that is, the dysplastic oral leukoplakia, but in not the normal or hyperplastic epithelium of
the head and neck area, including the normal mucosa, hyperplastic and dysplastic leuko-
plakia, carcinomas, and lymph node metastases [64], as well as in carcinomas originating
from other regions except those of the larynx and the tongue. Interestingly, K8"8" was a
characteristic of invading cells detached from the primary tumors, thus proving K8 as an
excellent marker for OSCC and metastasis.

Crowe et al. also observed abundant K19 expression in normal and dysplastic oral
tissues, which was patchy or absent in invasive OSCC. They further showed K19 down-
regulation in seven invasive and metastatic cell lines, while forced expression of K19 in
highly metastatic cells lowered their invasive potential. While these findings vary from
some of the other studies [65], together, K19 and K8 could be markers of the sequential
premalignant changes in head and neck carcinogenesis [60].

9. Correlation of Keratin Expression with Clinicopathological Parameters

A study conducted by Depondt et al. on 26 OSCC samples associated positive or nega-
tive expression of specific keratins with a better prognosis. They reported an association
between K10 and K19 expression with smaller tumor size and a negative association be-
tween K18 expression to lymph node metastasis [66]. The immunohistochemical analysis of
frozen sections of 120 human mucosal squamous cell carcinomas from various topological
sites showed a higher expression of keratins 8/18 in more than 50% of the tumors. In addi-
tion, the analysis also revealed a characteristic intermediate filament phenotype distinct
from the differentiation specific pattern in the invasive carcinoma cells interacting with the
stromal microenvironment. These changes might contribute to the invasive, migratory, and
proliferative phenotype of the cells [67].

A large-scale study by Fillies et al. analyzed the expression of keratins 5, 6, 8, 18, 1,
10, 14, and 19 by tissue microarrays of oral leukoplakia and OSCC with known clinico-
pathological parameters. The tissue microarray analysis investigated 192 patients with
OSCC, 117 patients with oral leukoplakia without dysplasia, and 23 oral leukoplakia with
dysplasia (or squamous intraepithelial neoplasia) of the oral cavity. It showed that the
aberrant expression of K1, K8/18, and K19 correlated with the degree of dysplasia and the
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acquisition of growth properties. They also concluded that the expression of K8/K18 and
K19 in transformed oral lesions could be an early feature in the pathogenesis of invasive
OSCC [12]. In another study, the authors investigated 308 patients with histologically
proven and surgically treated SCC of the oral cavity for the immunohistochemical expres-
sion of keratins 5/6, 8/18, 1/10, 14, 19, and vimentin using the tissue microarray. The
analysis demonstrated that the expression of K8/18 and K19 significantly correlated to
a poor clinical prognosis. These findings were corroborated in a multivariate analysis of
K8/18 expression in primary nodal negative SCCs. Overall, the investigators concluded
that K8/18 expression in oral SCC is an independent prognostic marker that can indicate
a lower overall and progression free survival [68]. Our laboratory has also shown the
prognostic significance of vimentin in oral cancer and premalignancy. Therefore, using a
combination of keratins and vimentin expression can add substantial value to better predict
a prognosis of oral precancer and cancer [69-71].

Kitamura et al. analyzed the expression patterns of K17 and K13 in OSCC and leu-
coplakia using the immunohistochemistries of 105 patients with OSCC and 108 patients
with leucoplakia and reported an association between K17 and the differentiation and
malignancy of OSCC. In addition to IHC, real time RT-PCR from five OSCC cell lines
showed the overexpression of K17 mRNA, suggesting the potential of K13/K17 expres-
sion as a marker for malignant transformation [72]. Sawant et al. conducted a study to
discover a potential correlation between the clinicopathological parameters of patients with
potentially malignant lesions and the immunohistochemical expression and localization of
keratins 1, 5, 8, and 18. The analysis conclusively proved that a non-expression of K5 and
aberrant expression of K1, K8, and K18 independently and significantly correlated with the
clinicopathological progressive grade and some of the clinicopathological factors of oral
premalignant disorders [73]. These findings suggest that the alterations in the expression
pattern of keratins could serve as a surrogate marker for diagnosing potentially malignant
oral disorders and may also have prognostic value in patients with oral cancer.

Furthermore, RT-PCR and IHC analysis targeting keratins 5, 14, and 17 on the sen-
tinel lymph nodes (SLN) of oral and oropharyngeal carcinomas revealed higher mRNA
expression than negative SLNs. K17 was predicted as an accurate marker for diagnosing
micrometastases of a size greater than 450 Am. Thus, quantitative RT-PCR for SLN staging
in ¢cNO patients with oral and oropharyngeal squamous cell carcinoma is promising [74].

To summarize, consistent quantitative and qualitative alterations in both the mRNA
and protein expression of keratins have been shown in oral precancerous lesions and SCC.
Two major alterations are (1) changes in differentiation related keratins and (2) aberrant
expression of simple epithelial keratins 8, 18, and 19. Various studies have established
correlations between clinicopathological parameters and the aberrant expression of simple
epithelial keratins 8/18, thus, the keratins pair K8/18 shows the highest potential as
a biomarker.

10. Functional Significance of Aberrant Keratin 8/18 Expression in Oral Precancer
and Cancer

K8/18 is the first keratin pair expressed during embryogenesis [75], and the pair
is unique in many ways. All type I keratin genes are located on chromosome 17, while
all type II keratin genes are situated on chromosome 12. Although K8/18 belong to the
type II and type I subfamilies, respectively, both are located on chromosome 12 [76]. The
expression of K18 is regulated by AP1 and ETS families of transcription factors, which
also regulate the expression of the Ras oncogenes [76]. Forced expression of K8/18 and
vimentin in mouse fibroblasts increased resistance to various chemotherapeutic drugs [77].
K8/18- and vimentin-expressing melanomas are more invasive than those expressing
only vimentin [78]. This is consistent with the in vitro behavior in human melanoma cells
that resulted in increased migratory and invasive activity upon the overexpression of
K8/18 [79]. Mouse fibroblasts expressing K8 and K18 also exhibited a higher migratory
and invasive ability [80]. Keratin 8 transfection to FBM cells, a cell line derived from the
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human fetal buccal mucosa that expresses K8 and K18 in a ratio of 3:1 [81], showed the
proper formation of keratin 8/18 filaments, a reduction in doubling time, cell clusters
with projections, and anchorage independent growth in soft agar colony assay. Xenografts
using K8 transfected FBM cells also produced tumors in nude mice with lung metastasis.
In addition, transgenic mice expressing human K8 in the epidermis showed a dramatic
increase in the progression of papilloma towards malignancy [82]. Another report showed
the modulation of integrin and FAK mediated cell migration by K8 and K18 through protein
kinase C (PKC) in hepatocytes [83]. Combined, these suggest that aberrant expression of
K8 and K18 contributes to the neoplastic progression in various tissues, including stratified
epithelial cells.

Keratins can interact with both the desmosomes at the cell—cell junctions via desmo-
plakin and the hemidesmosome at the cell-ECM junctions via the «6(34 integrin that further
links to plectin and BP230 [84,85]. In addition, the type III intermediate protein vimentin
can also interact with 634 integrin, perhaps via plectin in the OSCC derived cell line [86].
Our laboratory has demonstrated that a knockdown of K8 in the OSCC derived cell line
AW13516 leads to a substantial reduction in tumorigenicity, cell motility, cell invasion,
fascin, and a634 integrin expression and signaling. Taken together, our results proved
a role of K8 and K18 to promote malignant transformation and play an critical role in
invasion and metastasis, possibly by modulating signaling through (34 integrin [87].

11. Conclusions

The value of keratins as diagnostic markers in epithelial malignancies has already been
established. Alterations in keratin expression and its significance in precancerous lesions
and tumors have been conclusively illustrated using biochemical, immunohistochemical,
and other molecular biology techniques, and the expression patterns correlate with many
clinicopathological parameters. The literature reviewed in this article underlines their
importance as prognostic markers for both oral precancer and cancer.
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