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A B S T R A C T

Objective: The coarse fibres of areca nut and the continuous friction from occluding teeth are major causes of
mechanical stress to the oral mucosa in conditions like oral submucous fibrosis and frictional keratosis. The
continuous micro trauma provided in areca nut chewers, creates an environment where the keratinocytes exhibit
alteration. Loricrin, is expressed abundantly in keratinizing epithelium in response to mechanical stress. Their
expression or absence could play a role in malignant transformation. This study attempts to assess the potential
of Loricrin as an early diagnostic marker in patients with chewing habit.
Methods: 73 archival samples of formalin fixed, paraffin embedded tissue specimens histopathologically con-
firmed, were segregated as normal mucosa 11, hyperkeratotic 32 and oral submucous fibrosis 30 and stained
with antibodies to Loricrin and graded as negative, mild, moderate and intense based on the staining intensity.
Pearson's chi square test was done for statistical analysis.
Results: Loricrin expression was observed in all groups with staining in the stratum granulosum showing a
significant association to habits (P= 0.000).
Conclusion: This prominent staining indicates a compensatory cytoskeletal rearrangement of surface epithelium
during cell division in early oral submucous fibrosis showing potential as an early marker of the condition.

1. Introduction

Epithelium is the primary protective barrier to the body's internal
tissues from environmental stresses, chemical damage and bacterial
infection.1 Keratinizing epithelia such as the epidermis and oral gingiva
that are subjected to physical and chemical forces produce a protective
toughened cornified cell envelope. Chronic trauma has been implicated
as one of the causative factor in the progression of potentially malig-
nant disorder to cancer.2

The incidence of an Oral Potentially Malignant Disorder (OPMD)
undergoing malignant transformation into oral squamous cell carci-
noma (OSCC) is high. A transformation rate of 3–19% and 5–15% has
been seen in OPMDs like Oral submucous fibrosis (OSF) and Oral leu-
koplakia respectively.3–5 OSCC, which is an aggressive malignancy
proceeds through a stepwise accumulation of genetic damage6 Genetic
mutations often produce early phenotypic changes that may present as
clinically apparent lesions. The normal integrity and morphology of
epithelium is maintained by its cytoskeleton network components.
Genetic and environmental factors can alter the normal proliferation

and differentiation.7,8 For example, the continuous micro trauma pro-
vided by areca nut and other ingredients in chewing, plus friction from
occluding teeth creates an environment where the keratinocytes of the
epithelium tend to alter the Cornified epithelial Envelope (CE), a cri-
tical structure for barrier function at the outermost layer of the skin
epidermis.9–11 Proteins of CE like Loricrin, are late differentiation
markers of terminally differentiated keratinocytes. Their abundant
presence in keratinizing epithelium, subjected to mechanical stress has
led to the assumption that it might be responsible for barrier function.
This study aims to correlate expression of loricrin in non-keratinizing
epithelia of oral mucosa to the habit of chewing in OSF and hy-
perkeratosis conditions.2

2. Materials and methods

2.1. Study setting and sample size

The retrospective study was carried out in the department of oral
and maxillofacial pathology of Ragas dental college and hospital in

https://doi.org/10.1016/j.jobcr.2019.05.004
Received 2 January 2019; Received in revised form 29 March 2019; Accepted 15 May 2019

∗ Corresponding author. Department of Oral Pathology and Microbiology, ESIC Dental College and Hospital, Rohini, Delhi, India.
E-mail address: nithya2101@gmail.com (N. S).

Journal of Oral Biology and Craniofacial Research 9 (2019) 226–231

Available online 20 May 2019
2212-4268/ © 2019 Craniofacial Research Foundation. Published by Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/22124268
https://www.elsevier.com/locate/jobcr
https://doi.org/10.1016/j.jobcr.2019.05.004
https://doi.org/10.1016/j.jobcr.2019.05.004
mailto:nithya2101@gmail.com
https://doi.org/10.1016/j.jobcr.2019.05.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jobcr.2019.05.004&domain=pdf


Chennai, India, using IHC on 73 formalin fixed paraffin embedded ar-
chival blocks. The study sample were segregated into 3 groups of
normal mucosa (Group I; n= 11), hyperkeratosis (Group II; n= 32)
and oral submucous fibrosis (Group III; n= 30) specimens. Group I
sample site was chosen keeping in mind the 2006 Indian Council of
Medical Research (ICMR) bioethical guidelines which advises against
causing substantial damage to non-lesional areas, for the exclusive
purpose of conducting a study, the normal mucosa that is trimmed/
excised for approximation after extraction of III molars was taken after
voluntary consent. Group II samples included cases of both frictional
keratosis/physically induced (n=21) and epithelial dysplastic lesions/
substance abuse associated (n=11). Data on gender, habit history, age,
site duration were extracted from the archives. The study for evaluating
the expression of Loricrin in these samples was done after approval by
the Institutional Review Board.

2.2. Methodology

Sections of four micron thickness were used for both Haematoxylin
and Eosin (H & E) staining and immunohistochemical (IHC) staining,
with all reagents being analytical grade and procured from MERCK™.
We used concentrated Loricrin polyclonal antibody along with Expose
Mouse and Rabbit specific HRP/DAB detection IHC kit: Ab80436
(15ml) as the primary and secondary antibody from Abcam Allied
scientific Cambridge, MA, USA,.

Sample standardisation: Foreskin specimen procured after cir-
cumcision for phymosis was fixed, processed, embedded, sectioned and
stained in the same manner as the study samples and used as positive
control. One positive control tissue slide was included for each batch of
staining. The antibody was standardized to a dilution concentration of
1:500 with an incubation period of 1 hr. at room temperature.

2.3. Evaluation criteria for loricrin (LOR) staining

Loricrin localization within tissues and cells along with the degree
of positivity were taken as parameters to evaluate Loricrin (LOR)
staining. Tissue staining of Loricrin is normally localized to stratum
granulosum and the corneal strata of stratified squamous epithelium in
keratinized epithelia, while it is absent in non-keratinizing epithelium

of the oral mucosa. Its cellular staining is localized to both cytoplasm
and nucleoplasm of cells. Each case was graded as (-) nil or absence of
stain, (+) mild, (++) moderate and (+++) intensively stained based
on the intensity of staining taken up by the tissue as observed by three
blinded observers independently.

2.4. Habit association among three groups

Assessment of the presence of habit history namely chewing,
smoking and drinking were analysed through evaluation of archival
records.

Statistical analysis: All data were entered and analysed using
Statistical Package for Social Service version 17.0 (SPSS ™ Inc., IBM, IL,
USA). Pearson's Chi-square test was done to compare intensity of
staining between the groups and a P value < 0.05 was considered
statistically significant. Kappa analysis was done to compare the in-
tensity of Loricrin staining as observed between three observers.

3. Results

Gender distribution and stain positivity: Analysis revealed the
samples to be predominantly from male patients with no significant
relation between gender and study groups (P value 0.475).
Histopathological evaluation of anti-bodies directed against Loricrin
revealed a statistically significant relation between the positive ex-
pression of Loricrin and all three study groups (P= 0.000). A pre-
dominantly negative staining (81.8%) was observed in group I (normal
mucosal specimens). While the group II and III samples under hy-
perkeratosis and OSF showed a predominantly positive staining of
84.4% and 66.7% respectively. Fig. 1, Fig. 2, Fig. 5.1.

Staining Intensity: Positive normal mucosal specimens showed mild
staining, while majority of the hyperkeratosis samples (43.8%) had
taken up staining with moderate intensity. Among OSF samples, equal
cases (33.3%) showed moderate and negative staining. Similarly mild
and intense staining were equally appreciable in 16.7% of the cases. A
significant P-Value of 0.006 was appreciated on comparing the dis-
tribution of staining intensity of Loricrin among the groups (Fig. 5.2
Staining Intensity).

Staining index distribution in different epithelial strata (spinosum,

Fig. 1. Chewing Habit induced HYPERKERATOSIS specimen (H & E) showing prominent granular cell layer and increased keratinization.

Fig. 2. ORAL SUBMUCOUS FIBROSIS specimen from patient with areca nut use showing positive loricrin staining in the granular layer and few cells of stratum
spinosum.
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granulosum and corneum): The spinosal layer of normal mucosa and
hyperkeratosis samples did not show any staining. However the stratum
spinosum (SS) in OSF samples showed different grades of staining in-
tensities with 83.3% cases taking up no stain, while mild and intense
staining (16.7%) was observed in equal number of cases. 33.3% of the
cases showed moderate staining. The results were not statistically sig-
nificant (P=0.261)

The stratum granulosum (SG) of normal mucosa was positive for
loricrin taking up mild staining (9.1%). Hyperkeratotic specimens
however, showed the most staining in this layer, predominantly with
moderate intensity (43.8%), though few with mild and intense staining
were also observed. OSF on the other hand had an increase in the
number of cases exhibiting an intense staining reaction (16.7%) fol-
lowed by moderate (30.0%) and mild (13.3%) staining. The difference
was statistically significant (P= 0.002)

The overall positivity of stratum corneum (SC), when compared to
stratum granulosum was less in both hyperkeratosis 6.3% and OSF
13.3% specimens with no staining observed in the case of normal
mucosa. The difference was not statistically significant (P=0.786)
(Fig. 6)

Distribution of habits among the three groups: Assessment of the
presence of habit history (chewing, smoking and drinking) revealed
that, out of the total 73 cases, 55 had habits and 18 had no habits.
Among the individual groups, OSF had the most cases (n=28) with
positive habit history (50.9%), followed by hyperkeratosis (n= 26)
(47.3%) and normal mucosa (n= 1) (1.8%). The difference among the
groups were statistically significant. (p= 0.000) (Table 1)

Chewing habit distribution and comparison among groups:
Analysing the distribution of only the chewing habit, we found that the
only positive case in the normal mucosa group had the habit of
chewing. However this habit was predominantly evident in the OSF
group followed by hyperkeratosis group. The difference in the habits
was statistically significant (P=0.000). Chewing habit compared
within groups was also statistically significant (p=0.000). (Table-1)

3.1. Comparing positivity and staining intensity of loricrin expression within
hyperkeratosis

On comparing the positivity of Loricrin expression within the hy-
perkeratosis group, the physically induced hyperkeratosis group
showed a greater positivity (90.5%) than the dysplastic group. (72.7%)
and this difference in expression was not statistically significant.

(P= 0.209) (Table-1)When the different intensities exhibited within
this group was analysed, the physically induced cases showed mild
intensity (18.2%). Moderate and intense staining was not observed in
any case. The dysplastic specimens however showed mild, moderate
and intense staining in 25 .0%, 43.8% and 15.6% of the cases

Fig. 3. HYPERKERATOSIS WITHOUT EPITHELIAL DYSPLASIA showing positive loricrin staining in the stratum granulosum in patient with Gutka (Pan) Usage.

Fig. 4. HYPERKERATOSIS WITH EPITHELIAL DYSPLASIA showing positive loricrin staining in the stratum granulosum associated with chewing habit.

Fig. 5.1. Gender and expression positivity.

Fig. 5.2. Staining intensity.
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respectively. {Statistically not significant. (P= 0.563)) (Kappa 0.4)}
Fig. 3, Fig. 4 and Fig. 7.

4. Discussion

The oral mucosa is exposed to a lot of stress, by both physical and
chemical agents. To establish its integral role as an effective barrier
with properties of flexibility and selective permeability, the mucosa of
the oral cavity has been bestowed with specialized components like
proteins, intermediate filaments and other cytoskeleton components.
Loricrin is one such abundant protein that could play a role in the
formation of a protective barrier. It is a late envelope proteins of the CE
genes clustered in the “epidermal differentiation complex” on human
chromosome1q21.1,12,13 Epithelia subjected to stress show an increase
in the relative amount of these proteins, Loricrin is normally not ex-
pressed in non-keratinizing mucosa and other internal epithelia14–16

and its expression in certain conditions could be a means of providing
protection against traumatic stimuli. Non-keratinizing epithelia show
keratinization in conditions like OSF or hyperkeratosis. The differ-
entiation of keratinocytes here could have been incited by stimuli both
chemical and mechanical, like from chewing commercial and home-
made “paan” which has areca nut and calcium-rich slaked lime as a
primary component. Loricrin expression here, is seen as a compensatory
mechanism. In our study, Loricrin has had a significant expression in all
the three groups, [Normal mucosa (18.2%), hyperkeratosis (84.4%) and
OSF (66.7%)] similar to a study by Li N et al.17 Analysis of the two
positive normal mucosal cases in group I, revealed staining of mild
intensity confined to the stratum granulosum (SG). The Positivity here
could be attributed to the site of biopsy (retro molar region, exposed to
friction from teeth and mastication) and chewing habit association re-
spectively.18 The positivity in this region also emphasizes that while
normal masticatory friction is tolerated, the environment significantly
changes with external (habit) influences. This is a kind of adaptation by
the keratinocytes to the changing environment of the oral cavity and
can be seen by the altered presence of loricrin in areas that normally do
not express it.17,19,20 The hyperkeratosis samples (Group II) showed a
direct association between Loricrin expression and chewing habit with
staining in both SG and SC ranging from moderate to intense

respectively. Further emphasis was seen when hyperkeratosis with
epithelial dysplasia (chemical stress) had greater association (90.9%)
when compared to hyperkeratosis without epithelial dysplasia (physical
stress) (76.2%). In OSF, (Group-III) a strong causal association (93.3%)
of areca chewing habit was appreciable with all three staining in-
tensities evident. The positivity of stratum spinosum indicates that the
increased loricrin present here is not CE incorporated.20

This finding compounds the fact that continuous irritation or micro
trauma alters the normal signalling mechanisms in the epidermis
making them sensitive to altered/acute barrier disruption and varied
external humidities. The barrier recovery process is further inhibited by
factors like calcium concentration. Areca chewing, usually has slaked
lime (calcium hydroxide) as one of its ingredient and its presence at
both intra and inter-cellular level has been confirmed in the mucosa of
betel nut chewers.21 Barrier disruption shows a decline in calcium le-
vels at SG with a simultaneous increase in the lamellar body secretion
and increased influx at SC interstices.22 Serine proteases and protease
inhibitors at this level contain TGase (Transglutaminase substrate do-
mains) cross linked to increased loricrin residues in CE. as a result of
barrier disruption13,19 However, CE proteins like involucrin take over
loricrin function in cases of increased trauma.23 This compensatory
rearrangement of cytoskeleton during cell division paves way for other
molecular events that occur during the formation of dysplasia and its
transformation into malignancy.13,24 These are seen as decreased cell
density and Retinoic Acid Receptors (RARs) of atrophic epithelium.
Retinoic acid affects loricrin either through gene expression regulation
or differentiation process and suppress the expression of loricrin in
vitro.24

The evaluation of OSF by histological grading into early inter-
mediate and advanced stages was done (data not included) with com-
parison of all three stages. While an increased expression was observed
in the early and intermediate stages it was decreased in the advanced
stages. This implies the limited protective capacity of loricrin when
faced against persistent stresses over a prolonged period.20 However the
presence in early stages itself can be in favour of determining the
presence of the disease at an earlier stage. The decreased staining in SC
could be attributed to continuous changes taking place in the en-
vironment around the epitopes leading to (a) their non-recognition (b)

Fig. 6. Loricrin Positivity and Staining intensity withinHR Grooup.

Table-1
Habits Pattern with respect to the three groups.

Groups (N) Habits Present Percentage % Chewing Habit (n) Smoking Habit(n) Drinking Habit(n)

Total cases 73 55 75.34%
Group I- Normal Mucosa 11 1 1.8% 1 1 0
Group II- Hyperkeratosis 32 26 47.27% 25 18 17
i)Frictional 21 16 29.09% 15/16 11/16 10/16
ii)Dysplastic 11 10 18.18% 10/10 7/10 7/10
Group III- OSF 30 28 50.3% 28 12 18
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Loss during proteolysis and c) Masking by other cellular components.15

The property of keratinocytes to be altered in completely different
conditions while preserving its original phenotype is seen when areca
nut and other ingredients in chewing creates an environment similar to
that of the dry regions of epidermis leading to expression of loricrin in a
wet and humid oral cavity.19 In our study (data not included) the area
of greatest concentration of the staining (nucleus or cytoplasm) was
also observed. Greater concentration of the stain in the nucleus was
observed in 14 OSF, 6 physically induced hyperkeratosis and 2 che-
mically induced hyperkeratosis samples. Intra nuclear accumulation of
loricrin in SG has been seen as an introduction of potential nuclear
targeting motifs in mutant c-terminal peptides leading to altered lor-
icrin crosslinking and barrier function. The ability of environmental
stimuli to produce inflammatory cytokines and chemo tactic factors in
an antigen independent fashion, point to the fact that there is a fair
chance of habit inducing mechanical stress altering the barrier func-
tion.26 Normally expression of loricrin is limited to the stratum gran-
ulosum of the keratinizing epithelia of the oral cavity and the epi-
dermis. It is absent or not expressed in the non-keratinizing epithelia or
the lining mucosa of the oral cavity. In the present study, the presence
of staining being taken up by the stratum spinosum of oral submucous
fibrosis specimens alone could be related to three factors.

• Decreased cell density-as seen by the atrophic epithelium.
• Micro trauma related to areca nut chewing and
• Decrease in the number of (RAR) Retinoic acid receptors.

Increased expression of loricrin, seen in the early and intermediate
grades of OSF than in the advanced stage points to its expression being
directly related to the compensatory mechanism kicking in as an early
response to stress at the site. Expression also evident in the hyperker-
atosis group further establishes the fact that loricrin expression facil-
itates a modest level of protection to the changing environment.
Chewing habit seen in almost all the patients clearly establishes the role
of areca nut chewing as a key etiological factor in the pathogenesis of
OSF by-inducing stress (both mechanical and chemical). Expression of
Loricrin thus could be an early indicator of the various changes that
could take place as a result of the continuous physical stimuli and could
be a prognostic marker in oral potentially malignant disorders like OSF
and leukoplakia.

5. Conclusion

This study, assessing Loricrin expression with an association to ha-
bits has been attempted for the first time in the Indian population and
the present findings with regard to its expression support the view on
the changing adaptability of the epithelia to new stimuli and indicates
its use as an important prognostic marker for an earlier diagnosis of a

malignant transformation. Further studies in this aspect could give us
more valuable insights on oral mucosa and Loricrin interaction.
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