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ABSTRACT

Introduction: Oral lichen planus is a chronic inflammatory disease that affects the
mucosa of the oral cavity. Oral lichenoid reactions/ lesions share many clinical and
histopathological features with oral lichen planus, and represent a response to extrinsic or
causative factors (drugs, allergens). Aim: The purpose of this study was to evaluate the
clinical and histopathological features of oral lichen planus and oral lichenoid reactions/
lesions. Objectives: The objectives of this study were to assess the clinical and
histopathological features of patients diagnosed with oral lichen planus and oral lichenoid
reaction/ lesions. This study also sought to investigate the association between
clinicopathological characteristics and patients with/ without exposure to causative
factors. Finally, this study compared the ratio of plasma cells to lymphocytes in patients
with/ without exposure to causative factors. Methods: This study was conducted in a
retrospective manner in patients who have been diagnosed with oral lichen planus and
oral lichenoid reaction/ lesions in Faculty of Dentistry, University of Malaya. A total of
122 patients that met the inclusion criteria were studied. Socio-demographic and clinical
data for each case were obtained from clinical folders in Oral medicine clinic and
histopathology reports in Oral Pathology Research and Diagnostic Laboratory (OPDRL).
Histopathological data was extracted from the archived hematoxylin and eosin stained
slides in OPDRL. Histopathological scoring of plasma cells and lymphocytes was done
using 3D Histech and QuPath softwares. Data was analyzed using chi-square, logistic
regression, and receiver operating curve analysis. Results: There were significant
differences in plasma cells to lymphocytes ratio between patients who were exposed to
causative factors and those who were not (p=0.043 and p=0.031). Plasma cells to
lymphocytes ratio in patients exposed to causative factors was higher than those who were
not (p=0.048 and p=0.032). Presence of eosinophils was significantly associated with

exposure to causative factors (p=0.016 and p=0.011), deeper inflammatory infiltrate



(p=0.016), and epithelial atrophy (p=0.043). Conclusion: This study demonstrated
association between the presence of eosinophils and exposure to causative factors, which
were consumption of medications that had been associated with oral lichenoid reaction,
and also presence of restorative materials adjacent to lesions. Moreover, this study
demonstrated higher plasma cells to lymphocytes ratio in patients exposed to causative
factors than those who were not. These findings strongly support the role of causative
factors, mainly the drugs and dental restorative materials in the etiology of oral lichenoid
reactions/ lesions, although it is difficult to pinpoint. Thus, in clinical settings, together
with proper history and clinical findings, these features may facilitate clinicians in

planning appropriate management for patients.

Keywords: Oral lichen planus, Oral lichenoid reactions/ lesions, plasma cells,

eosinophils



ABSTRAK

Pendahuluan: “Oral lichen planus” adalah penyakit keradangan kronik yang menyerang
mukosa rongga mulut. “Oral lichenoid reactions/ lesions” mempunyai banyak ciri klinikal
dan histopatologi yang sama dengan “oral lichen planus”, dan dianggap sebagai tindak
balas terhadap agen ekstrinsik atau agen penyebab (seperti ubat, alergen). Matlamat:
Tujuan kajian ini adalah untuk menilai ciri-ciri klinikal dan histopatologi “oral lichen
planus” dan “oral lichenoid reaction”. Objektif: Objektif kajian ini adalah untuk menilai
ciri-ciri klinikal and patologikal pada pesakit menghidap penyakit “oral lichen planus”
and “oral lichenoid reaction/lesions”. Kajian ini juga bertujuan untuk mencari hubung-
kait antara ciri-ciri klinikal and patologikal di kalangan pesakit yang terdedah kepada
agen penyebab and pesakit yang tidak terdedah. Selain itu, kajian membandingkan nisbah
sel plasma dengan limfosit antara di kalangan pesakit yang terdedah kepada agen
penyebab, dan pesakit yang tidak terdedah. Kaedah: Kajian ini dilakukan secara
retrospektif di kalangan pesakit yang telah didiagnosis dengan “oral lichen planus” and
“oral lichenoid reactions/ lesions” di fakulti pergigian, Universiti Malaya. Sebanyak 122
pesakit yang memenuhi kriteria inklusi dikaji. Data sosio-demografi dan klinikal untuk
setiap kes diperoleh dari folder klinikal di klinik perubatan mulut, dan laporan
histopatologi di Makmal Penyelidikan dan Diagnostik Patologi Mulut (OPDRL). Data
histopatologi diekstrak dari slaid hematoxylin dan eosin yang diarkibkan dalam OPDRL.
Pemarkahan histopatologi sel plasma dan limfosit dilakukan menggunakan perisian 3D
Histech dan QuPath. Analisis dengan Chi-square dan ujian regressi. Keputusan:
Terdapat perbezaan yang signifikan dalam nisbah sel plasma dan limfosit antara pesakit
yang terdedah kepada agen penyebab dan mereka yang tidak terdedah (p = 0.043 danp =
0.031). Nisbah sel plasma dan limfosit pada pesakit yang terdedah kepada agen yang
terlibat adalah lebih tinggi daripada pesakit yang tidak terdedah (p = 0.048 dan p = 0.032).

Kehadiran eosinofil mempunyai kaitan yang signifikan dengan pesakit yang terdedah



kepada agen penyebab (p = 0.016 dan p = 0.011), infiltrat inflamasi yang lebih dalam (p
= 0.016), dan atrofi epitelium (p = 0.043). Kesimpulan: Kajian ini juga menunjukkan
bahawa kehadiran eosinofil dikaitkan dengan pendedahan kepada faktor penyebab.
Kajian ini juga menunjukkan bahawa terdapat perbezaan dalam nisbah sel plasma ke
limfosit antara pesakit yang terdedah kepada agen penyebab dan mereka yang tidak.
Nisbah sel plasma ke limfosit didapati lebih tinggi di kalangan pesakit yang terdedah
kepada faktor penyebab. Penemuan kajian ini menunjukkan bahawa faktor penyebab iaitu
ubat-ubatan dan bahan pergigian memainkan peranan dalam punca penyakit “oral lichen
reactions/lesions”. Penemuan ini bersama dengan ciri-ciri Klinikal dan sejarah perubatan

pesakit boleh membantu perawat untuk merancang rawatan bagi pesakit mereka.

Kata kunci: Oral lichen planus, oral lichenoid reaction/ lesions, sel plasma, eosinofil

Vi
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CHAPTER 1 : INTRODUCTION

1.1 Research Background

Oral lichen planus is defined as a non-infectious, chronic inflammatory condition
involving the oral mucosa and underlying lamina propria, and may be accompanied by
skin lesions (Kurago, 2016). It is classified as one of the oral potentially malignant
disorders (EI-Naggar et al., 2017). Recent meta-analysis found that the malignant
transformation rate of oral lichen planus was between 1.1% to 1.4% (Aghbari et al., 2017;
Fitzpatrick et al., 2014; Giuliani et al., 2019; Gonzélez-Moles et al., 2019; Shearston et
al., 2019). Oral lichenoid lesions on the other hand are considered as clinical and
histological contemporaries of oral lichen planus (Feldmeyer et al., 2020; Kamath et al.,
2015). Unlike oral lichen planus, which is considered to be idiopathic in nature, oral
lichenoid lesions are often associated with known identifiable cause or inciting factors
(Feldmeyer et al.,, 2020; Kamath et al., 2015). There are several terms used
interchangeably for oral lichenoid lesions, for example oral lichenoid reaction, and oral
lichenoid drug reactions, oral lichenoid contact lesions (Al-Hashimi et al., 2007). Many
systemic drugs have been reported to cause oral lichenoid lesions. For example, non-
steroidal anti-inflammatory drugs [NSAID] (Cutler, 1980; Zain, 1989); antihypertensive
agents (Giunta, 2001), angiotensin converting enzyme inhibitors (Firth & Reade, 1989);
oral hypoglycemic agents (Lamey et al., 1990); and beta blockers (Hawk, 1980). There
was also report of antiretroviral medications causing oral lichenoid reactions (Scully &
Diz Dios, 2001). Oral lichenoid lesions induced by amalgam fillings have been reported
in several studies (Camisa et al., 1999; Skoglund & Egelrud, 1991). Other studies have
also found that 70% of amalgam contact hypersensitivity lesions which present as oral
lichenoid lesions were patch test positive for amalgam or mercury compared with only
3.9% of oral lichen planus cases (Thornhill et al., 2003). Among other dental materials

associated with oral lichenoid lesions are gold (Ahlgren et al., 2002), and composite

1



restorations (Blomgren et al., 1996; Lind, 1988), and dental cast alloys (Hensten-

Pettersen, 1992)

The diagnosis between oral lichenoid lesions and oral lichen planus has been a matter
of debate until now. This is mainly because clinically and histologically they can appear
similar, with subtle and non-specific differences. Clinically, oral lichen planus is
considered as nearly always bilateral and symmetrical with various morphology (van der
Waal, 2009). There had been several attempts to classify oral lichen planus and oral
lichenoid lesions objectively based on histologic features. A study conducted attempting
to elicit the most favorable features for diagnosis of both entity (Thornhill et al., 2006).
They have found that pathologist will consider few aspects in making diagnosis of oral
lichen planus and oral lichenoid reaction. For example, most pathologist would consider
that the presence of deep inflammatory infiltrate, focal or perivascular infiltrate, plasma
cells, and eosinophils will favor the diagnosis of oral lichenoid lesions (Thornhill et al.,
2006). Conversely, the presence of band-shaped infiltrate, lymphocytes, histiocytes, juxta
epithelial cell free zone will favor the diagnosis of oral lichen planus (Thornhill et al.,
2006). It is important to distinguish between oral lichen planus and oral lichenoid lesions
because the management and clinical outcome can be different (Thornhill et al., 2006),
although in general both are treated mainly with topical corticosteroids. This study is
designed to assess the clinical and histopathological characteristics of oral lichen planus
and oral lichenoid reactions/ lesions, explore and compare the presence and levels of
plasma cells in patients with exposure to causative factors and those who were not. The
causative factors in this study refer drugs or medications that have been linked to oral
lichen planus and oral lichenoid reaction/ lesions, and also the presence of dental

restorative materials adjacent to oral lichen planus and oral lichenoid reactions/ lesions.



1.2 Aims and objectives

The aim of this study is to evaluate the clinical and histopathological features of oral
lichen planus and oral lichenoid reactions/ lesions in faculty of Dentistry, University of

Malaya.

The specific objectives include:
1. Toassess the clinical and histopathological features of patients diagnosed with
oral lichen planus/ oral lichenoid reactions
2. To investigate the association between clinicopathological characteristics and
patients with/ without exposure to causative factors
3. To investigate and compare the ratio of plasma cells to lymphocytes in patients

with/ without exposure to causative factors

1.3 Research hypothesis

1. There are differences in clinical and histopathological features between oral
lichen planus and oral lichenoid reaction/ lesions

2. There is association of clinical and histopathological characteristics with patients
exposed to causative factors and those who were not.

3. There is difference in the ratio of plasma cells to lymphocytes between patients

exposed to causative factors and those who were not.



CHAPTER 2 : LITERATURE REVIEW

2.1 Oral lichen planus

2.1.1 Background

Lichen planus is a common subacute or chronic dermatosis that may involve the skin,
mucous membranes, hair follicles, and nails (Elder, 2014). Oral lichen planus is a non-
infectious, chronic inflammatory condition involving the oral mucosa and underlying
lamina propria, and may be accompanied by skin lesions (Kurago, 2016). A study also
shown that cutaneous lichen planus can be associated with mucosal lesion in 9% of cases
(Parihar et al., 2015). Lichen planus is also recognized as the most common
dermatological disorder that can present with oral lesion (Cassol-Spanemberg et al.,
2019). On the other hand, oral lichen planus can be the sole manifestation of the disease,
or it can present concurrently with cutaneous, and lesion on other mucosal sites such as
genital, eye, or gastrointestinal (Gorouhi et al., 2014). Oral lichen planus is classified by
WHO as one of the oral potentially malignant disease (EIl-Naggar et al., 2017).
Historically, the first clinical description of lichen planus was attributed to Professor
Ferdinand Ritter von Hebra of Vienna, where he designated the term lichen ruber to
describe a peculiar form of papular eruption (Wilson, 1866). ‘Lichen’ is a Greek word,
which has been frequently used in modern dermatology (Zaghi & Griffin, 2016).
Hipocrates [460-371BC] described lichen as an “eruption of a papule” (Zaghi & Griffin,
2016). Subsequently, there were a number of descriptions given for lichen. Professor
Hebra provided the modern description of lichen. To this day, Merriam Webster
dictionary define lichen as “eruption of papulae” (Zaghi & Griffin, 2016). The term ruber,
which was used by Professor Huber means red (Wilson, 1866). Planus means flat or
smooth (Wilson, 1866). In 1869, English dermatologist Erasmus Wilson refined the term

lichen ruber by Professor Huber to lichen planus (Zaghi & Griffin, 2016). According to



Wilson, the term planus, which replace ruber is able to describe more accurately the
majority clinical presentation of the eruption which is flat papules (Wilson, 1866).
However, Professor Hebra’s taxonomy is not totally forgotten, as “lichen ruber planus”
is still used synonymously with lichen planus in the literature, although not common

(Zaghi & Griffin, 2016).

Lichen ruber is miliary papules eruption that do not develop vesicles of pustules (Fox,
1871). At the initial stage, the papules are distinct from each other, but tend to coalesce
and form patches. The papules are covered by red scales, thus the term ruber (Fox, 1871).
When the skin is affected in a large surface area, the skin will appear reddish and covered
by scale, and movement will be restricted (Fox, 1871). The nails can be affected as well,
where nails will become thickened, opaque, and rough, while itching is a manifestation
of lichen ruber at later stages (Fox, 1871). Terminal stages of the disease is when patient

develop marasmus and eventually dies (Fox, 1871).

2.1.2 Epidemiology

There is a geographical variation in the worldwide prevalence of oral lichen planus. The
estimated worldwide prevalence of oral lichen planus ranged from 0.5% to 2.6%,
however, we still do not know the precise prevalence (Shirasuna, 2014). A systematic
review and meta-analysis of global prevalence of oral lichen planus found that the overall
estimated prevalence of oral lichen planus in the general population is 0.89%, while in
the clinical settings, it is estimated to be 0.98% (L. et al., 2020). They also found that the
prevalence of oral lichen planus in Asian countries is lower than the other part of the
continents (Li et al., 2020). The country with the lowest prevalence of oral lichen planus

is India, which is 0.02%, while Brazil has the highest prevalence with 6.04%. Moreover,



this recent study also reported a higher prevalence of oral lichen planus among women,

especially above 40 years of age (Li et al., 2020).

Occasionally, clinicians may encounter lesions that resemble oral lichen planus
clinically and histologically. These lesions are given several terms, but they are
commonly called as oral lichenoid lesion, or oral lichenoid reaction (Al-Hashimi et al.,
2007). Among other terms usually used to name these lesions are oral lichenoid contact
lesion and oral lichenoid drug reaction (Al-Hashimi et al., 2007). The prevalence of oral
lichenoid reaction reported has been lower than oral lichen planus, an Italian study
reported prevalence of oral lichenoid reaction to be 0.29%, compared to 1.46% for oral
lichen planus (Pentenero et al., 2008). In Malaysia, the reported prevalence of oral lichen
planus is 0.38% (Zain et al., 1997). These lesions are usually associated with some
possible etiological factors, such as direct contact to dental restorative materials
commonly amalgam, intake of certain medications or oral care products, and also in the
setting of graft versus host disease (Al-Hashimi et al., 2007). It is often difficult to
distinguish between a true oral lichen planus versus oral lichenoid reaction (Feldmeyer et
al., 2020). However, considering that there can be difference in pathophysiology and

management, it is important to distinguish these entities (Feldmeyer et al., 2020).

2.2 Etiology

Until today, the causes that initiate or perpetuate oral lichen planus remain unknown.
However, there are few proposed factors that may play a role as a trigger factor. These
are mainly genetic factors, local and systemic inducers of cell mediated hypersensitivity,

stress, autoimmune response to epithelial antigens, and viral antigens.



2.2.1 Genetics

Genetic predisposition has been hypothesized in the etiology of oral lichen planus. A
number of studies have been conducted on the genetic aspect of oral lichen planus. There
had been a reported case of 11-year-old monozygotic twin girls who are living together
with concurrent skin lichen planus, which suggested that genetic factors may contribute
to the etiology of lichen planus (Gibstine & Esterly, 1984). Another interesting twin study
with regards to oral lichen planus was a case of oral lichen planus in monozygotic twins
that were raised apart, thus excluding environmental role of oral lichen planus onset (Wei
et al., 2018). Other than that, a familial study also observed that oral lichen planus can
possibly be inherited (Ambrosio Bermejo-Fenoll & Lopez-Jornet, 2006). It is also worthy
to note that although familial occurrence of lichen planus is uncommon, it is well

documented in several other studies (Katzenelson et al., 1990; Kofoed & Wantzin, 1985).

Another interesting observation is that compared to non-familial lichen planus,
familial lichen planus tends to occur at an earlier onset and also present with more severe
and extensive lesions (Ambrosio Bermejo-Fenoll & Lopez-Jornet, 2006). Several gene
studies in oral lichen planus have also been done. Previously, there were several studies
conducted on the role of different genes on oral lichen planus (Hirota et al., 2002;
Karatsaidis et al., 2003; Khan et al., 2003; X. J. Zhou et al., 2001). Most of these studies
involve a single gene or a single gene family in oral lichen planus. A bioinformatic study
also identified 132 genes involved or potentially involved in oral lichen planus (Orlando
et al., 2013). These genes were then ranked based on their number of interactions. The
study recognized 5 genes with the highest number of interactions, namely JUN, EGFR,

FOS, IL2, and ITGB4 genes (Orlando et al., 2013).

Other than that, studies in the relationship between human leukocyte antigen [HLA]

and oral lichen planus has shown that there is association of oral lichen planus with HLA-



A, B and C antigens (Ognjenovi¢ et al., 1998; Porter et al., 1993; Watanabe et al., 1986).
More interestingly, HLA-DR6 gene plays a role in hepatitis-C associated oral lichen
planus (Carrozzo et al., 2005; Carrozzo et al., 2001). Other than that, a meta-analysis
study found an association between polymorphism in the tumor necrosis alpha [TNF-a]
gene and oral lichen planus (Y. Zhou & Vieira, 2018). Another genetic study that has
caught particular interest is IL-18 gene polymorphism. There are studies that concluded
there is an associated between interleukin [IL]-18 gene polymorphism and oral lichen
planus (J Bai et al., 2007; Y. Zhang et al., 2012). However another study showed there
was no association between IL-18 gene and oral lichen planus (Negi et al., 2019). Other
gene polymorphism that was suspected to be contributing to oral lichen planus is IL-10

gene polymorphism (Jingping Bai et al., 2009)

2.2.2 Infectious agents

HCV is probably the microorganism that has the most relevant association with oral
lichen planus. There are several reports regarding association of Hepatitis C virus [HCV]
infection with oral lichen planus. Currently, there is strong evidence that oral lichen
planus is associated with HCV, but this association varies geographically (Kurago, 2016).
A systematic review confirmed the association between oral lichen planus and HCV (Lodi
et al., 2010). They discovered that patients with oral lichen planus have five times
increased risk of being HCV seropositive. The relationship between oral lichen planus
and HCV is higher especially in Japan, Mediterranean countries, and the USA (Lodi et
al., 2010). However, the association of oral lichen planus and HCV cannot be explained
on the basis of high prevalence of HCV infection alone. This is because there are countries
with high prevalence of HCV reported negative or insignificant associations (Lavanya et

al., 2011).



Other microorganisms that had been investigated for their relationship with oral lichen
planus are mainly viruses, for example cytomegalovirus, herpes simplex virus-1, human
herpes virus-6, Epstein-Barr virus, hepatitis-B virus, and human papilloma virus (Lodi et
al., 2005). All these viral infections do not reveal any significant association with oral
lichen planus (Lodi et al., 2005). Bacterial studies in oral lichen planus related to bacterial
etiology are still at beginning stage (Kurago, 2016). Helicobacterpylori has shown no
association with oral lichen planus (Lodi et al., 2005). Other bacteria of interest that have
been observed are Fusobacteria and Campylobacter, which have been found to be

increased in saliva of oral lichen planus patients (Wang et al., 2015).

2.2.3 Systemic associations

There are reports where oral lichen planus is associated with some systemic disorder. An
entity that is worthwhile to be of note is thyroid disorder, mainly Hashimoto’s thyroiditis
and hypothyroidism (Muzio et al., 2013). A study found that 93.3% oral lichen planus
cases were preceded by Hashimoto’s thyroiditis (Muzio et al., 2013). This study also
hypothesized that in Hashimoto’s thyroiditis, the circulating thyroid antibodies
potentially triggered organ specific immune response against the oral mucosa and skin,
resulting in the development of oral lichen planus and cutaneous lichen planus. Another
study also reported that patients with thyroid disorder have two-fold relative odds of
having oral lichen planus/ oral lichenoid reaction compared to individuals without thyroid
disorder (Siponen et al., 2010). This association is shown to be more prominent in
hypothyroidism (Siponen et al., 2010). Other systemic disorders that are associated with
oral lichen planus/ oral lichenoid reactions are systemic lupus erythematosus, Sjogren
syndrome, and Good syndrome (Kurago, 2016). However, there is lack of documentation

of criteria used to diagnose oral lichen planus in these cases (Kurago, 2016).



2.2.4 Psychological factors

A study revealed that stress and anxiety levels among oral lichen planus patients are
slightly higher than the population norms, however, the increase is not remarkable
(McCartan, 1995). Moreover, the study also noted that presence of erosions in oral lichen

planus is also not significantly related to anxiety (McCartan, 1995)

2.3 Pathogenesis

2.3.1 Immunology of the oral cavity

The oral cavity is composed of various sophisticated anatomical structures. There are
multitudes of microorganisms mainly bacteria that reside in the oral cavity. Moreover,
external substances also challenge the homeostasis of the oral mucosa (Wu et al., 2014).
The oral epithelium and its underlying lamina propria are important for protection against
microorganism’s invasion into the body and also environmental threats (Feller et al.,
2013). The oral mucosal immunity can neutralize harmful foreign antigens, limits
colonization by pathogenic microbe, regulate the non-inflammatory protective responses,
regulate tolerance to commensal microorganisms and various foreign or external
exogenous proteins (Brandtzaeg, 2009; Wu et al., 2014). The mucosa can provide
immune responses by means of immune cells within the mucosa (Wu et al., 2014). The
mucosa contains cells of the innate immune system such as macrophages, dendritic cells,
natural Killer [NK] cells, polymorphonuclear leucocytes, and their associated
inflammatory mediators such as cytokines, chemokines, antibacterial peptides, and
complement system components (Feller et al.,, 2013). Other than that, salivary

immunoglobulin [Ig] A, oral keratinocyte derived biologic mediators, and gingival
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crevicular fluid component also play their roles in oral immunity (Diamond et al., 2008;

Fabian et al., 2012; Walker, 2004).

2.3.1.1 Pattern recognition receptors

In the events of microbial infections, the innate immune system is activated before the
generation of the adaptive immune response. Oral keratinocytes and cells of the innate
immune system can detect invading pathogens by means of germline encoded pattern
recognition receptors that are specific for the common components of pathogenic
microbes (Cook et al., 2004; Pivarcsi et al., 2003). The pattern recognition receptors can
distinguish variable molecular components of microorganisms, for example,
peptidoglycan of gram-positive bacteria, lipopolysaccharide of gram-negative bacteria,
and mannan in the wall of yeast cells (De Koning et al., 2010; Palm & Medzhitov, 2009;
Pivarcsi et al., 2003). More importantly, they can distinguish self and non-self-antigens,
therefore avoiding detrimental immune responses against self-antigens (Palm &
Medzhitov, 2009; Pivarcsi et al., 2003). In brief, the pattern recognition receptors consist
of several families, namely Toll-like receptor family, C-type lectin receptor family,
mannose receptor family and nucleotide-binding oligomerization domain —like receptor
family. (Cassel etal., 2009; Gordon, 2002; Hoebe et al., 2004; Palm & Medzhitov, 2009).
Among these, the Toll-like receptor family plays the most important role in resisting
infections (lwasaki & Medzhitov, 2004). These receptors can recognize various
molecular patterns of bacterias, virus, fungi, and protozoas (Hoebe et al., 2004; Khader
et al., 2009; Lee et al., 2012; Palm & Medzhitov, 2009). When activated, the pattern
recognition receptors can mediate cytokines and chemokines productions, upregulate cell
surface molecules, or induce peripheral immune tolerance (Cassel et al., 2009; Hoebe et

al., 2004; Palm & Medzhitov, 2009). Moreover, the pattern recognition receptors also
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have important influence on the adaptive immune response, where it can initiate and
determine the type of specific adaptive immune responses, regulate the magnitude and
duration of the responses, and also influence the formation of memory T-cell (Palm &
Medzhitov, 2009). Under normal physiologic condition, Toll-like receptor is considered
to be involved in epithelial homeostasis and in repair after epithelial injury (Backhed &

Hornef, 2003).

2.3.1.2 Oral Langerhans cells

These cells are myeloid dendritic cells which are also the permanent residents of the basal
and suprabasal region of the oral epithelium (Béckhed & Hornef, 2003). Oral Langerhans
cells and other dendritic cells regulate T-cell responses [upregulate or downregulate], and
also the immune tolerance and activation of the oral mucosa based on the signals obtained
from the microenvironment (Allam et al., 2008; Novak et al., 2004). Under normal
physiologic conditions, Langerhans cells maintain a state of immune tolerance, and will
initiate adaptive immune responses when there is invasion by microorganisms (Novak et
al., 2004; Novak et al., 2008). Langerhans cells express surface receptors CD1a, FceRlI,
CD11b, and langerin/ CD207 (Cutler & Jotwani, 2004; Novak et al., 2004; Novak et al.,

2008).

2.3.1.3 Oral keratinocytes

Keratinocytes express variety or pattern recognition receptors (Uehara et al., 2005).
Among them are the Toll-like receptor 2, Toll-like receptor 4, and nucleotide-binding
oligomerization domain [NOD]-like receptor 1 and 2, which can be activated upon
encounter with molecular components of bacterial structures (Uehara et al., 2005). The
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Toll-like receptor 2 is a receptor for peptidoglycans, zymosan, lipoproteins, teichuronic
acid, and fungal mannan; Toll-like receptor 4 is a receptor for lipopolysaccharides, and
NOD1 and NOD?2 proteins recognize bacterias (Uehara et al., 2005). When activated,
Toll-like receptor family produce specific chemokines and cytokines which can activate
adaptive immune response against the pathogen (Miller & Modlin, 2007). Moreover,
without involvement of the Toll-like receptor, keratinocytes themselves are also capable
of producing substances such as antibacterial peptides, eicosanoids, reactive oxygen
metabolites and component of the complement system (Basset-Séguin et al., 1990;
Brandtzaeg, 2013; Cerutti, 2008; Pasch et al., 2000; Pelle et al., 2005; Pivarcsi et al.,

2003; Sivamani, 2014; Yancey et al., 1992).

2.3.1.4 Mucosal humoral immunity

Immunoglobulin A is the main Immunoglobulin isotype in involved in mucosal humoral
immunity (Brandtzaeg, 2013; Cerutti, 2008). It is produced by B-cells that undergo class
switching to Immunoglobulin A (Puga et al., 2010). This class switching can either be
induced by T-helper cells, or can be independent of it (Puga et al., 2010), which can
possibly be induced by antigen presenting cells via their mediators such as transforming
growth factor-B and B-cell activating factor (Litinskiy et al., 2002). The class switching
enable B cells to produce Immunoglobulin A (Stoel et al., 2005). Class switching
mechanism that is dependent on T-helper cells will produce Immunoglobulin A with a
high affinity for pathogens and their toxins (Cerutti, 2008; Macpherson et al., 2008). On
the other hand, when class switching is independent of T-helper cells, the
Immunoglobulin A produced have low affinity for commensal microbes (Cerutti, 2008;

Macpherson et al., 2008). Site where class switching of B-cell can be in the lymphoid
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tissue of the Waldeyer ring, regional lymph nodes, and also isolated lymphoid foci of oral

mucosal lamina propria (Kataoka et al., 2011; Kiyono & Fukuyama, 2004).

T-cell residing in the oral mucosa is the cornerstone of mucosal immunity and
tolerance (Wu et al., 2014). Mucosal immune system is important in protecting the inner
surface of the body. These include mucosal surface of the oropharynx, gastrointestinal
tract, respiratory tract, urogenital tract, and exocrine glands (Janeway et al., 2008).
Immune system of the mucosa has similar features despite their difference in locations
(Wu et al., 2014). The oral mucosa forms a mechanical barrier that is thicker compared
to the gastrointestinal mucosa (Squier & Kremer, 2001). The oral cavity is unique,
because of the present of teeth, which is surrounded by the periodontal epithelium which
form attachment and seal (Wu et al., 2014). The periodontal epithelium is also a weak
spot where microorganisms can gain entry into the body (Wu et al., 2014). Thus, an
impeccable oral immune system is crucial (Wu et al., 2014). The oral-pharyngeal mucosal
immune system is considered to resemble the gastrointestinal mucosal immune system,

which is composed of inductive and effector sites (Wu et al., 2014).

2.3.2 Immunopathogenesis of oral lichen planus

2.3.2.1 Unifying Hypothesis

The pathogenesis in oral lichen planus is indeed a complex process that involve variety
of cells and soluble factors. Unifying hypothesis for oral lichen planus had been discussed
by several outstanding authors (Lodi et al., 2005; Shiohara & Mizukawa, 2005;
Sontheimer, 2009; Sugerman et al., 2002). Figure 2.1 illustrates unifying hypotheses for

the immunopathogenesis of lichen planus (Sontheimer, 2009).
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Figure 2.1 Composite representation of unifying hypotheses for the
immunopathogenesis of lichen planus.

Descriptions of Figure 2.1 are as follow:

Stage 1. Basal keratinocytes and antigen presenting cells [APC] such as epidermal
Langerhans cell and dermal dendritic cells are activated by viral infection, bacterial
products, mechanical trauma, systemic drugs, contact sensitivity, ultraviolet [UV] light,
or other unidentified agents. Plasmacytoid dendritic cells via their Toll-like receptor 7
and Toll-like receptor 9 signaling can produce interferon [IFN]-a which will amplify the

activating effects of the earlier stimuli.

Stage 2a. Cytokines are secreted by the activated antigen presenting cells and
keratinocytes, resulting in migration of lymphocytes into the developing lichen planus
lesion. The activated dendritic APC present antigen associated with major
histocompatibility complex [MHC] class 1l to CD4+ T-cell, which will then induce T

helper-1 CD4+ T-cell response
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Stage 2b. Activated basal keratinocytes present antigen associated with MHC class | to

CD8+ T-cell

Stage 3a. T-helper 1 CD4+ T-cells produce IL-2 and IFN-y which will bind to CD8+ T-
cell on their corresponding receptors. Mast cells also release products that help T-cells

to breach the epidermal basement membrane and subsequently enter the epidermis.

Stage 3b. Chemokines such as CXCL-10 attracts CXCR3-expressing CD8+ T-cell into

the developing lichen planus lesion.

Stage 4. Granzymes, perforin, and tumor necrosis factor [TNF]-a are secreted by

activated antigen specific CD8+ cytotoxic T-cell.

Stage 5. Basal cell keratinocyte apoptosis is induced by granzymes, perforin and TNF-a.

Injured Kkeratinocytes also express heat shock proteins

2.3.2.2 Antigens

Antigens are structures that are recognized by the specific acquired immune response
(Delves et al., 2017). Antigens can be composed of variety types of substances, examples
are lipids, proteins, carbohydrates, nucleic acids, component of microorganisms,
component of infectious agents such as parasitic worms, foods, pollens, transplanted
organ or tissues, or own self. Antigens that are made of own self are also called ‘self-
antigens’ (Delves et al., 2017). Antigens can be recognized by the lymphocytes of the
adaptive immune system (Janeway et al., 2001). This recognition of antigen is achieved
by B-cell receptor or T-cell receptor (Delves et al., 2017). Antigen specific B-cell
receptors [BCRs] and T-cell receptors [TCRs] are found exclusively on the B and T

lymphocyte of the adaptive immune system (Owen et al., 2013). The interaction of
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antigen and receptors can be of a very high affinity (Owen et al., 2013). In oral lichen
planus, the cells that play the role of antigen presentation are known as antigen presenting
cells (Kurago, 2016). Dendritic cells present antigens to T cells, and lead to the activation
of T-cells (Kurago, 2016). The dendritic cells subsets in oral lichen planus include
Langerhans cells, stromal dendritic cells, and plasmacytoid cells (Kurago, 2016).
Moreover, macrophages also play a role in antigen presentation to T-cells. B-cell and
plasma cells have no major role in oral lichen planus (Sugerman et al., 2002). The immune
response in oral lichen planus mainly involve T-cell mediated immune response (Kurago,
2016). Antigens presented by MHC class | are processed through a cytosolic cellular
pathway, and will be identified by CD8+ T-cell. On the other hand, antigens presented by
MHC class Il are processed through an endosomal cellular pathway, and will be presented
to CD4+ T-cell (Roopenian, 1992). However, a single antigen also can be processed by
both endosomal and cytosolic pathways, which will then activate both naive CD4+ T-cell
and CD8+ T-cell (Roopenian, 1992). It is speculated that antigen presentation to both
CD4+ T-cell and CD8+ T-cell is necessary to produce CD8+ cytotoxic T-cell activity in

oral lichen planus (Lodi et al., 2005)

The keratinocytes in oral lichen planus shows up-regulation of heat shock protein
(Bramanti et al., 1995; Chaiyarit et al., 1999; Sugerman et al., 1995). This is interesting
as in vitro study showed that oral lichen planus lesional T-cell can proliferate in response
to heat shock protein (Sugerman et al., 1995). Heat shock proteins is a potent factor in
maintaining homeostasis (Jee, 2016). Heat shock proteins are also known as stress
proteins, they are highly conserved and are present in all cells of all organisms (Li &
Srivastava, 2003). Heat shock proteins is critical in supporting protein-transport for
degradation in order to produce antigenic peptides that can be presented by MHC
molecules (Udono et al., 2009). The degraded protein that become antigen peptides are
then presented mainly by MHC class | molecules, which are recognized by CD8+ T-cells
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(Udono et al., 2009). Other than that, heat shock protein also can induce dendritic cell
maturation and pro-inflammatory cytokine release (Asea et al., 2000; Basu et al., 2000).
Heat shock proteins expression in oral lichen planus may be an epiphenomenon of
preexisting inflammation (Lodi et al., 2005), as heat shock proteins are induced by cell
damage of stress (Beere, 2004). Heat shock proteins expression can also be a common
pathway that link multiple exogenous agents that can be involved in disease pathogenesis,
which can be composed of systemic drugs, contact allergens, mechanical trauma,
bacterial or viral infection (Lodi et al., 2005). Dysregulated heat shock proteins gene
expression by stressed keratinocytes can cause an individual to become susceptible to oral
lichen planus (Lodi et al., 2005). By far, it is still not known what are the antigens that
triggers the T-cell mediated response in oral lichen planus (Kurago, 2016). It was thought
that the source of antigens could be exogenous, or autologous keratinocyte antigens

(Kurago, 2016).

It was suspected that expression of lichen planus antigen by keratinocytes are limited
to the lesion site, thus the clinical distribution of lichen planus is determined by the
distribution of antigen (Lodi et al., 2005). It was also theorized that keratinocyte antigen
expression can be induced by systemic drugs, contact allergens in dental restorative
materials or toothpastes mechanical trauma, infections, or an unidentified agent (Lodi et
al., 2005). After alteration of keratinocyte antigen expression, CD4+ T-cell and CD8+ T-
cell may be attracted to the epithelium by keratinocyte-derived chemokines (Lodi et al.,
2005). In addition, T-cell may also occasionally encounter the keratinocyte antigens
during regular functional surveillance (Lodi et al., 2005). These events are then followed
by keratinocyte apoptosis triggered by antigen specific CD8+ cytotoxic T-cells (Lodi et

al., 2005).
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2.3.2.3 Cell mediated immunity

Much of the etiology and pathogenesis of oral lichen planus are unknown (DeAngelis et
al.,, 2019). One of the well-established pathogenesis of oral lichen planus is the
involvement of T cell, which is cell mediated immunity (Delves et al., 2017). This
immunity mainly involves the response of T-cells, where the T-helper cells activate
macrophages and cytotoxic T-cells directly kill infected cells (Delves et al., 2017). The
interaction between a naive T-cell and an antigen presenting cell [APC] marks the
initiation of adaptive immune response (Punt et al., 2019). Before the interaction, innate
immune system and antigen presenting cells need to be alerted for the presence of
infection or tissue damage (Punt et al., 2019). The APC may either have engulfed the
extracellular pathogens, or they may be infected with an intracellular pathogen (Punt et
al., 2019). The protein antigens within cells are processed by intracellular proteases into
simple peptides (Punt et al., 2019). These peptides will then be brought to the cell surface
to be presented to the T-cell via T-cell receptor (Punt et al., 2019). An important molecule
known as major histocompatibility complex [MHC] which is classified into class I and
class Il is involved in the process (Punt et al., 2019). MHC functions in transporting the
newly generated peptides from intracellular to the cell surface (Punt et al., 2019).
Subsequently, these APC will then migrate to secondary lymphoid tissues, which include
local lymph nodes, Peyer’s patches, or spleen (Punt et al., 2019). Upon being in these
secondary lymphoid tissues, these APC will reside within T-cell zones, and are scanned
by naive CD8+ and CD4+ T cells, which will recognize MHC class | peptide and MHC
class Il1-peptide complexes respectively (Punt et al., 2019). After engagement with a
dendritic cell, a naive T-cell enlarges to form a blast cells and undergoes repeated cell
division to form memory T-cell and cytotoxic [or effector] T-cell (Punt et al., 2019).
CD8+ cytotoxic T-cells will migrate out of the secondary lymphoid tissue and circulate

to the sites of pathogen or infection, where they will bind and kill infected cells (Punt et
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al., 2019). CD4+ helper T-cells secrete cytokine that mediate the activity of other cells
such as B-cells, macrophages, and other T-cells. Some CD4+ T-cells become memory T-

cells and stay within the secondary lymphoid tissue (Punt et al., 2019).

There are some differences between the effector cells that derived from CD8+ T-cell
and CD4+ T-cell. Effector T cell that derive from CD8+ T-cell acquire the ability to
induce the death of target cells, thus becoming “killer” or “cytotoxic” T-cell (Punt et al.,
2019). Cytotoxic CD8+ T-cell recognize antigen peptide that binds to MHC class I, which
is expressed by almost all cells in the body (Punt et al., 2019). For this reason, their role
Is to clear the cells that have been internally infected with the pathogen that resulted in
their activation (Punt et al., 2019). On the other hand, the effector cells that derive from
the CD4+ T-cells, now called as activated CD4+ T-cells, or T helper cells obtain the
ability to secrete molecules that can stimulate the activation and proliferation of other
cells (Punt et al., 2019). This action will regulate the activation and antibody production
of B-cells, augment the phagocytic, antimicrobial, and antigen presenting cell capacity of
macrophages, and also facilitate in the development of B-cell, and CD8+ T-cell memory

(Punt et al., 2019).

2.3.2.4 CD8+ T-cells

The lymphocytic infiltrate in oral lichen planus is composed of almost exclusively T cells
(Sugerman et al., 2002). A significant proportion of the T cells within the epithelium and
damaged basal cells of oral lichen planus are composed of activated CD8+ T cells
[cytotoxic T cell] (Jungell et al., 1989; Khan et al., 2003; Kilpi, 1987; Lodi et al., 2005;
Matthews et al., 1984). Moreover, it was also observed that CD8+ T cells tend to be in
the same location as apoptotic keratinocytes in oral lichen planus (Sugerman et al., 2000).

These data suggested that CD8+ T cells are involved in the pathogenesis of oral lichen
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planus, and they may have triggered the apoptosis of basal cells in oral lichen planus
(Sugerman et al., 2002). Furthermore, it was also observed that T cell clones from lichen
planus lesions were more cytotoxic towards autologous lesional keratinocytes compared
to T cells clone of clinically normal skin of lichen planus patients (Sugerman et al., 2002).

Majority of this cytotoxic clones are CD8+ T cells (Sugerman et al., 2000).

2.3.25 CDA4+ T-cells

In oral lichen planus, most lymphocytes in the lamina propria were found to be CD4+ T-
cell (Ishii, 1987; Lodi et al., 2005; Matthews et al., 1984). This is in contrast to the
lymphocytes in the intraepithelial region, where most of them are CD8+ T-cell (Ishii,
1987; Lodi et al., 2005; Matthews et al., 1984). Furthermore, in previous studies it was
demonstrated that T-cell clones with helper activity and cells that lack cytotoxic activity
which are CD4+ T-cell can be extracted from oral and cutaneous lichen planus lesions
(Sugerman et al., 2000; Sugerman et al., 1994). The CD4+ T-cells may be activated by
Langerhans cells or keratinocytes (Lodi et al., 2005). This is based on the observation that
there were increased Langerhans cells with upregulated MHC class Il expression
(Farthing et al., 1990; Lodi et al., 2005; Rich & Reade, 1989) and keratinocytes
expressing MHC class 1l antigens (Farthing & Cruchley, 1989; L. Walsh et al., 1990) in
oral lichen planus lesions. CD4+ T-cell then become activated following presentation of
the antigens. High level of antigen expression, 1L-12 secretion by MHC class Il antigen
presenting cells induce the CD4+ T-cell to secrete IL-2 and INF-y (Constant & Bottomly,
1997). Moreover, the epidermal Langerhans cells and keratinocytes also can secrete IL-
12 (Kang et al., 1996; Miiller et al., 1994). Basal keratinocytes with MHC class | antigen
presentation and CD4+ T-cell derived IL-2 IFN-y may then activate CD8+ T-cell (Lodi

et al., 2005). Furthermore, IFN-y can aid in maintaining keratinocyte MHC class II
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expression, which in turn contribute to the chronicity of oral lichen planus (andrea Cavani

& Girolomoni, 1998; Lodi et al., 2005; Morhenn & Wood, 1988).

2.3.2.6 Keratinolysis

There are few suggested theories on the mechanisms used by CD8+ cytotoxic T-cells to
trigger keratinocytes apoptosis in oral lichen planus. These mechanisms are known to
activate the caspase cascade that results in keratinocyte apoptosis. They include: 1. release
of TNF-a that binds TNF-a receptor 1 on keratinocyte surface, 2. binding of T-cell surface
CDO95L to CD95 on the keratinocyte surface, or 3. granzyme B secreted by T-cell enters
the keratinocyte by perforin induced membrane pores (Constant & Bottomly, 1997; Khan
et al., 2003; Lodi et al., 2005; Sugermann et al., 1996). An observation that TNF-a is
elevated in the serum of oral lichen planus patients suggests that TNF-a play a role in oral
lichen planus pathogenesis (Khan et al., 2003; Simark-Mattsson et al., 1999; Sugermann
et al., 1996). This theory is also strengthened by the findings that lesional T-cells contain
TNF-a mRNA and secrete TNF-o in-vitro. Moreover, other studies also concluded that
the basal keratinocytes and T-cell in the subepithelial infiltrate in oral lichen planus can
express TNF-a, and furthermore its receptor, the TNF R1 is expressed by basal and

suprabasal epithelium in oral lichen planus lesions (Khan et al., 2003; Lodi et al., 2005).

The early event of the disease involves keratinocyte antigen expression or unmasking
of an antigen (Sugerman et al., 2000). CD8+ T cells recognize antigen associated with
MHC class | on lesional keratinocytes (Sugerman et al., 2002). Following this, CD8+ T
cell may induce keratinocyte apoptosis (Sugerman et al., 2000). The specific mechanism
by which apoptosis is induced in keratinocyte is unclear, although it can occur through
several mechanisms (Kurago, 2016). The activated CD8+ T cells then release chemokines

that will attract additional lymphocytes and other immune cells into the developing oral
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lichen planus lesion (Yamamoto & Osaki, 1995; Yamamoto et al., 1994). Cytotoxic
related molecules such as perforin, Tia-1, and granzyme can be detected in the epithelium
and connective tissue of lichen planus. These molecules occur more frequently in oral
lichen planus compared to cutaneous lichen planus (Lage et al., 2011). Th17 cells, which
is a subset of CD4+ T cell also has been reported to be present in high number in oral
lichen planus (Vered et al., 2013). Th17 T cells play a role in producing interleukin-17
[IL-17]. These cells play an important role in defense mechanism against bacteria, fungal,
as well as involved in autoimmune conditions (Korn et al., 2009). T regulatory cells [T
reg], which functions to suppress inflammation has been reported to be rare in oral lichen

planus lesion (Vered et al., 2013).

2.3.2.7 Antigen presenting cells

The role of antigen presenting cells in oral lichen planus has also been explored.
Professional antigen presentation to T cells that lead to activation or tolerance of T cells
is an important role of dendritic cells (Santoro et al., 2005). Moreover, the study also
concluded that in oral lichen planus, there is recruitment of different subset of dendritic
cells, among them are Langerhans cell, stromal DC-SIGN+ dendritic cells, and
plasmacytoid dendritic cells (Santoro et al., 2005). Also, CDla+/ Langerin+ dendritic
cells are significantly increased in the epithelium and within the lymphocytic infiltrate in
oral lichen planus (Santoro et al., 2005). These cells induce continuous immune reaction
in the inflammatory process of oral lichen planus, mainly by their secretory products and
cellular interactions (Santoro et al., 2005). These dendritic cells are found to be
predominantly located in the area where epithelial degeneration occur (Tanda et al.,
2000). Moreover, mature dendritic cells are also reported to be found mainly in lamina

propria, and they express molecules essential for T cell activation (Kurago, 2016).
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2.3.2.8 Mast cells

Mast cells have also been reported to be involved in the mechanism of oral lichen planus
(Zhao et al., 2001). The density of mast cells is increased in oral lichen planus (Zhao et
al., 1997). Moreover, about 60% of the mast cells in oral lichen planus are degranulated
compared with only 20% in normal mucosa (Lodi et al., 2005; Zhao et al., 2001) These
cells are often associated with mucosal vasculatures, nerve, and production of
inflammatory mediators such as TNF-a, proteases, vasoactive mediators, matrix
metalloproteinases [MMPs], and chemokine CCL5 (Kurago, 2016). Mast cell
degranulation in oral lichen planus releases pro-inflammatory mediators such as TNF-a,
chymase and tryptase (Klein et al., 1989; Lodi et al., 2005; Walsh et al., 1991). Mast cells
also aid in the migration of inflammatory cells from the bloodstream (Kurago, 2016). This
is achieved by TNF-a induced up-regulation of endothelial cell adhesion molecule
[CD62E, CD54, and CD106] expression that is essential for lymphocyte adhesion to the
blood vessel lumen (Klein et al., 1989; Lodi et al., 2005; Walsh et al., 1991; Walton et
al., 1994). Other than that, it was observed that the number of mast cells and intra-
epithelial CD8+ T-cell tend to be significantly greater in region where there are basement
membrane disruption compared to region with intact basement membrane (Zhou et al.,
2002), suggesting that mast cell may play a role in oral lichen planus (Lodi et al., 2005).
The T-cell derived matrix metalloproteinase [MMP]-9 may be involved with basement
membrane disruption, and also facilitate more T-cell migration in oral lichen planus
(Zhou et al., 2001). The activation of the MMP-9 will require mast cell chymase (Fang et
al., 1997). Thus, the basement membrane disruption in oral lichen planus is mediated by
mast cell chymase and T-cell-secreted MMP-9 (Lodi et al., 2005; Zhao et al., 2001; Zhou
et al., 2001). In another study, it was reported that lesional T cells in oral lichen planus

produces RANTES [Regulated upon Activation, Normal T cell Expressed, and Secreted],
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which will trigger human mast cell degranulation (Zhao et al., 2001). These degranulating
mast cells release TNF-o which will then upregulate RANTES production by T cells in
oral lichen planus. It was hypothesized that this cyclical mechanism plays an important

role in disease chronicity (Zhao et al., 2001).

2.3.2.9 Plasma cells

Plasma cells are the end stage cell type that arise from antigen-induced B-cell
differentiation (Punt et al., 2019). These cells have the ability to secrete large quantities
of soluble immunoglobulin protein (Punt et al., 2019). Plasma cells lose their expression
of surface immunoglobulin and become highly specialized for secretion of antibody (Punt
et al., 2019). These cells do not undergo cell division. Some of these cells will die in 1 or
2 weeks, while others travel to the bone marrow and reside there for years (Punt et al.,
2019). A single plasma cell is capable of producing thousand molecules of antibody per
second (Punt et al., 2019). Plasma cells can be divided on the basis of their life span into
short lived and long-lived plasma cells (Ahuja et al., 2008; Ho et al., 1986; Manz et al.,
1997). Activation of naive B-cell results in clonal expansion and formation of short-lived
plasma cells in the extra-follicular areas of secondary lymphoid tissues (Young et al.,
2006). Simultaneously, memory B-cell and long-lived plasma cells are produced in the
germinal centers (Odendahl et al., 2005; Young et al., 2006). The tissue homing of long-
lived plasma cells is mediated by adhesion molecules, chemokines, and their receptors
(Hargreaves et al., 2001; Moser et al., 2006). After production, these cells will be located
at tissues such as bone marrow, mucosal tissues, or inflammation site (Hargreaves et al.,
2001; Kabashima et al., 2006; Moser et al., 2006). In the inflamed tissue, the presence of

high cytokine levels can support the survival of plasma cells (Moser et al., 2006).
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Several studies have shown the critical roles of B cells in human inflammatory and
autoimmune disorders (Doérner et al., 2009; Streicher et al., 2014). B-cell can be activated
and differentiate into autoreactive plasma cells, which produces autoantibodies and
causes tissue damage (Burrows et al., 2000). Examples of autoimmune disease which are
characterized by high titres of circulating autoantibodies are systemic lupus

erythematosus, Sjogren’s syndrome, and rheumatoid arthritis (Arce et al., 2002).

Plasma cells rarely dominate the inflammatory infiltrate of lichen planus, but
occasionally they can be present in striking amount in oral lichen planus (Hall et al., 2008;
Mravak-Stipeti¢ et al., 2014). Also, it was noted that there was significant increase in the
amount of plasma cells within the infiltrate of oral lichenoid reactions (Lage et al., 2012;
Mravak-Stipeti¢ et al., 2014). Another report documented a case of lichen planus of the
nail matrix with predominant plasma cell infiltrate and lesser number of lymphocytes in
a 66-year-old woman (Hall et al., 2008). The patient was a known case of diabetes
mellitus, hypertension, hypercholesterolemia, eczema, and oral lichen planus. Moreover,
she was taking medicine such as triamterene, Olmesartan, acetylsalicylic acid, ezetimibe,
and esomeprazole, and allergic to sulfa-based drugs (Hall et al., 2008). Kappa and lambda
immunohistochemical stains indicated polyclonal immunoglobulin light chain reaction
(Hall et al., 2008). The author also considered lichenoid drug eruption as one of the
differential diagnosis for the case. Another report documented a case of cutaneous lichen
planus involving the nail and lower extremities in a 75-year-old woman with medical
history of chronic liver disease, anemia, renal lithiasis, and hypertension (Roustan et al.,
1994). The patient had been taking spironolactone for hypertension. Histologically the
author noted band-like inflammatory infiltrate within the upper dermis composed of
predominantly plasma cells. Furthermore, several authors have also suggested that the

presence of plasma cells, eosinophils, and neutrophils favor the diagnosis of oral
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lichenoid lesions compared to oral lichen planus (Ismail et al., 2007; Juneja et al., 2006;

Thornhill et al., 2006).

2.3.2.10 Eosinophils

Eosinophils are terminally differentiated leukocytes derived from the bone marrow
(Weller & Spencer, 2017). These immune cells contain granules, as are neutrophils,
basophils, and mast cells (Weller & Spencer, 2017). In physiological conditions,
eosinophils are present in several organs, where these cells function in multiple
homeostatic activities (Ramirez et al., 2018). The number of eosinophils in the circulation
and blood can increase due to factors such as immune response, helminth parasite
infections, and in allergic setting (Huang et al., 2014). Eosinophils are also involved in
type IVb delayed hypersensitivity reaction (Uzzaman & Cho, 2012). Eosinophils can be
stimulated by T-helper 2 cells (Th2), by their release of IL-5, or indirectly by facilitating
the release of IgE (Bagnasco et al., 2017). IgE can be recognized by eosinophils,
moreover, it can also activate mast cells in type | hypersensitivity response. Subsequently,
mast cells derived compounds such as prostaglandins D2, leukotrienes, and 1l-5 can
stimulate eosinophils, which will result in tissue damage and facilitate the maintenance
of immune response following mast cells activations (Galdiero et al., 2017). In addition,
chymase is also released by activated mast cells, which can prevent eosinophils apoptosis
(Wong et al., 2009). In the inflamed tissue, eosinophils generate eosinophil peroxidase,
which causes oxidative stress, and then result in tissue damage (Ramirez et al., 2018). It
is known that there were several skin diseases which shows increase in tissue and
peripheral eosinophils. These include urticaria, atopic dermatitis, and delayed drug

hypersensitivity reaction (Ramirez et al., 2018).
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2.3.3 Soluble factors

2.3.3.1 Cytokines

Cytokines technically refers to a molecule that is produced by one cell, and act on another
cell (Ozaki & Leonard, 2002). They are mainly growth factors and hormones of the
immune and hematopoietic systems (Ozaki & Leonard, 2002). Cytokines are involved in
the communication between cells by acting as a key signaling molecule. Other name that
had been applied to cytokines include lymphokine (cytokines produced by lymphocytes),
monokine (cytokines produced by monocytes), chemokine (cytokines having chemotactic
effects), and interleukin (cytokines produced by one leukocyte which will then act on
another leukocytes) (Zhang & An, 2007). Cytokines bind to receptors on target cells,
which then trigger intracellular signaling cascades, which cause a change in the phenotype
and function of the target cells via gene alteration (Lu et al., 2015; O'Shea & Murray,
2008; Preshaw & Taylor, 2011). Cytokines can also induce each other’s production by
mean of autocrine, endocrine, or paracrine mode (Lu et al., 2015; Preshaw & Taylor,
2011; Sanchez-Mufioz et al., 2008). Majority of cytokines are pleiotropic, they can
produce distinct effects depending on their target cells (Lu et al., 2015; Roescher et al.,
2010). Cytokines play an important role in the host defense. They regulate innate
immunity by inducing local inflammation and systemic acute phase responses
(Holdsworth & Gan, 2015). Also, cytokine plays an important role in adaptive immune
system in regards of its initiation, direction, and amplification (Holdsworth & Gan, 2015).
Unfortunately, cytokines may also cause damage to the host, in the setting where there is
aberrant production of the molecules, which can cause immune deficiency, autoimmunity
and inflammation (Lu et al., 2015; Moudgil & Choubey, 2011; Roescher et al., 2009).
There have been numerous studies on inflammation related cytokines in lesional, tissue
of oral lichen planus, serum, saliva, and peripheral blood of oral lichen planus patients

(Lu et al., 2015). Most studies described abnormal expression pattern of cytokines group
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of interleukins [ILs], transforming growth factor [TGF]-B, interferon [IFN]-y and tumour
necrosis factor [TNF]-a (Ge et al., 2012; Piccinni et al., 2014; Rhodus et al., 2007;
Simark-Mattsson et al., 1999; Yamamoto & Osaki, 1995; Zhou et al., 2009). The

cytokines involved in oral lichen planus are discussed below.

2.3.3.1.1 Interleukin

This cytokine was originally discovered in leucocytes (Brocker et al., 2010). This
molecule is known to be produced by a many different cells (Brocker et al., 2010).
Interleukin [ILs] have variety of roles in immunity and inflammation, these include
immune cell proliferation, differentiation, maturation, and activation (Brocker et al.,
2010). The ILs that were found to be involved in pathogenesis oral lichen planus are IL-
1,2,4,5,6,8, 10, 12, 17 (Lu et al., 2015). A brief description of ILs that have been

implicated in oral lichen planus are as follows:

IL-1 is a general name for IL-1o and IL-1f. They act on the same receptor and have
identical biological activities (Dinarello, 2010). IL-f is mainly produced by monocytes
and macrophages, whereas IL-o is mainly produced by keratinocytes and endothelial cells
(Dinarello, 2010). Both types of IL-1 have extensive functions. The main role of IL-1 is
in the stimulation of T-helper cells (Dinarello, 2010; Sims & Smith, 2010). IL-1 also can
activate neutrophils, monocytes, eosinophils, macrophages, and induce production of
other cytokines such as TNF-a, IL-6, IL-8 and also itself (Dinarello et al., 2012; Lu et al.,
2015; Sims & Smith, 2010). There is an abundant IL-1+ cells observed in the oral lichen
planus lesion (Lu et al., 2015; Takeuchi et al., 1988). Moreover, it was also documented
that the numbers of cell producing IL-B in the lesional tissue of oral lichen planus were
increased compared to control (Lu et al., 2015; Yamamoto & Osaki, 1995; Yamamoto et
al., 1994). Other than that, (Rhodus et al., 2007) also found that IL-1a level is significantly

elevated in the whole unstimulated saliva of oral lichen planus patients. IL-3 can stimulate
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keratinocytes and tissue infiltrating mononuclear cells to produce TNF-a, IL-6, and
granulocyte-macrophage colony activating factor [GM-CSF] (Yamamoto & Osaki, 1995;

Yamamoto et al., 1994).

IL-2 is produced by CD4+ T-cell, CD8+ T-cell, and NK-cell after cell activation. IL-
2 exerts its effects by binding to IL-2 receptors [IL-2R], which are expressed by
lymphocytes involved in cellular immunity (Malek & Castro, 2010). IL-2 can induce the
differentiation of CD4+ and CD8+ T cells (Liao et al., 2011; Malek, 2008). Moreover,
IL-2 also stimulate proliferation of B-cell, NK-cell, monocytes, and macrophages (Liao
et al., 2011; Malek, 2008). Several studies have shown that IL-2 and its receptor are
consistently expressed in oral lichen planus lesion (Hirota et al., 1990; Piccinni et al.,
2014; Simark-Mattsson et al., 1999). An in-vitro study demonstrated that tissue
infiltrating mononuclear cells from oral lichen planus lesion has the ability to produce
more IL-2 than tissue infiltrating mononuclear cells from intact gingiva (Yamamoto &
Osaki, 1995). Moreover, tissue infiltrating mononuclear cells from oral lichen planus
patients have been demonstrated to produce IL-6 after being pretreated with IL-2
(Yamamoto & Osaki, 1995). These findings show that IL-2 plays an important role in

oral lichen planus pathogenesis.

IL-4 is produced mainly by mast cells, Th2 cells, eosinophils, and basophils. (Gadani
etal., 2012). IL-4 can induce the differentiation of naive Th cell to Th2 cell (Paul & Zhu,
2010). Once activated by IL-4, Th2 cells produce more IL-4 by means of autocrine
positive feedback system (Dorado et al., 2002; Kaiko et al., 2008; Paul, 2015). On the
other hand, it can inhibit the production of TNF-a, IFN-y, IL-17 (Cooney et al., 2011; Lee
et al., 1995). This in turn will inhibit Thl and Th17 mediated inflammation (Cooney et
al., 2011; Luetal., 2015). The expression patterns of IL-4 have shown inconsistent results

across many studies. Study by Yamamoto and Osaki (1995) shown that oral lichen planus
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tissue have increased number of IL-4 producing cells compared to inflamed and normal
gingival tissue. Moreover, studies by Piccinni et al. (2014) and Tao et al. (2008) shown
that IL-4 protein and mRNA levels in oral lichen planus tissues were significantly higher
than normal oral mucosa. On the contrary, studies by Khan et al. (2003); Simark-Mattsson
et al. (1999) shown opposite result, where they were unable to detect significant presence
of IL-4 from lesional oral lichen planus tissue, and mMRNA study did not indicate presence

of significant IL-4 mRNA.

IL-6 is mainly produced by antigen presenting cells [APC], which are composed of
dendritic cells [DC], macrophages, and B cells. It can also be produced by non-immune
cells like keratinocytes, fibroblasts, endothelial cells, and astrocytes (Kamimura et al.,
2003). IL-6 acts on target cells through IL-6 receptor [IL-6R]. There are only a few cells
known to express membrane-bound IL-6R, which makes IL-6 seems to have narrow
spectrum of effect (Scheller et al., 2011). However, a complex composed of IL-6 and a
soluble form of IL-6R can act on Glycoprotein 130 receptor, which is expressed on nearly
all cell membrane, thus substantially expand the spectrum of IL-6 target cells (Scheller et
al.,, 2011). IL-6 has a wide range of roles, which include immune regulation,
inflammation, hematopoiesis, and oncogenesis (Lu et al., 2015). For example, IL-6 is
involved in the differentiation of naive CD4+ T-cell to Th17 cells and in overcoming the
immune suppression regulated by T-regulatory [Treg] cells (Dienz & Rincon, 2009).
These features show that IL-6 can mediate the state of immune response, mainly by
changing it from tolerant state to active inflammatory conditions (Lu et al., 2015). There
are studies that demonstrated an increase in IL-6 level in lesional tissues and oral fluid of
oral lichen planus patients (Gu et al., 2004; Rhodus et al., 2006; Rhodus et al., 2005a).
Moreover, previous studies have also shown that keratinocytes from oral lichen planus
tissues can produce more IL-6 compared to normal and inflamed gingival tissue
(Yamamoto & Osaki, 1995; Yamamoto et al., 1994). Other than that, there are several
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reported cases of increased serum IL-6 in oral lichen planus patients, especially in erosive
form of the disease (Gu et al., 2004; Karagouni et al., 1994; Mukaida, 2003; Sun et al.,

2002)

IL-8 is also known as CXCLS. It can be produced by various immune and non-immune
cells like NK-cells, neutrophils, T-cells, monocytes, endothelial cells and fibroblasts
(Mukaida, 2003). Its production is induced by cytokines such as IL-1, TNF-a, 1L-17,
bacterias [e.g Helicobacter pylori, Pseudomonas aeruginosa], viruses [e.g. adenovirus,
rhinovirus], microbial products [e.g lipopolysaccharide by bacteria], and cellular stress
(Mukaida, 2003). IL-8 induce the chemotaxis of immune cells including macrophages,
basophils and T cells (Mukaida, 2003). This cytokine also augments the metabolism of
reactive oxygen species and bolster mitosis of epithelial cells and angiogenesis (Waugh
& Wilson, 2008). IL-8 have been consistently reported to be increased in serum and oral
fluids of oral lichen planus patients (Dan et al., 2010; Rhodus et al., 2005a; Rhodus et al.,
2005b; Rhodus et al., 2007; Y. Zhang et al., 2008). On the contrary, IL-8 was not detected
in lesional tissue of oral lichen planus (Little et al., 2003). This indicates that IL-8 play a

role in the systemic immune response of oral lichen planus patients (Lu et al., 2015).

IL-10 is mainly produced by monocytes, macrophages, and CD4+ Th cells, but other
immune cells such as dendritic cells, B-cells, CD8+ T-cells, natural killer [NK] cells,
mast cells, neutrophils, and eosinophils are also known to synthesize this cytokine (Sabat
et al., 2010; Saraiva & O'garra, 2010). IL-10 has a variety of effects. It serves to suppress
the release of pro-inflammatory cytokines and antigen presentation by macrophages
(Sabat et al., 2010). This cytokine also can suppress proliferation and cytokine synthesis
of T-helper [Th]-1 and Th2 cells (Sabat et al., 2010). Moreover, it also inhibits the pro-
inflammatory mediators release by neutrophils (Sabat et al., 2010). On the contrary, it

enhances the cytotoxic effects of NK cells (Sabat et al., 2010). Tissue infiltrating
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mononuclear cells from in oral lichen planus is capable to generate more IL-10 compared
to normal tissue peripheral blood mononuclear cells (Yamamoto & Osaki, 1995). IL-10
was considered an important member in the local cytokine network of oral lichen planus,
this was supported by, a previous study where the author detected positive mMRNA signals
for IL-10 in the T-cells of oral lichen planus lesions (Simark-Mattsson et al., 1999).
However, this view was met with many challenges, as there were conflicting results of
studies. For example, a 2003 study did not detect IL-10 in the lesional tissue of oral lichen
planus T-cells (Khan et al., 2003). Moreover, serum IL-10 studies also produced
controversial results. For example, there were studies which observed decrease serum IL-
10 in oral lichen planus patients (Lu et al., 2015; Zhou et al., 2012), while other studies

suggest opposite results (Dan et al., 2011; Pekiner et al., 2012).

IL-12 is mainly produced by monocytes, macrophages, dendritic cells, B-cell, and
activated T-cell (Del Vecchio et al., 2007; Gee et al., 2009). IL-12 can stimulate the
production of IFN-y by NK and T-cells, and increase T-cell proliferation (Del Vecchio et
al., 2007; Gee et al., 2009). Other than that, this cytokine also enhances the cytotoxicity
of NK cells and T-cells (Del Vecchio et al., 2007). IL-12 has important role in resistance
to bacterial and parasitic infections, as well as establishment of organ specific
autoimmunity (Gee et al., 2009). IL-12 was found to be increased in the peripheral blood
monocytes of oral lichen planus patients (Ohno et al., 2011). Other study demonstrated
increased level of IL-12 in saliva of oral lichen planus patients (Janardhanam et al., 2012).

Overall, the studies on IL-12 in oral lichen planus are scarce (Lu et al., 2015).

IL-17 is mainly produced by T-cell [especially Th17 cells], but it can also be produced
by dendritic cells, macrophages, and NK-cells (Onishi & Gaffen, 2010). IL-17 can exert
effects on different tissue cells and immune cells (Onishi & Gaffen, 2010). This cytokine

is an important ‘bridging’ molecule between the adaptive and innate immunity (Yu &
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Gaffen, 2008). IL-17 can stimulate the production of chemokines that induce recruitement
of neutrophils and macrophages to clear pathogens (Yu & Gaffen, 2008). Moreover, it
can also stimulate monocytes, epithelial cells, endothelial cell, keratinocyte, and
fibroblasts to produce inflammatory mediators like TNF-a, IL-B, IL-6, IL-8, and matrix
metalloproteinases [MMP] (Onishi & Gaffen, 2010). IL-17 expression was found to be
increased in the oral lichen planus lesions compared to the normal oral mucosa (Monteiro
et al., 2015). Moreover, Th17 cells were observed to be increased predominantly in the
erosive form of oral lichen planus (Xie et al., 2012). Other study also show that mMRNA
level of IL-17 is increased in lesional tissue of erosive oral lichen planus (Piccinni et al.,

2014).

IL-18 can be produced by various immune and non-immune cells including T-cells,
B-immature dendritic cells, macrophages, and epithelial cells (Boraschi & Dinarello,
2006). It can facilitate the differentiation and activation of Th cell subsets (Boraschi &
Dinarello, 2006). IL-18 is also considered to play an important role in the modulation of
immune response (Orozco et al., 2007). Some its effects depend of the presence of certain
cytokines. For example, when 1L-12 is present, IL-18 will induce NK-cells and T-cells to
produce IFN-y, and also stimulate Th1 cell development. On the contrary, when IL-12 is
absent, 1L-18 favors the development of Th2 cells, and also induce NK-cells and T-cells
to produce IL-4, IL-5, IL-10, and IL-13 (Orozco et al., 2007). There are few studies
regarding the role of IL-18 in oral lichen planus. There was no difference found in the
MRNA expression of IL-18 in oral lichen planus lesion and normal mucosa (Piccinni et
al., 2014). However, IL-18 is significantly elevated in serum and saliva of oral lichen

planus patients, especially in severe disease (Zhang et al., 2012).
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2.3.3.1.2 Transforming growth factor-p

TGF-p is a part of a superfamily of structurally related growth and differentiation factors,
it is present in nearly all multicellular organisms (Akhurst & Hata, 2012). In human, there
are three isoforms of TGF-B, namely TGF-B1, TGF-B2, TGF-B3 (Akhurst & Hata, 2012).
TGF-pB suppresses immune system, and has broad effects on majority of immune cells
(Akhurst & Hata, 2012). TGF-f play an important role in immune tolerance, as it can
suppress differentiation of Thl and Th2 cells, and also induce the development of Tregs
(Akhurst & Hata, 2012). Other than that, TGF-p also inhibits IFN-y production by NK-
cells, and induces the change of pro-inflammatory type macrophage [M1] to anti-
inflammatory type [M2] (Akhurst & Hata, 2012). In oral lichen planus, TGF-f1 mRNA
expression has been demonstrated, but immunostaining results varied (Khan et al., 2003;
Simark-Mattsson et al., 1999). A study had suggested that the suppressive TGF-§3
pathway is inhibited in oral lichen planus, thus contribute to the chronic inflammation in

oral lichen planus (Prime et al., 2004).

2.3.3.1.3 Interferon-y

IFN-y is produced by CD4+Th cells, CD8+T cytotoxic cells, NK-cells, and other cells
such as B-cells and antigen presenting cells (Schroder et al., 2004). IFN-y is produced
upon activation of the mentioned cells by cytokines such as IL-2, IL-12, and 1L-18
(Schroder et al., 2004). One of the well-known functions of IFN-y is activation of
macrophages (Hu & Ivashkiv, 2009). IFN-y also can enhance pro-inflammatory
mediators’ effects by suppressing several anti-inflammatory feedback loops (Hu &
Ivashkiv, 2009). On the contrary, IFN-y can limit tissue damage in inflammation site (Hu

& Ivashkiv, 2009), and studies have also shown that IFN-y can act by both enhancing or

35



suppressing immune system (Hu & Ivashkiv, 2009; Kelchtermans et al., 2008). IFN-y in
oral lichen planus has been extensively studied. IFN-y has been shown to be present in
the mononuclear cells of the subepithelial infiltrate in oral lichen planus lesions (Khan et
al., 2003; Mattsson et al., 1998). Moreover, CD4+ Th cells of oral lichen planus lesional
tissue also show IFN-y expression (Xie et al., 2012). Furthermore, there is increased
expression of IFN-y in erosive oral lichen planus lesion compared to reticular oral lichen

planus (Piccinni et al., 2014; Tao et al., 2008).

Interestingly, the salivary level of IFN-y in oral lichen planus patient showed variation
in pattern, where a study reported lower level of salivary IFN-y in oral lichen planus
patients (Liu et al., 2009). On the other hand, some studies yield opposite results, where
they observed increased salivary level of IFN-y in the erosive and ulcerative form of oral
lichen planus (Ghallab et al., 2010; Tao et al., 2008). Moreover, study on serum level of
IFN-y also showed variation of data. For example, it was reported that IFN-y is increased
in the serum of oral lichen planus patient (Hu et al., 2013), while another study showed

there was no significant difference with controls (Kalogerakou et al., 2008).

2.3.3.1.4 Tumor Necrosis Factor- a

This is by far the most commonly studied cytokine in oral lichen planus. TNF-a can be
produced by a variety of cells including activated macrophages and T-cells, B cells,
dendritic cells, NK cells, neutrophils, keratinocytes, fibroblasts, astrocytes, glial cells
(Silva et al., 2010). TNF-a is a predominant early mediator in inflamed tissue, and it is
immediately released after trauma, infection, or exposure to pathogen (Parameswaran &
Patial, 2010). Its effect on T-cell is dependent on the exposure periods (Postal &
Appenzeller, 2011). Short term exposure causes activation and proliferation of T-cells.
On the contrary, long term exposure to TNF-a causes hyporesponsiveness of T cells, due

to reversible loss of T-cell surface receptor (Postal & Appenzeller, 2011). Moreover,
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TNF-a also induce production of IL-12 and IL-18, thus enhancing Thl response (Lu et
al., 2015; Schottelius et al., 2004). Furthermore, several studies have shown that TNF-a
induce the production of inflammatory mediators such as RANTES, MMP-9, and TNF-a
itself (Hirano et al., 2003; Khan et al., 2003; Yamamoto et al., 1994). TNF-a has been
shown to be consistently elevated in the lesional tissue of oral lichen planus compared to
normal mucosa (Karatsaidis et al., 2007; Sklavounou et al., 2000; Thongprasom et al.,
2006; Younes et al., 1996). More interestingly, the elevated expression of TNF-a can be
inhibited by topical steroid such as 0.1% fluocinolone, this further strengthen the view
that over-expression of TNF-a may be associated with pathogenesis of oral lichen planus
(Thongprasom et al., 2006). Other studies also shown that keratinocytes from oral lichen
planus lesions produce more TNF-a than keratinocytes of chronically inflamed and non-
inflamed gingiva (Yamamoto & Osaki, 1995; Yamamoto et al., 1994). CD4+ T-cell in
oral lichen planus lesions also shown to produce more TNF-o than the normal mucosal
tissue (Piccinni et al., 2014). The elevated TNF-a in lesional tissue of oral lichen planus
emphasized its role in the pathogenesis of this disease. The level of salivary TNF-a in
oral lichen planus patient also shown to be consistently increased (Ghallab et al., 2010;
Pezelj-Ribaric et al., 2004; Rhodus et al., 2006; Rhodus et al., 2005a; Zhang et al., 2008).
Many studies also demonstrated increased TNF-a levels in the serum of oral lichen planus
patient (Pezelj-Ribaric et al., 2004; Sklavounou-Andrikopoulou et al., 2004; Sun et al.,

2007).

2.3.3.1.5 Chemokines

Chemokines are also known as chemotactic cytokines, they are a large family of secreted
protein that signal via surface G protein-coupled heptahelical chemokine receptors
(Hughes & Nibbs, 2018). They mediate directional migration and regulate organ-specific

homing of leukocyte subsets (Meller et al., 2009; Sallusto et al., 1999; Zlotnik et al.,
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2006). They are important for the development and homeostasis of the immune system,
and involve in immune responses (Hughes & Nibbs, 2018). Chemokines are defined by
their primary amino acid sequence and their cysteine residues arrangement (Hughes &
Nibbs, 2018). Chemokines are divided into 4 subfamilies, namely CC, CXC, CX3C and
XC. RANTES [regulated on activation, normal T-cell expressed and secreted] is a
member of the CC chemokine family (Sugerman et al., 2002). It can be produced by
activated T-cell, bronchial epithelial cells, rheumatoid synovial fibroblasts, oral
keratinocytes, and mast cells (Lodi et al., 2005). There are several RANTES receptors
known, namely CCR1, CCR3, CCR4, CCR5, CCR9, and CCR10 (Sugerman et al., 2002).
RANTES and other CC chemokine can induce mast cell migration and degranulation via
G protein coupled receptors. (Bischoff et al., 1993; Sugerman et al., 2002). Zhao et al.
(2002) demonstrated that oral lichen planus lesional T-cell express mMRNA for RANTES,
and that TNF-a stimulation can upregulate lesional T-cell RANTES secretion in vitro.
Moreover, Zhao et al. (2002) also reported that mast cells in oral lichen planus lesion
express the CCR1 RANTES receptor. Another study reported that an unidentified factor
in oral lichen planus lesional T cell supernatant can up-regulate human mast cell line
[HMC-1] CCR1 mRNA expression (Zhao et al., 2002). Also, their study demonstrated
that oral lichen planus T-cell supernatants induced the migration of HMCL1, and this can
be inhibited by the anti-RANTES antibody (Zhao et al., 2002). The study also noted that
RANTES and its CCR1 receptor may be involved in the accumulation inflammatory cells
in oral lichen planus, and T-cell in oral lichen planus can up-regulate mast cell CCR1
expression (Zhao et al., 2002). Thus, in oral lichen planus, T-cell release RANTES, which
may then attract mast cells into the developing oral lichen planus lesion, and subsequently
stimulate mast cell degranulation (Sugerman et al., 2002). These mechanisms are thought

to prolong the inflammation in oral lichen planus (Sugerman et al., 2002).
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2.3.3.2 Matrix metalloproteinase

Matrix metalloproteinase [MMP], also called matrixins, are a family of enzymes that are
structurally related but genetically distinct (Sorsa et al., 2004). MMP degrade
extracellular matrix and basement membrane components (Uitto et al., 2003). MMPs are
involved in tissue development, remodeling, and wound healing (Uitto et al., 2003). They
are also essential for cellular communication, molecular shedding and immunity (Sorsa
et al., 2004; Uitto et al., 2003). Their proteolysis activities are regulated by tissue
inhibitors of metalloproteinases [TIMPs] (Nagase et al., 2006). MMP share common
biochemical properties but have specific substrates (Sugerman et al., 2002). Examples of
MMP subfamilies are collagenases, gelatinases, stromelysins, matrilysins, macrophage
elastase, membrane-type MMP and others (Nagase et al., 2006). The gelatinases [e.g.
MMP-2, MMP-9] cleave collagen type IV, and the stormelysins [e.g. MMP-3 and MMP-
10] cleave collagen type IV and laminin (Sugerman et al., 2002). A study demonstrated
epithelial basement membrane disruption in oral lichen planus tissue that were stained
with collagen IV (Zhou et al., 2001). MMP-2 and MMP-3 were found to be expressed
primarily in the oral lichen planus epithelium, while MMP-9 were mainly found
associated with the inflammatory infiltrate in the lamina propria (Zhou et al., 2001).
Furthermore, ELISA study also demonstrated that the concentration of MMP-9 in oral
lichen planus lesional T-cell culture supernatants was higher than those in peripheral
blood T-cell of oral lichen planus patients and healthy controls (Zhou et al., 2001). In
addition, it was also found that after stimulation by TNF-a, the concentration of MMP-9
in peripheral blood T-cell of oral lichen planus patients were greater than in the healthy
subjects (Zhou et al., 2001). An important finding by their study was MMP-9 secretion
by T-cells were increased after TNF-o stimulation, and TIMP-1 secretion show no
increase (Zhou et al., 2001). Hence, T-cells in oral lichen planus may be induced by TNF-

a to secrete MMP-9 (Sugerman et al., 2002). The T-cell secreted MMP-9 has the ability
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to damage the epithelial basement membrane in oral lichen planus, this may trigger
keratinocyte apoptosis (Sugerman et al., 2002). Moreover, the damaged basement
membrane may then allow the passage of antigen specific CD8+ T-cell into the oral
epithelium, and this may cause more keratinocyte apoptosis (Zhou et al., 2001). In
addition, TNF-a. is synthesized as membrane bound precursor protein which need to be
cleaved to yield mature amino acid soluble cytokine (Black et al., 1997; Gearing et al.,
1995; Itai et al., 2001; McGeehan et al., 1994; Moss et al., 1997). The precursor TNF-a
is cleaved by TNF-a converting enzyme, which is a membrane bound disintegrin
metalloproteinase (Black et al., 1997; Gearing et al., 1995; Itai et al., 2001; McGeehan et
al., 1994; Moss et al., 1997; Sugerman et al., 2002). Thus, MMPs in oral lichen planus
can be considered to be involved in the release of active TNF-a from oral lichen planus

lesional T-cell (Sugerman et al., 2002).

2.4 Clinical features

In general, lichen planus can be divided into cutaneous and mucosal lichen planus
(Weston & Payette, 2015). Oral lichen planus will be discussed as it is the most relevant

for this study.

2.4.1 Clinical presentation of oral lichen planus

Oral lichen planus is a common presentation of lichen planus. It can either occur alone or
simultaneously with skin lesions (Weston & Payette, 2015). Oral lichen planus is
considered to be a common disease, as it is estimated to affect about 1-2% of the
population (Carrozzo et al., 2019). Oral lichenoid lesion is a term that is used to refer to
oral lesions that have clinical and histological similarities to oral lichen planus, or to
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indicate uncertain diagnosis of oral lichen planus (Carrozzo et al., 2019). Historically
there were many disputes around the term oral lichen planus and oral lichenoid reaction
(Carrozzo et al., 2019). Oral lichen planus usually occurs among middle aged adults, with
slight female predilection with no obvious racial propensity (Eisen et al., 2005). Oral
lichen planus usually manifest on the bilateral buccal mucosa, borders and dorsum of
tongue and gingiva (Carrozzo et al., 2019). It less commonly appears on the hard and soft
palate, lips, and floor of mouth (Carrozzo et al., 2019). The most commonly affected
sites are the buccal mucosa, which is involved in 80-90% of cases (Gorouhi et al., 2014a).
Typically, oral lichen planus is characterized by the presence of white papules that can
enlarge and coalesce to form, reticular, annular, or plague-like pattern (Carrozzo &
Thorpe, 2009). Oral lichen planus has several subtypes, namely reticular, erosive,
atrophic, papular, plaque-like, and bullous subtypes (Gorouhi et al., 2014). The subtypes
of oral lichen planus can present alone, or in combinations (Weston & Payette, 2015).
The most common subtype is the reticular subtype, it is usually detected incidentally as
it is typically asymptomatic (Gorouhi et al., 2014). This reticular subtype shows white
lacy lines in a background of erythematous areas (Thorn et al., 1988). The reticular
subtype may eventually progress to more severe subtypes, for example the erosive
subtype (Goroubhi et al., 2014). Papular oral lichen planus usually shows small pinpoint
papules (Gorouhi et al., 2014). It is considered as the initial and transient phase of oral
lichen planus (Thorn et al., 1988), which causes it to be missed occasionally (Gorouhi et
al., 2014). Plaque-like oral lichen planus shows homogenous white patches, which
clinically appear like oral leukoplakia (Gorouhi et al., 2014). This variant is also
commonly seen among smokers (Thorn et al., 1988), and also in long standing lesion
(Carrozzo et al., 2019). Erosive oral lichen planus is considered as the most severe among
the subtypes (Goroubhi et al., 2014). It clinically appears as erosions or ulcerations of the

mucosa with faint radiating white striae (Gorouhi et al., 2014). Pseudomemembrane can
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occasionally be seen covering the ulcers (Gorouhi et al., 2014). Erythematous, erosive or
ulcerative lesions often causes pain and discomfort (Carrozzo et al., 2019). Extensive
erosive and ulcerative presentation may raise the suspicion of diseases such as pemphigus
vulgaris, mucous membrane pemphigoid and erythema multiforme (Carrozzo & Thorpe,
2009; Eisen et al., 2005; Scully & Carrozzo, 2008). The atrophic subtype commonly
involves the gingiva (Mollaoglu, 2000). Tongue involvement may cause dysgeusia
(Schlosser, 2010). Other form of oral lichen planus is less commonly seen (Weston &
Payette, 2015). Koebner phenomenon is also associated with oral lichen planus (Gorouhi
et al., 2014). Mechanical trauma on the mucosa such as friction from sharp cusps, trauma
from dental procedures, and habits such as lip chewing can cause exacerbations of signs

and symptoms of oral lichen planus (Eisen, 2002).

2.5 Histopathological features

The classic histological features of oral lichen planus include hyperparakeratosis or
hyperorthokeratosis, presence of civatte bodies [also known as colloid, hyaline or cytoid
bodies] (Burgdorf & Plewig, 2014), basal cell hydropic change, and a band-like
predominantly lymphocytic infiltrate in the lamina propria (Cheng et al., 2016; Kramer,
1978). Other findings include saw tooth rete ridges, atrophy, acanthosis, homogenous
eosinophilic deposit at the epithelium-connective tissue interface, and also ulceration
(Cheng et al., 2016). The histological features of oral lichen planus and oral lichenoid
reaction are very similar (Ismail et al., 2007). There are however, several studies that
suggests some distinguishing features of lichenoid drug reaction, such as presence of
areas with inflammatory infiltrate that is deep to the superficial infiltrate, focal
perivascular infiltrate, and presence of plasma cells and neutrophils in the connective

tissue (Rice & Hamburger, 2002; Thornhill et al., 2006). There are several features that
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are considered as exclusion criteria for oral lichen planus, namely absence of basal cell
liquefaction degeneration, heterogenous population of infiltrate, cytological atypia,
enlarged nuclei, increased mitosis, abnormal keratinization, and absence of civatte bodies
(Eisenberg, 2000). Cytological atypia, enlarged nuclei, increased mitoses, and abnormal

keratinization are among the features of dysplasia (Ismail et al., 2007).

Direct immunofluorescence [DIF] is a test used to support the diagnosis of oral lichen
planus. It is especially useful in distinguishing oral lichen planus from autoimmune
blistering diseases that manifest as desquamative gingivitis (Morrison, 2001; Suresh &
Neiders, 2012). The characteristic pattern of DIF seen in oral lichen planus is deposition
of fibrinogen in a shaggy pattern along the basement membrane zone, with lack of
immunoglobulin deposition [except for cytoid bodies] and complement deposition (Abell
etal., 1975; Cheng et al., 2016; Crincoli et al., 2011). However, this DIF finding may not
be specific for oral lichen planus (Cheng et al., 2016), as there are reports of malignant
and potentially malignant oral lesion with deposition of fibrinogen at the basement

membrane (Montague et al., 2015).

2.6 Oral lichenoid lesions

2.6.1 Background

Oral lichenoid lesions or reactions are considered as clinical and histological
contemporaries of oral lichen planus. There have been numerous debates on oral lichen
planus and oral lichenoid lesions in the past. Unlike oral lichen planus, which is
considered to be idiopathic in nature, oral lichenoid lesions are often associated with
known identifiable cause or inciting factors (Feldmeyer et al., 2020; Kamath et al., 2015).

In the perspective of nomenclature, there are several terms used to describe lesions that

43



clinically and histologically resemble oral lichen planus, but with known cause, namely
oral lichenoid lesions, oral lichenoid reaction, oral drug induced lichenoid reactions, oral
lichenoid drug reactions, and oral lichenoid contact lesion (Al-Hashimi et al., 2007).
Historically, the first occurrence of oral lesions due to drug interactions were documented
in 1971 (Almeyda & Levantine, 1971). The usage of antimalarials by soldiers in World
War 11, were also documented to result in lichenoid reactions (Almeyda & Levantine,
1971). The risk factors that are considered to be involved in the pathogenesis of oral
lichenoid lesions include drugs, dental restorative materials, and graft versus host disease

[GVHD] (Kamath et al., 2015).

2.6.2 Oral lichenoid drug reactions

Oral lichenoid drug reactions are caused by exposure to certain medications (Carrozzo et
al., 2019). There is no specific time window for occurrence of oral lichenoid drug
reaction, as it can manifest years after initiation of the offending drugs (Thompson &
Skaehill, 1994). Although occasionally there are reported cases of temporal association
between appearance of oral lesions and usage of certain drugs (Al-Hashimi et al., 2007).
Oral lichenoid drug reactions are considered to be much less frequent compared to
cutaeous lichenoid drug reactions, but it is also likely that they are being under-reported
(Carrozzo et al., 2019). Moreover, there are currently no tests available to confirm oral
lichenoid drug reactions. Clinically, lesions are indistinguishable from oral lichen planus
(DeRossi & Ciarrocca, 2005). It is usually observed to occur unilaterally (Fortuna et al.,
2017), but there are cases where occurrence are bilateral (Giudice et al., 2019; Kadam et
al., 2015). The most commonly affected sites are the buccal mucosa, followed by tongue,
and lips (Baris et al., 2014). The lesion can involve solely oral cavity, or together with

skin lesion (Baris et al., 2014).

44



Drugs that are most commonly reported to be associated with oral lichenoid drug
reactions are non-steroidal anti-inflammatory drugs [NSAID] and angiotensin converting
enzymes inhibitors (Eisen et al., 2005; Potts et al., 1987; Robertson & Wray, 1992). An
earlier study also noted that beta blockers, methyldopa, penicillamine, and non-steroidal
anti-inflammatory drugs to be associated with lichenoid eruption (Eisen et al., 2005;
Thompson & Skaehill, 1994). Other drugs that also observed to be involved are imatinib
and infliximab (Fortuna et al., 2017). The examples of medications associated with oral

lichenoid drug reaction are shown in Table 2.1 (Muller, 2011; Schlosser, 2010).

However, it was also noted that in most of the reported cases of oral lichenoid drug
reactions, there were no standard protocol used to prove definitive causal relationship
(Fortuna et al., 2017). In order to establish causal relationship in a suspected case of drug
induced reaction, C-D-R [challenge-dechallenge-rechallenge] protocol or any
internationally accepted protocols of drug reactions should be used (McCartan et al.,
2003). Furthermore, in some cases, subjecting patients to C-D-R protocols can be
dangerous, as there may not be other pharmacologically compatible drugs, and also risks
of developing anaphylactic reactions which can be life threatening (Fortuna et al., 2017).
Moreover, in oral lichenoid drug reaction, resolution of oral lesions may take months,

which make the assessment of C-D-R difficult or controversial (Fortuna et al., 2017).
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Table 2.1 Examples of medications related to oral lichenoid lesions and oral lichen

planus
Types Specific example
Antianxiety/ psychotropic | Benzodiazepines, lithium, tricyclic antidepressants
Antibiotics Isoniazid, rifampin, tetracycline, streptomycin
Anticonvulsants Carbamazepine, phenytoin, valproate
Antidiabetics Glipizide, insulin, tolbutamide
Antifungal Amphotericin B, ketoconazole
Antihypertensives Atenolol, captopril, chlorothiazide,  enalapril,
furosemide, hydrochlorothiazide, metoprolol, propanolol
Antimalarial Chloroquine, hydroxychloroquine, quininacrine,
quinidine
Antiretroviral Zidovudine
NSAID Naproxen, ibuprofen, diclofenac, indomethacin, aspirin
Miscellaneous Bismuth, dapsone, gold, penicillamine, allopurinol

2.6.3 Oral lichenoid contact lesions

The clinical features of oral lichenoid contact lesions are usually described as unilateral,
which is less symmetrical compared to oral lichen planus (Carrozzo et al., 2019). It
usually lacks the commonly seen reticular appearance of oral lichen planus lesion, and
are commonly patch-like or atrophic (Carrozzo et al., 2019). The most common sites are
posterior buccal mucosa and lateral borders of tongue (Carrozzo et al., 2019). Oral
lichenoid contact lesions are also commonly reported to be in close relationship with
amalgam restorations (Carrozzo et al., 2019). Oral lichenoid contact lesion to amalgam
are considered as delayed hypersensitivity reaction to low level mercury exposure
(McParland & Warnakulasuriya, 2012). Patch tests are commonly conducted in suspected
cases of oral lichenoid contact reactions, but their usefulness is sometimes controversial
(Thornhill et al., 2003). A study found that a positive patch test may not be able to predict
complete healing of oral lichenoid contact lesion, and patients should be informed that
positive patch test result does not guarantee healing if they decide to have their amalgam
restorations replaced (Suter & Warnakulasuriya, 2016; Thornhill et al., 2003).

Furthermore, evidence to support the removal of amalgam restorations in patients with
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oral lichen planus or oral lichenoid contact lesions are considered inadequate (Baccaglini

etal., 2013).

2.7 Challenges in the diagnosis of oral lichen planus and oral lichenoid lesions

The diagnosis of oral lichen planus and oral lichenoid reaction are controversial. Many
of the histopathologic features of oral lichen planus appears to fall in a spectrum (Cheng
et al., 2016). It can be influenced by phase of disease activity at biopsy, recent treatment
of the condition, clinical types [reticular/ erosive], and location of lesion (Cheng et al.,
2016). Some histological features of oral lichen planus are not unique, and often observed
in other diseases, which occasionally causes uncertainty in diagnosis (Cheng et al., 2016).
Majority of time, oral lichen planus cannot be differentiated from oral lichenoid reaction,
either clinically or histologically (Ismail et al., 2007). There is lack of distinguishing
features between oral lichen planus and oral lichenoid lesions (Ismail et al., 2007).
Currently there is no definitive features that can reliably differentiate oral lichenoid
lesions and oral lichen planus (Thornhill et al., 2006; Van den Haute et al., 1989).
However, there are several studies that pointed out certain features that may be useful in
differentiating oral lichen planus and oral lichenoid reaction. For example, the
histological features that may prompt pathologist to consider more about oral lichenoid
lesions are deep diffuse inflammatory infiltrate, presence of mixed plasma cells,
eosinophils and neutrophils within the infiltrate, perivascular infiltration, and
intraepithelial colloid bodies (Thornhill et al., 2006; Van den Haute et al., 1989).
Nonetheless, these features are also observed in oral discoid lupus erythematosus
(Ranginwala et al., 2012; Schigdt, 1984; Schlosser, 2010; Van den Haute et al., 1989). In
addition, the DIF of both oral lichen planus and oral lichenoid reaction can show similar
features, where both entities can present with shaggy deposition of fibrinogen along the

basement membrane zone, and colloid bodies that are positive for immunoglobulin M
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(Helander & Rogers 111, 1994; Raghu et al., 2002; Schlosser, 2010). Despite that, a study
which used modified WHO criteria (E. Van der Meij & Van der Waal, 2003) to classify
the cases concluded that cases which are clinically and histologically typical of oral lichen
planus show higher sensitivity for positive-fibrinogen compared to cases with only
compatible features (Yamanaka et al., 2018). Other previous studies also concluded that
although DIF results being not specific, the presence of fibrinogen in the basement
membrane zone and absence of other proteins favors the diagnosis of oral lichen planus
(Buajeeb et al., 2015; Daniels & Quadra-White, 1981; Firth et al., 1990; Kilpi et al., 1988;

Kolde et al., 2003).

At present, there is no widely accepted diagnostic criteria for diagnosis of oral lichen
planus (Cheng et al., 2016). The most commonly used criteria are the WHO criteria
(Kramer, 1978) and modified diagnostic criteria proposed by (Van der Meij & Van der
Waal, 2003). Study on the usage of the WHO criteria (Kramer, 1978) has shown to
produce high interobserver variability (Van der Meij et al., 2002). Moreover, with the
modified WHO criteria, the presence of epithelial dysplasia will exclude the diagnosis of

oral lichen planus (Cheng et al., 2016; Van der Meij & Van der Waal, 2003).

2.8 Malignant potential

One of the most concerning issues regarding oral lichen planus and oral lichenoid reaction
is the risk of transformation to oral squamous cell carcinoma. Oral lichen planus is well
known under the category of oral potentially malignant disorder (EI-Naggar et al., 2017).
Despite this, there are many debates in the literature regarding not only malignant
potential of oral lichen planus, but also oral lichenoid reaction. A major factor in this

controversy is the lack of universally accepted diagnostic criteria for oral lichen planus
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and oral lichenoid reaction (van der Meij et al., 2003). The mean time for transformation
is 61.9 months (Giuliani et al., 2019), while other study observed that mean time of

transformation from diagnosis is 51.4 months (Fitzpatrick et al., 2014).

2.8.1 Oral lichen planus malignant transformation

A recent meta-analysis by which involved 6559 oral lichen planus patients documented a
malignant transformation rate of 1.40% (Giuliani et al., 2019). Another study by that
involved 25848 patients showed a transformation rate of 1.14% (Gonzélez-Moles et al.,
2019). A meta-analysis of 57 studies [20095 cases of oral lichen planus] conducted found
that the malignant transformation rate of oral lichen planus was 1.1% (Aghbari et al.,
2017). Another study found a malignant transformation rate of 1.09% for oral lichen
planus (Fitzpatrick et al., 2014). Moreover, there is another smaller scale study observed

that the risk of transformation of oral lichen planus was 0.49% (Shearston et al., 2019).

2.8.2 Oral lichenoid lesions malignant transformation

Another study documented malignant transformation rate of 1.88% for oral lichenoid
lesions, and 1.71% for oral lichenoid reactions (Gonzalez-Moles et al., 2019). In the
study, oral lichenoid lesions refer to lesions that are only compatible with oral lichen
planus when evaluated using the criteria in modified WHO criteria (van der Meij et al.,
2003). Moreover, the same study described oral lichenoid reaction as cases that resembles
oral lichen planus and are induced by drugs or contact with dental restorative materials
(Gonzalez-Moles et al., 2019). Another recent study that involved 206 patients with oral
lichenoid lesions documented malignant transformation rate of 2.43% (Giuliani et al.,
2019), a figure which is not far from the previously mentioned study. In addition, another
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study by Fitzpatrick et al. (2014) documented a slightly higher malignant transformation
rate of 3.2% for oral lichenoid lesions. Moreover, another study by (Aghbari et al., 2017)
which involved 419 oral lichenoid lesions patients observed a transformation rate of
2.5%. interestingly, there was one study which found that oral lichenoid lesions did not

undergo malignant transformation (Shearston et al., 2019).

2.8.3 Risk factors

2.8.3.1 Gender

It is generally agreed that malignant transformation is higher among women (Bombeccari
etal., 2011; Gandolfo et al., 2004; Giuliani et al., 2019; Holmstrup et al., 1988; Mignogna
et al., 2001; Rajentheran et al., 1999; Shen et al., 2011). However, there are studies that
reported higher transformation rate among male (Aghbari et al., 2017; Gonzalez-Moles

et al., 2019; van der Meij et al., 2003).

2.8.3.2 Location

The tongue has a higher risk of transformation, especially at the lateral border (Fitzpatrick
etal., 2014; Giuliani et al., 2019). Other studies also supported that tongue has the highest
transformation (Bombeccari et al., 2011; van der Meij et al., 2003). However, a study by
(Mignogna et al., 2001) concluded that lips, gingiva, and midpalate has higher frequency

of malignant transformation.
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2.8.3.3 Infections

One of the factors that is considered important in the malignant transformation of oral
lichen planus is candida albicans infections (Eisen, 2002; van der Meij et al., 2003). This
fungal organism produces N nitrosobenzylmethylamine, which is a carcinogen
(Domingues-Ferreira et al., 2009). Other than that, there are studies suggesting there is a
higher risk of malignant transformation among patients infected with Hepatitis C virus
(Gandolfo et al., 2004; Muzio et al., 1998). It was suggested that the presence of Hepatitis
C virus in the saliva may increase the risk of malignant transformation of oral lichen
planus (Nagao & Sata, 2004). A connection between human papilloma virus infection
[HPV] and malignant transformation of oral lichen planus has also been considered, and
it is a subject of debate (Ishibashi et al., 2011; Szarka et al., 2009). There is significant
increase of HPV16 in oral lichen planus (Siribang-on et al., 2008). But whether HPV16
can have a significant role in malignant transformation of oral lichen planus or oral

lichenoid lesions still need to be elucidated.

2.8.3.4 Tobacco and alcohol consumption

There are several factors that are considered to be associated with increased risk of
transformations, most commonly noted are smoking and alcohol intake (Aghbari et al.,
2017; Gonzélez-Moles et al., 2019; Idrees et al., 2020). Moreover, there are studies that
suggests tobacco increases the risk of transformation (Fang et al., 2009; Murti et al.,
1986). Nevertheless, some studies reported that there is no association between alcohol
and tobacco consumption with malignant transformation of oral lichen planus (Bermejo-

Fenoll et al., 2009; Eisen, 2002; Shen et al., 2011).
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2.8.3.5 Clinical form of oral lichen planus

The clinical form of oral lichen planus that most often develop malignant transformation
are the erythematous, atrophic or erosive forms (Eisen, 2002; Giuliani et al., 2019;
Gonzéalez-Moles et al., 2019). Exclusively reticular lesions show no risk of malignant
transformation (Gonzélez-Moles et al., 2019). On the contrary, other study suggested
higher transformation rate in reticular and plaque type (Muzio et al., 1998). Moreover,
another study also did not support the view that malignant transformation risk is greater
in atrophic and erosive oral lichen planus (Gandolfo et al., 2004). Interestingly, it was
also suggested that the transformation of oral lichen planus is not related to any specific
clinical features because different types of oral lichen planus also show close rate of

transformation (Mattsson et al., 2002).

2.8.3.6 Allelic imbalance in oral lichen planus

Dysplasia and squamous cell carcinoma [SCC] have significant positive correlation to
loss of heterozygosity at more than one locus, mainly at 3p and 9p (Mao et al., 1996;
Rosin et al., 2000). It was also observed that loss of heterozygosity also occurs in oral
lichen planus, however the frequency is significantly lower than in squamous cell
carcinoma (Accurso et al., 2011). Allelic imbalance, for example when there is loss of
heterozygosity, can increase the risk of malignancy by inactivating 1 or 2 alleles of the

tumor suppressor genes (Shumway et al., 2008).

2.8.3.7 Cell proliferation and apoptosis

Mutation of the p53 tumor suppressor gene is one of the most frequent genetic alterations

in tumorigenesis (Rivlin et al., 2011). P53 activation after DNA damage can stimulate
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DNA repair and induce apoptosis in the affected cells (Williams & Schumacher, 2016).
Mutant p53 proteins lose their tumor suppressive ability and gain oncogenic properties
which can stimulate cell growth and survival (Rivlin et al., 2011). Other than that, bcl-2
and bax play important role in carcinogenesis. Bcl-2 proteins are important in the
regulation of apoptosis (Tzifi et al., 2012). Bax proteins are also an important component
in apoptosis, these proteins are known for their ability to pierce the outer membrane of
mitochondria to mediate cell death by apoptosis (Westphal et al., 2011) The risk of
malignant transformation of oral lichen planus can be indicated by the presence of altered
expression of protein related to cellular proliferation and apoptosis (de Sousa et al., 2009).
The study also observed that there is no difference in the expressions of p53, bcl-2 and
bax in oral SCC and oral lichen planus. Interestingly, it was also suggested that plaque
form oral lichen planus is not considered as having low risk of malignant transformation,
as it was observed that the concentration of salivary p53 was significantly higher in
patients with plaque-like form compared to erosive oral lichen planus (Agha-Hosseini &

Mirzaii-Dizgah, 2013).

2.8.3.8 Inflammation and malignancy

Inflammation is considered to have opposing effects on the development of cancer (Philip
et al., 2004). Cancer development is limited by acute inflammation, while chronic
inflammation promotes cancer development (Philip et al., 2004). However, chronic
inflammatory mediators also can exert pleiotropic effects on tumorigenesis (Multhoff et
al., 2012). Several studies have shown that chronic inflammation can escalate the risk of
malignancy, tumor progression, and supports metastasis (Aggarwal & Gehlot, 2009;
Mantovani et al., 2008). In the early stage of tumorigenesis, inflammatory mediators such

as cytokines, reactive oxygen species, and reactive nitrogen species can induce genetic
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alteration and inhibit the action of tumor suppressor genes (Grivennikov & Karin, 2010).
Immune cells can produce cytokines and chemokines which aid in the survival and

proliferation of tumor cells (Zumsteg & Christofori, 2009).

2.9 Management

The main aim in management of oral lichen planus/oral lichenoid reaction is to control
the symptoms of the disease (Carrozzo & Thorpe, 2009; Thongprasom et al., 2011).
Patients presented with only reticular lesions do not need any active therapy (Carrozzo et
al., 2019). Most oral lichen planus and oral lichenoid reaction lesions are responsive to
topical therapy (Carrozzo et al., 2019). For patients with oral lichenoid reaction induced
by drugs, the offending medications should ideally be stopped, but such measure is often
difficult due to unavailability of suitable alternative medications (Carrozzo et al., 2019).
Moreover, oral lichenoid reaction lesion can persist for substantial amount of time after
medications withdrawal (McCartan & McCreary, 1997). In patient with oral lichenoid
reaction suspected to be associated with amalgam restorations, counseling is advised.
Patient should be informed about the risk and benefits of amalgam replacement before
carrying out any replacement procedures (Carrozzo et al., 2019). Unpredictability of the
result of amalgam replacement should also be informed to the patient (Carrozzo et al.,
2019). Good oral hygiene instruction should be given, and any structures causing
irritation to the mucosa such as calculus, sharp edges of tooth and restorations should be
removed or adjusted as necessary (Carrozzo et al., 2019). Good oral hygiene and usage
of antibacterial mouthwash which can reduce plaque formation are also beneficial to the
patient (Holmstrup et al., 1990). Moreover, patient should be advised to avoid
consumption of alcohol and tobacco products, as these have been linked to higher

incidence of malignant transformation (Aghbari et al., 2017).
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There is no permanent cure for oral lichen planus and oral lichenoid reaction, as the
disease is characterized by spontaneous remission and exacerbation (Carrozzo et al.,
2019). The first line treatment for oral lichen planus and oral lichenoid reaction are topical
agents, mainly corticosteroids, although there is no standard of care which describe the
potency, formulation, concentration or dosage regimen to be used (Thongprasom et al.,
2011). Steroid ointments and suspension are commonly used for oral lesion (Carrozzo et
al., 2019). Steroid in cream form is bitter and does not adhere well to the oral mucosa
(Carrozzo et al., 2019). Examples of topical corticosteroids that are commonly used are
triamcinolone acetonide 0.1% and betamethasone [mid-potency], fluocinonole acetonide
0.1% and fluocinonide 0.05% [potent], and clobetasol propionate 0.05% [super-potent]
(Buajeeb et al., 2000; Carbone et al., 2009; Carbone et al., 1999; Lozada-Nur et al., 1994;
R&dstrom et al., 1994; Thongprasom et al., 2003; Vodte et al., 1993). To improve the
adherence of topical corticosteroids to the oral mucosa, sodium carboxymethyl cellulose
and hydroxymethyl cellulose are integrated into the topical corticosteroid formulation, in
addition, mixture with adhesive denture paste and special delivery system such as lipid
loaded microspheres was also recommended (Campisi et al., 2004; Carbone et al., 1999;
Lozada-Nur et al., 1994; Muzio et al., 2001). Steroid in spray form that are used for
asthma and nasal allergies can also be used intra-orally (Carrozzo et al., 2019). Systemic
corticosteroid therapy is reserved for recalcitrant lesion and also widespread cases that

involve the skin and other mucosa (Carrozzo et al., 2019).

Besides topical corticosteroids, other topical and immunomodulatory agents have also
been reported to be beneficial, for example, calcineurin inhibitors [cyclosporine,
tacrolimus, pimecrolimus], and retinoids (Carrozzo et al., 2019). There are studies
assessing the usage of cyclosporine in the form of adhesive paste and mouthrinse to treat
oral lichen planus, and it was observed that topical cyclosporine therapy offers no
advantage compared to topical corticosteroid therapy (Conrotto et al., 2006; Eisen et al.,
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1990; Gupta et al., 2017; Itin et al., 1992; Levell et al., 1991; Sieg et al., 1995; Vodte et
al., 1994). Moreover, the daily costs of cyclosporine are much higher than the cost of

super-potent topical corticosteroid such as clobetasol (Conrotto et al., 2006).

Topical tacrolimus is reported to be more efficient than cyclosporine, there are several
studies that noted the efficacy of tacrolimus in managing recalcitrant oral lesions, and
tacrolimus 0.1% is the concentration that is most commonly reported to be beneficial in
the treatment of oral lichen planus (Hodgson et al., 2003; Kaliakatsou et al., 2002; Lener
et al., 2001; Morrison et al., 2002; Olivier et al., 2002; Rozycki et al., 2002). However,
topical tacrolimus can cause burning sensation in some patients (Resende et al., 2013).
Moreover, tacrolimus can demonstrate significant per-cutaneous absorption, and
circulating therapeutic level can be present after topical tacrolimus application, which can
lead to systemic adverse effects (Conrotto et al., 2006). Another new calcineurin inhibitor
is pimecrolimus. A formulation of 1% pimecrolimus has been shown to have similar
efficacy to 0.1% tacrolimus (Arduino et al., 2014). It also has been shown to have less
percutaneous absorption compared to tacrolimus (Yan et al., 2010). On the other hand,
although seems promising, there are reported cases of development of oral squamous cell
carcinoma in patient with history of tacrolimus applications (Becker et al., 2006; Mattsson
et al., 2010). Moreover, the US Food and Drugs administration has issued a ‘Black Box’
warning regarding the use of topical tacrolimus and pimecrolimus for skin diseases
because of possible risk of squamous cell carcinoma and lymphoma associated with these
medications (Ring et al., 2008). However, this black box issuance decision remains

controversial (Hanna et al., 2019; Siegfried et al., 2013).

Another topical medication that has been shown to be beneficial in treatment of
refractory oral lichen planus is topical rapamycin (Soria et al., 2009). Rapamycin disrupts

the cytokine signaling that promotes the growth and differentiation of lymphocytes that
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mainly involve interleukin 2 and interleukin 4 (Dumont & Su, 1995). Other than
immunosuppressive properties, rapamycin also can lessen tumor risk as it possesses
tumor inhibiting properties (Law, 2005). Rapamycin can inhibit tumor growth by halting
tumor cell proliferation, inducing tumor cell apoptosis, and suppressing tumor
angiogenesis (Law, 2005). The mechanisms whereby rapamycin inhibit the growth of

tumor and lymphocytes proliferation are the same (Law, 2005).

Other group of drugs are comprised of topical retinoids such as tretinoin, isotretinoin,
fenretinide, and tezarotene, these topical medications have also been reported to be useful
in the management of oral lichen planus, although less commonly used (Petruzzi et al.,

2002; Petruzzi et al., 2013; Scardina et al., 2006; Tradati et al., 1994).

Systemic therapy is reserved for severe cases where there is painful lesion that does
not respond to topical therapy or when there are extensive involvements of other sites
such as skin, genital, esophagus or scalp (Carbone et al., 2003). The most commonly
used drug for systemic therapy is corticosteroid (Carrozzo et al., 2019). For example,
prednisolone with initial dosage of 40mg-80mg daily for 1-4 weeks is enough to achieve
acceptable response, and then followed by tapering down of the dosage (Eisen et al.,
2005). However, patient will need close monitoring for possible adverse effects especially
in long term therapy (McDougall et al., 1994; Moghadam-Kia & Werth, 2010; Saag et
al., 1994; Schacke et al., 2002; Waljee et al., 2017). Due to the adverse effects of long-
term systemic corticosteroid therapy, corticosteroid-sparing agents such as azathioprine
and mycophenolate mofetil are required as part of the therapy (Frieling et al., 2003;
Verma et al., 2001; Wee et al., 2012). In the latest development, biologic agents such as,
Efalizumab, and Alefacept have been proposed for treatment of severe and recalcitrant

oral lichen planus (Chang et al., 2008; Cheng & Mann, 2006; Yarom, 2007).
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CHAPTER 3 : METHODOLOGY

3.1 Study design

This was a retrospective study conducted to investigate the association between clinical
and histopathological characteristics of oral lichen planus and oral lichenoid reactions/
lesions. Cases diagnosed between the year 2010 and January 2020 which fulfilled the
inclusion and exclusion criteria were selected. The clinical information for each case was
collected, and their histopathological features were assessed from the respective biopsy
tissue slides. The clinical and histopathological characteristics were tabulated and
analyzed using statistical methods. This study was conducted in Oral Medicine clinic and
Oral Pathology Diagnostic and Research Laboratory (OPDRL), Faculty of Dentistry,

University of Malaya.

This study was approved by the Medical Ethics Committee at the Faculty of Dentistry,
University of Malaya with Ethics Committee/ IRB reference number of DF

0S1819/0068(P).

3.2 Sample size

Sample size calculation was performed using G*Power software version 3.1.9.7. Based
on the effect size of 0.321 and power of 0.8, the estimated sample size was at least 106

(Mravak-Stipeti¢ et al., 2014).
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3.3 Cases and tissue samples

3.3.1 Search strategy

Clinical folders of patients seen between the year 2010 and 2020 were obtained from the
Oral Medicine clinic. Histopathology records of the Oral Pathology Diagnostic and
Research Laboratory, Faculty of Dentistry were retrieved from the database with the
search terms as follows: oral lichen planus, oral lichen planus/ oral lichenoid reactions

and oral lichenoid reactions/ lesions.

3.3.2 Sample selection

Selection of cases and samples for this study was based on the inclusion and exclusion

criteria.

The inclusion criteria were:

1. Cases that were clinically diagnosed as oral lichen planus and oral lichenoid
reaction/ lesions.
2. Cases that were histologically diagnosed as oral lichen planus and oral

lichenoid reactions/ lesions.

The exclusion criteria were:

1. Cases with inadequate clinical information for assessment of clinical features.
2. Cases with presence of epithelial dysplasia.

3. Cases with missing tissue slides and formalin fixed paraffin embedded blocks.
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3.4 Clinical data collection

Sociodemographic, clinical information and follow up data were extracted from patients’
case notes and clinical description provided by the clinician in the histopathological

request forms. The sociodemographic and clinical data extracted include:

e Age, gender, race

e Medical and drug history

e Social history

e Dental history

e Clinical presentation
o extraoral involvement
o site of lesions
o clinical type of disease

o restorations adjacent to lesions

3.5 Histopathological data collection

3.5.1 Histopathological evaluation

Hematoxylin and eosin [H&E] stained tissue slides of oral lichen planus and oral
lichenoid reaction/lesions cases from year 2010 to 2020 were retrieved from the archive
of OPDRL. Screening was done for each tissue slide to ensure that these samples fulfill

the inclusion criteria. The selected tissue slides were scanned with 3DHistech scanner.
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All H&E tissue slides were evaluated in duplicate by one observer on 3DHistech
panoramic viewer software. The observer was blinded to the clinical details of each case.

The histological parameters were modified from a study by Thornhill et al. (2006).

The histological parameters evaluated were:

i) Epithelium features
e Keratinization (presence and type of keratinization)
e Thickness and configuration
e Results of direct immunofluoresence test
i) Connective tissue features, which include:
e Depth of the inflammatory infiltrate
e Perivascular infiltrate
e Types of cells present in the inflammatory infiltrate

iii) Plasma cells to lymphocytes ratio

For the evaluation of epithelial thickness and configuration, the features evaluated were
presence of acanthosis, atrophy, hyperplasia, and rete ridges. These were adapted from
studies by Thornhill et al. (2006) and Schigdt (1984). Acanthosis refers to broadening of
rete ridges more than 1/3 of normal area (Thornhill et al., 2006). Atrophy refers to
reduction in thickness more than 1/3 of normal area, and hyperplasia refers to thickness
more than 1.5 times normal thickness for area, excluding the stratum corneum (Thornhill
et al., 2006). Sawtooth rete ridges is characterized by jagged or pointed appearance of the

rete ridges (Tamgadge & Tamgadge, 2019).
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3.5.2 Quantification of plasma cells and lymphocytes

Scoring of plasma cells and lymphocytes were performed in duplicate by one observer in

a period of after 2 weeks. The observer was blinded to the details of the samples.

3.5.2.1 Selection of representative areas

For each sample, six representative fields were selected at magnification of 400x. The
selected fields were at the epithelial-connective tissue interface [zone A] and their
respective subjacent regions [zone B], as seen in Fig 3.1. The field columns were
separated laterally from each other by two 400x fields. Selection of the fields was done
from the right side of the slides. The method of selecting representative fields was
modified according to studies by Javvadi et al. (2016) and Javvadi et al. (2018). This was

to ensure standardization of field selections in all samples.

Figure 3.1 Six representative areas selected for plasma cells and lymphocytes scoring
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3.5.2.2 Quantification of plasma cells to lymphocytes ratio

The total number of lymphocytes and plasma cells within each representative area were
counted using the open source software QuPath (Bankhead et al., 2017). Scoring for each
representative field was done in duplicate. Average scores were obtained and the plasma

cells to lymphocytes ratio for each slide was calculated.

3.6 Statistical analysis

Statistical analysis was performed by using SPSS software [version 26, IBM]. P value of

0.05 was considered as significant level.

Intraclass correlation coefficient [ICC] test was performed to observe intraobserver
variability in plasma cells and lymphocytes scoring. This is carried out by using SPSS
utilizing data from the first and second round count of the lymphocytes and plasma cells.
Based on the analysis, the intraobserver agreement for scoring of lymphocytes and plasma
cells were 0.999 and 0.975 respectively, which indicated excellent level of reliability

(Koo & Li, 2006).

For the purpose of comparisons and associations, the subjects were divided into three

groups, which were:

o No exposure: subjects were not taking any drugs and with no presence of dental
restorative materials adjacent to lesions.
e Drugs: subjects taking drugs that were associated with oral lichenoid reaction/

lesions, and with no presence of dental restorative materials adjacent to lesions.
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e Restorations: subjects with presence of dental restorative materials adjacent to
lesions and not taking drugs that were associated with oral lichenoid reactions/

lesions.

In this study, subjects or patients with exposure to causative factors refers to subjects in

the Drugs and Restorations group.
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CHAPTER 4 : RESULTS

4.1 Socio-demographic data

A total of 122 cases of oral lichen planus and oral lichenoid reactions/ lesions were
included. The mean age of the subjects were 51.48 years. Of the 122 patients, 41(33.6%)
were males, and 81(66.4%) were females, with male to female ratio of 1:2. The mean age
the patients were 51.48 years with age range of 17 to 78 years. Majority (39.3%) of the
patients were of Chinese ethnic origin. Table 4.1 demonstrates the distribution of patients

according to age, gender, ethnicity respectively.

Table 4.1: Distribution of socio-demographic data

Characteristics Frequency %
Age (years) <55 65 53.3
Mean + standard . gc 57 467

deviation, range:
51.48 + 14.796, 17-

78

Gender Male 41 33.6
Female 81 66.4

Ethnicity Malay 24 19.7
Chinese 48 39.3
Indian 44 36.1
Others 6 4.9
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4.2 Clinical data

The clinical findings in this study are tabulated in table 4.2. The most common symptom
reported by patients was burning sensation (50.8%). This was followed by pain (13.9%).
Majority of the patients, 75 (61.5%) complaint that symptoms affected their buccal
mucosa. Most of the patients were hypertensive and diabetic. The most common
comorbidities noted were hypertension with 38 (35.2%) cases; followed by diabetes
mellitus (DM), 28 (25.9%); and dyslipidemia, 17 (15.7%). Antihypertensives were the
most commonly consumed drugs, 34 (35.1%); this was followed by antidiabetics, 20

(20.6%); and statin, 17 (17.5%).

On clinical presentations, 12 (9.8%) patient were recorded with extraoral involvement
of the disease. Intraorally, approximately half, 64 (52.5%) of the patients reported
involvement of the buccal mucosa only. A high proportion of the cases, 109 (89.3%)
involved multiple sites. Majority, 47 (38.5%) patients showed reticular pattern
involvement alone. The clinical presentations showed a mixture of patterns, with reticular
pattern recorded the highest occurrence among subjects, which were 53.3% of total
occurrence of patterns recorded. There were 17 (14.0%) cases recorded presence of

restorations adjacent to lesions.

Overall, it was noted that 53 (43.4%) patients were not taking medications and no
filling adjacent to lesions; 52 (42.6%) were taking medications and with no filling
adjacent to lesions, and 17 (14.0%) with presence of filling adjacent to lesion and not
taking medications. These were designated as No Exposure, Drugs, and Restorations

groups respectively.
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Table 4.2: Distribution of clinical data

Characteristics Frequency %
Symptoms Burning 62 50.8
Pain 17 13.9
Discomfort 9 7.4
Burning, discomfort 4 7.4
Burning, pain 17 13.9
Discomfort, pain 1 0.8
Burning, discomfort, 3 2.5
pain
None 9 7.4
Sites of Buccal mucosa 75 61.5
complaint
Gingiva 7 5.7
Tongue 9 7.4
Lip 3 2.5
Buccal mucosa, floor of 1 0.8
mouth
Buccal mucosa, 4 3.3
gingiva
Buccal mucosa, tongue 5 4.1
Gingiva, tongue 2 1.6
Tongue, floor of mouth 1 0.8
Tongue, lip 1 0.8
Buccal mucosa, 1 0.8
gingiva, tongue
Whole mouth 5 4.1
Mouth, not specified 8 6.6
Comorbidities HPT!, DM? 13 10.7
HPT 11 9.0
DM 8 6.6
Dyslipidemia 7 5.7
HPT, dyslipidemia 5 4.1
HPT, DM, 3 2.5
dyslipidemia
Breast cancer 2 1.6
Gastritis 2 1.6
Hypothyroidism 2 1.6
Anemia 1 0.8
Asthma 1 0.8
Atypical odontalgia 1 0.8
Depression 1 0.8
DM, dyslipidemia 1 0.8
DM, dyslipidemia, 1 0.8

hypothyroidism

! Hypertension
2 Diabetes mellitus



Table 4.2: continued

Characteristics Frequency %
Comorbidities Epilepsy 1 0.8
Erythema 1 0.8
dyschromium perstans
Gout 1 0.8
HPT, asthma 1 0.8
HPT, DM, asthma 1 0.8
HPT, DM, gout 1 0.8
HPT, gout, depression 1 0.8
HPT, hypothyroidism 1 0.8
HPT, osteoporosis 1 0.8
Osteoporosis 1 0.8
Thalassemia 1 0.8
Frequency of HPT 38 35.2
comorbidities DM 28 25.9
Dyslidemia 17 15.7
Erythema 1 0.9
dyschromium perstans
Asthma 3 2.8
Osteoporosis 2 1.9
Epilepsy 1 0.9
Gout 3 2.8
Hypothyroid 4 3.7
Anemia 1 0.9
Breast ca 3 2.8
Thalassemia 1 0.9
Atypical odontalgia 1 0.9
Depression 2 1.9
Gastritis 3 2.8
Frequency of Anti-HPT 34 35.1
medications taken  Anti DM 20 20.6
by patients Statin 17 17.5
Anti-platelet 8 8.2
Thyroxine 4 4.1
Anti-seizure 4 4.1
Allopurinol 3 3.1
Antidepressant 3 3.1
Proton pump inhibitor 2 2.1
Letrozole 1 1.0
Insulin 1 1.0
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Table 4.2: continued

Characteristics Frequency %

Extraoral No 110 90.2
involvement Yes 12 9.8
Sites involved  Buccal mucosa 64 52.5

Buccal mucosa, tongue 19 15.6

Buccal mucosa, 18 14.8

gingiva

Buccal mucosa, lip 4 3.3

Tongue 3 2.5

Buccal mucosa, palate 2 1.6

Buccal mucosa, 2 1.6

tongue, floor of mouth

Buccal mucosa, 2 1.6

tongue, lip

Gingiva 2 1.6

Buccal mucosa, floor 1 0.8

of mouth

Buccal mucosa, 1 0.8

gingiva, floor of mouth

Buccal mucosa, palate, 1 0.8

gingiva

Buccal mucosa, 1 0.8

tongue, gingiva

Buccal mucosa, 1 0.8

tongue, lip, gingiva

Gingiva, tongue 1 0.8
Cumulative Buccal mucosa 116 63.4
for each site Tongue 29 15.8
involved Gingiva 24 13.1

Lip 7 3.8

Floor of mouth 4 2.2

Palate 3 13.1
Involve No 13 10.7
multiple sites  Yes 109 89.3
Clinical reticular 47 38.5
presentation

reticular, erythema 23 18.9

reticular, plaque 9 7.4
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Table 4.2: continued

Characteristics Frequency %
Clinical Reticular, erosive, 7 5.7
presentation erythema
Reticular, erosive 6 4.9
Reticular, erythema, 5 4.1
DG
Reticular, DG 4 3.3
Erythema 3 2.5
Reticular, erosive, 3 2.5
erythema,
Erosive 2 1.6
Erosive, erythema 2 1.6
Reticular, papular 2 1.6
Reticular, patch 2 1.6
Erythema, plaque 1 0.8
Papular 1 0.8
Patch 1 0.8
Reticular, DG, plaque 1 0.8
Reticular, erosive, DG 1 0.8
Reticular, erosive, 1 0.8
patch
Reticular, papular, 1 0.8
plaque
Frequent Reticular 113 53.3
clinical Erythematous 44 20.8
presentation Erosive 22 10.4
Desquamative 12 5.7
gingivitis
Plaque 13 6.1
Papular 4 1.9
Frequent Patch 3 1.4
clinical Bullous 1 0.5
presentation
Cases with No 105 86.1
restorations
adjacent  to Yes 17 13.9
lesions
Subjects No exposure 53 43.4
groups
Drugs 52 42.6
Restorations 17 14.0

3 Desquamative gingivitis
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4.3 Histopathological data

The histopathological evaluation is shown in Table 4.3. Histopathological evaluation
showed 120 (98.4%) cases were parakeratinized. In 51 (41.8%) of the cases, the
epithelium shows acanthosis and hyperplasia. There were often mixtures of epithelial
configuration and thickness observed across the samples. Epithelial atrophy is observed
in 32 (26.2%) of cases. Direct immunofluorescence (DIF) test was conducted in 95
(77.9%) of samples. The DIF test showed positivity of fibrinogen along the basement

membrane zone in 73 (76.8%) cases. Epithelial components are illustrated in Figure 4.1

Figure 4.1 Photomicrograph showing epithelial parakeratinization and atrophy

For the evaluation at the connective tissue regions, 75 (61.5%) of cases showed
presence of superficial inflammatory infiltrate, while 47 (38.5%) cases showed deep
inflammatory infiltrate. Majority of the infiltrate were moderate to heavy, which are seen
in 117 (95.9%) of cases. Moreover, 12 (9.8%) of cases showed presence of perivascular

infiltrate. Eosinophils are observed in 39 (32%) of cases. Mast cells were present in all
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cases. In this study, it was observed that mast cells were mainly found in the deeper layer

of the connective tissues. Connective tissue components are illustrated in Figure 4.2

Figure 4.2 Photomicrograph showing heavy inflammatory infiltrate extending
into the deeper connective tissue
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Table 4.3: Distribution of Histopathological data

Characteristics Frequency %

Epithelium Parakeratinized 120 98.4
keratinization

Orthokeratinized 2 1.6
Epithelial Acanthosis 1 0.8
configuration and
thickness Atrophy 7 5.7

Hyperplasia 9 7.4

Acanthosis, 51 41.8

hyperplasia

Atrophy, finger-like 1 0.8

rete

Atrophy, 5 4.1

hyperplasia

Hyperplasia, finger- 1 0.8

like rete

Hyperplasia, saw- 1 0.8

tooth rete

Acanthosis, 7 5.7

hyperplasia, finger-

like rete

Acanthosis, 7 5.7

hyperplasia,

sawtooth rete

Atrophy, acanthosis, 23 18.9

hyperplasia

Atrophy, 1 0.8

hyperplasia,

sawtooth rete

Acanthosis, 1 0.8

hyperplasia, finger-
like rete, saw-tooth
rete
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Table 4.3: continued

Characteristics Frequency %
Epithelial Atrophy, acanthosis, 1 0.8
configuration and hyperplasia,  saw-
thickness (cont.) tooth rete
Atrophy, acanthosis, 6 4.9
hyperplasia, finger-
like rete
Epithelial atrophy No 90 73.8
Yes 32 26.2
DIF test Negativity for 22 23.2
(DIF were not fibrinogen
performed in 27
(22.1%) samples)  Positivity for 73 76.8
fibrinogen
Depth of infiltrate  Deep 47 38.5
Superficial 75 61.5
Intensity of Mild 5 4.1
infiltrate Moderate/heavy 117 95.9
Perivascular No 110 90.2
infiltrate Yes 12 9.8
Eosinophils No 83 68
presence Yes 39 32
Mast cell presence  No 0 0
Yes 122 100

4.4 Comparisons of plasma cells to lymphocytes ratio between No exposure,

Drugs, and Restorations categories

Cell count to determine the plasma cells to lymphocytes ratio were conducted for each

sample. The number of plasma cells and lymphocytes within each representative area

(Figure 4.3) were determined. The scoring process are shown in Appendix A. The overall
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mean ratio of plasma cells to lymphocytes were 0.011023 + 0.0228025. The ratio of
plasma cells to lymphocytes for the designated group of No Exposure, Drugs, and

Restorations were also calculated and shown in the table 4.4.

Mann-Whitney U test was used to analyze the mean plasma cells to lymphocytes ratio as

the data were not normally distributed. There were significant difference when comparing

No exposure to Drug and No exposure to Restorations categories as shown in table 4.5.

M »
4 - ™ -y

Figure 4.3 Representative area for plasma cells and lymphocytes count

Table 4.4: Plasma cells and lymphocytes cell count

Characteristics Mean + sd* 95% CI°

Overall Plasma 0.011023 + 0.0228025 0.006935, 0.015110
cells to
lymphocytes
ratio
Plasma cells to No Exposure 0.005068 + 0.0082618 0.002791, 0.007346
lymphocytes
ratio in groups
Drugs 0.013798 + 0.0189939  0.008510, 0.019086

Restorations 0.021095 + 0.0480635  0.003617, 0.045807

4 Standard deviation
5 Confidence interval
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Table 4.5 Comparison of mean plasma cells to lymphocytes ratios between groups

Groups compared Mean + sd 95% CI p value
No exposure 0.005068 + 0.008262 0.002791, 0.007346 0.043
Drugs 0.013798 + 0.018994 0.008510, 0.019086

No exposure 0.005068 + 0.008262 0.002791, 0.007346 0.031
Restorations 0.021095 + 0.048064 -0.003617, 0.045807

Drugs 0.013798 + 0.018994 0.008510, 0.019086 0.558
Restorations 0.021095 + 0.048064 -0.003617, 0.045807

4.5 Receiver operating curve analysis for plasma cells to lymphocytes ratio

Receiver operating curve (ROC) analysis was carried out for plasma cells to lymphocytes
ratio for all No exposure, Drugs, and Restorations groups. The plasma cell to lymphocytes
ratio was able to discriminate between No exposure and Drug group with sensitivity of
34.6% and specificity of 92.5%. Moreover, plasma cells to lymphocytes ratio were also
able to discriminate between No exposure and Restorations group with a sensitivity of
64% and specificity of 69.8%. However, ROC analysis showed that plasma cells to
lymphocytes ratio were unable to discriminate between Drugs and Restorations group.

The results are shown in table 4.6.
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Table 4.6: ROC analysis for subject groups

Characteristics Area  Cut-off p value Sensitivity/specificity
under  value
the
curve
No exposure 0.612 0.12105 0.048 34.6% / 92.5%
Drug (1)
No exposure 0.674 0.004829 0.032 64.7% / 69.8%

Restorations (1)

Drug 0.548 0.004895 0.559 64.7% / 53.8%
Restoration (1)

4.6 Associations between socio-demographic characteristics and subject
categories

The socio-demographic data were statistically analyzed using Chi-square tests [Pearson
Chi-square test or Fisher’s Exact test, whichever applicable] to determine the association
between these characteristics and the samples categories. There were significant
association observed between age of patients and subject categories (p<0.001). The test
showed that higher number of subjects aged 55 and above were using medications. A
significant association were also noted between ethnicity and subject categories
(p=0.035). There were no significant associations observed between gender and the

subject categories. These results are shown in Table 4.7.
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Table 4.7: Associations between socio-demographic characteristics and subject

categories
Characteristics No Drugs Restorations p value
exposure n (%) n (%)
n (%o)
Age <55 41 (63.1) 18 (27.7) 6 (9.2) 0.000
>55 12 (21.1) 34 (59.6) 11 (19.3)
Gender Male 18 (43.9) 16 (39.0) 7(17.1) 0.731
Female 35(43.2) 36 (44.4) 10 (12.3)
Ethnicity Malay 14 (26.4) 5 (9.6) 5 (29.4)
Chinese 19 (35.8) 19 (36.5) 10 (58.8) 0.035
Indian 17 (32.1) 25 (48.1) 2 (11.8)
Others 3(5.7) 3(5.8) 0(0)
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4.7 Associations between clinical characteristics and subject categories

The association between clinical characteristics and subject categories were also studied.
There were no significant associations observed between clinical characteristics and the

subject groups. The results are shown in Table 4.8.

Table 4.8: Associations between clinical characteristics and subject categories

Characteristics No Drugs Restorations p value
exposure n(%o) n(%o)
n(%)
Extraoral No 47 (42.7) 46 (41.8) 17 (15.5) 0.340
involvement
Yes 6 (50) 6 (50) 0 (0)
Involved No 4 (30.8) 5 (38.5) 4 (30.8)
multiple oral 0.169

Sites Yes 49 (45.0) 47 (43.1) 13 (11.9)

Clinical variant
Reticular No 6 (66.7) 2 (22.2) 1(11.1) 0.331
Yes 47 (41.6) 50 (44.2) 16 (14.2)

Erosive No 45 (45) 40 (40) 15 (15) 0.437
Yes 8 (36.4) 12 (54.5) 2(9.1)
Erythematous No 35 (44.9) 32 (41) 11 (14.1) 0.889
Yes 18 (40.9) 20 (45.5) 6 (13.6)
Desquamative No 47 (42.7) 48 (43.5) 15 (13.6) 0.790
gingivitis Yes 6 (50) 4 (33.3) 2 (16.7)
Papular No 49 (41.5) 52 (44.1) 17 (14.4) 0.068
Yes 4 (100) 0 (0) 0 (0)
Patch No 52 (43.7) 50 (42) 17 (14.3) 0.632
Yes 1(33.3) 2 (66.7) 0 (0)
Plaque No 48 (44) 48 (44) 13 (11.9) 0.172
Yes 5 (38.5) 4 (30.8) 4 (30.8)
Bullous No 53 (43.8) 51 (42.1) 17 (14) 0.507
Yes 0(0) 1 (100) 0(0)

79



4.8 Associations between histopathological characteristics and subject categories

The analysis of histopathological characteristics showed that there were significant
associations between subject categories and epithelial atrophy (p=0.006), where there was
significantly higher presence of epithelial atrophy in the Drugs group. Moreover, there
was significant association between subject groups and presence of eosinophils
(p=0.002), with more eosinophils seen in the Drugs category. There were no significant
association noted between subject categories and types of epithelial keratinization, DIF
positivity for Fibrinogen depth of infiltrate, intensity of infiltrate, and perivascular

infiltrate. These results are shown in table 4.9.

Table 4.9: Association between histopathological characteristics and subject

categories
Characteristics No exposure  Drugs  Restorations p value
n(%) n(%o) n(%o)
Epithelium Parakeratinized 51 (42.5) 52 (43.3) 17 (14.2) 0.266
keratinization Orthokeratinized 2 (100) 0 (0) 0(0)
Epithelial No 39 (54.9) 26 (36.6) 6 (8.5) 0.006
atrophy Yes 14 (27.5) 26 (51.1) 11 (21.6)
DIF positivity Negative for 11 (50) 9 (40.9) 2(9.1)
for Fibrinogen 0.804
Fibrinogen Positive for 32 (43.8) 31 (42.5) 10 (13.7)
Fibrinogen
Depth of Superficial 39 (52) 27 (36) 9(12) 0.055
infiltrate
Deep 14 (29.8) 25 (53.2) 8 (17)
Intensity of Mild 2 (40) 2 (40) 1 (20) 0.923
infiltrate Moderate/ heavy 51 (43.4) 50 (42.7) 16 (13.7)
Perivascular No 49 (44.5) 48 (43.6) 13 (11.8) 0.124
infiltrate Yes 4 (33.3) 4 (33.3) 4 (33.3)
Eosinophils No 45 (54.2) 30 (36.1) 8 (9.6) 0.002
presence Yes 8 (20.5) 22 (56.4) 9 (23.1)
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4.9 Multivariate analysis for significant characteristics

A multivariate analysis utilizing binary logistic regression determined that deeper
inflammatory infiltrate, presence of epithelial atrophy, Drugs group, and Restorations
group were associated with presence of eosinophils. Moreover, presence of restorations
adjacent to lesions was also associated with epithelial atrophy. The results are showed in

table 4.10 and 4.11.

Table 4.10: Binary logistic regression showing characteristics, associated p-values,
and odds ratio of presence of eosinophils in samples

Characteristics p-value QOdds ratio [95% CI]
Sex 0.155 2.078 [0.758 — 5.692]
Age group 0.199 0.534 [0.205 - 1.392]
Infiltrate depth 0.016* 0.335[0.138 -0.814]
Epithelial atrophy 0.043* 2.504 [1.029 - 6.093]
Drugs group 0.016* 3.708 [1.271 - 10.814]
Restorations group 0.011* 5.984 [1.498-23.898]

Table 4.11: Binary logistic regression showing characteristics, associated p-values,
and odds ratio of epithelial atrophy

Characteristics p-value Odds ratio [95% CI]
Sex 0.084 2.166 [0.901 — 5.208]
Age group 0.768 1.141[0.475 - 2.744]
Infiltrate depth 0.438 0.716 [0.307 — 1.668]
Eosinophils presence 0.043* 2.503 [1.027 — 6.100]
Drugs group 0.155 1.994 [0.771 — 5.158]
Restorations group 0.046* 3.752 [1.024 — 13.753]
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CHAPTER 5 : DISCUSSION

5.1 Socio-demographic evaluations

The socio-demographic parameters included in this study were age, gender and
ethnicity. In the present study, the mean age of patients were 51 years old when diagnosed
with oral lichen planus or oral lichen planus/ lesions. This characteristic corresponds to
description by Li et al. (2020), where oral lichen planus has higher prevalence among
individuals aged 40 years and above. Interestingly, the youngest age of patient in our
study was 17 years old. Although rare among younger age group, oral lichen planus had
been reported to occur in paediatric populations, between age of 8 to 18 (Chatterjee et al.,
2012). This study also observed higher incidence of the disease among females, with male
to female ratio of 1:2. These observations were also described in a study by Li et al.
(2020), where oral lichen planus prevalence was higher among females predominantly
aged 40 years and above. Majority of the subjects in this study were from Chinese and
Indian origin, which consists of 39.3% and 36.1% of patients respectively. A preliminary
study in Malaysian population by Lim et al. (2009) also observed that there were higher

occurrence of oral lichen planus among Chinese and Indian populations.

5.2 Clinical evaluations

This study also documented the complaint of patients. The most commonly reported
complaints by the patients were burning sensation, which were present in half of the
subjects. This was followed by pain. Radwan-Oczko et al. (2018) also noted that the most
commonly reported complaint in oral lichen planus was burning sensation. Our study also
noted that the most common site of complaint was buccal mucosa. This is consistent with
the fact that buccal mucosa is the most common site of involvement for oral lichen planus

and oral lichenoid reaction/ lesions (Shen et al., 2012).
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In the study of comorbidity among the subjects, it was observed that hypertension and
diabetes mellitus were the most commonly seen comorbidities among subjects. A
proportion of our subjects had multiple comorbidities, for example, hypertension
accompanied by diabetes mellitus. Hypertension and diabetes mellitus were present in
35.2% and 25.9% of patients respectively. These figures were higher when compared to
the prevalence of hypertension and diabetes mellitus in Malaysia, which were 30.3% and
17.5% respectively (Zainal, 2018). This may be because there is an increased probability
of patients having concurrent medical problems in a tertiary clinical setting such as in oral
medicine clinic. Lichen planus is known to have established relationship with multitude
of comorbidities. A study by Cassol-Spanemberg et al. (2019) noted that hypertension
and diabetes mellitus were among the systemic disease most commonly associated with
lichen planus. The association between diabetes mellitus and oral lichen planus was first
reported by Grinspan (1966). Moreover, Kaomongkolgit (2010) also observed that the
onset of oral lichenoid reaction appears to correspond to the administration of
medications, especially antihypertensive drugs, oral hypoglycaemic drugs, antimalarial
drugs, gold salts and penicillamine. In addition, it can also be highlighted that impaired
endocrine function in diabetes mellitus can contribute to the development of oral lichen
planus (Petrou-Amerikanou et al., 1998). Other than that, there were also increased
occurrence of dyslipidemia in the study subjects. This is in concordance to the study by
Aniyan et al. (2018), which reported that an association exist between dyslipidaemia and
oral lichen planus. An interesting observation in this study was there were four subjects
that were also diagnosed with hypothyroidism. Study by Li et al. (2017) demonstrated
correlation between oral lichen planus and hypothyroidism. These findings indicated that
oral lichen planus, oral lichenoid reaction/ lesions are often associated with systemic
disease (Cassol-Spanemberg et al., 2019). An important matter is the risk of

cardiovascular disease in patients with dyslipidemia. Dyslipidemia is known to promote
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atherosclerosis, which is a major risk factor for coronary artery disease (Garg et al., 2015;
Kopin & Lowenstein, 2017). Oral health physicians should ensure that these patients
undergo thorough history taking and examination in order to investigate for possible
presence of these disease and their manifestations (Cassol-Spanemberg et al., 2019Db).
Moreover, oral health physicians should also be aware of these systemic associations and
should liaise with primary healthcare physicians to investigate the predisposing factors

for associated comorbidities (Hasan et al., 2019).

In this study we also investigated the type of drugs taken by the patients. Polypharmacy
were noted among the subjects in this study. The medications usage in Drugs group were
recorded based on types of medications that have been linked to oral lichen planus in past
studies, which were antihypertensive drugs, non-steroidal anti-inflammatory drugs
(NSAID), cholesterol-lowering medications, psychiatric or antianxiety medications,
thyroid replacements, antidiabetics, and anticonvulsants. The most commonly taken
drugs in this study were antihypertensives, antidiabetics, and cholesterol lowering drugs
(statins). The high intake of these drugs was anticipated in this study as there were a high
number of cases presenting with diseases such as hypertension, diabetes mellitus, and
dyslipidemia. There were several reports on statins causing adverse reactions including
lichenoid reactions (Roger et al., 1994), dermatomyositis (Oztas et al., 2017), and skin
eruption (Forouzan et al., 2020; Wong et al., 2018). Antihypertensive and antidiabetic
drugs had also been reported to be related to oral lichenoid reaction/ lesions (Sonano &
Sarrion, 2010). In fact, there were multiple studies showing increased in the incidence
and severity of oral lichen planus among patients who were taking medications for
cardiovascular disease (Habbab et al., 2010). Moreover, anti-platelet, thyroxine, anti-
seizure, allopurinol, proton-pump inhibitor, letrozole, and insulin were also among the
medications taken by subjects. These medications were often taken in combination with
each other. These medications have been reported to be associated with oral lichenoid
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reaction/ lesions. For example, a study by Robledo-Sierra et al. (2013) found significant
association between levothyroxine and oral lichen planus. The authors also suggested
possible association between oral lichen planus and hypothyroidism. Moreover, anti-
platelet drugs, namely acetylsalicylic acid and clopidogrel had been associated with
lichenoid reactions (Guijarro & Lépez, 2003; Ruiz Villaverde et al., 2003). Meanwhile,
other studies have also reported association of lichen planus and lichenoid
reaction/lesions with carbamazepine (Atkin et al., 1990; Hajnsek et al., 2012), gabapentin
(Yuan et al., 2015), proton-pump inhibitors (Bong et al., 2000), letrozole (Oktem et al.,

2016; Yuan et al., 2015), and allopurinol (Chau et al., 1984).

Despite the high number of patients taking these implicated medications, drug related
oral lichenoid reaction/lesions were difficult to pinpoint, because the presentation of the
disease has a wide variation. For example, the onset of the disease can occur from weeks
to over a year after initiation of medications (Halevy & Shai, 1993). This latent period
appears to be related to the class of drug, the dosage, the individual reaction, and presence
or absence of concomitant medications (Halevy & Shai, 1993). Previous exposure to the

offending drug may shorten the latent period of drug reaction (Powell et al., 1983).

Moreover, this disease can persist for weeks to months after cessation of the offending
medications, some may even remain as milder form of the disease (Schlosser, 2010).
Therefore, a definitive and clear temporal relationship between initiation of medications
and onset of oral lichenoid reaction may not be easily apparent (Al-Hashimi et al., 2007).
Furthermore, the most reliable method of diagnosing oral lichenoid reaction/lesions is by
observing the resolution of lesions after withdrawal of the suspected drug, and re-
challenge with the same drug. However, this is considered impractical as it is potentially
hazardous to the patient, and the reactions may take months to resolve (Al-Hashimi et al.,

2007).

85



In this study, it was not possible to definitively differentiate between oral lichen planus
and oral lichenoid reaction/ lesions for the majority of cases or to pinpoint specific
offending drug based on removal or resolution of the lesions after removal of the
medications. However, the high percentage of patients in this study taking medications
that have be shown to be associated with oral lichenoid reaction/lesions suggested that
medication use may be a potentially modifiable factor in our subjects, even if the drug

use is not the definite cause of the disease (Algahtani et al., 2018).

The site of disease most often involved in this study was the buccal mucosa and tongue.
52.5% of patients presented with involvement of the buccal mucosa alone. Involvement
of multiple oral sites were also often seen in this study, with 89.3% of subjects exhibiting
multiple sites of involvement. Buccal mucosa is well known as the most common site of
presentation for oral lichen planus and oral lichenoid reaction/lesions. In fact, a study by
Juneja et al. (2006); Xue et al. (2005) also observed that the buccal mucosa the most
frequent site of involvement. Other sites that were commonly involved for intraoral
lesions are tongue and gingiva (Cassol-Spanemberg et al., 2019; Ingafou et al., 2006;
Ismail et al., 2007). Furthermore, an extensive Asian study by Xue et al. (2005) also
recorded labial mucosa as one of the sites often affected besides buccal mucosa, tongue,
and gingiva. Moreover, the study by Xue et al. (2005) also observed that 90.9% of patients
had multiple oral sites of involvement, which closely approximates our study. They
observed that less than 10% of patients had single oral site involvement, which often
affect the lip and gingiva. In our study, we noted that the lesions occur rarely on the floor
of mouth and palate, with 4 cases and 3 cases respectively. The rare occurrence of this

disease at the floor of mouth and palate was also described by Krupaa et al. (2015).

Moreover, our study also recorded that 9.8% of subjects presented with extraoral

involvement of the disease. Extraoral involvement of lichen planus and oral lichenoid
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reaction/lesions refers to manifestation of lichen planus at sites such as genital mucosa,
conjunctiva, skin and nail (Gorouhi et al., 2014). The most common extraoral presentation
typically involves the skin, especially flexor surfaces (Cassol-Spanemberg et al., 2019;
Goroubhi et al., 2014). We observed that only a small minority of cases presented with
extraoral involvement, which is equal amount (6) for both No exposure and Drugs group,
while Restorations group recorded no extraoral involvement. This finding is in
concordance with a study by Omal et al. (2012) on 18,306 patients, where they recorded
very low prevalence of combination of oral and skin lichen planus compared to isolated

oral lichen planus alone.

Our study also analyzed the clinical appearance of the disease. The clinical types of
oral lichen planus were described by Andreasen (1968), where oral lichen planus was
divided into 6 clinical types, which include reticular, papular, plaque, atrophic, ulcerative
or erosive, and bullous. Desquamative gingivitis were included in the atrophic type. The
clinical evaluation in our study was based on the clinical forms described by Andreasen
(1968), however, for the ease of discriminatory and evaluation purpose, we have
categorized desquamative gingivitis into a different group. All the clinical appearance of
this disease was recorded at first visit presentations. In this study, 38.5% of subjects
presented with only reticular white striations unaccompanied by other clinical types.
Combinations of multiple of clinical appearance in subjects were often observed in this
study, with 68% of our samples exhibits multiple clinical appearance of oral lichen planus
and oral lichenoid reaction/lesions. In almost all instances, reticular appearance
accompanied erythema, plaque, erosive, papular and desquamative gingivitis. When seen
in terms of frequency of each clinical appearance, we observed that the most commonly
encountered appearance is the reticular type. This type is present in 113 subjects out of
the total of 122 subjects, which occur either in combinations or alone. The second most
common presentation is erythematous appearance, which is present in 44 subjects. A large
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clinical study which involved 674 patients by Xue et al. (2005) also observed reticular
type being the most commonly encountered. However, a study by Eisen (2002) found that
erosive type was slightly more than reticular type. Desquamative gingivitis is a clinical
sign in which the gingiva appears reddish, glaze, and friable, along with the destruction
of the epithelium (Hasan, 2014). In our study, we noted that half of desquamative
gingivitis were accompanied by other clinical types, such as reticular, erosive, and
erythema, with reticular being the most common. Another half of desquamative gingivitis
in our study were not accompanied by other types. It is important to be aware that
although desquamative gingivitis is considered as a presentation of the atrophic type, it is
used to describe a specific clinical symptom and is not pathognomonic of atrophic type
oral lichen planus and oral lichenoid reaction/lesions (Russo et al., 2009). Desquamative
gingivitis can also appear in vesiculo-ulcerative disease such as mucous membrane
pemphigoid and pemphigus vulgaris (Russo et al., 2009). The clinical type that was least
observed in this study was the bullous type. Bullous lichen planus is the rare variant of
lichen planus. It is characterized by vesicles or bullae that develop in pre-existing lichen
planus lesions (Liakopoulou & Rallis, 2017). Long term surveillance in cases of oral
lichen planus revealed that exacerbations and changes in morphology were common in
this disease (Eisen, 2002). For example, reticular lesions may transform into erosive type
(Eisen, 2002). Also, in our study, 17 subjects presented with dental restorations adjacent

to lesions. The types of restorations include metal and tooth-colored restorations.

5.3 Histopathologic evaluations

5.3.1 Epithelial components

The histological evaluation method of the subject specimens was adopted from a study

by Martin H Thornhill et al. (2006) and Schigdt (1984). In this study, we observed that
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98.4% of cases were composed of parakeratinized epithelium. Only 1.6% of cases are
composed of orthokeratinizing epithelium. A study by Miyamoto (1989) also shared the
same observation, where the author observed that lichen planus is mainly composed of

parakeratinized epithelium.

For the evaluation of thickness and configuration of the epithelium, we observed that
nearly all cases in our study exhibits variable mixtures of thickness and configuration.
The most commonly seen were acanthosis accompanied with hyperplasia, which was seen
in 41.8% of cases. The second most common configuration were combination of
acanthosis, hyperplasia, and atrophy, which comprises of 24.6% of cases. Hyperplasia in
this study referred to increase of thickness of more than 1.5 times normal thickness for an
area relative to the normal adjacent epithelium, excluding the stratum corneum (Schigdt,
1984; Thornhill et al., 2006). Acanthosis in this study refers to broadening of rete ridges
more than two times normal thickness for area, excluding stratum corneum (Schigdt,
1984; Thornhill et al., 2006). In addition, atrophy in our study refers to reduction in
thickness of more than one-third of normal area (Schigdt, 1984; Thornhill et al., 2006). A
study by Mravak-Stipetic¢ et al. (2014) demonstrated that acanthosis is commonly seen in
oral lichen planus and oral lichenoid reaction/ lesions. Epithelial hyperplasia is also
commonly seen in oral lichen planus (Fernandez-Gonzélez et al., 2011). Our findings on
the occurrence of epithelial atrophy however was higher than the study by Srivani et al.
(2017), where they observed that epithelial atrophy was only present in 10% of their

subjects, while our study observed that epithelial atrophy was present in 26.2% of cases.

We have also evaluated direct immunofluorescence (DIF) test in this study. For our
study, we noted that DIF were performed in 95 cases. Out of these cases, 76.8% showed
positivity for fibrinogen at the basement membrane. This observation was in agreement

with study by Buajeeb et al. (2015); Firth et al. (1990) and Kulthanan et al. (2007), where
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the observed positivity of DIF in oral lichen planus ranged between 75% to 82.9%. One
particular study by Laskaris et al. (1982) however recorded 100% positivity of fibrinogen

deposition along the basement membrane.

5.3.2 Connective tissue components

Other than the epithelium, the connective tissue components were also studied. One of
them is the depth of inflammatory infiltrate. In the studies by Schigdt (1984) Thornhill et
al. (2006), deep inflammatory infiltrate was considered as inflammatory infiltrate that is
located deep to the superficial infiltrate, in some or all areas. We observed in our study
that deep inflammatory infiltrate was present in 38.5% of cases, and 61.5% of cases
exhibits superficial infiltrate. According to the Modified WHO diagnostic criteria of oral
lichen planus and oral lichenoid reaction, presence of well-defined band-like zone of
cellular infiltration that is confined to the superficial part of the connective tissue,
consisting mainly of lymphocytes is one of the histopathologic criteria for the diagnosis
of oral lichen planus (Van der Meij & Van der Waal, 2003). This criterion was also

mentioned by Cheng et al. (2016).

Majority (95.5%) of cases in our study exhibits moderate to heavy intensity of
inflammatory infiltrate. In this study, moderate and heavy intensity of inflammatory
infiltrate were grouped together for the ease of classifications. Heavy to moderate
intensity of inflammatory infiltrate are often linked to oral lichen planus and oral
lichenoid reaction/lesions, while mild infiltrate was often associated with mucous

membrane pemphigoid and graft versus host disease (Cheng et al., 2016).

Perivascular infiltrate was present in 9.8% of our study samples. The presence of

perivascular infiltrate is considered as one of the criteria of oral lichenoid reaction (Cheng
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et al., 2016; Ismail et al., 2007; Rice & Hamburger, 2002; Thornhill et al., 2006).
However, this feature is not specific and requires clinical correlation of drug used (Miller,

2011).

Presence of eosinophils were also evaluated in this study. Eosinophils are a minority
circulating granulocyte which functions to regulate local immune and inflammatory
responses (Fulkerson & Rothenberg, 2013). Their accumulation in the tissue and blood is
associated with several inflammatory and infectious disease (Fulkerson & Rothenberg,
2013). The presence of eosinophils is usually related to allergy, which include allergic
drug eruption, urticaria, allergic contact dermatitis, atopic dermatitis, eczema. Other than
that, eosinophilic infiltrate can also be present in parasitic infestations, arthropod bites,
and autoimmune blistering disease such as pemphigoid (Long et al., 2016). In our study,
we observed that eosinophils were present in 32% of samples. In our context, the presence
of eosinophils is often linked to oral lichenoid reaction/lesions (Cheng et al., 2016; Juneja
et al., 2006; Rice & Hamburger, 2002). Moreover, a study by Mravak-Stipeti¢ et al.
(2014) also documented that eosinophils were present in 62% of their oral lichenoid lesion

cases.

Mast cells are immune cells of the myeloid lineage which originates from pluripotent
progenitor cells of the bone marrow. These cells are found in epithelial and connective
tissues throughout the body (Krystel-Whittemore et al., 2016). The cytoplasm of the mast
cells contains 50-200 large granules that store inflammatory mediators such as histamine,
heparin, cytokines, and neutral proteases. Mast cells regulates vasodilation, vascular
homeostasis, angiogenesis, and innate and adaptive immune responses. Moreover, mast
cells are also involved in the process of many diseases such as allergy, asthma,
anaphylaxis, and gastrointestinal disorders (Krystel-Whittemore et al., 2016). In our

study, it was observed that mast cells were present in all samples being studied. In the
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context of oral lichen planus and oral lichenoid reaction/ lesions, the role of mast cells in
the pathogenesis of oral lichen planus and oral lichenoid reaction/lesions had been given
tremendous attention. Mast cells are responsible for trafficking inflammatory cells into
the connective tissue which in turn helps in the progression and maintenance of chronicity
of oral lichen planus (Sharma et al., 2011). There had been extensive studies of mast cells
expression in oral lichen planus. A study by (Juneja et al., 2006) found that the number
of mast cells was significantly higher in oral lichen planus and oral lichenoid lesion
compared to control. Another study by Reddy et al. (2012) observed significant increase
in number of mast cells in oral lichen planus and oral lichenoid reaction compared to
normal buccal mucosa. In fact, a systematic review by Vadivel et al. (2019) recorded
increase in mast cells numbers in oral lichen planus compared to normal tissues. Our
study results showed agreement with these past studies. In addition to the presence of
mast cells, this study also observed that mast cells were mainly seen in the deeper
connective tissues. Studies by Reddy et al. (2012) and Balci et al. (2015) also observed

that mast cells in oral lichen planus mainly present in the deeper connective tissue.

5.4 Categories of subjects

In this study, we divided our subjects into three categories or groups, which comprised of
No exposure, Drugs, and Restorations. We had separated No exposure group from Drugs
and Restorations group in order to exclude the likelihood of oral lichenoid reaction/
lesions caused by drugs and dental restorations. Patients exposed to causative factors refer
to the Drugs and Restorations group, and patients not exposed to causative factors refers
to the No exposure group. Our study also separated Drugs and Restorations groups, this
is mainly because if these two groups are mixed together, it is not possible to point out

which is the causative factors.
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5.4.1 Associations between clinicopathological features and subject groups

Our study demonstrated significant association (p<0.001) between age of the subjects
and their grouping. This study showed that subjects who were 55 years old and above
were more likely to be on medications, which is in the Drugs group. This is in agreement
with a Malaysian study, where Hasan et al. (2017) observed that there were high
prevalence of elderly populations taking medications for cardiovascular disease and
diabetes mellitus, which were 81% and 42% respectively. Moreover, it is well established
that hypertension and diabetes mellitus, being the comorbidity most commonly associated
in this study, were most prevalent in those aged 50 or over (Letchuman et al., 2010;
Mahadir Naidu et al., 2019). Thus, this result may suggest that older age group may be

more prone for oral lichenoid reaction/lesions.

This study also found association between ethnicity and subject groups (p = 0.035),
where it was observed that there were remarkably more patients of Indian origin in the
Drugs group. This finding corroborates with a Malaysian study by Wan Nazaimoon et al.
(2013) which observed that diabetes was most prevalent among the Indian ethnicity. All
three ethnic groups had comparable prevalence of hypertension (Naing et al., 2016) and

dyslipidemia (Ambigga et al., 2016).

In our study, we observed significant association between epithelial atrophy and
subject groups (p=0.006). Binary logistic regression test showed that Restorations group
were 3.8 times more likely to have epithelial atrophy as the No exposure group. This is
in agreement with a study by Schigdt (1984) which suggested that epithelial atrophy is
one of the criteria favoring oral lichenoid reaction compared to typical oral lichen planus.
However, a study by Thornhill et al. (2006) concluded that atrophy can be present in both
oral lichen planus and oral lichenoid reaction, and is not a criterion used to distinguish

oral lichen planus and oral lichenoid reaction.
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Our study found that there is a significant association between presence of eosinophils
and subject groups (p=0.002). Binary logistic regression test showed that Drugs and
Restorations group were 3.7 and 6.0 times respectively more likely to have the presence
of eosinophils as the No exposure group. This result is in agreement with a study by
Mravak-Stipeti¢ et al. (2014) where it was observed that there were significantly more
eosinophils in oral lichenoid lesion than oral lichen planus. Moreover, a study by
Thornhill et al. (2006) also concluded that eosinophils were considered as discriminators
of oral lichen planus and oral lichenoid reaction when tested on bivariate analysis. A study
by Reddy et al. (2012) also had concluded that there was significant increase in
eosinophils density in oral lichenoid mucositis compared to oral lichen planus. However,
a study by (Firth et al., 1990) observed that there was no significant difference in
eosinophils densities between oral lichen planus and oral lichenoid reaction. The author
further suggested that presence of eosinophils in the inflammatory cell infiltrates could
not be used as reliable criterion for distinction between oral lichen planus and oral

lichenoid reaction.

Our study did not find significant association between positivity of fibrinogen and
subject groups. The presence of fibrinogen positivity was observed across all groups.
Cases with positivity for fibrinogen were mainly composed of cases from No exposure
group (43.8%) and Drugs group (42.5%). Although Restorations group made up 13.7%
of the cases with positivity towards fibrinogen, we observed that 10 out of 17 cases in the
group yielded positive findings. This suggests that exposure to causative factors do not
influence the fibrinogen positivity in a DIF test. This finding is in contrast to a study by
Yamanaka et al. (2018), where it was found that positive fibrinogen yield is significantly
higher in oral lichen planus compared to oral lichenoid reaction, thus suggesting DIF can
be a helpful tool in differential diagnosis of oral lichen planus and oral lichenoid reaction.
Also, Buajeeb et al,. (2015) found higher number of positivity for fibrinogen in oral lichen
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planus lesions with white striae than those without white striae. In contrast, Montague et
al., (2015) reported positive fibrinogen DIF test in potentially malignant and malignant
oral lesions including leukoplakia, verrucous carcinoma, and squamous cell carcinoma.
Thus, suggesting that positivity for fibrinogen is not exclusive of oral lichen planus

(Montague et al., 2015).

Although it has been mentioned by Cheng et al. (2016) that mixed and deep
inflammatory infiltrate, which was described as infiltrate that extend into the deep lamina
propria as a feature of oral lichenoid reaction, our study did not find significant
association between depth of infiltrate and subject groups. However, our study observed
that deep infiltrate is often seen more in Drugs group. Our study also did not find
significant association between perivascular infiltrate and subject groups. One needs to
be aware that perivascular infiltrate also can present in many diseases, such as lichen
simplex chronicus, erythema multiforme, lupus erythematosus and graft versus host
disease (Billings, 2019). Moreover, this study found no associations between intensity of

infiltrate and subject groups.

5.4.2 Plasma cells to lymphocytes ratio

Plasma cells and lymphocytes count for all cases were performed in this study.
Subsequently, plasma cells to lymphocytes ratio for each case in this study were
determined. Our study also compared mean ratio of plasma cells to lymphocytes between
the groups which showed that there was significant difference in the mean ratio of plasma
cells to lymphocytes between the No exposure and Drugs groups, as well as between No
exposure and Restorations group. There was no significant difference noted between
Drugs and Restorations group. The presence of plasma cells in oral lichen planus and

oral lichenoid reaction/ lesions had been described by Mravak-Stipeti¢ et al. (2014),
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where the study observed significantly more plasma cells in oral lichenoid

reaction/lesions compared to oral lichen planus.

Receiver operating curve (ROC) analysis were used to determine the discriminative
value of plasma cells to lymphocytes ratio in our study. Our ROC analysis showed that
plasma cells to lymphocytes ratio was able to discriminate between No exposure and
Drugs group with a sensitivity of 34.6% and specificity of 92.5% (p = 0.048). However,
the area under the curve is 0.612, which suggests poor accuracy in discriminating between
No exposure and Drug group (Streiner & Cairney, 2007). Another ROC test was done
between No exposure and Restorations group showed that plasma cells to lymphocytes
ratio was also able to discriminate between No exposure and Restorations group with
sensitivity of 64.7% and specificity of 69.8% (p = 0.032). However, the area under the
curve for this test which is 0.674 also suggests poor accuracy in discriminating between
No exposure and Restorations group (Streiner & Cairney, 2007). This may be due to our
method of selecting the representative areas for plasma cells and lymphocytes count,
which may neglect the areas with highest numbers of plasma cells. However, this finding
Is in agreement with a study by Mravak-Stipeti¢ et al. (2014), where it was observed that
there was significantly more plasma cells in oral lichenoid lesion compared to oral lichen
planus. Furthermore, this finding is also shared by Baris et al. (2014), where the authors
concluded that oral lichenoid reaction related to drugs had predominantly mixed
inflammatory infiltrate with presence of plasma cells, which is located deeper in the
connective tissue. In addition, a study by Thornhill et al. (2006) also observed that
presence of plasma cells is one of the features that discriminate between oral lichenoid
reaction and oral lichen planus, where presence of plasma cells favors oral lichenoid
reaction. Hence it can be postulated that the presence of high numbers of plasma cells in
this study were associated with presence of drugs or medications intake and restorations
adjacent to lesions.
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5.5 Limitations of study

Due to the relatively modest sample size (n=122), where the number of samples of one
of the groups were only 17, the results may not fully represent the study population.
Moreover, a number of cases severely lacked clinical data, rendering them unable to be
included as study sample. There were some cases with missing formalin fixed paraffin

embedded tissue block and histological slides.
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CHAPTER 6 : CONCLUSION

The clinical and histopathological characteristics of patients seen at the Faculty of

Dentistry, University of Malaya corroborate with studies in the literature.

Significant association was observed between the presence of eosinophils and
exposure to causative factors, which were consumption of medications linked to oral

lichenoid reactions, and also presence of restorative materials adjacent to lesions.

The present study was able to show that there was significant difference in the plasma
cells to lymphocytes ratio between subjects exposed to causative factors and those who
were not. In addition, this study demonstrated higher plasma cells to lymphocytes ratio in

patients exposed to causative factors than those who were not.

These findings strongly support the role of causative factors, mainly the drugs and
dental restorative materials in the etiology of oral lichenoid reactions/ lesions, although it
is difficult to pinpoint. Thus, in clinical settings, together with proper history and clinical
findings, these features may facilitate clinicians in planning appropriate management for

patients.

We recommend a clinicopathological study of oral lichen planus and oral lichenoid
reaction/ lesions with a larger cohort involving multiple centers to obtain larger sample

size and results that is more representative of the national populations.

98



REFERENCES

Abell, E., Presbury, D., Marks, R., & Ramnarain, D. (1975). The diagnostic significance
of immunoglobulin and fibrin deposition in lichen planus. British Journal of
Dermatology, 93(1), 17-24.

Accurso, B. T., Warner, B. M., Knobloch, T. J., Weghorst, C. M., Shumway, B. S., Allen,
C. M., & Kalmar, J. R. (2011). Allelic imbalance in oral lichen planus and
assessment of its classification as a premalignant condition. Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology, and Endodontology, 112(3), 359-366.

Aggarwal, B. B., & Gehlot, P. (2009). Inflammation and cancer: how friendly is the
relationship for cancer patients? Curr Opin Pharmacol, 9(4), 351-369.
d0i:10.1016/j.coph.2009.06.020

Agha-Hosseini, F., & Mirzaii-Dizgah, I. (2013). p53 as a neoplastic biomarker in patients
with erosive and plaque like forms of oral lichen planus. The journal of
contemporary dental practice, 14(1), 1.

Aghbari, S. M. H., Abushouk, A. I., Attia, A., EImaraezy, A., Menshawy, A., Ahmed, M.
S., ... Ahmed, E. M. (2017). Malignant transformation of oral lichen planus and
oral lichenoid lesions: a meta-analysis of 20095 patient data. Oral Oncol, 68, 92-
102.

Ahlgren, C., Ahnlide, 1., Bjorkner, B., Bruze, M., Liedholm, R., Moller, H., & Nilner, K.
(2002). Contact allergy to gold is correlated to dental gold. Acta Derm Venereol,
82(1), 41-44.

Ahuja, A., Anderson, S. M., Khalil, A., & Shlomchik, M. J. (2008). Maintenance of the
plasma cell pool is independent of memory B cells. Proceedings of the National
Academy of Sciences, 105(12), 4802-4807.

Akhurst, R. J., & Hata, A. (2012). Targeting the TGFp signalling pathway in disease.
Nature reviews Drug discovery, 11(10), 790-811.

Al-Hashimi, 1., Schifter, M., Lockhart, P. B., Wray, D., Brennan, M., Migliorati, C. A., .
.. Eisenberg, E. (2007). Oral lichen planus and oral lichenoid lesions: diagnostic
and therapeutic considerations. Oral Surgery, Oral Medicine, Oral Pathology,
Oral Radiology, and Endodontology, 103, S25. e21-S25. el2.

99



Allam, J.-P., Peng, W.-M., Appel, T., Wenghoefer, M., Niederhagen, B., Bieber, T., . . .
Novak, N. (2008). Toll-like receptor 4 ligation enforces tolerogenic properties of
oral mucosal Langerhans cells. Journal of allergy and clinical immunology,
121(2), 368-374. e361.

Almeyda, J., & Levantine, A. (1971). Drug reactions. XVI. Lichenoid drug eruptions. Br
J Dermatol, 85(6), 604.

Algahtani, M., Woods, T. R., Smith, M. H., Bhattacharyya, 1., Cohen, D. M., Islam, M.
N., & Fitzpatrick, S. G. J. G. d. (2018). Medication use and medical history of 155
patients with oral lichenoid lesions: a retrospective study. 66(2), 40.

Ambigga, K., Jasvindar, K., Gurpreet, K., Suthahar, A., Ho, B., Cheong, S., . . . Research,
M. (2016). Hypercholesterolemia prevalence, awareness, treatment and control
among the elderly: The 2011 National Health and Morbidity Survey, Malaysia. 1-
9.

andrea Cavani, C. A., & Girolomoni, G. (1998). Interferon-y-stimulated human
keratinocytes express the genes necessary for the production of peptide-loaded
MHC class Il molecules. Journal of investigative dermatology, 110(2), 138-142.

Andreasen, J. J. O. S., Oral Medicine, Oral Pathology. (1968). Oral lichen planus: I. A
clinical evaluation of 115 cases. 25(1), 31-42.

Aniyan, K. Y., Guledgud, M. V., & Patil, K. J. C. c. d. (2018). Alterations of serum lipid
profile patterns in oral lichen planus patients: A case—control study. 9(Suppl 1),
S112.

Arce, S., Cassese, G., Hauser, A., Dorner, T., Odendahl, M., Manz, R., . . . Hiepe, F.
(2002). The role of long-lived plasma cells in autoimmunity. Immunobiology,
206(5), 558-562.

Arduino, P. G., Carbone, M., Della Ferrera, F., Elia, A., Conrotto, D., Gambino, A,, . ..
Broccoletti, R. (2014). Pimecrolimus vs. tacrolimus for the topical treatment of
unresponsive oral erosive lichen planus: a 8 week randomized double - blind
controlled study. Journal of the European Academy of Dermatology and
Venereology, 28(4), 475-482.

Asea, A., Kraeft, S.-K., Kurt-Jones, E. A., Stevenson, M. A., Chen, L. B., Finberg, R. W.,
... Calderwood, S. K. (2000). HSP70 stimulates cytokine production through a
CD14-dependant pathway, demonstrating its dual role as a chaperone and
cytokine. Nat Med, 6(4), 435-442.

100



Atkin, S., McKenzie, T., Stevenson, C. J. C., & dermatology, e. (1990). Carbamazepine -
induced lichenoid eruption. 15(5), 382-383.

Baccaglini, L., Thongprasom, K., Carrozzo, M., & Bigby, M. (2013). Urban legends
series: lichen planus. Oral Dis, 19(2), 128-143.

Backhed, F., & Hornef, M. (2003). Toll-like receptor 4-mediated signaling by epithelial
surfaces: necessity or threat? Microbes and infection, 5(11), 951-9509.

Bagnasco, D., Ferrando, M., Varricchi, G., Puggioni, F., Passalacqua, G., & Canonica, G.
W. J. F. i. m. (2017). Anti-interleukin 5 (IL-5) and IL-5Ra biological drugs:
efficacy, safety, and future perspectives in severe eosinophilic asthma. 4, 135.

Bai, J., Jiang, L., Lin, M., Zeng, X., Wang, Z., & Chen, Q. (2009). Association of
polymorphisms in the tumor necrosis factor-a and interleukin-10 genes with oral
lichen planus: a study in a Chinese cohort with Han ethnicity. Journal of
Interferon and Cytokine Research, 29(7), 381-388.

Bai, J., Zhang, Y., Lin, M., Zeng, X., Wang, Z., Shen, J., . . . Chen, Q. (2007).
Interleukin - 18 gene polymorphisms and haplotypes in patients with oral lichen
planus: a study in an ethnic Chinese cohort. Tissue Antigens, 70(5), 390-397.

Balci, M., Ercin, M. E. J. O. S., Oral Medicine, Oral Pathology, & Radiology, O. (2015).
Evaluation of Mast Cell Distribution in Oral Lichen Planus and Lichenoid Lesions
by Histochemical Analysis. 119(3), e165.

Bankhead, P., Loughrey, M. B., Fernandez, J. A., Dombrowski, Y., McArt, D. G., Dunne,
P. D., ... Coleman, H. G. (2017). QuPath: Open source software for digital
pathology image analysis. Sci Rep, 7(1), 1-7.

Baris, E., Sengiiven, B., Tiiziiner, T., & Giiltekin, S. (2014). Oral lichenoid lesions related
to drugs: review of clinicopathological features and differential diagnosis. In:
SAGE Publications Sage UK: London, England.

Basset-Séguin, N., Caughman, S. W., & Yancey, K. B. (1990). A-431 cells and human
keratinocytes synthesize and secrete the third component of complement. Journal
of investigative dermatology, 95(6), 621-625.

Basu, S., Binder, R. J., Suto, R., Anderson, K. M., & Srivastava, P. K. (2000). Necrotic
but not apoptotic cell death releases heat shock proteins, which deliver a partial
maturation signal to dendritic cells and activate the NF-kB pathway. Int Immunol,
12(11), 1539-1546.

101



Becker, J. C., Houben, R., Vetter, C. S., & Brocker, E. B. (2006). The carcinogenic
potential of tacrolimus ointment beyond immune suppression: a hypothesis
creating case report. BMC cancer, 6(1), 7.

Beere, H. M. (2004). The stress of dying': the role of heat shock proteins in the regulation
of apoptosis. J Cell Sci, 117(13), 2641-2651.

Bermejo-Fenoll, A., & Lopez-Jornet, P. (2006). Familial oral lichen planus: presentation
of six families. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology,
and Endodontology, 102(2), e12-e15.

Bermejo-Fenoll, A., Sanchez-Siles, M., Lopez-Jornet, P., Camacho-Alonso, F., &
Salazar-Sanchez, N. (2009). Premalignant nature of oral lichen planus. A
retrospective study of 550 oral lichen planus patients from south-eastern Spain.
Oral Oncol, 45(8), e54-e56.

Billings, S. D. J. M. P. (2019). Common and critical inflammatory dermatoses every
pathologist should know. 1-11.

Bischoff, S. C., Krieger, M., Brunner, T., Rot, A., Tscharner, V. V., Baggiolini, M., &
Dahinden, C. A. (1993). RANTES and related chemokines activate human
basophil granulocytes through different G protein - coupled receptors. Eur J
Immunol, 23(3), 761-767.

Black, R. A., Rauch, C. T., Kozlosky, C. J., Peschon, J. J., Slack, J. L., Wolfson, M. F., .
.. Srinivasan, S. (1997). A metalloproteinase disintegrin that releases tumour-
necrosis factor-a from cells. Nature, 385(6618), 729-733.

Blomgren, J., Axell, T., Sandahl, O., & Jontell, M. (1996). Adverse reactions in the oral
mucosa associated with anterior composite restorations. J Oral Pathol Med, 25(6),
311-313.

Bombeccari, G. P., Guzzi, G., Tettamanti, M., Gianni, A. B., Baj, A., Pallotti, F., &
Spadari, F. (2011). Oral lichen planus and malignant transformation: a
longitudinal cohort study. Oral Surgery, Oral Medicine, Oral Pathology, Oral
Radiology, and Endodontology, 112(3), 328-334.

Bong, J., Lucke, T., & Douglas, W. J. B. (2000). Lichenoid drug eruption with proton
pump inhibitors. 320(7230), 283.

Boraschi, D., & Dinarello, C. A. (2006). IL-18 in autoimmunity. European cytokine
network, 17(4), 224-252.

102



Bramanti, T. E., Dekker, N. P., Lozada-Nur, F., Sauk, J. J., & Regezi, J. A. (1995). Heat
shock (stress) proteins and yd T lymphocytes in oral lichen planus. Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, 80(6), 698-
704.

Brandtzaeg, P. (2009). Mucosal immunity: induction, dissemination, and effector
functions. Scand J Immunol, 70(6), 505-515.

Brandtzaeg, P. (2013). Secretory immunity with special reference to the oral cavity.
Journal of oral microbiology, 5(1), 20401.

Brocker, C., Thompson, D., Matsumoto, A., Nebert, D. W., & Vasiliou, V. (2010).
Evolutionary divergence and functions of the human interleukin (IL) gene family.
Human genomics, 5(1), 30.

Buajeeb, W., Okuma, N., Thanakun, S., & Laothumthut, T. (2015). Direct
immunofluorescence in oral lichen planus. Journal of clinical and diagnostic
research: JCDR, 9(8), ZC34.

Buajeeb, W., Pobrurksa, C., & Kraivaphan, P. (2000). Efficacy of fluocinolone acetonide
gel in the treatment of oral lichen planus. Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology, and Endodontology, 89(1), 42-45.

Burgdorf, W. H., & Plewig, G. (2014). Who described Civatte bodies? Journal of
cutaneous pathology, 41(4), 340-346.

Burrows, P., Suematsu, S., & Watanabe, T. (2000). Activation of self-reactive B cells and
autoimmune diseases. Reviews in immunogenetics, 2(1), 38-51.

Camisa, C., Taylor, J. S., Bernat, J. R., Jr., & Helm, T. N. (1999). Contact hypersensitivity
to mercury in amalgam restorations may mimic oral lichen planus. Cutis, 63(3),
189-192.

Campisi, G., Giandalia, G., De Caro, V., Di Liberto, C., Arico, P., & Giannola, L. (2004).
A new delivery system of clobetasol - 17 - propionate (lipid - loaded
microspheres 0- 025%) compared with a conventional formulation (lipophilic
ointment in a hydrophilic phase 0- 025%) in topical treatment of atrophic/erosive
oral lichen planus. A Phase IV, randomized, observer - blinded, parallel group
clinical trial. British Journal of Dermatology, 150(5), 984-990.

Carbone, M., Arduino, P. G., Carrozzo, M., Caiazzo, G., Broccoletti, R., Conrotto, D., . .
. Gandolfo, S. (2009). Topical clobetasol in the treatment of atrophic - erosive

103



oral lichen planus: a randomized controlled trial to compare two preparations with
different concentrations. Journal of oral pathology & medicine, 38(2), 227-233.

Carbone, M., Conrotto, D., Carrozzo, M., Broccoletti, R., Gandolfo, S., & Scully, C.
(1999). Topical corticosteroids in association with miconazole and chlorhexidine
in the long - term management of atrophic - erosive oral lichen planus: a
placebo - controlled and comparative study between clobetasol and fluocinonide.
Oral Dis, 5(1), 44-49.

Carbone, M., Goss, E., Carrozzo, M., Castellano, S., Conrotto, D., Broccoletti, R., &
Gandolfo, S. (2003). Systemic and topical corticosteroid treatment of oral lichen
planus: a comparative study with long - term follow - up. Journal of oral
pathology & medicine, 32(6), 323-329.

Carrozzo, M., Brancatello, F., Dametto, E., Arduino, P., Pentenero, M., Rendine, S., . ..
Gandolfo, S. (2005). Hepatitis C virus - associated oral lichen planus: is the
geographical heterogeneity related to HLA - DR6? Journal of oral pathology &
medicine, 34(4), 204-208.

Carrozzo, M., Francia Di Celle, P., Gandolfo, S., Carbone, M., Conrotto, D., Fasano, M.,
.. . Ghisetti, V. (2001). Increased frequency of HLA - DR6 allele in Italian
patients with hepatitis C virus - associated oral lichen planus. British Journal of
Dermatology, 144(4), 803-808.

Carrozzo, M., Porter, S., Mercadante, V., & Fedele, S. (2019). Oral lichen planus: A
disease or a spectrum of tissue reactions? Types, causes, diagnostic algorhythms,
prognosis, management strategies. Periodontology 2000, 80(1), 105-125.

Carrozzo, M., & Thorpe, R. (2009). Oral lichen planus: a review. Minerva stomatologica,
58(10), 519-537.

Cassel, S. L., Joly, S., & Sutterwala, F. S. (2009). The NLRP3 inflammasome: a sensor
of immune danger signals. Paper presented at the Seminars in immunology.

Cassol-Spanemberg, J., Blanco-Carrion, A., Rodriguez-de Rivera-Campillo, M. E.,
Estrugo-Devesa, A., Jané-Salas, E., & Lopez-Lbpez, J. J. M. 0., patologia oral y
cirugia bucal. (2019b). Cutaneous, genital and oral lichen planus: A descriptive
study of 274 patients. 24(1), el.

Cerutti, A. (2008). The regulation of IgA class switching. Nature reviews immunology,
8(6), 421-434.

104



Chaiyarit, P., Kafrawy, A. H., Miles, D. A., Zunt, S. L., Van Dis, M. L., & Gregory, R.
L. (1999). Oral lichen planus: an immunohistochemical study of heat shock
proteins (HSPs) and cytokeratins (CKs) and a unifying hypothesis of
pathogenesis. Journal of oral pathology & medicine, 28(5), 210-215.

Chang, A., Badger, J., Rehmus, W., & Kimball, A. B. (2008). Alefacept for erosive lichen
planus: a case series. Journal of drugs in dermatology: JDD, 7(4), 379-383.

Chatterjee, K., Bhattacharya, S., Mukherjee, C. G., Mazumdar, A. J. J. 0. 0., & JOMFP,
m. p. (2012). A retrospective study of oral lichen planus in paediatric population.
16(3), 363.

Chau, N., Reade, P., Rich, A., & Hay, K. J. O. s., oral medicine, oral pathology. (1984).
Allopurinol-amplified lichenoid reactions of the oral mucosa. 58(4), 397-400.

Cheng, A., & Mann, C. (2006). Oral erosive lichen planus treated with efalizumab. Arch
Dermatol, 142(6), 680-682.

Cheng, Y. S., Gould, A., Kurago, Z., Fantasia, J., & Muller, S. (2016). Diagnosis of oral
lichen planus: a position paper of the American Academy of Oral and
Maxillofacial Pathology. Oral Surg Oral Med Oral Pathol Oral Radiol, 122(3),
332-354. doi:10.1016/j.0000.2016.05.004

Chieregato, C., Zini, A., Barba, A., Magnanini, M., & Rosina, P. (2003). Lichen
planopilaris: report of 30 cases and review of the literature. International journal
of dermatology, 42(5), 342-345.

Conrotto, D., Carbone, M., Carrozzo, M., Arduino, P., Broccoletti, R., Pentenero, M., &
Gandolfo, S. (2006). Ciclosporin vs. clobetasol in the topical management of
atrophic and erosive oral lichen planus: a double - blind, randomized controlled
trial. British Journal of Dermatology, 154(1), 139-145.

Conrotto, D., Carrozzo, M., Ubertalli, A. V., Gandolfo, S., Giaccone, L., Boccadoro, M.,
& Benedetto, B. (2006). Dramatic increase of tacrolimus plasma concentration
during topical treatment for oral graft-versus-host disease. Transplantation, 82(8),
1113-1115.

Constant, S. L., & Bottomly, K. (1997). Induction of Th1l and Th2 CD4+ T cell responses:
the alternative approaches. Annual review of immunology, 15(1), 297-322.

Cook, D. N., Pisetsky, D. S., & Schwartz, D. A. (2004). Toll-like receptors in the
pathogenesis of human disease. Nature immunology, 5(10), 975-979.

105



Cooney, L. A., Towery, K., Endres, J., & Fox, D. A. (2011). Sensitivity and resistance to
regulation by IL-4 during Th17 maturation. The Journal of Immunology, 187(9),
4440-4450.

Crincoli, V., Di Bisceglie, M. B., Scivetti, M., Lucchese, A., Tecco, S., & Festa, F. (2011).
Oral lichen planus: update on etiopathogenesis, diagnosis and treatment.
Immunopharmacology and immunotoxicology, 33(1), 11-20.

Cutler, C. W., & Jotwani, R. (2004). Antigen - presentation and the role of dendritic cells
in periodontitis. Periodontology 2000, 35(1), 135-157.

Cutler, T. P. (1980). Lichen planus caused by pyrimethamine. Clin Exp Dermatol, 5(2),
253-256.

Dan, H., Liu, W., Wang, J., Wang, Z., Wu, R., Chen, Q., . . . Zhou, Y. (2011). Elevated
IL-10 concentrations in serum and saliva from patients with oral lichen planus.
Quintessence Int, 42(2).

Dan, H., Liu, W., Zhou, Y., Wang, J., Chen, Q., & Zeng, X. (2010). Association of
interleukin-8 gene polymorphisms and haplotypes with oral lichen planus in a
Chinese population. Inflammation, 33(2), 76-81.

Daniels, T. E., & Quadra-White, C. (1981). Direct immunofluorescence in oral mucosal
disease: a diagnostic analysis of 130 cases. Oral surgery, oral medicine, oral
pathology, 51(1), 38-47.

De Koning, H. D., Rodijk-Olthuis, D., van Vlijmen-Willems, I. M., Joosten, L. A., Netea,
M. G., Schalkwijk, J., & Zeeuwen, P. L. (2010). A comprehensive analysis of
pattern recognition receptors in normal and inflamed human epidermis:
upregulation of dectin-1 in psoriasis. Journal of investigative dermatology,
130(11), 2611-2620.

de Sousa, F. A. C. G., Paradella, T. C., Carvalho, Y. R., & Rosa, L. E. B. (2009).
Comparative analysis of the expression of proliferating cell nuclear antigen, p53,
bax, and bcl-2 in oral lichen planus and oral squamous cell carcinoma. Ann Diagn
Pathol, 13(5), 308-312.

DeAngelis, L. M., Cirillo, N., & McCullough, M. J. (2019). The immunopathogenesis of
oral lichen planus—Is there a role for mucosal associated invariant T cells?
Journal of oral pathology & medicine, 48(7), 552-559.

106



Del Vecchio, M., Bajetta, E., Canova, S., Lotze, M. T., Wesa, A., Parmiani, G., &
Anichini, A. (2007). Interleukin-12: biological properties and clinical application.
Clinical cancer research, 13(16), 4677-4685.

Delves, P. J., Martin, S. J., Burton, D. R., & Roitt, I. M. (2017). Roitt's essential
immunology: John Wiley & Sons.

DeRossi, S. S., & Ciarrocca, K. N. (2005). Lichen planus, lichenoid drug reactions, and
lichenoid mucositis. Dent Clin North Am, 49(1), 77-89, viii.

Diamond, G., Beckloff, N., & Ryan, L. (2008). Host defense peptides in the oral cavity
and the lung: similarities and differences. J Dent Res, 87(10), 915-927.

Dickens, C. M., Heseltine, D., Walton, S., & Bennett, J. R. (1990). The oesophagus in
lichen planus: an endoscopic study. BMJ, 300(6717), 84.

Dienz, O., & Rincon, M. (2009). The effects of IL-6 on CD4 T cell responses. Clin
Immunol, 130(1), 27-33.

Dinarello, C. A. (2010). IL - 1: Discoveries, controversies and future directions. Eur J
Immunol, 40(3), 599-606.

Dinarello, C. A., Simon, A., & Van Der Meer, J. W. (2012). Treating inflammation by
blocking interleukin-1 in a broad spectrum of diseases. Nature reviews Drug
discovery, 11(8), 633-652.

Domingues-Ferreira, M., Grumach, A. S., Duarte, A. J. D. S., & De Moraes-Vasconcelos,
D. (2009). Esophageal cancer associated with chronic mucocutaneous candidiasis.
Could chronic candidiasis lead to esophageal cancer? Medical mycology, 47(2),
201-205.

Donovan, J. (2012). Lichen planopilaris after hair transplantation: report of 17 cases.
Dermatologic surgery, 38(12), 1998-2004.

Dorado, B., Jerez, M. J., Flores, N., Martin-Saavedra, F. M., Durén, C., & Ballester, S.
(2002). Autocrine 1L-4 gene regulation at late phases of TCR activation in
differentiated Th2 cells. The Journal of Immunology, 169(6), 3030-3037.

Ddorner, T., Jacobi, A. M., & Lipsky, P. E. (2009). B cells in autoimmunity. Arthritis Res
Ther, 11(5), 247.

107



Dumont, F. J.,, & Su, Q. (1995). Mechanism of action of the immunosuppressant
rapamycin. Life Sci, 58(5), 373-395.

Eisen, D. (2002). The clinical features, malignant potential, and systemic associations of
oral lichen planus: a study of 723 patients. J Am Acad Dermatol, 46(2), 207-214.

Eisen, D., Carrozzo, M., Bagan Sebastian, J. V., & Thongprasom, K. (2005). Number VV
Oral lichen planus: clinical features and management. Oral Dis, 11(6), 338-349.

Eisen, D., Ellis, C. N., Duell, E. A., Griffiths, C. E., & Voorhees, J. J. (1990). Effect of
topical cyclosporine rinse on oral lichen planus: a double-blind analysis. New
England Journal of Medicine, 323(5), 290-294.

Eisenberg, E. (2000). Oral lichen planus: a benign lesion. Journal of oral and
maxillofacial surgery, 58(11), 1278-1285.

El-Naggar, A. K., Chan, J. K., Grandis, J. R., Takata, T., & Slootweg, P. J. (2017). WHO
classification of head and neck tumours: International Agency for Research on
Cancer.

Elder, D. E. (2014). Lever's histopathology of the skin: Lippincott Williams & Wilkins.

Fabian, T. K., Hermann, P., Beck, A., Fejérdy, P., & Fabian, G. (2012). Salivary defense
proteins: their network and role in innate and acquired oral immunity.
International journal of molecular sciences, 13(4), 4295-4320.

Fang, K. C., Raymond, W. W., Blount, J. L., & Caughey, G. H. (1997). Dog mast cell a-
chymase activates progelatinase B by cleaving the Phe88-GIn89 and Phe91-Glu92
bonds of the catalytic domain. Journal of Biological Chemistry, 272(41), 25628-
25635.

Fang, M., Zhang, W., Chen, Y., & He, Z. (2009). Malignant transformation of oral lichen
planus: A retrospective study of 23 cases. Quintessence Int, 40(3).

Farthing, P., & Cruchley, A. (1989). Expression of MHC class Il antigens (HLA DR, DP
and DQ) by keratinocytes in oral lichen planus. Journal of oral pathology &
medicine, 18(5), 305-309.

Farthing, P., Matear, P., & Cruchley, A. (1990). The activation of Langerhans cells in
oral lichen planus. Journal of oral pathology & medicine, 19(2), 81-85.

108



Feldmeyer, L., Suter, V., Oeschger, C., Cazzaniga, S., Bornstein, M., Simon, D, . . .
Beltraminelli, H. (2020). Oral lichen planus and oral lichenoid lesions—an analysis
of clinical and histopathological features. Journal of the European Academy of
Dermatology and Venereology, 34(2), e104-e107.

Feller, L., Altini, M., Khammissa, R., Chandran, R., Bouckaert, M., & Lemmer, J. (2013).
Oral mucosal immunity. Oral Surg Oral Med Oral Pathol Oral Radiol, 116(5),
576-583.

Fernandez-Gonzalez, F., Vazquez-Alvarez, R., Reboiras-Lopez, D., Gandara-Vila, P.,
Garcia-Garcia, A., & Gandara-Rey, J.-M. J. M. O. P. O. C. B. (2011).
Histopathological findings in oral lichen planus and their correlation with the
clinical manifestations. 16(5), e641-646.

Firth, N., Rich, A., Radden, B., & Reade, P. (1990). Assessment of the value of
immunofluorescence microscopy in the diagnosis of oral mucosal lichen planus.
Journal of oral pathology & medicine, 19(7), 295-397.

Firth, N. A., & Reade, P. C. (1989). Angiotensin-converting enzyme inhibitors implicated
in oral mucosal lichenoid reactions. Oral Surg Oral Med Oral Pathol, 67(1), 41-
44,

Fitzpatrick, S. G., Hirsch, S. A., & Gordon, S. C. (2014). The malignant transformation
of oral lichen planus and oral lichenoid lesions: a systematic review. The Journal
of the American Dental Association, 145(1), 45-56.

Food, & Administration, D. FDA News. FDA approves updated labeling with box
warning and medication guide for two eczema drugs, Elidel and Protopic.
http://www. fda. gov/bbs/topics/news/2006/NEW01299. html.

Forouzan, P., Riahi, R. R., & Cohen, P. R. J. C. (2020). Atorvastatin-induced Lichenoid
Drug Eruption: A Case Report and Review of Statin-associated Cutaneous
Adverse Events. 12(3).

Fortuna, G., Aria, M., & Schiavo, J. H. (2017). Drug-induced oral lichenoid reactions: a
real clinical entity? A systematic review. Eur J Clin Pharmacol, 73(12), 1523-
1537.

Fox, T. (1871). Clinical lecture on lichen ruber of hebra. British medical journal, 1(537),
392.

Frieling, U., Bonsmann, G., Schwarz, T., Luger, T. A., & Beissert, S. (2003). Treatment
of severe lichen planus with mycophenolate mofetil. J Am Acad Dermatol, 49(6),
1063-1066.

109



Fulkerson, P. C., & Rothenberg, M. E. J. N. r. D. d. (2013). Targeting eosinophils in
allergy, inflammation and beyond. 12(2), 117-129.

Gadani, S. P., Cronk, J. C., Norris, G. T., & Kipnis, J. (2012). IL-4 in the brain: a cytokine
to remember. The Journal of Immunology, 189(9), 4213-4219.

Galdiero, M. R., Varricchi, G., Seaf, M., Marone, G., Levi-Schaffer, F., & Marone, G. J.
F. i. m. (2017). Bidirectional mast cell-eosinophil interactions in inflammatory
disorders and cancer. 4, 103.

Gandolfo, S., Richiardi, L., Carrozzo, M., Broccoletti, R., Carbone, M., Pagano, M., . . .
Merletti, F. (2004). Risk of oral squamous cell carcinoma in 402 patients with oral
lichen planus: a follow-up study in an Italian population. Oral Oncol, 40(1), 77-
83.

Garg, R., Aggarwal, S., Kumar, R., Sharma, G. J. J. 0. n. s., biology,, & medicine. (2015).
Association of atherosclerosis with dyslipidemia and co-morbid conditions: a
descriptive study. 6(1), 163.

Ge, Y., Xu, Y., Sun, W., Man, Z., Zhu, L., Xia, X., ... Wang, X. (2012). The molecular
mechanisms of the effect of Dexamethasone and Cyclosporin A on TLR4/NF-xB
signaling pathway activation in oral lichen planus. Gene, 508(2), 157-164.

Gearing, A., Beckett, P., Christodoulou, M., Churchill, M., Clements, J., Crimmin, M., .
.. Gilbert, R. (1995). Matrix metalloproteinases and processing of pro - TNF -
« . Journal of leukocyte biology, 57(5), 774-777.

Gee, K., Guzzo, C., Mat, C., Nor, F., Ma, W., & Kumar, A. (2009). The IL-12 family of
cytokines in infection, inflammation and autoimmune disorders. Inflammation &
Allergy-Drug Targets (Formerly Current Drug Targets-Inflammation & Allergy),
8(1), 40-52.

Ghallab, N. A., EI-Wakeel, N., & Shaker, O. G. (2010). Levels of salivary IFN-gamma,
TNF-alfa, and TNF receptor-2 as prognostic markers in (erosive) oral lichen
planus. Mediators Inflamm, 2010.

Gibstine, C. F., & Esterly, N. B. (1984). Lichen planus in monozygotic twins. Arch
Dermatol, 120(5), 580-580.

Giudice, A., Liborio, F., Averta, F., Barone, S., & Fortunato, L. (2019). Oral Lichenoid
Reaction: An Uncommon Side Effect of Rituximab. Case reports in dentistry,
2019.

110



Giuliani, M., Troiano, G., Cordaro, M., Corsalini, M., Gioco, G., Lo Muzio, L., ... Lajolo,
C. (2019). Rate of malignant transformation of oral lichen planus: A systematic
review. Oral Dis, 25(3), 693-709.

Giunta, J. L. (2001). Oral lichenoid reactions versus lichen planus. J Mass Dent Soc,
50(2), 22-25.

Gonzalez-Moles, M. A., Ruiz-Avila, |., Gonzalez-Ruiz, L., Ayen, A., Gil-Montoya, J. A.,
& Ramos-Garcia, P. (2019). Malignant transformation risk of oral lichen planus:
A systematic review and comprehensive meta-analysis. Oral Oncol, 96, 121-130.

Gordon, S. (2002). Pattern recognition receptors: doubling up for the innate immune
response. Cell, 111(7), 927-930.

Gorouhi, F., Davari, P., & Fazel, N. (2014). Cutaneous and mucosal lichen planus: a
comprehensive review of clinical subtypes, risk factors, diagnosis, and prognosis.
The Scientific World Journal, 2014.

Grinspan, D. (1966). Lichen ruber planus of the buccal mucosa. Its association with
diabetes. Bull Soc Fr Dermatol Syphiligr, 73, 898-899.

Grivennikov, S. I., & Karin, M. (2010). Inflammation and oncogenesis: a vicious
connection. Curr Opin Genet Dev, 20(1), 65-71. doi:10.1016/j.gde.2009.11.004

Gu, G. M., Martin, M. D., Darveau, R. P., Truelove, E., & Epstein, J. (2004). Oral and
serum IL-6 levels in oral lichen planus patients. Oral Surgery, Oral Medicine,
Oral Pathology, Oral Radiology, and Endodontology, 98(6), 673-678.

Guijarro, B. G., & Lopez, A. S. (2003). Lichenoid reaction caused by Clopidogrel, a new
anti-platelet drug. Medicina oral: organo oficial de la Sociedad Espanola de
Medicina Oral y de la Academia Iberoamericana de Patologia y Medicina Bucal,
8(1), 33-37..

Gupta, A., Sardana, K., & Gautam, R. K. (2017). Looking beyond the cyclosporine
“Swish and Spit” technique in a recalcitrant case of erosive lichen planus
involving the tongue. Case reports in dermatology, 9(3), 177-183.

Habbab, K., Moles, D., & Porter, S. J. O. d. (2010). Potential oral manifestations of
cardiovascular drugs. 16(8), 769-773.

111



Hajnsek, S., Milavec-Puretic, V., Nankovic, S., Gadze, Z. P., Filipcic, 1., Kovac, A. B., .
. . Behavior. (2012). Lichen planus induced by carbamazepine: a case report.
24(2), 269-271.

Halevy, S., & Shai, A. (1993). Lichenoid drug eruptions. Journal of the American
Academy of Dermatology, 29(2), 249-255.

Hall, R., Wartman, D., Jellinek, N., Robinson - Bostom, L., & Telang, G. (2008). Lichen
planus of the nail matrix with predominant plasma cell infiltrate. Journal of
cutaneous pathology, 35, 14-16.

Hanna, S., Zip, C., & Shear, N. H. (2019). What is the risk of harm associated with topical
calcineurin inhibitors? Journal of cutaneous medicine and surgery, 23(4_suppl),
19S-26S.

Hargreaves, D. C., Hyman, P. L., Lu, T. T., Ngo, V. N., Bidgol, A., Suzuki, G., ... Cyster,
J. G. (2001). A coordinated change in chemokine responsiveness guides plasma
cell movements. J Exp Med, 194(1), 45-56.

Hasan, S. (2014). Desquamative gingivitis-A clinical sign in mucous membrane
pemphigoid: Report of a case and review of literature. Journal of pharmacy &
bioallied sciences, 6(2), 122.

Hasan, S., Ahmed, S., Kiran, R., Panigrahi, R., Thachil, J. M., & Saeed, S. (2019). Oral
lichen planus and associated comorbidities: An approach to holistic health.
Journal of Family Medicine and Primary Care, 8(11), 3504.

Hasan, S. S., Kow, C. S., Verma, R. K., Ahmed, S. I., Mittal, P., & Chong, D. W. (2017).
An evaluation of medication appropriateness and frailty among residents of aged
care homes in Malaysia: A cross-sectional study. Medicine, 96(35).

Hawk, J. L. (1980). Lichenoid drug eruption induced by propanolol. Clin Exp Dermatol,
5(1), 93-96.

Helander, S. D., & Rogers Ill, R. S. (1994). The sensitivity and specificity of direct
immunofluorescence testing in disorders of mucous membranes. J Am Acad
Dermatol, 30(1), 65-75.

Hensten-Pettersen, A. (1992). Casting alloys: side-effects. Adv Dent Res, 6, 38-43.
d0i:10.1177/08959374920060011401

Hirano, F., Komura, K., Fukawa, E., & Makino, 1. (2003). Tumor necrosis factor a (TNF-
a)-induced RANTES chemokine expression via activation of NF-kB and p38

112



MAP kinase: roles of TNF-a in alcoholic liver diseases. J Hepatol, 38(4), 483-
489.

Hirota, J., Osakiand, T., & Tatemoto, Y. (1990). Immunohistochemical staining of
infiltrates in oral lichen planus. Pathology-Research and Practice, 186(5), 625-
632.

Hirota, M., Ito, T., Okudela, K., Kawabe, R., Yazawa, T., Hayashi, H., . . . Kitamura, H.
(2002). Cell proliferation activity and the expression of cell cycle regulatory
proteins in oral lichen planus. Journal of oral pathology & medicine, 31(4), 204-
212.

Ho, F., Lortan, J. E., MaClennan, I. C., & Khan, M. (1986). Distinct short - lived and
long - lived antibody - producing cell populations. Eur J Immunol, 16(10), 1297-
1301.

Hodgson, T. A., Sahni, N., KALIAKATSOU, F., BUCHANAN, J. A., & PORTER, S. R.
(2003). Long - term efficacy and safety of topical tacrolimus in the management

of ulcerative\erosive oral lichen planus. European Journal of Dermatology, 13(5),
466-470.

Hoebe, K., Janssen, E., & Beutler, B. (2004). The interface between innate and adaptive
immunity. Nature immunology, 5(10), 971-974.

Holdsworth, S. R., & Gan, P.-Y. (2015). Cytokines: names and numbers you should care
about. Clinical journal of the American Society of Nephrology, 10(12), 2243-
2254,

Holmstrup, P., Schigtz, A. W., & Westergaard, J. (1990). Effect of dental plaque control
on gingival lichen planus. Oral surgery, oral medicine, oral pathology, 69(5),
585-590.

Holmstrup, P., Thorn, J., Rindum, J., & Pindborg, J. (1988). Malignant development of
lichen planus - affected oral mucosa. Journal of oral pathology & medicine,
17(5), 219-225.

Hu, J.-Y., Zhang, J., Cui, J.-L., Liang, X.-Y., Lu, R,, Du, G.-F., . . . Zhou, G. (2013).
Increasing CCL5/CCR5 on CD4+ T cells in peripheral blood of oral lichen planus.
Cytokine, 62(1), 141-145.

Hu, X., & Ivashkiv, L. B. (2009). Cross-regulation of signaling pathways by interferon-
y: implications for immune responses and autoimmune diseases. Immunity, 31(4),
539-550.

113



Huang, L., Gebreselassie, N. G., Gagliardo, L. F., Ruyechan, M. C., Lee, N. A., Lee, J.
J., & Appleton, J. A. J. T. J. o. I. (2014). Eosinophil-derived IL-10 supports
chronic nematode infection. 193(8), 4178-4187.

Hughes, C. E., & Nibbs, R. J. (2018). A guide to chemokines and their receptors. The
FEBS journal, 285(16), 2944-2971.

Idrees, M., Kujan, O., Shearston, K., & Farah, C. S. (2020). Oral lichen planus has a very
low malignant transformation rate: A systematic review and meta - analysis using
strict diagnostic and inclusion criteria. Journal of oral pathology & medicine.

Ingafou, M., Leao, J., Porter, S., & Scully, C. J. O. d. (2006). Oral lichen planus: a
retrospective study of 690 British patients. 12(5), 463-468.

Ishibashi, M., Kishino, M., Sato, S., Morii, E., Ogawa, Y., Aozasa, K., . . . Toyosawa, S.
(2011). The prevalence of human papillomavirus in oral premalignant lesions and
squamous cell carcinoma in comparison to cervical lesions used as a positive
control. International journal of clinical oncology, 16(6), 646-653.

Ishii, T. (1987). Immunohistochemical demonstration of T cell subsets and accessory
cells in oral lichen planus. Journal of oral pathology & medicine, 16(7), 356-361.

Ismail, S. B., Kumar, S. K., & Zain, R. B. (2007). Oral lichen planus and lichenoid
reactions:  etiopathogenesis, diagnosis, management and malignant
transformation. J Oral Sci, 49(2), 89-106.

Itai, T., Tanaka, M., & Nagata, S. (2001). Processing of tumor necrosis factor by the
membrane - bound TNF - « - converting enzyme, but not its truncated soluble
form. Eur J Biochem, 268(7), 2074-2082.

Itin, P., Surber, C., & Biichner, S. (1992). Lack of effect after local treatment with a new
ciclosporin formulation in recalcitrant erosive oral lichen planus. Dermatology,
185(4), 262-265.

Iwasaki, A., & Medzhitov, R. (2004). Toll-like receptor control of the adaptive immune
responses. Nature immunology, 5(10), 987-995.

Janardhanam, S. B., Prakasam, S., Swaminathan, V. T., Kodumudi, K. N., Zunt, S. L., &
Srinivasan, M. (2012). Differential expression of TLR-2 and TLR-4 in the
epithelial cells in oral lichen planus. Arch Oral Biol, 57(5), 495-502.

114



Janeway, C., Murphy, K. P., Travers, P., & Walport, M. (2008). Janeway's immuno
biology.

Janeway, C., Travers, P., Walport, M., & Shlomchik, M. J. (2001). Immunobiology: the
immune system in health and disease, 5th edn. Garland Science. New York.

Javvadi, L. R., Parachuru, V. P., Milne, T. J., Seymour, G. J., & Rich, A. M. (2016).
Regulatory T-cells and IL17A(+) cells infiltrate oral lichen planus lesions.
Pathology, 48(6), 564-573. doi:10.1016/j.pathol.2016.06.002

Javvadi, L. R., Parachuru, V. P. B., Milne, T. J., Seymour, G. J., & Rich, A. M. (2018).
Expression of IL33 and IL35 in oral lichen planus. Arch Dermatol Res, 310(5),
431-441. doi:10.1007/s00403-018-1829-5

Jee, H. (2016). Size dependent classification of heat shock proteins: a mini-review.
Journal of exercise rehabilitation, 12(4), 255.

Juneja, M., Mahajan, S., Rao, N. N., George, T., & Boaz, K. (2006). Histochemical
analysis of pathological alterations in oral lichen planus and oral lichenoid lesions.
J Oral Sci, 48(4), 185-193.

Jungell, P., Konttinen, Y. T., Nortamo, P., & Malmstrom, M. (1989). Immunoelectron
microscopic study of distribution of T cell subsets in oral lichen planus. European
Journal of Oral Sciences, 97(4), 361-367.

Kabashima, K., Haynes, N. M., Xu, Y., Nutt, S. L., Allende, M. L., Proia, R. L., & Cyster,
J. G. (2006). Plasma cell S1P1 expression determines secondary lymphoid organ
retention versus bone marrow tropism. J Exp Med, 203(12), 2683-2690.

Kadam, N. S., Patil, R. A., Gurav, A. N., Shete, A., Jadhav, P. D., Tari, R. N., ... Agarwal,
D. (2015). Duloxetine hydrochloride-induced oral lichenoid reaction: a case
report. Medical Principles and Practice, 24(4), 394-397.

Kaiko, G. E., Horvat, J. C., Beagley, K. W., & Hansbro, P. M. (2008). Immunological
decision - making: how does the immune system decide to mount a helper T -
cell response? Immunology, 123(3), 326-338.

Kaliakatsou, F., Hodgson, T., Lewsey, J., Hegarty, A., Murphy, A., & Porter, S. (2002).
Management of recalcitrant ulcerative oral lichen planus with topical tacrolimus.
J Am Acad Dermatol, 46(1), 35-41.

115



Kalogerakou, F., Albanidou-Farmaki, E., Markopoulos, A., & Antoniades, D. (2008).
Detection of T cells secreting type 1 and type 2 cytokines in the peripheral blood
of patients with oral lichen planus. Hippokratia, 12(4), 230.

Kamath, V. V., Setlur, K., & Yerlagudda, K. (2015). Oral lichenoid lesions-a review and
update. Indian journal of dermatology, 60(1), 102.

Kamimura, D., Ishihara, K., & Hirano, T. (2003). IL-6 signal transduction and its
physiological roles: the signal orchestration model. In Reviews of physiology,
biochemistry and pharmacology (pp. 1-38): Springer.

Kang, K., Kubin, M., Cooper, K. D., Lessin, S. R., Trinchieri, G., & Rook, A. H. (1996).
IL-12 synthesis by human Langerhans cells. The Journal of Immunology, 156(4),
1402-1407.

Kaomongkolgit, R. J. J. 0. d. i. d. J. (2010). Oral lichenoid drug reaction associated with
antihypertensive and hypoglycemic drugs. 9(1), 73.

Karagouni, E., Dotsika, E., & Sklavounou, A. (1994). Alteration in peripheral blood
mononuclear cell function and serum cytokines in oral lichen planus. Journal of
oral pathology & medicine, 23(1), 28-35.

Karatsaidis, A., Hayashi, K., Schreurs, O., Helgeland, K., & Schenck, K. (2007). Survival
signalling in keratinocytes of erythematous oral lichen planus. Journal of oral
pathology & medicine, 36(4), 215-222.

Karatsaidis, A., Schreurs, O., Helgeland, K., Schenck, K., & Axéll, T. (2003). Inhibition
of the transforming growth factor-p/Smad signaling pathway in the epithelium of
oral lichen. Journal of investigative dermatology, 121(6), 1-8.

Kataoka, K., Fujihashi, K., Terao, Y., Gilbert, R. S., Sekine, S., Kobayashi, R., . . .
Fujihashi, K. (2011). Oral-nasopharyngeal dendritic cells mediate T cell-
independent IgA class switching on B-1 B cells. PLoS One, 6(9).

Katharina, W., Wolf - Berhard, S., & Christoph, L. (2004). Diseases on hair follicles
leading to hair loss part Il: scarring alopecias. SKINmed: Dermatology for the
Clinician, 3(5), 266-271.

Katzenelson, V., Lotem, M., & Sandbank, M. (1990). Familial lichen planus.
Dermatology, 180(3), 166-168.

116



Kelchtermans, H., Billiau, A., & Matthys, P. (2008). How interferon-y keeps autoimmune
diseases in check. Trends in immunology, 29(10), 479-486.

Khader, S., Gaffen, S., & Kaolls, J. (2009). Th17 cells at the crossroads of innate and
adaptive immunity against infectious diseases at the mucosa. Mucosal Immunol
2: 403-411. In.

Khan, A., Farah, C. S., Savage, N. W., Walsh, L. J., Harbrow, D. J., & Sugerman, P. B.
(2003). Thl cytokines in oral lichen planus. Journal of oral pathology &
medicine, 32(2), 77-83.

Kilpi, A. M. (1987). Activation marker analysis of mononuclear cell infiltrates of oral
lichen planus in situ. European Journal of Oral Sciences, 95(2), 174-180.

Kilpi, A. M., Rich, A. M., Radden, B. G., & Reade, P. C. (1988). Direct
immunofluorescence in the diagnosis of oral mucosal diseases. Int J Oral
Maxillofac Surg, 17(1), 6-10.

Kiyono, H., & Fukuyama, S. (2004). NALT-versus Peyer's-patch-mediated mucosal
immunity. Nature reviews immunology, 4(9), 699-710.

Klein, L. M., Lavker, R. M., Matis, W. L., & Murphy, G. F. (1989). Degranulation of
human mast cells induces an endothelial antigen central to leukocyte adhesion.
Proceedings of the National Academy of Sciences, 86(22), 8972-8976.

Kofoed, M. L., & Wantzin, G. L. (1985). Familial lichen planus: More frequent than
previously suggested? J Am Acad Dermatol, 13(1), 50-54.

Kolde, G., Wesendahl, C., Stein, H., & Reichart, P. (2003). Oral lichen planus: diagnostic
immunofluorescence testing on routine histological material. British Journal of
Dermatology, 148(2), 374-376.

Kopin, L., & Lowenstein, C.J. J. A. 0.i.m. (2017). Dyslipidemia. 167(11), ITC81-1TC96.

Korn, T., Bettelli, E., Oukka, M., & Kuchroo, V. K. (2009). IL-17 and Th17 Cells. Annual
review of immunology, 27, 485-517.

Kramer, 1. (1978). Definition of leukoplakia and related lesions: an aid to studies on oral
precancer. Oral Surg Oral Med Oral Pathol, 46, 518-539.

Krupaa, R. J., Sankari, S. L., Masthan, K., Rajesh, E. J. J. 0. p., & sciences, b. (2015).
Oral lichen planus: An overview. 7(Suppl 1), S158.

117



Krystel-Whittemore, M., Dileepan, K. N., & Wood, J. G. J. F. i. i. (2016). Mast cell: a
multi-functional master cell. 6, 620.

Kulthanan, K., Jiamton, S., Varothai, S., Pinkaew, S., & Sutthipinittharm, P. J. 1. j. 0. d.
(2007). Direct immunofluorescence study in patients with lichen planus. 46(12),
1237-1241.

Kurago, Z. B. (2016). Etiology and pathogenesis of oral lichen planus: an overview. Oral
Surg Oral Med Oral Pathol Oral Radiol, 122(1), 72-80.

Lage, D., Juliano, P. B., Metze, K., de Souza, E. M., & Cintra, M. L. (2012). Lichen
planus and lichenoid drug-induced eruption: a histological and
immunohistochemical study. Int J Dermatol, 51(10), 1199-1205.
doi:10.1111/j.1365-4632.2011.05113.x

Lage, D., Pimentel, V. N., Soares, T. C., Souza, E. M., Metze, K., & Cintra, M. L. (2011).
Perforin and granzyme B expression in oral and cutaneous lichen planus—a
comparative study. Journal of cutaneous pathology, 38(12), 973-978.

Lamey, P. J., Gibson, J., Barclay, S. C., & Miller, S. (1990). Grinspan's syndrome: a drug-
induced phenomenon? Oral Surg Oral Med Oral Pathol, 70(2), 184-185.

Laskaris, G., Sklavounou, A., & Angelopoulos, A. J. O. S., Oral Medicine, Oral
Pathology. (1982). Direct immunofluorescence in oral lichen planus. 53(5), 483-
487.

Lavanya, N., Jayanthi, P., Rao, U. K., & Ranganathan, K. (2011). Oral lichen planus: An
update on pathogenesis and treatment. Journal of oral and maxillofacial
pathology: JOMFP, 15(2), 127.

Law, B. K. (2005). Rapamycin: an anti-cancer immunosuppressant? Critical reviews in
oncology/hematology, 56(1), 47-60.

Lee, J. D., Rhoades, K., & Economou, J. S. (1995). Interleukin - 4 inhibits the expression
of tumour necrosis factors « and S, interleukins - 1 8 and - 6 and interferon -
v . Immunol Cell Biol, 73(1), 57-61.

Lee, S.-J., McLachlan, J. B., Kurtz, J. R., Fan, D., Winter, S. E., Baumler, A. J,, . ..
McSorley, S. J. (2012). Temporal expression of bacterial proteins instructs host
CDA4 T cell expansion and Th17 development. PLoS pathogens, 8(1).

118



Lener, E. V., Brieva, J., Schachter, M., West, L. E., West, D. P., & EI-Azhary, R. A.
(2001). Successful treatment of erosive lichen planus with topical tacrolimus.
Arch Dermatol, 137(4), 419-422.

Letchuman, G., Wan Nazaimoon, W., Wan Mohamad, W., Chandran, L., Tee, G,
Jamaiyah, H., . .. Ahmad Faudzi, Y. J. M. J. M. (2010). Prevalence of diabetes in
the Malaysian national health morbidity survey 111 2006. 65(3), 180-186.

Levell, N., Macleod, R. I., & Marks, J. (1991). Lack of effect of cyclosporin mouthwash
in oral lichen planus. The Lancet, 337(8744), 796-797.

Li, C., Tang, X., Zheng, X., Ge, S., Wen, H., Lin, X., ... Lu, L. (2020). Global prevalence
and incidence estimates of oral lichen planus: a systematic review and meta-
analysis. JAMA dermatology.

Li, D,, Li, J., Li, C., Chen, Q., & Hua, H. J. F. i. e. (2017). The association of thyroid
disease and oral lichen planus: a literature review and meta-analysis. 8, 310.

Li, Z., & Srivastava, P. (2003). Heat - shock proteins. Current protocols in immunology,
58(1), A. 1T. 1-A. 1T. 6.

Liakopoulou, A., & Rallis, E. (2017). Bullous lichen planus—a review. Journal of
dermatological case reports, 11(1), 1.

Liao, W., Lin, J.-X., & Leonard, W. J. (2011). IL-2 family cytokines: new insights into
the complex roles of IL-2 as a broad regulator of T helper cell differentiation. Curr
Opin Immunol, 23(5), 598-604.

Lim, J. S. M., Tang, S. P., & Siar, C. H. J. A. P. J. C. P. (2009). Neoplasia/dysplasia
surveillance of oral lichen planus in Malaysia: a preliminary study using
topography maps. 10(6), 1071-1074.

Lind, P. O. (1988). Oral lichenoid reactions related to composite restorations. Preliminary
report. Acta Odontol Scand, 46(1), 63-65.

Litinskiy, M. B., Nardelli, B., Hilbert, D. M., He, B., Schaffer, A., Casali, P., & Cerutti,
A. (2002). DCs induce CDA40-independent immunoglobulin class switching
through BLyS and APRIL. Nature immunology, 3(9), 822-829.

Little, M., Griffiths, C., Watson, R., Pemberton, M., & Thornhill, M. (2003). Oral
mucosal keratinocytes express RANTES and ICAM - 1, but not interleukin - 8,

119



in oral lichen planus and oral lichenoid reactions induced by amalgam fillings.
Clinical and Experimental Dermatology: Clinicopathological cases, 28(1), 64-
69.

Liu, W., Dan, H., Wang, Z., Jiang, L., Zhou, Y., Zhao, M., . . . Zeng, X. (2009). IFN-
gamma and IL-4 in saliva of patients with oral lichen planus: a study in an ethnic
Chinese population. Inflammation, 32(3), 176-181.

Lo Russo, L., Fierro, G., Guiglia, R., Compilato, D., Testa, N. F., Lo Muzio, L., &
Campisi, G. J. I. j. 0. d. (2009). Epidemiology of desquamative gingivitis:
evaluation of 125 patients and review of the literature. 48(10), 1049-1052.

Lodi, G., Pellicano, R., & Carrozzo, M. (2010). Hepatitis C virus infection and lichen
planus: a systematic review with meta - analysis. Oral Dis, 16(7), 601-612.

Lodi, G., Scully, C., Carrozzo, M., Griffiths, M., Sugerman, P. B., & Thongprasom, K.
(2005). Current controversies in oral lichen planus: report of an international
consensus meeting. Part 1. Viral infections and etiopathogenesis. Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, 100(1), 40-
51.

Long, H., Zhang, G., Wang, L., Lu, Q. J. C.r. i. a., & immunology. (2016). Eosinophilic
skin diseases: a comprehensive review. 50(2), 189-213.

Lozada-Nur, F., Miranda, C., & Maliksi, R. (1994). Double-blind clinical trial of 0.05%
clobetasol proprionate ointment in orabase and 0.05% fluocinonide ointment in
orabase in the treatment of patients with oral vesiculoerosive diseases. Oral
surgery, oral medicine, oral pathology, 77(6), 598-604.

Lu, R., Zhang, J., Sun, W., Du, G., & Zhou, G. (2015). Inflammation - related cytokines
in oral lichen planus: an overview. Journal of oral pathology & medicine, 44(1),
1-14.

Macpherson, A., McCoy, K., Johansen, F., & Brandtzaeg, P. (2008). The immune
geography of IgA induction and function. Mucosal immunology, 1(1), 11-22.

Mahadir Naidu, B., Mohd Yusoff, M. F., Abdullah, S., Musa, K. I., Yaacob, N. M.,
Mohamad, M. S., ... Aris, T. J. P. 0. (2019). Factors associated with the severity
of hypertension among Malaysian adults. 14(1), e0207472.

Malek, T. R. (2008). The biology of interleukin-2. Annu. Rev. Immunol., 26, 453-479.

120



Malek, T. R., & Castro, I. (2010). Interleukin-2 receptor signaling: at the interface
between tolerance and immunity. Immunity, 33(2), 153-165.

Mantovani, A., Allavena, P., Sica, A., & Balkwill, F. (2008). Cancer-related
inflammation. Nature, 454(7203), 436-444. doi:10.1038/nature07205

Manz, R. A., Thiel, A., & Radbruch, A. (1997). Lifetime of plasma cells in the bone
marrow. Nature, 388(6638), 133-134.

Mao, L., Lee, J. S, Fan, Y. H,, Ro, J. Y., Batsakis, J. G., Lippman, S., . . . Hong, W. K.
(1996). Frequent microsatellite alterations at chromosomes 9p21 and 3p14 in oral
premalignant lesions and their value in cancer risk assessment. Nat Med, 2(6),
682-685.

Matos - Pires, E., Campos, S., Lencastre, A., Jodo, A., & Mendes - Bastos, P. (2018).
Lichen planus pemphigoides. JDDG: Journal der Deutschen Dermatologischen
Gesellschaft, 16(3), 335-337.

Matthews, J., Scully, C., & Potts, A. (1984). Oral lichen planus: an immunoperoxidase
study using monoclonal antibodies to lymphocyte subsets. British Journal of
Dermatology, 111(5), 587-595.

Mattsson, C. S., Jontell, M., Bergenholtz, G., Heyden, M., & Dahlgren, U. (1998).
Distribution of interferon - y mRNA - positive cells in oral lichen planus lesions.
Journal of oral pathology & medicine, 27(10), 483-488.

Mattsson, U., Jontell, M., & Holmstrup, P. (2002). Oral lichen planus and malignant
transformation: is a recall of patients justified? Critical Reviews in Oral Biology
& Medicine, 13(5), 390-396.

Mattsson, U., Magnusson, B., & Jontell, M. (2010). Squamous cell carcinoma in a patient
with oral lichen planus treated with topical application of tacrolimus. Oral
Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology,
110(1), e19-e25.

McCartan, B. (1995). Psychological factors associated with oral lichen planus. Journal of
oral pathology & medicine, 24(6), 273-275.

McCartan, B., & McCreary, C. (1997). Oral lichenoid drug eruptions. Oral Dis, 3(2), 58-
63.

121



McCartan, B., McCreary, C., & Healy, C. (2003). Studies of drug - induced lichenoid
reactions: criteria for case selection. Oral Dis, 9(4), 163-164.

McDougall, R., Sibley, J., Haga, M., & Russell, A. (1994). Outcome in patients with
rheumatoid arthritis receiving prednisone compared to matched controls. J
Rheumatol, 21(7), 1207-1213.

McGeehan, G. M., Becherer, J. D., Bast, R. C., Boyer, C. M., Champion, B., Connolly,
K. M., ... Kidao, S. (1994). Regulation of tumour necrosis factor-a processing
by a metalloproteinase inhibitor. Nature, 370(6490), 558-561.

McParland, H., & Warnakulasuriya, S. (2012). Oral lichenoid contact lesions to mercury
and dental amalgam—a review. BioMed Research International, 2012.

Meller, S., Gilliet, M., & Homey, B. (2009). Chemokines in the pathogenesis of lichenoid
tissue reactions. Journal of investigative dermatology, 129(2), 315-319.

Mignogna, M., Muzio, L. L., Russo, L. L., Fedele, S., Ruoppo, E., & Bucci, E. (2001).
Clinical guidelines in early detection of oral squamous cell carcinoma arising in
oral lichen planus: a 5-year experience. Oral Oncol, 37(3), 262-267.

Miller, L. S., & Modlin, R. L. (2007). Human keratinocyte Toll-like receptors promote
distinct immune responses. Journal of investigative dermatology, 127(2).

Miyamoto, T. J. F. S. D. G. z. (1989). Morphological observation of keratinizing lesion
in the oral mucosa. 16(2), 182-214.

Moghadam - Kia, S., & Werth, V. P. (2010). Prevention and treatment of systemic
glucocorticoid side effects. International journal of dermatology, 49(3), 239-248.

Mollaoglu, N. (2000). Oral lichen planus: a review. British Journal of Oral and
Maxillofacial Surgery, 38(4), 370-377.

Montague, L., Bhattacharyya, I., Islam, M., Cohen, D., & Fitzpatrick, S. (2015). Direct
immunofluorescence testing results in cases of premalignant and malignant oral
lesions. Oral Surg Oral Med Oral Pathol Oral Radiol, 119(6), 675-683.

Monteiro, B. V. d. B., Pereira, J. d. S., Nonaka, C. F., Godoy, G. P., da Silveira, E. J., &
Miguel, M. C. d. C. (2015). Immunoexpression of Th17-related cytokines in oral
lichen planus. Applied Immunohistochemistry & Molecular Morphology, 23(6),
409-415.

122



Morhenn, V. B., & Wood, G. S. (1988). Gamma interferon-induced expression of class
I major histocompatibility complex antigens by human keratinocytes. Effects of
conditions of culture. Ann N'Y Acad Sci, 548, 321-330.

Morrison, L., Kratochvil Ill, F. J., & Gorman, A. (2002). An open trial of topical
tacrolimus for erosive oral lichen planus. J Am Acad Dermatol, 47(4), 617-620.

Morrison, L. H. (2001). Direct immunofluorescence microscopy in the diagnosis of
autoimmune bullous dermatoses. Clin Dermatol, 19(5), 607-613.

Moser, K., Tokoyoda, K., Radbruch, A., MacLennan, I., & Manz, R. A. (2006). Stromal
niches, plasma cell differentiation and survival. Curr Opin Immunol, 18(3), 265-
270.

Moss, M. L., Jin, S.-L. C., Milla, M. E., Burkhart, W., Carter, H. L., Chen, W.-J,, . ..
Hoffman, C. R. (1997). Cloning of a disintegrin metalloproteinase that processes
precursor tumour-necrosis factor-o. Nature, 385(6618), 733-736.

Moudgil, K. D., & Choubey, D. (2011). Cytokines in autoimmunity: role in induction,
regulation, and treatment. Journal of Interferon & Cytokine Research, 31(10),
695-703.

Mravak-Stipeti¢c, M., Loncar-Brzak, B., Bakale-Hodak, I., Sabol, 1., Seiwerth, S.,
Majstorovi¢, M., & Gree, M. (2014). Clinicopathologic correlation of oral lichen
planus and oral lichenoid lesions: a preliminary study. The Scientific World
Journal, 2014.

Mukaida, N. (2003). Pathophysiological roles of interleukin-8/CXCL8 in pulmonary
diseases. American Journal of Physiology-Lung Cellular and Molecular
Physiology, 284(4), L566-L577.

Muiller, G., Saloga, J., Germann, T., Bellinghausen, I., Mohamadzadeh, M., Knop, J., &
Enk, A. H. (1994). Identification and induction of human keratinocyte-derived IL-
12. J Clin Invest, 94(5), 1799-1805.

Mdiller, S. (2011). Oral manifestations of dermatologic disease: a focus on lichenoid
lesions. Head and neck pathology, 5(1), 36-40.

Multhoff, G., Molls, M., & Radons, J. (2012). Chronic inflammation in cancer
development. Frontiers in Immunology, 2, 98.

123



Murti, P., Daftary, D., Bhonsle, R., Gupta, P., Mehta, F., & Pindborg, J. (1986). Malignant
potential of oral lichen planus: observations in 722 patients from India. Journal of
oral pathology & medicine, 15(2), 71-77.

Muzio, L. L., Della Valle, A., Mignogna, M. D., Pannone, G., Bucci, P., Bucci, E., &
Sciubba, J. (2001). The treatment of oral aphthous ulceration or erosive lichen
planus with topical clobetasol propionate in three preparations: a clinical and pilot
study on 54 patients. Journal of oral pathology & medicine, 30(10), 611-617.

Muzio, L. L., Mignogna, M., Favia, G., Procaccini, M., Testa, N., & Bucci, E. (1998).
The possible association between oral lichen planus and oral squamous cell
carcinoma: a clinical evaluation on 14 cases and a review of the literature. Oral
Oncol, 34(4), 239-246.

Muzio, L. L., Santarelli, A., Campisi, G., Lacaita, M., & Favia, G. (2013). Possible link
between Hashimoto's thyroiditis and oral lichen planus: a novel association found.
Clinical oral investigations, 17(1), 333-336.

Nagao, Y., & Sata, M. (2004). Hepatitis C virus and lichen planus. J Gastroenterol
Hepatol, 19(10), 1101-1113.

Nagase, H., Visse, R., & Murphy, G. (2006). Structure and function of matrix
metalloproteinases and TIMPs. Cardiovasc Res, 69(3), 562-573.

Naing, C., Yeoh, P. N., Wai, V. N., Win, N. N., Kuan, L. P., & Aung, K. J. M. (2016).
Hypertension in Malaysia: an analysis of trends from the National Surveys 1996
to 2011. 95(2).

Negi, D., Urs, A. B., Kumar, P., Mahajan, B., Singh, H., Polipalli, S. K., & Kapoor, S.
(2019). Assessment of Interleukin - 18 gene polymorphism and serum levels in

oral lichen planus in an Indian population. Journal of oral pathology & medicine,
48(3), 244-250.

Novak, N., Allam, J. P., Betten, H., Haberstok, J., & Bieber, T. (2004). The role of antigen
presenting cells at distinct anatomic sites: they accelerate and they slow down
allergies. Allergy, 59(1), 5-14.

Novak, N., Haberstok, J., Bieber, T., & Allam, J.-P. (2008). The immune privilege of the
oral mucosa. Trends in molecular medicine, 14(5), 191-198.

O'Shea, J. J., & Murray, P. J. (2008). Cytokine signaling modules in inflammatory
responses. Immunity, 28(4), 477-487.

124



Odendahl, M., Mei, H., Hoyer, B. F., Jacobi, A. M., Hansen, A., Muehlinghaus, G., . . .
Radbruch, A. (2005). Generation of migratory antigen-specific plasma blasts and
mobilization of resident plasma cells in a secondary immune response. Blood,
105(4), 1614-1621.

Ognjenovi¢, M., Karelovi¢, D., Cindro, V. V., & Tadin, I. (1998). Oral lichen planus and
HLA A. Coll Antropol, 22, 89-92.

Ohno, S., Tateishi, Y., Tatemoto, Y., Morishita, K., Sasabe, E., & Yamamoto, T. (2011).
Enhanced expression of Toll - like receptor 2 in lesional tissues and peripheral
blood monocytes of patients with oral lichen planus. J Dermatol, 38(4), 335-344.

Oktem, A., Uysal, P. 1., Artiiz, F., & Ertiirk, F. Y. (2016). Letrozole Induced Linear
Lichenoid Eruption in a Patient with Breast Cancer: Case Report. Turkiye
Klinikleri Journal of Dermatology, 26(2), 114-116.

Olivier, V., Lacour, J.-P., Mousnier, A., Garraffo, R., Monteil, R. A., & Ortonne, J.-P.
(2002). Treatment of chronic erosive oral lichen planus with low concentrations
of topical tacrolimus: an open prospective study. Arch Dermatol, 138(10), 1335-
1338.

Omal, P., Jacob, V., Prathap, A., & Thomas, N. G. J. I. j. 0. d. (2012). Prevalence of oral,
skin, and oral and skin lesions of lichen planus in patients visiting a dental school
in southern India. 57(2), 107.

Onishi, R. M., & Gaffen, S. L. (2010). Interleukin - 17 and its target genes: mechanisms
of interleukin - 17 function in disease. Immunology, 129(3), 311-321.

Orlando, B., Bragazzi, N., & Nicolini, C. (2013). Bioinformatics and systems biology
analysis of genes network involved in OLP (Oral Lichen Planus) pathogenesis.
Arch Oral Biol, 58(6), 664-673.

Orozco, A., Gemmell, E., Bickel, M., & Seymour, G. (2007). Interleukin 18 and
periodontal disease. J Dent Res, 86(7), 586-593.

Owen, J. A., Punt, J., & Stranford, S. A. (2013). Kuby immunology: WH Freeman New
York.

Ozaki, K., & Leonard, W. J. (2002). Cytokine and cytokine receptor pleiotropy and
redundancy. Journal of Biological Chemistry, 277(33), 29355-29358.

125



Oztas, M., Ugurlu, S., & Aydin, O. J. R. I. (2017). Atorvastatin-induced dermatomyositis.
37(7), 1217-1219.

Palm, N. W., & Medzhitov, R. (2009). Pattern recognition receptors and control of
adaptive immunity. Immunological reviews, 227(1), 221-233.

Parameswaran, N., & Patial, S. (2010). Tumor necrosis factor-a signaling in
macrophages. Critical Reviews™ in Eukaryotic Gene Expression, 20(2).

Parihar, A., Sharma, S., Bhattacharya, S. N., & Singh, U. R. (2015). A clinicopathological
study of cutaneous lichen planus. Journal of Dermatology & Dermatologic
Surgery, 19(1), 21-26.

Pasch, M. C., van den Bosch, N. H., Bos, J. D., Asghar, S. S., & Daha, M. R. (2000).
Synthesis of complement components C3 and factor B in human keratinocytes is
differentially regulated by cytokines. Journal of investigative dermatology,
114(1), 78-82.

Paul, W. E. (2015). History of interleukin-4. Cytokine, 75(1), 3-7.

Paul, W. E., & Zhu, J. (2010). How are TH 2-type immune responses initiated and
amplified? Nature reviews immunology, 10(4), 225-235.

Pekiner, F. N., Demirel, G. Y., Borahan, M. O., & Ozbayrak, S. (2012). Cytokine profiles
in serum of patients with oral lichen planus. Cytokine, 60(3), 701-706.

Pelle, E., Mammone, T., Maes, D., & Frenkel, K. (2005). Keratinocytes act as a source
of reactive oxygen species by transferring hydrogen peroxide to melanocytes.
Journal of investigative dermatology, 124(4), 793-797.

Pentenero, M., Broccoletti, R., Carbone, M., Conrotto, D., & Gandolfo, S. (2008). The
prevalence of oral mucosal lesions in adults from the Turin area. Oral Dis, 14(4),
356-366.

Petrou - Amerikanou, C., Markopoulos, A., Belazi, M., Karamitsos, D., & Papanayotou,
P.J. O. d. (1998). Prevalence of oral lichen planus in diabetes mellitus according
to the type of diabetes. 4(1), 37-40.

Petruzzi, M., De Benedittis, M., Grassi, R., Cassano, N., Vena, G., & Serpico, R. (2002).
Oral lichen planus: a preliminary clinical study on treatment with tazarotene. Oral
Dis, 8(6), 291-295.

126



Petruzzi, M., Lucchese, A., Lajolo, C., Campus, G., Lauritano, D., & Serpico, R. (2013).
Topical retinoids in oral lichen planus treatment: an overview. Dermatology,
226(1), 61-67.

Pezelj-Ribaric, S., Prso, I. B., Abram, M., Glazar, I., Brumini, G., & Simunovic-Soskic,
M. (2004). Salivary levels of tumor necrosis factor-a in oral lichen planus.
Mediators Inflamm, 13(2), 131-133.

Philip, M., Rowley, D. A., & Schreiber, H. (2004). Inflammation as a tumor promoter in
cancer induction. Semin Cancer Biol, 14(6), 433-4309.
doi:10.1016/j.semcancer.2004.06.006

Piccinni, M. P., Lombardelli, L., Logiodice, F., Tesi, D., Kullolli, O., Biagiotti, R., . . .
Ficarra, G. (2014). Potential pathogenetic role of Th17, ThO, and Th2 cells in
erosive and reticular oral lichen planus. Oral Dis, 20(2), 212-218.

Pivarcsi, A., Bodai, L., Réthi, B., Kenderessy - Szabg, A., Koreck, A., Széll, M., . . .

Rajnavolgyi, E. (2003). Expression and function of Toll - like receptors 2 and 4
in human keratinocytes. Int Immunol, 15(6), 721-730.

Porter, K., Klouda, P., Scully, C., Bidwell, J., & Porter, S. (1993). Class | and Il HLA
antigens in British patients with oral lichen planus. Oral surgery, oral medicine,
oral pathology, 75(2), 176-180.

Postal, M., & Appenzeller, S. (2011). The role of tumor necrosis factor-alpha (TNF-a) in
the pathogenesis of systemic lupus erythematosus. Cytokine, 56(3), 537-543.

Potts, A., Hamburger, J., & Scully, C. (1987). The medication of patients with oral lichen
planus and the association of nonsteroidal anti-inflammatory drugs with erosive
lesions. Oral surgery, oral medicine, oral pathology, 64(5), 541-543.

Powell, F. C., Rogers Ill, R. S., & Dickson, E. R. J. J. 0. t. A. A. 0. D. (1983). Primary
biliary cirrhosis and lichen planus. 9(4), 540-545.

Preshaw, P. M., & Taylor, J. J. (2011). How has research into cytokine interactions and
their role in driving immune responses impacted our understanding of
periodontitis? J Clin Periodontol, 38, 60-84.

Prime, S., Pring, M., Davies, M., & Paterson, 1. (2004). TGF-f signal transduction in oro-
facial health and non-malignant disease (part I). Critical Reviews in Oral Biology
& Medicine, 15(6), 324-336.

127



Puga, I., Cols, M., & Cerutti, A. (2010). Innate signals in mucosal immunoglobulin class
switching. Journal of allergy and clinical immunology, 126(5), 889-895.

Punt, J., Stranford, S. A., Jones, P. P., & Owen, J. A. (2019). Kuby immunology.

Radwan-Oczko, M., Zwyrtek, E., Owczarek, J. E., & Szcze$niak, D. J. J. 0. a. 0. s. (2018).
Psychopathological profile and quality of life of patients with oral lichen planus.
26.

Raghu, A. R., Nirmala, N. R., & Sreekumaran, N. (2002). Direct immunofluorescence in
oral lichen planus and oral lichenoid reactions. Quintessence Int, 33(3).

Rajentheran, R., McLean, N., Kelly, C., Reed, M., & Nolan, A. (1999). Malignant
transformation of oral lichen planus. European journal of surgical oncology,
25(5), 520-523.

Ramirez, G. A., Yacoub, M.-R., Ripa, M., Mannina, D., Cariddi, A., Saporiti, N, . . .
Dagna, L. J. B. r. i. (2018). Eosinophils from physiology to disease: a
comprehensive review. 2018.

Ranginwala, A. M., Chalishazar, M. M., Panja, P., Buddhdev, K. P., & Kale, H. M.
(2012). Oral discoid lupus erythematosus: A study of twenty-one cases. Journal
of oral and maxillofacial pathology: JOMFP, 16(3), 368.

Reddy, D. S., Sivapathasundharam, B., Saraswathi, T., & SriRam, G. J. I. J. 0. D. R.
(2012). Evaluation of mast cells, eosinophils, blood capillaries in oral lichen
planus and oral lichenoid mucositis. 23(5), 695.

Resende, J. P. M., Chaves, M. d. G. A. M., Aarestrup, F. M., Aarestrup, B. V., Olate, S.,
& Netto, H. D. (2013). Oral lichen planus treated with tacrolimus 0.1%.
International journal of clinical and experimental medicine, 6(10), 917.

Rhodus, N. L., Cheng, B., Bowles, W., Myers, S., Miller, L., & Ondrey, F. (2006).
Proinflammatory cytokine levels in saliva before and after treatment of (erosive)
oral lichen planus with dexamethasone. Oral Dis, 12(2), 112-116.

Rhodus, N. L., Cheng, B., Myers, S., Bowles, W., Ho, V., & Ondrey, F. (2005a). A
comparison of the pro-inflammatory, NF-kB-dependent cytokines: TNF-alpha,
IL-1-alpha, IL-6, and IL-8 in different oral fluids from oral lichen planus patients.
Clin Immunol, 114(3), 278-283.

Rhodus, N. L., Cheng, B., Myers, S., Miller, L., Ho, V., & Ondrey, F. (2005b). The
feasibility of monitoring NF - « B associated cytokines: TNF - «, IL - 1«,

128



IL - 6, and IL - 8 in whole saliva for the malignant transformation of oral lichen
planus. Molecular Carcinogenesis: Published in cooperation with the University
of Texas MD Anderson Cancer Center, 44(2), 77-82.

Rhodus, N. L., Cheng, B., & Ondrey, F. (2007). Th1/Th2 cytokine ratio in tissue
transudates from patients with oral lichen planus. Mediators Inflamm, 2007.

Rice, P. J., & Hamburger, J. (2002). Oral lichenoid drug eruptions: their recognition and
management. Dent Update, 29(9), 442-447.

Rice, P. J., & Hamburger, J. J. D. U. (2002). Oral lichenoid drug eruptions: their
recognition and management. 29(9), 442-447.

Rich, A. M., & Reade, P. (1989). A guantitative assessment of Langerhans cells in oral
mucosal lichen planus and leukoplakia. British Journal of Dermatology, 120(2),
223-228.

Ring, J., Mohrenschlager, M., & Henkel, V. (2008). The US FDA ‘Black Box’warning
for topical calcineurin inhibitors. Drug safety, 31(3), 185-198.

Rivlin, N., Brosh, R., Oren, M., & Rotter, V. (2011). Mutations in the p53 tumor
suppressor gene: important milestones at the various steps of tumorigenesis.
Genes & cancer, 2(4), 466-474.

Robertson, W. D., & Wray, D. (1992). Ingestion of medication among patients with oral
keratoses including lichen planus. Oral surgery, oral medicine, oral pathology,
74(2), 183-185.

Robledo - Sierra, J., Mattsson, U., & Jontell, M. J. O. d. (2013). Use of systemic
medication in patients with oral lichen planus-a possible association with
hypothyroidism. 19(3), 313-3109.

Rodstrom, P., Hakeberg, M., Jontell, M., & Nordin, P. (1994). Erosive oral lichen planus
treated with clobetasol propionate and triamcinolone acetonide in Orabase: a
double-blind clinical trial. Journal of dermatological treatment, 5(1), 7-10.

Roescher, N., Tak, P. P., & Illei, G. G. (2009). Cytokines in Sjogren’s syndrome. Oral
Dis, 15(8), 519-526.

Roescher, N., Tak, P. P., & lllei, G. G. (2010). Cytokines in Sjogren’s syndrome: potential
therapeutic targets. Annals of the rheumatic diseases, 69(6), 945-948.

129



Roger, D., Rolle, F., Labrousse, F., Brosset, A., Bonnetblanc, J. J. C., & dermatology, e.
(1994). Simvastatin - induced lichenoid drug eruption. 19(1), 88-89.

Roopenian, D. C. (1992). What are minor histocompatibility loci? A new look at an old
question. Immunology today, 13(1), 7-10.

Rosin, M. P., Cheng, X., Poh, C., Lam, W. L., Huang, Y., Lovas, J., . .. Le, N. D. (2000).
Use of allelic loss to predict malignant risk for low-grade oral epithelial dysplasia.
Clinical cancer research, 6(2), 357-362.

Roustan, G., Villegas, C., Sanchez, E. Y., & Robledo, A. (1994). Lichen planus with
predominant plasma cell infiltrate. The American Journal of Dermatopathology,
16(3), 311-314.

Rozycki, T. W., Rogers IlI, R. S., Pittelkow, M. R., McEvoy, M. T., EI-Azhary, R. A,

Bruce, A. J.,, . . . Davis, M. D. (2002). Topical tacrolimus in the treatment of
symptomatic oral lichen planus: a series of 13 patients. J Am Acad Dermatol,
46(1), 27-34.

Ruiz Villaverde, R., Blasco Melguizo, J., Mendoza Guil, F., Martin Sanchez, M., Naranjo
Sintes, R. J. J. 0. t. E. A. 0. D., & Venereology. (2003). Generalized lichen
planus - like eruption due to acetylsalicylic acid. 17(4), 470-472.

Saag, K. G., Koehnke, R., Caldwell, J. R., Brasington, R., Burmeister, L. F., Zimmerman,

B., . . . Furst, D. E. (1994). Low dose long-term corticosteroid therapy in
rheumatoid arthritis: an analysis of serious adverse events. Am J Med, 96(2), 115-
123.

Sabat, R., Griutz, G., Warszawska, K., Kirsch, S., Witte, E., Wolk, K., & Geginat, J.
(2010). Biology of interleukin-10. Cytokine & growth factor reviews, 21(5), 331-
344,

Sallusto, F., Lenig, D., Forster, R., Lipp, M., & Lanzavecchia, A. (1999). Two subsets of
memory T lymphocytes with distinct homing potentials and effector functions.
Nature, 401(6754), 708-712.

Sanchez-Muiioz, F., Dominguez-Lopez, A., & Yamamoto-Furusho, J. K. (2008). Role of
cytokines in inflammatory bowel disease. World journal of gastroenterology:
WJG, 14(27), 4280.

Sanli, B., Cetin, E., Bir, F., Tasli, L., Yaldizkaya, F., & Yaylali, V. (2012). Conjunctival
impression cytology, ocular surface and tear - film changes in patients with lichen

130



planus. Clinical and Experimental Dermatology: Clinical dermatology, 37(4),
341-345.

Santoro, A., Majorana, A., Roversi, L., Gentili, F., Marrelli, S., Vermi, W., . . . Facchetti,
F. (2005). Recruitment of dendritic cells in oral lichen planus. The Journal of
Pathology: A Journal of the Pathological Society of Great Britain and Ireland,
205(4), 426-434.

Saraiva, M., & O'garra, A. (2010). The regulation of IL-10 production by immune cells.
Nature reviews immunology, 10(3), 170-181.

Scardina, G., Messina, P., Carini, F., & Maresi, E. (2006). A randomized trial assessing
the effectiveness of different concentrations of isotretinoin in the management of
lichen planus. Int J Oral Maxillofac Surg, 35(1), 67-71.

Schécke, H., Docke, W.-D., & Asadullah, K. (2002). Mechanisms involved in the side
effects of glucocorticoids. Pharmacol Ther, 96(1), 23-43.

Scheller, J., Chalaris, A., Schmidt-Arras, D., & Rose-John, S. (2011). The pro-and anti-
inflammatory properties of the cytokine interleukin-6. Biochimica et Biophysica
Acta (BBA)-Molecular Cell Research, 1813(5), 878-888.

Schigdt, M. (1984). Oral discoid lupus erythematosus. Ill. A histopathologic study of
sixty-six patients. Oral surgery, oral medicine, oral pathology, 57(3), 281-293.

Schlosser, B. J. (2010). Lichen planus and lichenoid reactions of the oral mucosa.
Dermatol Ther, 23(3), 251-267.

Schottelius, A. J., Moldawer, L. L., Dinarello, C. A., Asadullah, K., Sterry, W., &
Edwards 111, C. K. (2004). Biology of tumor necrosis factor - « -implications for
psoriasis. Experimental dermatology, 13(4), 193-222.

Schroder, K., Hertzog, P. J., Ravasi, T., & Hume, D. A. (2004). Interferon - v : an
overview of signals, mechanisms and functions. Journal of leukocyte biology,
75(2), 163-189.

Scully, C., & Carrozzo, M. (2008). Oral mucosal disease: Lichen planus. British Journal
of Oral and Maxillofacial Surgery, 46(1), 15-21.

Scully, C., & Diz Dios, P. (2001). Orofacial effects of antiretroviral therapies. Oral Dis,
7(4), 205-210.

131



Sharma, R., Sircar, K., Singh, S., Rastogi, V. J. J. 0. 0., & JOMFP, m. p. (2011). Role of
mast cells in pathogenesis of oral lichen planus. 15(3), 267.

Shearston, K., Fateh, B., Tai, S., Hove, D., & Farah, C. S. (2019). Oral lichenoid dysplasia
and not oral lichen planus undergoes malignant transformation at high rates.
Journal of oral pathology & medicine, 48(7), 538-545.

Shen, Z.-Y., Liu, W., Feng, J.-Q., Zhou, H.-W., & Zhou, Z.-T. (2011). Squamous cell
carcinoma development in previously diagnosed oral lichen planus: de novo or
transformation? Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology,
and Endodontology, 112(5), 592-596.

Shen, Z. Y., Liu,W., Zhu, L. K., Feng, J. Q., Tang, G. Y., & Zhou, Z. T. J. M. 0., patologia
oral y cirugia Bucal. (2012). A retrospective clinicopathological study on oral
lichen planus and malignant transformation: analysis of 518 cases. 17(6), €943.

Shiohara, T., & Mizukawa, Y. (2005). The immunological basis of lichenoid tissue
reaction. Autoimmunity reviews, 4(4), 236-241.

Shirasuna, K. (2014). Oral lichen planus: Malignant potential and diagnosis. Oral science
international, 11(1), 1-7.

Shumway, B. S., Kresty, L. A., Larsen, P. E., Zwick, J. C., Lu, B., Fields, H. W., . . .
Mallery, S. R. (2008). Effects of a topically applied bioadhesive berry gel on loss
of heterozygosity indices in premalignant oral lesions. Clinical cancer research,
14(8), 2421-2430.

Sieg, P., Von Domarus, H., Von Zitzewitz, V., Iven, H., & Féarber, L. (1995). Topical
cyclosporin in oral lichen planus: a controlled, randomized, prospective trial.
British Journal of Dermatology, 132(5), 790-794.

Siegfried, E. C., Jaworski, J. C., & Hebert, A. A. (2013). Topical calcineurin inhibitors
and lymphoma risk: evidence update with implications for daily practice.
American journal of clinical dermatology, 14(3), 163-178.

Silva, L. C., Ortigosa, L. C., & Benard, G. (2010). Anti-TNF-a agents in the treatment of
immune-mediated inflammatory diseases: mechanisms of action and pitfalls.
Immunotherapy, 2(6), 817-833.

Simark-Mattsson, C., Bergenholtz, G., Jontell, M., Eklund, C., Seymour, G., Sugerman,
P., ... Dahlgren, U. (1999). Distribution of interleukin-2,-4,-10, tumour necrosis
factor-o and transforming growth factor-p mRNAs in oral lichen planus. Arch
Oral Biol, 44(6), 499-507.

132



Sims, J. E., & Smith, D. E. (2010). The IL-1 family: regulators of immunity. Nature
reviews immunology, 10(2), 89-102.

Siponen, M., Huuskonen, L., Laard, E., & Salo, T. (2010). Association of oral lichen
planus with thyroid disease in a Finnish population: a retrospective case-control
study. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and
Endodontology, 110(3), 319-324.

Siribang-on, P., Buajeeb, W., Sanguansin, S., Poomsawat, S., & Weerapradist, W. (2008).
Detection of human papillomavirus in oral squamous cell carcinoma, leukoplakia
and lichen planus in Thai patients. Asian Pac J Cancer Prev, 9, 771-775.

Sivamani, R. K. (2014). Eicosanoids and keratinocytes in wound healing. Advances in
wound care, 3(7), 476-481.

Sklavounou - Andrikopoulou, A., Chrysomali, E., lakovou, M., Garinis, G., &
Karameris, A. (2004). Elevated serum levels of the apoptosis related molecules
TNF - «, Fas/Apo -1 and Bcl -2 in oral lichen planus. Journal of oral
pathology & medicine, 33(7), 386-390.

Sklavounou, A., Chrysomali, E., Scorilas, A., & Karameris, A. (2000). TNF - «
expression and apoptosis - regulating proteins in oral lichen planus: a

comparative immunohistochemical evaluation. Journal of oral pathology &
medicine, 29(8), 370-375.

Skoglund, A., & Egelrud, T. (1991). Hypersensitivity reactions to dental materials in
patients with lichenoid oral mucosal lesions and in patients with burning mouth
syndrome. Scand J Dent Res, 99(4), 320-328.

Sonano, J., & Sarrion, G. J. J. C. E. D. (2010). Drug-induced oral lichenoid reaction. A
literature review. 2, e71-75.

Sontheimer, R. D. (2009). Lichenoid tissue reaction/interface dermatitis: clinical and
histological perspectives. Journal of investigative dermatology, 129(5), 1088-
1099.

Soria, A., Agbo-Godeau, S., Taieb, A., & Frances, C. (2009). Treatment of refractory oral
erosive lichen planus with topical rapamycin: 7 cases. Dermatology, 218(1), 22-
25.

Sorsa, T., Tjaderhane, L., & Salo, T. (2004). Matrix metalloproteinases (MMPSs) in oral
diseases. Oral Dis, 10(6), 311-318.

133



Squier, C. A., & Kremer, M. J. (2001). Biology of oral mucosa and esophagus. JNCI
Monographs, 2001(29), 7-15.

Srivani, N., Sravani, B., Srujana, S., & Kumar, O. J. I. A. O. I. M. (2017). A study of
clinical and histopathological correlation of lichen planus. 4(9), 136-144.

Stoel, M., Jiang, H.-Q., van Diemen, C. C., Bun, J. C., Dammers, P. M., Thurnheer, M.
C.,...Bos, N. A. (2005). Restricted IgA repertoire in both B-1 and B-2 cell-
derived gut plasmablasts. The Journal of Immunology, 174(2), 1046-1054.

Streicher, K., Morehouse, C. A., Groves, C. J., Rajan, B., Pilataxi, F., Lehmann, K. P., . .
. Greenberg, S. A. (2014). The plasma cell signature in autoimmune disease.
Arthritis & rheumatology, 66(1), 173-184.

Streiner, D. L., & Cairney, J. J. T. C. J. 0. P. (2007). What's under the ROC? An
introduction to receiver operating characteristics curves. 52(2), 121-128.

Sugerman, P., Satterwhite, K., & Bigby, M. (2000). Autocytotoxic T - cell clones in
lichen planus. British Journal of Dermatology, 142(3), 449-456.

Sugerman, P., Savage, N., & Seymour, G. (1994). Phenotype and suppressor activity of
T - lymphocyte clones extracted from lesions of oral lichen planus. British
Journal of Dermatology, 131(3), 319-324.

Sugerman, P., Savage, N., Xu, L., Walsh, L., & Seymour, G. (1995). Heat shock protein
expression in oral lichen planus. Journal of oral pathology & medicine, 24(1), 1-
8.

Sugerman, P. B., Savage, N. W., Walsh, L. J., Zhao, Z. Z., Zhou, X. J., Khan, A, . ..
Bigby, M. (2002). The pathogenesis of oral lichen planus. Crit Rev Oral Biol Med,
13(4), 350-365. d0i:10.1177/154411130201300405

Sugermann, P., Savage, N., Seymour, G., & Walsh, L. (1996). Is there a role for tumor
necrosis factor - alpha (TNF - «) in oral lichen planus? Journal of oral
pathology & medicine, 25(5), 219-224.

Sun, A., Chia, J., Wang, J.-T., & Chiang, C. (2007). Levamisole can reduce the high
serum tumour necrosis factor - « level to a normal level in patients with erosive

oral lichen planus. Clinical and Experimental Dermatology: Experimental
dermatology, 32(3), 308-310.

134



Sun, A,, Chia, J. S., Chang, Y. F., & Chiang, C. P. (2002). Serum interleukin - 6 level is
a useful marker in evaluating therapeutic effects of levamisole and Chinese
medicinal herbs on patients with oral lichen planus. Journal of oral pathology &
medicine, 31(4), 196-203.

Suresh, L., & Neiders, M. E. (2012). Definitive and differential diagnosis of desquamative
gingivitis through direct immunofluorescence studies. J Periodontol, 83(10),
1270-1278.

Suter, V. G., & Warnakulasuriya, S. (2016). The role of patch testing in the management
of oral lichenoid reactions. Journal of oral pathology & medicine, 45(1), 48-57.

Szarka, K., Tar, I., Fehér, E., Géll, T., Kis, A., Toth, E., . . . Gergely, L. (2009).
Progressive increase of human papillomavirus carriage rates in potentially
malignant and malignant oral disorders with increasing malignant potential. Oral
microbiology and immunology, 24(4), 314-318.

Takeuchi, Y., Tohnai, I., Kaneda, T., & Nagura, H. (1988). Immunohistochemical
analysis of cells in mucosal lesions of oral lichen planus. Journal of oral
pathology & medicine, 17(8), 367-373.

Tamgadge, S., & Tamgadge, A. (2019). Third dimension on histopathological aspect of
oral lichen planus: An innovation in teaching oral pathology. Journal of oral and
maxillofacial pathology: JOMFP, 23(2), 310.

Tanda, N., Mori, S., Saito, K., Ikawa, K., & Sakamoto, S. (2000). Expression of apoptotic
signaling proteins in leukoplakia and oral lichen planus: quantitative and
topographical studies. Journal of oral pathology & medicine, 29(8), 385-393.

Tao, X. a,, Li, C.y.,Rhodus, N. L., Xia, J., Yang, X. p., & Cheng, B. (2008). Simultaneous
detection of IFN - gamma and IL - 4 in lesional tissues and whole unstimulated
saliva from patients with oral lichen planus. Journal of oral pathology &
medicine, 37(2), 83-87.

Thompson, D. F., & Skaehill, P. A. (1994). Drug - induced lichen planus.
Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy,
14(5), 561-571.

Thongprasom, K., Carrozzo, M., Furness, S., & Lodi, G. (2011). Interventions for treating
oral lichen planus. Cochrane Database of Systematic Reviews(7).

135



Thongprasom, K., Dhanuthai, K., Sarideechaigul, W., Chaiyarit, P., & Chaimusig, M.
(2006). Expression of TNF - « in oral lichen planus treated with fluocinolone
acetonide 0.1%. Journal of oral pathology & medicine, 35(3), 161-166.

Thongprasom, K., Luengvisut, P., Wongwatanakij, A., & Boonjatturus, C. (2003).
Clinical evaluation in treatment of oral lichen planus with topical fluocinolone
acetonide: a 2 - year follow - up. Journal of oral pathology & medicine, 32(6),
315-322.

Thorn, J., Holmstrup, P., Rindum, J., & Pindborg, J. (1988). Course of various clinical
forms of oral lichen planus. A prospective follow - up study of 611 patients.
Journal of oral pathology & medicine, 17(5), 213-218.

Thornhill, M. H., Pemberton, M. N., Simmons, R. K., & Theaker, E. D. (2003).
Amalgam-contact hypersensitivity lesions and oral lichen planus. Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, 95(3), 291-
299.

Thornhill, M. H., Sankar, V., Xu, X. J., Barrett, A. W., High, A. S., Odell, E. W, . ..
Farthing, P. M. (2006). The role of histopathological characteristics in
distinguishing amalgam - associated oral lichenoid reactions and oral lichen
planus. Journal of oral pathology & medicine, 35(4), 233-240.

Tradati, N., Chiesa, F., Rossi, N., Grigolato, R., Formelli, F., Costa, A., & de Palo, G.
(1994). Successful topical treatment of oral lichen planus and leukoplakias with
fenretinide (4-HPR). Cancer Lett, 76(2-3), 109-111.

Tzifi, F., Economopoulou, C., Gourgiotis, D., Ardavanis, A., Papageorgiou, S., &
Scorilas, A. (2012). The role of BCL2 family of apoptosis regulator proteins in
acute and chronic leukemias. Advances in hematology, 2012.

Udono, H., Ichiyanagi, T., Mizukami, S., & Imai, T. (2009). Heat shock proteins in
antigen trafficking—Implications on antigen presentation to T cells. International
Journal of Hyperthermia, 25(8), 617-625.

Uehara, A., Sugawara, Y., Kurata, S., Fujimoto, Y., Fukase, K., Kusumoto, S., . . .
Takada, H. (2005). Chemically synthesized pathogen - associated molecular
patterns increase the expression of peptidoglycan recognition proteins via toll -
like receptors, NOD1 and NOD2 in human oral epithelial cells. Cellular
microbiology, 7(5), 675-686.

Uitto, V. J., Overall, C. M., & McCulloch, C. (2003). Proteolytic host cell enzymes in
gingival crevice fluid. Periodontology 2000, 31(1), 77-104.

136



Uzzaman, A., & Cho, S. H. (2012). Classification of hypersensitivity reactions. Paper
presented at the Allergy Asthma Proc.

Vadivel, J. K., Govindarajan, M., Somasundaram, E., Muthukrishnan, A. J. J. 0. i., &
dentistry, c. (2019). Mast cell expression in oral lichen planus: A systematic
review. 10(4), e12457.

Van den Haute, V., Antoine, J., & Lachapelle, J.-M. (1989). Histopathological
discriminant criteria between lichenoid drug eruption and idiopathic lichen
planus: retrospective study on selected samples. Dermatology, 179(1), 10-13.

Van der Meij, E., Schepman, K., Plonait, D., Axéll, T., & Van der Waal, I. (2002).
Interobserver and intraobserver variability in the clinical assessment of oral lichen
planus. Journal of oral pathology & medicine, 31(2), 95-98.

Van der Meij, E., & Van der Waal, 1. (2003). Lack of clinicopathologic correlation in the
diagnosis of oral lichen planus based on the presently available diagnostic criteria
and suggestions for modifications. Journal of oral pathology & medicine, 32(9),
507-512.

van der Meij, E. H., Schepman, K.-P., & van der Waal, I. (2003). The possible
premalignant character of oral lichen planus and oral lichenoid lesions: a
prospective study. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology,
and Endodontology, 96(2), 164-171.

van der Waal, 1. (2009). Oral lichen planus and oral lichenoid lesions; a critical appraisal
with emphasis on the diagnostic aspects. Med Oral Patol Oral Cir Bucal, 14(7),
E310-314.

Vered, M., Furth, E., Shalev, Y., & Dayan, D. (2013). Inflammatory cells of
Immunosuppressive phenotypes in oral lichen planus have a proinflammatory
pattern of expression and are associated with clinical parameters. Clinical oral
investigations, 17(5), 1365-1373.

Verma, K. K., Mittal, R., & Manchanda, Y. (2001). Azathioprine for the treatment of
severe  erosive oral and generalized lichen planus. ACTA
DERMATOVENEREOLOGICA-STOCKHOLM-, 81(5), 378-378.

Volte, A. B., Schulten, E. A., Langendijk, P. N., Kostense, P. J., & van der Waal, I.
(1993). Fluocinonide in an adhesive base for treatment of oral lichen planus: a
double-blind, placebo-controlled clinical study. Oral surgery, oral medicine, oral
pathology, 75(2), 181-185.

137



Volte, A. B., Schulten, E. A., Langendijk, P. N., Nieboer, C., & van der Waal, I. (1994).
Cyclosporin A in an adhesive base for treatment of recalcitrant oral lichen planus:
an open trial. Oral surgery, oral medicine, oral pathology, 78(4), 437-441.

Waljee, A. K., Rogers, M. A., Lin, P, Singal, A. G., Stein, J. D., Marks, R. M., . . .
Nallamothu, B. K. (2017). Short term use of oral corticosteroids and related harms
among adults in the United States: population based cohort study. BMJ, 357,
j1415,

Walker, D. (2004). Oral mucosal immunology: an overview. Annals-academy of
Medicine Singapore, 33, 27-30.

Walsh, L., Ishii, T., Savage, N., Gemmell, E., & Seymour, G. (1990). Immunohistologic
analysis of epithelial cell populations in oral lichen planus. Journal of oral
pathology & medicine, 19(4), 177-181.

Walsh, L. J., Trinchieri, G., Waldorf, H. A., Whitaker, D., & Murphy, G. F. (1991).
Human dermal mast cells contain and release tumor necrosis factor alpha, which
induces endothelial leukocyte adhesion molecule 1. Proceedings of the National
Academy of Sciences, 88(10), 4220-4224.

Walton, L. J., Thornhill, M., & Farthing, P. (1994). VCAM - 1 and ICAM - 1 are
expressed by Langerhans cells, macrophages and endothelial cells in oral lichen
planus. Journal of oral pathology & medicine, 23(6), 262-268.

Wan Nazaimoon, W., Md Isa, S., Wan Mohamad, W., Khir, A. S., Kamaruddin, N. A.,
Kamarul, 1., . . . Khalid, B. J. D. M. (2013). Prevalence of diabetes in Malaysia
and usefulness of HbALlc as a diagnostic criterion. 30(7), 825-828.

Wang, Y., Zhou, J., Fu, S., Wang, C., & Zhou, B. (2015). A study of association between
oral lichen planus and immune balance of Th1/Th2 cells. Inflammation, 38(5),
1874-1879.

Watanabe, T., Ohishi, M., Tanaka, K., & Sato, H. (1986). Analysis of HLA antigens in
Japanese with oral lichen planus. Journal of oral pathology & medicine, 15(10),
529-533.

Waugh, D. J., & Wilson, C. (2008). The interleukin-8 pathway in cancer. Clinical cancer
research, 14(21), 6735-6741.

Wee, J., Shirlaw, P., Challacombe, S., & Setterfield, J. (2012). Efficacy of mycophenolate
mofetil in severe mucocutaneous lichen planus: a retrospective review of 10
patients. British Journal of Dermatology, 167(1), 36-43.

138



Wei, Z., Hou, Q., Xu, H., Jiang, L., & Chen, Q. (2018). Evidence of genetic factors
involved in oral lichen planus pathogenesis. Oral Dis, 24(5), 864-865.

Weller, P. F., & Spencer, L. A. J. N. R. I. (2017). Functions of tissue-resident eosinophils.
17(12), 746-760.

Weston, G., & Payette, M. (2015). Update on lichen planus and its clinical variants.
International journal of women's dermatology, 1(3), 140-149.

Westphal, D., Dewson, G., Czabotar, P. E., & Kluck, R. M. (2011). Molecular biology of
Bax and Bak activation and action. Biochimica et Biophysica Acta (BBA)-
Molecular Cell Research, 1813(4), 521-531.

Williams, A. B., & Schumacher, B. (2016). p53 in the DNA-damage-repair process. Cold
Spring Harbor perspectives in medicine, 6(5), a026070.

Wilson, E. (1866). On lichen planus: the lichen ruber of Hebra. The British Medical
Journal, 399-402.

Wong, C. K., Ng, S. S, Lun, S. W,, Cao, J.,, & Lam, C. W. J. I. (2009). Signalling
mechanisms regulating the activation of human eosinophils by mast - cell -
derived chymase: implications for mast cell-eosinophil interaction in allergic
inflammation. 126(4), 579-587.

Wong, I. T., Huang, Y., Zhou, Y. J. J. 0. c. m., & surgery. (2018). Drug eruption to
rosuvastatin with recurrence on simvastatin: a case report. 22(3), 359-361.

Wu, R.-Q., Zhang, D.-F., Tu, E., Chen, Q.-M., & Chen, W. (2014). The mucosal immune
system in the oral cavity—an orchestra of T cell diversity. International journal
of oral science, 6(3), 125-132.

Xie, S., Ding, L., Xiong, Z., & Zhu, S. (2012). Implications of Thl and Th17 cells in
pathogenesis of oral lichen planus. Journal of Huazhong University of Science
and Technology [Medical Sciences], 32(3), 451-457.

Xue, J. L., Fan, M. W., Wang, S. Z., Chen, X. M., Li, Y., Wang, L. J. J. 0. 0. p.,, &
medicine. (2005). A clinical study of 674 patients with oral lichen planus in China.
34(8), 467-472.

139



Yamamoto, T., & Osaki, T. (1995). Characteristic cytokines generated by keratinocytes
and mononuclear infiltrates in oral lichen planus. Journal of investigative
dermatology, 104(5), 784-788.

Yamamoto, T., Osaki, T., Yoneda, K., & Ueta, E. (1994). Cytokine production by
keratinocytes and mononuclear infiltrates in oral lichen planus. Journal of oral
pathology & medicine, 23(7), 309-315.

Yamanaka, Y., Yamashita, M., Innocentini, L. M., Macedo, L. D., Chahud, F., Ribeiro-
Silva, A., . .. Motta, A. C. (2018). Direct immunofluorescence as a helpful tool
for the differential diagnosis of oral lichen planus and oral lichenoid lesions. The
American Journal of Dermatopathology, 40(7), 491-497.

Yan, A. C., Honig, P. J., Ming, M. E., Weber, J., & Shah, K. N. (2010). The safety and
efficacy of pimecrolimus, 1%, cream for the treatment of Netherton syndrome:
results from an exploratory study. Arch Dermatol, 146(1), 57-62.

Yancey, K. B., Overholser, O., Domloge-Hultsch, N., Li, L., Caughman, S. W., &
Bisalburtra, P. (1992). Human Keratinocytes and A-431 Cells Synthesize and
Secret Factor B, the Major Zymogen Protease of the Alternative Complement
Pathway. Journal of investigative dermatology, 98(3), 379-383.

Yarom, N. (2007). Etanercept for the management of oral lichen planus. American
journal of clinical dermatology, 8(2), 121-121.

Younes, F., Quartey, E., Kiguwa, S., & Partridge, M. (1996). Expression of TNF and the
55 - kDa TNF receptor in epidermis, oral mucosa, lichen planus and squamous
cell carcinoma. Oral Dis, 2(1), 25-31.

Young, K. H., Chan, W. C., Fu, K., Igbal, J., Sanger, W. G., Ratashak, A., . . .
Weisenburger, D. D. (2006). Mantle cell lymphoma with plasma cell
differentiation. Am J Surg Pathol, 30(8), 954-961.

Yu, J. J.,, & Gaffen, S. L. (2008). Interleukin-17: a novel inflammatory cytokine that
bridges innate and adaptive immunity. Front Biosci, 13(1), 170-177.

Yuan, A., Woo, S.-B. J. O. s., oral medicine, oral pathology, & radiology, o. (2015).
Adverse drug events in the oral cavity. 119(1), 35-47.

Zaghi, D., & Griffin, J. R. (2016). Defining “lichen”: From Greek mycology to modern
dermatology. JAMA dermatology, 152(10), 1136-1136.

140



Zain, R. B. (1989). Oral lichenoid reactions during antimalarial prophylaxis with
sulphadoxine-pyrimethamine combination. Southeast Asian J Trop Med Public
Health, 20(2), 253-256.

Zain, R. B., lkeda, N., Razak, I. A., Axell, T., Majid, Z. A., Gupta, P. C., & Yaacob, M.
(1997). A national epidemiological survey of oral mucosal lesions in Malaysia.
Community Dent Oral Epidemiol, 25(5), 377-383. doi:10.1111/j.1600-
0528.1997.tb00959.x

Zainal, Z., Ramlj, S. R., Hisham A. F. B,, Arsad, N. A. S. M., Sahimi, H. L., Yukhi, S. H. M., Ahmad,
F.N.S., Malaysian Healthcare Performance Unit, Malaysian Health at a Glance:2018,
Ministry of Health Malaysia: Putrajaya.

Zhang, J.-M., & An, J. J. I. a. c. (2007). Cytokines, inflammation and pain. 45(2), 27.

Zhang, Y., Lin, M., Zhang, S., Wang, Z., Jiang, L., Shen, J., . .. Chen, Q. (2008). NF-xB-
dependent cytokines in saliva and serum from patients with oral lichen planus: a
study in an ethnic Chinese population. Cytokine, 41(2), 144-149.

Zhang, Y., Liu, W., Zhang, S., Dan, H., Lu, R., Wang, F., . .. Lin, M. (2012). Salivary
and serum interleukin-18 in patients with oral lichen planus: a study in an ethnic
Chinese population. Inflammation, 35(2), 399-404.

Zhao, Z., Savage, N., Pujic, Z., & Walsh, L. (1997). Immunohistochemical localization
of mast cells and mast cell - nerve interactions in oral lichen planus. Oral Dis,
3(2), 71-76.

Zhao, Z., Sugerman, P., Walsh, L., & Savage, N. (2002). Expression of RANTES and
CCRL1 in oral lichen planus and association with mast cell migration. Journal of
oral pathology & medicine, 31(3), 158-162.

Zhao, Z., Sugerman, P., Zhou, X., Walsh, L., & Savage, N. (2001). Mast cell
degranulation and the role of T cell RANTES in oral lichen planus. Oral Dis, 7(4),
246-251.

Zhou, G., Xia, K., Du, G. f., Chen, X. m., Xu, X. y., Lu, R., & Zhou, H. m. (2009).
Activation of nuclear factor - kappa B correlates with tumor necrosis factor -
alpha in oral lichen planus: A clinicopathologic study in atrophic - erosive and
reticular form. Journal of oral pathology & medicine, 38(7), 559-564.

Zhou, G., Zhang, J., Ren, X.-w., Hu, J.-y., Du, G.-f., & Xu, X.-y. (2012). Increased B7-
H1 expression on peripheral blood T cells in oral lichen planus correlated with
disease severity. Journal of clinical immunology, 32(4), 794-801.

141



Zhou, X. J., Sugerman, P. B., Savage, N. W., & Walsh, L. J. (2001). Matrix
metalloproteinases and their inhibitors in oral lichen planus. Journal of cutaneous
pathology, 28(2), 72-82.

Zhou, X. J., Sugerman, P. B., Savage, N. W., Walsh, L. J., & Seymour, G. J. (2002).
Intra - epithelial CD8+ T cells and basement membrane disruption in oral lichen
planus. Journal of oral pathology & medicine, 31(1), 23-27.

Zhou, Y., & Vieira, A. R. (2018). Association between TNFa-308 G/A polymorphism
and oral lichen planus (OLP): a meta-analysis. Journal of Applied Oral Science,
26.

Zlotnik, A., Yoshie, O., & Nomiyama, H. (2006). The chemokine and chemokine receptor
superfamilies and their molecular evolution. Genome biology, 7(12), 243.

Zumsteg, A., & Christofori, G. (2009). Corrupt policemen: inflammatory cells promote
tumor angiogenesis. Curr Opin Oncol, 21(2), 60-70.
d0i:10.1097/CC0.0b013e32831bed7e

142





