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ABSTRACT
OBJECTIVE: Lichen planus is a disease that can affect both skin and mucosa, in some
cases both at the same time. Among patients with lichen planus, the oral version of lichen
planus (OLP) can be observed in 50 – 70 %. OLP is the most common chronic
inflammatory disease of oral mucosa. Today it is known that OLP is an inflammatory
condition but it is not known exactly what substances are prominent and active during this
specific inflammatory process. The aim of this study was to examine inflammatory factors
involved in OLP. METHODS: A total of 24 individuals were included in this prospective
study. 15 of these were patients diagnosed with mucosal LP, whereas the other nine were
healthy controls. Blood samples were taken from all participants and sent to Life Science
Lab in Uppsala where they used Olinks inflammation panel to analyse inflammatory
markers in the blood samples. RESULTS: There were differences in inflammatory factors
in blood between the controls and patients with mucosal lichen planus. The inflammatory
factors that contributed the most to this difference were IL-5, SCF, FGF-19 and FGF-21.
CONCLUSIONS: Due to the differences between LP-patients and controls we can
conclude that there are tendencies to an inflammatory process going on systemically
involving different levels of mainly IL-5, SCF, FGF-19 and FGF-21. The inflammatory
factors that contributed the most to the differences between the two groups are not the
typical ones that have been the resulting elevated inflammatory factors in other previous
studies.
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INTRODUCTION
Lichen planus is a disease that can affect both skin and mucosa, in some cases both at the
same time. Among patients with lichen planus, the oral version of lichen planus (OLP)
can be observed in 50 – 70 % of the cases (Lourenço, Simonsen Nico, & Dumet
Fernandes, 2011). OLP is the most common chronic inflammatory disease of oral mucosa.
The prevalence of OLP is 1,9 % within the Swedish population (Axell & Rundquist, 1987)
and 0,5 – 4 % of the World population. It is more commonly observed in middle aged
females. (Lourenço, Simonsen Nico, & Dumet Fernandes, 2011).
OLP is often located on the tounge, buccal mucosa, gingiva and lips and is found
symmetrically and bilaterally. It can be present in six different clinical forms; reticular,
atrophic, papular, erosive, plaque and bullous (Müller, 2017). The clinical and
histopathological criteria of OLP and OLL was defined by WHO in 1978 (van der Meij &
van der Waal, 2003) and has later been modified by van der Meij et al. to a more stricter
form.
The most common clinical form is reticular OLP which shows white, sharply-defined
striations in a lacy-like network (Wickhams striae) and is most commonly seen on the
buccal mucosa (Thorn, Holmstrup, & Rindum, 1988). The plaque-like form is similar to
the reticular form but also contains homogenous, white plaque and is more commonly
seen on the dorsum of the tounge in cigarette smokers. (Thorn, Holmstrup, & Rindum,
1988). These forms are normally asymptomatic, while burning sensation and discomfort
are frequent symptoms in patients with erosive, bullous and atrophic forms. These forms
clinically show red, atrophic mucosa, combined with white striations, often surrounded by
papulae. Bullae is present in the bullous form, which is the result of a rapidly progressing
erosive OLP. Spicy food, citrus fruit and toothbrushing are aggravating factors regarding
the burning sensation and pain. (Ismail, Kumar, & Zain, 2007).
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Even though the various forms may vary in clinical appearances, the histological feature is
the same. Histologically OLP shows a thickened basement membrane due to infiltration of
eosinophilic cells, band-like infiltration of lymphoplasmatic cells (mainly T-cells) in the
epithelio-mesenchymal junction and hyperkeratosis. There is also an inflammatory
infiltrate in the superficial part of the connective tissue, cell nucleus enlargement,
eosinophilic spheric bodies (known as civatte bodies) in the non-keratinized, stratified
columnar epithelium and liquefaction degeneration of the basal cell layer in oral lichen
planus. (Ismail, Kumar, & Zain, 2007).
Exact aetiology of OLP is not yet fully understood but autoimmunity has been suggested
as a possible causative factor. (Ebrahimi, Nylander, Bäcklund, Wahlin, Coates, &
Nylander, 2010).
Clinical and histopathological observations must be combined in order to diagnose and
confirm the lesion as an OLP-lesion. Differential diagnosis may vary depending on the
clinical feature of OLP. Morsicatio buccarum, discoid lupus erythematosus and
candidiasis are all differential diagnosis to the reticular OLP, while aphthae and
pemphigus vulgaris have similar clinical characteristics as the erosive form of OLP
(Lourenço, Simonsen Nico, & Dumet Fernandes, 2011). Hence, the histological
examination is very important when it comes to differentiate the diseases in order to
provide the patient with correct diagnosis and therapy. One of the differential diagnosis,
oral leukoplakia for example, has a higher malignant transformation tendency than OLP.
(Müller, 2017). Several studies confirm that the malignification rate of OLP and oral
lichenoid lesions (OLL) is approximately 1 %, although this is controversial. (GonzalezMoles, Gil-Montoya, Ruiz.Avila, & Bravo, 2016).
Gonzales-Moles et al. showed in their study that 3,9 % of the patients with OLP and OLL
developed oral squameous cell carcinoma within 9,72 months after the OLP/OLL
diagnosis.
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The treatment of OLP available today aims to reduce the symptoms. The choice of
treatment varies due to different clinical forms - one treatment cannot be recommended to
all the clinical forms. The reticular form of OLP does usually not require any treatment
because of the absence of symptoms. The erosive form on the other hand often requires
treatment such as topical corticosteroids to reduce pain and burning sensation. Even
though some OLP patients do not require any treatment it is important that the condition is
kept under continuous control.
Optimization of oral hygiene is also a way of therapy, used as a method for preventing
aggravation of the disease, especially in the presence of gingival lesions were plaque and
tartar may induce local inflammation.
The cause of OLP is currently not known and therefore there is no causative treatment
available today. Although the aetiology remains unknown, several factors that are thought
to have an impact on the disease have been studied, such as; genetics, stress, drugs,
diabetes, hypertension and autoimmune diseases. These factors have only been proposed
to have an impact but there is no current evidence of their correlation with OLP.
(Roopashree, Gondhalekar, Shashikanth, George, & Thippeswamy, 2010).
OLP is defined as a T-cell mediated chronic inflammatory disease and the pathogenesis is
believed to involve a destruction of the basal keratinocytes in the epithelium induced by
T-cell mediation. CD8+ is the most activated T-cell in OLP and this is associated with
increased production of Th1-cytokines (IL-1, IL-10, IL-12, IL-8 and TNF-α). This will
increase the expression of ICAM-1 which is intercellular adhesion molecules on
macrophages and Langerhans cells. (Lourenço, Simonsen Nico, & Dumet Fernandes,
2011). The keratinocytes are believed to present antigens on their surfaces, or expressing
changed self-antigens, leading to the destruction of the keratinocytes. (Mattson &
Bäckman, 2016).
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One general accepted theory for the pathogenesis involves the dendritic Langerhans cells,
which are located in the supra basal cellayer of the epithelium and are responsible for
identifying and presenting antigens. The theory is that the Langerhans cell first identify
the antigen, then migrates to local nodulus where it presents the antigen to naive (non
activated) T-cells. The antigen must be presented to a naive T-cell with a specific receptor
matching the antigen. When the antigen connects to the receptor, the naive T-cell becomes
activated, resulting in proliferation of the T-cell. Following this process, some of the
activated T-cells may leave the nodulus and enter the blood. These T-cells are now
memory-T-cells and if the antigen that was previously presented by the Langerhans cell
would be present again, an immunologic reaction would take place, leading to the
lichenoid lesion. (Mattson & Bäckman, 2016).
As previously mentioned, one of the histological features of OLP is a band-like infiltration
of T-cells in the epithelio-mesenchymal junction. The T-cell infiltrate is mainly composed
of CD4+ and CD8+ cells. The CD8+ cells are cytotoxic T-cells with the ability to induce
programmed cell death (apoptosis). CD4+ cells, mainly located beneath the epithelium,
can be activated by Langerhans cells. The CD4+ cells have the ability to activate the
cytotoxic CD8+ cells and indirectly initiate apoptosis of keratinocytes. The CD4+ cells
also contribute to the chronic characteristics of the disease by releasing cytokines, leading
to a maintained inflammation. (Mattson & Bäckman, 2016).
There is a great number of different substances that are involved in any inflammatory
process. Today it is known that OLP is an inflammatory condition but it is not known
exactly what inflammatory mediators are prominent and active during this specific
inflammatory process. Therefore the aim of this study was to examine inflammatory
factors involved in OLP. A screening of 96 inflammatory factors in the blood of patients
with OLP and of healthy individuals without the disease was done, to later examine what
roles these specific factors play in inflammation and how they affect the body in general.
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MATERIALS AND METHODS
Study design
A total of 24 individuals were included in this prospective study. 15 of these were patients
diagnosed with mucosal LP, whereas the other nine were healthy controls. In the LPgroup three were men and 12 were women and the mean age were 70,2 years old (table 1).
In the control group two were men and seven were women and the mean age were 64,3
years old (table 2).
Specific procedures
Blood samples from all the 24 individuals were taken at Blodcentralen, University
Hospital of Umeå. The selection of patients was made consecutively and the patients in
the LP-group were asked to participate in the study after being diagnosed with LP
according to the WHO inclusion criteria, while the healthy controls were collected through
advertisement. Before participation it was ensured that each participant in the control
group did not have any form of LP or any other inflammatory disease. All the 24
participants were given information, both verbally and in written form, about the
procedure, possible pain/discomfort in conjunction with the blood sampling, and the main
purpose of the study. The participation was voluntary and they could at any time, without
any explanation or penalty choose to end their participation. All the participants gave their
written informed consent to participate in the study. They also received a financial
compensation. The participants and their blood samples were only known to the
caregivers responsible for the study. Their names were exchanged to numbers and the
samples were labelled with a random number in order to provide complete anonymity in
the study. A report of the study and an application for ethical review to the regional ethics
committee was sent and approved before starting the study. Dnr: 2013-252-32M.
The blood samples were centrifuged to separate the serum from the blood cells. The serum
samples were then kept in a freezer (-80°C) and transported to Life Science Lab in
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Uppsala where they used Olinks inflammation panel (called Proseek) on the samples (1µl
serum each) with PEA-technology. Olink is a company that has developed a Proseek
panel, an inflammation panel which provides an immunoassay “enabling analysis of 92
inflammation-related protein biomarkers across 96 samples simultaneously” (Olink
Proteomics, 2017), thanks to their patented Proximity Extension Assay (PEA) technology.
(Olink Proteomics, 2017).
The assay involved these main steps:
1. 1 µl of serum were taken from each sample
2. A pair of oligonucleotide-labelled antibodies, also called “proseek probes” were
allowed to bind in pairs to the target protein in the sample in a homogeneous assay.
3. A new PCR target was then formed because of the proximity-dependent DNA
polymerisation event that occurred when the two proseek probes were in close proximity.
4. Standard real-time PCR were then used to enable detection and amplification of the
resulting sequence. (Olink Proteomics, 2017).
The unique DNA sequences of each of the 92 oligonucleotide antibody-pairs allow
hybridization only to each other. In other words, only correctly matched sequences
hybridize. The proximity extension (by DNA polymerase) will then create 92 unique
DNA reporter sequences which will be amplified by real-time PCR. 92 protein biomarkers
are then measured simultaneously in each sample.
What makes this technique unique and successful is that “[c]ross-reactive events will not
be detected with Olinks panels since only matched DNA reporter pairs are amplified with
real-time PCR […]. This allows for scalable multiplexing without loss of specificity and
sensitivity.” (Olink Proteomics, 2017). It takes 24 hours to get the results (hands-on time
is less than 3 hours). (Olink Proteomics, 2017).
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Statistics
The data Life Science Uppsala sent back was then analysed in the statistical program
Simca 14.1 which transforms the multivariate data into visual information and the data
could easily be interpret. The statistical modelling tool used was OPLS-DA.
RESULTS
The analyses of the inflammatory related proteins expression that Olink performed with
their PEA-technology showed that there were differences between the two groups
examined. Green dots (except L4 and L32) are placed to the left of the midline and blue
dots (except C67) are placed to the right of the midline in the diagram (figure 1). The
inflammatory factors that contributed the most to this difference were IL-5, SCF, FGF-19
and FGF-21 (figure 2).
DISCUSSION
This study found tendencies of differences regarding inflammation related biomarkers in
patients with mucosal lichen planus compared to the controls. This means that there are
different expressions of inflammatory factors between the two groups examined which is
also the result of previous studies on this subject.
The outcome of this study shows that the following inflammatory factors contributed the
most to the differences between controls and patients with mucosal lichen planus: IL-5,
SCF, FGF-19 and FGF-21. Among the inflammatory factors that contributed the most to
the differences with highest statistical reliability were IL-5, SCF and FGF-19. FGF-21 had
a great contribution to the differences but with lower statistical reliability. To further
investigate if these inflammatory factors are up-regulated or down-regulated we suggest
that further analyse methods such as ELISA or PCR should be done to verify the amount
of one specific protein in the samples.
IL-5 has been linked to oral lichen planus in previous studies, whereas SCF and FGF-19
have been linked to other inflammatory conditions rather than OLP specifically. IL-5 is an
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interleukin, a protein produced mainly by type 2 T-helper cells but also by eosinophils,
mast cells and gamma delta T-cells. (Lu, Zhang, Sun, Du, & Gang, 2015). Interleukins are
a group of cytokines which play a significant role in the immune system and inflammatory
processes. The main role of IL-5 is to regulate the differentiation and maturation of
eosinophils in bone marrow and their migration, function and survival in different tissue
sites. (Lu, Zhang, Sun, Du, & Gang, 2015). IL-5 has also been shown to have a role in
stimulating the terminal differentiation stage of B-cells, turning them into antibody
secreting plasma cells. (Lu, Zhang, Sun, Du, & Gang, 2015). The observation of IL-5 in
patients with oral lichen planus varies between studies. According to one study made by
Gotoh et al., an increased level of IL-5 was found in the oral mucosa in patients with OLP
compared to the controls. (Gotoh, Hamada, Shiobara, & et. al, 2008). A decreased level of
IL-5 in the oral mucosa in patients with OLP was observed in another study made by
Kalogerakou et al. (Kalogerakou, Albanidou-Farmaki, Markopoulos, & Antoniades,
2008), while a third study show no statistical difference in the levels of IL-5 between
controls and patients with OLP (Pekiner, Demirel, Borahan, & Ozbayrak). A possible
explanation to this variation in results may be other factors related to the patients involved
in the studies, such as different compositions in the subjects and the different IL-5 sources.
(Lu, Zhang, Sun, Du, & Gang, 2015).
SCF (stem cell factor) or KIT-ligand, is a cytokine that can be produced by fibroblasts,
endothelial cells, mast cells and eosinophils during an inflammatory process. (Hassan &
Zander, 1996). Although SCF has not yet been directly linked to OLP in previous studies,
there are studies showing correlation between SCF and inflammatory processes (Shen,
Wang, & Huang, 2017). Further, in a study by Hassan et al, an increased level of SCF and
its receptor was shown in patients with acute myeloid leukaemia compared to healthy
controls. (Hassan & Zander, 1996).
FGF-19 and FGF-21 are fibroblast growth factors and these are two of the total 22 sub
members of fibroblast growth factors, which are proteins with various functions. (Potthoff,
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Kliewer, & Mangelsdorf, 2012). The discovery of FGF-19, FGF-21 and their functions
have been relatively recent, thus there are few studies discussing specifically these
fibroblast growth factors. Regarding FGF-19, current studies are focused on its role in
patients with hepatitis due to alcohol consumption, or on its function in the regulation of
bile acid homeostasis. (Potthoff, Kliewer, & Mangelsdorf, 2012). Studies have shown
increased levels of FGF-19 in patients with hepatitis and extrahepatic cholestasis,
indicating that it has a proven correlation with inflammation. (Zweers, o.a., 2017).
FGF-21 has been shown to have an effect on liver metabolism by improving hepatic
insulin sensitivity and thereby increasing the glycogen content in the liver. (Potthoff,
Kliewer, & Mangelsdorf, 2012). In a study made by Xu et al., obese mice injected with
FGF-21 showed decreased levels of glucose in blood and improved glucose tolerance and
insulin sensitivity. (Xu, o.a., 2009). Available studies that include FGF-21 are mainly
focused on its effect on glucose and lipid metabolism, and little about its role in
inflammation. In our study FGF-21 turned out to contribute a lot to the differences but
with lower statistical reliability. This may indicate that FGF-21 is not associated with
inflammatory conditions such as Lichen planus but to verify this statement further
investigation need to be done on this specific inflammatory factor.
Overall, the main inflammatory factors that have a tendency to a different expression
pattern between the two groups in this study are not the typical inflammatory factors that
have been found in studies based on tissue. Studies have shown that the major cytokines
that are involved in the pathogenesis of OLP so far are; IL-1, 2, 4, 5, 6, 8, 10, 12, 17 and
18. (Lu, Zhang, Sun, Du, & Gang, 2015). Although these interleukins have been shown to
have an involvement in OLP, there is a variation in their expression in tissue and serum.
According to Lu et. al, IL-6 is the only interleukin that has shown increased levels in both
tissue and serum. (Lu, Zhang, Sun, Du, & Gang, 2015). Our study did not show any
statistical differences regarding the expression of IL-6 between LP-patients and controls.
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IL-5, 10, 12 and 17 have also shown increased levels in tissue, but their expression in
serum have been either inconsistent or unclear. (Lu, Zhang, Sun, Du, & Gang, 2015). The
levels of IL-2 and IL-18 in tissue show no differences between controls and patients with
OLP, however the expression of IL-18 is elevated in serum in patients with oral lichen
planus, whereas the expression of IL-2 in serum is inconsistent. (Lu, Zhang, Sun, Du, &
Gang, 2015). Expression of IL-8 in patients with oral lichen planus has been undetected in
tissue but increased in serum. (Lu, Zhang, Sun, Du, & Gang, 2015).
Based on previous studies involving patients with OLP, one can conclude that an
inflammatory factor can both be up-regulated in serum and tissue, as well as it can be
down-regulated in serum while it is up-regulated in tissue and vice versa. In our study we
can not come to this conclusion based on the fact that tissue samples were never taken
from the participants.
Due to the differences between LP-patients and controls we can conclude that there is a
tendency to an inflammatory process going on systemically involving different levels of
mainly IL-5, SCF, FGF-19 and FGF-21. These inflammatory factors are not the typical
ones that have been the resulting factors in other previous studies.
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Table 1. LP patients included in the study
Number of men
Number of women Mean age
(years old)
3 (20%)
12 (80%)
70,2
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Min-max
(years old)
57-84

Table 2. Control patients included in the study
Number of men
Number of women Mean age
(years old)
2 (22%)
7 (78%)
64,3
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Min-max
(years old)
45-73

	
  

	
  
Figure 1. Green dots, L = Lichen planus patients. Blue dots, C = controls. Most of the

green dots are on the left side of the midline and most of the blue dots are on the right side
of the midline. This speaks for the possible statistical differences regarding inflammatory
factors between the two groups.
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Figure 2. Each green dot represents an inflammatory factor. Inflammatory factors to the
far left and to the far right of the diagram contribute the most to the differences between
LP-patients and controls. To the far right are the inflammatory factors that contribute the
most with statistical certainty whereas the factors to the far left have a great contribution
to the difference but with lower statistical reliability. Inflammatory factors placed close to
0 at the x-axis and y-axis (in the middle of the diagram) represents no difference between
the two groups.
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