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Abstract

Background: Salivary protein biomarkers for screening and diagnosis of oral lichen planus (OLP) are not well-defined.
The objective of this study was to identify putative protein biomarkers for OLP using proteomic approaches.

Methods: Pooled unstimulated whole saliva was collected from five OLP patients and five healthy control participants.
Saliva samples were then subjected to two-dimensional gel electrophoresis, followed by mass spectrometry to identify
putative protein biomarkers. Subsequently, a subset of these putative biomarkers were validated in 24 OLP patients and
24 age-matched healthy control subjects, using an enzyme-linked immunosorbent assay (ELISA). Immunoblotting
analyses were then performed in 3 pairs of age- and sex-matched OLP patients and healthy controls to confirm
results from the ELISA study.

Results: Thirty-one protein spots were identified, corresponding to 20 unique proteins. Notably, fibrinogen fragment D
and complement component C3c exhibited increased expression in OLP patients, while cystatin SA exhibited decreased
expression in OLP patients, compared with healthy control subjects. ELISA analyses indicated increased expression of
fibrinogen fragment D and complement component C3c, and decreased expression of cystatin SA, in the saliva of OLP

patients. Statistical differences in the expression of salivary complement C3c were observed between OLP patients and
healthy control subjects. Immunoblotting analyses confirmed the results of our ELISA studly.

Conclusion: Complement C3, fibrinogen fragment D and cystatin SA may serve as salivary biomarkers for screening

and/or diagnosis of OLP.
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Background

Oral lichen planus (OLP) is a chronic immune-mediated
disease that affects the oral mucosa. The prevalence rate
of OLP is reported as 0.5-2.2% [1, 2]. A recent systematic
review indicated that the malignant transformation rate of
OLP-affected tissue is 1.09% [3]. There are several types of
OLP, the most common of which are the reticular, atro-
phic, and ulcerative/erosive forms. Often, the clinical
appearance of OLP mimics other types of vesiculobullous
diseases; therefore, biopsy of the lesion is required for
definitive diagnosis [4]. Histopathological features of OLP
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include hyperkeratosis, acanthosis, liquefactive degener-
ation of the basal cell layer, and prominent lymphocyte
infiltration at the epithelium-connective tissue interface
[1]. Use of direct immunofluorescent (DIF) staining also
aids in the diagnosis of OLP. Recently, it was revealed that
the most common manifestations found on DIF analysis of
OLP biopsies are 1) shaggy expression of fibrinogen in the
basement membrane zone; 2) deposition of Immunoglobu-
lin M as colloid bodies; 3) deposition of C3 in granular and
linear patterns. Thus, the presence of these proteins on DIF
analysis is utilized for diagnosis of OLP [5].

Human saliva is a readily available fluid that contains
locally- and systemically-produced compounds and pro-
teins that may serve as markers for diagnosis of several
diseases. Following the development of highly sensitive
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assays with simple and non-invasive saliva collection
techniques, saliva-based biomarkers have found increasing
usage in the diagnosis of disease [6]. Al-Tarawnej and
colleagues performed a systematic review to define and
summarize disease-related salivary biomarkers that could
be identified by mass spectrometry proteomics [7]. These
diseases included Sjogren’s syndrome, squamous cell
carcinoma, diabetes, breast cancer, dental caries, periodon-
titis, systemic sclerosis, bleeding oral cavity, graft versus
host disease and OLP. A total of 180 biomarkers were iden-
tified; 87 of these were upregulated, 63 were downregulated,
and 30 varied in a disease-dependent manner [7].

Some proteins have been previously reported as salivary
biomarkers for OLP. Notably, C-reactive protein, Immuno-
globulin A (IgA), matrix metalloproteinase 8, CTX I, CD14
and toll-like receptor-2 demonstrate upregulation in the
saliva of OLP patients [8—11]. Thus far, very few studies
have used a proteomic approach to identify potential saliv-
ary protein biomarkers for OLP [12—14]. In one of these,
Mizukawa et al. used reverse-phase high-performance
liquid chromatography and mass spectrometry (MS);
they reported a significant increase in defensin-1 (HNP-1)
levels in the saliva of patients with OLP, compared with
HNP-1 levels in healthy subjects [12]. In another study,
Yang et al. evaluated potential biomarkers in whole saliva
from OLP patients [13]. They identified 14 proteins with
at least a two-fold difference in intensity between OLP pa-
tients and healthy controls. Importantly, urinary prokallik-
rein was elevated, while palate, lung, and nasal epithelium
carcinoma-associated protein (PLUNC) was reduced in
saliva samples from OLP patients. Lastly, Chaiyarit et al.
used matrix assisted laser desorption/ionization time-of-
flight/time-of-flight (MALDI-TOF/TOF) MS to analyze
the patterns of mass signals from low-molecular-weight
proteins that were present in saliva samples from patients
with oral cancer, OLP, and chronic periodontitis [14].
Mass signals at both 12,964.55 and 13,279.08 Da were sig-
nificantly elevated in the saliva of OLP patients, compared
with the other groups. However, the corresponding pro-
teins have not been identified.

Though numerous candidate proteins have been discov-
ered, these must be validated in other patient populations.
The identification of potential salivary protein biomarkers
is an essential first step in the development of effective
screening techniques and early diagnosis of OLP, which is
expected to improve treatment outcomes and quality of
life for affected patients. The objective of this study was to
use proteomics approaches to identify potential salivary
protein biomarkers for screening and diagnosis of OLP.

Methods

Study subjects

Human saliva was collected from patients at the Faculty
of Dentistry of Mahidol University, under guidelines set
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by the Faculty of Dentistry/Faculty of Pharmacy, Mahidol
University, Institutional Review Board (MU-DT/PY-IRB
2011/012.3103) for the Use of Human Subjects in Re-
search. A written informed consent was acquired from
each individual.

All patients were diagnosed with OLP using the modi-
fied World Health Organization diagnostic criteria for
OLP, as set forth by van de Meij and van der Waal [15].
All patients exhibited symmetrical distribution of the
lesions on the bilateral buccal mucosa, gingiva or both
lateral borders of the tongue. Histopathology also con-
firmed diagnosis of OLP; all included specimens presented
with a band-like zone of cellular infiltration—primarily
composed of lymphocytes—liquefaction degeneration in
the basal cell layer, and an absence of epithelial dysplasia.
Some patients reported a history of medication use, but
the medication was either not known to induce oral le-
sions or was started after the eruption of oral lesions.

Two separate sets of patients were used in this study,
to allow extrapolation of our results from the first set of
patients to the second set of patients. The second set of
patients exhibited similar clinical and pathological char-
acteristics of OLP, thus demonstrating that these pro-
teins could be used as markers for OLP. The first set
included five patients with OLP and five sex-matched
healthy control participants. Saliva samples from the five
OLP patients and five healthy control participants in the
first set were separately pooled, then subjected to two-
dimensional polyacrylamide gel electrophoresis (2D-
PAGE) followed by MS. The second set of patients was
recruited for the validation of the results from the first
set of patients; for the second set of patients, we used
enzyme-linked immunosorbent assay (ELISA) and im-
munoblotting analyses. This second set of participants
was composed of 24 OLP patients and 24 age-matched
control subjects.

We included participants in the age range of 30-
75 years old. Healthy control subjects comprised individ-
uals who exhibited normal mucosa and stated that they
had no underlying systemic diseases. Exclusion criteria
included positive laboratory detection of Candida spp.
or presence of periodontitis; we also excluded patients
who currently smoked, were pregnant, had been treated
with radiation therapy, or had other diseases that might
affect salivary production, such as Sjogren’s syndrome
and cystic fibrosis. Clinical presentation of OLP was
characterized using a Reticular-Erythematous-Ulcerative
(REU) system [16].

Saliva sample collection and preparation

Whole unstimulated saliva (WUS) was collected using
standard methods [17]. Briefly, samples were collected
between 9 am and 12 am. Subjects were asked to avoid
eating, drinking or using oral hygiene products for =1 h



Talungchit et al. BMC Oral Health (2018) 18:42

before sample collection. They were also asked to rinse
their mouths with plain water prior to collection. During
the collection, subjects were asked to swallow first, tilt
their head forward and expectorate all saliva into a 50-mL
centrifuge tube without swallowing until the volume was
5 ml. The time needed to collect the entire sample of saliva
was recorded. Saliva was immediately placed on ice and
subsequently centrifuged at 2600 x g at 4 °C for 15 min
to remove debris and cells. A protease inhibitor cocktail
(Roche Diagnostics GmbH, Mannheim, Germany) was
added to the supernatant, which was then aliquoted
into smaller volumes and stored at — 80 °C until use.

Two-dimensional gel electrophoresis-based proteomics
First, we performed 2D-PAGE on five pairs of individual
saliva samples from OLP patients and healthy control
participants. Although we observed similar trends of differ-
entially expressed proteins, we found some non-redundant
protein spots that were differentially expressed in these gels.
To ensure that all non-redundant protein spots underwent
further analysis, we performed 2D-PAGE in triplicate,
using pooled saliva samples from these patients and
controls, and selected the best pair of gels for further
analysis. Therefore, an equal amount of salivary pro-
tein from five subjects of OLP and five healthy control
subjects was pooled; a total of 250 pg of the pooled
salivary protein was then cleaned via acetone precipi-
tation and resuspended in a rehydration solution at a
final volume of 125 pL. The 2D-PAGE was performed
according to the method of Sukprasert et al., 2013
[18], with a slight modification where protein samples
were loaded onto 7 cm, linear pH 3-10 IPG strips (GE
Healthcare, Buckinghamshire, UK). After samples were
rehydrated for 16 h isoelectric, focusing (IEF) was
conducted using the Ettan IPGphor 3 System (GE
Healthcare, Buckinghamshire, UK). After reduction
and akylation steps were completed, the equilibrated
gel strips were applied to an upright 12% gel poly-
acrylamide sodium dodecyl sulfate (SDS-PAGE) and
electrophoresis was conducted for the second dimen-
sion. The gels were stained using Coomassie Brilliant
Blue G250, then scanned and analyzed with Image-
Master™ 2D Platinum software version 7 (GE Healthcare,
Buckinghamshire, UK).

The intensity of each protein spot was measured by
integration of the background-subtracted pixel intensity
in a spot area distant from the selection. Images were
normalized and analyzed; differentially expressed pro-
teins were identified and quantified. Only spots with
>1.5-fold difference in abundance, or spots that were
found exclusively in either group were recorded as dif-
ferentially expressed proteins that were then chosen for
further MS analysis.
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In-gel digestion and liquid chromatography coupled with
tandem mass spectrometry (LC-MS/MS) and protein
identification

These procedures were performed as previously described
[19, 20]. Briefly, protein spots were excised, reduced, alky-
lated and trypsinized overnight at 37°C. After extraction
and washing, nanoscale LC separation of tryptic peptides
was performed using an Ultimate 3000 LC System (Dionex,
USA) that was coupled to an ESI-Ion Trap MS (HCTultra
PTM Discovery System, Bruker, Germany). The analyzed
MS/MS data were submitted to a database search that used
a local Mascot server with specific parameters. The Mascot
results were used as queries for protein identification
searches in the National Center for Biotechnology Informa-
tion (NCBI) database. Proteins that met our criteria for
“identified proteins” exhibited >1 peptide with an individual
Mascot score of p < 0.05.

Enzyme-linked immunosorbent assay (ELISA)

WUS from an independent set of samples from patients
with OLP and healthy control subjects were collected
and prepared as described above. The amino acid sequence
of chain B, fibrinogen fragment D, detected from the 2D-
PAGE and LC-MS/MS belongs to the fibrinogen  chain;
therefore, an ELISA kit that detected fibrinogen B chain
was used in this study. Salivary complement component
C3c, fibrinogen fragment D, and cystatin SA levels were
evaluated in the saliva samples using commercially available
ELISA kits for human C3c (Hycult Biotech, PB Uden,
The Netherlands), human fibrinogen [ chain, and cystatin
SA (LifeSpan BioSciences, Seattle, WA, USA) in accordance
with the manufacturers’ instructions. A microplate reader
(VMax Kinetic ELISA Microplate Reader, Molecular
Devices Corporation, Sunnyvale, CA, USA) was used to
measure absorbance at 450 nm. Protein contents were
expressed in ng/mL, and the minimum detectable levels
of each ELISA kit were quantified in accordance with
each corresponding manufacturer.

Immunoblotting analysis

Three pairs of individual WUS samples from the same
set used in the ELISA analysis were randomly selected
and used for immunoblotting analysis. The protein con-
centration was determined using the BCA™ protein assay
kit (Pierce, Rockville, IL, USA), according to the manu-
facturer’s protocol. Five pg of total protein in each indi-
vidual sample was separated by 8% or 12% SDS-PAGE.
The separated proteins were transferred to a nitrocellulose
membrane and subsequently probed with one of the fol-
lowing antibodies: polyclonal rabbit anti-human C3c com-
plement antibody (DAKO, Glostrup, Denmark); polyclonal
goat anti-fibrinogen [} antibody (Santa Cruz Biotechnology,
Inc.USA,); monoclonal mouse anti-cystatin SA antibody
(Abcam, Cambridge, UK). Subsequently, the membranes
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were incubated with one of the following antibodies:
for C3c, horseradish peroxidase-conjugated goat anti-
rabbit IgG secondary antibody (Bio-Rad Laboratories,
Inc.USA ); for fibrinogen P, horseradish peroxidase-
conjugated donkey anti-goat IgG secondary antibody (Bio-
Rad Laboratories, Inc., USA); for cystatin SA, horseradish
peroxidase-conjugated goat anti-mouse IgG secondary
antibody (Santa Cruz Biotechnology, Inc., USA). Immu-
noreactive protein bands were visualized using Western
Lightning® Plus-ECL substrate (PerkinElmer, Inc., Waltham,
MA, USA).

Statistical analysis

Descriptive statistics were used to analyze 2D-PAGE.
Protein quantification and identification and ELISA
were first analyzed for normal distribution using the
Kolmogorov-Smirnov test; at this stage, the homogeneity of
variances was also tested. If the data were normally distrib-
uted and the variance was homogeneous, Student’s t-test
was used to analyze the differences among the study
groups. If the data did not follow a normal distribution, the
Kruskal-Wallis test was used to check for any significant
differences among the study groups; differences among
groups were then verified using the Mann-Whitney U test.
Statistical significance was set at p < 0.05. Log transforma-
tions were performed to permit approximation of a normal
distribution of the data; this was required to calculate corre-
lations. The results are displayed as the median and inter-
quartile range (25th and 75th percentile).

Results
Two-dimensional gel electrophoresis-based proteomics
The characteristics of the five OLP patients and five sex-
matched healthy control subjects are presented in Table 1.
The OLP patient group was significantly older (p = 0.007).
Saliva samples from the OLP and control groups were
pooled using an equal amount of protein from each sample
within each group. Representative gels from the OLP and
healthy control groups are shown in Fig. 1. Over 100 pro-
tein spots were detected on Coomassie Blue-stained gels;
image analysis identified 31 protein spots that exhibited
>1.5-fold difference in abundance or were found exclusively
in either the OLP or healthy control groups. Of these 31
protein spots, 14 protein spots (likely representing nine or
10 unique proteins) were found in both the OLP and
healthy control groups (Table 2). Two spots (numbers 135
and 152) could not be identified as either a cystatin S
precursor or cystatin SA. In addition, 11 protein spots
(representing seven unique proteins) were detected
only in the OLP group (Table 3), and six other protein
spots (representing five unique proteins) were present
only in the healthy control group (Table 4). In the 14
matched protein spots that were found in both the OLP and
healthy control groups, seven protein spots (representing six
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Table 1 Demographic characteristics and clinical features of
oral lichen planus patients and healthy control subjects in the
two-dimensional polyacrylamide gel electrophoresis/proteomics
portion of the study

OLP (n=5) Healthy control  p
(n=5)
Age (years)
Mean + SD 568+409  478+39 0.007
Range 52-61 44-53
Gender
F/M 4/1 4/1
Clinical appearance
R&E 3 (60%)
R &E (with erosion) 1 (20%)
R&E&U 1 (20%)
Site
Buccal mucosa 1 (20%)
Gingiva 2 (40%)
Buccal mucosa and gingiva 2 (40%)

SD Standard Deviation, R Reticular/hyperkeratotic lesions, E Erosive lesions, U
Ulcerative lesions, OLP oral lichen planus

unique proteins) exhibited increased expression in the
OLP group, whereas seven other protein spots (likely
representing three or four unique proteins) exhibited
decreased expression in the OLP group.

Table 5 lists the functions of each protein that was differ-
entially expressed in OLP patients, compared with healthy
controls. The possible relationship of each protein to
OLP is also described (Table 5). Notably, 4 of the pro-
teins, namely, serum albumin, fibrinogen, complement
C3 and alpha amylase have been investigated in studies
of OLP patients. Two proteins including haptoglobin and
Neutrophil-gelatinase associated lipocalin (NGAL) have
been examined in skin lichen planus (LP). OLP is con-
sidered an immune-mediated disease and a potentially
malignant disorder; therefore, where there was no dir-
ect association between the proteins and OLP disease,
we used other related autoimmune or dysplastic oral
diseases for the report.

From these results, we selected three proteins for fur-
ther biomarker validation according to their roles in the
biological process of OLP and their overall molecular func-
tions. These proteins were cystatin SA, chain C of human
complement component C3c, and chain B of fibrinogen
fragment D. All three proteins were tested by ELISA and
immunoblotting analysis to validate their usage as bio-
markers in other individual samples.

Validation of potential biomarkers by ELISA
We evaluated saliva from 24 OLP patients and 24 age-
matched healthy control subjects. The characteristics and
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Fig. 1 Two-dimensional polyacrylamide gel electrophoresis images of the pooled salivary proteins from the oral lichen planus (OLP) group (a)
and pooled healthy control group (b). a, b The identification of 31 protein spots that either demonstrated a 2 1.5-fold difference in abundance or
were found exclusively in one group (OLP or healthy control) is demonstrated
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Table 2 Human salivary proteins that exhibited significant differences in abundance between oral lichen planus patients and
healthy control subjects

Spots ID Protein name Accession no. Protein Protein pl Protein score Sequence Fold change
MW coverage (%)
(kDa)
34, 35 Serum albumin gi[28,592 713 6.05 2085 65 30
88, 155 Alpha-amylase i|178,585 584 6.32 48 3 2.1
91,110 Glyceraldehyde-3-phosphate gi|31,645 36.2 8.26 31 24 28
dehydrogenase
108, 156 Short-chain specific acyl-CoA gil4,557,233 446 8.13 23 7 26
dehydrogenase,
mitochondrial precursor
120, 142 Ig J-chain, partial gil532,598 16.1 4.62 262 32 20
125, 146 124 27 24
122,143 Neutrophil gelatinase-associated gi|300,181 20.7 8.87 344 55 32
lipocalin, NGAL
94,115 Carbonic anhydrase isozyme VI qgi|179,732 355 6.65 131 11 -1.8
132, 156 Cystatin precursor 91\337,752 16.6 6.82 437 45 -15
133,157 451 45 -2.1
134, 154 192 31 -34
138, 200 151 43 -16
135,159 Cystatin S precursor, qil4,503,109, 16.5, 14.1 495,485 377, 257 60, 57 -16
Cystatin SA gi359,513
152, 160 420, 401 49, 57 -32

(-) fold change: under-expressed in OLP compared with healthy controls



Talungchit et al. BMC Oral Health (2018) 18:42 Page 6 of 14

Table 3 Human salivary proteins that were identified exclusively in oral lichen planus patients

Spots ID Protein name Accession no. Protein ~ Protein pl ~ Protein score  Sequence
MW coverage (%)
(kDa)

114 NOL1/NOP2/Sun domain family, member 4 gi|15,680,185 436 8.47 31 2

122,126 14-3-3 protein zeta/delta gil4,507,953 279 473 57,150 10

145, 189, 190, 205  PREDICTED: uncharacterized protein LOC101926929 gi|530365914  23.1 9.2 52,45,49,52 -

149 Haptoglobin gi|3,337,390 387 6.14 98 9

185 Chain C, Human Complement Component C3¢ gi|78,101,271 40.2 479 236 16

186 Chain B, Crystal Structure of Fibrinogen Fragment D gi[2,781,208 38.1 584 50 5

208 Cytokeratin 9 gi|435,476 62.3 5.19 61 3

clinical features of these subjects are summarized in
Table 6. Salivary levels of complement component
C3c, fibrinogen fragment D, and cystatin SA are also
described in Table 6. Salivary levels of complement
component C3c exhibited significant elevation in the
OLP group, compared with the healthy control group
(p=0.041) (Table 6). There was weak statistical evi-
dence that salivary levels of fibrinogen fragment D
were higher, and salivary levels of cystatin SA were
lower, in the OLP group, compared with the healthy
control group (p = 0.398 and p = 0.281 for the respect-
ive comparisons).

Validation of potential biomarkers by immunoblotting
analysis

Since there are limitations in using ELISA for detection of
these proteins in saliva, we subsequently investigated pro-
tein expression by immunoblotting analysis. For this valid-
ation, we randomly selected three pairs of patients and
controls from among the 24 age-matched OLP patients
and healthy control subjects. Figure 2 demonstrates the
results of immunoblotting analysis of the expression
of these three proteins in the saliva of OLP patients,
compared with healthy controls. We found increased
expression of C3c and fibrinogen fragment D, and de-
creased expression of cystatin SA, in the saliva of OLP
patients, compared with healthy control subjects.
These results were consistent with our ELISA results.

Discussion

In the present study, we used a 2D gel-based proteomic
approach to determine the protein profile of WUS from
OLP patients (Fig. 1). We reviewed and reported functions
of the proteins that were differentially expressed between
the saliva of OLP patients and healthy control subjects
(Table 5). We then selected three proteins that appear to
have strong potential to serve as biomarkers for OLP and
validated the salivary levels of these proteins through
ELISA and immunoblotting analyses (Tables 2, 3, 4 and
Fig. 2). We found that fibrinogen fragment D and comple-
ment component C3c exhibited increased expression in
the saliva of OLP patients (Table 6 and Fig. 2). Moreover,
we found that cystatin SA exhibited decreased expression
in the saliva of OLP patients, compared with healthy con-
trol subjects (Table 6 and Fig. 2).

Using a 2D gel-based proteomic approach, we found
31 protein spots with either a > 1.5-fold difference in abun-
dance or an exclusive presence in one of the study groups
(OLP patients or healthy controls); these spots were excised
for further identification by LC-MS/MS. We ultimately
identified 20 unique proteins, of which 13 exhibited in-
creased expression in OLP patients, compared with healthy
control subjects (Tables 2 and 3). In contrast, the remaining
seven proteins exhibited decreased expression in OLP pa-
tients (Tables 2 and 4).

Some of the proteins that were identified in this study
have been previously reported to exhibit increased ex-
pression in patients with oral or skin LP. For example,

Table 4 Human salivary proteins that were identified exclusively in healthy control subjects

Spots ID Protein name Accession no. Protein Protein pl Protein score Sequence coverage (%)
MW
(kDa)

96, 99 Carbonic anhydrase isozyme VI qi|179,732 355 6.65 186, 32 11,4

136 Cystatin S gi|235,948 144 4.74 121 27

140 Cystatin precursor gi|337,752 16.6 6.82 89 31

144 Unnamed protein product gi|29,888 11.0 9.19 91 23

153 Prolactin-induced protein gi|116,642,259 9.2 5.25 199 37
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Table 6 Demographic characteristics and clinical features of oral lichen planus patients and healthy control subjects in the

validation portion of this study

OLP (n=24) Healthy control (n = 24) p
Age (years)
Mean + SE 5725+1241 5179+ 11.71 0.124
Range 30-76 33-70
Gender
F/M 20/4 22/2
Clinical appearance
R&E 16 (66.7%)
R & E (with erosion) 2 (8.3%)
R&E&U 6 (25%)
Site
Buccal mucosa 6 (24.9%)
Buccal mucosa and gingiva 7 (29.05%)
Buccal mucosa and tongue 1 (4.15%)
Buccal mucosa, labial mucosa and gingiva 1 (4.15%)
Buccal mucosa, gingiva and tongue 2 (83%)
Gingiva 4 (16.6%)
Gingiva and palate 1 (4.15%)
Palate 1 (4.15%)
Palate and labial mucosa 1 (4.15%)
Salivary C3c median levels (ng/ml) (Q1, Q3) 13.53 (7.87, 27.36) 991 (4.60, 16.97)
Salivary FGD median levels (ng/ml) (Q1, Q3) 9.65 (547, 18.76) 9.60 (4.48, 17.77)
Salivary cystatin SA median levels (ng/ml) (Q1, Q3) 295 (1.52,3.72) 412 (1.38, 6.66)
Salivary C3c log mean + SD levels (ng/ml) 1.21£041 095+043 0.041
Salivary FGD log mean = SD levels (ng/ml) 1.01+£0.38 0.90 +047 0.398
Salivary cystatin SA log mean + SD levels (ng/ml) 039+023 0.51+046 0279

SD Standard Deviation, R Reticular/hyperkeratotic lesions, E Erosive lesions, U Ulcerative lesions, C3c complement C3c, FGD fibrinogen fragment D, OLP oral lichen planus

72 kDa - .

14 kDa ... -

N1 LP1 N2

LP2 N3 LP3

e el L

Fig. 2 Immunoblotting analysis of salivary proteins (complement C3c, fibrinogen fragment D, and cystatin SA) was performed in 3 pairs of age- and
sex-matched oral lichen planus patients (LP1/2/3) and healthy control subjects (N1/2/3)

C3C

Fibrinogen fragment D

Cystatin SA
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C3 and fibrinogen have been used for the diagnosis of
OLP on immunofluorescent analysis [5]. Haptoglobin, an
acute phase reactant protein, and NGAL, a small cationic
antimicrobial peptide of epithelial origin and marker
for dysregulated keratinocyte differentiation, both dem-
onstrated increased expression in keratinocytes from the
skin of patients with LP [21, 22]. The Immunoglobulin |
(Ig]) chain is required for dimerization of IgA molecules,
allowing them to be secreted as secretory-IgA (sIgA) [23].
Several studies have described increased sIgA expression
in the saliva of OLP patients; this is consistent with our
detection of increased Ig] expression in the saliva of our
cohort of OLP patients [8, 24].

Another protein upregulated in OLP patients, 14—3-3
zeta/delta, has multiple roles in signal transduction, regula-
tion of apoptosis, and oral carcinogenesis [25, 26]. Immu-
nohistochemical analysis has demonstrated overexpression
of this isoform of 14-3-3 in premalignant oral lesions
and samples of oral squamous cell carcinoma [27, 28].
Using proteomics integrated with bioinformatics to compare
metastatic and non-metastatic cancer cell lines, mul-
tiple interaction partners of 14—3-3 zeta have been
identified, suggesting its involvement in several intracellular
protein networks, including evasion of apoptosis, cytoskel-
etal remodeling, protein synthesis, protein folding/degrad-
ation, and nuclear import and export of proteins in oral
cancer cells [29]. Since OLP is a potentially malignant dis-
order, the presence of this protein in the saliva of OLP pa-
tients may contribute insights on how OLP may transform
into oral cancer.

Several protein biomarkers have been previously reported
for the diagnosis of OLP by proteomic analysis. These
include salivary CD14, urinary prokallikrein, PLUNC, and
defensin-1 [9, 12-14]. In addition, two unidentified mass
signals, with molecular weight values of approximately 12.9
and 13.2 kDa, are significantly increased in the saliva of
OLP patients [14]. Importantly, different techniques for the
preparation of salivary samples are likely to influence
the detection of various proteins in the saliva. Yang et al.
detected an increase in urinary prokallikrein levels, and a
decrease in PLUNC levels in saliva samples from OLP
patients, using 2-DE followed by MALDI-TOF MS [13];
however, these two proteins were not identified as putative
biomarkers in our study. Although the techniques used in
our study were similar to those used by Yang et al, the
discrepancy in these results may be due to differences in
preparation of the raw saliva samples. In the Yang method,
the saliva was desalted, lyophilized, and dissolved in urea
sample solution, then precleaned using the PlusOne 2-D
Clean-up kit; however, we did not utilize this purification
method in our study [13].

Nevertheless, our study detected an elevated level of
fibrinogen fragment D and complement component C3c
in the saliva of OLP patients, compared with healthy
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control subjects. To our knowledge, this work is the first
to detect changes in salivary fibrinogen D fragment and
complement component C3c in OLP patients.

Fibrinogen is a soluble 340-kDa glycoprotein with three
specific domains, including two outer D domains (67 kDa)
and a central E domain (33 kDa) [30]. The specific func-
tion of fibrinogen in OLP and other vesiculobullous dis-
eases is unknown. However, recent reports have described
the effects of fibrinogen on vascular cells, including in-
creased vascular tone, endothelial disorganization, and in-
creased endothelial permeability to albumin [30]. In vitro,
fibrinogen has been shown to trigger cytokine and chemo-
kine secretion in several types of cells, and to mediate at-
tachment of monocytes/leukocytes to the endothelium
[30, 31]. In addition, the in vivo release of proinflamma-
tory and chemotactic factors, such as monocyte chemo-
attractant protein-1 and interleukin 6, has been linked to
binding of fibrinogen to the vascular wall [32]. Although
fibrinogen is primarily synthesized by hepatocytes, the oral
epithelium may synthesize and secrete fibrinogen locally
in response to proinflammatory mediators, in a manner
similar to that of the lung alveolar epithelium [33, 34].

The complement system is a key part of innate immune
system, which aids antibodies and phagocytic cells in
eradicating pathogens from an organism. Complement
component C3 is a 185-kDa glycoprotein that belongs to
the a2-macroglobulin family; it is the most abundant com-
plement protein in serum [35]. Although most comple-
ment factors exhibit short half-lives, complement C3c is
the major stable conversion product of complement C3,
and has therefore been used as a surrogate for comple-
ment C3 in studies of complement function [36].

Fibrinogen expression at the basement membrane, and
the specific pattern of C3 deposition, are both hallmarks
in the diagnosis of OLP using DIF [5]. Our findings are
consistent with these prior studies, suggesting that both
fibrinogen and C3c may be useful salivary markers for
OLP. Notably, these findings must be confirmed in a lar-
ger group of OLP patients.

Our study is the first to demonstrate decreased expres-
sion of salivary cystatin SA in OLP patients. In a previ-
ous study, Hu et al. [37] reported a reduction in the
expression of salivary cystatin SA in patients with pri-
mary Sjogren’s syndrome, compared with healthy control
subjects. Moreover, others have reported reduced ex-
pression of salivary cystatin SA in the saliva of periodon-
titis patients, compared with healthy control subjects
[38, 39]. Interestingly, Ibrahim et al. [40] recently
reported an increase in the expression of cathepsin L in
skin specimens from patients with cutaneous LP, com-
pared with controls. Further, this study suggested that
cathepsin L could be an essential protease that contrib-
utes to the pathogenesis of LP [40]. In another study,
Baron et al. showed that salivary cystatin SA can inhibit
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human cathepsin L and may be involved in proteolytic
events in vivo [41]. Therefore, it is possible that proteo-
lytic events may contribute to the pathogenesis of OLP,
and that reduced inhibition of these proteolytic events
may contribute to the destruction of basal cells in OLP.
However, additional studies are required to confirm this
hypothesis.

Although we investigated proteins that appear most
likely to play a role in the pathogenesis of OLP, some
questions still remain. According to a systematic review
of MS-based proteomic studies that endeavored to de-
fine salivary biomarkers related to specific diseases, some
listed biomarkers were not specific for the diseases stu-
died—variations existed in the expression of the same
protein in the same disease across multiple studies [7].
This suggests that, instead of using a single protein for
diagnosis and monitoring of a specific disease, a combin-
ation of biomarkers should be utilized [7]. Based on an
assessment of all salivary biomarkers, there are three cat-
egories: (1) biomarkers that are specific for a disease, (2)
biomarkers that are not specific for a disease, but may
indicate an abnormal condition, and (3) biomarkers that
do not reliably indicate abnormality but represent diver-
sities or variations between control and diseased sam-
ples, sample treatment protocols, or mass spectrometry
platforms [7]. Our results suggest that although these
three proteins (complement C3c, fibrinogen fragment D
and cystatin SA) are differentially expressed in the saliva
of OLP patients, they may not be specific for OLP; how-
ever, the expression of this group of proteins may be
used as a multifactorial biomarker for the diagnosis of
OLP and subsequent monitoring of the progression of
disease. We are currently gathering more OLP patients
and evaluating the sensitivity and specificity of these
three biomarkers for the diagnosis of OLP. Further stud-
ies of the expression of these proteins in OLP patients,
both before and after treatment, are ongoing; this may
yield some insight on the ability of these proteins to
serve as biomarkers of OLP.

There are some limitations to our study. First, the
method that we used, 2D-PAGE followed by LC-MS/
MS, might not provide the sensitivity of other recent
techniques, such as MALDI-TOF or surface-enhanced
laser desorption/ionization (SELDI)-TOF, both followed
by LC/MS/MS [7, 42]. It has been shown that platforms
based on 2D electrophoresis are affected by poor repro-
ducibility; to avoid bias, it is often necessary to run mul-
tiple replicates of the same sample [42]. In our study, we
first performed 2D-PAGE in five pairs of saliva samples
from patients and controls; we found non-redundant
protein spots that were differentially expressed in each
pair of gels. Hence, we decided to pool saliva samples
and again perform 2D-PAGE in triplicate then we chose
the best pair of gels for LC-MS/MS. Moreover, it has
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been suggested that the best method for robust biomarker
identification is analysis of multiple samples using differ-
ent proteomic methodologies [7, 43]. We are currently
performing shotgun proteomic analyses on saliva samples
of OLP patients and comparing these with saliva from
healthy control participants; we expect confirmation of
whether these proteins can reliably serve as potential
markers for OLP.

Conclusion

Although our sample size of OLP patients is small, we
show novel findings that the combination of these three
salivary proteins (complement component C3c, fibrino-
gen fragment D, and cystatin SA) may serve as salivary
biomarkers for diagnosis of OLP. Further studies, with a
larger group of OLP patients and a before/after cohort
study, are underway.
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