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Behçet’s disease (BD) is a chronic, multi-systemic disorder of unknown aetiology typified
by recurrent oral and genital mucocutaneous lesions, uveitis and vasculitis. Innate and
adaptive immune system dysregulation has been implicated in pathogenesis with
alterations in serum cytokine profiles. Few studies have investigated salivary cytokines
in BD, despite more than 90% of BD patients first presenting with oral ulceration. The aim
of this pilot study was twofold; firstly to investigate whether cytokine levels in matched
serum and saliva samples show a differential profile in BD (with and without oral ulcers),
recurrent aphthous stomatitis (RAS) and healthy controls (HCs), and secondly, to explore if
any differential profiles in serum and/or saliva could provide a panel of cytokines with
diagnostic and therapeutic potential for BD. Concentrations of 12 cytokines (IL-1b, IL-2,
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-17A, IFN-g, TNF-a, TNF-b) were measured using
the Human Th1/Th2 11-Plex FlowCytomix™ kit with IL-17A, in BD (N=20), RAS (N=6) and
HCs (N=10). A differential range of cytokines was detected in serum and saliva with the
majority of cytokine levels higher in saliva. The most prevalent salivary cytokines were IL-
1b, IL-2, IL-8, IL-10 and TNF-a present in all samples in contrast to serum where the most
prevalent cytokine detected was IL-8 (91.9%). The least abundant cytokine was IFN-g in
both saliva (43.2%) and serum (2.7%). After normalizing saliva for protein content, BD
patients with oral ulcers (BD-MA) had significantly higher levels of salivary IL-1b (p=0.01),
IL-8 (p=0.02), TNF-a (p=0.004) and IL-6 (p=0.01) than HCs. Notably, BD patients without
oral ulcers (BD-MQ) also had significantly higher salivary IL-1b, IL-8 and TNF-a (p ≤ 0.05)
than HCs. During relapsed (BD-RE) and quiet (BD-Q) systemic episodes, salivary IL-b and
TNF-a were also significantly increased with IL-8 significantly higher only in BD-Q
(p=0.02). BD oral ulcers signify a potential reactivation of systemic inflammation.
Identifying cytokines released during asymptomatic episodes and oral ulceration might
lead to targeted drug therapy to prevent recurrent oral ulcers and possible disease
relapse. This is the first study to report salivary cytokine levels in BD. The detectable levels
suggests cytokine profiling of BD saliva may provide an alternative, less invasive, sensitive
procedure for frequent monitoring of disease activity and progression.
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INTRODUCTION

Behçet’s disease (BD) is a chronic, multisystemic, recurrent
vasculitis disease of unknown aetiology (1–3). Typified by early
presentation with recurrent oral ulceration, patients may go on
to present with genital ulcers, cutaneous lesions including
erythema nodosum and folliculitis, joint involvement and life
threatening vasculitis (4) as well as central nervous system
disease such as meningo-encephalitis and neuro-psychiatric
symptoms, although peripheral nerve/muscle damage is rare
(5). Uveitis is also common and can lead to sight loss (6–10).

The disease is difficult to diagnose and in the absence of a
definitive laboratory test, a differential clinical scoring system
remains the only method to ensure correct diagnosis. First
developed by the International Study Group for BD (11) it has
since been ratified in an international 27 country survey (12). A
definitive diagnosis may take many years to establish with
concomitant impact on the quality of life of patients (13, 14).

Aetiopathogenesis remains unknown, but a common
consensus suggests it may be triggered by an infection or an
environmental stimulus in a genetically susceptible host (15, 16).
Attempts to classify BD as an autoimmune, auto-inflammatory
or a spondyloarthropathy fail as BD patients frequently exhibit
features common to all these conditions (17, 18).

Infectious aetiology theories have indeed provided evidence
of reactivity to Herpes Simplex (8), Streptococcus sanguis (19)
and microbial heat-shock proteins (HSP) causing cross reactivity
reactions with self-proteins as possible triggers of BD (20, 21).
Cross reactivity of microbial HSP with self-proteins has been
implicated in both BD and RAS but with very different outcomes
(22). The ability to detect and respond to infection may also be
impaired in BD where unusual splice variants of TLR2 and TLR4
suggest a defect in the crosstalk between innate and adaptive
immune responses, and where significant reductions in the
response to cognate agonists of TLR1/2 heterodimers have
been observed in buccal cells (23).

Genetic susceptibility has also been investigated and strong
associations with some HLA genes such as HLA-B51, a splice
variant of HLA-B5, has been long established for multiple
populations (8, 24–27). Several other studies showed links
between BD and MHC class I chain related genes (MIC-A and
MIC-B), also suggesting these antigens as candidates for genetic
susceptibility as they are expressed on fibroblasts, gastric
epithelium and endothelium cells and act as ligands for the
NKG2D activating NK receptor found on both gamma delta (gd)
T cells and CD8+ab T cells. Both of which have been found to
have roles in BD pathogenesis, while NK cells have been found to
be depleted in the circulation of BD patients (28–30).

More recently genome wide association studies (GWAS) have
confirmed the association with HLA-B51 but have also pointed
to associations with IL-10 variants, and variants lying between
the IL-23 receptor (IL-23R) and IL-12 receptor (IL-12Rb2) as
well as IL-12A genes (31, 32). IL-10 is a potent suppressor of
inflammation while IL-23 is a pro-inflammatory cytokine that
stimulates T helper cell proliferation and increases the
production of inflammatory cytokines such as IL-1, IL-6, IL-17
and TNF-a. These genes are engaged in both innate and adaptive
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immune response communication networks through cytokine
signalling and support a hypothesis of immune dysregulation in
BD (25, 27). Hyperfunctional neutrophils are characteristic of
BD leading to an overactive neutrophil response (33, 34).
Various neutrophil priming and activating factors are up-
regulated in BD e.g. IL-8, TNF-a (35) and IL-1b (36).
Furthermore, significantly increased levels of neutrophil
elastase in plasma (37) and saliva (38) have been detected in
both quiescent and active symptomatic BD. More recently a cell
atlas of the oral mucosa has suggested a strong neutrophil/
stromal cell regulatory interaction controlling tissue
immunity (39).

One of the key immunological features of BD is alteration of
blood cytokine levels (40, 41). Early work suggested that BD
displayed a Th1 profile (42–44), and more recently Th1/Th17
cytokine polarisation of CD4+ T cells and increased IFN-g, TNF-
a, IL-8 and IL-17 levels have been correlated with BD activity (27,
44–46). However, cytokine production is often transient and
tightly regulated, due to their high biological activity and the
network within which they are up- or down-regulated according
to need. Elevated cytokine levels in body fluids reflect activation of
pathways associated with inflammation or disease progression in
many disorders and as such offer a window into treatment
regimens and/or disease progression monitoring (47, 48). The
triggers for cytokine induction are not well understood and/or
controversial and the master controllers for induction include an
array of transcription factors able to cross activate or inhibit
cytokine production. The Suppressor of Cytokine signalling
(SOCS) proteins negatively regulate the JAK-STAT pathway of
cytokine induction and have been found to be differentially
expressed in BD patients. Comparisons made between
expression of SOCS 1 and 3 mRNA in BD, RAS and HC
showed an upregulation of these molecules in BD. Furthermore,
there was a differential expression between buccal mucosal cells
and peripheral blood cells which suggested that cytokines are
differently regulated in the mucosa compared with the peripheral
blood cells (monocytes and neutrophils) (49, 50).

While there have been many studies reporting differences in
serum cytokine levels there have been no studies investigating
levels in saliva. This is especially surprising considering between
85-100% of BD patients first present with oral ulceration which
precedes the onset of all other symptoms and continue to erupt
episodically (51). The oral microbial environment has been
implicated in the pathogenesis of BD (16, 52) with patients
experiencing new onset oral ulceration following dental and
periodontal treatment (53, 54). Studies, including our own,
have concluded that the oral health of BD patients is impaired
(14, 55–57) while clinical treatment of oral symptoms results in
better outcomes of systemic disease (38). Furthermore, the
importance of dental and periodontal treatment for controlling
oral ulceration activity and systemic disease has been reported
(54) and highlighted in several studies, however its importance in
the preventative management of BD has remained largely
unrecognised (58).

BD and recurrent aphthous stomatitis (RAS) patients share
nearly indistinguishable histological features of episodic oral
ulceration (59), presenting with minor, major or herpetiform
December 2021 | Volume 12 | Article 724900
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lesions. In BD, ulcers are more frequent and slower to heal
sometimes with scarring not seen in RAS. Their oral biopsies are
mainly described as non-specific with large infiltrations of
neutrophils, some macrophages and mast cells (18, 60, 61).
Gamma-delta (gd) T cells may also be present which are rarely
seen in normal oral mucosa (62, 63). Both BD and RAS ulcers are
also positive for CD4 and CD8T cells as well as Th-1 cytokines
such as IL-12, IFN-g and TNF-a. However, Th-2 cytokines such
as IL-4 have only been detected in BD ulcers (64). In the past,
ELISA was the “Gold Standard” for cytokine analysis but in more
recent times the development of multiplex assays has marked a
step change in the ability to detect and measure multiple analytes
in a variety of samples including serum, saliva, synovial and
vitreous fluids (65–67). Furthermore, multiplex analysis allows
the simultaneous measurement of many different proteins in
smaller sample volumes and offers the ability to investigate
multiple inflammatory networks in a single clinical sample (67).

Cytokines involved in pathogenesis of BD can be categorized
into proinflammatory cytokines and chemokines, Th1 type, Th2
type and Th17 type cytokines. Therefore, we decided to measure
12 inflammatory cytokines and chemokines, representative of
these categories, namely, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10,
IL-12 p70. IL-17A, IFN-g, TNF-a and TNF-b in matched saliva
and serum from BD, RAS, and HC. Firstly the aim was to
investigate whether the levels and types of inflammatory
cytokines measured in saliva reflect those in serum; and
secondly, to characterize the cytokine profile of BD and RAS
patients with and without oral ulcerations and/or systemic
manifestations. For BD patients whose vasculitis makes
drawing blood for routine tests a considerable challenge, saliva
is more readily accessible and a less invasive window into their
disease activity and progression.
MATERIALS AND METHODS

Patients and Healthy Controls
Behçet’s Disease (BD) patients were recruited from outpatients
attending the Behçet’s Centre of Excellence clinics at the Royal
London Hospital, Bart’s and The London NHS trust that had
been previously diagnosed according to the International Study
Group for Behçet’s Disease (1990) with disease activity recorded
using the ISBD activity form 2006. Individuals with recurrent
aphthous stomatitis (RAS) were allocated as a disease control
group and healthy controls were from self-identified healthy
volunteers (HC). Matched serum and saliva samples were
collected on the same day from 20 BD patients (7 males
(M):13 females (F), mean age 38 ± 10.4 years, 10 HCs (5M:5F,
mean age 34.7 ± 11.1 years) and RAS disease controls (matched
RAS N=6, 4M:2F, mean age 38 ± 16. One RAS saliva and one
RAS serum sample were from different patients. For RAS serum,
4M:3F, mean age 39.3 ± 15. For RAS saliva, 5M:2F, mean age
36.7 ± 15 years). The demographics for the patients and controls
are described in Tables 1A and B, respectively. For this pilot
study, if one or more oral ulcers were present during specimen
collection, then the patient was deemed mouth active (BD-MA).
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If there was no mouth ulcer present, patients were recorded as
mouth quiet (BD-MQ). BD patients were also assessed on their
systemic activity during clinical attendance and deemed systemic
active, or having relapsed, if they had at least three symptoms
characteristic of BD according to the ISG (1990). The presence of
activity in three or more clinical sites was considered as disease
relapsed (BD-RE) and if not, disease quiet (BD-Q). BD
medications are shown in Table 1A. Patients taking biologics
were excluded from the study. The study was approved by the
local research ethics committee (REC number P/03/122) and
written informed consent was obtained from all patients and HC.

Serum Collection and Processing
Blood was collected into Vacutainers® (Becton, Dickinson Co.
UK) allowing coagulation in order to derive fibrinogen-free
serum. Vacutainers® were centrifuged at 3300 x g for 6
minutes (min) at room temperature (RT). Serum was aliquoted
and immediately stored at -80°C and thawed immediately prior
to cytokine analysis.

Collection and Processing of Saliva
Samples
Patients and HC volunteers rinsed with 5 ml of water prior to
collection of unstimulated whole saliva and then asked to
expectorate over a maximum period of 5 minutes into a 20 ml
sterile universal tube that was then immediately placed on ice.
From clinic, saliva samples were transferred to the laboratory,
centrifuged at 4°C for 15 minutes at 3500 x g in order to remove
cellular debris and saliva supernatants were then aliquoted and
immediately stored at -80°C. Aliquots were thawed immediately
prior to protein measurement or cytokine analysis. Total protein
concentration was determined using the 2-D Quant Kit (GE
Healthcare) as indicated by the manufacturer.

Measuring Cytokines and Chemokines in
Matched Saliva and Serum: FlowCytomix™
Multiplex Assay
The Human Th1/Th2 11-Plex FlowCytomix™ kit plus one extra
cytokine, IL-17A (from eBioscience® formerly Bender
MedSystems®) was used to simultaneously measure a panel of
12 inflammatory cytokines and chemokines (IL-1b, IL-2, IL-4,
IL-5, IL-6, IL-8, IL-10, IL-12 p70, IL-17A, IFN-g, TNF-a and
TNF-b) in undiluted, unstimulated saliva and matched undiluted
serum from BD, RAS, and HC participants according to the
manufacturer’s instructions. The limits and range of detection of
the panel of cytokines provided by the manufacturer are shown
in Table 2. A BD FACS Canto™ II flow cytometry instrument
was used for the data collection. Analyte concentrations were
calculated against the standard curves using the FlowCytomix™

Pro 3.0 Software.

Statistical Analysis
GraphPad Prism version 7.04 was used for analysis. Median
cytokine measurements in each group were compared to one
another using the Mann Whitney U, non-parametric statistical
test (2 tailed). Significance is indicated by exact p values shown in
December 2021 | Volume 12 | Article 724900
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figures and tables. Spearman’s Rho with two tailed significance
was used for correlation analysis.
RESULTS

Clinical and Demographic Characteristics
Of the 20 BD patients, investigated 65% were female and 35%
male. BD relapse was diagnosed in 35% of the patients. The most
frequent clinical symptoms at the time of sampling, were joint
involvement and oral ulcers (45%) followed by genital ulcers
(20%). Treatment information was available at the time of saliva
and blood collection for all 20 BD samples; 17 patients were on
immunosuppressive treatment (85%) with only three patients
(15%) not receiving any medication (Table 1A).

Comparison of Matched Saliva and Serum
Levels in BD and RAS Patient Groups
The levels of Th1 cytokines, (IL-1b, IL-2, IL-12p70, IFN-g, TNF-a
and TNF-b), Th2 cytokines, (IL-4, IL-5, IL-6 and IL-10),
chemokine IL-8 (CXCL8) and Th17 (IL-17A), were quantified
in 36 matched serum and saliva samples from BD patients
(Table 1A), HCs, and RAS (Table 1B).

Out of the 12 cytokines measured in saliva, the most prevalent
were IL-1b, IL-2, IL-8, IL-10 and TNF-a being present in all 37
(100%) samples in contrast to serum where the most prevalent
cytokine detected was IL-8, present in 94.4% of samples. The
least abundant cytokine was IFN-g in both saliva and serum,
present in 45.9% and 2.7% of samples (Figure 1 ,
Table 2), respectively.
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Overall, when comparing cytokine values for the BD, RAS,
and HC groups, there was a stark contrast in the prevalence of
saliva cytokines compared to serum (Figure 1). This was also
apparent when comparing the differences between BD and HC
group median concentrations (DCytokine pg/ml) (Figure 2 and
Supplementary Table S1). For example IL-1b was measured in
all BD saliva samples (median range 727.4 – 2383 pg/ml)
(Table 3) but only in 19.4% of BD serum samples and with a
lower median concentration (median range 0.01-36.8 pg/ml).
This is the most marked increase followed by IL-8. In addition,
An increase IL-6, TNF-a and TNF-b levels in BD saliva was
evident with little or no change in serum levels relative to HC.
IL-2 was higher in BD serum but lower in saliva, while IL-4, IL-5
and IL-12p70 were all lower in saliva with no marked changes to
serum levels (Supplementary Table S1). IL-17A showed a small
increase in saliva concentration compared with serum, whereas
IL-10 levels were also low but similar in both saliva and serum
when compared to HCs (Figure 2, Table 3 and Supplementary
Table S1).

In RAS saliva and serum, IL-1b, IL-8, and TNF-b were also
higher with no change in serum levels for IL-1b and TNF-b,
however IL-8 serum levels were lower in RAS relative to HC. IL-2
levels were higher in RAS serum and decreased in saliva.
Similarly, in BD saliva, IL-2, IL-4 and IL-5 were also decreased
in RAS saliva. Conversely, IL-12p70 was increased in RAS saliva
whereas in BD saliva, IL-12p70 was decreased relative to HCs.

Comparison of BD and RAS group median D cytokine levels
also highlighted some key differences between these patient
groups (Figure 2). For instance, IL-8 and IL-10 are increased
in both BD saliva (DIL-8 = 178.2pg/ml, DIL-10 = 20.35pg/ml)
and serum (DIL-8 = 17.6 pg/ml, DIL-10 = 11.9 pg/ml) whereas in
RAS patients, IL-8 and IL-10 levels are higher only in saliva (DIL-
8 = 575 pg/ml, DIL-10 = 40.3pg/ml) (Supplementary Table S1).

Comparing Th1, Th2, and Th-17 Cytokine
Levels in Serum and Saliva
Out of all the saliva Th1 cytokines, IL-1b and IL-8 were detected at
the highest levels across all patient groups (Table 3 and Table S2).
IL-8 levels were higher in saliva than serum with the group median
levels of salivary IL-8 in BD (MA andMQ) and RAS (MA andMQ:
data not shown, RAS-ALL Supplementary Table S2) all higher
than HCs however in serum, only BD IL-8 levels were higher
(Table 3). IL-1b levels were the highest in saliva with both BD and
RAS levels higher than HCs. Of all groups, BD-MA, had the
greatest concentration however, this did not reach significance. In
contrast, no IL-1b was detected in HC serum, with very low levels
of IL-1b in RAS and only five of the 19 BD patients having
measurable levels. It was interesting to note that the serum cytokine
concentration range was markedly reduced compared to saliva;
however, these differences did not reach significance among all the
study groups. Maximum values obtained in a serum from a BD-
MA sample was 1367 pg/ml (Figure 1A) whereas in saliva the
range for all the groups was up to 4000 pg/ml with only one HC
outlier sample giving a value of more than 8000 pg/ml (Figure 1C).

IL-2 was readily detected in all saliva samples but in only half of
serum samples. Serum and saliva cytokine levels of Th1 cytokines
TABLE 1A | Behçet’s Disease Patients demographics for saliva and serum analysis.

Demographic and Clinical Features of Behcet’s Patients (N=20)

Mean Age ±SD, Years 37.3±9.25

Gender Number (N) %

Male 7 35
Female 13 65
Clinical Features
Oral Ulcers 9 45
Genital Ulcers 4 20
Eye Lesions 3 15
Skin Lesions 3 15
Joint Involvement 9 45
Erythema Nodosum 2 10
Vascular Involvement 1 5
CNS 2 10
Relapsed 7 35
Treatment
Prednisolone (PRED) 4 20
Azathioprine (AZA) 2 10
Colchicine (COLC) 3 15
PRED + AZA 2 10
PRED + COLC 1 5
PRED + COLC + AZA 3 15
AZA + COLC 1 5
Cyclosporine A + COLC 1 5
No Treatment 3 15
December 2021 | Volume 12 | Article 724900
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IL-12p70 and IFN-g did not reach any significant differences
among all the study groups (Table 3 and Supplementary
Figures S1, S2 respectively). Saliva IFN-g was detected in only
16 out of 37 samples and was the least abundant cytokine in saliva.

Amongst the Th2 cytokine measurements for saliva (Table 3,
Supplementary Figure S2), the patient groups hadmedians below
100 pg/ml. HC, BD-MQ, and BD-MA saliva had a similar IL-4
median concentration. In serum, IL-4 was detected in only 31.6%
of BD samples and in one RAS and HC sample (Table 2).
Similarly, IL-5 was detected in almost all saliva samples but only
25% of serum samples across all groups (Table 2). IL-5 HC
median level of 85.9 pg/ml in saliva was higher than BD-ALL,
BD-MQ and RAS 67.7, 60.8 pg/ml and 62.8 pg/ml respectively,
however this did not reach significance (Table 3 and
Supplementary Figure S2).

IL-6 was detected in 13.8% serum samples but found in 75.7%
of saliva samples across the cohort (Table 2). Median IL-6
concentrations were higher in BD and RAS patients compared
to HCs, however only IL-6 reached a significant increase in BD-
MA saliva compared with HC (p=0.04) (Table 3). Further
analysis revealed that IL-6 levels were also significantly higher
in the saliva of BD patients with ulcers (BD-MA) than those
without (BD-MQ, p=0.03) (Supplementary Figure S2).
Frontiers in Immunology | www.frontiersin.org 5
The data obtained for IL-17A showed that while it was
detected in only a few serum samples, it was present in almost
all saliva samples tested across all the groups however there was
no significant differences (Tables 2, 3).

Cytokine Levels and Medications
Since most of the BD patients in this study were receiving
immunosuppressive therapies (85%) at the time of saliva and
serum collection, it was important to investigate if the treatment
regimen affected cytokine concentrations. Therefore we
compared saliva and serum samples (data not shown) from
patients on single therapy (ST) [i.e. prednisolone (PRED) or
azathioprine (AZA) or colchicine (COLC)-only medication
(N=9)], or a combination of different therapies (CT) that
included combinations of PRED, AZA, COLC and/or
Cyclosporin A (CY-A) (N=8) with patients not on any
medication (N=3). No medications were reported for RAS
patients and HC groups.

All Th2 salivary cytokine levels were higher in BD patients
receiving no treatment. IL-17A, IL-2, IL-12p70, IFN-g, TNF-a
and TNF-b were also higher whereas IL-1b and IL-8 levels were
more than 2-fold lower in the BD patients not receiving any
medication (Table 4A) but this did not reach statistical
TABLE 1B | Demographics for Healthy Control (HC) and Recurrent Aphthous Stomatitis (RAS) study groups.

Demographics Healthy Controls (N=10) Recurrent Aphthous Stomatitis (RAS) N=7 (6*)

SERUM SALIVA MATCHED*

Mean Age ± SD, Years 34.7±11.1 39.3±15 36.7±15 38±16

Gender N % N % N % N %

Male 5 50 4 57.1 5 71.4 4 66.7
Female 5 50 3 42.9 2 28.6 2 33.3
December 2021 | Volu
me 12 | Article
Analysis was carried out onmatched serum and saliva from all healthy control samples, however in the RAS cohort, *matched saliva and serumwere collected on the same day for N=6 patients. One
RAS serum and saliva sample were from different patients which is represented above in the different mean ages and gender numbers in the RAS serum and saliva patient cohorts.
TABLE 2 | Number of samples with detectable cytokine levels in BD, RAS and HC matched saliva and serum as measured by the FlowCytomix assay.

FlowCytoMix® detection limits pg/ml Number of positive samples Number of positive samples

Saliva Serum

Lower Upper BD RAS HC % BD RAS HC %
N=20 N=7 N=10 N=19* N=7** N=10

IL-1b 4.2 20,000 20/20 7/7 10/10 100 5/19 2/7 0/10 19.4
IL-2 16.4 20,000 20/20 7/7 10/10 100 11/19 4/7 5/10 55.6
IL-4 20.8 20,000 18/20 7/7 9/10 91.9 6/19 1/7 1/10 22.2
IL-5 1.6 20,000 19/20 7/7 10/10 97.3 5/19 2/7 2/10 25
IL-6 1.2 20,000 14/20 6/7 8/10 75.7 3/19 1/7 1/10 13.8
IL-8 0.5 10,000 20/20 7/7 10/10 100 19/19 6/7 9/10 94.4
IL-10 1.9 20,000 20/20 7/7 10/10 100 10/19 1/7 3/10 38.9
IL-12p70 1.5 20,000 20/20 6/7 10/10 97.3 4/19 0/7 2/10 16.7
IL-17A 2.5 10,000 18/20 7/7 8/10 89.2 3/19 1/7 3/10 19.4
IFN-g 1.6 20,000 8/20 4/7 4/10 43.2 1/19 0/7 0/10 2.7
TNF-a 3.2 20,000 20/20 7/7 10/10 100 16/19 3/7 7/10 72.2
TNF-b 2.4 20,000 18/20 7/7 10/10 94.6 4/19 1/7 4/10 25
72
The lower and upper detection limits of the FlowCytomix assay are shown. Overall % prevalence for each cytokine in saliva (N=37) and serum (N=36).
*Denotes that one BD-MQ serum sample was excluded from the analysis due to an erroneous flow cytometer reading (BD N=19*). Therefore, *prevalence (%) out of 36 for serum samples.
**RAS cohort, matched saliva and serum was collected on the same day for N=6 patients. One RAS serum and saliva sample are each from different patients.
4900
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significance. Next, we wanted to investigate whether COLC and
AZA alone or in combination affected salivary cytokine levels
since we have previously reported that BD patients treated with
both these medications have significantly lower neutrophil
elastase levels (38) during episodes of oral ulceration. The
general trend was that patients on neither COLC or AZA had
slightly higher IL-1b, IL-2, IL-4, IL-5, IL-6, IL-12p70, IL-17A,
IFN-g, TNF-a and b saliva concentrations than BD patients on
both AZA and COLC treatment however this was not significant
(Table 4B). In contrast, IL-8 and IL-10 levels were lower in
patients on neither medication, 572.8 pg/ml and 56.9 pg/ml as
compared to patients on both COLC and AZA, 835.6 pg/ml and
70.8 pg/ml respectively. Of note, IFN-g the least detectable
cytokine in saliva, was still quantifiable in 43.2% of BD saliva
samples and had a higher median in BD patients not receiving
COLC, AZA or a combination of these medications (Table 4B).

Normalised Salivary Cytokine Levels
Total protein concentrations were measured in all saliva samples
from BD, RAS and HCs and found to be significantly lower in
Frontiers in Immunology | www.frontiersin.org 6
BD patients than in HCs (p=0.02) (Figure 3). This prompted us
to review the measured cytokine levels and normalise them to the
total protein concentration. Following normalisation of the data,
IL-1b, IL-6, IL-8, IL-10 and TNF-a concentrations were all
significantly higher in BD than in HCs with only IL-10
concentrations significantly higher in RAS than in HCs
(p=0.04) (Figure 4 and Table 5). To determine if normalised
cytokine saliva levels differed with disease activity, we
investigated the levels of all the cytokines in BD-RE and BD-Q
patients and found that IL-1b and TNF-a concentrations were
significantly higher in both BD-RE and BD-Q when compared to
HC saliva (Figure 5). IL-8 was also significantly higher in BD-Q
than HCs (p=0.02). Further analysis of the treatment regimen
with the normalised saliva data revealed that salivary
concentrations of IL-10 (p=0.03) and IL-12p70 (p=0.03) were
significantly lower in patients taking both COLC and AZA than
BD patients treated with only AZA. IL-1b concentrations were
also lower in BD patients taking both medications, however these
levels did not reach significance (p=0.06) (Supplementary
Figure S3).
BA

DC

FIGURE 1 | Levels of cytokines (pg/ml) detected in saliva and serum from BD (N=20), RAS (N=7) and HC (N=10). (A) Serum Th1 cytokines and IL-8 chemokine,
(B) Serum Th2 cytokines and IL-17A, (C) Saliva Th1 cytokines and IL-8 chemokine, (D) Saliva Th2 cytokines and IL-17A.
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Correlations Between Normalised Salivary
Cytokine Levels Across BD Patients
To determine if there was a relationship between the different
cytokines in saliva, we used Spearman’s correlation analysis.
Correlation analyses between the different cytokines and
normalised BD saliva samples showed that IL-12p70, IL-10,
TNF-b and TNF-a concentrations positively correlated with
IL-5 (p<0.0001) (Figures 6A, C, E, I). IL-12p70 and TNF-b
also highly correlated with each other r=0.9 (p<0.0001)
(Figure 6F) IL-12p70 and IL-10 (r=0.95, P<0.0001)
(Figure 6B). Additional correlations were found between other
BD salivary cytokines and these are summarised in Table 6.
DISCUSSION

This pilot study investigated the use of FlowCytomix™multiplex
assays to measure multiple cytokines in matched serum and
saliva samples to explore their differential expression and
potential as diagnostic or activity markers for BD. Recurrent
ulceration is a primary symptom of BD and precedes systemic
systems implying that oral ulceration is a key event in this
disease. Numerous studies have reported differences in
systemic cytokines in BD serum, but only a handful of studies
investigating inflammatory markers in BD saliva have been
carried out (68–71) including our own recent work (38). Saliva
is a highly dynamic fluid that has the potential to reveal the on-
going pathology of BD. The potential of saliva as a diagnostic tool
for oral and systemic disease has been an exciting development in
clinical medicine in recent years (72–75).

Cytokines have the capacity to act in an autocrine, paracrine
and endocrine manner so that their effects can be both local
Frontiers in Immunology | www.frontiersin.org 7
and distal with considerable variations in biodynamic range
(76–79), (Supplementary Figure S4). Our study suggests
that the range of cytokines in serum and saliva are very
different with Th1, Th2 and IL-17A cytokines more abundant
in saliva than in serum across all groups. After normalizing
the protein content, saliva samples provided valuable
information on the state of oral immunity in all groups as well
as key inflammatory markers in BD patients during dormant
oral symptoms.

ELISA has been the “Gold Standard” cytokine detection
method with commercial assays varying in detection limits. A
BD study conducted by Zouboulis, et al., reported that up to 51%
of their serum samples were below detectable limits of their
ELISA assay (10 ng/ml) (80). Using the FlowCytomix™ array, we
had an improved yield with 100% of BD saliva samples detected
above the lower limit and only two out of the 36 serum samples
below detection. Other analyte targets in serum were not as
readily detected. Excluding IL-8 and TNF-a (Table 2), the
majority of undiluted serum samples were below detectable
limits. Using the same small volume (25 µl) with saliva
revealed better cytokine detection than serum. Saliva had an
average of only 3.3 out of 37 saliva samples (9%) per analyte
below the assay detectable levels, the exception being salivary
IFN-g which had 21 saliva samples below the 1.6 pg/ml assay
detection limit (Table 2).

IL-8 and IL-1b
IL-1b and IL-8 concentrations were elevated in BD and RAS
saliva compared to HCs, however, in serum, IL-1b levels were
very low, and IL-8 concentrations were higher only in BD patient
serum. IL-8 has been one of the main serum chemokines studied
in BD and has been detected in significantly high concentrations
BA C

FIGURE 2 | Group median cytokine differences between (A) BD and HC and (B) RAS and HC. For each cytokine, the following was calculated: Group Median BD
cytokine concentration (pg/ml) - Group Median HC cytokine concentration (pg/ml) or Group Median RAS cytokine concentration (pg/ml) - Group Median HC cytokine
concentration (pg/ml) to reveal the delta (D), or difference, of the disease group cytokine levels and the HC. (C) Heat map shows differential expression of 12
cytokines in saliva and serum.
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compared to HC but not consistently between active and inactive
episodes of disease (81). BD patients with active vascular clinical
presentation had a 4-5-fold increase of IL-8 over those without
any vascular symptoms, while IL-8 concentrations in inactive BD
patients with a history of vasculitis were still 2-fold higher than
inactive BD with no vascular association (82). An increase in
Frontiers in Immunology | www.frontiersin.org 8
IL-8 mRNA has been shown to be directly associated with BD
serum-treated macrophages from HC in vitro (83) and although
there was a diverse source of IL-8 from various cells (including
neutrophils, monocytes, macrophages, endothelial and epithelial
cells), lymphocytes were considered to be the major
contributors (84).
TABLE 3 | Concentrations of cytokines in serum and saliva of patients presenting with oral ulceration (Mouth Active (BD-MA)) or without (Mouth Quiet (BD-MQ)) oral
ulceration involvement.

Cytokines Group Serum† Saliva p-values*

Median IQR Median IQR

IL-1b HC 0.01 0.01, 0.01 752.4 447.1, 1775
BD-MQ 0.01 0.01, 48.8 1168 933.7, 2233 0.22
BD-MA 0.01 0.01, 85.2 1512 602.6, 3068 0.24
BD-ALL 0.01 0.01, 36.8 1489 727.4, 2383 0.15

IL-2 HC 20.3 0.01, 185.1 187.8 125.4, 249.8
BD-MQ 0.01 0.01, 175.6 190.6 138.1, 238 0.85
BD-MA 66.9 20.3, 96.8 173.6 137.7, 246.3 0.68
BD-ALL 40.6 0.01, 71.3 176.4 139.6, 232.4 0.72

IL-4 HC 0.01 0.01, 0.01 94.8 40.5, 124.7
BD-MQ 0.01 0.01, 32.7 82.4 47, 116.6 0.74
BD-MA 0.01 0.01, 51.9 93.1 67.6, 101.7 0.95
BD-ALL 0.01 0.01, 51.9 91.4 53, 102.5 0.80

IL-5 HC 0.01 0.01, 21.2 85.9 36.9, 119.1
BD-MQ 0.01 0.01, 8.2 60.8 50.8, 114.2 0.59
BD-MA 0.01 0.01, 13.5 95.2 46.9, 126.3 0.65
BD-ALL 0.01 0.01, 13.5 67.8 51.3, 117.5 0.94

IL-6 HC 0.01 0.01, 0.01 9.5 4.9, 26.3
BD-MQ 0.01 0.01, 2.1 10.4 0, 18.9 0.69
BD-MA 0.01 0.01, 0.01 63.9 13, 103.2 0.04
BD-ALL 0.01 0.01, 0.01 17.1 0.01, 91.3 0.41

IL-8 HC 127.4 25.1, 975.5 410.3 237.5, 966.9
BD-MQ 135.8 65.9, 476.8 572.8 342.4, 1787 0.55
BD-MA 363.9 44.5, 601.5 604.3 325.4, 1881 0.54
BD-ALL 145 72.6, 535 588.5 329.6, 1804 0.47

IL-10 HC 0.01 0.01, 12.8 50.5 29.8, 78.4
BD-MQ 6 0.01, 41.4 75.7 26.9, 142.9 0.59
BD-MA 13 0.01, 17.3 65.9 28, 160 0.67
BD-ALL 11.9 0.01, 16.5 70.8 28.54 0.57

Il-12p70 HC 0.01 0.01, 3.9 116.5 57.8, 203.7
BD-MQ 0.01 0.01, 0.6 82 5, 161.4 0.39
BD-MA 0.01 0.01, 21.1 94.8 34.7, 214.3 0.84
BD-ALL 0.01 0.01, 0.01 88.4 23.4, 182.5 0.50

IL-17A HC 0.01 0.01, 5.8 24.4 1.5, 70
BD-MQ 0.01 0.01, 16.1 27.2 12.7, 48 0.74
BD-MA 0.01 0.01, 0.01 21 10.7, 59.2 0.86
BD-ALL 0.01 0.01, 0.01 25.7 14, 55.2 0.75

IFN-g HC 0.01 0.01, 0.01 0.01 0.01, 98.8
BD-MQ 0.01 0.01, 0.01 0.01 0.01, 89.9 1
BD-MA 0.01 0.01, 0.01 0.01 0.01, 147.8 0.75
BD-ALL 0.01 0.01, 0.01 0.01 0.01, 93.5 0.86

TNF-a HC 0.01 4.6, 24.6 40.2 24.4, 64.5
BD-MQ 1.3 23.9, 100.9 42.2 18.7, 81.5 0.96
BD-MA 1.2 3.6, 13 59.0 40.4, 123.9 0.10
BD-ALL 5.5 1.7, 24.4 55.8 25.4, 83.3 0.36

TNF-b HC 0.01 0.01, 32.1 87.4 33.3, 209
BD-MQ 0.01 0.01, 35.6 53.9 38.3, 170.5 0.69
BD-MA 0.01 0.01, 20.1 114.8 47.4, 163.2 0.74
BD-ALL 0.01 0.01, 0.01 92.9 38.8, 169.5 0.96
December 2021 | Volume 12 | Arti
†Serum concentrations showed no significant differences between groups.
*p-value when compared with HC saliva. Significant values in bold.
Serum HC N=10, BD-MQ N=10, BD-MA N=9, BD-ALL N=19. Non-normalized saliva HC N=10, BD-MQ N=11, BD-MA N=9, BD-ALL N=20. Median concentrations with interquartile
ranges (IQR) are shown. Cytokines below the lower levels limits of detection were considered not detectable and therefore arbitrarily assigned concentrations of 0.01 pg/ml. p values are
given for comparisons between HC and BD subgroups.
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IL-8 is a potent chemokine eliciting a strong immune
response to a variety of stimuli, recruiting neutrophils,
activating leukocytes in response to bacterial antigens and
enhancing adherence of circulating leukocytes to endothelial
cells during inflammation (81). Neutrophils and lymphocytes
express the IL-8 receptor (85) as do monocytes and NK cells (86).
Interestingly IL-8 was increased in RAS saliva but not serum,
suggesting that while the ulcers may have similar morphologies
to those of BD, RAS remains a local condition without the
systemic manifestations associated with BD.

IL-1b is recognised as a “master cytokine” in inflammation,
inducing other cytokines and acting as the main mediator
coordinating attacks on invading microbes (87, 88) or
responses to injury. Produced mainly by blood monocytes, but
also from macrophages, dendritic cells, and neutrophils, it
increases fever and hypotension. Increased levels of IL-1b has
been shown to simultaneous increase in IL-8. IL-1b has been
investigated in BD, but not to the extent of IL-8 or TNF-a. A
significant rise of serum IL-1b has been detected in BD active and
inactive patients compared to HC (89). Importantly, IL-8 has
also been suggested as an inducer of matrix metalloproteinase
which may have a role in ulcer development (90).
Frontiers in Immunology | www.frontiersin.org 9
During oral ulceration, higher levels of IL-8 and IL-1b
reflect mucosal damage and recruitment of inflammatory cells
into the wound. Interestingly, in this study both BD-MQ and
RAS-MQ (RAS data not included) had higher levels of salivary
IL-8 and IL-1b to that of HCs, suggesting their continued
presence during non-ulcer periods may reflect the mucosal
instability of these patient groups. Furthermore, salivary IL-1b
tended to be higher in quiet, systemically inactive, BD-Q
patients than in relapsed patients. We have recently described
high levels of neutrophil elastase in BD saliva and have
proposed a working model of BD oral environment
which involves neutrophil recruitment and IL-8 and IL-1b
secretion (38).

In ELISA based assays comparing sera from patients with or
without oral ulceration, IL-8 was significantly increased in
individuals with oral ulcers (80, 82, 91). Importantly, our study
also found that IL-8 concentrations were higher in serum of
orally active BD patients compared to HCs and confirms that
these levels are also high in orally active saliva, thereby indicating
that the local high IL-8 mucosal response is mirrored in
systemically higher IL-8 levels in the serum of orally
active patients.
TABLE 4A | Saliva cytokine concentrations from Behçet’s Disease (BD) patients on Single treatment (ST), Combined Treatment (CT) or No Medication (NO).

Cytokines pg/ml Single Therapy (ST) Combined Therapy (CT) No Medication (NO) Ratio ST/NO Ratio CT/NO
N=9 N=8 N=3

IL-1b 2433 (759.2-3665) 1317 (958.6-2057) 658.7 (546.5-1667) 3.7 2.0
IL-2 173.6 (167.1-206) 167.4 (94.2-296.9) 276.9 (109.1-2867) 0.6 0.6
IL-4 82.4 (51.7-96.5) 94.8 (58.6-128.6) 95.56 (38.9-131.1) 0.9 1.0
IL-5 60.8 (51.8-86) 77 (51.3-134.2) 118.5 (26.6-670) 0.5 0.7
IL-6 18.9 (1.2-103) 13.3 (0.01-43.5) 23.7 (0.01-136.6) 0.8 0.6
IL-8 604.3 (372.3-2160) 654.3 (285.5-910) 325.4 (148.9-1787) 1.9 2.0
IL-10 56.9 (24.7-147.7) 70.8 (25.9-129.4) 162.6 (33.6-983.1) 0.4 0.4
IL-12p70 82 (19.7-178) 67.8 (9.1-149.2) 241.5 (29.9-786.8) 0.3 0.3
IL-17A 27.2 (30.8-38.7) 15.3 (0.5-67.3) 57.6 (2-210.9) 0.5 0.3
IFN-g 0.01 (0.01-97.7) 0.01 (0.01-141.6) 43.3 (0.01-93.5) 0 0
TNF-a 59 (35.2-82.7) 46.6 (20.1-94.1) 52.6 (20.6-97.1) 1.1 0.9
TNF-b 87.3 (39.3-131.1) 93 (13.5-170.5) 179 (10-773.2) 0.5 0.5
Decemb
er 2021 | Volume 12 |
Table shows median concentrations in bold and interquartile range (IQR).
TABLE 4B | Saliva cytokine concentrations from Behçet’s Disease (BD) patients taking colchicine (COLC) and/or Azathioprine (AZA).

Cytokines COLC AZA COLC+AZA Neither
pg/ml N=5 N=4 N=4 N=7

IL-1b 1466 (755.2-3030) 1340 (998.4-2053) 1421 (752.4-2057) 1667 (546.5-3703)
IL-2 173.6 (156-260.6) 176.9 (81.2-232.4) 135.1 (66.6-317.9) 179.3 (166.4-276.9)
IL-4 89.6 (78.7-112.9) 77.6 (13-113.3) 87.7 (19.7-179.7) 93.1 (47-100)
IL-5 52.8 (51.8-203) 86 (62.8-110) 73 (12.7-129.4) 74.8 (40.9-134)
IL-6 0.01 (0.01-82.1) 18.4 (2.6-86.6) 13.3 (2.9-40.2) 23.7 (2.3-136.6)
IL-8 494.8 (310.6-2089) 544.7 (378.1-2009) 835.6 (333.6-910) 572.8 (325.4-1953)
IL-10 33.6 (25-386.3) 127.6 (39.31-156.2) 70.8 (42.2-122.6) 56.9 (22.4-162.6)
IL-12p70 40.8 (0.01-506.5) 157.7 (54.4-180.6) 49.9 (2.8-108.2) 82 (39.5-241.5)
IL-17A 31.8 (16.9-72.6) 36.1 (6-57.7) 9.9 (0.5-59.7) 27.2 (19.4-57.6)
IFN-g 0.01 (0.01-138.8) 0.01 (0.01-80.1) 0.01 (0.01-149.6) 22 (0.01-93.5)
TNF-a 63.4 (33.3-122.8) 51.3 (18.7-94.7) 46.6 (21.1-75.9) 52.6 (28.3-97.1)
TNF-b 53.9 (26.1-321.5) 101.1 (62.3-157.6) 66 (0.01-157.7) 98.5 (38.3-179)
Bold the median values in the 3 columns and interquartile range (IQR) in BD patients identified as taking COLC or AZA, both or neither AZA or COLC. COLC refers only to the exclusion of
AZA and vice-versa, however this does not exclude other medications that the patient may have been taking.
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IL-8 is also produced by gingival epithelial cells in response to
oral microbiota in vitro (92) and by nicotine (93), while a recent
review has referenced data showing upregulation of IL-8 in oral
diseases such as Oral Lichen Planus and periimplantitis with
contradictory results in some studies of oral Leukoplakia (75).
IL-8 can exist as a monomer, dimer or as a mixture of both and
has profound effects on chemokine receptors CXCR1 and
CXCR2. These molecules are important in neutrophil
recruitment and activation and the monomeric form of IL-8 is
thought to bind to glycosaminoglycans, which are present in the
oral mucosal pellicle (94, 95).

The ratio of salivary IL-8 and IL-1b (average ratio of 1:2) showed
a strong predictability that IL-1b would be nearly twice as high than
IL-8 in 89% of the samples. Together, they showed a correlation in
the collective saliva samples from all groups. However, serum
samples did not adhere to this ratio. Furthermore, in normalised
BD saliva samples, IL-1b and IL-8 showed a strong correlation
(r=0.78, p<0.0001). While IL-8 has been suggested as a serological
marker for assessing BD activity (91), our data would suggest that
IL-8 alone is not specific enough since both RAS and BD patients
had high levels of this chemokine. However, IL-8 paired with IL-1b
measurements in saliva, could improve the validity of pre-empting
an active ulcer episode. The IL-8 and IL-1b correlation
demonstrates the reliability of saliva samples to provide accurate
data for the potential monitoring of inflammatory markers.

IFNg
IFN-g was originally recognised as the main constituent of the
Th1 response (96, 97). It is produced by cells of both the innate
Frontiers in Immunology | www.frontiersin.org 10
and acquired immune systems, namely NK cells and T-cells.
IFN-g targets B cells, macrophages, and endothelial cells
activating the expression of Class II MHC molecules on the
surface of these antigen presenting cells (98). Although BD is
often recognised as a Th1 dominant response (44), there are
studies that have conflicted with the classic generation of
increased IFN-g. For instance, IFN-g was measured in serum of
BD active patients and was found to be lower than BD quiet,
RAS, and HC (99). In our study, only 16 out of 37 saliva samples
and one out of 36 serum samples had detectable IFN-g levels. The
trend was for the IFN-g IQR (interquartile range) to be higher in
the saliva from BD patients with active ulcers, which illustrated
that only when the oral mucosa is damaged does the classic IFN-
g drive forward the Th1 response. Frassanito, et al, also found
increased circulating IFN-g from only symptomatic BD patients
when compared to BD quiet and HCs (44).

TNF-a
TNF-a is a rapidly released cytokine that can act as an alarm
against foreign or stress stimuli (100). Mainly produced by
monocytes and macrophages it can also be released from T-
cells, neutrophils, mast cells, endothelial cells and keratinocytes
(101–103). In this study, saliva TNF-a was significantly
increased in both BD patients with and without oral ulcers.
For those with oral ulcers, TNF-a likely plays a beneficial role in
recruiting immune cells to battle pathogens associated with the
wound. However, an increased presence of TNF-a in the mouth
of BD patients without any ulcers could lead to an influx of
neutrophils which as we have previously proposed can lead to
mucosal instability following an exacerbated inflammatory
cycle (38).

Although RAS-MA patients had the highest TNF-a median
concentration in saliva (data not shown), due to the small sample
size comparisons were not able to be elucidated. More samples
are required from the RAS patient group for a more accurate
assessment since it has been shown to be highly expressed in RAS
oral lesions (61). Interestingly, the highest median TNF-a levels
were measured in BD-MQ and not BD-MA serum. This suggests
that TNF-a may be involved in stimulating a systemic response
in BD. TNF-a has been one of the most intensively investigated
cytokines in BD (41). BD patients with active uveitis have been
shown to have significantly higher levels of TNF-a than those
without any eye involvement for 3 months (104) and anti-TNF-a
therapy (such as Infliximab) has been helpful in controlling
active episodes of uveitis in BD (105) as well as oral and genital
ulceration (106). For RAS patients, an in vitro study has shown
that TNF-a was higher in unstimulated peripheral blood
monocytes from RAS patients with ulcers than in HCs (107).
Collectively, the data indicates that TNF-a has an important role
in BD and RAS pathologies.

IL-2 and IL-12p70
IL-12p70, another pro-inflammatory cytokine which is known to
drive the Th1 immune response by inducing IFN-g and IL-2
(108), was found to be increased in RAS saliva. Although this did
not lead to higher levels of IL-2, IFN-g was higher in RAS saliva
(IQR 0.01-113.7pg/ml) than BD and HCs. In all BD patients,
FIGURE 3 | Total protein concentrations in saliva of healthy controls (HC),
Behçet’s Disease (BD) and recurrent aphthous stomatitis (RAS) patients. The
Tukey box plots show levels in BD-ALL (N=20), RAS-ALL (N=7) and HC
(N=10). The BD patients were further grouped into patients with oral
ulceration, BD Mouth Active (N=9), and patients with no oral ulceration, BD
Mouth Quiet (N=11). Mann-Whitney U test, significance based on two tailed
95% confidence interval (CI). Exact P values are indicated.
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normalised IL-12p70 also showed a strong correlation with TNF-
b in saliva (r=0.9, p<0.0001), suggesting their simultaneous
presence is worthy of further investigation for potential
synergistic activity. In ex-vivo studies of inflamed gut mucosa
IL-12 and TNF-a could be induced by stimulating the cells with
Human HSP-70 (109) a molecule that has been implicated in
BD pathogenesis.

Elevated IL-2 levels have been reported in sera from BD
patients with uveitis compared with non-uveitis patients (110)
and in a mixed BD cohort with active disease but where only 6/44
patients had uveitis compared with healthy controls (111). In our
study, serum samples from RAS-MA (n=2) had higher levels of
IL-2 compared to RAS-MQ patients, however, since the sample
size is small this warrants further investigation. Similarly, high
Frontiers in Immunology | www.frontiersin.org 11
median levels were also observed in BD-MA serum possibly
reflecting the ongoing inflammatory process during oral
ulceration. In saliva, however, similar IL-2 levels were detected
in all groups. This indicates that IL-2 detected in saliva was not
necessarily affected by oral ulceration in our cohort. IL-2 can also
be influenced by IL-6. IL-6 can promote T helper and cytotoxic
T-cell proliferation by increasing their IL-2 secretion (112, 113).

IL-6 and IL-17
IL-6 is produced by T-cells, B cells, and macrophages and can
stimulate the proliferation of B cells and immunoglobulins as
well as differentiate T lymphocytes (114, 115). Naïve T-cells can
be stimulated by IL-6 and transforming growth factor beta to
become IL-17A secreting Th17-type cells (116). An increased
BA DC
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FIGURE 4 | Saliva cytokine levels normalised to total protein differentially expressed in BD and RAS patients as compared to HCs. Plots show the cytokine
concentrations (pg/ml) from BD-ALL (N=20), RAS-ALL (N=7) and HC (N=10). The BD patients were further grouped into patients with oral ulceration, BD Mouth
Active (N=9), and patients with no oral ulceration, BD Mouth Quiet (N=11). (A) IL-1b, (B) IL-8, (C) IL-10, (D) TNF-b, (E) IL-6, (F) TNF-a, (G) IL-2, (H) IL-12p70,
(I) IL-4, (J) IL-5, (K) IFN-g, (L) IL-17A. The median and interquartile range are shown (Median ± IQR). Mann-Whitney U test, significance based on two tailed 95%
confidence interval (CI). Exact P values are indicated.
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level of IL-17A has been detected in BD serum (117) and the IL-
23/IL-17 pathway is seen as crucial in several autoimmune
diseases such as rheumatoid arthritis that had previously been
regarded at Th1 related disease (118, 119). In addition to CD4+
Th17 cells, IL-17A is produced by gd T cells, NK cells (120), and
is secreted by CD3+ (CD4-/CD8-) cells infiltrating salivary
glands in Sjögrens syndrome (121) and in the plasma from
Frontiers in Immunology | www.frontiersin.org 12
those with systemic lupus erythematosus (122). In response to
extracellular pathogens, IL-17 can induce the production of IL-8
thus recruiting neutrophils and contributing to inflammation.
However when the release of IL-17A is exacerbated, this can also
lead to the destructive tissue pathologies of inflammatory and
autoimmune diseases (123). IL-17A was incorporated into our
multiplex assay panel because it has been shown to recruit
TABLE 5 | Concentrations of cytokines in normalized saliva of BD patients presenting with oral ulceration, Mouth Active (BD-MA), or without oral ulceration, Mouth
Quiet (BD-MQ) compared to HC.

Cytokines Group Normalized Saliva p-values*

Median IQR

IL-1b HC 399.3 187.5, 571
BD-MQ 1239 324.8, 1887 0.05
BD-MA 1126 605.8, 1978 0.01
BD-ALL 1182 403.4, 1883 0.008

IL-2 HC 74.3 34, 126
BD-MQ 99.1 90.4, 283.4 0.11
BD-MA 84.0 62.1, 372 0.18
BD-ALL 96.6 67.2, 289.4 0.08

IL-4 HC 35.2 8.1, 57.4
BD-MQ 53.6 22.4, 136.1 0.31
BD-MA 41.4 28.7, 173.2 0.13
BD-ALL 50.6 28.3, 138.1 0.14

IL-5 HC 36.7 12.2, 52.3
BD-MQ 41.8 25.1, 136 0.25
BD-MA 50.1 25, 205 0.25
BD-ALL 46 25.5, 130 0.17

IL-6 HC 3.7 1.1, 8.1
BD-MQ 3.9 0.01, 15.1 0.92
BD-MA 29.6 14.7, 101.1 0.01
BD-ALL 12.1 0.01, 46.5 0.20

IL-8 HC 182.3 104.8, 426
BD-MQ 442.5 210.4, 925.6 0.04
BD-MA 551.1 282.6, 893.2 0.02
BD-ALL 493 226.2, 916.9 0.01

IL-10 HC 22.5 10.5, 36.8
BD-MQ 46.6 19.6, 122.2 0.10
BD-MA 38 17.3, 253.2 0.11
BD-ALL 41 19.6, 116.3 0.06

IL-12p70 HC 52.3 15.2, 89.3
BD-MQ 55.7 2.5, 223.8 0.92
BD-MA 52.3 18.8, 374.2 0.80
BD-ALL 54.0 18.2, 215.9 0.80

IL-17A HC 8.5 0.7, 31.1
BD-MQ 19.0 8.8, 35.1 0.43
BD-MA 17.0 5.2, 89.9 0.40
BD-ALL 18.0 8.9, 35.0 0.32

IFN-g HC 0.06 0.01, 50.3
BD-MQ 0.01 0.01, 48.4 0.58
BD-MA 0.01 0.01, 188.7 0.70
BD-ALL 0.01 0.01, 50.7 0.90

TNF-a HC 14.7 9.9, 27.8
BD-MQ 27.1 21.1, 49.3 0.05
BD-MA 36.1 26.6, 182.8 0.004
BD-ALL 30.4 23.2, 50.0 0.005

TNF-b HC 39.3 6.0, 91.7
BD-MQ 109.0 15.1, 141.4 0.46
BD-MA 69.5 19.0, 295.4 0.32
BD-ALL 89.2 15.9, 141.2 0.30
December 2021 | Volume 12 | Arti
*p-value when compared with HC saliva. Significant values are in bold.
Normalized saliva HC (N=10), BD-MQ (N=11), BD-MA (N=9). Median concentrations with interquartile ranges (IQR) are shown. Cytokines below the lower levels limits of detection were
considered not detectable and therefore arbitrarily assigned concentrations of 0.01 pg/ml.
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FIGURE 6 | Correlation coefficients between 12 cytokines in Saliva. Correlation of normalised salivary cytokine concentrations in BD saliva (N=20). Spearman
correlation was determined, r and p values with 95% CI. (A) IL-12p70 vs IL-5, (B) IL-12p70 vs IL-10, (C) IL-10 vs IL-5, (D) IL-17A vs IL-12p70, (E) TNF-b vs IL-5,
(F) TNF-b vs vs IL-12p70, (G) TNF-b vs IL-10, (H) IL-8 vs IL-1b, (I) TNF-a vs IL-5, (J) TNF-a vs IL-4, (K) TNF-a vs IL-1b, (L) IL-5 vs IL-2, (M) IL-4 vs IL-2.
BA C

FIGURE 5 | Disease Activity. Normalised cytokine levels differentially expressed in saliva from BD and RAS patients as compared to HC. Graphs show the
concentrations of IL-8 (A), IL-1b (B) and TNF-a (C) expressed in pg/ml from BD-ALL (N=20), RAS-ALL (N=7) and HC (N=10). The BD patients were further grouped
into disease activity relapsed patients BD-RE (N=7) and disease activity quiet patients BD-Q (N=13). Data is presented as median ± IQR. Significant differences were
determined by two tailed Mann-Whitney U test with 95% confidence interval (CI). Exact p values are indicated.
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neutrophils whose proteases can cause detrimental damage to
the mucosa (124). IL-17A has not previously been measured in
saliva of BD or RAS patients, but has been investigated in chronic
periodontitis in which it was significantly lower than HC (125).
There is conflicting ELISA data in studies of IL-17 in BD. Chi,
et al., failed to detect IL-17A in BD sera (117), while Shen, et al.,
reported serum IL-17 levels were significantly higher in BD
serum compared to HCs and in BD patients with uveitis than
those without (126). Saedeghi, et al., measured serum IL-17 levels
in BD but found no significant differences between patients with
and without uveitis (110). We also found IL-17 difficult to detect
in serum (18.9% of samples above lower limits of detection over
all groups). However, in saliva 89.2% of samples were above the
lower limits of detection. This may reflect the sensitivity of the
assay methods as Gholijani, et al., using a multiplex cytokine
assay system, reported similar IL-17 levels to our study, however,
they found significant differences between BD and healthy
control sera, possibly reflecting the larger sample size (n=44
for BD and HC) and recent diagnosis (111).

Serum IL-6 was detected in only five samples across the
cohort. In contrast, salivary IL-6 was significantly higher in
BD-MA compared to HCs and BD-MA and BD-MQ although,
normalised IL-6 salivary levels were significantly higher only in
BD-MA, again, this was not reflected in IL-17A saliva levels. Low
serum IL-6 in BD patients but high individual IL-17A
measurements could be due to IL-17A production by a non-
classical Th17 type cell such as gd T cells or NK cells (120) which
does not depend on IL-6 stimulation. However, these cytokine
measurements require a larger samples size to confirm that IL-
17A is independent of IL-6 in this system. IL-6 has previously
been undetectable in BD and HC plasma using ELISA with
detection limits of 18 pg/ml (114). The IL-6 detection limit for
our FlowCytomix array was 1.2 pg/ml, and although evidence of
the presence of IL-6 was measured in serum, our data coincides
with that of other previous reports which state that serum IL-6
was absent or at particularly low levels in BD and HC. However,
in another study IL-6 was significantly increased in BD patients
compared to RAS and HC Using a similar multiplex bead assay
to our own, many of their samples were below the level of
detection. Yet, IL-6 was still described by Curnow, et al, as one of
the most abundant inflammatory cytokines amongst a panel
Frontiers in Immunology | www.frontiersin.org 14
of 10 detected in serum (127). In our study, the majority of serum
samples had no detectable IL-6; however, it was detected in most
saliva samples, showing the highest levels in the BD group with
active ulcers. Since a decreased production of IL-6 in the oral
mucosa is thought to drive rapid oral mucosal healing (128) its
presence in BD-MA could perpetuate the ulcer. The results of
our data do not support the previous hypothesis that IL-6 has a
prominent role to play in systemic inflammation in BD but it
does suggest that oral mucosa inflammatory cells release IL-6 in
response to oral ulceration. Early work on the influence of IL-6 in
periodontitis (129) suggested it might be protective. It has also
been suggested that mastication can up regulate Th17 cells in
inflamed gingival mucosa (130).

IL-4 and IL-5
IL-4 and IL-5 are Th2-type cytokines that stimulate B cells to
proliferate and mature. IL-5 also promotes maturation of
eosinophils. IL-4 is considered a critical element for driving the
development of Th2 immune response (131). In our study, IL-4
levels were detectable in only a few serum samples (mainly BD-
MQ) but in almost all saliva samples. However, while RAS levels
were lower than BD and HCs there was no significant differences
between patient groups and HCs, therefore, IL-4 may be a more
prominent force driving the production of antibodies in the
mouth other than systemically driving a Th2 response. This is
possibly a strategy for maintaining levels of antibodies such as
SIgA which has important heterotypic functions, such as viral
agglutination, over and above antigenic specificity, in oral
mucosal tissue that is constantly turning over and where fluids
from salivary gland and gingival crevicular fluid are constantly
replenished, compared to the closed circulatory system.

IL-10
IL-10 is also a key immunoregulatory cytokine produced by
almost all leukocytes, and Th17 type cells and has previously
been found to promote would healing (132, 133). IL-10 has been
found in high levels in active BD patient serum (99) but has not
significantly increased in highly active BD compared to inactive
or mild disease (134). IL-5 and IL-10 showed a strong correlation
in normalised BD saliva samples. Both of these Th2-type
cytokines can promote B cell proliferation and maturation
TABLE 6 | Correlation matrix of 12 cytokines in normalised saliva.

IL-1b IL-2 IL-4 IL-5 IL-6 IL-8 IL-10 IL-12p70 IL-17A IFN-g TNF-a

IL-1b
IL-2 0.54135
IL-4 0.43400 0.8522
IL-5 0.61654 0.8015 0.74539
IL-6 0.16382 0.37641 0.19781 0.18059
IL-8 0.77744 0.38346 0.35276 0.51278 0.01753
IL-10 0.41654 0.63759 0.55961 0.87068 0.08382 0.25564
IL-12p70 0.44152 0.71606 0.64409 0.90034 0.07203 0.29109 0.94998
IL-17A 0.28808 0.6273 0.54251 0.68447 0.03087 0.26326 0.7296 0.80963
IFN-g 0.08486 0.39462 0.38967 0.46845 0.08428 -0.0178 0.52107 0.58154 0.58069
TNF-a 0.77594 0.73083 0.79353 0.83308 0.0061 0.73684 0.65263 0.70177 0.59195 0.37425
TNF-b 0.60098 0.77849 0.72573 0.95374 0.17303 0.56337 0.84919 0.90971 0.73288 0.42533 0.82287
Decembe
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e 12 | Article
Correlation Matrix of BD normalised saliva concentrations. Spearman’s correlation was calculated and r values are shown; those plotted in Figure 6 are in bold.
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leading towards a Th2 response. While IL-10 can help to regulate
the Th1/Th2 balance it also inhibits T-cells from making IFN-g
which would explain the low levels in our cohort (135).

Medication
The effect of medication on salivary cytokines was difficult to
unravel with few significant differences between the treatments
and the small sample size, however, it was noted that the
combination of COLC+AZA showed lower median levels of
both a pro-inflammatory cytokine (IL-12p70) and an anti-
inflammatory cytokine (IL-10) to a significant extent.
Normalised IL-1b salivary levels were also lower with the
combination treatment however, failed to reach significance. It
is rare to find an individual with BD or who is being investigated
for BD that is treatment naïve. Therefore, it is difficult to assess a
baseline cytokine profile not influenced by immunoregulatory
medications. For this pilot study, the findings are a first look at the
influence of pro-inflammatory cytokines in saliva in this cohort.

Saliva as a Biomarker for Diagnosis and
Disease Progression
Other systemic diseases in which oral lesions arise such as
systemic lupus erythematosus (SLE) and oral cancer have also
had their saliva cytokines investigated. In Marques, et al’s study,
they found an increase in IFN-g, IL-10, IL-17, IL-1b, IL-6, and
IL-4 in SLE patients without periodontal disease compared to
HC (136). Also in a meta-analysis, IL-8, IL-1b, TNF-a, IL-6, and
IL-1a were found to be increased in oral cancer compared to HC
and leukoplakia and were suggested as cancer biomarkers (137)
In our study, the significant differences between HC and BD-MQ
is an important finding to be able to differentiate the levels of
cytokines present in “normal” saliva content and orally
asymptomatic BD patients saliva. Increased detection of IL-8,
IL-1b, and TNF-a may not be specific to BD for diagnostics, but
can still be useful to monitor the level of oral inflammation in
order to deter further ulcerations, and potentially, accompanying
systemic manifestations.

Homeostatic regulation in the oral cavity and systemically
involves a pattern of cytokine expression which may appear to be
nonspecific. However, recent findings by ter Horst et al. and Li
et al. suggest a complex pattern which is more individual than
expected (138, 139). Ter Horst et al. (2021) also suggest a
seasonality in some responses (140), and anecdotally this has
been observed in BD patients with worsening symptoms during
autumn. Age related changes have also been cited by these
studies and IL-6 associated quantitative trait loci were
identified. Key cytokines in their studies were IL-18 and IL-22
which were not included in our panel. However, it is our
hypothesis that that the balance of various cytokines in HC,
RAS, BD-MA and BD-MQmight be quite different and provide a
panel that might aid differential diagnosis of this difficult disease.
Inclusion of IL-15, IL-22 and IL-18, or indeed other cytokines, in
future multiplex studies might be more revealing in future
expanded studies.

Salivary cytokine concentrations were normalised to total
protein after we observed that the volume collected differed
between patients over the same collection time and some
Frontiers in Immunology | www.frontiersin.org 15
patients found it more difficult to produce saliva than others.
The difficulty that some patients may have in producing saliva may
be related to their medication regime and may not be as a direct
effect of BD. Indeed, we found that the total protein concentration
varied between patients and that in BD this was significantly lower
than in HC. Furthermore, in the mouth there is a constant turnover
of saliva that is lost through swallowing, whereas in serum the
protein concentration was assumed to be fairly constant with
clinical reference values at between 60-80g/L (141).

It is worth bearing in mind that serum and plasma samples
are derived from a closed system while saliva is the pool of
materials directly secreted by the salivary glands but with
the potential for contributions from serum exudates from the
gingival margins or indeed secretions from cells within the
mucosal layers. The oral tissues are also covered in a “Mucosal
Pellicle” which is known to be an active environment (95, 142)
where heterotypic associations between signalling molecules and
receptors has the potential for enhancing signalling cascades.

It should also be noted that the surface epithelium of the oral
mucosa is in a constant state of loss and regeneration and the
stability/integrity of the mucosa is dependent on a strict homeostasis.
With that in mind we are cognisant that the fluid in the oral cavity,
“saliva”, is a highly dynamic fluid that has the potential to reveal the
ongoing pathology of this disease. The potential of saliva as a
diagnostic tool for oral and systemic disease has been an exciting
development in clinical medicine in recent years (72–75).

We are not able to say whether there are receptors in the mouth
for all the cytokines we measured as well as what the half-life of
these cytokines and chemokines is in saliva and how sensitive these
cytokines are to the dynamic pH changes in saliva. Nor, indeed if
they are in monomeric, dimeric or in heterotypic associations
which may make their detection more difficult. However, as more
studies of oral diseases and other conditions are carried out using
saliva, we feel that our approach to investigating a panel of
cytokines that might define or predict disease progression using a
non-invasive sample is of significant value in support of patients
with BD and other inflammatory diseases (143).

Limitations of Study
BD is a rare disease and therefore presents challenges when
designing an investigative study. This pilot study consisted of 20
BD patients, 7 RAS patients, and 10 HC. Of this small cohort,
only 15% of the BD patients were treatment naïve at the time of
sampling. Ideally, all samples would be from untreated patients,
however we have tried to limit the cohort to drugs with similar
actions and have excluded patients who were taking biologics.
For future studies, newly diagnosed patients who have not
started medication should also be compared with those on
established anti-inflammatory medications. Also, a power
calculation should be carried out to establish the minimum
number of patients and controls for a more robust statistical
analysis. A larger RAS cohort, with an equal number of
individuals with and without ulcers, would also provide
meaningful disease control data especially when analysing
saliva samples. The following criteria should be taken into
account for BD and RAS patients: ulcer size, duration, and
number present at the time of sampling, years since diagnosis/
December 2021 | Volume 12 | Article 724900
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symptoms, HLA-B51 status and/or geographic origins. For all
patients and HCs: smoker status, alcohol consumption,
periodontal/caries status and oral hygiene habits.

Summary
Oral ulceration is the most common characteristic of BD and is
often predictive of the onset of systemically active disease. This
pilot study used FlowCytomix™ multiplex assays to measure
multiple cytokines in matched serum and saliva samples to
explore their differential expression and potential as diagnostic
or activity markers for BD.

The elevated saliva cytokines IL-8, IL-1b, and TNF-a in BD
patients without oral ulcers could be included in a potential
cytokine panel to assist in the differential diagnosis, predicting
the reoccurrence of ulcers or systemic relapse, and monitoring
treatments. There are clear benefits for using saliva over serum
for the detection of cytokines and multiplex assays lend
themselves to screening with limited sample volumes.
Normalisation of saliva samples to total protein was found to
be key in standardising this highly dynamic specimen.

Our study highlighted that IL-1b, IL-8, TNF-a, IL-6 and IL-
10 saliva cytokines play a role perpetuating BD oral
inflammation and should be incorporated in further
investigations. IL-10 and IL-6 would also be of interest in
dissecting the immune dysregulation in RAS. Although the IL-
17A measurements were unexpectedly low, the IL-17/IL-23/IL-
22/IL-6 axis might benefit from further elucidation in a larger
cohort. In a disease such as BD where the spectrum of
manifestations requires highly individualised and patient
specific interventions, these methodologies are of considerable
value to support frequent monitoring of the episodic disease and
potentially predict and prevent relapse.
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Decade Outcome Survey of 387 Patients Followed at a Dedicated Center.
Med (Baltimore) (2003) 82(1):60–76. doi: 10.1097/00005792-200301000-
00006

5. Abu-Ameerh MA, Mohammed SF, Mohammad MT, Ababneh OH, Al-
Bdour MD. Ocular Manifestations of Behçet's Disease in Jordanian Patients.
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69. Mumcu G, Inanç N, Özdemir FT, Tulunay A, Eks ̧ioğlu-Demiralp E, Ergun
T, et al. Effects of Azithromycin on Intracellular Cytokine Responses and
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J Rheumatol (2013) 42(1):48–51. doi: 10.3109/03009742.2012.704391

127. Curnow SJ, Pryce K, Modi N, Knight B, Graham EM, Stewart JE, et al.
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