S International Journal of

7
Molecular Sciences m\D\Py

Review

Salivary Biomarkers for Diagnosis of Inflammatory
Bowel Diseases: A Systematic Review

Kacper Nijakowski *©’ and Anna Surdacka

Department of Conservative Dentistry and Endodontics, Poznan University of Medical Sciences, 60-812 Poznan,
Poland; annasurd@ump.edu.pl
* Correspondence: kacpernijakowski@ump.edu.pl

check for
Received: 24 September 2020; Accepted: 6 October 2020; Published: 10 October 2020 updates

Abstract: Saliva as a biological fluid has a remarkable potential in the non-invasive diagnostics of
several systemic disorders. Inflammatory bowel diseases are chronic inflammatory disorders of the
gastrointestinal tract. This systematic review was designed to answer the question “Are salivary
biomarkers reliable for the diagnosis of inflammatory bowel diseases?”. Following the inclusion
and exclusion criteria, eleven studies were included (according to PRISMA statement guidelines).
Due to their heterogeneity, the potential salivary markers for IBD were divided into four groups:
oxidative status markers, inflammatory cytokines, microRNAs and other biomarkers. Active CD
patients manifest decreased activity of antioxidants (e.g., glutathione, catalase) and increased lipid
peroxidation. Therefore, malondialdehyde seems to be a good diagnostic marker of CD. Moreover,
elevated concentrations of proinflammatory cytokines (such as interleukin 1§3, interleukin 6 or tumour
necrosis factor «) are associated with the activity of IBD. Additionaly, selected miRNAs are altered in
saliva (overexpressed miR-101 in CD; overexpressed miR-21, miR-31, miR-142-3p and underexpressed
miR-142-5p in UC). Among other salivary biomarkers, exosomal PSMA?7, x-amylase and calprotectin
are detected. In conclusion, saliva contains several biomarkers which can be used credibly for the
early diagnosis and regular monitoring of IBD. However, further investigations are necessary to
validate these findings, as well as to identify new reliable salivary biomarkers.
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1. Introduction

Saliva is an opalescent biological fluid containing a mixture of secretions from three pairs of major
(including parotid, submandibular and sublingual) and many minor salivary glands, as well as gingival
crevicular fluid. It performs numerous functions: protective, digestive, defensive and diagnostic.
Saliva, like blood, contains numerous enzymes, hormones or antibodies [1]. Thanks to the new
techniques, such as molecular diagnostics or nanotechnology, the small volume of fluid and low
concentrations of examined elements are no longer an obstacle [2]. Saliva is collected easily and
non-invasively, eliminating the stress caused to patients during blood sampling. Saliva collection is safe
even for less qualified medical personnel and does not require—like clotting blood—special conditions
before delivery to the laboratory [3]. New future molecular technologies focus on the analysis of
proteins and nucleic acids contained in saliva [4-6]. Promising future solutions are lab-on-a-chip (LOC)
and point-of-care (POC) technologies, which would be portable, miniaturised devices giving immediate
results, based on the principles of conventional ELISA tests or nucleic acid hybridisation [7]. Saliva
has an impressive potential in the diagnostics of several systemic disorders, including oncological,
cardiovascular, endocrine, autoimmune, neurological, infectious or just gastrointestinal diseases [8].
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Moreover, it should be emphasized that oral inflammation may change the composition of
saliva and interfere with the expression of selected diagnostic proteins. The common oral diseases
include dental caries and periodontal diseases. Vitorino et al. [9] identified higher concentrations of
amylase, immunoglobulin A, lactoferrin, lipocalin, cystatins and proline rich acid proteins (PRPs) in
caries-free patients. Rudney et al. [10] indicated that elevated levels of staterin and truncated cystatin
S may be associated with an increased risk of caries development. Furthermore, Fabian et al. [11]
reviewed salivary proteins linked with periodontitis. These include immunoglobulins, heat shock
protein Hsp70, cystatin S, amylase, calprotectin, histatin, lysozyme, lactoferrin, defensin, peroxidase,
PRPs and mucins. Both active and passive smoking influence the condition of periodontium. In active
smokers, Kibayashi et al. [12] observed significantly decreased concentrations of prostaglandin E2,
lactoferrin, albumin, aspartame aminotransferase, lactose dehydrogenase and alkaline phosphatase.
In passive smokers, Nishida et al. [13] determined reduced levels of interleukin 1§, albumin and
aspartame aminotransferase.

Inflammatory bowel diseases (IBD) comprise chronic inflammatory disorders of the gastrointestinal
tract, affecting millions worldwide [14]. Despite many investigations, the exact etiopathogenesis
remains unknown. Potential factors involve genetic predisposition, environmental conditions and
immunological dysfunctions. The main forms of IBD are Crohn’s disease (CD) and ulcerative colitis
(UQ). Although transmural inflammation in CD may affect any part of the gastrointestinal tract
from the oral cavity to the rectum, it occurs most frequently in the terminal ileum or the large
intestine. In contrast, UC usually concerns only the large intestine and is limited to the mucosal
layer [15]. The active IBD may manifest with symptoms, such as chronic diarrhoea, abdominal pain,
weight loss, fever or even severe complications, e.g., intestinal fistulas or intra-abdominal abscess [16].
The diagnosis is confirmed based on the endoscopy and histological examination of the inflamed
mucous membrane biopsy (current gold standard). In IBD patients, it may occur oral lesions—specific
(e.g., for CD cobblestoning, mucosal tags or deep linear ulcerations, and for UC pyostomatitis vegetans)
or nonspecific, such as aphthous stomatitis, angular cheilitis or atrophic glossitis [17].

The present systematic review was designed in order to answer the question “Are salivary
biomarkers reliable for the diagnosis of inflammatory bowel diseases?”, formulated according to the
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PICO (“population”, “intervention”, “comparison”, “outcome”).

2. Results

In this systematic review, eleven studies following the search criteria were included—data were
collected in seven different countries, from a total of 631 participants (including 255 patients with
Crohn’s disease and 158 with ulcerative colitis). Figure 1 shows the detailed selection strategy of the
articles. The inclusion and exclusion criteria are presented in the section Materials and Methods.

From each eligible study included in the present review, data about its general characteristics
such year of publication and setting, involved participants, pharmacological treatment prior to the
study and smoking habits, potential salivary biomarkers for IBD were collected—Table 1. The majority
of studies had information about the exclusion of patients with periodontal disease as the primary
exponent of inflammation in the oral cavity. Table 2 presents the types of saliva, methods of collection,
centrifugation, storing and laboratory analysis. All of the studies took into consideration whole
saliva specimens. Only five studies described the precise instructions given to patients before saliva
collection. Saliva centrifugation methods were rather heterogeneous but the most frequent method
of sample storing was freezing at —80 °C. Additionally, the parameters of statistical significance for
selected salivary biomarkers were reported in Table 3. Only two studies performed ROC analysis of
the potential biomarkers for IBD.
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Table 1. General characteristics of included studies.

Author, Year,

Control Pharmacological

Setting IBD Patients (F/M) Patients (F/M) Treatment Smoking Habits Salivary Biomarkers
Jahanshahi et al CD: MDA, EGF, NO,
320% 45 Ifan F] ;] 7 16 (8/8) CD, 16 (8/8) UC 16 (8/8) NR Non-smokers FRAP|;
! UC: NO
Glucocorticoids 13; forfniTS;?Eéfs 9
Majster et al, 2019, 3 /1), 15 cp, 11 UC 15 (9/6) anti- TNF/biologicals 6, imokers; 15 Calprotectin
Sweden [19] Thiopurines 5; control
5-ASA 3; None 2
non-smokers
5-ASA 10/6 (CD/UC);
. Prednisolone 2/0;
Nielsen etal,, 2005, 5 (1/5) p, 7 (4/3) UC 19 (15/4) Budesonide 1/2; NR L6
Denmark [20] ..
Azathioprine 4/0;
None 2/1
Rezaie et al., 2006 5-ASA 28; TGF-$1, NO, MDA,
erate eral, S 28 (17/11) CD 20 (8/12) Corticosteroids 6; Non-smokers ~ FRAPY, albumin, uric
Iran [21] . R
Azathioprine 10 acid]
. 5-ASA 36;
Rezaie et al,, 2007, 37 (23/14) UC 15 Corticosteroids 14; Non-smokers TGF-1, NO

Iran [22]

(sex-matched) Azathioprine 13
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Table 1. Cont.

40f18

Author, Year, . Control Pharmacological . . . :
Setting IBD Patients (F/M) Patients (E/M) Treatment Smoking Habits Salivary Biomarkers
IL-1B, lysozyme, IgA,
Said et al., 2014, LL37;
Japan [23] 14€D, 10UC 15 NR NR CD: TNF-«; UC: IL-6,
1L-8, MCP-1
CD: miR-101;
Schaefer et al., UC: miR-21, miR-31,
2015, USA [24] 5CD,5UC 5 NR NR miR-142-3p,
miR-142-5p|
. . . Smokers: 14 active,
Szczeklik et al., 52 (16/36) active CD, 43 Mesalazine R X ! ~ . 3
2012, Poland [25] (14/29) inactive CD 45 (17/28) and azathioprine 13 inactive, 12 TL-1B, IL-6, TNF-o
controls
Szczeklik et al., 32 (13/19) active CD, 26 Mesalazine -
2018, Poland [26] (9/17) inactive CD 26 (12/14) and azathioprine Non-smokers MDA, GSHI, CAT|
Xu et al., 2018,
China [27] 35 (18/17) UC 32 (15/17) NR NR «-amylase
Zheng et al., 2017, 10
China [28] 11 CD, 37 UC (sex-matched) NR NR PSMA?7 (exosomal)

Legend: CD, Crohn'’s disease; UC, ulcerative colitis; F, females; M, males; NR, not reported; 5-ASA, 5-aminosalicylic
acid; MDA, malondialdehyde; EGF, epidermal growth factor; NO, nitric oxide; FRAP, ferric reducing antioxidant
power; IL, interleukin; TGF-f1, transforming growth factor 31; TNF-«, tumour necrosis factor «; MCP-1, monocyte
chemoattractant protein-1; miR, microRNA; GSH, glutathione; CAT, catalase; PSMA?7, proteasome subunit alpha
type-7; |, decreased level.

Table 2. Methods of collection and analysis of saliva.

. . . . . Methods of Salivary
Study Type of Saliva and Method of Collection Centrifugation and Storing Analysis Biomarkers
] Fluorescence
o t];h a;g(? 4a ?11 8] Unstimulated whole saliva 3ml Centrifuged at 10,000% g for 5 min, stored  spectrophotometry MDA, FRAP
at —80 °C until analysis ELISA EGE NO
Unstimulated whole saliva and stimulated . . .
Majster et al., whole saliva (through chewingona 0.5 g :;u;e:izt;lztg ?)cefoc;: ‘;C:t’ f;gzrguii% ELISA Calprotectin
2019 [19] paraffin tablet for 5 min); in controls under P 531,1:1 sis untt P .
fasting and non-fasting conditions 4
Unstimulated whole saliva for 2-5 min; 4 times Immediately stored at —20 °C, then
Nielsen etal,  with a 1 h interval between collection periods; completed 4 samples stored at —80 °C ELISA IL-6
2005 [20] not to eat, drink, smoke, brush the teeth or until analysis, before analysis centrifuged
chew gum 15 min before saliva collections at 3000x g for 10 min
Rezaie et al., Unstimulated whol liva for 5 mi Centrifuged at 10,000 g for 5 min, stored Fltlrmr;scte ncet leD_A d FR_AP’ id
2006 [21] nstimulated whole saliva for 5 min at —80 °C until analysis spectrophotometry  albumin, uric aci
ELISA TGF-p1, NO
Rezaie et al., . . Centrifuged at 10,000 g for 5 min, stored
2007 [22] Unstimulated whole saliva 3ml at -80 °C until analysis ELISA TGF-p1, NO
Fluorescence IL-1p3, IL-6, IL-8,
technique TNF-«, MCP-1
Said et al., . . Immediately frozen by liquid nitrogen, ELISA LL37
2014 [23] Unstimulated whole saliva stored at —80 °C until use EIA [y
Turbidimetric Lysozyme
technique ysozy
miR-101, miR-21,
Schaefer et al., . . miR-31,
2015 [24] Unstimulated whole saliva NR qRT-PCR miR-142-3p,
miR-142-5p
Szczeklik et al., Unstimulated whole saliva for 15 min on ice; Centrifuged at 3500 rpm for 20 min,
2012 [25] between 8 and 10 a.m. in fasting patients stored at —80 °C until analysis ELISA TL-1B, IL-6, TNF-oc
. Unstimulated whole saliva collected in . . °
Szczeklik et al., precooled tubes; between 8 and 10 a.m. in Centrifuged at 10000>< g f01i 10 min Eit 4°C, Fluorescence MDA, GSH, CAT
2018 [26] . . stored at —80 °C until analysis spectrophotometry
fasting patients
Xu et al Whole saliva unstimulated and stimulated after
2018 [27]’ citric acid; in the morning; not to eat or drink Centrifuged at 12,000 g for 15 min Western blotting «-amylase
except water) or do exercise before collection
P
Unstimulated whole saliva 5ml; not to eat or
Zheng et al., . . A Kept on ice, centrifuged at 10,000 g for .
2017 [25] drink after dinner the previous evening or to 10 min at 4 °C Western blotting PSMA?7 (exosomal)

brush teeth on the collection day morning

Legend: NR, not reported; ELISA, enzyme-linked immunosorbent assay; EIA, enzyme immunoassay; qRT-PCR,
quantitative reverse transcriptase polymerase chain reaction; MDA, malondialdehyde; EGF, epidermal growth
factor; NO, nitric oxide; FRAP, ferric reducing antioxidant power; IL, interleukin; TGF-p1, transforming growth
factor 31; TNF-«, tumour necrosis factor «; MCP-1, monocyte chemoattractant protein-1; miR, microRNA; GSH,
glutathione; CAT, catalase; PSMA?7, proteasome subunit alpha type-7.
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Table 3. Statistical significance for salivary biomarkers in IBD.

Salivary
Study Biomarkers * p-Value AUC-ROC

CD: MDA, EGE,
NO, FRAP|

Jahanshahi et al., 2004 [18] <0.01
UC: NO
CD: 0.011 (unstimulated) Unstimulated:
0.927 (95% CI,
UC: 0.076 (unstimulated) 0 838(—1 000)
Majster et al., 2019 [19] Calprotectin CD: 0.002 (stimulated) Stimulated: 0.870
) B (95% CI,
UC: 0.021 (stimulated) 0.752-0.987)
CD: <0.05,
Nielsen et al., 2005 [20] 1L-6
UC: 0.09
TGF-p1 0.03
NO
MDA <0.00005
Rezaie et al., 2006 [21] FRAP| 0.02
Albumin] 0.01
Uric acid| 0.03
TGF-p1 0.005
Rezaie et al., 2007 [22] NO <0.00005
CD: <0.05
IL-1p UC: <0.01
Lysozyme] <0.01
Said et al., 2014 [23] IgA, LL37 <x (NR)
TNF-o CD: <«
1L-6, IL-8, MCP-1 UC: <
CD: miR-101
UC: miR-21,
Schaefer et al., 2015 [24] miR-31 <0.05
miR-142-3p,
miR-142-5p]
TL-1p active vs. controls active vs. inactive
<0.01 <0.039
Szczeklik et al., 2012 [25] IL-6 <0.01 <0.041
TNF-« <0.001 <0.002
0.95 (95% CI,
MDA 0.01 0.90-1.00)
Szczeklik et al., 2018 [26] GSH]| 0.01
CAT] 0.001
0.015 (unstimulated)
Xu et al., 2018 [27] x-amylase
0.021 (stimulated)
Zheng et al., 2017 [28] PSMAY (exosomal) NR

Legend: * elevated concentrations, expect these marked with |; CD, Crohn’s disease; UC, ulcerative colitis; MDA,
malondialdehyde; EGEF, epidermal growth factor; NO, nitric oxide; FRAP, ferric reducing antioxidant power;
IL, interleukin; TGF-$1, transforming growth factor $1; TNF-«, tumour necrosis factor «; MCP-1, monocyte
chemoattractant protein-1; miR, microRNA; GSH, glutathione; CAT, catalase; PSMA?7, proteasome subunit alpha
type-7; NR, not reported; «, significance level; AUC-ROC, area under curve-receiver operating characteristic;
CI, confidence interval.
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3. Discussion

In the following discussion, the potential salivary markers for IBD were divided into four
subgroups: oxidative status markers, inflammatory cytokines, microRNAs and other biomarkers.
This section structure was established intentionally because of the considerable heterogeneity of
discussed studies.

3.1. Oxidative Status Markers

Oxidative stress reflects the imbalance between excessively produced reactive oxygen species
(ROS) and the insufficient activity of antioxidants which may lead to cell and tissue damage. Among the
most important salivary antioxidants, the following should be mentioned—uric acid, albumin and
transferrin. They play a key role by scavenging free oxygen radicals (e.g., peroxyl or hydroxyl)
or binding to ions such as iron and copper which promote oxidative damage [29]. Furthermore,
the main intracellular antioxidants are superoxide dismutase (SOD), glutathione (GSH) and catalase
(CAT) [30,31]. Nitric oxide (NO), a free radical messenger molecule, is produced via the action of
nitric oxide synthase on the L-arginine. Low levels of nitric oxide are thought to be physiological
and protective, whereas its high levels as proinflammatory and injurious [32]. Recently, in CD
patients, the overexpression of ROS and NO, as well as lower concentrations of numerous antioxidants,
have been studied in intestinal mucosa or blood but not in saliva [31-39].

The study by Jahanshahi et al. [18] was the first evaluation of salivary oxidative and nitrosative
stress in IBD patients. The antioxidant capacity of saliva was determined by measuring its ability
to reduce Fe?* to Fe?" (FRAP—ferric reducing antioxidant power). Lipid peroxidation in samples
was assessed based on the concentrations of adducts containing malondialdehyde (MDA) with
2-thiobarbituric acid (TBA). Levels of MDA, as the end product of the oxidation of polyunsaturated
fatty acids, allow establishing the lipid peroxidation extent; while NO was assayed on the basis of the
enzymatic conversion of nitrate to nitrite by nitrate reductase. Antioxidant power in the saliva of CD
patients was significantly lower compared to healthy subjects. In addition, salivary concentrations
of MDA increased significantly in this group. In contrast, salivary levels of FRAP and the products
of lipid peroxidation were normal in UC patients. Explaining these surprising findings, the authors
proposed that UC may not affect salivary glands and buccal mucosa. In CD several organs, including
salivary glands, are oxidatively stressed as a result of chronic inflammation. However, the analysis
of nitrosative stress showed a significant increment of NO in the saliva of both CD and UC patients
in comparison to the control group. It is the first study determining increased salivary NO levels
in IBD patients and supporting the theory that NO production may be an etiologic factor of these
diseases as could cause epithelial and mucosal injuries. Moreover, researchers determined the salivary
concentrations of epidermal growth factor (EGF). This main member of the EGF family is produced by
submandibular glands and Brunner’s glands in the duodenum [40]. EGF stimulates the proliferation
of epithelial and nonepithelial cells present in the gastrointestinal tract. It is also a stimulator of the
expression of brush border enzymes and intestinal electrolyte and nutrient transport in enterocytes,
as well as a promotor of intestinal healing [41,42]. In this study, CD patients showed compensated
high concentrations of EGF and UC patients not depleted. The reason for these findings is unclear;
the authors suggested that the altered levels of other EGF-family peptides, sharing the same receptor
EGFR, may interfere.

In the year 2006, Rezaie et al. [21] conducted the study investigating alterations in salivary
antioxidants, nitric oxide and transforming growth factor 31 (TGF-31) in relation to disease activity in
CD patients. A year later, the same authors [22] published a similar study considering the correlations
between salivary nitric oxide and TGF-1 and disease activity index, however, in UC patients. Only in
the first study, salivary antioxidants, such as uric acid, albumin, transferrin and thiol groups (e.g., GSH),
were determined. In addition, the researchers assessed the total antioxidant capacity by measuring
FRAP and lipid peroxidation by MDA concentrations. Total NO level was assayed in the same way
as in the previous study. In CD patients, the salivary levels of FRAP, uric acid and albumin were
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significantly reduced, as well as salivary transferrin and thiol groups but not significantly. MDA and NO
concentrations were increased, respectively, five- and four-fold in comparison to the healthy subjects.
No relationship was found between oxidative stress markers and NO. The disease activity was assessed
according to Crohn’s Disease Activity Index (CDAI), including the number of liquid stools, the severity
of abdominal pain, general well-being, extraintestinal manifestations (e.g., arthralgia, aphthous ulcers,
anal fissures, fistulae or abscesses), abdominal mass, use of antidiarrheal drugs, haematocrit and body
mass. CDALI significantly correlated with MDA, FRAP and the interaction between them (r = 0.8,
p < 0.00005). In the constructed model, patients with a normal or low total antioxidant capacity had
the lowest and the highest disease activity, depending on the MDA concentrations, whereas patients
with high FRAP and high MDA levels had moderate disease activity due to the active defence of the
organism against oxygen radicals. In turn, UC patients demonstrated an approximately four-fold
increase in NO levels, without dependence on the activity of the disease. This finding was conflicting
with previous studies concerning UC severity and NO levels in regions different to the oral cavity.
The authors found that salivary oxidative stress could play a role in the pathogenesis of the CD (but not
UC), modifying its course, and recommended further investigations. The results on salivary TGF-£31
from both studies will be discussed in the next section about inflammatory markers.

In the study from the year 2018, Szczeklik et al. [26] investigated the diagnostic usefulness of
selected oxidative stress markers in the saliva and serum in CD patients (with an active and inactive
form of the disease). Among the exclusion criteria, apart from smoking, diabetes, periodontal disease
and using antioxidants in the past 6 months, were pregnancy or lactation, alcohol abuse, severe
systemic disease, acute illness, oral mucosal disease, orthodontic appliances, current biologic therapy,
abdominal abscess, intestinal stricture and active gastrointestinal bleeding. They determined levels
of MDA (based on TBA reactivity), total antioxidant capacity (using FRAP), GSH (using the Ellman
method) and CAT. In the routine laboratory tests, the haemoglobin concentration was lower, as well as
the platelet count and serum C-reactive protein (CRP) level were higher in the patients with active
CD than those with inactive and controls (p < 0.05). Serum and salivary MDA concentrations were
increased, and the GSH levels decreased in active CD patients compared to inactive CD patients and
controls. Levels of MDA in the saliva were higher than in the serum. Salivary FRAP levels were
lower in CD patients, but not significantly, and there were no differences depending on the disease
activity. The CAT activity was reduced in active CD patients in comparison to other groups, while in
the earlier investigation, the authors reported a similar tendency for the SOD activity [43]. In the
present study, a strong positive correlation between the serum or salivary MDA concentrations and
CDAI values (both r = 0.8, p < 0.001) was observed. In addition, negative correlations between FRAP
or GSH levels in the saliva and CDAI values were detected (r = —0.4, p = 0.04 and r = —0.05, p = 0.01,
respectively). Moreover, there were significant positive correlations between the serum or salivary
MDA concentrations with the CRP level (r = 0.6, p < 0.001 and r = 0.7, p < 0.001, respectively) and the
platelet count (r = 0.6, p < 0.001 and r = 0.6, p = 0.001, respectively), as well as the negative with the
haemoglobin level (r = 0.6, p < 0.001 and r = —0.05, p = 0.01, respectively). These relationships were
determined using the Spearman rank correlation coefficient. The above significant associations between
the increased MDA levels and clinical symptoms of disease severity suggested that it could have
a valuable indicator for early CD diagnosis. The diagnostic usefulness of oxidative stress indicators
was calculated by receiver operating characteristic (ROC) curves. Currently, the CRP seems to be the
best biochemical marker for assessing and monitoring CD activity; however, more useful than for its
diagnosis. The ROC analysis showed the good utility of MDA and CRP in differentiating active from
inactive CD according to CDAI values (AUC = 0.95, cut-off point = 3.82 and AUC = 0.85, cut-off point
= 4.25, respectively). The authors proposed that salivary biomarkers, such as MDA, can be used to
assess oxidative stress in CD patients, both with the active course and the clinical remission.
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3.2. Inflammatory Cytokines

Studies concerning oral diseases, such as periodontal diseases, lichen planus or oral carcinoma,
demonstrated the increased salivary levels of selected pro-inflammatory nuclear factor-xB dependent
cytokines, e.g., interleukin 1§ (IL-1p3), interleukin 6 (IL-6), tumour necrosis factor o (TNF-ox) [44—46].
They play an important role in the promotion of inflammatory processes. These cytokines have also
been reported in the saliva of patients with several systemic disorders, including inter alia rheumatoid
arthritis, psoriasis, lysosomal storage diseases, diabetes or obesity [47-51]. However, the salivary
biomarkers of inflammatory processes in IBD patients have been rarely investigated. The limitation
may be the fact that the IBD patients are chronically treated with anti-inflammatory drugs (such as
aminosalicylates, thiopurines or glucocorticoids), affecting the measured cytokines.

The study of Nielsen et al. [20] aimed to investigate the inflammatory process using a non-invasive
method for measuring IL-6 concentrations in the saliva from IBD patients. Other studies showed higher
IL-6 levels in colonic biopsies of inflamed mucosa in IBD patients, however, in saliva it had not been
reported previously [52,53]. IL-6 is produced mainly by macrophages and monocytes, and to a lesser
extent by endothelial cells, fibroblasts and lymphocytes. This multifunctional cytokine is responsible
for the regulation of the inflammatory processes, immune and acute-phase response, as well as the
stimulation of haematopoiesis and thrombopoiesis [54]. In this study, the clinical disease severity
was scored using CDAI in CD patients and the Seo clinical colitis activity index (Al) in UC patients.
Participants with severe inflammation, acute infections, pregnancy, periodontal diseases and other
chronic inflammatory diseases were excluded. Salivary IL-6 concentrations were significantly higher
in CD patients but not significantly in UC patients. In contrast, a significant difference in plasma
IL-6 levels was observed in both groups (p < 0.001). In UC patients, significant positive correlations
between salivary IL-6 concentrations and plasma concentrations or Al score (2 = 0.81, p < 0.01 and
2 = 0.61, p < 0.05, respectively) were demonstrated, as well as negative with albumin level (2 = 0.83,
p < 0.01). No similar relationships were found in the CD patients. IL-6 levels in the saliva of both
groups were not associated with CRP levels. Authors suggested that salivary IL-6 may have prognostic
value in the monitoring of IBD patients, especially CD patients.

In the other study from the year 2012, Szczeklik et al. [25] examined if salivary concentrations
of selected proinflammatory cytokines (such as IL-1p, IL-6 and TNF-«) were associated with the
activity and prevalence of oral lesions in CD patients. They excluded subjects with systemic infections,
cardiovascular, pulmonary and kidney diseases, autoimmune diseases, diabetes, allergy, chronic
periodontitis or oral lichen planus and treated with anti-inflammatory drugs (except azathioprine),
antioxidants or statins. The severity of CD was classified according to CDAI—low 150-220 and
moderate 220—450. As expected, in active CD patients significantly lower body mass index (BMI),
red blood cell count (RBC) and haemoglobin concentration (p < 0.01), as well as higher platelet count
and CRP level (p < 0.001), were observed compared to inactive CD patients and controls. The salivary
flow rate did not differ between these groups or correlate with the prevalence of oral manifestations in
both CD groups. The ELISA analysis demonstrated significantly elevated salivary levels of IL-1§3, IL-6
and TNF-o in active CD patients. No significant differences were found between inactive CD patients
and controls. In the Spearman rank test, positive correlations between higher salivary concentrations
of IL-6 or TNF-« and the prevalence of specific oral lesions in active CD were observed, while no
such association was seen for IL-13. The researchers speculated that the reason for this finding
might be the antagonistic influence of CD drugs on salivary IL-1f3. In addition, the present study
showed a relationship between oral manifestations and standard laboratory parameters (such as RBC,
haemoglobin, platelets, CRP), however, not with CDAI values. Authors concluded that active CD
patients had altered cytokine production reflected by increased concentrations of proinflammatory
cytokines in the saliva. Salivary cytokine levels may be sensitive biomarkers of CD activity.

TGEF-B1 plays an essential anti-inflammatory role by counteracting TNF-« [55-57]. As mentioned
earlier, Rezaie et al. [21,22] investigated TGF-f31 levels in IBD patients. Although TGF-f1 concentrations
were significantly increased in CD patients compared to control subjects, they had no correlation with
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CDALI or oxidative stress markers. Moreover, in UC patients, they observed significantly enhanced
salivary TGF-f1 levels, without any relationship with disease activity. It was explained that increased
levels of TGF-f31 are associated with the defence stimulation of the differentiation of epithelial cells
and the promotion of damaged mucosa repair.

Study of Said et al. [23] presented that oral dysbiosis was strongly associated with elevated
inflammatory cytokines and lowered lysozyme in the saliva of IBD patients. The used Luminex
technology allows measuring cytokines from little volumes of saliva samples with high sensitivity.
Salivary concentrations of IL-6, IL-8 and MCP-1 were significantly higher in UC patients, while TNF-«
was in CD patients. Additionally, in the saliva of both groups significantly elevated levels of IL-1§3, IgA
and LL37 (cathelicidin) were found. Cathelicidins are produced by the epithelial cells of mucosa in
response to invasive bacterial infection [58]. In contrast, the salivary lysozyme level was significantly
reduced compared to the healthy subjects. This antimicrobial protein (produced by macrophages,
neutrophils and epithelial cells) plays a key role in the host constitutive defence system [59].
The lysozyme hydrolyses the cell wall of Gram-positive bacteria and may kill Gram-negative bacteria
through synergic action with salivary lactoferrin [60]. Previous studies reported elevated levels of
faecal lysozyme in IBD patients [61]. The alterations in salivary inflammatory biomarkers were
strongly correlated with the abundance of four bacterial genera: Streptococcus, Prevotella, Veillonella
and Haemophilus. The authors postulated that salivary microbiota could affect the gastrointestinal
microbiota to some extent.

3.3. MicroRNAs

MicroRNAs (miRNAs) are single-stranded RNA molecules, consisting of 19-25 nucleotides.
These non-coding RNAs are involved in the regulation of gene expression post-transcriptionally
to stop translation and promote mRNA degradation. Over 30% of the genome is predicted to be
regulated by miRNAs [62]. Previous studies showed that miRNAs are responsible for various cellular
processes, including differentiation, proliferation, apoptosis, metabolism, and oncogenesis [63,64].
Thereby, the aberrant expression of miRNAs has been associated with a growing amount of disorders,
such as cancer and autoimmune diseases [65-67]. Several studies determined miRNAs related to IBD
in intestinal biopsies and blood [68-72].

In this review, we present the only study considering salivary miRNAs in IBD patients to date.
Schaefer et al. [24] identified specific miRNAs which could discriminate CD from UC and controls
using colon, blood and saliva specimens. Saliva seems to be an ideal fluid for the multiple monitoring
of disease progression because it provides a more accurate “real-time read-out” than serum. In saliva
samples, miR-101 was significantly overexpressed in CD patients, as well as miR-21, miR-31 and
miR-142-3p in UC patients compared to the control group. In addition, miR-142-5p was significantly
underexpressed in UC patients relative to healthy subjects. miR-21 is associated with inflammatory
and oncological diseases [73-75]. miR-31 is described as an oncomiR in lung cancer and a tumour
suppressor in breast cancer [76,77]. miR-101 has anti-proliferative properties; it is reported to be
a negative regulator of an inducible costimulator (ICOS) in inflammation processes and a negative
regulator of corepressor C-terminal binding protein-2 (CtBP2) [78,79]. Authors indicated that miR-101
could be an essential regulator in IBD because it was significantly elevated in all three tissues of CD
patients and two of three in UC patients. Moreover, it was suggested that extraintestinal fluids might
effectively reflect the intestinal inflammation without the need for a colon biopsy. Saliva and blood
as diagnostic materials can support early detection techniques for IBD. It was a first study reporting
altered miRNA expression in saliva, so further investigations are necessary.

3.4. Other Biomarkers

Exosomes are small spherical vesicles with a diameter of 40-120 nm [80]. They may contain
proteins (including enzymes), lipids and RNAs (including miRNAs) [81,82]. Exosomes perform
multiple functions, such as the distribution of cell substances, immune regulation and the propagation
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of prion protein or retroviruses [83]. In the year 2013, the Nobel Prize in Physiology or Medicine
was awarded jointly to James E. Rothman, Randy W. Schekman and Thomas C. Stidhof “for their
discoveries of machinery regulating vesicle traffic, a major transport system in our cells”. Due to their
stability exosomes can move far away without rupture. They exist in almost every type of cell and
biological fluid, including saliva [84]. Zheng et al. [28] explored a new exosomal biomarker in the
saliva of IBD patients. After screening various proteins in salivary exosomes, they chose the eight
proteins present only in every IBD patient. Among these proteins related to inflammation and immune
response, proteasome subunit alpha type-7 (PSMA7) was distributed in the most Gene Ontology
(GO) terms with a high enrichment score. The Western blotting showed significantly elevated levels
of PSMA?7 in IBD patients relative to the controls. Patients in remission demonstrated decreased
exosomal PSMA?7 levels compared to patients with an active course. Previous studies reported that
increased PSMA7 expression was associated with the liver metastasis of colon cancer or depressive
disorders [85,86]. Authors believed that exosomal PSMAY in the saliva is a useful biomarker for the
development of IBD. However, due to the ability of exosomes for long “wandering”, it is impossible to
be sure that some of them detected in the saliva did not originate from other cells, such as intestinal.

The next diagnostic biomarker can be salivary «-amylase (sAA) described by Xu et al. [27] in
UC patients. According to the literature, this protein’s production positively correlates with the copy
number of AMY1 gene [87,88]. Salivary a-amylase secretion is mainly regulated by the sympathetic
nervous system—released noradrenaline binds to the (3-adrenergic receptor on the acinar cells of the
salivary glands, inducing an increase in the intracellular cyclic adenosine monophosphate followed
by sAA secretion from these cells. In contrast, the salivary flow rate is mostly controlled by the
parasympathetic nervous system—released acetylcholine binds to the M3 muscarinic receptor on the
acinar cells, stimulating elevation of intracellular calcium and subsequently saliva secretion [89-91].
Recently, salivary a-amylase has been reported as a non-invasive indicator for the sympathetic nervous
activity [92]. In this study, significantly elevated sAA concentrations were detected in UC patients
compared to healthy subjects both before and after gustatory stimulation. However, no significant
differences in the unstimulated and stimulated salivary flow rates were found between the UC patients
and controls. These findings could implicate the sympathetic overactivity in the pathogenesis of UC.
In addition, previous studies suggested that the sympathetic nervous activity was associated with
mediating intestinal inflammation in this disease, while the parasympathetic nervous activity might
exhibit anti-inflammatory properties [93-95].

The newest included study from the year 2019, conducted by Majster et al. [19], assessed the
concentration of calprotectin in the unstimulated and stimulated saliva of active IBD patients before and
after treatment. Calprotectin (also named migration inhibitory factor-related protein 8/14 or SI00A8/A9)
is a calcium-binding antimicrobial protein complex. It is produced by neutrophils, monocytes,
macrophages and keratinocytes [96]. This acute-phase protein has many intra- and extracellular
functions, such as the regulation of cytoskeleton—plasma interactions and the homeostasis of neutrophils,
as well as the promotion of inflammation (e.g., through the endogenous activation of Toll-like receptor-4
or receptor for advanced glycation end-products) [97-100]. To date, faecal calprotectin has been used
as a diagnostic marker for the detection and monitoring of IBD [101,102]. Calprotectin has also been
reported in the saliva of patients with periodontitis or Sjogren’s syndrome [103,104]. In the present
study, in stimulated saliva, calprotectin levels were significantly higher than in the unstimulated
saliva. Moreover, fasting and gender did not alter the calprotectin concentrations. In CD patients,
significantly elevated levels of calprotectin were determined in both unstimulated and stimulated
saliva in comparison to the controls. However, in UC patients, significantly increased calprotectin
concentrations were observed only in stimulated saliva. In addition, CD patients tended to have higher
levels of calprotectin in stimulated saliva relative to UC patients (p = 0.065). There were no significant
differences in the salivary calprotectin concentrations before and after 10-12 weeks of treatment
(p = 0.140 for unstimulated and p = 0.650 for stimulated). In contrast, the median levels of serum
calprotectin were 3.3-fold lower at the follow-up compared to baseline (p = 0.011). The authors found
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that salivary calprotectin could discriminate IBD patients from controls based on ROC analysis. For the
unstimulated saliva AUC was 0.927 and for stimulated —0.870. This study had several limitations,
such as a lack of oral examination and differences in nicotine consumption between groups. Further
studies enclosing standardised disease activity scores are advisable.

4. Materials and Methods

4.1. Search Strategy and Data Extraction

This systematic review was conducted up to 28 June 2020, according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines [105],
using the databases PubMed, Scopus and Web of Science. The search formula included “saliva”
and “inflammatory bowel disease” as MeSH (medical subject headings) terms combined in
PubMed Advanced Search Builder. In other databases combinations of the keywords—*“saliva*”
and “inflammatory bowel disease*” or “IBD” or “ulcerative colitis” or “Crohn’s disease”—were used
(in Scopus as indexterms and in Web of Science as author keywords or keywords plus).

Records were screened by the title, abstract and full text by two independent investigators. Studies
included in this review matched all the predefined criteria according to the PICOS (“population”,

“intervention”, “comparison”, “outcomes”, “study design”)—Table 4. The detailed search flowchart is
presented in Figure 1 (in the section Results).

Table 4. Inclusion and exclusion criteria according to the PICOS.

Parameter Inclusion Criteria Exclusion Criteria
. Patients with IBD (Crohn’s disease & ulcerative Patients with another bowel
Population o . . .
colitis)—aged from 0 to 99 years, both sexes disease or autoimmune disease
Intervention Not applicable
Comparison Not applicable

Salivary biomarkers diagnostic for IBD

Outcomes (proteins, miRNAS etc.) Changes in salivary microbiota
Literature reviews, case
. Case-control, cohort and cross-sectional studies reports, expert opinion, letters
Study design -
to editor, conference reports
Published after 2000 Not published in English

The heterogeneity of the salivary biomarkers, as well as of the diseases (Crohn’s disease and ulcerative colitis),
did not allow to perform a meta-analysis of the studies included in the present systematic review.

4.2. Quality Assessment and Critical Appraisal

The risk of bias in each individual study was assessed according to the “Study Quality
Assessment Tool” issued by the National Heart, Lung, and Blood Institute within the National
Institute of Health [106]. These questionnaires were answered by two independent investigators,
and disagreements were resolved by discussion between them. The summarised quality assessment
for every single study is reported in Figure 2. The most frequently encountered risks of bias were the
absence of data regarding sample size justification (all studies), randomisation (all studies) and blinding
(ten studies). Critical appraisal was summarised through adding up the points for each criterion of
potential risk (points: 1—low, 0.5—unspecified, 0—high). Four studies (36.4%) were classified as
having a “good” quality (>80% total score) and seven (63.6%) as “intermediate” (>60% total score).
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Figure 2. Quality assessment, including the main potential risk of bias (risk level: green—low,
yellow—unspecified, red—high; quality score: green—good, yellow—intermediate, red—poor).

The level of evidence was assessed using the classification of the Oxford Centre for Evidence-Based
Medicine levels for diagnosis [107]. All of the included studies have a low fourth level of evidence
(in this 5-graded scale), because of their case-control design.

5. Conclusions

In conclusion, according to our systematic review, saliva contains several biomarkers (e.g., proteins
or miRNAs) which can be used credibly to detect and control patients with Crohn’s disease or ulcerative
colitis. However, further investigations are necessary to validate these findings, as well as to identify
new reliable salivary biomarkers for the early diagnosis and regular monitoring of inflammatory
bowel diseases.
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Abbreviations

IBD inflammatory bowel disease

CD Crohn’s disease

ucC ulcerative colitis

NR not reported

5-ASA 5-aminosalicylic acid

ELISA enzyme-linked immunosorbent assay
EIA enzyme immunoassay

qRT-PCR quantitative reverse transcriptase polymerase chain reaction
AUC-ROC area under curve-receiver operating characteristic
ROS reactive oxygen species

SOD superoxide dismutase

GSH glutathione

CAT catalase

NO nitric oxide

FRAP ferric reducing antioxidant power
MDA malondialdehyde

TBA 2-thiobarbituric acid

EGF epidermal growth factor

TGF-p1 transforming growth factor 31

CDAI Crohn'’s disease activity index

CRP C-reactive protein

IL-1B3 interleukin 1

IL-6 interleukin 6

TNF-oc tumour necrosis factor «

MCP-1 monocyte chemoattractant protein-1
miR microRNA

PSMA?7 proteasome subunit alpha type-7
sAA salivary a-amylase
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