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POPULAR SCIENTIFIC SUMMARY 

Inflammatory bowel disease (IBD), which consists of Crohn's disease and ulcerative colitis, is a 

cyclical chronic inflammatory disease of the gastrointestinal tract that affects approximately 6.8 

million of the world's population, many of them in Scandinavia. These diseases are often difficult 

to diagnose and patients can suffer from painful and psychosocially inconvenient symptoms such 

as diarrhea and stomachache for many years before they are diagnosed and treated. To 

complicate matters further, in a large proportion of IBD patients, the disease spreads to other 

organs – such as the mouth, where it can cause mucosal changes similar to those in the intestines, 

but also painful ulcers and worse dental health. Unfortunately, there is currently no cure for IBD 

as its cause is still not fully understood. However, it is known that the immune system of IBD 

patients reacts improperly to inflammation, which results in a self-sustaining cycle of chronic 

inflammation. 

This thesis investigated different mediators of inflammation as a reflection of the defective 

immune system in IBD. The results showed that inflammatory mediators are elevated throughout 

the body in IBD – in the intestines, in blood, and more interestingly – in saliva. More specifically, 

we were among the first to describe the expression of a newly discovered protein, IL-34, in 

healthy intestines and showed that it is increased in inflamed intestines of IBD patients, adding 

yet another mediator to the complicated image of the defective immune system in IBD. 

The remaining part of the thesis investigated known inflammatory mediators in the saliva of IBD 

patients, and their potential to reflect intestinal inflammation. We analyzed calprotectin, the most 

known marker of IBD which is analyzed in stool, and showed for the first time that calprotectin 

can be measured in the saliva of IBD patients and that it is significantly elevated in IBD patients 

compared to healthy individuals, regardless of their oral health. This increase in salivary 

calprotectin concentration was particularly pronounced in patients with new-onset Crohn's 

disease, in whom the concentration decreased after medical treatment.  

Intrigued by these findings, we investigated the expression of 92 known inflammatory markers 

in saliva from IBD patients and compared them to their expression in blood – the hallmark for 

assessment of health. Most of the inflammatory proteins could be detected in saliva and their 

salivary expression reflected clinical parameters of intestinal inflammation more prevalently 

than blood. Furthermore, IL-6 and MMP-10 – both proteins implicated in the development of 

IBD and its spread to other organs – were elevated in the saliva of IBD patients, meaning that 

saliva might contain clues that explain the mechanisms behind the spread of IBD to other organs.  

Would salivary markers prove to be sufficiently reliable and specific for IBD, patients could 

potentially provide a simple saliva sample instead of blood or stool samples in the future. This 

would not only be a simple and cost-effective screening method for IBD but possibly also enable 

the patients themselves to follow up their disease activity, in order to be able to predict flare-ups 

and adjust treatment in time, thus avoiding serious complications of their disease, including 

hospitalization. However, regardless of the future clinical utility of these investigated 

inflammatory mediators, our findings provide added knowledge which may increase the 

understanding of the cause and sustention of IBD and its oral manifestations. 



POPULÄRVETENSKAPLIG SAMMANFATTNING 

Inflammatorisk tarmsjukdom (IBD), som innefattar Crohns sjukdom och ulcerös kolit, är en 

cyklisk kronisk inflammatorisk sjukdom i mag-tarmkanalen som drabbar cirka 6.8 miljoner 

människor i världen, många av dem i Skandinavien. Dessa sjukdomar kan vara 

svårdiagnostiserade och patienter kan drabbas av smärtsamma och psykosocialt besvärliga 

symtom såsom diarré och magont i många år innan de diagnostiseras och behandlas. För att 

komplicera saker och ting ytterligare, sprids sjukdomen till andra organ hos en stor del av IBD-

patienterna – såsom munnen, där det förekommer slemhinneförändringar som liknar dem i tarmen 

vid IBD, men även smärtsamma sår och en försämrad tandhälsa. Tyvärr finns det för närvarande 

inget botemedel mot IBD eftersom sjukdomsorsaken fortfarande inte är helt klarlagd. Det är 

emellertid känt att immunsystemet hos IBD-patienter reagerar felaktigt på inflammation, vilket 

resulterar i en ond cirkel av kronisk inflammation. 

Denna avhandling undersökte olika inflammatoriska mediatorer som en reflektion av det defekta 

immunsystemet vid IBD. Resultaten visade att inflammatoriska mediatorer är förhöjda i hela 

kroppen vid IBD – i tarmarna, i blodet och mest intressant –i saliven. Mer specifikt var vi bland 

de första som beskrev uttrycket av ett nyupptäckt protein, IL-34, i friska tarmar och visade att det 

var förhöjt i inflammerade tarmar hos IBD-patienter, vilket tillför ännu en mediator till den 

komplicerade bilden av det defekta immunförsvaret vid IBD. 

Den återstående delen av avhandlingen undersökte kända inflammatoriska mediatorer i saliv hos 

IBD-patienter och deras potential att återspegla tarminflammation. Vi analyserade kalprotektin, 

den mest kända markören för IBD som vanligtvis analyseras i avföringen, och visade för första 

gången att kalprotektin kan mätas i saliv hos IBD-patienter, där den är signifikant förhöjd hos 

IBD-patienter jämfört med friska individer, oberoende av deras munhälsa. Denna ökade 

salivkoncentration var särskilt uttalad hos patienter med nydebuterad Crohns sjukdom, hos vilka 

koncentrationen minskade efter behandling. 

Utifrån dessa resultat undersökte vi vidare uttrycket av 92 inflammatoriska markörer i saliv hos 

IBD-patienter och jämförde dem med deras uttryck i blod – den gyllene standarden för 

hälsobedömning. De flesta av de inflammatoriska proteinerna kunde mätas i saliv och deras 

salivnivåer återspeglade kliniska parametrar för tarminflammation i större utsträckning än blod. 

Vidare kunde vi påvisa att IL-6 och MMP-10 – båda två proteiner som är inblandade i 

utvecklingen av IBD och dess spridning till andra organ – var förhöjda i saliven hos IBD-patienter. 

Detta innebär att saliven kan innehålla proteiner som i sin tur kan förklara mekanismerna bakom 

spridningen av IBD till andra organ, särskilt munnen. 

Skulle salivmarkörer visa sig vara tillräckligt tillförlitliga och specifika för IBD, kan framtida 

patienter potentiellt komma att lämna ett enkelt salivprov istället för blod- eller avföringsprover. 

Detta skulle inte bara vara en enkel och kostnadseffektiv screeningmetod för IBD utan också göra 

det möjligt för patienterna att själva följa upp sin sjukdomsaktivitet för att kunna förutsäga skov 

och justera behandlingen i god tid för att undvika allvarliga sjukdomskomplikationer, vilket 

inkluderar sjukhusinläggningar. Oavsett vad den framtida kliniska nyttan av dessa undersökta 

inflammatoriska mediatorer visar sig vara, ger våra resultat en ökad kunskap som kan bidra till en 

bättre förståelse av orsaken och upprätthållandet av IBD och dess orala manifestationer.  



 

 

 

  



 

ABSTRACT 

Inflammatory bowel disease (IBD), which consists of Crohn’s disease and ulcerative colitis, is a 

chronic immune-mediated disease thought to result from genetic and environmental interaction 

which influence the commensal flora to trigger an inappropriate mucosal immune response. IBD 

primarily affects the intestines but is not restricted to them. Extraintestinal manifestations are 

frequently observed within the oral cavity. This thesis aimed to investigate different mediators 

of inflammation within the intestines and oral cavity as a reflection of defective immune 

responses in IBD.  

In our first study, we investigated the intestinal localization of macrophage growth factors IL-34 

and CSF-1 and their involvement in IBD. IL-34 and CSF-1 demonstrated distinct expression 

patterns in the human intestine and were significantly elevated in human and experimental IBD. 

Infiltrating cells of the lamina propria and intestinal epithelial cells expressed IL-34, regulated 

by TNF-α through the NF-κB pathway. As a result, the newly discovered growth factor IL-34 

was proposed as a new modulator of IBD. 

The remaining part of this thesis investigated the expression of inflammatory proteins in saliva 

in relation to IBD. The second study aimed to analyze calprotectin, an established fecal marker 

of IBD, for the first time in saliva of IBD patients. We found that calprotectin was significantly 

elevated in saliva of IBD patients, particularly in CD and most prominently in newly diagnosed 

CD patients. This opened up for new hypotheses in the oral-gut connection in IBD and supported 

the notion that the oral cavity may contain early evidence of intestinal inflammation. 

In a third study, we compared the profile of 92 known inflammatory proteins in saliva and serum 

of IBD patients. The salivary and circulatory inflammatory profiles were similar but reflected 

different aspects of IBD activity. Several serum proteins were significantly altered in IBD 

patients compared to controls, whereas IL-6 and MMP-10 – proteins involved in the 

pathogenesis of IBD and its extraintestinal manifestations – were significantly elevated in 

stimulated saliva of IBD patients, providing additional proof of subclinical inflammatory 

mimicry of intestinal disease by the oral cavity. 

In the final study, we confirmed our previous findings related to elevated salivary calprotectin in 

IBD and showed that the concentrations were not significantly affected by oral disease. 

Moreover, we investigated potential sources of salivary calprotectin and showed that neutrophils 

isolated from saliva express calprotectin, demonstrate reduced CD11b expression in IBD 

patients, but share a similar ability to secrete calprotectin. 

In conclusion, the work presented in this thesis highlights the aberrant immune responses 

associated to IBD and provides proof that such mechanisms can be reflected by the oral cavity. 

Key words: inflammatory bowel disease, macrophage growth factors, oral manifestations, saliva, 

biomarkers, calprotectin, innate immunity.  
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1 INTRODUCTION 

1.1 INFLAMMATORY BOWEL DISEASE 

Inflammatory bowel disease (IBD) – a hypernym of Crohn’s disease (CD) and ulcerative 

colitis (UC) – is a chronic immune-mediated inflammatory disease of the gut which affects 

over 6.8 million people worldwide.1 Although both considered as IBD, CD and UC are two 

distinct diseases. UC mainly affects the mucosa of the colon, while CD is characterized by 

transmural lesions which can occur throughout the whole intestinal tract. The disease course 

is progressive in nature and is characterized by episodes of remission and relapse, which 

exerts a major toll on patients in burden of medication, hospitalizations, surgery, health-

related physical and mental quality of life, economic productivity, and social functioning.2, 3 

The following section will describe the clinical presentation of these diseases, treatment 

strategies, their pathogenesis, and their effect on other organs – specifically the oral cavity.  

1.1.1 Clinical symptoms and disease diagnosis 

Symptoms of IBD normally debut in early adulthood around 15-30 years of age, but may 

also occur later in life, and is slightly more prevalent in females than males.4, 5 Classical 

symptoms include prolonged periods of diarrhea, abdominal pain, weight loss, and fatigue. 

Patients with UC may also present with more acute symptoms such as bloody stools, rectal 

urgency, or passage of pus or/and mucus during defecation.6 Due to the variability of 

symptoms and their unspecific occurrence in many gastrointestinal conditions, there is no 

single method for diagnosing IBD. Instead, diagnosis is based on patient anamnesis, family 

disease history, biochemical analyses of blood and stool, exclusion of gastrointestinal 

infections, endoscopy, histologic assessment of intestinal mucosa, and radiological and/or 

ultrasound imaging.7  

Biochemical analysis of blood includes a full blood count, C-reactive protein (CRP), 

electrolytes, and liver enzymes.8, 9 The blood analysis may reveal thrombocytosis, anaemia, 

leukocytosis, and raised CRP, reflecting the ongoing inflammatory processes. Evidence of 

malnutrition and hypoalbuminaemia is also common. However, none of these findings are 

specific to IBD, and only serve as a complement to further tests which are required for proper 

diagnosis. 

Stool samples are required for microbiological analysis to exclude infectious colitis caused 

by pathogens such as Clostridium difficile. Furthermore, stool is often analyzed for 

calprotectin, also known as S100 A8/A9, an acute-phase antimicrobial protein most 

abundantly found in neutrophil cytosol and granules, but also in monocytes, activated 

macrophages, and keratinocytes.10-12 Calprotectin has both intra- and extracellular functions, 

such as homeostatic regulation of neutrophils and the cytoskeleton-plasma membrane 

interactions, but can also promote inflammation through endogenous activation of toll-like 

receptor-4 (TLR-4) and the receptor for advanced glycation end products (RAGE).13-15  
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Fecal levels of calprotectin correlate to neutrophil recruitment to the inflamed intestine and 

are thus believed to reflect inflammation in IBD. As part of the immune response, neutrophils 

undergo cell disruption and apoptosis, resulting in the release of intracellular components – 

including calprotectin – into the gut lumen, which is reflected in feces.16-19 Fecal 

determination of calprotectin has proven to be useful in several clinical situations, such as 

during the diagnostic work-up of patients with suspected IBD, and in the differential 

diagnosis of irritable bowel syndrome versus inflammatory and infectious bowel disorders.18, 

20 Once IBD is diagnosed, fecal calprotectin is used to monitor disease activity over time, 

for early prognosis of flare in patients in remission, as a surrogate marker for presence of 

endoscopic inflammation, and as a selection criteria for enrolling patients into clinical trials 

of anti-inflammatory medication.21-24 Fecal calprotectin is thus the most readily used marker 

for diagnosing and monitoring IBD, and is available as a tool for patient self-testing through 

digital applications. 

Despite the specificity of fecal calprotectin, ileocolonoscopy with biopsy is required for a 

definite diagnosis. Endoscopically, CD is characterized by discontinuous transmural lesions, 

presence of strictures and fistulae, and perianal involvement, while UC is characterized by 

continuous and confluent colonic involvement at various length, with clear demarcation to 

non-inflamed bowel.7 Histologically, biopsies from CD patients contain granulomas and 

focal crypt architectural abnormalities, in conjunction with focal or patchy chronic 

inflammation extending through all histological layers. The histopathological findings in UC 

biopsies are less defined in nature, and include early focal or diffuse basal plasmacytosis, 

mucosal and crypt distortion, mucosal atrophy, and an irregular or villous mucosal surface.25 

Despite these extensive diagnostic measures, IBD can still be difficult to diagnose. The 

average time from onset of first symptoms to IBD diagnosis in Europe, based on data from 

Switzerland, Austria, and Italy, is 7 months for CD and 3 months for UC.26-28 While this 

could be considered as acceptable, there is a non-negligible portion of patients (25-30% for 

CD, 10-15% for UC) who receive their diagnosis > 24 months after the first disease 

symptoms.26, 27 Recent preliminary data from the U.S. show even greater delays in diagnosis, 

with 64% of IBD patients reporting that they received their diagnosis after > 1 year, and 

seeing a mean of 3.5 physicians before establishing an IBD diagnosis.29 The reason for 

diagnostic delays is complex and highly dependent on the individual case, particularly with 

respect to socio-economic predispositions, however one reason could be the overall 

vagueness of symptoms associated with IBD.26, 27 Moreover, it can be challenging to 

distinguish CD from UC, and thus a third diagnosis has emerged – IBD unclassified (IBD-

U) – for patients exhibiting clinical and endoscopic signs of chronic colitis, but with subtle 

features of both CD and UC.30 Altogether, this proves the need for more effective tools 

and/or workups for the diagnosis of IBD, particularly since diagnostic delays are negatively 

correlated to overall disease prognosis.29, 31  
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1.1.2 Global disease burden 

Over 6.8 million people worldwide currently suffer from IBD, out of which about 60 

thousands in Sweden alone, with the highest prevalence in Europe and North America 

(0.5%).5, 32, 33 However, the adaptation of a “western-like” lifestyle by newly industrialized 

countries in Africa, Asia, and South America, in combination with migration, has contributed 

to a growing incidence of IBD, in particular UC, in these regions.32 By 2025, the absolute 

number of IBD patients in areas of high incidence such as North America, is expected to 

increase more than 70% compared to ten years earlier, resulting in an increase in already 

high societal costs, besides personal suffering and decreased quality of life.34 In 2017, 1 in 

100 000 deaths in western Europe were due to IBD, and IBD patients are estimated to lose 

on average 10.7 years of their life due to the disease.5 

In a systematic literature review, the estimated indirect annual cost per patient in 2013 ranged 

between 1159-14 135 USD for CD, and from 926-6 583 USD for UC.35 Furthermore, the 

growing use of biological therapy in IBD alone accounts for an annual cost of over 25 000 

USD per patient.36 In Sweden, the average personal monthly cost in 2007 due to CD was 

€721 per patient, possibly due to twice the need for sick-leave compared to matched controls, 

and by the end of 2007 the total economic burden of the disease summed up to €184 million 

due to hospitalization, medication, and sick leave.37, 38 Considering the increasing prevalence 

of IBD in Sweden and the wide use of costly biological treatment, the economic burden is 

most likely substantially increased today. 

1.1.3 Etiology and pathogenesis 

To this date, no single cause of IBD has been identified. Instead, the disease is believed to 

be caused by genetic susceptibility and triggering environmental factors that lead to an 

increased bowel permeability, microbial dysbiosis and translocation, causing inflammation 

which is perpetuated by an abnormal immune response (summarized in Fig. 1).  

1.1.3.1 Susceptibility and triggering factors 

Risk factors for developing IBD include genetic predisposition; improved sanitary conditions 

causing inadequate exposure to environmental antigen, and increasing consumption of 

antibiotics; environmental factors such as smoking, appendectomy, and vitamin D deficiency; 

and lifestyle habits such as insufficient diet, poor sleep, physical inactivity, and excessive stress.39  

At present, there are 163 identified genetic loci associated to IBD, out of which 110 are 

associated with both CD and UC, 30 solely to CD, and 23 to UC.40 These loci are enriched for 

genes involved in primary immunodeficiency, T-cell function, modulation of cytokine and 

chemokine production, and mycobacterial diseases. Strong genetic associations include 

nucleotide-binding oligomerization domain-containing protein 2 (NOD2) – a bacterial sensing 

gene, ATG16L1 and IRGM – genes involved in autophagy, and IL23R – encoding the interleukin 

(IL-) 23 receptor.40 NOD2 has, besides serving as a bacterial sensor, also been associated with 

barrier dysfunction, which is believed to be a primary causative step in IBD pathogenesis.41, 42 
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1.1.3.2 “The leaky-gut” 

The intestinal mucosal barrier is an important physical boundary between the external and 

internal environment, and comprises of the intestinal epithelium, an overlaying protective 

mucus layer, and commensal bacteria. In IBD, all three components show evidence of an 

impaired barrier function. The intestinal epithelium of IBD patients reveals increased 

permeability via both transcellular and paracellular routes, while the mRNA expression of 

several mucins is reduced in the ileum of CD patients, and colonic mucus of UC patients is 

increasingly permeable to microbes.43-46 Concurrently, the microbial diversity within the gut 

of IBD patients is decreased – displaying an increased abundance in Bacteriodetes and 

Proteobacteria, while Firmicutes, in particular Faecalibacterium  prausnitzii, are decreased 

– which is hypothesized to contribute to the pathogenesis of the disease.47-49 

Altogether, these anomalies allow for transmucosal penetration (commonly referred to as 

leakage) of exogenous substances such as dietary antigens, pathobionts, or xenobiotics, 

which subsequently triggers an immune response, initiating mucosal inflammation.  

1.1.3.3 Aberrant immune response 

The role of the immune system is to protect the host against harmful bodily and foreign 

substances. The innate immune system, consisting of dendritic cells, macrophages, innate 

lymphoid cells, and neutrophils, is the first line of defense which is activated when the 

mucosal barrier integrity is challenged. In the event of successful antigen breach of the 

mucus barrier, the antigen will be taken up by antigen presenting cells such as dendritic cells 

or macrophages, and transported to lymphoid tissues to initiate a secondary immune 

response by lymphocytes (mainly T-cells), which orchestrate the clearance of the antigen.50  

In IBD, these pathways are aberrant and lead to an unproportioned inflammatory response 

which prevents the cessation of inflammation, eventually resulting in a self-sustaining cycle 

of chronic inflammation.51 Immunologically, IBD is strongly T-cell mediated, as the balance 

between immunosuppressive T regulatory cells and inflammation inducing T helper (TH) 

cells is disrupted.52 IBD is nowadays considered to be driven by TH1 and TH17 cells, which 

are enriched in the mucosa of IBD patients and more responsive to pro-inflammatory 

stimulation by IL-23, which promotes a more pathogenic phenotype of these cells.53, 54 

However, various cell types other than TH cells show impaired function in conjunction to 

IBD – neutrophils and macrophages have both been implicated in the disease pathogenesis.51  

Neutrophil infiltration is among the earliest signs of intestinal inflammation, as neutrophils 

account for the front-line defense against invading pathogens by means of phagocytosis, 

cellular degranulation, and release of neutrophils extracellular traps (NETs). In IBD, their 

presence leads to impaired epithelial barrier function and tissue destruction through oxidative 

and proteolytic damage caused by excessive defense mechanisms.55, 56 Microscopically, this 

is apparent as an initial lesion is caused by an inflammatory infiltrate surrounding intestinal 

crypts followed by superficial ulceration in the mucosa.25 Moreover, neutrophils have been 

shown to perpetuate intestinal inflammation through the release of multiple inflammatory 
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mediators.57 As mentioned, they are the major source of calprotectin, but have also been 

shown to represent the main source of IL-23 in the colon of IBD patients, which further 

demonstrates the complicated interplay between cells of the immune system in the 

pathogenesis of IBD.11, 58  

 

 

 

Figure 1. Schematic summary of the pathogenesis of IBD.  
Adapted from Neurath M. F.59 with permission from the publisher. 

  



 

6 

The second wave of response to intestinal inflammation is mediated by macrophages, which 

are highly heterogeneous phagocytic tissue resident or monocyte-derived cells that 

demonstrate a continuum of activation states. Their survival, proliferation, and 

differentiation is regulated by the colony stimulating factor 1 receptor (CSF-1R) and its 

ligands colony stimulating factor 1 (CSF-1, also known as M-CSF; macrophage colony 

stimulating factor) and IL-34.60 Macrophages are among the most abundant immune cells in 

intestinal mucosa, in which they are present in a hypoactive state, clearing pathogens without 

stimulation of inflammation.61 Yet, in IBD, these cells participate in disease development 

through inappropriate response to and inefficient clearance of microbes, and impaired 

transition from pro-inflammatory to anti-inflammatory responses.62-64 Microscopically, they 

are responsible for the formation of granulomas, which are the histological hallmark of CD.25 

Macrophages with a pro-inflammatory phenotype, expressing CD14, dominate inflamed 

mucosa of CD patients and contribute to disease pathogenesis through the release of 

proinflammatory cytokines, such as tumor necrosis factor (TNF-) α, IL-6, and IL-23.65, 66 

Moreover, both CSF-1 and its receptor CSF-1R have been shown exacerbate colonic damage 

in experimental mouse models of IBD. 67, 68 However, at the time when this thesis was 

initiated, there was no insight on the involvement of the then recently discovered 

macrophage growth factor IL-34 in IBD.69 

It still remains to understand whether these observed immune cell phenotypes are a cause or 

consequence of intestinal inflammation. Namely, a large number of proinflammatory 

cytokines and chemokines, neuropeptides, reactive oxygen species, and danger-associated 

molecular patterns are excessively secreted in IBD, and their role to initiate, mediate and 

perpetuate mucosal inflammation has been intensely investigated.59 Essentially all 

chemokines that have been studied are elevated in IBD mucosa compared to controls, 

including chemokine C-C motif ligand (CCL) 2-5 and 7, chemokine C-X-C motif ligand 

(CXCL) 5, and CXCL10.70, 71 Similarly, several proinflammatory cytokines such as IL-1β, 

IL-6, and TNF-α are increased in intestinal mucosa of IBD patients.72-74  

TNF-α, one of the major cytokines involved in IBD, induces hypervascularization and 

angiogenesis, enhances pro-inflammatory cytokine secretion by macrophages and T cells, 

and promotes tissue damage by augmenting production of matrix metalloproteinases 

(MMPs).75-77 Furthermore, activation of the transcription factor nuclear factor-κB (NF-κB) 

by TNF-α and its receptor is shown to induce T cell resistance to apoptosis in IBD.78 IL-6 is 

a more recent addition to cytokines implicated in the pathogenesis of IBD, here through its 

trans-signaling effects via soluble IL-6 receptor, resulting in immune cell activation, 

inhibition of apoptosis, and induction of TH17 differentiation.73 Other notable cytokines that 

are elevated in IBD include members of the IL-12 family, such as IL-12 and IL-23, due to 

their capacity to perpetuate TH responses and suppresses regulatory T cell activity.79, 80 

However, despite therapeutic success by drugs targeting said cytokines and receptors, a full 

comprehension of the cause and mechanisms of IBD is still out of reach, and much is left to 

be investigated regarding the interplay between different cell types and their mediators. 
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1.1.4 Treatment 

The treatment strategy of IBD is pathophysiology-oriented and based on targeting the 

aberrant immune response. Once diagnosed, IBD patients receive systemic treatment and are 

regularly clinically and biochemically monitored for early detection of flare or progression 

of disease.7 In general, CD and UC patients are initially treated by corticosteroids, which are 

later de-escalated in transit towards maintenance therapy. UC patients are typically treated 

with 5-aminosalicylic acid (mesalazine), while both CD and UC patients may receive 

immunomodulators such as thiopurines and methotrexate. In case of no effect, inhibitors 

targeting TNF-α (adalimumab, infliximab, or golimumab), IL-12/23 (ustekinumab), or 

integrins (vedolizumab) are introduced and administered intravenously or subcutaneously.8, 

9 More recently, yet another drug has been added to the arsenal of biological treatment of 

IBD, and specifically for UC - namely tofacitinib, an inhibitor of the intracellular signal 

mediators janus kinases (JAK) which in turn blocks the downstream effects of numerous 

proinflammatory cytokines.81 Besides pharmacological treatment, patients suffering from 

malnutrition often receive dietary support as well. 

In case of more severe and complex disease phenotypes of CD and UC, including occurrence 

of abscesses, strictures and fistulas, bowel resection (partial colectomy and/or anastomosis 

or ileo-/colostomy) may be needed. Nonetheless, surgery should be postponed for as long as 

possible due to the risk of post-surgical complications and high likelihood of recurrence of 

the disease.82  

Although corticosteroids are highly effective in quickly suppressing symptoms of acute 

inflammation, they have shown poor success in maintaining remission or in inducing 

mucosal healing, as patients often develop steroid dependency.83 Immunomodulators do 

quench the aberrant immune system of IBD patients, but are less specific compared to 

biologic treatment which target cytokines involved in inflammation and T-cell 

differentiation. Despite effective symptomatic alleviation, as little as 30% of IBD patients 

reach mucosal healing with the current treatment strategies.84-86 Moreover, these treatment 

regimens seem to require life-long compliance, as discontinuation of immunomodulatory or 

biologic treatment is associated with high rates of relapse.87 Therefore, new treatment 

strategies are constantly under development, such as inhibitors of IL-6, fecal microbiota 

transplantations, and stem cell transplantations.88-90 However, a cure for IBD is still far from 

reach until there is a more comprehensive understanding of the pathogenesis of these 

complex diseases. 

1.1.5 Extraintestinal manifestations 

Despite the fact that IBD is a disorder that primarily affects the gut, it is not restricted to the 

intestinal tract and may affect other organs. Extraintestinal manifestations (EIMs) of IBD 

most commonly involve cutaneous (pyoderma gangrenosum and erythema nodosum), ocular 

(episcleritis and uveitis), pulmonary (bronchitis and pneumonia), biliary (primary sclerosing 

cholangitis) or osseous tissues (arthritis and spondylarthropathy).91 It is estimated that up to 
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50% of IBD patients experience at least one EIM, both coincidently with intestinal 

manifestations or independently, which considerably contributes to morbidity and mortality, 

and a decreased quality of life.92-96 EIMs are more common in CD patients than in UC, can 

precede IBD diagnosis, and can reflect symptomless intestinal inflammation.97-99 

The mechanisms by which EIMs occur are not clear. Certain manifestations, such as primary 

sclerosing cholangitis or pyoderma gangrenosum, can be defined as an inflammatory entity 

caused by the same processes that drive inflammation in the gut, such as impaired 

lymphocyte function and homing, and a cytokine imbalance in favor of inflammation.100 In 

addition, a strong genetic background is increasingly recognized as a predisposing factor for 

development of EIMs.101 However, the manifestations can also develop as a result of IBD 

treatment, as in the case of pulmonary symptoms that risk to develop due to 

immunosuppressive therapy.102  

One group of EIMs of stomatological importance are orofacial manifestations, whose 

prevalence ranges from 20 to 50% in most publications, and about which the greater part of 

this thesis will focus on.103, 104 Prior to presenting the oral manifestations of IBD, the 

components of the oral cavity and their function will be briefly described.  
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1.2 THE ORAL CAVITY 

The gastrointestinal tract can be regarded as a tubular organ that spans from the mouth to the 

anus, with the purpose of nutrient ingestion, digestion, absorption, and defecation. The oral 

cavity (or mouth) is a complex anatomical compartment, which initiates digestive processes, 

plays an important role in the mucosal immune system, and reflects both local secretory and 

systemic status. It consists of maxillary bones, teeth, the tongue, salivary glands, and oral 

mucosa. Together, these components enable sensory perceptions such as taste, temperature, 

and structure, subsequently resulting in mastication and deglutition, as well as initiation of 

potential immune responses. 

1.2.1 Composition and function in homeostasis 

1.2.1.1 Oral mucosa 

The oral mucosa is another one of the body’s mucous membranes, whose primary function 

is to maintain a barrier against mechanical stress and trauma, ingested pathogens and 

biochemical irritants. In addition, it also sustains immune tolerance towards commensal 

microbes and food antigens to maintain homeostasis. The oral mucosa is in direct contact 

with the outside world and is under constant burden, which is apparent from the constant cell 

renewal within its epithelium.105  

Oral mucosa lines the entire oral cavity, excluding teeth. Similar to the gut, the oral mucosal 

epithelium is covered by a layer of mucus, mixed with saliva, which acts as an additional 

barrier against microorganisms and other foreign molecules.106 The epithelial cells are 

supported by the basement membrane, under which the lamina propria lays, comprising of 

fibroblasts, and immune cells (predominantly lymphocytes, but also macrophages, recruited 

monocytes, neutrophils, and innate lymphoid cells), as well as nerve tissue, blood and 

lymphatic vessels.107, 108 Other than that, oral mucosa can contain salivary glands and other 

specialized structures such as papillae of the tongue. 

The host–antigen interplay within oral mucosa is much less well understood than that of 

intestinal mucosa. The two mucosal compartments resemble histologically and 

physiologically, but have distinct functional dissimilarities. Oral mucosa is thicker and 

denser in order to provide a sturdy mechanical barrier against harmful substances, while 

intestinal mucosa is thinner in order to enable absorption of nutrients and electrolytes, and 

contains muscular layers that are needed for bolus/fecal propulsion through the gut.109 

Interestingly, both tissues share a comparable microbial burden, based on the diversity of the 

microbiome, which requires constant and diverse immune response. Yet, the oral 

microbiome is distinct from that in the gut, and is mainly dominated by Firmicutes, 

Proteobacteria, Actinobacteria, and Bacteroidetes.110 
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1.2.1.2 Teeth 

The oral cavity contains some among the most unique and strong structures of the body – 

namely teeth. Their function is to allow for mastication of ingested food in order to facilitate 

digestion, and to aid in pronunciation of sounds during speech. The tooth consists of an 

enamel covered crown which is exposed to the oral cavity, and a dentin root which is 

anchored to the alveolar bone. Dentin encloses the pulp, which maintains tooth vitality 

through immunologic and regenerative functions via its blood and nerve supply.111 

The teeth and their supporting structures are daily challenged by microbial and biochemical 

attacks which cause demineralization of its hard tissue components. This is counterbalanced 

by salivary buffering and regular dental hygiene practices which help to remove the 

excessive accumulation of microbial biofilm on tooth surfaces.112 The microbial biofilm also 

exerts a major toll on the tissues that support and anchor the tooth – the periodontium – 

which comprises of  cementum, the mineralized tissue that covers the root dentin; the 

periodontal ligaments that anchor the tooth to the alveolar bone; and the gingival sulcus, the 

unique interface between the teeth and the gingiva, and only place in the body where hard 

tissue breaches soft tissue, that executes constant physiological immune surveillance.111 

Disturbance of the equilibrium between the microbial/biochemical challenge and tissue 

regeneration may lead to a breach of the tissue barrier and disease. Two of the most common 

dental diseases are caries and periodontitis. Dental caries implicates the gradual destruction 

of the dental hard tissues by acidic by-products from bacterial fermentation of dietary 

carbohydrates. If left untreated, the caries lesion may penetrate beyond enamel and dentin, 

into the tooth pulp, causing painful infection and pulp necrosis.113 Clinically, caries lesions 

are assessed by visual examination and probing, which may be complemented by 

radiographic exams, and graded based on the extent of decay (D1-D3) and its overall 

prevalence in an individual (amount of decayed, filled, and missing teeth/surfaces).114, 115 

Periodontal disease is a biofilm-induced chronic inflammatory condition that gradually 

affects the tooth-supporting structures: gingiva, periodontal ligament, and alveolar bone.116 

Gingivitis, the initial stage, is a reversible inflammation confined to the soft tissue, and is 

clinically characterized by gingival redness, edema, and bleeding upon gingival probing 

(BOP).117 If left untreated, gingivitis may progress into periodontitis, leading to the spread 

of inflammation to the periodontal ligament and alveolar bone, resulting in progressive loss 

of tooth attachment.118 Periodontitis is classified in stages (I-IV) defined by severity, 

complexity, and extent of the disease. The classification is based on a composite evaluation 

of the periodontal probing depth of the gingival sulcus, clinical attachment/tooth loss, 

secondary complications such as masticatory dysfunction, and can be complemented by 

radiographic assessment of the alveolar bone resorption.118 
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1.2.1.3 Saliva 

Saliva is an oral biofluid secreted from the contra-lateral parotid-, submandibular-, sublingual-, 

and minor salivary glands that reside in the oral mucosa. The salivary glands are exocrine 

glands composed of acini (small bud-like structures), consisting of serous-, mucous epithelial 

cells, or a mixture of the two, which secrete macromolecular and fluid components of saliva 

into the acinar lumen.107 Secretions by the serous glands are watery in their consistency, while 

mucous glands produce viscous mucin-containing secretions that make up and enable retention 

of the protective mucous layer covering oral mucosal surfaces.119 The parotid gland consists 

of few mucus glands and mainly serous glands, while the submandibular and lingual glands 

have an increasing mucous gland content, and a majority of the minor glands are mucous.120 

The constituents are moved from the acinus through ductal systems by contractile support from 

myoepithelial cells, in which ductal cells further contribute to the secretion, to then exit into 

the oral cavity through an excretory duct. Once secreted into the oral cavity, the salivary 

secretion mixes with endo- and exogenous components derived from gingival crevicular fluid 

(GCF, exudate from the gingival sulcus), mucosal-, and tooth surfaces, and is then commonly 

referred to as ‘whole saliva’ (illustrated in Fig. 2).107 

 

Figure 2. The constituents of whole saliva. Salivary fluid is primarily derived from salivary gland secretion, 
which contains proteins secreted by salivary acinar cells, secreted immunoglobulins from plasma cells, and 

protein transudate from circulation. Once secreted into the oral cavity, the salivary fluid mixes with endo- and 
exogenous components derived from gingival crevicular fluid (GCF, exudate from the gingival sulcus of teeth), 

oral microorganisms, and shed epithelial and immune cells. The figure was created by the author using 
images licensed under creative commons and from Servier Medical Art by Servier. 

 

Salivary secretion is dependent on a rich circulatory and neuronal supply to the acinar and 

ductal cells. The salivary glands are tightly associated with the autonomic nervous system, 

with both parasympathetic and sympathetic nerves regulating salivary content and 

secretion.121, 122 The parotid and submandibular glands mainly receive sympathetic 

innervation, whereas the sublingual and minor salivary glands receive less sympathetic 
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stimulation.123 Sympathetic nerve stimulation is shown to induce protein secretion in parotid 

and submandibular glands, while parasympathetic stimulation induces salivary flow rates 

resulting in an increase in salivary volume, and stimulates mucin secretion from the mucous 

glands.124, 125 Protein synthesis in the salivary glands during mastication or gustatory 

stimulation is mainly regulated by the major-regulated pathway which is induced by 

cholinergic stimulation and increasing intracellular cyclic adenosine monophosphate which 

activates the protein kinase system. This in turn stimulates exocytosis of protein-containing 

granules in the apical portions of the cells of a salivary gland acinus.126, 127 The continuous 

constitutive-like pathway and the minor-regulated pathway activated by low cholinergic 

stimulation instead both contribute to the resting salivary protein secretion during 

parasympathetic activity.127, 128 Influenced by these differences in salivary composition due 

to stimulation source, saliva is often referred to as either ‘stimulated’ or ‘unstimulated’. 

Unstimulated saliva, or resting saliva, is present in a state with no exogenous stimuli and 

consists mainly of secretions from the submandibular and sublingual glands with a high 

mucin component. Stimulated saliva, which is either obtained by masticatory or gustatory 

stimulation, is mainly comprised of parotid secretions and is thus less viscous, and more 

abundant in volume than unstimulated saliva (approx. 2 ml/min compared to 0.4 ml/min).129, 130 

Saliva is important for maintaining homeostatic functions in the oral cavity. It lubricates food, 

facilitating bolus formation, swallowing, and digestion, but also contributes to tooth 

development and integrity through clearance of food and non-adherent bacteria. It does so by 

containing a vast array of molecules including water, electrolytes, enzymes, 

immunoglobulins, glycoproteins, antimicrobial proteins, growth factors, regulatory peptides, 

and desquamated keratinocytes and neutrophils.131, 132 For example, the buffering capacity of 

saliva helps to maintain a neutral pH throughout the oral cavity, which not only prevents 

bacterial growth but also hinders acid assaults on the teeth.133 The tooth enamel integrity is 

further strengthened by remineralization through ions present in saliva, such as calcium, 

phosphate, and fluoride.134 The enzyme α-amylase aids in digestion through breakdown of 

starch, while lactoferrin and lysozyme elicit antimicrobial properties.107 

Moreover, saliva contributes to mucous membrane integrity and protects from dryness, ulcer 

formation and enhances mucosal repair, and also serves important immunoregulatory 

functions including expression of secretory immunoglobulin A (sIgA) and production of 

immune-suppressive cytokines such as transforming growth factor (TGF-) β and IL-10 along 

with mucins.135-138 Furthermore, several studies indicate that the protein contents in saliva 

induce oral keratinocyte proliferation, suggesting its role in maintaining regenerative capacity 

of oral keratinocytes. Wound healing models incubated in saliva show significant increase in 

keratinocyte proliferation, and mouse models depleted of saliva have shown impaired wound 

healing.139-142 The importance of saliva in maintaining oral integrity is further strengthened in 

studies of patients suffering from hyposalivation, as these patients have increased 

susceptibility towards oral candidiasis, and are more prone to develop caries.143, 144 
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Saliva also contains blood constituents derived from fluids of the gingival capillaries 

through GCF.145 Proteomic studies have identified more than 1000 different proteins in 

saliva of the three major glands, and about 40% of proteins detected in circulation are also 

detected in saliva.146, 147 Each salivary gland is enveloped by capillaries which allow for 

diffusion of blood-based molecules through the permeable acinar cells. These molecules 

enter the salivary gland either by transcellular or paracellular transport.148-150 In addition, 

it has been proposed that the secretory apparatus of the gland allows for leakage from the 

blood stream, and/or that specialized receptors in the gland facilitate the transcellular 

diffusion.151-153 The fact that identified salivary proteins also can be found in circulation 

and in other body fluids supports a combined local and systemic synthesis of salivary 

proteins and favors the potential use of saliva to reflect not only local but also systemic 

conditions.146 

1.2.2 Saliva as a mirror of systemic status 

In addition to the above mentioned components, saliva contains a great variety of 

biomolecules, including DNA, mRNA, microRNA (miRNA), proteins, metabolites and 

microbiota, whose dynamics very well might identify early establishment of local and 

systemic diseases, and provide evaluation of disease progress and prognosis.154 Recent 

revelations have proven the hypothesis correct and henceforth contributed to establishment 

of the field of salivary diagnostics.155 As a result, saliva has been redefined from being a 

glandular and mucosal secretion contributing to digestion, and anatomical barrier for 

infectious agents, to also being an important site of markers with potential to reflect disease 

(biomarkers). This, in conjunction with the growing interest in rapid and non-invasive 

diagnostics tests, has led the development of saliva-based analysis (mainly protein based) 

used in forensic medicine investigations, and in the diagnosis or to monitor cardiovascular 

disease, renal disease, human immunodeficiency virus, celiac disease, dental caries, 

periodontal disease, and oral cancer, to name some.156-163 Saliva is also readily used for 

accurate quantification of circulating levels of the steroid hormones cortisol and 

progesterone, and can be repeatedly collected to establish patterns over time.164, 165 

It is obvious that saliva is a candidate milieu for biomarkers of oral diseases, as it is a 

reservoir for the products of the affected tissues. One of the most accepted links between 

salivary markers and local disease lie within the salivary microbiome, as salivary dysbiosis 

contributes to the development of periodontal disease and dental caries, but can also reflect 

local and systemic cancers, psychiatric disorders, and muscle and joint disorders.166-171 Oral 

cancers, such as oral squamous cell carcinoma, are known to be reflected in various 

components of saliva. Significant differences in DNA-methylation patterns are apparent in 

saliva of oral carcinoma patients, and can be detected using salivary mRNA and miRNA.172-

174 The salivary transcriptome also shows promising utility in diagnosing lung-, breast-, and 

ovarian cancer.175-177 The mechanism by which peripheral cancers alter salivary composition 

is still unclear, but it has been suggested that the molecules detected in fact are diffused 

cancer-derived exosomal vesicles.178, 179  
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The salivary metabolome can also reflect disease, as metabolomic assays are able to 

discriminate healthy controls from patients with periodontal disease, oral leucoplakia, oral-, 

pancreatic-, and breast cancer.180, 181 Yet, the salivary proteome remains the predominantly 

preferred medium for discovery and establishment of salivary biomarkers, even though its 

applicability has been questioned due to protein degradation. Nevertheless, the field of 

salivary omics and diagnostics will most probably expand drastically, as saliva nowadays is 

more commonly included in national medical biobanks which will entitle more powered 

studies in the future.182  
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ORAL MANIFESTATIONS OF IBD 

1.2.3 Clinical manifestations 

A non-negligible proportion of IBD patients develop oral mucosal manifestations. Oral 

mucosal manifestations are more extensively investigated and described in CD, but have 

recently been recognized as important manifestations of UC as well. The mechanism behind 

occurrence of oral manifestations in IBD is yet to be understood, however, a recent study 

was able to refute the link between poor oral health and development of oral manifestations 

in IBD patients, suggesting the role of genetic and/or immunological mechanisms instead.183 

The prevalence of oral EIMs in CD patients ranges from 20 to 50%.103, 104 These are muco-

cutaneous manifestations most commonly located on the lips and buccal mucosa and can be 

divided into non-specific and distinct disease-specific lesions. Disease-specific lesions 

include cobblestoning, orofacial granulomatosis (lip swelling and muco-gingivitis), mucosal 

tags, and deep linear ulcerations in buccal sulci (Fig. 3).184-189 Development of oral abscesses 

has also been reported (Fig. 3).190 The disease-specific lesions resemble intestinal lesions in 

appearance and behavior, as they fluctuate between flare and remission, resemble 

histologically, and respond to IBD therapy.184, 191 This might very well lead to unrecorded 

numbers of oral manifestations in IBD, as patients seldom seek dental care during a flare. 

Non-specific lesions include aphthous ulcerations, stomatitis and glossitis, all which can be 

seen in conditions not linked to IBD. Nevertheless, IBD patients are described to suffer from 

such manifestations to a larger extent compared to healthy controls.192-194 It is argued that 

they may result from host deficiencies of, for instance, vitamins and electrolytes, caused 

by malnutrition or treatment.185, 195  

 

Figure 3. Oral manifestations of IBD. Clinical pictures of A) buccal coblestoning and mucosal tags, B) angular 
cheilitis and lip swelling, and C) an aphtous ulcer in IBD patients.  

Images A and B curtesy of Sven Almer, C from the author. 

Oral mucosal manifestations have been classified as important primary markers of CD.196 A 

prospective study showed that oral manifestations predate the development/detection of CD 

by up to 4 years in 30% of the patients.189 Moreover, 37% of the patients with IBD-associated 

oral manifestations, but no intestinal symptoms, demonstrate intestinal disease upon rectal 

biopsy or bowel radiology, supporting the theory that oral mucosal manifestations might be 

part of the primary phase of CD.99 Furthermore, disease-specific oral manifestations are 
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more common in pediatric CD, and the occurrence of oral manifestations at diagnosis of 

pediatric IBD is associated to more severe forms of CD.104, 187, 197 This is particularly clear 

in the case of orofacial granulomatosis, where its concurrence in pediatric CD precedes 

intestinal symptoms and is associated to a more severe disease phenotype, possibly regulated 

by genotypic differences in NOD2.198, 199 

UC patients are believed to have less, but distinctly different, oral manifestations compared 

to CD patients.191 A reported specific oral manifestation of UC is pyostomatitis vegetans, 

which presents with topical oral ulcers surrounded by mucosal “snail-tracks”.200, 201 Similar 

to CD, specific oral manifestations of UC resemble intestinal ones in appearance, both macro- 

and microscopically, characterized by intra- and subepithelial microabscesses.191, 200 Yet, 

unlike specific CD manifestations, pyostomatitis vegetans seems to be more resistant to 

systemic IBD treatment.103 UC patients may also suffer from non-specific oral manifestations 

such as aphthous ulcers, but to a lesser extent compared to CD patients.202 The occurrence of 

aphthous stomatitis during intestinal disease flare-ups in UC patients is suggested to be 

associated with disease activity in UC, and non-specific lesions are present in about a third of 

pediatric UC patients.185, 203 However, far more work remains to be done to identify and 

characterize oral manifestations of UC as extensively as it has been done for CD. 

1.2.4 Subclinical manifestations 

1.2.4.1 Cellular aggregation in oral mucosa 

Despite established clinical recognition of the importance of oral mucosal manifestations in 

IBD, little is known about the underlying mechanisms that lead to the formation of said 

manifestations. Yet, several immunological findings have been described within oral mucosa 

of IBD patients. For example, granulomas are present in 60% of macroscopically healthy 

buccal mucosa of CD patients, independent of disease activity, location, and duration, and 

of oral microbial content.204 Granulomas have also been identified in minor salivary glands 

of IBD patients, and lip biopsies from CD patients demonstrate an increase in infiltrated 

submucosal lymphocytes and sIgA.205, 206 

To this date, there are only few studies investigating possible alterations of oral mucosal cells 

in IBD patients compared to controls – and if so, with focus on epithelial cells.207, 208 Oral 

epithelial cells obtained from clinically healthy oral mucosa of pediatric CD patients mirror 

the aberrant immune response that is evident in the gut, demonstrating hyperresponsive 

towards microbial stimuli through spontaneous production of CXCL-8, -9 and -10. This is 

particularly evident in treatment naïve pediatric patients.207 Oral epithelium of pediatric CD 

patients might lack the microbial hyporesponsiveness which is acquired at birth, possibly 

due to improper regulation of the secretory leukocyte protease inhibitor, which directly limits 

the activation of NF-κB.208  

Altogether, these findings suggest that oral mucosa presents with similar pathogenic mechanisms 

that foster chronic intestinal inflammation in IBD, which deserves further attention. 
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1.2.4.2 Altered protein concentrations in saliva 

Along with reports of altered appearance of minor salivary glands from lip biopsies, both 

hyposalivation (reduced salivary secretion/flow) and xerostomia (subjective feeling of dry 

mouth) have been reported as non-specific oral manifestations of IBD.209 CD patients 

experience severe xerostomia, possibly as a result of elevated salivary mucin 5 (MUC5) 

secretion.193 Xerostomia is reported among UC patients as well and is worsened by increased 

disease activity.194 Yet, studies have been unable to show any significant alteration in 

salivary secretion flow in IBD patients compared to controls.193, 210  

Moreover, several cytokines – some of which are implicated in IBD pathogenesis – have 

been investigated in saliva of IBD patients. Salivary IL-6 is significantly elevated in CD 

patients, but not UC, compared to controls.211 Furthermore, IL-6 concentration increases, 

together with IL-1β and TNF-α, in unstimulated saliva during flare compared to remission 

in CD patients. Interestingly, the salivary levels of these important pro-inflammatory 

cytokines are comparable between patients in remission and controls, and IL-6 and TNF-α 

correlate positively with the occurrence of specific oral manifestations in active CD.210 

Furthermore, the humoral immunity is altered within the saliva of IBD patients: IgA, IgG, 

and IgM are increased in unstimulated saliva of CD patients compared to controls 

independent of disease activity, while UC patients present with elevated IgA and IgG 

concentrations in unstimulated saliva.212-215 

Biochemically, unstimulated saliva of both CD and UC patients contains increased levels of 

nitric oxide, indicating nitrosative stress in the mouth of IBD patients.216 Moreover, saliva 

of CD patients is oxidatively stressed, containing high levels of lipid peroxide markers and 

decreased antioxidant capacity, but contains increased levels of the human epidermal growth 

factor and TGF-β1.216-218 These findings go well in hand with current evidence on the effect 

of oxidative stress on the pathogenesis of CD.219 

Last but not least, saliva has been proposed for genotyping of CD patients, as CARD15 genes, 

strongly associated with increased susceptibility towards CD, are detectable in saliva.220 The 

applicability of salivary genotyping has further been demonstrated in an attempt to perform 

salivary DNA collection on a national level in Denmark, and DNA methylation has shown 

to be equally reflected in intestinal mucosa and saliva.221, 222 

1.2.4.3 Increased prevalence of caries and periodontitis 

Overall, IBD patients suffer from worsened oral health compared to healthy controls. It has 

been shown that Swedish CD patients perceive that they have worsened dental status, and 

Swedish IBD patients seek dental care more often compared to controls.223, 224 Furthermore, 

the IBD-specific health-related quality of life is negatively affected by self-perceived oral 

health problems in IBD patients.225  
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Indeed, it has been proven that both adult and pediatric IBD patients suffer from caries and 

periodontal disease to a larger extent compared to healthy controls.226, 227 Yet, poor dental 

status remains to be determined as either causality or association to IBD, as a Swedish 

population based cohort study failed to associate poor oral health with risk of developing 

IBD.228 It is important to remember that findings of poor oral health in IBD patients very 

well might be due to psychosocial changes associated with the disease, such as loss of 

motivation to maintain proper oral hygiene, dietary change, and poly-medication which in 

turn can alter the composition and amount of saliva as well as the microbiome. However, 

there are substantial observations regarding the oral microbiome mediated link between oral 

and intestinal health. 

The oral microbiome of pediatric CD patients is less diverse, and several oral compartments 

in IBD patients show similarities to the microbial dysbiosis seen in the gut.214, 229-231 

Furthermore, several putative oral pathogens have been detected in intestinal biopsies of IBD 

patients, where they are believed to be involved in the modulation of colon motility in 

IBD.232, 233 Moreover, several mechanisms by which pathobionts residing in the oral cavity 

colonize and induce inflammation in the gut have been proposed; oral Streprococcus is able 

to enter circulation and exacerbate experimental colitis in mice by enhanced secretion of 

interferon γ (IFN-γ); and Klebsiella obtained from saliva of IBD patients is able to exacerbate 

intestinal inflammation in IL-10 knockout mouse models of experimental colitis through 

activation of TH cells.234-236 Altogether, this shows that the alteration in the oral microbiome 

might be a contributing factor to the development of IBD, or is merely a reflection of chronic 

inflammation and exhaustion of the host immune system. Nevertheless, it is adding to the 

growing evidence of substantial oral mirroring of intestinal pathologies in IBD. 
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2 RESEARCH AIMS 

The overall aim of this thesis was to investigate different mediators of inflammation within 

the intestines and oral cavity as a reflection of defective immune responses in IBD. Initiating 

this doctoral thesis, we aimed to explore the intestinal expression of the then recently 

discovered macrophage growth factor IL-34 during homeostasis, and in human and 

experimental IBD – which at the time was not known. The remaining part of this thesis aimed 

to investigate salivary alterations in IBD with focus on the established fecal marker of IBD 

– calprotectin – and the salivary inflammatory profile of 92 inflammatory proteins.  

More specifically, the aims of each study were: 

Study I 

• to assess the intestinal gene expression of macrophage growth factors  

IL-34 and CSF-1, and their joint receptor CSF-1R during homeostasis, 

and in human and experimental IBD 

• to histologically assess the expression of IL-34 in the human intestine and  

investigate the pathways by which colon epithelial cells express IL-34 

• to compare the expression of IL-34 and CSF-1, and related cytokines in 

monocytes from IBD patients and controls, and to investigate the effect of 

IL-34 and CSF-1 stimulated differentiation of the expression of inflammatory 

mediators in macrophages 

Study II 

• to validate a methodological protocol for the analysis of calprotectin in saliva 

• to compare the expression of calprotectin in unstimulated and stimulated 

saliva of IBD patients to controls, and assess its capacity to reflect disease 

activity before and after treatment  

Study III 

• to broadly explore the salivary and circulatory inflammatory profiles in IBD 

patients and matched controls, and assess their correlation to clinical 

parameters of IBD activity 

• to identify protein differences between IBD patients and controls in serum, 

unstimulated, and stimulated saliva, before and after treatment 

Study IV 

• to assess the calprotectin levels in stimulated saliva of IBD patients and controls, 

in relation to clinical parameters of disease activity and fecal calprotectin 

• to determine the effect of the oral health status on salivary calprotectin levels 

in IBD patients and controls 

• to assess the phenotype of salivary neutrophils from IBD patients and controls 

with regards to CD14, CD15, and CD16 expression, together with their 

expression and secretion of calprotectin 
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3 MATERIALS AND METHODS 

3.1 IN VIVO AND VITRO  EXPRESSION OF IL-34 AND CSF-1 IN IBD 

The following section describes the methods used for study I, in which we investigated the 

intestinal expression and involvement of macrophage growth factors and their joint receptor 

CSF-1R in IBD – with particular emphasis on IL-34. 

3.1.1 Biopsies from healthy and inflamed human intestines 

In order to investigate the intestinal gene expression of IL-34, CSF-1, and CSF-1R in IBD, 

ileal and colorectal biopsies from inflamed and non-inflamed sites were obtained from 52 

adult IBD patients (21 CD, 29 UC, and 2 IBD-U) during routine endoscopy at the Division 

of Gastroenterology at the University Hospital, Jönköping, Sweden. Inflammation was 

determined by means of macroscopic and histological assessment. For investigations 

regarding homeostatic expression of the growth factors and receptor, intestinal biopsies were 

obtained from 33 individuals without endoscopic intestinal pathology during the workup of 

gastrointestinal disorders at the above clinic. Age, gender, IBD diagnosis, and treatment were 

noted from the study participants.  

In total, 183 biopsies were obtained from the 85 individuals. An ileal biopsy was obtained 

from all individuals, together with ≥ 1 biopsy from the colon. Thus, we were able to obtain 

biopsies from several intestinal segments, spanning from ileum to rectum, from the same 

individual (mainly controls). The diversity of the biopsies allowed for assessment of the 

expression of IL-34, CSF-1, and CSF-1R, and their correlation to TNF-α, throughout the 

whole intestinal tract. However, biopsies with dissent between macroscopic and histological 

assessment regarding the presence of inflammation were excluded.  

3.1.2 In vitro cell stimulation 

3.1.2.1 Colon epithelial cells  

The expression of IL-34 and CSF-1, and the regulation thereof by TNF-α was assessed in a 

commercially available cell line of human colon epithelial cells – Caco2 (ATCC, USA). 

Cells were seeded in 24-well plates in Dulbecco’s modified Eagle’s medium (DMEM; 

Thermo Fisher Scientific, USA) supplemented with 10% FBS, 1% NEEA (Thermo Fisher 

Scientific) and 1% GlutaMAX (Invitrogen, USA) at 37 °C, 5% CO2. Following cellular 

attachment after 48 h, the medium was changed and cells were incubated in the 

absence/presence of TNF-α (1, 10, and 100 ng/ml, BioLegend, USA) for 6 h, or the NF-κB 

signaling pathway inhibitors celastrol237 (Tocris Bioscience, UK) or IMD-0354238 (Tocris 

Bioscience) 1 h before stimulation with TNF-α. Following incubation, cells were lysed 

whereupon lysates were subjected to RNA isolation. 
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3.1.2.2 Macrophages 

Next, we investigated the expression of IL-34, CSF-1, TNF-α, and IL-1β in monocytes from 

IBD patients versus controls. We also assessed the effect of IL-34 and CSF-1 stimulation on 

the expression of the pro- and anti-inflammatory cytokines TNF-α, IL-1β, and IL-10 in 

differentiated macrophages. 

Peripheral blood mononuclear cells (PBMCs) were isolated from buffy-coated blood from 10 

IBD patients and 6 controls using Ficoll-Hypaque gradient centrifugation (BD Diagnostics, 

USA). Monocytes were then isolated using the EasySep Human monocyte enrichment kit 

without CD16 depletion (StemCell Technologies, Canada) and were plated in six-well plates 

(5×105 monocytes/well) with complete RPMI 1640 medium supplemented with 50 ng/ml of 

IL-34 or CSF-1 (BioLegend) for 8 days in order to generate macrophages. As for the Caco-2 

cells, macrophages were lysed after incubation, and RNA was isolated from lysates. 

3.1.3 DSS-mouse model of intestinal inflammation 

To determine the translatability of the expression of IL-34 and CSF-1 from human to murine 

intestines, we used a recognized mouse model of intestinal inflammation (colitis) where 

dextran sodium sulfate (DSS), a chemical agent with anticoagulant properties, is used to induce 

epithelial damage in the intestines.239 The DSS colitis model is a widely used murine model 

within IBD research owing to its rapidity, simplicity, reproducibility, and controllability. 

Colitis was induced in mice by administration of 3% DSS (molecular mass 40 kDa, #DB001, 

TdB Consultancy) with the drinking water, provided ad libitum for 5 days. Untreated control 

mice received tap water only. The mice, >10 weeks of age, were housed in groups of three 

to ten at 20–22 °C in a 12 h light-dark cycle and fed with standard chow diet. Body weight 

was measured daily. 

3.1.4 Real-time qPCR 

The intestinal and intracellular mRNA expression of IL-34, CSF-1, their joint receptor CSF-

1R, and related inflammatory cytokines was assessed in IBD and control biopsies, and in-

vitro cultured cells by quantitative polymerase chain reaction (qPCR). 

3.1.4.1 RNA isolation and cDNA synthesis 

Human intestinal biopsies, maintained in RNAlater RNA stabilization reagent (Qiagen, 

Germany) prior to sample preparation, were mechanically homogenized using a TissueRuptor 

and disposable probes (Qiagen). RNA was purified using the AllPrep DNA/RNA mini kit 

(Qiagen) according to the manufacturer’s instructions, either manually or using the automated 

QIAcube system (Qiagen). Sample degradation was abstained by the RNasin plus RNase 

inhibitor (Promega Corporation, USA). Two sets of 2 μg of RNA from each biopsy were 

reverse-transcribed in a total volume of 20 μl using the High-Capacity cDNA Reverse 

Transcription Kit with RNase inhibitor (Applied Biosystems, USA) according to the 

manufacturer’s instructions. For each biopsy, the resulting cDNA libraries were pooled.  
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Total RNA was isolated from Caco-2 cells, monocytes, and macrophages using the Quick-

RNA MiniPrep kit (Zymo Research, USA) and reverse-transcribed using the High-Capacity 

cDNA Reverse Transcription Kit according to the manufacturer’s instructions. Of note, RNA 

was purified from intestines of DSS-mice with lithium chloride due to the inhibition of 

reverse transcriptase and polymerase by DSS, according to described methods.240  

3.1.4.2 SYBR® Green gene expression assay 

The mRNA expression of IL-34, CSF-1, CSF-1R, and TNF-α in human and mouse intestinal 

biopsies was analyzed using the iTaq Universal SYBR Green supermix (Life Technologies, 

USA) on a ViiA7 Real-Time PCR System (Life Technologies). Primer sequences are 

presented in Table 1. The relative mRNA expression of specific genes was calculated using 

the comparative threshold (ΔΔCt) method, using human TBP and mouse Tbp as 

housekeeping genes.241 In the cases were several biopsies were available from the colon of 

an individual, the average of all inflamed or non-inflamed biopsies were calculated. 

SYBR Green (Bio-Rad Laboratories, USA) in the 7500-fast-real-time detection system 

(Applied Biosystems) was used to detect the mRNA levels of IL-34, CSF-1, CSF-1R, TNF-

α, IL-10, and IL-1β (Eurofins, Luxembourg) in Caco-2 and monocytes/macrophages. Primer 

sequences are presented in Table 1. Target genes were normalized against endogenous 

controls ACTB (encoding β-actin) and RPL-13a using the ΔΔCt method. To rule out the 

possibility of DNA contamination, samples in which the reverse transcription reaction had 

been omitted were also subjected to PCR, yielding no amplification. 

 

 

Table 1. List of primer sequences used for the analysis of mRNA expressions in study I. 

 

 Forward Reverse 

hIL34 GCCACCCATCCTGGAAGTA GACAACACGGATTCCACCTT 

hCSF1 GTGGAACTGCCAGTGTAGAGG TGGAGGGCAGACCACATT 

hCFS1R ATGCTACCACCAAGGACACA AGCCTCCTGGGTTTCTGG 

hTNFA GACAAGCCTGTAGCCCATGT TCTCAGCTCCACGCCATT 

hIL1B TACCTGTCCTGCGTGTTGAA TCTTTGGGTAATTTTTGGGATCT 

hTBP CCACTCACAGACTCTCACAAC CTGCGGTACAATCCCAGAACT 

hGAPDH TCCCACTGGCGTCTTCACC GGCAGAGATGATGACCCTTTT 

hRPL13A CAAGCGGATGAACACCAAC TGTGGGGCATACCTC 

mIl34 TTGCTGTAAACAAAGCCCCAT CCGAGACAAAGGGTACACATTT 

mCsf1 GGCTTGGCTTGGGATGATTCT GAGGGTCTGGCAGGTACTC 

mTbp GCTCTGGAATTGTACCGCAG CTGGCTCATAGCTCTTGGCTC 
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3.1.5 Histological assessment 

3.1.5.1 Immunohistochemistry 

The histological localization of IL-34 in the human colon was depicted in fresh biopsies from 

the non-inflamed ascending and sigmoid colon of two IBD patients. The biopsies were 

preserved in Histocon solution (Histolab Products, Sweden) after excision, thereafter 

embedded in optimal cutting temperature compound (OCT; Histolab Products) and cut into 

7 μm sections. Sections were fixed in acetone, followed by blocking of endogenous 

peroxidase by methanol and H2O2, and endogenous alkaline phosphatase by 20% acetic acid. 

Endogenous avidin and biotin was blocked, whereupon sections were incubated in 5% goat 

serum prior to overnight incubation at 4 °C with an anti-IL-34 antibody (1:500; Abcam, UK). 

Sections were incubated with biotinylated secondary goat anti-rabbit (1:500; Vector 

Laboratories, USA), followed by incubation in Vectastain ABC complex (Vector 

Laboratories), and development in DAB (diaminobenzidine) solution (Vector Laboratories). 

Sections were counterstained in hemalaun, dehydrated and mounted in histograde mounting 

media (Histolab Products). Rabbit IgG control (I-1000; Vector Laboratories) was used as 

isotype control. 

3.1.5.2 Immunofluorescence 

The protein level expression of IL-34 by colon epithelial cells was assessed by 

immunofluorescent staining of Caco-2 cells cultured on chamber slides (Sarstedt, Germany). 

Cells were fixed in acetone, blocked with 10% normal goat serum in phosphate-buffered 

saline (PBS), and incubated with anti-IL-34 antibody (same as above) overnight at 4 °C. 

Chamber slides were incubated with secondary goat anti-rabbit IgG conjugated with Alexa 

Fluor® 488 (A11034; Invitrogen), diluted in blocking buffer. Sections stained with the 

secondary antibody alone were used as negative controls. Sections were mounted in ProLong 

Gold antifade reagent with DAPI (Invitrogen) and scanned on a LSM710 confocal 

microscope (Zeiss) in single-photon mode. 
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3.2 SALIVARY ALTERATIONS IN IBD 

The following section describes the methods used throughout study II-IV, in which we 

investigated salivary protein alterations with respect to inflammatory bowel disease. 

3.2.1 Cohort recruitment 

3.2.1.1 Study II 

For study II where we investigated the expression of salivary calprotectin with respect to IBD 

activity and treatment, 23 IBD patients with ongoing intestinal inflammation were recruited at 

the Division of Gastroenterology at the Karolinska University hospital in Stockholm. Inclusion 

criteria were: age ≥ 18 years, a diagnosis of CD or UC according to established routine criteria, 

and active intestinal inflammation verified by endoscopy. The exclusion criteria were: 

pregnancy, breast feeding, comorbidities of the gastrointestinal tract (i.e. any diagnosis other 

than IBD), previous irradiation of the head and neck, and subjective symptoms from the oral 

cavity. The cohort consisted of 12 patients with established IBD in flare despite treatment (5 

CD and 7 UC), and 11 patients which were newly diagnosed and treatment naïve (7 CD and 4 

UC). All IBD patients were invited for re-sampling 10–12 weeks after treatment escalation in 

order to assess the effect of treatment on calprotectin levels, whereof fifteen returned (7 newly 

diagnosed: 6 CD, 1 UC; 8 with established disease: 3 CD, 5 UC). 

Fifteen controls were recruited at the dental clinic of the Department of Dental Medicine at 

Karolinska Institutet in Stockholm. The inclusion criteria were: age ≥18 years, no missing 

teeth (excluding third molars and orthodontic extractions), available dental records with the 

last examination performed within one year prior to recruitment with no signs of periodontal 

disease or caries. The exclusion criteria were: diagnosis of systemic disease, ongoing use of 

medication excluding contraceptives, use of antibiotics in the previous 3 months, and 

ongoing or previous smoking or use of Swedish snus. Twelve of the patients were also 

included in the methodological assessment of the salivary calprotectin analysis. 

3.2.1.2 Study III 

Study III aimed to more extensively investigate salivary protein alterations related to IBD. 

Thus, we assessed the inflammatory protein profile in saliva and serum of IBD patients with 

active disease compared to controls, and the effect of treatment on the profiles of IBD patients. 

For this purpose, we used samples from 20 of the patients recruited for study II (Fig. 4). Three 

patients within study II (2 with established IBD, 1 newly diagnosed) were excluded from 

analysis in study III due to the lack of comparative samples of unstimulated and stimulated 

saliva and/or follow-up samples, in combination with comorbidities which we deemed may 

affect the readout (namely SLE and Sjögren’s syndrome). Instead, one additional newly 

diagnosed, treatment naïve patient was recruited according to the above described method in 

study II, resulting in a total of 21 IBD patients. Out of these, 11 patients were newly diagnosed 

and untreated (8 CD, 3 UC), and 10 had established and treated disease (4 CD, 6 UC). 

Samples from the same 15 IBD patients which returned for re-sampling in study II were used 

in study III as well. 
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Figure 4. Cohort overlap in study II and III.  
Amount of unique and shared IBD patients in study II and III, respectively. 

To minimize possible group variances which may affect the results, 22 controls matched for 

age, sex, body mass index (BMI), and smoking/use of Swedish snuff were recruited at the 

GHP Stockholm Gastro Center in Stockholm. The exclusion criteria were identical to those 

for the IBD patients, with the additional exclusion of individuals with an inflammatory 

disease with ongoing medication and antibiotic treatment ≤ 3 months before sampling. Like 

the IBD patients, all controls had undergone colonoscopy in the workup of gastrointestinal 

disorders, and none of them presented macroscopic signs of intestinal inflammation. 

3.2.1.3 Study IV 

Wishing to further evaluate the salivary expression of calprotectin – now including 

investigations regarding the possible confounding effect of oral disease and secretory 

potential by oral neutrophils, we recruited 21 new IBD patients at the Division of 

Gastroenterology at the Karolinska University hospital in Stockholm. Inclusion criteria 

were: age ≥ 18 years, and a well-established diagnosis of IBD irrespective of disease activity 

and ongoing treatment. Exclusion criteria were: other chronic inflammatory conditions 

(unrelated to IBD), pregnancy, breast feeding, and a history of irradiation of the head and 

neck. Fourteen of the IBD patients had CD, 6 had UC, and one patient had IBD-U. The 

majority of the IBD patients (81%) were in remission or had mild disease activity, 4 had 

moderate disease activity, and none had ongoing severe activity. 

Twenty controls were recruited at the GHP Stockholm Gastro Center, the Department of 

Orofacial Medicine, Folktandvården Stockholms län AB, Danakliniken specialist dental care, 

and the Department of Dental Medicine, Karolinska Institutet (all in Stockholm) based on the 

above described exclusion criteria. The original intention was to recruit all controls at the 

GHP Stockholm Gastro Center, similar to the process used in study III. However, due to 

emergence of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV 2) pandemic 

and its subsequent strain on the healthcare, patients were instead recruited and sampled in 

conjunction planned dental visits at collaborative clinics, with the vast majority of the controls 

(n=15) being recruited at the Department of Dental Medicine at Karolinska Institutet.  
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3.2.2 Gastrointestinal disease assessment 

As mentioned, all IBD patients included in study II and III were endoscopically examined at 

baseline and proven to have an ongoing intestinal inflammation (flare). The endoscopic 

disease activity was graded according to the Ulcerative Colitis Endoscopic Index of Severity 

(UCEIS) or the Simple Endoscopic Score for Crohn’s disease (SES-CD).242, 243 Furthermore, 

patients’ overall disease activity was graded on a 4-grade scale as a physician global 

assessment (PGA) by an experienced gastroenterologist (SA) based on the following 

parameters: presence of diarrhea, stool frequency, abdominal pain, fatigue, fever, and weight 

loss. The grades were 0 = clinical remission, 1 = mild disease activity, 2 = moderate disease 

activity, and 3 = severe disease activity. 

Demographic and clinical data was obtained from the IBD patients, such as current weight 

and height for BMI calculations, nicotine consumption, the year of IBD diagnosis, surgical 

and medical treatment, and blood counts (when available from patient records). Moreover, 

fecal calprotectin values obtained within 3 weeks of baseline were included in the analysis 

(n=15 at baseline, n=7 at follow-up). Each IBD diagnosis was clinically sub-characterized 

using the Montreal classification with respect to CD location (upper GI, ileum, ileocolon, or 

colon) and behavior (inflamed, stricturing, penetrating, or perianal), and disease extent in the 

case of UC (if left-sided, extensive, proctitis, or undefined).244  

Diversely, the IBD patients in study IV were not endoscopically examined. Instead, the 

assessment of the current disease activity was based on PGA, and the Harvey Bradshaw 

Index (HBI) for CD and Simple Clinical Colitis Activity Index (SCCAI) for UC – both 

established disease activity indices based on patient-reported outcomes with regards to stool 

frequency and consistency, urgency to defecate, abdominal pain, general wellbeing, and 

occurrence of extra-intestinal manifestations.245, 246 Similar to study II and III, demographic 

and clinical data were obtained with regards to BMI, nicotine consumption, the year of IBD 

diagnosis, Montreal classifications, and surgical and medical treatment. 

3.2.3 Oral disease assessment 

No oral examination of study participants was performed in study II and III. Instead, the 

participants were enquired regarding their dental anamnesis and potential subjective 

symptoms from the oral cavity such as pain, discomfort, loosening of teeth, or dental 

fractures. Declaration of dental symptoms would result in exclusion from recruitment, 

however, reports of previous or ongoing oral aphthous ulcers were not resulting in exclusion 

but instead considered as potential IBD manifestation relevant to the study. 

In study IV we wished to investigate the effect of the oral health status on the levels of 

salivary calprotectin within our cohort, and thus all participants except 3 controls (excluded 

from said analyses) were thoroughly examined in the oral cavity. The clinical oral 

examination included recordings of the number of teeth, plaque index (PI), bleeding on 

probing (BOP), periodontal probing depth, furcation involvement, number of decayed, 
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missing and filled teeth (DMFT, excluding 3rd molars), and radiographic examination 

(lacking from certain controls). A periodontal diagnosis was determined for each participant, 

based on the most recent disease criteria.117, 118 Furthermore, the oral mucosa of all IBD 

patients was clinically characterized based on the consensus of 3 dentists (EAB, RLJ, and 

MM) with regards to mucosal appearance and presence of cobblestoned mucosa, 

pyostomatitis vegetans, angular cheilitis, and aphthous ulcers, to mention some. 

3.2.4 Saliva sampling 

For protein concentration assessments in saliva, unstimulated and stimulated whole saliva 

was obtained from the IBD patients (in conjunction to endoscopy at baseline and after 10-12 

weeks of treatment escalation) and controls in study II and III, while only stimulated whole 

saliva was obtained for the purpose of study IV. Unstimulated saliva was collected by 

instructing the donor to sit in a charioteer position with the body slightly bent forward and 

head facing the floor, passively drooling in a cup for 10-15 minutes. Stimulated whole saliva 

was collected through masticatory stimulation by chewing on a 0.5 g paraffin tablet (Ivoclar 

Vivadent, Liechtenstein) for 5-8 minutes while actively spitting into a cup. 

The total volume of unstimulated and stimulated saliva of each participant was measured for 

salivary flow determination. Samples were immediately transferred to 15 ml Falcon tubes 

and put on ice, then centrifuged at 1800 x g (for unstimulated saliva, due to handling 

difficulties related to high sample viscosity) and 600 x g (for stimulated saliva) for 10 min. 

at +4 °C, whereupon supernatant was aliquoted and stored in -80 °C until analysis.  

Of note, unstimulated saliva samples were not possible to obtain from 3 of the IBD patients 

with established and treated disease included in study II, out of which one of the patients 

returned for re-sampling after treatment escalation and therefore was included in study III. 

Samples were not obtainable due to donor declination or xerostomia, and were excluded 

from subsequent statistical analyses. 

3.2.4.1 Assessment of sample stability with regards to calprotectin 

For the purpose of protocol optimization and methodological assessment, both unstimulated 

and stimulated saliva samples were obtained from 12 of the controls in study II during two 

occasions. The first sampling was carried out in the morning (before 9 AM) when the 

participants were instructed not to eat or drink >8 h prior to sampling (fasting). The second 

sampling was carried out on the same day at noon, after the donor had eaten (non-fasting).  

Unstimulated saliva was collected for 15 minutes and stimulated saliva for 5 minutes, and 

thereupon centrifuged, in accordance to the methods above. One aliquot of each sample was 

stored in -80 °C in order to serve as a control condition, while other aliquots were exposed 

to different conditions in order to assess the ability of salivary calprotectin to withstand 

different temperature settings without the presence of protease inhibitors. The conditions 

consisted of repeated thawing from -80 °C, storage in -20 °C, 3-day storage in +4 °C or room 

temperature prior to freezing in -80 °C, and a two years long storage in -20 °C or -80 °C. 
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3.2.5 Serum sampling 

Serum samples were obtained in conjunction with saliva sampling from the IBD patients 

included in study II and III (from all patients at baseline, and from 15 after 10-12 weeks of 

treatment), and the controls in study III for circulatory assessment of the proteins analyzed 

in saliva. Blood was drawn into a Z Serum Clot Activator Vacuette tube (Greiner Bio-One, 

Austria) and centrifuged for 15 minutes at 2000 × g, whereupon serum was collected and 

aliquoted for storage at –80 °C until analysis. 

3.2.6 Fecal sampling 

Fresh fecal samples were provided within ≤ 24 h prior to the oral exam and saliva sampling 

by 15 of the IBD patients in study IV for fecal determination of calprotectin. Protein isolation 

was achieved by mixing a weighed amount of fecal sample (0.05 g ± 0.02 g) with 1 ml of 

fecal protein extraction buffer (BioVendor, Czech Republic). Samples were homogenized 

by vortexing, whereupon they were centrifuged at 10 640 x g for 5 min., and the supernatant 

was collected for protein analysis. Measured protein concentrations were adjusted for fecal 

sample mass in grams. 

3.2.7 In vitro studies of salivary neutrophils 

Following salivary determination of calprotectin with respect to intestinal and oral disease, 

we investigated the phenotype of salivary neutrophils from IBD patients and controls, and 

whether they could be a potential source of calprotectin in saliva in study IV. 

3.2.7.1 Salivary cell isolation 

In order to isolate neutrophils from saliva, samples of uncentrifuged stimulated saliva were 

diluted with PBS and serially filtered through 70 μm, 40 μm, and 20 μm filters (Corning, 

USA, and pluriSelect, Germany), similarly to previously described protocols.247 

3.2.7.2 Flow cytometric analysis 

The cell pellets generated from the salivary filtration of samples from 5 IBD patients and 10 

controls were resuspended in FACS buffer (2% FBS, 1 mM EDTA in PBS) and plated for 

staining. Cells were stained with a viability dye (LIVE/DEAD™ Fixable Near-IR Dead Cell 

Stain, Invitrogen) in the dark at room temperature, washed in FACS buffer, and incubated with 

human Trustain FcX (BioLegend) in FACS buffer for 10 minutes. Cells were then incubated 

with the following fluorochrome-conjugated antibodies (BioLegend) for 30 min. on ice: CD11b 

(clone ICRF44, PE), CD15 (clone W6D3, BV510), and CD16 (clone 3G8, APC). After 

incubation, cells were washed, fixed in Cytofix (BD Biosciences, USA), and resuspended in 

FACS buffer. Cells were analyzed by flow cytometry using the BD FACSVerse (BD 

Biosciences) and the obtained data was analyzes using FlowJo, version 10 (Tree Star, USA). 
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3.2.7.3 Immunofluorescent staining 

Isolated salivary cells from two controls were seeded in glass chamber slides (Thermo Fisher 

Scientific) and allowed to adhere for 1 hour. Thereafter, cells were fixed in 4% 

paraformaldehyde and permeabilized with 0.1% Triton X-100 in PBS. Non-specific sites 

were blocked with 10% goat serum in PBS supplemented with 2% bovine serum albumin 

(BSA) for 1 h at room temperature. Cells were thereafter incubated with mouse anti-

calprotectin (Abcam) or an isotype control for 1.5 h at 37 °C. Specific staining was detected 

by an Alexa® Fluor 488 goat anti-mouse antibody (Thermo Fisher Scientific). Slides were 

mounted in VECTASHIELD PLUS antifade mounting media with DAPI (Vector 

laboratories) and visualized using a Leica DMLA fluorescence microscope equipped with 

the Leica DFC450 (Leica Microsystems ltd., Switzerland). 

3.2.7.4 Salivary neutrophil stimulation 

Lastly, we isolated salivary cells from stimulated saliva samples from three IBD patients (2 

CD, 1 UC, mean age: 48 ± 9) and age- and gender-matched controls (mean age: 46 ± 15). 

The cells were manually counted using a Bürker chamber and cultured in 96-well plates in 

complete RPMI 1640 medium (2 mM L-glutamine, 100 U/ml penicillin, 100 mg/ml 

streptomycin, 10 mM HEPES, and 2% fetal bovine serum), alone for 1 or 3 h, or together 

with 100 ng/ml of phorbol 12-myristate 13-acetate (PMA; AppliChem, Germany) or P. 

gingivalis lipopolysaccharide (LPS; Invivogen, USA) for 1 h at 37 °C, 5% CO2, after which 

supernatants were collected. Additionally, the cells were lysed with lysis buffer (Thermo 

Fisher Scientific) to assess the intracellular concentrations of calprotectin. 

3.2.8 Calprotectin ELISAs 

Calprotectin concentrations in unstimulated and stimulated saliva, and serum were assessed 

using a human enzyme-linked immunosorbent assay (ELISA) precoated with the primary 

antibody (BioVendor) in study II, as it was the only kit which we succeeded to validate for 

salivary analysis amongst several available kits at the time. By the time that we initiated 

study IV, another human ELISA for the detection of calprotectin was available on the market 

(R&D Systems, USA), which we validated for salivary analysis and subsequently used in 

study IV.248 We also assessed the agreement between the two kits by comparing measured 

values of 8 saliva samples and found no significant difference in the measurements, and an 

overall correlation between the kits (r=0.83, p=0.01), thus deeming the R&D Systems 

ELISA as the more cost-effective assay for subsequent calprotectin analyses. 

3.2.8.1 Validation for salivary analysis 

Due to reports of interference between salivary extracellular matrix components with 

immunoassay binding during calprotectin analysis, both ELISAs were validated based on 

spike recoveries and linearity of dilution assessments, which should range between 80-120% 

according to criteria established by the BIOMARKAPD consortium.249, 250 
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In short, saliva samples were serially diluted to assess at which dilutions linearity was 

achieved. A dilution at which the saliva matrix showed no interference with assay linearity 

and fit the range of the standard curve was used for spike recovery tests. Diluted samples 

were mixed with known concentrations of recombinant protein (kit standard), referred to as 

a spike. Recovery, meaning observed concentration in relation to expected concentration, 

was calculated with reference to the unspiked sample. 

3.2.8.2 Assay protocols 

The calprotectin ELISAs were conducted according to the instructions provided by the 

respective manufacturer (BioVendor quantikine for study II and R&D Systems duoset for 

study IV) with appropriate dilutions based on the assay validations. Calprotectin was 

analyzed in unstimulated saliva, stimulated saliva and serum samples in study II, while 

stimulated saliva, feces, and cell culture supernatants and lysates were analyzed in study IV.  

In study II, the saliva samples were thawed on ice, centrifuged 10 640 x g for 5 min. at +4 

°C, and diluted 1:300 in provided reagent diluent, while serum samples were thawed, 

vortexed, and diluted 1:200. Similarly, in study IV, stimulated saliva samples were thawed 

and centrifuged, and thereupon diluted 1:104 in 1% BSA/PBS, while extracted fecal protein 

samples and cell supernatants/lysates were vortexed and diluted 1:104 and 1:105, 

respectively. 

Readings were made for both assays at 450 nm with wavelength correction at 540 nm using 

a microplate spectrophotometer (SpectraMAX 340, Molecular Devices, USA), and were 

interpolated on a 4-parametric curve. The detection range of the BioVendor quantikine assay 

was 1–64 ng/ml and 0.94–6 ng/ml for the R&D Systems duoset assay. 

3.2.8.3 Total protein 

The total amount of protein was determined in all samples except serum according to the DC 

protein assay protocol (Bio-rad Laboratories). In short, 5 μl of centrifuged sample was added 

to a low-binding 96-well plate (Sarstedt), mixed with 25 μl of Reagent A and 200 μl of 

Reagent B followed by a 15 min. incubation in the dark. Readings were made at 690 nm 

with a SpectraMAX 340 microplate spectrophotometer (Molecular Devices). Standards were 

prepared from BSA and PBS. 

3.2.9 Olink inflammatory protein panel 

In order to establish the inflammatory protein profile in IBD versus controls, 92 

inflammation-related proteins were analyzed in the saliva and serum samples obtained at 

baseline and after treatment, using the Olink Inflammation panel (Olink Proteomics, 

Uppsala, Sweden). The analysis was executed in 2018. In short, the method was based on 

proximity extension assay (PEA) technology: antibody pairs labeled with matching DNA 

oligonucleotides were bound to their specific target protein, forming a polymerase chain 

reaction target sequence through proximity-dependent DNA polymerization, which was 
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detected and quantified using standard real-time polymerase chain reaction (Fig. 5).251 

Utilizing this assay technology we overcame the specificity issues of multiplexed 

immunoassays, as each of the 92 oligonucleotide antibody-pairs contained unique DNA 

sequences which only hybridized to each other.  

For this exploratory cohort we set a detection limit of 50%, meaning that analytes detected 

in < 50% of the serum, unstimulated or stimulated saliva samples were excluded from 

further analysis and referred to as undetectable. Total protein concentrations in saliva were 

measured using the Qubit Protein Assay according to the manufacturer’s instructions (Life 

Technologies). Protein interactions and biological functions were investigated using the 

STRING database.252 Delta values were calculated by subtracting values retrieved from 

patients with IBD during flare from values obtained after treatment of the same patients. 

 

 

 

 

 

Figure 5. Proximity extension assay technology by Olink Proteomics. Antibody pairs, labelled with matching 
DNA oligonucleotides, bind to the target antigen in solution. Oligonucleotides brought in close proximity 

hybridize and are extended by a DNA polymerase, creating a DNA barcode which is amplified by PCR and can 
be detected and quantified by qPCR. Illustration by the author. 
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Table 2. Olink inflammatory panel. A list of the 92 proteins analyzed in serum and saliva in study III. 

  

ADA Adenosine Deaminase  IL-15RA Interleukin-15 receptor subunit alpha 

ARTN Artemin  IL-17A Interleukin-17A  

AXIN Axin-1  IL-17C Interleukin-17C  

β-NGF Beta-nerve growth factor  IL-18 Interleukin-18  

CASP-8 Caspase-8  IL-18R1 Interleukin-18 receptor 1  

CCL3 C-C motif chemokine 3  IL-20 Interleukin-20  

CCL4 C-C motif chemokine 4  IL-20RA Interleukin-20 receptor subunit alpha  

CCL19 C-C motif chemokine 19  IL-22RA1 Interleukin-22 receptor subunit alpha-1  

CCL20 C-C motif chemokine 20  IL-24 Interleukin-24  

CCL23 C-C motif chemokine 23  IL-33 Interleukin-33  

CCL25 C-C motif chemokine 25  LAP TGF-β-1 Latency-associated peptide transforming growth factor beta-1  

CCL28 C-C motif chemokine 28  LIF Leukemia inhibitory factor  

CD40 CD40L receptor  LIF-R Leukemia inhibitory factor receptor  

CDCP1 CUB domain-containing protein 1  CSF-1 Macrophage colony-stimulating factor 1 

CXCL1 C-X-C motif chemokine 1  MMP-1 Matrix metalloproteinase-1  

CXCL5 C-X-C motif chemokine 5  MMP-10 Matrix metalloproteinase-10  

CXCL6 C-X-C motif chemokine 6  MCP-1 Monocyte chemotactic protein 1  

CXCL9 C-X-C motif chemokine 9  MCP-2 Monocyte chemotactic protein 2  

CXCL10 C-X-C motif chemokine 10  MCP-3 Monocyte chemotactic protein 3  

CXCL11 C-X-C motif chemokine 11  MCP-4 Monocyte chemotactic protein 4  

CST5 Cystatin D CD244 Natural killer cell receptor 2B4  

DNER Delta and Notch-like epidermal growth factor-related receptor NT-3 Neurotrophin-3 

CCL11 Eotaxin  NRTN Neurturin  

4E-BP1 Eukaryotic translation initiation factor 4E-binding protein 1  OSM Oncostatin-M  

FGF-21 Fibroblast growth factor 21  OPG Osteoprotegerin  

FGF-23 Fibroblast growth factor 23  PD-L1 Programmed cell death 1 ligand 1  

FGF-5 Fibroblast growth factor 5  EN-RAGE Protein S100-A12 

FGF-19 Fibroblast growth factor 19  SLAMF1 Signaling lymphocytic activation molecule 

Flt3L Fms-related tyrosine kinase 3 ligand  SIRT2 SIR2-like protein 2 

CX3CL1 Fractalkine  STAMBP STAM-binding protein 

GDNF Glial cell line-derived neurotrophic factor  SCF Stem cell factor 

HGF Hepatocyte growth factor ST1A1 Sulfotransferase 1A1  

INF-γ Interferon gamma  CD6 T cell surface glycoprotein CD6 isoform  

IL-1α Interleukin-1 alpha  CD5 T-cell surface glycoprotein CD5  

IL-2 Interleukin-2  CD8A T-cell surface glycoprotein CD8 alpha chain  

IL-2RB Interleukin-2 receptor subunit beta  TSPL Thymic stromal lymphopoietin  

IL-4 Interleukin-4  TNFB TNF-beta  

IL5 Interleukin-5  TRANCE TNF-related activation-induced cytokine 

IL6 Interleukin-6  TRAIL TNF-related apoptosis-inducing ligand 

IL-7 Interleukin-7  TGF-α Transforming growth factor alpha  

IL-8 Interleukin-8  TWEAK Tumor necrosis factor (Ligand) superfamily, member 12  

IL10 Interleukin-10  TNF Tumor necrosis factor  

IL-10RA Interleukin-10 receptor subunit alpha  TNFSF14 Tumor necrosis factor ligand superfamily member 14  

IL-10RB Interleukin-10 receptor subunit beta  TNFRSF9 Tumor necrosis factor receptor superfamily member 9  

IL-12B Interleukin-12 subunit beta  uPA Urokinase-type plasminogen activator  

IL-13 Interleukin-13 VEGF-A Vascular endothelial growth factor A 
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3.3 STATISTICAL ANALYSES 

Throughout studies II-IV, the distribution of gender, nicotine consumption, periodontal 

diagnoses, and protein detection by the Olink assay were tested using the Pearson χ2 test or 

Fisher’s Exact test, when applicable. The salivary analyte concentrations in study III and IV 

were adjusted to salivary flowrates to counteract confounding effects, whereas calprotectin 

concentrations from supernatants and lysates resulting from cell experiments in study IV 

were adjusted to the amount of cultured cells. In study II, saliva samples obtained from the 

controls during non-fasting conditions were used for the comparison to salivary samples 

from IBD patients, to match the sampling conditions. 

Differences between groups in continuous variables such as analyte 

concentrations/expression, clinical parameters, age, and salivary flowrates were tested by the 

Mann-Whitney U test throughout all four studies, while the Kruskal-Wallis test was used for 

the assessment of calprotectin concentration differences between periodontal diagnoses in 

study IV. Age and smoking/use of Swedish snus were adjusted between controls and patients 

in study II by the general linear model (GLM) procedure with analysis of covariance 

(ANCOVA). In study I, the protein expression differences between sites of colon were tested 

by analysis of variance (ANOVA) with an LSD (least significant difference) post-hoc test. 

The Wilcoxon signed-rank test was used for all paired analyses in study II-IV, such as 

concentration differences of respective analyte before and after IBD treatment, the effect of 

the sampling strategy and storage on salivary calprotectin, and time-dependent and intra- 

versus extracellular calprotectin concentration differences in salivary neutrophils. Spearman 

correlation coefficients were calculated for correlations throughout all four studies. Missing 

datapoints were excluded from analyses.  

In study III, sample clustering was visually investigated on score plots resulting from 

principal component analysis (PCA). Significances in fold differences were adjusted for 

false discovery through the original false discovery rate method of Benjamini and Hochberg, 

with the false discovery rate set at 5%. Analyte sensitivity and specificity towards IBD, as 

assessed in study II and III, was evaluated by the receiver-operating characteristic (ROC) 

curve from which areas under the curves were calculated.  

SPSS (version 19.0 in study I and II, 25.0 in study III and IV; IBM Corporation, USA) and 

GraphPad Prism (version 6.05 in study II, 7.04 in study III, and 8.0 in study IV; GraphPad 

Software Inc., USA) were used for statistical analyses and the graphical presentation of 

results. Statistical significance was set at p ≤ 0.05. All tests were two-sided. 
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3.4 ETHICAL CONSIDERATIONS 

All four studies were conducted in accordance with the Declaration of Helsinki of the World 

Medical Association, and all protocols were approved by local ethical boards. Study I was 

approved by the Regional Ethical Review Board in Linköping, Sweden (ref. 2011/201-31), 

and studies II-IV by the Regional Ethical Review Board in Stockholm, Sweden (ref. 

2015/17–31, later changed to 2019-01306 after approved protocol amendment). Written 

informed consent was obtained from all participants. Animal procedures were in compliance 

with protocols approved by local government authorities (The Board of Agriculture, 

Experimental Animal Authority, Stockholm, Sweden). 

We deemed that the risks involved in sampling within these studies were not greater than 

those that occur in normal clinical activities in connection with blood tests and endoscopic 

examination and sampling. Moreover, the participants that were endoscopically examined 

were done so based on clinical indications, independent of the studies. There was expertise 

and equipment in place to handle bleeding or perforation, should these occur in connection 

with the sampling. Advantageously, salivary and fecal sampling is non-invasive, and thus 

presented no risk to the individual. Serum sampling, on the other hand, is invasive and may 

cause psycho- and/or physiological discomfort to the participant. To avoid discomfort, serum 

sampling was predominantly performed using existent catheters placed for routine 

interventions in conjunction to the participant’s regular gastrointestinal examination. 

Overall, we considered that the benefit of added knowledge within the modulation of IBD 

pathogenesis and oral inflammatory manifestations of the disease outweigh any risks with 

these studies. 

The emergence of the global pandemic spread of SARS-CoV 2, the causal agent of the 

infectious coronavirus disease of 2019 (COVID-19),253 required additional ethical 

considerations. Namely, the virus was first detected in Sweden during the spring of 2020, 

when the recruitment of IBD patients and controls for study IV was ongoing. As little was 

known at the time about the virus and its morbidity and mortality in IBD, we concluded the 

recruitment and sampling of IBD patients for the time being. Furthermore, as mentioned in 

the description of the cohort recruitment, we took the decision not to recruit the controls from 

gastroenterological outpatient clinics, but instead recruited the controls among patients 

visiting the dental clinics at the Department of Dental Medicine and at the specialist center 

Danakliniken. This way we could minimize the unnecessary societal circulation of 

individuals which had no other indication to visit dental clinics other than participation in 

study IV. This was crucial since saliva is a reservoir for SARS-CoV 2 and can thus lead to 

viral transmission254 – a risk which we did not deem ethically justifiable for the sole purpose 

of this study. 

Individuals were informed that participation is voluntary, and their decision did not affect 

the medical care received. We registered personal data, data from medical journals, and 

results from the analyzes, and handled them in accordance with the European Union’s 

General Data Protection Regulation (GDPR) and the Swedish Public Access and Secrecy Act. 
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4 RESULTS AND DISCUSSION 

This thesis is based on work presented in papers I-IV (Zwicker et al., 2015; Majster et al., 

2019, Majster et al., 2020, and Majster et al. 2021) and addresses the expression of 

inflammatory mediators in the intestines and oral cavity in relation to IBD. The following 

section summarizes and discusses the major findings related to these studies. Please refer to 

the published papers, would the reader wish to have more detailed information. 

4.1 IL-34 MODULATES HUMAN AND EXPERIMENTAL IBD  

This thesis was initiated investigating the intestinal gene expression of the macrophage growth 

factors IL-34 and CSF-1, and their shared receptor CSF-1R during homeostasis and intestinal 

inflammation. Emphasis was placed on IL-34, whose intestinal expression and potential 

contribution to IBD pathogenesis had not been explored at the time, while experimental mouse 

models had previously shown that blockade of CSF-1 and CSF-1R ameliorates chemically 

induced colitis. However, little was known about the expression of these factors throughout 

the healthy human intestinal tract and in inflamed mucosa of IBD patients.67, 68 

We began by assessing the homeostatic expression of the macrophage growth factors and 

their shared receptor throughout different segments of the intestinal tract, and showed 

consistent expression of CSF-1R throughout normal ileum and colon. Yet, IL-34 expression 

was significantly elevated in ileum compared to colon while CSF-1 followed the opposite 

location pattern. When further stratifying the IL-34, CSF-1, and CSF-1R expression within 

the different parts of the colon, we found higher IL-34 expression in the left colonic 

segments, most notably in the rectum, whereas CSF1-R expression was higher in sigmoid 

compared with transverse colon, and no differences were observed for CSF-1R. This is 

interesting, as spatiotemporal differences in the expression of IL-34 and CSF-1 have been 

shown in other organ systems, suggesting that the two growth factors have non-redundant 

and complementary roles in health and disease.60, 255-257  

When investigating the expression of IL-34, CSF-1, and CSF-1R in colonic tissue of IBD 

patients, IL-34 expression was shown to be significantly increased in inflamed compared 

with non-inflamed tissue of both CD and UC patients, while CSF-1 was significantly 

increased in inflamed CD colon and CSF-1R in UC colon. The same upregulation of Il-34 

and Csf-1 expression was confirmed during the state of severe intestinal inflammation in 

mice with DSS-induced colitis. This is in line with findings by others showing that both the 

gene and protein expression of IL-34 and CSF-1R is increased in inflamed mucosa of IBD 

patients.258, 259 It is however unknown whether this is a mere reflection of ongoing intestinal 

inflammation in IBD as non-inflamed ileal and colonic mucosa of IBD patients demonstrated 

similar expression levels of IL-34 and CSF-1 compared to healthy intestinal biopsies. This 

suggests that macrophage growth factors do not reflect an underlying predisposition for the 

development of intestinal inflammation in IBD. Instead, the expression of CSF-1R was 

significantly lower in the ileum of CD patients and colon of UC patients compared to 
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controls, which could play a role in the development of IBD. It has in fact been shown that 

inhibition of CSF-1R reduces the recruitment of proinflammatory macrophages to the 

intestines and attenuates colitis in experimental mouse models.260  

As we were among the first to show the expression of IL-34 during intestinal homeostasis 

and inflammation, we investigated its histological localization in order to gain insight into 

its potential cellular source in the gut. A positive signal for IL-34 was detected in the 

epithelium and the connective tissue of the colon. Of note, we investigated the expression of 

IL-34 in non-inflamed biopsies from IBD patients and not in healthy controls, and the 

epithelial expression of IL-34 was not confirmed by others in healthy intestinal mucosa 

despite our findings that IL-34 is equally expressed in non-inflamed intestinal mucosa of 

IBD patients and healthy intestines.259 However, it was later shown that epithelial cells 

express CSF-1R which confirms that IL-34 targets these cells.258 

As we were the first ones reporting IL-34 expression in the intestinal epithelium, we next 

compared the in vitro IL-34 expression to the CSF-1 expression in intestinal epithelial cells 

(Caco-2 cells) and their regulation by TNF-α – one of the most potent pro-inflammatory 

mediators in IBD pathogenesis, and the inducer of IL-34 in fibroblasts.261 Just as in 

fibroblasts, TNF-α stimulated IL-34 expression by Caco-2 cells in a dose-dependent 

manner,261 but stimulated the CSF-1 expression as well. Yet, the mechanism behind TNF-α-

stimulated expression of IL-34 and CSF-1 seems to differ, as blocking of the NF-κB pathway 

resulted in reduced TNF-α-stimulated IL-34 expression in colon epithelial cells, but did not 

affect CSF-1. The inductive effect by TNF-α on epithelial expression of IL-34 and CSF-1 is 

interesting, as macrophages are known secretors of TNF-α and closely interact with epithelial 

cells in IBD. Macrophages promote proliferation and survival of colonic epithelial progenitor 

cells, and depletion of them in experimental colitis enhances epithelial damage.262, 263 

Therefore we hypothesized that the protein expression of the macrophage growth factors 

within the connective tissue of the colon was accounted for by immune cells such as 

monocytes and macrophages. Thus, we analyzed the gene expression of IL-34 and CSF-1 in 

monocytes isolated from IBD patients and controls, but saw no difference between the two 

groups. When differentiating monocytes into macrophages by IL-34 and CSF-1 the cells 

decreased their expression of TNF-α and IL-10. Yet, IL-34-differentiated macrophages 

expressed significantly more IL-10 compared with macrophages differentiated by CSF-1 

which adds to the notion that the two growth factors have different functions. Others have 

also shown that IL-34 protein expression is significantly elevated in the connective tissue of 

inflamed IBD mucosa and instead isolated lamina propria mononuclear cells from normal 

colon for functional studies of IL-34.259 A bilateral induction between IL-34 and TNF-α was 

shown in these cells, and IL-34 additionally induced the IL-6 production by lamina propria 

mononuclear cells.259 TNF-α inhibition decreased IL-34 expression in in vitro experiments, 

and treatment by TNF-α inhibitors decreased the expression of IL-34 in inflamed mucosa – 

suggesting that current treatment strategies target the gene. Yet, IL-34 neutralization 
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decreased the TNF-α and IL-6 production in IBD mucosal explants, which indicates 

therapeutic potential of IL-34 inhibition.259  

Altogether, this shows that IL-34 interacts with known mediators of intestinal inflammation 

and shows potential to play a role in the pathogenesis of IBD. Moreover, epithelial cells, 

monocytes, and macrophages demonstrate certain similar but also different reactions when 

exposed to IL-34 or CSF-1, which has been further described in subsequent work from our 

research group.264 Our findings indicate different roles of the macrophage growth factors in 

the regulation of cytokines and chemokines, and provide yet another puzzle piece to the 

complicated interplay between inflammatory mediators and immune cells in IBD. Moreover, 

since we were able to confirm that our findings regarding IL-34 and CSF-1 expression in 

human intestinal inflammation can be translated to mouse models of DSS-induced colitis, 

we provided proof that the expression and function of these cytokines can be studied further 

in such disease models. The roles and interactions of IL-34 and CSF-1 have since been vastly 

studied, and we are steadily gaining more and more knowledge about their involvement in 

health and disease.265-267 During the mere process of this thesis, our findings have been 

confirmed by others and antibody neutralization of IL-34 and CSF-1 was shown to reduces 

TNF-α and IL-6 in the colon of DSS-mice.257  

After demonstrating the complex interplay between cells and cytokines in IBD in study I, 

the remainder of this thesis focused on identifying inflammatory mediators in the oral cavity 

during IBD and investigations of their potential to reflect intestinal inflammation. 

4.2 SALIVARY CALPROTECTIN – AN ORAL-GUT LINK 

The investigations of oral immunological manifestations by inflammatory mediators in IBD 

in this thesis were initiated during study II through assessment of calprotectin – a clinically 

established fecal marker of IBD – in the saliva of IBD patients, in relation to disease activity 

and IBD treatment. Prior to our investigations, it was known that calprotectin is expressed 

in saliva and increases during periodontal inflammation, however its salivary expression had 

never been related to IBD.268 After thorough validation of our analytical methods and 

protocol, we compared calprotectin levels in unstimulated and stimulated saliva from IBD 

patients with ongoing intestinal inflammation to controls. Calprotectin was significantly 

increased in saliva of IBD patients compared to controls: CD patients demonstrated higher 

concentrations of calprotectin in both unstimulated and stimulated saliva, while UC patients 

only had significantly increased concentrations in stimulated saliva. This suggested that 

salivary calprotectin is more specific to CD than UC, which was confirmed by statistical 

analyses of its discriminatory capability through AU-ROC. Crohn’s patients are generally 

more prone to develop oral manifestations, which could explain why the increase of salivary 

calprotectin was more evident among these patients compared to UC.191 

Next, we were interested in comparing the salivary levels during active intestinal 

inflammation versus after treatment using serum as a comparison, in an attempt to establish 

whether salivary calprotectin reflects IBD activity. However, calprotectin concentrations 
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were not altered after treatment in either of the two saliva types. Yet, serendipitously, we 

noted that newly diagnosed, untreated CD patients had significantly higher calprotectin 

concentrations in stimulated saliva, and tended to have higher concentrations in unstimulated 

saliva, compared to CD patients with established disease. Moreover, calprotectin decreased 

in unstimulated saliva after treatment in newly diagnosed, untreated CD patients. This also 

goes well in hand with the prevalence of oral manifestations in CD and the fact that oral 

manifestations are among some of the first disease manifestations in early-onset CD.197 

However, it could also be that patients with established disease received a treatment 

insufficient in targeting their intestinal inflammation but sufficient enough for maintaining 

oral homeostasis, resulting in lowered salivary calprotectin concentrations.  

Altogether, this was the first time that calprotectin was described in the saliva of IBD 

patients. It was done so in a small but well-characterized IBD cohort, and included matched 

samples from IBD patients during an endoscopically confirmed flare and after treatment. 

However, our findings need to be confirmed in larger cohorts. Moreover, the promising 

results regarding its possible clinical utility were confronted by doubts of its specificity – it 

was yet not known how oral disease could affect these observed differences. Namely, if a 

disease marker is to be deemed as clinically justifiable, it should be specific and not require 

additional examinations to exclude confounding factors269 – such as oral disease, in this case. 

In order to assess the confounding effects of the two common oral diseases caries and 

periodontitis, we recruited a new cohort of IBD patients and controls in study IV and orally 

examined all participants in conjunction with saliva sampling.  

Study IV enabled us to confirm our findings from study II, as IBD patients had significantly 

increased calprotectin in stimulated saliva compared to controls. This was yet again 

particularly pronounced in CD patients. When instead relating salivary calprotectin to oral 

disease, no significant difference was observed between individuals with or without 

caries/periodontitis, contrary to previous findings.268, 270 Moreover, IBD patients with 

periodontitis had significantly higher calprotectin concentrations compared to controls with 

periodontitis, when adjusting to salivary flow. This suggests that the effect of IBD on salivary 

calprotectin concentrations outweighs that of periodontal inflammation. 

Salivary calprotectin concentrations did not correlate to parameters of IBD activity such as 

CRP, PGA, HBI/SCCAI, nor fecal calprotectin in neither of the two studies. And yet, study II 

showed that it was highly sensitive and specific in distinguishing IBD patients from controls. 

Furthermore, the IBD patients in study IV had low disease activity at the time of sampling, 

while the patients in study II all had ongoing intestinal inflammation confirmed by endoscopy. 

Still, the mean calprotectin concentrations in saliva were equivalent between these two cohorts. 

Given that we did not observe a correlation between salivary calprotectin concentrations and 

PGA, HBI, SCCAI, nor fecal calprotectin, the elevated calprotectin levels in saliva are more 

probably a reflection of subclinical oral manifestation of IBD rather than ongoing bowel 

inflammation. The subclinical oral involvement in IBD is thus more probably a ‘trait’ rather 

than ‘state’ marker of IBD, meaning that it appears early in the course of disease (as shown in 
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naïve CD patients in study II) and remains stable over time, irrespective of disease severity (as 

shown by the lack of correlation to indexes of intestinal inflammation in studies II and IV). 

Many more studies remain to determine the utility of salivary calprotectin with regards to 

IBD diagnosis or the reflection of disease activity. Nevertheless, the methodological 

validation in study II has shown that the protein is stable in saliva and that samples can be 

stored within storage conditions available at most outpatient clinics (+4 °C and -20 °C). Food 

ingestion prior to sampling did not affect salivary calprotectin concentrations neither. 

Furthermore, study IV indicated that there is no confounding effect related to the oral disease 

status of the sampled individual, suggesting that oral screening prior to sampling is not 

needed. However, one must remember that calprotectin is an alarmin that acts as a danger 

signal for any potential threat to the immune system. Considering that the oral cavity is under 

constant burden, more possible confounding effects of common oral insults on salivary 

calprotectin expression must be investigated to determine thresholds between health and 

disease. Would calprotectin prove to have clinical utility in IBD diagnosis or management, 

it is most probably going to be well received. When parents of children suffering from IBD 

were asked regarding their perspectives about potential future non-invasive tests for 

diagnosing and monitoring their child’s disease – where our findings in study II were given 

as an example – salivary sampling was ranked as the most preferred test.271 

4.3 ABBERANT NEUTROPHILS IN THE ORAL CAVITY OF IBD PATIENTS 

We did not aim to assess the salivary origin of calprotectin in study II. Nevertheless, we 

observed greater calprotectin concentrations in stimulated compared to unstimulated saliva 

which might provide hints regarding the mechanisms behind the secretion of calprotectin in 

saliva. The great difference between unstimulated and stimulated saliva is the predominant 

contribution of secretion by the parotid gland in stimulated saliva.129 However, this is most 

unlikely the explanation for the observed concentration differences as some of the lowest 

calprotectin concentrations in healthy individuals are detected in parotid saliva.272 Instead, 

the highest concentrations reported are those in GCF and mucosal transudate, which makes 

them a more probable source of increased calprotectin in stimulated saliva, as GCF leaks 

from periodontal pockets and mucosal cells are shed during mastication.272, 273 

However, experiments assessing the temperature stability of salivary calprotectin in study II 

revealed that concentrations significantly increased when samples were stored in +4 °C for 

3 days, which suggested the presence of organic matter with the ability to secrete calprotectin 

at these temperatures. Given the involvement of neutrophils in intestinal inflammation 

through calprotectin secretion and their abundance in saliva, study IV aimed to assess the 

phenotype of salivary neutrophils from IBD patients and controls, and whether they could 

be a potential source of calprotectin in saliva. 

We isolated neutrophils from the saliva of IBD patients and controls through serial filtrations 

and measured the expression of CD15, CD16, and CD11b by flow cytometry. Salivary 

neutrophils from patients and controls were comparable in their expression of CD15 and 
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CD16, however CD15+CD16+ neutrophils from IBD patients expressed significantly less 

CD11b compared to controls. CD11b is a cell adhesion molecule and part of the Mac-1 

complex that interacts with ICAM-2 on activated endothelium, orchestrating the 

transmigration of neutrophils from circulation to tissues.274 Its role in IBD is yet not clear, as 

blockage of Mac-1 has been shown to both reduce and enhance colonic damage murine 

models of colitis.275, 276 However, CD11b has been shown to be crucial in the neutrophil 

transepithelial migration and their subsequent contribution in the pathogenesis of intestinal 

inflammation in UC patients.277-279 Conversely, surface expression of CD11b in neutrophils 

isolated from gingival crevicular fluid is significantly increased in periodontitis patients 

compared to controls, and oral neutrophils have been shown to have a higher expression of 

CD11b compared to colonic neutrophils during homeostasis and local inflammation, such as 

periodontitis.280, 281 We did not observe a difference in the prevalence of periodontal disease 

between the IBD patients and controls whose saliva was used for cellular phenotyping, 

however the controls tended to have a higher probing depth which could possibly account 

for the elevated expression of CD11b. 

Next, we showed that salivary neutrophils express calprotectin and secrete it in a similar 

time-dependent manner in IBD patients and controls. There was no difference in the 

secretion of calprotectin between unstimulated and PMA or LPS stimulated cells from IBD 

patients or controls. This could be due to the fact that calprotectin is mainly released as a 

result of neutrophil disruption or death, and not inflammatory stimulation.19 But it is also 

possible that there are other neutrophil stimulants in vivo which account for the significant 

increase of salivary calprotectin in IBD patients versus controls, which deserves further 

investigation.282-284 Yet, connecting back to the +4 °C related findings in study II – 

unpublished observations from our own research group show that salivary neutrophils are 

able to secrete calprotectin when incubated at +4 °C, even though in small concentrations. 

These preliminary findings related to neutrophils and salivary calprotectin urges the analysis 

of oral mucosa in IBD, in order to better understand if salivary calprotectin concentrations 

are a reflection of underlying subclinical alterations within the oral cavity which may result 

through chronic intestinal inflammation. 

4.4 THE SALIVARY INFLAMMATORY PROFILE IN IBD 

In study III we explored and compared the circulatory and salivary inflammatory profiles of 

IBD patients and matched controls, in relation to IBD activity and treatment, in order to gain 

a broader understanding of the subclinical inflammatory changes within the oral cavity during 

IBD. The majority, 67 out of 92, of the proteins were detected in saliva, yet demonstrated a 

distinctly different expression pattern in saliva compared to serum. It has been shown that 

about 40% of previously suggested disease markers in plasma can be detected in saliva as 

well.147 However, the protein expression correlated scarcely between saliva and serum, while 

the expression of the majority of the analyzed proteins correlated positively between 
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unstimulated and stimulated saliva. As with calprotectin, it therefore seems that the proteins 

detected in saliva are of oral origin and not a transudate of systemic expression. 

When we compared the salivary and circulatory protein expressions between IBD patients 

and controls, we saw that 21 proteins involved in the IL-17 and JAK-STAT signaling 

pathways were significantly increased in serum of IBD patients, and 4 proteins involved in 

the positive regulation of proteolysis were significantly decreased. No protein expression 

differences were observed in unstimulated saliva, while two of the proteins elevated in serum 

– IL-6 and MMP-10 – were also significantly elevated in stimulated saliva of IBD patients. 

Both IL-6 and MMP-10 have been implicated in the pathogenesis of IBD and are elevated 

in serum and in inflamed and non-inflamed intestinal mucosa of patients with IBD.285-287 As 

described in the introduction of this thesis, IL-6 is an important mediator of intestinal 

inflammation, and has been reported in unstimulated saliva of IBD patients.210, 211, 288, 289 

MMP-10, on the other hand, is a stromelysin and enzymatic regulator of the extracellular 

matrix with a hitherto unknown function in IBD. Yet, both proteins are implicated in the 

pathogenesis of dermatological manifestations of IBD, which makes it even more relevant 

to further assess these proteins in saliva and oral mucosa in IBD.290, 291 

When we related the protein profiles to clinical indexes reflecting IBD activity, the circulatory 

proteins mainly reflected the biochemical status of disease activity. The salivary proteins, on the 

other hand, demonstrated more prevalent correlations to clinical parameters and predominantly 

reflected endoscopic activity. MMP-10 expression in saliva significantly correlated to SES-CD, 

and IL-6 expression followed a similar but insignificant trend. Thus, unlike calprotectin, these 

two salivary proteins could be ‘state’ markers of intestinal inflammation in IBD. Altogether, 

these findings provide additional proof that the oral cavity harbors evidence of aberrant immune 

responses, similar to those in the intestines of IBD patients. 

Interestingly, the protein expression in stimulated saliva correlated negatively to salivary 

flow, which implies that parotid secretions dilute these proteins. Thus, these proteins most 

probably do not originate from the parotid gland, but may instead be secreted by the other 

salivary glands. Another potential source are the mucosal constituents of saliva, such as oral 

keratinocytes and leukocytes shed through masticatory stimulation, which are present in both 

saliva types but more abundantly so in stimulated saliva.132 If the latter would show to be the 

case, this is yet another indication to investigate the oral mucosa of IBD patients. 

Unfortunately, the TNF-α detection in this Olink panel was shown to be subpar which 

prompted the company to update its assay some short time after our analysis. The TNF-α 

assessment in this cohort was thus not optimal – which is a pity as it would be relevant to 

investigate this potent inflammatory mediator, which is hypothesized to regulate the 

extraintestinal manifestation of IBD, in relation to IL-6 and MMP-10.292 Furthermore, it 

would have provided an opportunity to potentially validate previous salivary findings by 

others in this well-characterized cohort with paired samples before and after treatment. Still, 

the Olink assay provided with us insight regarding the salivary expression of CSF-1, which 

we reported to be significantly increased in inflamed compared to non-inflamed mucosa of 
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IBD patients in study I. The macrophage growth factor was detected in both unstimulated 

and stimulated saliva, however, similar to our findings in study I, it was not differentially 

expressed between IBD patients and controls. 

Study II and III had overlapping cohorts, and samples from 20 IBD patients were analyzed 

in both studies (Fig. 4). This allowed for assessment of the correlation between the 

expressions of the significantly altered salivary proteins – calprotectin, IL-6, and MMP-10. 

Remarkably, in stimulated saliva, calprotectin concentrations tended to positively correlate 

to IL-6 and negatively to MMP-10 (Fig. 6). This is interesting, since calprotectin induces  

IL-6 production in human gingival fibroblasts, but can inhibit MMPs.293, 294 What this 

correlation reflects – or effects – in the oral cavity during IBD remains to be investigated.  

 

IL-6 MMP-10 IL-6 MMP-10

Calprotectin

unstimulated
saliva

stimulated
saliva

p = 0.069p = 0.056

-1.0 -0.5 0 0.5 1.0
 

Figure 6. Correlation between altered salivary proteins in study II and III. Heatmap showing the 
correlation between unstimulated and stimulated concentrations of calprotectin (study II), and IL-6 
and MMP-10 (study III) in 20 IBD patients whose samples were included both studies. Analyzed by 

Spearman’s ρ. 

 

4.5 THE EFFECT OF IBD TREATMENT ON SALIVARY PROTEINS 

Except for calprotectin in unstimulated saliva of naïve CD patients, none of the analyzed 

proteins were significantly affected by IBD treatment at short-term follow-up. Interestingly, 

neither did the 92 inflammatory proteins in serum in study III – only serum calprotectin 

decreased after treatment in study II. In both studies, the PGA decreased in the vast majority 

of the IBD patients which suggests symptomatic relief but does not reflect endoscopic or 

microscopic disease activity.295 Unfortunately, the IBD patients in studies II-III were not 

endoscopically examined at follow-up and we did not obtain HBI or SCCAI scores as 

substitute indexes of the disease activity.  

It is reasonable to assume that 3 months of treatment might be too short of a time to evaluate 

treatment success in IBD as only 35% of IBD patients reach clinical remission after 17 weeks 

of Vedolizumab treatment.296 Yet another probable explanation to the lack of alteration in 

salivary and circulatory proteins might lie within IL-6, which is known not to decrease in 

saliva nor circulation after immunomodulatory treatment of rheumatoid arthritis.297, 298  
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Given that the STRING-analysis revealed that IL-6 orchestrates the expression of the rest of 

the significantly altered proteins, it is therefore not surprising that no other proteins were 

affected by treatment. In the light of this, it would be interesting to assess the effect of IL-6 

inhibitors on the levels of these inflammatory mediators.88  

4.6 OBSERVATIONS REGARDING THE ORAL HEALTH IN IBD 

We did not observe differences in oral health status between IBD patients and controls in 

study IV. Others have also not been able to detect an increased prevalence of periodontitis in 

IBD patients, however, caries findings are consistently reported in the literature.227 Instead, 

we observed an increased prevalence of periodontitis in controls. However, this could be 

explained by our control selection which was affected by the SARS-CoV 2 pandemic 

(described in the materials and methods), and the small sample size. This resulted in the 

controls being recruited among patients at dental clinics, which would suggest a greater 

prevalence of oral disease compared to that of IBD patients outside the dental setting. 

The purpose of our study was however not to assess differences in oral health between 

patients and controls, but to determine potential confounding effects on the determination of 

salivary calprotectin in IBD, given that salivary calprotectin is known to be affected by caries 

and periodontitis.268, 270 However, oral health is an important factor to take into account when 

analyzing the oral-gut connections in IBD and should always be considered, particularly with 

regards to periodontitis. Alarmingly, severe alveolar bone loss has recently been described 

as an IBD manifestation in a pediatric case of CD.299 Therefore, the pathogenic link between 

IBD and periodontitis should be further investigated. 

Periodontal disease could mask the IBD-related expression of the herein analyzed and many 

other inflammatory mediators, as the gingival mucosa of IBD patients with periodontitis 

harbors increased concentrations of inflammatory cytokines compared to the intestine, some 

of which are significantly increased during IBD flare.300, 301 The thesis author has analyzed 

some of the inflammatory mediators presented herein in disease settings other than IBD – 

namely periodontitis – and has shown that calprotectin increases in correlation to bleeding on 

probing, and that IL-34 and CSF-1 are present in saliva in which they display complementary 

roles during periodontal disease.248, 256 Nevertheless, the salivary expression of IL-34 in IBD 

would be interesting to assess, since IL-34 is overexpressed in the inflamed salivary glands in 

patients suffering from another systemic inflammatory disease, namely Sjögren’s syndrome.302 

An interesting finding during our oral examination of participants in study IV was that more 

than 70% of the IBD patients presented with at least one oral manifestation. Out of these 

(n=15), only 2 patients were aware of their current manifestations and 4 patients had no 

subjective remembrance of a history of oral manifestations. The most common 

manifestations were mucosal ulcerations, followed by buccal hypertrophy, cobblestoning, 

angular cheilitis, tongue, and lichenoid lesions. This is among the highest reported 

prevalence of oral manifestations in an IBD cohort to date and indicates that clinical oral 
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involvement in IBD is more prevalent than previously thought.104, 184, 192 In turn, this could 

explain why we detect significantly increased concentrations of inflammatory mediators in 

saliva. Moreover, considering that the cohort in study IV mainly consisted of IBD patients in 

clinical remission or with mild disease activity, this adds to the author’s proposed hypothesis 

that oral manifestations might be a trait marker of IBD, rather than a state marker.  

Of note, salivary calprotectin concentrations did not correlate to the occurrence of oral 

manifestations in this cohort. Nevertheless, the oral mucosa of IBD patients shows signs of 

aberrant immune responses204-208, which may be reflected by other inflammatory proteins in 

saliva such as IL-6, for example. Moreover, it would be relevant to investigate whether the 

altered saliva proteins identified in this thesis mediate inflammatory responses by immune 

cells within the oral mucosa of IBD patients, such as neutrophils and macrophages whose 

histopathological presence has been confirmed in oral manifestations of IBD.199, 303 

Furthermore, to the best of the author’s knowledge, there are no reports regarding the 

phenotype of these immune cells nor whether they possess a causative role in the 

development of oral manifestations in IBD. In sum, the oral mucosa should be more closely 

investigated in IBD, with the aim to characterize additional aberrant immune responses and 

mechanisms involved in the generation of oral manifestations of IBD.   
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5 CONCLUSIONS 

This thesis investigated aberrant immune responses associated with IBD, predominantly 

within the oral cavity. Attention was mainly given to cytokines and chemokines – their local 

(intestinal or oral) and circulatory expression in relation to intestinal inflammation. As a 

result, this thesis proposed IL-34 as a new modulator of IBD and showed that several 

inflammatory mediators are elevated in saliva, suggesting that the oral cavity mirrors 

intestinal inflammation and might contains clues regarding the mechanism behind oral 

manifestations of IBD.  

The major findings of this thesis are: 

• IL-34 and CSF-1 demonstrate distinct expression patterns in the human normal 

intestine, and are significantly elevated in inflamed intestines of IBD patients as well 

as in a mouse model of colitis. Infiltrating cells of the lamina propria and intestinal 

epithelial cells express IL-34, and TNF-α regulates IL-34 expression in intestinal 

epithelial cells through the NF-κB pathway. 

• Calprotectin is significantly elevated in saliva of IBD patients, particularly in CD 

patients. Salivary calprotectin differences between patients and controls are most 

prominent in newly diagnosed untreated CD patients, in which the calprotectin 

concentration in unstimulated saliva decreases after treatment.  

• Saliva and serum inflammatory profiles share a similar composition but reflect 

different aspects of IBD activity – inflammatory proteins in serum correlate to 

biochemical status while salivary proteins reflect endoscopic disease activity. The 

majority of the investigated inflammatory proteins are detected in saliva, and IL-6 

and MMP-10 – proteins involved in the pathogenesis of IBD and its EIMs – are 

significantly elevated in stimulated saliva of IBD patients. 

• Calprotectin is significantly elevated in stimulated saliva of IBD patients compared 

to controls in a second cohort and is not significantly affected by oral disease. 

Neutrophils isolated from saliva are a source of calprotectin, and demonstrate 

reduced CD11b expression in IBD patients, but share a similar ability to secrete 

calprotectin. 
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Figure 7. Illustrative summary. The summarized major findings regarding the expression of inflammatory 
mediators in the intestine and saliva in inflammatory bowel disease. ↑ indicates significant increase. The 

figure was created by the author using images licensed under creative commons from Servier Medical Art by 
Servier and Wikimedia Commons. 
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6 POINTS OF PERSPECTIVE 

This thesis has shown that inflammatory mediators are elevated in IBD throughout the 

gastrointestinal tract – from the mouth to the intestines – which could reflect an aberrant 

immune response. Still, many questions remain unanswered before final conclusions can 

be drawn regarding which factors are primary or secondary to IBD. This thesis only 

focused on the immune aspects of IBD, but their role in disease pathogenesis must be 

considered in light of the other pathogenic components, such as the environment, the 

genetic make-up, and the microbiome.  

The salivary results obtained within this thesis are based on small, yet well-characterized 

cohorts. Despite being able to confirm our results regarding elevated salivary calprotectin in 

IBD, these findings need to be validated in large and homogenous cohorts to truly test the 

clinical applicability of the protein. The same is true for the findings in study III, despite the 

fact that elevated salivary IL-6 has been described in several IBD cohorts.210, 211 When 

analyzing salivary proteins, one should always be aware of the numerous variables which 

may affect the salivary protein expression (ex. pH, microbiota, proteases, temperature) and 

exclude these as confounding factors if a protein is to be clinically relevant.304 

The field of salivary research in IBD has greatly focused on salivary alterations in relation to 

the disease, yet there are few studies investigating the origin of these changes. The field should 

therefore include investigations that characterize the immune responses within oral mucosa 

which, with the aid of current high-throughput technologies, could generate large insights 

regarding the link between the oral mucosal immune system and salivary findings in IBD. 

However, the current SARS-CoV 2 pandemic proposes a non-negligible challenge in future 

research involving the oral cavity. Studies performed during ongoing spread of the virus must 

account for the potentially longstanding oral health effects of a SARS-CoV 2 infection, such 

as impairment of the oral immune system and consequent development of oral lesions, which 

may mask mechanisms related to IBD, or any oral-systemic link for that matter.305 

Nevertheless, upon discovery of sufficiently reliable and specific salivary markers of IBD, 

salivary samples could potentially substitute blood and fecal samples in the future. This would 

not only be a simple and cost-effective screening method for IBD in hereditary susceptible 

individuals, but also enable the patients themselves to follow up their disease activity, in order 

to be able to predict flare-ups and adjust treatment in time, to decrease the morbidity and 

subsequent societal costs of IBD. However, regardless of the future clinical utility of these 

investigated inflammatory mediators, our findings provide added knowledge that could be 

used for a greater understanding of the cause and sustention of IBD and its oral manifestations, 

and for the formulation of new treatment strategies. Furthermore, studies and comparisons of 

the expression of inflammatory mediators in different disease settings may eventually provide 

insight into the inter-organ spread of defective immune responses during chronic inflammation.
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