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Salivary and Serum Inflammatory Profiles Reflect Different 
Aspects of Inflammatory Bowel Disease Activity

Mirjam Majster, DDS,* Ronaldo Lira-Junior, DDS, PhD,* Charlotte M. Höög, MD, PhD,†,‡ Sven Almer, MD, PhD,†,§  
and Elisabeth A. Boström, DDS, PhD*,

Background: Inflammatory bowel disease (IBD) can manifest both macroscopically and microscopically in the oral cavity; however, little is 
known about salivary changes in IBD. Therefore, this study aimed to assess salivary and circulatory inflammatory profiles in IBD and to compare 
their potential to reflect the presence and activity of IBD.

Methods: We measured 92 known inflammatory proteins in serum and in unstimulated and stimulated whole saliva samples from patients with 
IBD with active intestinal inflammation (n = 21) and matched control patients (n = 22) by proximity extension assay. Fifteen of the patients with 
IBD returned 10 to 12 weeks after treatment escalation for resampling.

Results: Sixty-seven of the proteins were detected in all 3 sample fluids but formed distinct clusters in serum and saliva. Twenty-one inflamma-
tory proteins were significantly increased and 4 were significantly decreased in the serum of patients with IBD compared with that of the control 
patients. Two of the increased serum proteins, IL-6 and MMP-10, were also significantly increased in stimulated saliva of patients with IBD and 
correlated positively to their expressions in serum. None of the investigated proteins in serum or saliva were significantly altered by IBD treat-
ment at follow-up. Overall, inflammatory proteins in serum correlated to biochemical status, and salivary proteins correlated positively to clinical 
parameters reflecting disease activity.

Conclusions: Saliva and serum inflammatory profiles in IBD share a similar composition but reflect different aspects of disease activity. The oral 
cavity reflects IBD through elevated IL-6 and MMP-10 in stimulated saliva.
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INTRODUCTION
Inflammatory bowel disease (IBD), which includes 

Crohn’s disease (CD) and ulcerative colitis (UC), is a group of 

chronic immune-mediated inflammatory diseases that affect 
more than 3.5 million individuals worldwide.1 It is a complex 
multifactorial disease not exclusive to the gastrointestinal tract, 
known to manifest itself in other organs in up to 50% of pa-
tients, coincident with intestinal manifestations or independ-
ently.2, 3 

One such organ is the oral cavity, where patients can de-
velop mucocutaneous lesions that resemble those in the bowel 
as they go into flare and remission and respond to IBD treat-
ment.4 These include CD-specific oral mucosal cobblestoning, 
orofacial granulomatosis, and mucosal tags, along with an 
increased prevalence of common oral pathologies such as 
aphtous ulcers, stomatitis, and glossitis—all recognized as 
important early signs of disease because they may precede in-
testinal symptoms and are associated with more severe pheno-
types of CD in pediatric patients.4, 5 Oral manifestations of 
UC have been less studied, although pyostomatitis vegetans, 
characterized by oral intra- and subepithelial microabscesses 
similar to those found in colons affected by UC, is considered 
to be specific to UC.6 Clinically healthy oral mucosa of pa-
tients with CD has also been shown to contain granulomas, 
histopathological hallmarks of intestinal CD.7 Moreover, both 
adult and pediatric patients with IBD suffer from caries and 
periodontal disease to a larger extent compared to healthy 
control patients.8

However, do not seem to be restricted to oral mucosa 
but have also been described in saliva. Saliva is an easily 
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accessible oral biofluid secreted from the parotid-, submandib-
ular-, sublingual-, and minor salivary glands that reside in the 
oral mucosa. It can be obtained either by passive drooling or by 
gustatory/masticatory stimulation and is thus referred to as un-
stimulated and stimulated saliva, respectively. Unstimulated sa-
liva consists mainly of secretions from the submandibular and 
sublingual glands with a high mucin component, and stimu-
lated saliva is mainly composed of parotid secretions, which 
are less viscous and more abundant in volume.9 Saliva con-
tributes to mucous membrane integrity, protects from dryness 
and ulcer formation, enhances mucosal repair, and serves im-
portant immunoregulatory functions including the expression 
of secretory immunoglobulin A and the secretion of immune-
suppressive cytokines and defensins along with mucins.10

Salivary constituents are known to reflect local and sys-
temic diseases.11 Several proinflammatory proteins, such as 
interleukin (IL)-6, IL-1β, and tumor necrosis factor (TNF)-α 
have been shown to be significantly elevated in the saliva of pa-
tients with IBD compared with that of control patients.12, 13 We 
have recently shown that calprotectin is significantly elevated in 
the saliva of patients with IBD, most markedly in naive patients 
with CD, in whom it tends to decrease following treatment.14 
Other described changes in saliva from patients with IBD in-
clude altered antioxidant activity, increased oxidative stress, 
and dysbiosis of the oral microbiome.15-17

Still, investigations involving the saliva of patients with 
IBD are scarce and limited to singular findings. Our aim was 
to broadly explore the inflammatory protein profiles in saliva 
compared to those in serum in patients with IBD and control 
patients using a high-multiplex immunoassay panel, to relate 
the findings to clinical data that reflect IBD presence and ac-
tivity, and further, to assess the impact of IBD treatment on 
saliva and serum protein profiles.

METHODS

Study Participants
Patients with IBD (n = 21) were recruited at the Division 

of Gastroenterology at Karolinska University Hospital, 
Stockholm, Sweden, between October 2015 and March 2018. 
Inclusion criteria were age ≥18  years, a diagnosis of CD or 
UC, and active intestinal inflammation verified by endoscopy. 
The exclusion criteria were pregnancy, current breastfeeding, 
comorbidities of the gastrointestinal tract (ie, any diagnosis 
other than IBD), symptoms from the oral cavity, diagnosis 
of Sjögren’s syndrome or systemic lupus erythematosus, and 
previous irradiation of the head and neck. Demographic and 
clinical data, including Montreal classification,18 surgical and 
medical treatment, and blood counts were retrieved from pa-
tient records when available. Endoscopic disease activity at base-
line was graded according to the Ulcerative Colitis Endoscopic 
Index of Severity (UCEIS) or the Simple Endoscopic Score for 
Crohn’s disease (SES-CD).19, 20 Further, patients’ overall disease 

activity was graded on a 4-grade scale as a physician global as-
sessment (PGA) by an experienced gastroenterologist and was 
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. All 
21 patients with IBD were invited for resampling 10 to 12 weeks 
after treatment escalation, and 15 were seen for follow-up. 
Reasons for dropouts included lack of treatment compliance 
(n = 1) or study withdrawal for unknown reasons (n = 5).

Control patients (n = 22) matched for age, sex, body mass 
index (BMI), and smoking/use of Swedish snuff were recruited 
at the GHP Stockholm Gastro Center, Stockholm, Sweden, 
between March and May 2018. The exclusion criteria were 
the same as for the patients with IBD, with the additional ex-
ceptions: inflammatory disease with ongoing medication and 
antibiotic treatment ≤ 3  months before sampling. All control 
patients had undergone colonoscopy in the workup of gastro-
intestinal disorders, and none of them had any macroscopic 
signs of intestinal inflammation.

Saliva and Serum Sampling
Serum and unstimulated and stimulated whole saliva 

were sampled from all study participants in conjunction with 
the endoscopic examination and from 15 of the patients with 
IBD who returned 10 to 12 weeks after treatment escalation. 
Blood was drawn into a Z Serum Clot Activator Vacuette tube 
(Greiner Bio-One, Kremsmünster, Austria) and centrifuged 
for 15 minutes at 2000 × g, and serum was collected and ali-
quoted for storage at –80°C until analysis. Unstimulated saliva 
was collected through passive drooling for 5 to 8 minutes, and 
stimulated saliva was collected through 5-minute masticatory 
stimulation by chewing a 0.5 g paraffin tablet (Ivoclar Vivadent, 
Schaan, Liechtenstein). Samples were placed on ice and centri-
fuged for 10 minutes at 600 × g, and supernatant was collected 
and aliquoted for storage at –80°C until analysis. Salivary flow 
(mL/min) was calculated by dividing sample volume by collec-
tion time.

Protein Analysis in Serum and Saliva
Ninety-two inflammation-related proteins were analyzed 

in the serum and saliva samples using the Olink Inflammation 
panel (Olink Proteomics, Uppsala, Sweden; Supplementary 
Table 1). A protease inhibitor was added to the saliva samples 
before analysis (Sigma-Aldrich, St. Louis, MO). In short, the 
method was based on proximity extension assay technology: the 
92 antibody probe pairs bound to their specific target protein, 
forming a polymerase chain reaction target sequence through 
proximity-dependent DNA polymerization, which was detected 
and quantified using standard real-time polymerase chain reac-
tion.21 The output was normalized in 2 steps and presented in a 
relative semi-quantitative Normalized Protein eXpression unit. 

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa190#supplementary-data
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Last, the Normalized Protein eXpression data were transformed 
into a log2 scale. Samples that did not pass the assay quality 
control (serum: 5% control patients, 5% patients with IBD base-
line; unstimulated saliva: 14% control patients, 10% patients 
with IBD baseline; stimulated saliva: 14% control patients) were 
excluded from analysis, and saliva values were adjusted for sali-
vary flow. For this exploratory cohort we set a detection limit of 
50%, meaning that analytes detected in < 50% of the serum or 
unstimulated or stimulated saliva samples were excluded and re-
ferred to as undetectable. Total protein concentrations in saliva 
were measured using the Qubit Protein Assay according to the 
manufacturer’s instructions (Life Technologies, Carlsbad, CA). 
Protein interactions and biological functions were investigated 
using the STRING database.22 Delta values were calculated by 
subtracting values retrieved from patients with IBD during flare 
from values obtained after treatment.

Statistical Analysis
Differences between groups in continuous variables were 

tested by the Mann-Whitney U test. Sex, smoking/Swedish 
snuff consumption, and protein detectability differences be-
tween patients with IBD and control patients were tested using 
the Pearson χ 2 test. The Wilcoxon signed-rank test was used 
for all paired analyses. Sample clustering was visually investi-
gated on score plots resulting from principal component anal-
ysis (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%. Spearman correlation coefficients were calculated for 
correlations, and analyte sensitivity and specificity were calcu-
lated by means of areas under the curve of receiver-operating 
characteristics (AU-ROC). We used SPSS (version 25.0; IBM 
Corporation, Armonk, NY), and GraphPad Prism 7 (version 
7.04; GraphPad Software Inc., La Jolla, CA) for statistical 
analysis and the graphical presentation of results. The signif-
icance levels were set to P ≤ 0.05 (*), 0.01 (**), or 0.001 (***). 
All tests were 2-sided.

Ethical Considerations
The study was approved by the Regional Ethical Review 

Board in Stockholm, Sweden (Dnr 2015/17–31) and was 
conducted in accordance with the Declaration of  Helsinki. 
Written informed consent was obtained from all participants.

RESULTS

Demographic and Clinical Characteristics of 
Study Participants

Demographic and clinical characteristics of the 21 pa-
tients with IBD and 22 control patients are presented in Table 1. 
Eleven of the patients were newly diagnosed and untreated (8 
with CD, 3 with UC), and 10 had established and treated disease 

(4 with CD, 6 with UC). There were no significant differences in 
age, sex, BMI, or nicotine consumption between patients with 
IBD and control patients.

Detectability and Interfluid Correlation of Panel 
Proteins

The 92 inflammatory proteins analyzed are listed in 
Supplementary Table 1. Altogether, 41 serum samples (20 from 
patients with IBD, 21 from control patients), 37 unstimulated 
saliva samples (18 from patients with IBD, 19 from control pa-
tients), and 40 stimulated saliva samples (21 from patients with 
IBD, 19 from control patients) passed the assay quality control 
and were included in the analysis.

Overall, 80 of the proteins were detected in the serum 
samples, 72 in the unstimulated saliva, and 69 in the stimulated 
saliva. Sixty-seven of the proteins were common for all the 
sample types, and 10 proteins were unique to serum (IL-1RB, 
SLAMF1, FGF-5, FGF-21, IL-15RA, β-NGF, IL-24, CCL25, 
NT-3, and IL-5), and IL-1α and LIF were exclusively detected 
in saliva (Fig. 1A). The proteins MCP-3, GDNF, and IL-10RA 
were detected in serum and unstimulated saliva but not in 
stimulated saliva. Another 10 proteins were detectable in less 
than 50% of the samples in all 3 sample fluids and were thus 
defined as undetectable (IL-2, TSPL, IL-22RA1, IL-13, TNF, 
IL-20, IL-33, IFN-γ, IL-4, and NRTN).

The differences in analyte detection between serum and 
saliva are shown in Supplementary Figs. 1A-C. In summary, 
the measured proteins were detected to a higher degree in 
serum samples than in saliva samples. We detected IL-13 in 
serum and IL-33 in stimulated saliva in significantly fewer IBD 
samples compared with control samples (Supplementary Figs. 
1A, C). IL-24 was detected in significantly more serum and 
stimulated saliva samples from patients with IBD than from 
control patients (Supplementary Figs. 1A, C), and GDNF 
was detected in more stimulated saliva samples from control 
patients than from patients with IBD (Supplementary Fig. 
1C). There was no significant difference between patients with 
IBD and control patients regarding the percentage of  detect-
able proteins in unstimulated saliva samples for any protein 
(Supplementary Fig. 1B).

A PCA of  the 67 proteins that were common for all 
fluids revealed that serum and saliva samples formed dis-
tinct clusters (Fig.  1B). Despite certain overlap between 
unstimulated and stimulated saliva, discrete separation 
was evident between the two saliva types (Fig.  1B). The 
expression of  most proteins correlated positively between 
unstimulated and stimulated saliva (Fig. 1C). Eleven pro-
teins common to serum and stimulated saliva correlated 
positively and one (AXIN1) correlated negatively, whereas 
only 6 proteins in unstimulated saliva correlated positively 
to their expression in serum (Fig. 1C). Four proteins cor-
related positively in all 3 fluids (CXCL9, CCL11, CCL23, 
and MMP-10).

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa190#supplementary-data
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http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa190#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa190#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa190#supplementary-data
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Significantly Altered Inflammatory Proteins in 
Serum and Saliva of Patients With IBD 

The PCA of detected proteins in serum segregated pa-
tients with IBD from control patients, whereas no obvious 
difference based on the protein expression patterns in either un-
stimulated or stimulated saliva was observed between patients 
with IBD and control patients (Figs. 2A-C).

Out of  the detected proteins, 21 were significantly 
elevated in the serum of  patients with IBD with active di-
sease compared with control patients, and 4 were decreased 
(Fig. 2D). None of  the proteins differed significantly between 
patients with IBD and control patients in unstimulated sa-
liva (Fig. 2E), and IL-6 and MMP-10 were significantly el-
evated in stimulated saliva of  patients with IBD (Fig.  2F). 
The altered serum proteins were mainly interconnected 
cytokines and chemokines involved in regulation of  the 
cellular response to stimuli, cell proliferation and function 
(Supplementary Fig. 2). Certain increased proteins were in-
volved in the IL-17 and Janus kinase-signal transducer and 
activator of  transcription  (JAK-STAT) signaling pathway. 
The decreased proteins did not have any known or predicted 
interactions with each other and were mainly involved in the 
regulation of  proteolysis (Supplementary Fig. 2).

Out of the significantly altered proteins, salivary IL-6 had 
the highest AU-ROC for distinguishing patients with IBD from 
control patients, followed by the significantly increased pro-
teins in serum (salivary IL-6 AU-ROC = 0.886; serum CXCL9 
AU-ROC = 0.864; Table 2). The sensitivity and specificity of 
MMP-10 in stimulated saliva corresponded to the AU-ROC 
of the lowest third of serum proteins. The 4 significantly de-
creased proteins had an AU-ROC ranging from 0.729 to 0.745 
(Table 2).

Inflammatory Protein Expression in Relation to 
Clinical Parameters During IBD Flare

Evaluation of correlations between protein expression 
and clinical parameters revealed more significant correlations 
in saliva compared with serum (Figs.  3A-C). Serum proteins 
tended to correlate to biochemical markers of disease activity 
to a greater extent than saliva proteins. Three proteins in serum 
correlated positively to C-reactive protein (CRP) and leukocyte 
concentrations, respectively, and 5 proteins correlated posi-
tively and 2 negatively to fecal calprotectin levels (Fig.  3A). 
Out of the 25 proteins that were altered in the serum of pa-
tients with IBD, 9 correlated significantly to at least one of the 
clinical parameters (IL-17A, IL-17C, IL-10, IL-6, OSM, HGF, 
CXCL1, VEGFA, and ST1A1).

Salivary inflammatory proteins mainly correlated to 
clinical parameters reflecting disease activity. Twenty-four 
proteins in stimulated saliva and 6 in unstimulated saliva 

TABLE 1. Demographic and Clinical Characteristics of 
Patients With IBD and Control Patients

IBD  
(n = 21)

Control 
(n = 22) P

Age, y (mean ± SD)* 43 ± 16 47 ± 14 0.319

Gender, female/male, n (%)† 7/14 (33/67) 8/14 (36/64) 1.000

BMI, kg/m2 (mean ± SD)* 25 ± 5 27 ± 4 0.072

Smoking/snuff habits, n (%)†   0.755

 Active 8 (38) 7 (32)  

 Never/former 13 (62) 15 (68)  

IBD diagnosis, n (%)    

 CD 12 (57) -  

 UC 9 (43) -  

Disease duration, y 
(mean ± SD)

3 ± 5 -  

Disease location, CD, n (%)‡    

 Ileum (L1) 3 (25) -  

 Colon (L2) 6 (50) -  

 Ileocolic (L3) 3 (25) -  

 Upper GI (L4) 0 (0) -  

Disease extent, UC, n (%)‡    

 Proctitis (E1) 0 (0) -  

 Left-sided (E2) 4 (44) -  

 Extensive (E3) 4 (44) -  

 Unknown 1 (1) -  

Abdominal surgery, n (%)    

 Yes 4 (19) -  

 No 17 (81) -  

Medical treatment, n (%)    

 Glucocorticoids 13 (62) -  

 Anti-TNFs/biologics 4 (19) -  

 Thiopurines 4 (19) -  

 5-ASAs 3 (14) -  

 No treatment 2 (10) -  

SES-CD (mean ± SD) 11 ± 5 -  

UCEIS (mean ± SD) 2 ± 1 -  

Total protein, mg/mL 
(mean ± SD)*

   

 Unstimulated saliva 1.1 ± 0.5 0.9 ± 0.3 0.392

 Stimulated saliva 0.9 ± 0.3 0.8 ± 0.3 0.796

Salivary flow, mL/min 
(mean ± SD)*

   

 Unstimulated saliva 0.4 ± 0.2 0.3 ± 0.2 0.067
 Stimulated saliva 1.8 ± 1.0 1.1 ± 0.7 0.006

*Mann-Whitney U test, control patients vs patients with IBD.
†χ 2 test, control patients vs patients with IBD.
‡According to the Montreal Index.
5-ASA indicates 5-aminosalicylic acid/mesalazine; SD, standard deviation.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa190#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa190#supplementary-data
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correlated positively to SES-CD (Figs. 3B, C). Conversely, IL-8 
in unstimulated saliva correlated negatively to SES-CD, and 4 
stimulated saliva proteins correlated negatively to the UCEIS 
(Figs. 3B, C). Overall, the salivary proteins correlated negatively 
to PGA. In unstimulated saliva, 4 proteins correlated to CRP, 
and CXCL1 to leukocyte concentrations (Fig. 3B). None of the 
proteins in stimulated saliva correlated to CRP, and CCL4 cor-
related negatively to leukocyte concentrations (Fig. 3C). Four 
proteins in unstimulated saliva and IL-10 in stimulated saliva 
correlated positively to fecal calprotectin (Figs. 3B, C). Nine of 
the proteins detected in stimulated saliva correlated positively 
to disease duration (Fig.  3C). In stimulated saliva, MMP-10 
correlated positively with SES-CD, and IL-6 did not correlate 
significantly to any of the clinical parameters.

Effects of IBD Treatment on the Level of 
Inflammatory Proteins in Serum and Saliva

Fifteen of the patients with IBD were resampled after 10 
to 12 weeks of treatment escalation. Eight had established, pre-
viously treated IBD (3 with CD, 5 with UC), and 7 were newly 
diagnosed and treatment naïve (6 with CD, 1 with UC). Between 
baseline and resampling, one of the patients with established 
disease was treated using glucocorticoids, 3 were treated using 

a combination of glucocorticoids and thiopurines, one was 
treated using mesalazine, and 3 were treated using TNF-α in-
hibitors. Five of the newly diagnosed patients had been treated 
using glucocorticoids, one was treated using glucocorticoids 
plus mesalazine, and one received no treatment between base-
line and resampling.

The PGA and CRP significantly decreased after treat-
ment, whereas no differences were observed in P-albumin, 
B-leukocytes, or fecal calprotectin (Table 3). No significant dif-
ferences were observed in flow or total protein concentrations 
in saliva (data not shown). None of the investigated proteins 
were significantly altered in serum or in saliva after treatment 
(Figs. 4A–C). Changes in IL-6 expression after treatment cor-
related between the 3 fluids (data not shown).

DISCUSSION
In this study, we explored the salivary and circulatory 

inflammatory profiles of  patients with IBD with active in-
testinal inflammation before and after treatment and related 
their expression to the presence and activity of  IBD. To the 
best of  our knowledge, this is the broadest multiplex analysis 
of  inflammatory proteins in both unstimulated and stimu-
lated whole saliva of  patients with IBD with matched serum 

FIGURE 1. Protein panel detectability and fluid correlations. A, Venn diagram depicts the amount of proteins detected in ≥ 50% of all serum, un-
stimulated, and stimulated saliva samples. B, PCA plot shows distribution of serum, unstimulated, and stimulated saliva for proteins detected in all 3 
fluids. C, Correlation between protein expression in serum and saliva for proteins detected in at least 2 of the fluid types. Missing values (because of 
proteins not being detected in respective fluid) are crossed out. Proteins showing no significant correlation between fluids were excluded from the 
plot. PC, principal component; S, serum; SS, stimulated saliva; US, unstimulated saliva.
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samples during flare and after treatment. Most of  the ana-
lyzed proteins were detected in both saliva and in circulation 
yet followed a distinct expression pattern in saliva compared 
with serum. Patients with IBD presented significantly ele-
vated levels of  IL-6 and MMP-10 in stimulated saliva and 
several altered serum proteins, none which were affected by 
treatment at short-term follow-up. Overall, inflammatory 
proteins in serum correlated to biochemical status and sali-
vary proteins correlated positively to clinical parameters re-
flecting disease activity.

The majority of  the inflammatory proteins, 67 out of 
92, were detected in serum and in unstimulated and stimu-
lated saliva samples, which is the highest detection rate of 
the Olink inflammation panel in saliva to date.23, 24 This re-
sult supports the hypothesis that salivary proteins may be 
analogous to circulatory biomarkers, since approximately 
40% of  previously suggested disease markers in plasma are 
detected in saliva as well.25 Yet distinct differences in pro-
tein expression patterns were observed between serum and 
saliva, and the correlation of  protein expression between 
saliva and serum was scarce. Instead, the expression of  the 
majority of  the proteins correlated positively between un-
stimulated and stimulated saliva. It therefore seems that 
most of  the detected proteins in saliva are of  local oral or-
igin rather than a transudate of  systemic expression.

Interestingly, the protein expression in stimulated saliva 
was negatively affected by increased salivary flow, implying that 
parotid secretions dilute the proteins. This result suggests that 
the potential source of the investigated proteins may be secre-
tions by the submandibular/lingual or minor salivary glands, or 
mucosal constituents such as oral keratinocytes and leukocytes 
shed through masticatory stimulation, all of which are pre-
sent in both saliva types but more abundantly so in stimulated 
saliva.26

Comparing the expression of inflammatory proteins 
between patients with IBD and control patients, 21 proteins 
were significantly elevated and 4 decreased in the serum from 
patients with IBD. These proteins were mainly cytokines and 
chemokines related to cellular signaling and migration. The 
decreased proteins were involved in the positive regulation of 
proteolysis, while the increased serum proteins were involved 
in the IL-17 and JAK-STAT signaling pathways, all previously 
implicated in the pathogenesis of IBD.27-29 Nine of these pro-
teins have been suggested as possible serum markers of IBD 
when utilizing the same assay; however, there has been no great 
overlap in findings, which could be due to previous investiga-
tions based on patients with IBD without endoscopic evalua-
tion of intestinal inflammation.30

Two of the significantly elevated serum proteins, IL-6 and 
MMP-10, were also significantly increased in the stimulated saliva 

FIGURE 2. Sample clustering and protein expression in patients with IBD vs control patients. PCA plot shows distribution of IBD and control samples 
for proteins detected in ≥50% samples, in (A) serum, (B) unstimulated, and (C) stimulated saliva. Volcano plots for statistical significance (Mann-
Whitney U test, adjusted for false discovery rate) against mean fold changes of detected proteins between patients with IBD and control patients 
in (D) serum, (E) unstimulated, and (F) stimulated saliva. The red dots represent significantly reduced proteins in patients with IBD compared with 
control patients, green dots represent significantly elevated proteins, and black dots represent insignificant proteins. False discovery rate threshold 
for discoveries in serum was 0.0156, and it was 0.0014 in stimulated saliva.
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of patients with IBD and correlated positively to their respective 
expressions in serum. The two saliva proteins seemed similarly 
accurate in distinguishing patients with IBD from control pa-
tients as the significantly altered serum proteins. They have both 
been implicated in the pathogenesis of IBD and have previously 
been shown to be elevated in serum and in inflamed as well as 
nonlesional intestinal mucosa of patients with IBD.30-32 Research 
has also shown IL-6 to be elevated in the unstimulated saliva of 
patients with IBD, which we could not confirm, possibly because 
of differences in saliva sampling methodology.12, 13 IL-6 is believed 
to maintain intestinal inflammation by suppressing the apoptosis 
of T-cells through signal transducer and activator of transcrip-
tion 3 and is found in residing macrophages, lymphocytes, and 
intestinal epithelial cells.33, 34

MMP-10, on the other hand, is a stromelysin whose 
main function is enzymatic regulation of the extracellular 
matrix with a hitherto unknown function in IBD. However, 

overexpression of the enzyme in damaged epithelium results 
in disordered wound healing, which goes well in hand with the 
clinical manifestation of IBD in intestinal mucosa.35, 36 Notably, 
both IL-6 and MMP-10 are speculated to be part of  the mech-
anism generating dermatological manifestations of IBD.35, 37 
It would therefore be relevant to validate our findings of ele-
vated IL-6 and MMP-10 in the stimulated saliva of patients 
with IBD in another cohort and investigate whether they are 
involved in the pathogenesis of  oral mucosal manifestations in 
IBD as well.

When we related the protein profiles to relevant clinical 
data that reflected IBD activity, only a few serum proteins cor-
related with the clinical parameters, and when they did, they 
mainly reflected the biochemical status of disease activity. In 
contrast, inflammatory proteins in saliva showed a higher de-
gree of correlation to clinical parameters and predominantly 
reflected endoscopic activity. Interestingly, MMP-10 expression 
in stimulated saliva significantly correlated to SES-CD, and 
IL-6 expression followed a similar but insignificant trend. Our 
findings suggest that the oral cavity is affected by, and thus re-
flects, ongoing intestinal inflammation.

We did not observe any significant effect of treatment at 
short-term follow-up on any of the inflammatory proteins in 
serum or saliva. An explanation to this could lie within IL-6, 
which is known not to decrease in saliva or in circulation in sev-
eral chronic inflammatory conditions after immunomodulatory 
treatment.38, 39 Given that our STRING-analysis revealed that 
IL-6 orchestrates the expression of the rest of the significantly 
altered proteins, it would therefore not be surprising that no 
other proteins were affected by treatment. Observing this con-
dition from another angle, it would be interesting to assess 
whether this effect, or rather the lack of it, remains after IL-6 
blockade.

This exploratory study comprises a small group of with 
IBD and control patients; however, it includes an analysis of a 
large panel of markers measured using a highly specific multiplex 
immunoassay. Furthermore, the control patients were matched to 
the patients according to sex, age, BMI, and nicotine consump-
tion to exclude potential confounding factors. We lacked detailed 
information regarding the amount of consumed nicotine units, 
but very few proteins (2 in serum, 6 in unstimulated saliva, and 
2 in stimulated saliva) were significantly affected by nicotine con-
sumption (data not shown). Another setback of this study is the 
lack of a detailed oral examination of the study participants. We 
proceeded from self-reported oral status and can therefore not rule 
out an effect of undisclosed oral pathology. However, the patient/
control patient–matching equalized variables known as predis-
positions to general oral pathologies such as caries and perio-
dontal disease.40

Another strength of this study is the endoscopic evalua-
tion of the intestinal inflammation in all study participants in 
direct conjunction to baseline sampling and objective measures 
of disease activity through blood counts and fecal calprotectin 

TABLE 2. Sensitivity and Specificity of Altered Serum 
Proteins in IBD: ROC Analysis

Protein AUC 95% CI P *

Elevated, serum  
 

CXCL9 0.864 0.744-0.984 <0.001
CSF1 0.848 0.720-0.975 <0.001
IL-17A 0.845 0.709-0.982 <0.001
OSM 0.840 0.723-0.958 <0.001
IL-7 0.833 0.704-0.962 <0.001
IL-10 0.836 0.710-0.961 <0.001
MMP-10 0.831 0.707-0.955 <0.001
CCL23 0.817 0.672-0.961 0.001
CCL11 0.812 0.675-0.949 0.001
IL-6 0.810 0.677-0.942 0.001
HGF 0.786 0.638-0.934 0.002
TGF-α 0.786 0.638-0.934 0.002
CXCL11 0.783 0.638-0.929 0.002
CXCL1 0.757 0.599-0.915 0.005
MCP-3 0.745 0.594-0.897 0.007
VEGFA 0.738 0.586-0.890 0.009
OPG 0.738 0.569-0.907 0.009
MMP-1 0.729 0.576-0.881 0.012
CD8A 0.724 0.564-0.883 0.014
IL-17C 0.721 0.564-0.879 0.015
IL-24 0.720 0.562-0.878 0.016

Elevated, saliva IL-6 0.886 0.776-1.000 <0.001
 MMP-10 0.778 0.620-0.935 0.003
Decreased, serum AXIN1  0.745 0.583-0.907 0.007

SIRT1  0.745 0.589-0.901 0.007
STA1A  0.745 0.595-0.895 0.007
CASP-8 0.729 0.572-0.885 0.012

*ROC, asymptotic significance.
AUC indicates area under the curve; ROC, receiver operating characteristics.
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TABLE 3. Circulatory and Fecal Markers Before and After Treatment of Patients With IBD 

Active Inflammation After Treatment P *

PGA (mean ± SD) 2 ± 1 1 ± 1 0.001
CRP, mg/L (mean ± SD) 14.1 ± 20.6 1.3 ± 0.5 0.047
Plasma albumin, g/L (mean ± SD) 34.5 ± 4.6 37.4 ± 1.7 0.219
Blood leukocytes × 109/L (mean ± SD) 8.5 ± 4.3 6.6 ± 3.2 0.147
Fecal calprotectin, mg/kg (mean ± SD) 1033 ± 959 1051 ± 1976 0.063

*Wilcoxon signed-ranks test, active inflammation vs after treatment (paired samples only).
n = 15.

FIGURE 4. Alterations in protein expression in patients with IBD following treatment. Volcano plots for statistical significance (Wilcoxon signed-
ranks test, adjusted for false discovery rate) against mean fold change of detected proteins in (A) serum, (B) unstimulated, and (C) stimulated saliva 
after treatment compared with active flare in patients with IBD.

FIGURE 3. Correlation between clinical parameters and protein expression in patients with IBD. Correlation between clinical parameters: disease 
duration, PGA, CRP, fecal calprotectin, blood leukocytes, SES-CD, and the UCEIS and the protein expression in (A) serum, (B) unstimulated saliva, and 
(C) stimulated saliva. Analyzed by Spearman’s ρ. Only proteins with significant correlation to at least 1 of the clinical parameters are shown. *P ≤ 0.05, 
**P ≤ 0.01, ***P ≤ 0.001.
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levels. The longitudinal design that encompassed matched sam-
pling after treatment of the patients allowed for investigations 
on the alterations of the inflammatory profile as an effect of 
treatment, but the follow-up after treatment escalation was rel-
atively short and patients were no re-assessed endoscopically, 
which may explain the lack of significant change in inflamma-
tory proteins after treatment.

In conclusion, saliva and serum inflammatory profiles share a 
similar composition but reflect different aspects of IBD activity. In 
this exploratory study, patients with IBD presented increased levels 
of IL-6 and MMP-10 in stimulated saliva; two proteins which have 
been associated with the pathogenesis and extraintestinal manifest-
ations of IBD. These results add new insights into the oral-gut con-
nection in IBD. If they are proven reliable, the oral cavity may not 
only provide potential noninvasive disease markers for IBD pres-
ence and activity but may also contain clues to the pathophysiology 
of extraintestinal manifestations of IBD.

SUPPLEMENTARY DATA
Supplementary data are available at Inflammatory Bowel 
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