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Introduction: Cathelicidin is a multifunctional host defense peptide which may also exert pro- 
inflammatory signals and contribute to the development of autoimmune disorders. We aimed to 
assess serum concentration of cathelicidin in children with inflammatory bowel disease (IBD) 
compared to healthy controls and to evaluate its relationship with disease activity and phenotype.
Patients and Methods: The study group included 68 children with IBD. The control group 
comprised 20 children with functional abdominal pain. All patients and controls were tested 
for complete blood count, C-reactive protein, erythrocyte sedimentation rate and cathelicidin. 
Stool samples were collected to assess calprotectin.
Results: Cathelicidin was significantly increased in patients with ulcerative colitis (1073.39 
±214.52 ng/mL) and Crohn’s disease (1057.63±176.03 ng/mL) patients compared to controls 
(890.56±129.37 ng/mL) (H=16.28; p=0.0003). Cathelicidin was significantly elevated in 
children with active IBD (1044.90±176.17 ng/mL) and IBD remission (1098.10±227.87 
ng/mL) compared to controls (Z=3.21; p=0.001; Z=−4.12; p<0.0001, respectively). 
Negative correlation between cathelicidin and calprotectin in children with ulcerative colitis 
was found (R=−0.39; p=0.02). Cathelicidin exhibited AUC of 0.815 for differentiation 
children with ulcerative colitis from the control group.
Conclusion: Serum cathelicidin is increased in children with Crohn’s disease and ulcerative 
colitis regardless of clinical activity of the disease suggesting that it may be a potential 
biomarker of IBD. Inverse correlation between cathelicidin and fecal calprotectin may imply 
a disparate role of these molecules in the pathophysiology of pediatric ulcerative colitis.
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Plain Language Summary
Antimicrobial peptides, including human cathelicidin, are small molecules acting as host defense 
peptides. Their altered expression and activity may play a role in the pathogenesis of some 
autoimmune diseases. However, data on its implications in the development of inflammatory 
bowel disease (IBD) are scarce. We found that serum levels of cathelicidin was significantly 
increased in children with ulcerative colitis and Crohn’s disease regardless of disease activity and 
treatment status, suggesting that it may be a potential biomarker of IBD. Negative correlation 
between fecal cathelicidin and stool calprotectin in children with ulcerative colitis may imply 
their disparate role in the pathophysiology of pediatric ulcerative colitis.

Introduction
Inflammatory bowel disease (IBD) represents a spectrum of chronic immune- 
mediated inflammatory disorders of the gastrointestinal tract including Crohn’s 
disease and ulcerative colitis.1 Despite the growing incidence of IBD worldwide 
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its pathogenesis remains intricate and incompletely 
understood.1,2 A general model of IBD pathogenesis 
involves a complex interplay between host genetics, 
immune response, gut microbiota and environmental 
factors.1–3 It has been proposed that gene mutations and 
environmental factors play a role of triggers causing an 
impaired host immune response to gut microbiota which 
results in inflammation, dysfunction of epithelial barrier, 
and bacterial translocation.3 Alterations in gut microbiota 
in IBD may include qualitative and quantitative modifica-
tions of its composition and changes in microbial func-
tional activity.3,4

Antimicrobial peptides (AMPs) are small molecules 
acting as host defense peptides (HDPs) of antimicrobial 
activity and immunomodulatory attributes which are 
widely distributed among various tissues.5 Although 
AMPs and HDPs may be used interchangeably, it appears 
that the term host defense peptides encompasses both the 
antimicrobial and immune-related functions.6,7

The host defense peptides exhibit activity against patho-
genic microorganisms including bacteria, enveloped viruses 
and fungi.6–8 Furthermore, HDPs act as modulators of the 
immune response.6–8 On the one hand these peptides display 
pro-inflammatory properties protecting the host against 
pathogens, while on the other hand anti-inflammatory activ-
ity suppresses enhanced inflammation.6–8 Anti-inflammatory 
activity of HDPs is associated with their modulation of 
cytokine-mediated responses, regulation of cell apoptosis 
and impact on the inflammatory cells.7,8 However, it appears 
that the function of HDPs in the regulation of immunity and 
inflammatory process is context-dependent.6 It is determined 
by HDPs’ expression and concentration at the site of inflam-
mation and their interplay with other elements of the innate 
and adaptive immune system.7

In the gastrointestinal tract HDPs protect the host 
against pathogens overgrowth and invasion, and on the 
other hand modulate the composition of the endogenous 
microbiota, contributing to the gut homeostasis.4,9 Thus, 
altered expression and impaired activity of HDPs may play 
an important role in IBD pathogenesis.2,4,10

HDPs comprise two major subfamilies including defen-
sins and cathelicidins.5,11 The only known member of 
human cathelicidins is cathelicidin LL-37.8–10 Cathelicidin 
LL-37 is encoded as an inactive precursor by the CAMP 
gene which is located on the short arm of chromosome 3 
(3p21.3).13,14 Pre-protein hCAP18 is cleaved extracellu-
larly by proteinase-3 to cathelicidin.13,15,16

Cathelicidin is a cationic and amphiphilic 37 amino acid 
peptide which assumes an analpha-helical structure.12,13 

The peptide is constitutively expressed in neutrophil-speci-
fic granules, macrophages, monocytes, natural killer cells 
and multiple epithelial cells.13,17

Cathelicidin exhibits a wide range of antimicrobial activ-
ity and variety of immunomodulatory functions.6–8,18,19 It 
provides a primary antimicrobial host defense against bac-
teria, viruses and fungi, acts as chemokine and promotes 
chemotaxis, stimulates phagocytosis, production of reactive 
oxygen species and immune mediators.6,8,18–20 Cathelicidin 
regulates cell death pathways by inducing apoptosis of 
epithelial cells and promoting neutrophils survival.19 It may 
also be involved in wound healing and angiogenesis.19 It 
appears that the microenvironment determines the pro- or 
anti-inflammatory effect of cathelicidin on cellular 
response.18

Although cathelicidin is a multifunctional host defense 
peptide, it may also contribute to the development of auto-
immune disorders.14,18,19 Recent research has revealed the 
role of cathelicidin in the pathophysiology of systemic lupus 
erythematosus, rheumatoid arthritis and psoriasis.14,21,22 

However, data on its implications in the development of 
inflammatory bowel disease are scarce.23–26 To the best of 
our knowledge there is no study regarding cathelicidin in 
pediatric IBD. Thus, we aimed to assess serum concentration 
of human cathelicidin LL-37 in children with IBD compared 
to healthy controls. The second aim in the study group was to 
evaluate the relationship between cathelicidin and IBD clin-
ical activity and phenotype, and inflammatory markers 
including C-reactive protein, erythrocyte sedimentation 
rate, white blood cell count and fecal calprotectin.

Patients and Methods
A cross-sectional study was conducted at the Department 
of Pediatrics and Gastroenterology, Medical University of 
Lublin, Poland from June 2017 to October 2019. In the 
study group we enrolled 68 consecutive children with IBD 
hospitalized at our department in the study period. 
Exclusion criteria from the study group were: lack of 
informed consent of parents and/or patient aged ≥16 
years old, any clinical or laboratory signs of acute infec-
tion at the time of enrolment, a history of a surgery within 
the 4 weeks prior to enrolment.

To determine IBD phenotype in patients we used the 
Paris Classification.27 We evaluated clinical activity of 
IBD using Pediatric Crohn’s Disease Activity Index 
(PCDAI) and Pediatric Ulcerative Colitis Activity Index 
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(PUCAI) in patients with Crohn’s disease and ulcerative 
colitis, respectively.28,29 In patients with Crohn’s disease 
remission was defined as ≤10 points and active phase as 
>10 points according to the PCDAI in children with 
Crohn’s disease.28 Remission of ulcerative colitis was 
defined as less than 10 points and the active phase as 
≥10 points according to the PUCAI.29

To the control group we recruited 20 children with 
functional abdominal pain recognized based on the Rome 
IV Diagnostic Criteria for Functional Gastrointestinal 
Disorders.30 Exclusion criteria from the control group 
included lack of informed consent of parents and/or patient 
aged ≥16years old, history of any organic disease, any 
clinical or laboratory signs of acute or chronic inflamma-
tion at the time of recruitment, and a history of a surgery 
within the 4 weeks prior the enrolment.

A peripheral blood sample was collected from all 
patients and controls for complete blood count, C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR) and 
cathelicidin.

Venous blood was collected from the peripheral venous 
catheter following a period of overnight fasting. Whole 
venous blood was collected in EDTA-containing tubes for 
complete blood count and ESR analysis. Samples for CBC 
and ESR were analyzed directly after collection. The sec-
ond blood sample was collected in a test tube without 
anticoagulant to obtain serum for CRP and cathelicidin 
analysis. After centrifugation, serum was divided into ali-
quots. The first one was used to assess CRP concentration 
directly after blood collection, while the other aliquots of 
serum were frozen at −20°C until cathelicidin analysis.

Serum concentration of human cathelicidin antimicro-
bial peptide (CAMP) was measured using commercially 
available enzyme-linked immunosorbent assay (ELISA) 
kits according to the manufacturer’s recommendations 
(Cloud-Clone Corp. Katy, TX, USA, Serial No.: 
0BFB0A2EA3).

Stool sample was collected from patients with IBD to 
assess calprotectin level. Patients collected stool samples 
from the first stool in the morning into plain tubes. Stool 
samples were refrigerated at 2–8°C in the laboratory and 
analyzed within 72 hours after collection according to the 
test’s procedure. Fecal calprotectin was evaluated using 
quantitative chemiluminescent sandwich immunoassay 
(CLIA). We used the automated LIAISON Calprotectin 
assay Ref. 318960 (DiaSorin Inc., Stillwater, MN 55082, 
USA). The test uses two monoclonal antibodies, the first 
one to capture calprotectin from the stool, ie, monoclonal 

antibody against calprotectin heterocomplex and the sec-
ond one to detect calprotectin, ie, monoclonal antibody to 
S100A9 subunit.

For statistical analysis Statistica v. 13 software 
(StatSoft, Poland) was used. The data are presented as 
mean and standard deviation or median and range. We 
used appropriate non-parametric tests for analysis consider-
ing skewed distribution of variables and inhomogeneity of 
variance as indicated by W Shapiro–Wilk test and F-Fisher 
test, respectively. Comparisons between two groups were 
performed with the use of Mann–Whitney U-rank test. 
Differences between more than two means for more than 
two groups were tested by the H Kruskal–Wallis test. 
Analysis of correlations between parameters was performed 
with the Spearman’s rank correlation coefficient. The 
results were considered statistically significant at p < 0.05.

Receiver operating characteristic (ROC) analysis was 
used to establish the diagnostic utility of cathelicidin to 
detect IBD in children. The area under the receiver oper-
ating curve (AUC) with 95% confidence intervals was 
determined. For cathelicidin we calculated sensitivity, spe-
cificity, accuracy, positive predictive value and negative 
predictive value for predicting IBD.

Written informed consent for participation in this study 
was obtained from a parent and also by a patient in case of 
a child aged ≥16 years. The study was approved by the 
Bioethical Committee of Medical University of Lublin 
(KE-0254/289/2016).

Results
In the study group there were 43 (63.2%) children with 
ulcerative colitis and 25 (36.8%) with Crohn’s disease. 
The mean age of patients with IBD was 13.6±3.1 years 
old (median: 14.25 years; range: 6.5–18 years old). The 
majority of patients exhibited features of clinically active 
disease (39; 57.4%). Most of the children with IBD were 
on medications (43; 63.2%), while 25 (36.8%) of the 
patients were at IBD onset and treatment naïve. Table 1 
summarizes the baseline clinical characteristics of the 
patients with IBD, as previously published.31

The control group comprised of 20 children (12 girls 
and 8 boys) with functional abdominal pain. The mean age 
of children was 11.9±3.47 years old (median: 12.25 years; 
range: 4.5–17.5 years). The detailed description of the 
study and control groups was published previously.31

In children with IBD, the serum level of cathelicidin 
(1067.59±200.01 ng/mL) was significantly increased 
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compared to the control group (890.56±129.37 ng/mL), as 
presented in Figure 1.

The subgroup analysis, presented in Table 2, revealed 
that cathelicidin was significantly increased in patients 
with ulcerative colitis as well as patients with Crohn’s 
disease compared to controls. However, there were no 
significant differences in cathelicidin concentration 
between patients with Crohn’s disease and ulcerative 
colitis.

In the study group, concentration of cathelicidin was 
significantly increased in girls (1125.90±212.64 ng/mL; 
median: 1116.18 ng/mL) compared to boys (1005.75 
±167.49 ng/mL; median: 1028.80 ng/mL) (Z=2.41; 
p=0.02). On the other hand, cathelicidin did not differ 

significantly between girls (869.37±122.50 ng/mL; med-
ian: 881.84 ng/mL) and boys (922.34±141.15 ng/mL; 
median: 972.65 ng/mL) in the control group (Z=−1,11; 
p=0.26).

We found that cathelicidin was significantly increased 
in children with active IBD (median: 1042.93 ng/mL; 
range: 621.38–1473.33 ng/mL; mean±SD: 1044.90 
±176.17 ng/mL) compared to healthy controls (Z=3.21; 
p=0.001). Moreover, cathelicidin was significantly ele-
vated in children with IBD remission (median: 1112.68 
ng/mL; range: 719.71–2028.39 ng/mL; mean±SD: 1098.10 
±227.87 ng/mL) compared to the control group (Z=−4.12; 
p<0.0001). However, concentration of cathelicidin did not 
differ significantly between children in the active phase of 

Table 1 Demographic and Clinical Characteristics of Children with IBD

Ulcerative Colitis 
n=43 (63.2%)

Crohn’s Disease 
n=25 (36.8%)

Gender Boys 20 (46.5%) 13 (52%)
Girls 23 (53.5%) 12 (48%)

Age (years) Mean: 13.6±3.4 Mean: 13.7±2.6
Median: 14.5 Median: 13.5
Range: 6.5–18 Range: 8.5–18

Clinical activity of IBD Active 23 (53.5%) 16 (64%)
Remission 20 (46.5%) 9 (36%)

IBD disease activity indexes PCDAI – Mean: 28±21.9 pts
Median: 30 pts
Range: 0–65 pts

PUCAI Mean: 24.6±22.9 pts –
Median: 20 pts

Range: 0–75 pts

IBD location according to Paris classification L1 – 2 (8%)
L2 5 (20%)
L3 7 (28%)

L3+L4a 11 (44%)

E1 2 (4.6%) –
E2 4 (9.3%)
E3 7 (16.3%)

E4 30 (69.8%)

Treatment EEN N/A 4 (16%)

5ASA 13 (30.2%) 2 (8%)

AZA 0 (0%) 2 (8%)
5ASA+AZA 7 (16.4%) 2 (8%)

5ASA+GCS 5 (11.6%) 0 (0%)

5ASA+ GCS+AZA 5 (11.6%) 1 (4%)
IFX 0 2 (8%)

Treatment naïve 13 (30.2%) 12 (48%)

Abbreviations: EEN, exclusive enteral nutrition; 5ASA, 5-aminosalicylate; AZA, azathioprine; GCS, glucocorticoids; IFX, infliximab.
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IBD and those in IBD remission (Z=−0.97; p=0.33). 
Detailed analysis is presented in Table 3.

Cathelicidin was significantly increased in children 
with IBD who were treatment naïve as well as those who 
received any treatment compared to controls. However, the 
concentration of cathelicidin did not differ significantly 
between treatment naïve patients with IBD compared to 
those who used any medications. Analysis of serum cathe-
licidin in children with IBD in terms of the treatment 
status compared to the control group is presented in 
Table 4.

Fecal calprotectin in children with IBD ranged from 18.2 
to 8000 μg/g, with median 1005 μg/g and mean±SD: 2043.46 
±2311.88 μg/g. There was no significant difference in fecal 
calprotectin between children with Crohn’s disease (med-
ian:1300 μg/g; mean±SD: 2195.02±2265.93 μg/g) and ulcera-
tive colitis (median: 932.10 μg/g; mean±SD: 1949.24 
±2366.01 μg/g) (p=0.59; Z=0.54). Fecal calprotectin was sig-
nificantly elevated in children with clinically active IBD 
(median: 2630μg/g; mean±SD: 2973.79±2290.66 μg/g) com-
pared to those in a clinical remission of IBD (median: 70 μg/g; 
mean±SD: 315.69±987.55 μg/g) (p<0.0001; Z=5.76). There 

Figure 1 Comparison of serum cathelicidin in children with IBD and control group.

Table 2 Comparison of Serum Cathelicidin in Children with Ulcerative Colitis, Crohn’s Disease and Control Group

Parameters Groups Mean SD Median Range Statistical Analysis

Cathelicidin [ng/mL] Ulcerative colitis (n=43) 1073.39 214.52 1092.32 621.38–2028.39 H=16.28; p=0.0003*^

Crohn’s disease (n=25) 1057.63 176.03 1040.04 742.31–1473.33

Control group (n=20) 890.56 129.37 918.47 616.46–1091.76

Notes: *p<0.05 when comparing ulcerative colitis and controls; ^p<0.05 when comparing Crohn’s disease and controls.

Table 3 Comparison of Serum Concentration of Cathelicidin in Children with IBD in Terms of Disease Activity and Controls

Parameters Groups Mean SD Median Range Statistical Analysis

Cathelicidin [ng/mL] Active Crohn’s disease (n=16) 1054.54 188.41 1038.22 742.31–1473.33 *†‡¥

Inactive Crohn’s disease (n=9) 1063.12 162.33 1040.04 797.36–1272.40

Active ulcerative colitis (n=23) 1038.20 171.15 1042.93 621.38–1372.95

Inactive ulcerative colitis (n=20) 1113.85 254.13 1121.35 719.71–2028.39

Controls (n=20) 890.56 129.37 918.47 616.46–1091.76

Notes: *Z=2.43 p=0.01 when comparing active Crohn’s disease to controls; †Z=−2.62 p=0.009 when comparing inactive Crohn’s disease to controls; ‡Z=3.01 p=0.002 
when comparing active ulcerative colitis to controls; ¥Z=−3.96 p<0.0001 when comparing inactive ulcerative colitis to controls.
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were positive correlations between fecal calprotectin and 
PCDAI (R=0.88, p<0.0001) and PUCAI (R=0.53; p<0.001).

Moreover, we found a significant negative correlation 
between serum cathelicidin and stool calprotectin in chil-
dren with ulcerative colitis (R=−0.39; p=0.02), which is 
presented in Figure 2. However, there was no such corre-
lation in patients with Crohn’s disease.

There were no correlations between cathelicidin and 
IBD clinical activity indices, ie, PCDAI (R=−0.08; 
p=0.68) and PUCAI (R=−0.02; p=0.88) and laboratory 
markers of inflammation, ie, ESR (r=0.04; p=0.74), CRP 
(R=0.06; p=0.62), and WBC (R=0.12; p=0.46).

Subgroup analysis did not reveal any significant differ-
ences in cathelicidin among the study group depending on 
IBD location.

We evaluated the ability of cathelicidin to diverse 
children with IBD from the control group using receiver 
operating characteristic analysis. Analysis revealed a cut- 

off value of 1026.23 ng/mL for cathelicidin to discriminate 
patients with ulcerative colitis from controls, and a cut-off 
value of 1095.50 ng/mL for cathelicidin to discriminate 
patients with Crohn's disease from controls.

The areas under the receiver operating characteristic 
curves are plotted in Figures 3 and 4 for ulcerative colitis 
and Crohn’s disease respectively. Table 5 presents mea-
sures of diagnostic accuracy of cathelicidin for the recog-
nition of ulcerative colitis and Crohn’s disease.

Discussion
Although recently there have been some research studies 
regarding novel biomarkers of IBD in children.32–34 to the 
best of our knowledge there has been no study analyzing 
cathelicidin in pediatric IBD. The molecular mechanism of 
cathelicidin’s action and its regulatory pathways remain 
not fully understood. It has been presented that colonic 
subepithelial myofibroblasts are a major cellular source of 

Table 4 Serum Cathelicidin in Children with IBD Depending on the Treatment Status Compared to the Control Group

Parameters Groups Mean SD Median Range Statistical Analysis

Cathelicidin[ng/mL] Patients with IBD treatment naïve(n=25) 1076.98 181.49 1095.50 742.31–1473.33 H=16.31; p=0.0003*^

Patients with IBD on any treatment(n=43) 1062.13 211.93 1077.84 621.38–2028.39

Control group(n=20) 890.56 129.37 918.47 616.46–1091.76

Notes: *p<0.05 when comparing children with IBD treatment naïve and controls; ^p<0.05 when comparing children with IBD on medications and controls.

Figure 2 Relationship between serum cathelicidin and fecal calprotectin (R=−0.39; p=0.02).
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cathelicidin in inflamed mucosa of IBD patients.25 

Following stimulation by self-RNA released from necrotic 
cells, TLR3-mediated intracellular signaling pathway 
induces cathelicidin expression in colonic subepithelial 
myofibroblasts.14,25 Expression of cathelicidin is also acti-
vated by vitamin D3, endoplasmic reticulum stress, IFNγ, 
TNFα, phenyl butyrate, and sodium butyrate.12

It has been found that 1.25-dihydroxyvitamin D3 
induces expression of CAMP gene in humans and 
primates.35 However, the association between vitamin D 
and cathelicidin in IBD is not fully explored and captured. 
In a recent study, Gubatan et al presented a positive 
correlation between levels of 25(OH)D in serum and 
cathelicidin in serum and colon of patients with ulcerative 
colitis in clinical remission.36 Moreover, higher serum 

cathelicidin was associated with decreased histologic 
inflammation and risk of clinical relapse.36 Thus the 
results of Gubatan et al imply a beneficial role of increased 
serum cathelicidin levels in ulcerative colitis.36

It has been shown that the supplementation of vitamin D in 
adults with IBD may increase concentration of cathelicidin in 
plasma of patients with Crohn’s disease37 and cathelicidin 
gene expression in whole blood of patients with ulcerative 
colitis.38 Moreover, Gubatan et al suggested that vitamin D 
treatment may induce production of endogenous cathelicidin 
in human colon cells.36 Thus, these findings may suggest a 
significant role of cathelicidin in mediating protective effects 
of vitamin D in patients with IBD.36

It appears that cathelicidin plays a dual role in inflamma-
tory response. On the one hand cathelicidin may attenuate TLR 

Figure 3 ROC curve and area under ROC for cathelicidin in recognition of ulcerative colitis.
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signaling and bacterial-induced inflammation by binding to 
lipoteichoic acid or lipopolysaccharide, while on the other 
hand it exhibits pro-inflammatory activity by binding to 
nucleic acids and facilitating recognition of self-DNA by 
TLR9, self-RNA by TLR7 and TLR8, or double-stranded 
RNA by TLR3.39 It has been suggested that, during infection, 
cathelicidin as an antimicrobial protein can exterminate 
microbes and promote recruitment and induction of 

inflammatory cells and at the same time protect the host from 
excessive immune response at the site of infection.39 Persistent 
expression of antimicrobial proteins may cause loss of toler-
ance to self-nucleic acids by the host, contributing to the 
development of autoimmune diseases.14,39 Defective expres-
sion or altered function of cathelicidin may also lead to dys-
biosis and loss of tolerance to commensal microbiota which is 
considered as a critical element in the pathogenesis of IBD.12,39

Figure 4 ROC curve and area under ROC for cathelicidin in recognition of Crohn’s disease.

Table 5 Measures of Diagnostic Accuracy of Cathelicidin in the Recognition of IBD

Parameters [Cut-Off] Sensitivity Specificity Accuracy Positive Predictive 
Value

Negative Predictive 
Value

Cathelicidin for recognition of ulcerative colitis [1026.23 ng/mL] 0.698 0.900 0.762 0.938 0.581

Cathelicidin for recognition of Crohn’s disease [1095.5 ng/mL] 0.480 0.950 0.689 0.923 0.594
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In our study we found that the serum level of cathe-
licidin was significantly increased in children with ulcera-
tive colitis and Crohn’s disease compared to the control 
group. Moreover, we presented that cathelicidin is elevated 
in both the active phase and the remission of IBD children 
regardless of treatment status compared to the control 
group. Receiver operating characteristic analysis revealed 
that serum cathelicidin may serve as a novel biomarker of 
pediatric IBD, particularly of ulcerative colitis. A further 
novel finding is that cathelicidin exhibited a negative cor-
relation with fecal calprotectin in patients with ulcerative 
colitis.

Overall, our results are in accordance with findings 
reported by Tran et al who examined for the first time 
circulating levels of cathelicidin in adult patients with 
IBD.24 Their research revealed increased levels of serum 
cathelicidin in Crohn’s disease and ulcerative colitis 
patients compared to healthy controls.24

In our study group, cathelicidin was significantly 
increased in patients in both the active and remissive 
phases of IBD compared to the control group. However, 
there were no significant differences in cathelicidin levels 
comparing children in IBD active phase and those in 
disease remission. Previous studies have reported incon-
sistent results regarding that issue. Kusaka et al showed 
that mRNA expression of cathelicidin was significantly 
up-regulated in inflamed mucosa of patients with ulcera-
tive colitis as well as Crohn’s disease compared to healthy 
mucosa.25 However, there were no differences between 
inactive mucosa of patients with IBD and normal mucosa 
of controls.25 It has been suggested that enhanced cathe-
licidin expression in the inflamed mucosa of IBD may 
improve antibacterial and anti-LPS activities, protecting 
tissues from microbial invasions and excess inflammatory 
response.25 Thus, cathelicidin appeared to act as a protec-
tive agent against microbial invasion which could aggra-
vate gut inflammation.25

On the other hand, Schauber et al presented that cathe-
licidin expression was increased only in patients with 
ulcerative colitis but not with Crohn’s disease.23 It has 
been found that cathelicidin mRNA expression in both 
inflamed and non-inflamed colon mucosa of adults with 
ulcerative colitis was significantly increased compared to 
non-inflamed mucosa of healthy controls and to inflamed 
or non-inflamed colon mucosa from Crohn’s disease 
adults.23 However, there were no significant differences 
in the expression of cathelicidin between inflamed or non- 
inflamed mucosa from Crohn’s disease patients and 

healthy mucosa.23 Schauber et al suggested that their 
results translate to various antimicrobial activity in IBD 
which may be diminished in Crohn’s disease and enhanced 
in ulcerative colitis.23 The authors implied that defective 
induction of cathelicidin in Crohn’s disease might result in 
a defective antimicrobial mucosal barrier providing bacter-
ial adhesion and invasion which aggravated further 
inflammation.23

The reason for different observations between the cur-
rent study and studies performed by Kusaka et al and 
Schauber et al may be complex. Firstly we evaluated the 
concentration of cathelicidin in sera of children with IBD, 
while in referenced studies the mRNA expression of cathe-
licidin was evaluated in colonic biopsies using real-time 
polymerase chain reaction.23,25 Moreover, we classified 
patients into active phase and remission of IBD based on 
clinical activity indices, not on histological scores of dis-
ease activity.

In adult patients with IBD it has been reportted that 
serum cathelicidin level is negatively correlated with 
Partial Mayo Score (PMS) and Harvey-Bradshaw Index 
which are indicators of clinical activity of ulcerative colitis 
clinical and Crohn’s disease respectively.24 It implies that 
serum cathelicidin may indicate IBD activity.24 Moreover, 
Tran et al discovered that patients with moderate to severe 
IBD and high initial concentration of serum cathelicidin 
had significantly better recovery after 6–18 months com-
pared to those with lower initial levels of cathelicidin.24 It 
may suggest that cathelicidin is a predictor of good clinical 
prognosis in adults with IBD.24

Although we did not find any relationship between 
cathelicidin and IBD clinical activity indices in our popu-
lation of children with IBD, we showed a negative corre-
lation between serum cathelicidin and fecal calprotectin in 
patients with ulcerative colitis. Calprotectin (S100A8/9) is 
a zinc- and calcium-binding cytosolic protein which is 
released from neutrophils upon their activation as a con-
sequence of inflammation.40 Thus, the amount of calpro-
tectin in feces reflects the flux of leukocytes into the 
intestinal lumen.41 Fecal calprotectin has been found as a 
highly sensitive and moderately specific marker of IBD in 
children.42,43 Elevated level of calprotectin has been also 
reported to predict relapse of IBD,40,44 while its low levels 
correlate with endoscopic mucosal healing in patients with 
IBD.45

The inverse correlation between cathelicidin and cal-
protectin may imply disparate roles of these two molecules 
in the pathophysiology of pediatric ulcerative colitis. 
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Animal models provide some insight in that finding. It has 
been revealed that cathelicidin poses potent anti-inflamma-
tory effects against dextran sulfate sodium-induced colitis 
in mice and inhibits colitis-associated colonic fibrosis in 
trinitrobenzene sulphonic acid-induced chronic colitis.46–48 

On the other hand Camp –/– mice developed a more 
severe form of DSS-induced colitis compared to wild- 
type mice.46 Thus targeting cathelicidin as a potential 
therapeutic agent in IBD appears to be a useful 
approach.13

Calprotectin is a molecule included in endogenous 
damage-associated molecular patterns (DAMPs) proteins.-
49 Similarly to cathelicidin it may exert pro-inflammatory 
properties and antimicrobial function.49,50 The exact 
mechanism of the calprotectin’s role in modulating the 
inflammatory response appears to be complex and is not 
fully understood.50 Calprotectin plays a role in the induc-
tion of autoreactive CD8+ T cells and the development of 
systemic autoimmunity.49 Moreover, calprotectin may lead 
to a dysfunction of epithelial barrier, which is considered 
to contribute in the development of IBD.49

The administration of neutralizing antibody against 
S100A9 suppressed dextran sulfate sodium (DSS)-induced 
colitis and azoxymethane (AOM)/DSS-induced colitis- 
associated colon cancer in murine model, providing a 
possible novel therapeutic approach in ulcerative colitis.51

The relationship between cathelicidin and calprotectin 
has been previously studied in various models.52–54 Smith 
et al found that although endotoxin exposure increases the 
concentration of cathelicidin in bronchoalveolar lavage 
fluid (BALf), it does not affect the concentration of cal-
protectin in BALf.52 That may result from the fact that 
cathelicidin is mainly expressed in the secretory granules 
of neutrophils and more easily mobilized than calprotectin 
which is a cytoplasmic protein.17,52 Hemshekhar et al 
reportted that the concentration of cathelicidin and calpro-
tectin differs depending on the type of inflammatory 
disease.54 Both proteins were significantly elevated in the 
joint tissue of collagen-induced arthritic mice, while 
decreased in the lung tissues of HDM-induced allergic 
asthma mice.54 Bierkarre et al presented different expres-
sion of antimicrobial peptides in psoriasis and psoriatic 
arthritis suggesting heterogeneity in immune system dys-
function between these diseases.53 Thus, it appears that 
cathelicidin and calprotectin are differently altered and 
regulated depending on the local tissues involved in the 
inflammation and complex interactions between these 

molecules and other components of the immune system 
network.7,54

Furthermore we performed an analysis of the utility of 
serum cathelicidin in the diagnosis of IBD finding that it 
may be considered as a novel biomarker of pediatric IBD, 
particularly of ulcerative colitis. Cathelicidin exhibited 
AUC of 0.815 for differentiation of children with ulcera-
tive colitis from the control group and AUC of 0.766 for 
differentiation of children with Crohn’s disease from the 
control group.

Several limitations to this study need to be acknowl-
edged, including relatively small and homogenic group of 
patients from a single center. Moreover, the control group 
is less numerous than the study group. However, it appears 
a challenging issue to enroll healthy children to the 
research study.

Conclusion
In conclusion, we have demonstrated that serum cathelici-
din is increased in children with Crohn’s disease and 
ulcerative colitis regardless of clinical activity of the dis-
ease and treatment status suggesting that it may be a 
potential biomarker of IBD. Inverse correlation between 
cathelicidin and fecal calprotectin in children with ulcera-
tive colitis may imply their disparate role in the pathogen-
esis of pediatric ulcerative colitis. However, further studies 
are needed to fully elucidate the role of cathelicidin in IBD 
pathophysiology.
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