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ABSTRACT

As the incidence of inflammatory bowel diseases (IBD) increases in the newly industrialized countries, the health and financial
burden of disease also increase. These changes make the role of IBD biomarkers further crucial. Serum calprotectin, as a novel blood-
based biomarker of IBD, has been investigated in several investigations. Yet, there is no consensus regarding its clinical utility. We
searched the electronic database, including PubMed, EMBASE, Scopus, and Web of Science up to the end of 2018 to find how serum
calprotectin associates with the disease characteristics in IBD. The search terms included: inflammatory bowel diseases, IBD, Crohn
Diseases (CD), Ulcerative Colitis (UC), calprotectin, serum, and blood. Based on our review, a biomarker role has been suggested for
serum calprotectin in IBD, as significant associations were found between serum calprotectin and disease burden, prognosis, and
relapse. A complementary role to fecal calprotectin has also been suggested for serum calprotectin. On the other hand, considering a
significant correlation between serum calprotectin and serum CRP, but not fecal calprotectin, serum calprotectin could be more
representative of systemic inflammation than an intestinal inflammation. Consequently, further researches are needed to unwrap the
potential of serum calprotectin as a blood-based biomarker in IBD.

Keywords: Inflammatory bowel diseases, Serum calprotectin, Biomarker.

(Please cite as: Azramezani Kopi T, Shahrokh SH, Mirzaei A, Asadzadeh Aghdaei H, Amini Kadijani A. The role of
serum calprotectin as a novel biomarker in inflammatory bowel diseases: a review study. Gastroenterol Hepatol
Bed Bench 2019;12(3):183-89).

Introduction

Inflammatory bowel diseases (IBD), mainly the result of a dysregulated immune response to the

ulcerative colitis (UC) and Crohn's disease (CD), are a
group of disorders characterized by the prolonged
inflammation of the gastrointestinal tract. Although the
etiology of IBD is not well understood, environmental,
genetic and immunologic factors have been considered
as the major etiology of IBD. It is believed that IBD is
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host intestinal microflora in the genetically susceptible
individuals (1, 2).

The incidence and prevalence of IBD are rapidly
increasing in newly industrialized countries, supporting
an association between the “westernization of
lifestyles” and IBD (3). Accordingly, the Iranian
incidence of IBD has revealed an increase from 0.62 to
3.11 per 100,000 from 1990 to 2012 (4). An annual
percentage change of +4% for CD and +4.8% for UC
has also been reported in Taiwanese population (3).
This increased incidence highlights the necessity for
more research into the prevention, diagnosis, and
management of this complex and costly disease.
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Currently, colonoscopy is the standard method for
initial diagnosis, assessment of the disease burden, and
evaluation of response to treatment (5). Even so, the
colonoscopy is an invasive, expensive, and difficult-to-
prepare patient method. Thus, the development of more
convenient, inexpensive, and non-invasive assessments
are crucial for IBD (6).

Laboratory biomarkers, as the noninvasive indices of
disease assessment, can aid the management of IBD.
To date, many laboratory biomarkers have been
introduced for IBD (7-12). However, the majority of
biomarkers currently in use are limited in their clinical
utility to predict long-term outcomes of IBD. Serum
markers of acute phase response such as C-reactive
protein (CRP) and Erythrocyte Sedimentation Rate
(ESR) have been widely investigated. However, they
are not specific to IBD as their levels are also increased
in various conditions such as infections, other
autoimmune disorders, malignancy, etc (7). Serologic
markers and antibodies such as Anti-neutrophil
cytoplasmic  antibodies  (ANCAs) and  anti-
Saccharomyces cerevisiae antibodies (ASCA) are also
of interest. Perinuclear ANCA is detected in 20-85% of
UC and 2-28% of CD patients (13). ASCA is detected
in 39-76% of CD patients, up to 15% of UC patients,
and nearly 5% of healthy individuals (14). Amongst
fecal biomarkers, fecal calprotectin is being routinely
used in the management of IBD patients. However, an
inconsistent sensitivity and specificity have been
reported for fecal calprotectin in  different
investigations (15). Moreover, in spite of the acceptable
sensitivity and specificity of fecal calprotectin, very
elderly patients might have difficulty with stool sample
collection (16), and more feasible IBD biomarkers are
still in demand.

Recently, serum calprotectin has been reported as a
novel promising biomarker in monitoring IBD patients
(17). Nevertheless, the value of serum calprotectin as a
biomarker in IBD is controversial (18). In this review,
we aimed to provide a comprehensive update on the
value of serum calprotectin in the management of IBD.

Methods

We searched the electronic database including
PubMed, EMBASE, Scopus, and Web of Science up to
the end of 2018 to find how serum calprotectin
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associates with disease characteristics in IBD. The
search terms included: inflammatory bowel diseases,
IBD, Crohn Diseases (CD), Ulcerative Colitis (UC),
calprotectin, serum, and blood. Searches were limited
to humans and articles in English. The searches were
not limited by publication type. Two authors (Tayebeh
Azramezani kopi and Azade Amini Kadijani)
independently extracted the data.

Immunobiology of Calprotectin

Calprotectinis a calcium- and zinc-binding protein
consisted of two small anionic proteins, S100A8, and
S100A9. Its expression has been identified in the early
differentiation stage of a variety of immune cells
including macrophages, granulocytes, and monocytes,
following their activation by damage-associated
molecular patterns (DAMPS) or pathogen-associated
molecular patterns (PAMPs) (19, 20). Calprotectin
contains direct bactericidal and pseudo-
cytotoxic mainly through the Mn2+ and Zn2+ chelation
(21). Moreover, calprotectin is an endogenous ligand
for toll-like receptor 4, which transfers the danger
signal (20). Furthermore, calprotectin triggers the
inflammatory pathway upstream of the tumor necrosis
factor a which is vital for lipopolysaccharides toxicity
(22). Calprotectin is also an effective mediator in the
rapid rearrangement of tubulin-dependent cytoskeleton
that is necessary for the cell migration in
polymorphonuclear leukocytes (23). Calprotectin plays
a crucial role in phagocyte NADPH oxidase activation
as well. So that in the presence of calcium, calprotectin
binds to the cytosolic arachidonic acid and transfer it to
the nicotinamide adenine dinucleotide phosphate
oxidase complex in the neutrophil plasma membrane
(24).

After induction by lipopolysaccharides or
chemokines, calprotectin expression upregulates in the
neutrophils and will be translocated to the extracellular
fluid. Then it triggers a variety of biological processes
like signal transduction, cell homeostasis and
inflammation (25). Calprotectin receptors with different
affinities are identified at the surface of many immune
cells. Attachment of these receptors to their ligands
activates the inflammatory signaling pathways such as
nuclear factor-kB (NF-kB) and mitogen-activated
protein kinase (MAPK) pathway (26, 27). Calprotectin
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binds to the endothelial cells via Toll-like receptor 4
and carboxylatedglycans and triggers cell activation
(28). The calprotectin release also weakens the cell—cell
contacts and as a result, the permeability of
endothelium will be modified leading to the
leukocyte extravasation (29).

Fecal calprotectin and IBD

Fecal biomarkers of gastrointestinal inflammation
have attracted many attentions in the past decade. In
this respect, fecal calprotectin has been widely studied
as the most promising fecal biomarker of IBD.
Following the gut inflammation, calprotectin is released
by neutrophils influx into the intestinal lumen and then
excreted in the stool, allowing the identification of gut
inflammation (Figure 1). There is increasing evidence
regarding the efficacy of fecal calprotectin in IBD
monitoring, disease activity, and response to therapy as
well as in predicting relapse (30).

Gisbert and McNicholl who combined data from
2,475 patients, obtained a mean sensitivity and
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specificity of 83% and 84% for fecal calprotectin
respectively to distinguish organic from non-organic
gastrointestinal disorders (31). Two consecutively
elevated fecal calprotectin values have been reported to
highly associated with IBD relapse (32). A significant
correlation of as high as r=0.834 has been reported
between fecal calprotectin and endoscopically assessed
disease activity (33). In the study of D'Haens et al.
fecal calprotectin 0of<250 pg/g was identified as
mucosal healing with the sensitivity and specificity
94% and 62%, respectively. These findings suggest the
application of fecal calprotectin in the evaluation of
treatment efficacy (34). The study of Costa et al.
revealed a 14-fold greater risk of relapse in UC patients
with fecal calprotectin level of>150 p/g, suggesting a
prognostic role for fecal calprotectin (35). Many other
investigations also have provided convincing evidence
regarding the reliability of fecal calprotectin as a
biomarker of diagnosis, relapse, prognosis, and
response to treatment in IBD (36).
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Figure 1. Schematic figure of calprotectin release into the gut lumen.
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Serum calprotectin and IBD

Recently, serum calprotectin has gained more
attention as a biomarker for IBD as a blood-based
biomarker may be more convenient in routine practice
and more acceptable to patients. Kalla et al. evaluated
the serum calprotectin level in a total of 156 patients
(n=83 IBD, n=73 non-1BD) using multivariable logistic
regression analysis. According to their results, serum
calprotectin strongly correlated with fecal calprotectin
and was the strongest predictor of IBD diagnosis in
comparison with other biomarkers such as C-reactive
protein (CRP) and albumin. Serum calprotectin was
also capable of predicting treatment escalation and/or
surgery in IBD patients, in particular, CD patients.
Moreover, a model incorporating serum calprotectin
and either CRP or albumin revealed a positive
likelihood ratio of 24.14 for IBD. However, in a subset
of 50 patients with paired serum and fecal calprotectin,
fecal calprotectin was a better discriminating marker
for the differentiation of IBD from controls. Kalla et al.
concluded that a diagnostic and prognostic model with
a combination of serum calprotectin and other blood-
based biomarkers is capable of predicting the
inflammatory burden in IBD patients, as well as to
predict disease and its outcomes (37).

Hare et al. evaluated the diagnostic capability of
serum and fecal calprotectin in 45 UC patients. Based
on their results, serum calprotectin correlated
significantly with CRP and with albumin but not with
fecal calprotectin. A Receiver Operating Characteristic
(ROC) curve analysis showed an area under the curve
of 0.69 for serum calprotectin in comparison with 0.71
for CRP and 0.58 for fecal -calprotectin. They
concluded that further studies are needed to find if
serum calprotectin could be a useful predictor of
outcome in UC patients (38).

Meuwis et al. aimed to evaluate the value of serum
calprotectin as a novel biomarker for CD in 115
patients in comparison with 40 healthy controls.
Median serum calprotectin level was 8892 ng/mL in
CD patients as in comparison with 1318 ng/mL in
healthy controls. Serum calprotectin was significantly
higher in active disease than the inactive disease. When
serum calprotectin used as a discrete variable appeared
complementary to high-sensitivity CRP and fecal
calprotectin to predict CD relapse following the
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infliximab withdrawal. They concluded that serum
calprotectin could be used as complementary to fecal
calprotectin and high-sensitivity CRP to predict relapse
after infliximab withdrawal (18).

Lugering et al. used a sandwich immunoassay to
measure serum concentrations of calprotectin in 62 CD
patients. Based on their results, serum calprotectin
concentrations were significantly increased in patients
with active CD when compared with patients with inactive
CD. They concluded that serum calprotectin could be used
for the discrimination of disease relapse (39).

Leach et al. assessed the role of serum calprotectin
as a biomarker in a pediatric population with 1BD.
Based on their report, Serum calprotectin levels
significantly correlated with the disease activity scores
in children with IBD (40).

FuKunaga et al. evaluated the association between
serum and fecal calprotectin in 41 patients with UC and
in 13 patients with CD. They found no significant
correlation between the serum and fecal calprotectin for
either the UC or CD patients. A mild but significant
correlation was found between the serum calprotectin
and CRP levels in UC patients, but not in CD patients.
According to this significant correlation, they
concluded that serum calprotectin is likely derived
predominantly from circulating leukocytes and not
inflamed intestine. Hence, the serum calprotectin may
reflect  systemic  inflammation,  rather  than
gastrointestinal inflammation (17).

In patients with ANCA-associated vasculitis, higher
cell-surface calprotectin expression was recorded in
circulating neutrophils and monocytes that were
associated with increases in serum calprotectin levels.
This finding further supports the derivation of serum
calprotectin from circulating leukocytes and not
diseased intestine (41).

McCann et al. investigated the performance of
serum calprotectinas compared to the current
biomarkers, FC, and CRP, in a cohort of 109 patients
with GI disorders. They did not find a significant
intraclass correlation coefficient between serum
calprotectin, fecal calprotectin, and CRP. Accordingly,
they concluded that as a blood-based biomarker for
intestinal inflammation, serum calprotectin is unlikely
to be of clinical utility (42).
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Table 1. The role of serum calprotectin as a biomarker of IBD in different investigations.

Author Year Disease Patient number Role as biomarker
Kalla et al. (37) 2016 IBD 35CD,45UC, 31BDU  Disease burden, diagnosis, prognosis.
Hare et al.(38) 2013 uc 45 Prognosis
Meuwis et al.(18) 2013 CD 115 Complementary role to fecal calprotectin and hsCRP
in the prediction of relapse
Ligering et al.(39) 1995 CD 62 Discriminating the disease relapse
Leach et al. (40) 2007 IBD 29 CD,4 UV, 6 IBDU Disease burden
Fukunaga et al. (17) 2018 IBD 41 UC, 13CD Warrants further validation in large cohorts.
McCann et al. (42) 2017 Gl 109 None
disorder

IBD: inflammatory bowel disease; UC: ulcerative colitis; CD: Crohn’s disease; IBDU: inflammatory bowel disease type unclassified; hsCRP:

high sensitivity C-reactive protein.

Studies evaluating the role of serum calprotectin as
a blood-based biomarker in IBD have been compared
in Table 1.

The current study has some weak- and strong
points. The small number of available publications on
the role of serum calprotectin as a circulating
biomarker in IBD was the main weakness of the present
research which did not allow a comprehensive
evaluation of the subject. By contrast, the present study
is the only available publication reviewing the role of
serum calprotectin as a biomarker of IBD, and this
could be regarded as the strength of this study.

Conclusion

Serum calprotectin, as a novel blood-based
biomarker for IBD, has been the subject of many recent
investigations. However, there is no consensus
regarding the role of serum calprotectin in the
management of IBD. As most of earlier investigations
have found a significant association between the serum
calprotectin and CRP, but not fecal calprotectin. It is
suggested that serum calprotectin may be more
representative of systemic inflammation than an
intestinal inflammation. However, further researches
are needed to come to a conclusion in this regard, as the
role of serum calprotectin in the prediction of relapse,
determining the disease burden, and predicting the
disease outcome in IBD have also been reported.
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