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Detection of calprotectin in inflammatory bowel disease:
Fecal and serum levels and immunohistochemical localization
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Abstract. The aim of the present study was to quantify
calprotectin levels using an enzyme-linked immunosorbent
assay (ELISA) and a point-of-care test (POCT) in patients
with inflammatory bowel disease. Overall, 113 patients with
ulcerative colitis (UC; 51 men and 62 women) and 42 patients
with Crohn's disease (CD; 29 men and 13 women), who were
scheduled to undergo a colonoscopy, were prospectively
enrolled and scored endoscopically and clinically. An addi-
tional 96 healthy, age-matched subjects served as the normal
controls. Feces and blood samples from the patients with
UC and CD, and the normal controls were analyzed. These
patients had received adequate medical treatment. The tissue
distribution of calprotectin was investigated using immunohis-
tochemistry. The fecal calprotectin levels, as measured using
an ELISA, were correlated with the endoscopic and clinical
disease activities and laboratory parameters, including serum
levels of hemoglobin (Hb), albumin and C-reactive protein,
and erythrocyte sedimentation rate, particularly among the
patients with UC. The fecal Hb level was close to that of the
fecal calprotectin level (r=0.57; P<0.0001). The fecal calpro-
tectin level measured using an ELISA was well-correlated with
the fecal calprotectin level measured using the POCT (r=0.81;
P<0.0001), but was not correlated with the serum calprotectin
level (r=0.1013; P=0.47). An immunohistochemical investiga-
tion revealed that patients with both UC and CD had higher
neutrophil and monocyte/macrophage calprotectin-positive
cell expression levels, compared with those in the normal
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controls. Fecal calprotectin was considered a reliable marker
for disease activity, and the assessment of fecal calprotectin
via POCT showed potential as a rapid and simple measure-
ment in clinical settings.

Introduction

Inflammatory bowel diseases (IBDs), consisting mainly of
ulcerative colitis (UC) and Crohn's disease (CD), are chronic
inflammatory disorders involving the gastrointestinal tract (1).
To date, mucosal healing has been indicated as the therapeutic
goal for IBD, as healing is associated with sustained clinical
remission, reduced rates of hospitalization and surgery, and
a lower incidence of colorectal cancer (2-4). To optimize the
outcomes of patients with IBD, frequent monitoring is required
to evaluate disease activity and treatment efficacy. Endoscopy
is considered the gold standard for evaluating intestinal
inflammation and mucosal healing. However, frequent endo-
scopic procedures are invasive, unpleasant, time-consuming
and costly for patients, and they require a skilled operator
and bowel preparation. Therefore, a reliable surrogate marker
capable of mirroring intestinal inflammation, which can be
used as a substitute for endoscopy, is required.

The fecal stream is in close contact with the intestinal
mucosa and can, therefore, take up molecules serving as
markers of intestinal inflammation. There are several studies
concerning fecal markers for intestinal inflammation (5-8).
Of these, calprotectin is the most widely used marker for
evaluating the disease activity of IBD (9). Calprotectin is an
abundant heterodimeric calcium-binding protein belonging
to the S100 family (SI00A8 and S100A9), which inhibits
metalloproteinases, and has antimicrobial and pro-apoptotic
activities (10,11). Calprotectin is present in neutrophils,
monocytes/macrophages and potentially epithelial cells, and
it comprises up to 60% of the total cytosolic protein content
of neutrophils. Calprotectin has several clinical advantages,
including a high stability at room temperature, resistance to
degradation and a homogenous distribution in stools, all of
which have been described as prerequisites for biomarkers.

The use of enzyme-linked immunosorbent assay (ELISA)
analyses for calprotectin has been thoroughly validated.
However, the ELISA protocol is time-consuming to perform,
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and this can lead to delayed reporting of the results. As the
assay also requires specialized laboratory equipment, it
is predominantly used in large laboratories. To overcome
these limitations, an immunochromatographic point-of-care
test (POCT) for calprotectin has been developed (12,13).

In the present study, the fecal calprotectin levels were
measured using ELISA as the gold standard, and the correla-
tions between these levels, endoscopic and clinical disease
activities and fecal hemoglobin (Hb) were examined. In addi-
tion, the fecal calprotectin level as measured using ELISA was
compared with that measured using the POCT and the serum
calprotectin level, in addition to examining the immunohisto-
chemical localization of calprotectin in the diseased intestine.

Patients and methods

Ethical consideration. The Human Ethics Committee of
Kurume University School of Medicine approved the protocol
in accordance with the Declaration of Helsinki. Written
informed consent was obtained from each of the subjects or
their parents prior to enrollment in the study.

Patients. Between January, 2014 and December, 2015, colonos-
copies were performed and stool samples were collected from
113 patients with UC and 42 with CD. The diagnoses were
based on characteristic clinical, endoscopic, radiological and
histological features. The patient characteristics are presented
in Table I. Among the patients with UC, there were 51 men
and 62 women, with a median age of 41.5 years and median
disease duration of 83 months. In terms of disease distribution,
59 patients had pancolitis, 30 had left colon involvement and
24 had disease limited to the rectum. Among the patients with
CD, there were 29 men and 13 women, with a median age of
31 years and median disease duration of 54 months. The disease
affected the ileum and the colon in 29 patients, the colon alone
in nine patients, and the ileum alone in four patients. These
patients had received adequate medical therapy. In addition,
96 healthy, age-matched subjects served as normal controls.

Endoscopic and clinical evaluations. For the evaluation
of disease activity in the patients with UC, the endoscopic
mucosal status was graded according to the severity of inflam-
mation using the Rachmilewitz score (14), and clinical activity
was graded using the Mayo score (15). For the patients with
CD, the endoscopic findings were graded according to the
severity of inflammation using the Simple Endoscopic Score
for CD (SES-CD) (16), and clinical activity was graded using
the CD Activity Index (CDAI) (17).

Colonoscopy. Bowel preparation was performed using a poly-
ethylene glycol-based or magnesium citrate-based electrolyte
solution according to the standard protocol used in Kurume
University Hospital in Japan. Following the clearing of colonic
lavage fluid, the patients underwent a colonoscopy. Patients
were excluded from the study if the colonoscopic examination
was incomplete due to problems with the bowel preparation or
if it was not possible to insert the colonoscope into the cecum.

Collection of stool samples. The stool samples were collected
on the day of colonoscopy, or a few days prior to colonoscopy
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Table I. Patient characteristics.

Ulcerative colitis Crohn's disease

Characteristics (n=113) (n=42)
Sex, male/female 51/62 29/13
Age, years 41.5 (30-57) 31 (22-40.75)
(median, IQR)

Area involved Total colitis/ Ileitis/
left-side ileocolitis/
colitis/proctitis colitis
59/30/24 4/29/9

Disease duration, months
(median, IQR)

83 (38-173.5) 54 (15.5-166)

Treatments
5-Aminosalicylic 100 (87.7) 33 (78.6)
acid (%)
Prednisolone (%) 30 (26.3) 3(7.1)
Immunomodulator (%) 16 (14.0) 9(21.4)
Leukocytapheresis (%) 2(1.8) 1(24)
Nutrition therapy (%) 3(2.6) 18 (42.9)
Antitumor necrosis 2(1.8) 17 (40.5)
factor (%)
Surgery (%) 1(0.9) 5(11.9)

and stored in a refrigerator until the day of the colonoscopy.
Upon receipt in the laboratory, all stool samples were regis-
tered and stored at -20°C. Following thawing, the fecal samples
were prepared and analyzed according to the test manufac-
turer's protocol (Bithlmann Laboratories AG, Schonenbuch,
Switzerland). Between 40 and 120 mg of stool was collected
into the hollow cavity of the extraction tool (Smart-Prep;
Biihimann Laboratories AG), and extraction buffer in a
weight/volume ratio of 1:50 was then added to the extraction
tube. The sample tubes were mixed for 1 min using a vortex
mixer until no large particles were present. Subsequently, 1 ml
of the homogenate was transferred to an Eppendorf tube and
centrifuged for 5 min at 3,000 x g at room temperature. The
supernatant (0.5 ml) was transferred to a new tube and stored
at -20°C until the assay.

Measurement of fecal calprotectin. Fecal calprotectin was
measured using a quantitative enzyme-linked immunosor-
bent assay (fCAL™ ELISA; Biithlmann Laboratories AG)
according to the manufacturer's protocol (12,18). The fecal
calprotectin level was also measured using a quantitative
rapid point-of-care test (POCT; Quantum Blue® Calprotectin;
Biihlmann Laboratories AG), which uses immunochromato-
graphic technology in a lateral flow assay system, including an
easy-to-use Quantum Blue® reader. The test was performed in
accordance with the manufacturer's protocol.

Measurement of fecal Hb. Fecal Hb was determined using a
quantitative fecal immunochemical test, as described previ-
ously (19-21). Briefly, the stool sample was collected using an
OC-Hemodia sampling probe and was immediately processed
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Figure 1. Fecal calprotectin levels in patients with ulcerative colitis. Fecal calprotectin levels according to (A) endoscopic disease activity as assessed using the
Rachmilewitz score and (B) clinical disease activity as assessed using the Mayo score.

and examined using OC-SENSOR neo (both from Eiken
Chemical, Tokyo, Japan), which can accurately measure fecal
Hb levels between 50 and 1,000 ng/ml.

Measurement of serum calprotectin. The serum calprotectin
levels were quantified using an ELISA (sCAL™ ELISA;
Biihlmann Laboratories AG). In brief, a blood sample (0.5 ml)
for serum calprotectin measurements was collected in blood
collection tubes containing ethylenediaminotetraacetic acid.
The sample was centrifuged for 10 min at 10,000 rpm and
the extracted serum was collected and frozen at -20°C for
subsequent measurement. The serum was diluted 1:50, and
100 ul of each sample was added to the wells of a plate and
incubated at room temperature for 45 min. The plate was
then washed three times with diluted washing solution, and
100 pl of monoclonal anti-calprotectin antibody conjugated
with horseradish peroxidase were added and incubated for
45 min at room temperature. A second washing procedure was
performed, 100 pl of enzyme substrate solution was added to
each well, and optical density was read at 450 nm. The serum
calprotectin concentration was calculated from the standards
and expressed as ug/ml.

Determination of laboratory parameters. A blood sample
was also obtained from each patient and was used to measure
various laboratory parameters. The total leukocyte count,
platelet count, serum levels of Hb, albumin and C-reactive
protein and erythrocyte sedimentation rate were determined
by routine laboratory analysis within three days prior to or
following collection of the stool sample used for calprotectin
measurement.

Immunohistochemistry. To examine the expression of
calprotectin using immunocytochemistry, a primary mono-
clonal antibody targeting calprotectin (clone MAC387,
cat. no. M0747; Dako, Glostrup, Denmark) was used at a
dilution of 1:1,600 (incubation time, 50 min) and a secondary

antibody (One-step polymer-HRP, cat. no. HK595-50K;
BioGenex, Fremont, CA, USA) was used at a dilution of 1:600
(incubation time, 15 min). Double staining was performed
using monoclonal anti-neutrophil elastase (diluted 1:400; clone
NP57, cat. no. M0752), monoclonal anti-CD68 (diluted 1:100;
clone KP1, cat. no. M0814) (both from Dako) and monoclonal
anti-calprotectin (incubation time, 50 min). The sections were
developed using 3,3'-diaminobenzidine for anti-calprotectin
and alkaline phosphatase for anti-neutrophil elastase and
anti-CD68. We used a Nikon Optiphot microscope (Nikon
Corp., Tokyo, Japan) for visualization of staining.

Statistical analysis. The results are presented as the median
and range. As calprotectin measurements were highly skewed,
log-transformed values were used in data analyses. All statis-
tical analyses were performed using the Statistical Package for
the Social Sciences for Windows software 14.0 (SPSS, Inc.,
Chicago, IL, USA). The statistical analyses were performed
using nonparametric Mann-Whitney and Kruskal-Wallis
tests. Correlations between variables were estimated using the
two-tailed Spearman's rank order correlation coefficient. The
mean differences between the assays were calculated based on
the methods described previously (22). P<0.05 was considered
to indicate a statistically significant difference.

Results

Fecal calprotectin. The individual fecal calprotectin levels
of the patients with UC are shown in Fig. 1. The endoscopic
disease activity was graded according to the Rachmilewitz
score as either inactive, mild, moderate or severe (Fig. 1A).
The fecal calprotectin levels were significantly higher
among the patients with UC, compared with those among
the normal controls. The fecal calprotectin level was closely
correlated with the endoscopic grade, and the concentrations
differed significantly among the groups. The clinical disease
activity (Fig. 1B) was grouped according to the Mayo score
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Figure 2. Fecal calprotectin levels in patients with CD. Fecal calprotectin levels according to the (A) endoscopic disease activity as assessed using the simple
endoscopic score for CD and (B) clinical disease activity as assessed using the CD activity index. CD, Crohn's disease.
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Figure 3. Fecal hemoglobin levels in patients with ulcerative colitis. Fecal hemoglobin levels according to (A) endoscopic disease activity as assessed using the
Rachmilewitz score and (B) clinical disease activity as assessed using the Mayo score.

into inactive, mild, moderate or severe. A close correlation
between the fecal calprotectin level and the clinical disease
activity was also observed.

The individual fecal calprotectin levels in patients with
CD are shown in Fig. 2. The endoscopic disease activity was
graded according to the SES-CD into inactive, mild, moderate
or severe disease (Fig. 2A), and the clinical disease activity
was classified according to the CDALI into inactive, mild,
moderate or severe disease(Fig. 2B). In contrast to the patients
with UC, only a weak correlation was observed between the
fecal calprotectin level and the endoscopic and clinical disease
activities in patients with CD.

Fecal Hb. The fecal Hb levels were also measured in patients
with UC (Fig. 3) and in those with CD (Fig. 4). Similar to the
calprotectin results, a close association was observed between
the fecal Hb level and the endoscopic and clinical disease activity
in the patients with UC, however, only a partial correlation was
observed in the patients with CD. A significant correlation was
observed between the level of fecal calprotectin and the level
of fecal Hb in the patients with UC and those with CD (Fig. 5).

Correlation with laboratory parameters. The correlation coef-
ficients and significance values between the fecal calprotectin
or fecal Hb levels and the indicated laboratory parameters are
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Figure 4. Fecal hemoglobin levels in patients with CD. Fecal hemoglobin levels according to (A) endoscopic disease activity as assessed using the simple
endoscopic score for CD and (B) clinical disease activity as assessed using the CD activity index. CD, Crohn's disease.
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Figure 5. Correlation between the fecal calprotectin and fecal hemoglobin levels in patients with (A) UC, (B) CD and (C) inflammatory bowel disease

(UC+CD). UC, ulcerative colitis; CD, Crohn's disease.

summarized in Table II. Fecal calprotectin was significantly
correlated with the leukocyte count, platelet count, albumin
and CRP levels and ESR in the patients with UC, and with the
serum albumin level, CRP level and ESR in the patients CD.
Similarly, the fecal Hb level was significantly correlated with
the leukocyte count, albumin level, CRP level and ESR in the

patients with UC, and with the platelet count, serum albumin
level, CRP level and ESR in the patients with CD.

Serial measurements of fecal calprotectin. The serial changes
in fecal calprotectin and other parameters within the same indi-
vidual are shown in Fig. 6. Of note, decreasing concentrations
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Table II. Correlation coefficients and significance of differences between fecal markers and laboratory parameters in patients
with UC or CD.

Fecal calprotectin Fecal hemoglobin
UC (n=113) CD (n=42) UC (n=113) CD (n=42)
R-value P-value R-value P-value R-value P-value R-value P-value
Leukocyte (u1) 0.27 0.004 -0.01 0.937 0.24 0.011 -0.09 0.562
Platelet (x10%/ul) 0.25 0.007 0.17 0.291 0.05 0.575 041 0.008
Hemoglobin (g/dl) -0.13 0.180 -0.16 0.311 -0.18 0.059 -0.27 0.088
Albumin (g/dl) -0.45 <.001 -0.27 0.082 -0.56 <.001 -044 0.004
CRP (mg/dl) 0.25 0.001 041 0.007 042 <.001 0.46 0.002
ESR 1 h (/mm) 0.21 0.032 0.32 0.038 0.26 0.007 042 0.006

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; UC, ulcerative colitis; CD, Crohn's disease.
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Figure 6. Time-courses for fecal calprotectin levels and other inflammatory parameters in three patients with inflammatory bowel disease. (A) Twenty-four-year
male patient with UC involving the entire colon; (B) 26-year male patient with UC involving the entire colon; (C) 21-year female patient with CD involving
the small and large bowel. SASA, 5-aminosalicylic acid; PSL, prednisolone; anti-TNF-a., antitumor necrosis factor-a antibody; TPN, total parenteral nutrition;
CRP, C-reactive protein; CDAI, CD activity index; SES-CD, Simple Endoscopic Score for CD; UC, ulcerative colitis; CD, Crohn's disease.
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of fecal calprotectin were consistently found as the disease
began to abate, regardless of the treatment modality, and these
concentrations remained at lower levels when stable remission
had been achieved.

POCT. The ELISA results were then compared with those
of a quantitative, rapid POCT performed simultaneously to
measure the fecal calprotectin levels (Fig. 7). Stool samples
were available from 56 patients with UC and from 24 patients
with CD. Of note, the correlation between the results of the
two methods was high for the patients with UC and those with
CD. The agreement between the two methods was asessed
using the Bland-Altman method (22). As only six of 80 paired
data (7.5%) were outside the limit of agreement, the measure-
ments obtained from the rapid POCT were considered to show
a clinically acceptable level of agreement with ELISA (Fig. 8).

Association between serum and fecal calprotectin. The corre-
lation between the fecal and serum calprotectin levels were
also analyzed using an ELISA (Fig. 9). The samples were
analyzed in 41 patients with UC and in 13 patients with CD.
No statistical correlation was observed between the serum and
fecal calprotectin levels for either the UC or CD groups of
patients. Of note, there was a mild but statistically significant
correlation between the serum calprotectin and CRP levels in
the patients with UC, but not in the patients with CD (Fig. 10).

Immunocytochemistry. Immunohistochemical staining was
performed using colon tissue specimens from the patients

with UC and CD, and increased numbers of calprotectin-
positive cells, including inflammatory leukocytes, were
found in the colonic mucosa, compared with the tissues from
the normal controls (Fig. 11A-C). In addition, to define the
types of leukocytes responsible for expressing calprotectin,
double immunohistochemistry for calprotectin and neutrophil
elastase-positive neutrophils (Fig. 11D) or CD68-positive
macrophages (Fig. 11E) were performed in sequential sections
from the same sample of an UC specimen. The results showed
that the colonic mucosa specimens from the patients with
UC and CD had higher levels of neutrophil and monocyte
calprotectin-positive cells, compared with those observed in
the normal control specimens.

Discussion

Endoscopy is considered the gold standard for the diagnosis
and follow-up of patients with IBD. However, a less invasive
approach is now being sought for the management of these
patients. Fecal calprotectin is the most widely used marker
for IBD for evaluating intestinal inflammation and mucosal
healing. The present study focused on the detection of
calprotectin in stool and serum samples, and examined its
immunohistochemical localization in colon specimens.

In patients with UC, it was found that the fecal calprotectin
level increased significantly, and was closely correlated with
endoscopic and clinical disease activities and laboratory
parameters, particularly in patients with UC; these results were
consistent with previously published data (9,23-25). Although
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Figure 9. Correlation between fecal and serum calprotectin levels. Correlation between fecal and serum calprotectin levels were measured using an enzyme-linked
immunosorbent assay in patients with (A) UC, (B) CD and (C) inflammatory bowel disease (UC+CD). UC, ulcerative colitis; CD, Crohn's disease.

the data obtained in the present study showed close correlations
between the fecal calprotectin level and laboratory parameters,

the fecal calprotectin level has been consistently shown to be
superior to laboratory parameters, due to its high specificity
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Figure 10. Correlation between serum concentrations of calprotectin and CRP in patients with (A) UC, (B) CD and (C) inflammatory bowel disease (UC+CD).
UC, ulcerative colitis; CD, Crohn's disease.

Figure 11. Immunohistochemistry for the detection of calprotectin-stained cells in colonic samples. Samples from a patient with (A) UC, a patient with
(B) Crohn's disease and a (C) normal subject. (D) Double staining of colonic tissue specimens from a patient with UC showed calprotectin-positive cells
(brown), anti-neutrophil elastase stain-positive neutrophils (red) and double-positive cells (purple). (E) Double staining of colonic tissue specimens from a
patient with UC showed calprotectin-positive cells (brown), anti-CD68-staining-positive macrophages (brown), and double-positive cells (purple). These tissue
sections revealed that neutrophils and certain macrophage populations expressed calprotectin. UC, ulcerative colitis. Original magnification, x20.
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for the assessment of intestinal inflammation. In patients with
CD, the fecal calprotectin level also increased, however, its
correlation with endoscopic and clinical disease activities
and laboratory markers was relatively weak, compared with
the correlations observed for patients with UC, although the
number of patients with CD was relatively small. This differ-
ence may be explained, in part, by the characteristic features of
CD, including the focality of the disease and its uneven, deeper
tissue involvement within the intestinal wall. This leads to an
unpredictable level of release from the mucosa, and possibly
weakens the correlation between the fecal calprotectin level
and disease activity. At present, the use of fecal calprotectin
levels for estimating CD activity is controversial (26-29).
Although a correlation between elevated calprotectin levels
and colonic inflammation has been confirmed repeatedly,
correlation for the small bowel is less well established. The
endoscopic assessment of all segments, including the small
bowel and colon, may be required for assessing the disease
activity in patients with CD. Taken together, the results of the
present study suggested that the fecal calprotectin level is a
reliable marker for assessing IBD disease activity, however, it
may be more useful for evaluating disease activity in patients
with UC than in those with CD.

Using the same samples, the present study concurrently
measured the fecal Hb levels using an immunoassay as an alter-
nate fecal marker for intestinal inflammation. Evidence on the
correlation between fecal Hb levels and disease activity remains
limited (30). The present study found that the level of fecal Hb
was close to that of fecal calprotectin, particularly in patients
with UC, which was in agreement with the results of a previous
study by Nakarai et al, showing that fecal Hb and calprotectin
levels were equally capable of predicting mucosal healing (19).
The most important difference between fecal Hb and calpro-
tectin is that fecal Hb is a marker of intestinal bleeding, whereas
calprotectin is specific to activated mucosal leukocytes, which
are critical in the underlying pathophysiology of IBD. Although
further investigations are required, the performance of fecal Hb
was comparable to that of fecal calprotectin in patients with
UC, suggesting its applicability as a novel surrogate marker of
inflammation. In contrast to the results for the patients with UC,
the fecal Hb level appeared to be less sensitive in the patients
with CD, which was consistent with the findings of a previous
study (21). Fecal Hb tests were originally developed as a marker
for colorectal cancer, rather than small bowel disease, and the
use of fecal Hb as a marker for CD requires further investiga-
tion. At present, the reason for the positive correlation between
fecal Hb and calprotectin concentrations observed in the present
study remains speculative. However, the increased permeability
observed in chronic mucosal inflammatory conditions (31) may
be partly responsible for this association.

One of the situations in which the measurement of fecal
calprotectin is likely to be useful is in evaluating the response to
treatment. However, few follow-up studies have examined fecal
calprotectin levels in patients with IBD, and the serial changes
in fecal calprotectin levels in the same individual remains to be
fully elucidated. Although the present study was largely cross-
sectional, follow-up examinations were performed for a small
number of patients, and a change in calprotectin paralleling that
of disease activity was observed throughout the course of the
disease, further supporting the potential use of this marker for
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monitoring disease activity. A large-scale, longitudinal study,
examining patients with IBD, is required.

The present study also examined the reliability of POCT
measurements, compared with those obtained using ELISA,
which is the gold standard test for measuring fecal calprotectin
levels. ELISA is highly accurate, however, it must be performed
in a laboratory and requires the collection of multiple samples;
POCT is an easy and rapid technique, which also provides
quantitative results but is more widely available and can be
performed for individual samples (12,13). The data obtained
in the present study showed a high level of correlation between
the two techniques, suggesting that POCT may be used as a
reliable alternative to ELISA for evaluating disease activity
and for the follow-up of patients with IBD. Further compre-
hensive investigations are required to compare the abilities
of these parameters to accurately reflect disease activity in
patients with IBD.

High serum calprotectin levels have been described in
patients with systemic lupus erythematosus, anti-neutrophil
cytoplasmic antibody (ANCA)-associated vasculitis, rheuma-
toid arthritis, juvenile idiopathic arthritis, Kawasaki disease
and renal allograft rejection (32-38). At present, few studies
have been performed on serum calprotectin in IBD, and the
value of this parameter for estimating disease activity is
controversial (39,40). The present study is the first, to the best
of our knowledge, to measure serum and fecal calprotectin
levels concurrently. It was found that serum calprotectin
levels were correlated with the serum CRP levels, particu-
larly in patients with UC, but that the serum calprotectin
levels were not correlated with the fecal calprotectin levels.
In ANCA-associated vasculitis, patients have been shown to
exhibit higher cell-surface calprotectin expression levels in
circulating neutrophils and monocytes, as assessed using flow
cytometry, in association with increases in serum calprotectin
levels (34). Accordingly, serum calprotectin is considered to
be derived predominantly from circulating leukocytes, and not
diseased intestine; therefore, the serum calprotectin level may
actually reflect systemic inflammation, rather than intestinal
inflammation. The clinical application of serum calprotectin
warrants further validation in large cohorts.

In the context of IBD, calprotectin may be released at
sites of intestinal inflammation, leading to an increase in
the fecal calprotectin level. To confirm the cellular source in
the intestine, immunohistochemistry was performed in the
present study. It was found that calprotectin was expressed
in neutrophils and monocytes/macrophages, and the excess
calprotectin released from these cell types in response to
inflammatory stimuli may spill into the gut lumen (6). In
addition to being an inflammatory marker, calprotectin exerts
several effects, suggesting that it may have a more direct
pathogenic role in IBD. Calprotectin-induced stimulation of
monocytes/macrophages, acting through Toll-like recepror-4,
activates nuclear factor-«B and other transcription factors,
leading to the increased production of metalloproteinases (41)
and proinflammatory cytokines (42), in addition to stimu-
lating interleukin-17-producing T cells (43), which have been
implicated in IBD. Of note, a previous study using calpro-
tectin-knockout mice showed that calprotectin was critical for
the development of glomerulonephritis and that it promoted
inflammatory leukocyte-renal cell interactions (44). Taken
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together, these findings suggest that calprotectin, which is
derived predominantly from activated neutrophils and mono-
cytes/macrophages, may contribute to the activation of innate
immunity and be involved in the pathophysiology of IBD.

The present study had several limitations. Firstly, although
a prospective design was used, the study was performed at
a single center and involved a limited number of patients,
particularly those with CD. Secondly, the endoscopic disease
activity was evaluated for the region with the most severe
inflammation, whereas the disease extent and location were
not considered. In patients with CD, disease activity may exist
in the upper gastrointestinal tract or in other segments of the
small bowel, which cannot be reached when performing an
endoscopy. In addition, the calprotectin concentration may
depend on the sampling position within the stool, although
the distribution of calprotectin within a single stool sample
appears to be homogeneous. Finally, although clinical studies,
including the present study, have demonstrated that fecal
calprotectin is correlated with endoscopic disease activity,
whether the normalization of fecal calprotectin levels reflects
mucosal healing in IBD, which is an important treatment target,
remains a topic of debate. No confirmed definition of mucosal
healing exists at present. In future investigations, histologic
findings require consideration in addition to endoscopic find-
ings to enable the precise evaluation of disease activity.

Taken together, the data obtained in the present study
suggested that fecal calprotectin, which is derived predomi-
nantly from neutrophils and monocytes/macrophages, is a
reliable marker for the noninvasive monitoring of disease
activity, particularly in patients with UC. Fecal calprotectin
for POCT offers potential as a rapid and simple measurement
in clinical settings.
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