
Journal Identification = ECN Article Identification = 0363 Date: October 13, 2015 Time: 10:25 am

26 Eur. Cytokine Netw. Vol. 26 n◦ 2, June 2015, 26-37

RESEARCH ARTICLE

Usefulness of selected laboratory markers in ulcerative colitis

Dorota Mańkowska-Wierzbicka, Ewelina Swora-Cwynar, Barbara Poniedziałek, Zygmunt Adamski,
Agnieszka Dobrowolska, Jacek Karczewski

Correspondence: J Karczewski. Poznan University of Medical Sciences, Fredry 10, 61-701 Poznan, Poland
<jacek_karczewski@yahoo.com>
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ABSTRACT. Introduction: This study aimed to compare the accuracy of selected laboratory markers in assessing
disease activity in patients with ulcerative colitis (UC). The analysis included serum IL-2, IL-4, IL-6, IL-10, IL-17,
TNF-�, IFN-�, hsCRP, peripheral regulatory T cells, as well as fecal calprotectin and lactoferrin. Patients and
methods: A group of 45 adults with UC was enrolled in the study. Disease activity was assessed using the Mayo
endoscopic index, while for clinical activity scoring, the Clinical Activity Index (CAI) was used. Concentrations of
markers investigated were estimated by means of flow cytometry and enzyme-linked immunosorbent assays: the
results were correlated with both indices. Results: The study demonstrated that both fecal markers, i.e. calprotectin
(r = 0.880, P<0.001) and lactoferrin (r = 0.799, P<0.001) correlated closely with the Mayo endoscopic score, and
might be used to evaluate the severity of UC in the clinical setting. The correlation of these markers with CAI was
also significant, with r = 0.831 for calprotectin (P<0.001) and r = 0.672 for lactoferrin (P<0.05). As for the other
markers investigated, only IL-6 (r = 0.598, P<0.001), IL-17A (r = 0.587, P<0.005), and TNF-� (r = 0.701, P<0.001)
correlated closely with the Mayo endoscopic index. The correlation of the markers with CAI was also significant,
though weaker, with r = 0.525 for IL-6 (P<0.001), r = 0.587 for IL-17A (P<0.05), and r = 0.624 for TNF-� (P<0.001).
Discussion: Despite the fact, that UC is generally considered to be an IL-13-driven, Th2-like type of disease, markers
of inflammation such as serum interleukin (IL)-6, IL-17, TNF-�, fecal calprotectin and lactoferrin might be useful
in assessing disease activity.
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lcerative colitis (UC) is a chronic, relapsing, immuno-
ogically-mediated disease characterized by continuous
olonic mucosal inflammation that extends proximally
rom the rectum. It typically presents in the second and
hird decade of life with bloody diarrhea and abdominal
ramps. The clinical manifestation of UC is however het-
rogeneous, with different clinical courses. In addition, the
ehavior of UC can change over time. Assessment of dis-
ase activity in UC patients can be based on clinical disease
ctivity indices, endoscopic indices, serum markers, fecal
arkers and miscellaneous tests [1-3]. Clinical indices

owever, provide an indirect measurement of disease activ-
ty only, and may not accurately reflect the inflammatory
ctivity found by endoscopic and histological examination.
ndoscopy, in turn, is accurate, but it is invasive and expen-
ive. This has led to the search for reliable and inexpensive
iological markers that could be used to assess disease
ctivity in the clinical practice setting. The most widely
eld hypothesis for the pathogenesis of UC is that overly
ggressive, acquired (T cell) immune responses to a subset
f commensal enteric bacteria develop in genetically sus-
eptible hosts, and environmental factors precipitate the

nset or reactivation of the disease [4]. Despite the fact
hat UC is generally considered to be an IL-13-driven,
h2-like type of disease [5], various markers of inflam-
ation, including serum interleukin (IL)-6, IL-17, TNF-�,
rrin, IL-6, IL-17, TNF-�, Mayo index, CAI

C-reactive protein (CRP), fecal calprotectin and lactofer-
rin, seem to be the most obvious candidates due to the
inflammatory nature of the disease.
For instance, IL-6 is a potent, pleiotropic cytokine known
to regulate T cell differentiation, activation and resistance
to apoptosis, and thereby controling the balance between
proinflammatory and regulatory T cell subsets [6]. It is pro-
duced by various cell types: however, its primary sources
are monocytes and macrophages at sites of inflammation
during acute inflammation, as well as T cells in chronic
inflammation [7]. This cytokine is considered to be an
accurate marker of ongoing inflammation [8]. Elevated
concentrations of serum IL-6 have been found in patients
with active UC: however, the correlation between cytokine
concentration and disease severity remains controversial
[9, 10].
Current evidence indicates that the Th17 response may
also play a role in the pathogenesis of the disease [11, 12].
This newly identified subset of Th cells, distinct from
Th1/Th2, produces various proinflammatory cytokines,
including IL-17A (often referred to as IL-17), IL-17F,
IL-21, IL-22 and TNF-�, and plays an important role in

immunity against extracellular pathogens. Although the
evidence implies the possible involvement of Th17 cells in
the pathogenesis of UC [13, 14], as in other autoimmune
and inflammatory diseases [15], a protective role for IL-17
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n intestinal inflammation has also been proposed [16]. In
pite of the unclear role of Th17 cells in the pathogenesis
f UC, increased levels of IL-17 have been observed in the
erum of patients with active UC [14, 17], in addition to
ncreased concentrations of circulating Th17 cells and a
ecreased ratio of Treg/Th17 cells [18, 19].

NF-�, in turn, has been implicated in the pathogenesis of
arious inflammatory conditions, and its importance has
een highlighted by the efficacy of anti-TNF antibodies
r administration of soluble TNF receptors (TNFRs) in
ontrolling disease activity [20], including UC [21]. It is
roduced predominantly by activated macrophages and T
ymphocytes [22], and mediates multiple proinflammatory
ignals that play central roles in the pathogenesis of IBD,
ncluding neutrophil recruitment to the local site of inflam-

ation, activation of both coagulation and fibrinolysis, as
ell as the induction of granuloma formation [23]. Ele-
ated levels of TNF-� have been found in the serum, stool
nd intestinal tissue of UC patients [24-26].

ther biological markers of inflammation that might be
seful in assessing the UC activity include serum C-
eactive protein (CRP) and neutrophil-derived proteins
uch as calprotectin and lactoferrin. CRP is one of the
ost important proteins that are up-regulated during acute-

hase stimulus in humans. Under normal conditions, the
aseline concentration of CRP in the plasma is around 0.8
g/L, and is, in part, genetically regulated [27, 28]. How-

ver, in the presence of an acute-phase stimulus such as
L-6, TNF-� and IL-1�, CRP production is up-regulated
ithin hours, and may reach concentrations that are 500-

o 1000-fold higher than under basal conditions [29]. The
hort half-life of CRP (19 h) also ensures that the concen-
rations quickly decrease once the acute-phase stimulus
isappears, making CRP a valuable marker of inflamma-
ion [30]. Medical treatment does not seem to have a direct
ffect on CRP production in hepatocytes, and changes in
he CRP response during treatment are caused by the effect
f the therapy on the underlying disease. CRP has been
idely used as a parameter of inflammatory activity in a
ariety of infectious and inflammatory diseases. It has also
een found to correlate with clinical parameters of disease
ctivity in CD [30, 31]: however its correlation with disease
ctivity in UC is unclear [31].

alprotectin is, in turn, an abundant, calcium-binding pro-
ein of the S100 family that is derived predominantly from
eutrophils and, to a lesser extent, from monocytes and
acrophages [32]. It has bacteriostatic and fungistatic

roperties, and its markedly elevated concentrations have
een found in both plasma and stool in infectious and
nflammatory conditions, including UC [33]. Similarly to
alprotectin, it has been observed that fecal lactoferrin lev-
ls quickly rise after an influx of neutrophils into intestinal
umen during inflammation. In active IBD, the concentra-
ion of lactoferrin can rise several hundred times [34]. Both
ecal markers, calprotectin and lactoferrin, are sensitive to
nflammation: however, they are not disease-specific.

his study aimed to compare the accuracy of selected
iological markers in assessing disease severity and activ-
ty in patients with UC. In particular, it was aimed at

xamining how reliably these marker measurements reflect
ndoscopic severity in UC, and at determining cutoff
evels for endoscopically-visible inflammation. The anal-
sis included biological markers such as serum IL-2,
27

IL-6, IL-17, TNF-�, IFN-�, high-sensitive CRP (hsCRP),
peripheral CD4+CD25+FOXP3+ regulatory T cells, as well
as fecal calprotectin and lactoferrin.

PATIENTS AND METHODS

The project was approved by the Ethics Committee at
Poznan University of Medical Sciences. A group of 45
consecutive adults with UC was enrolled to the study. All
patients were Caucasian. The disease had been diagnosed
and confirmed by endoscopic and radiological means.
Demographic and clinical characteristics of the patients
were retrieved from medical notes and patient interviews.
The endoscopic Mayo scoring system was used to grade
mucosal inflammation at colonoscopy. This index is com-
monly used in both clinical trials and clinical practice
[35]. The score can range from 0 to 3, with 0 indicat-
ing inactive disease, 1 mildly active disease (erythema,
decreased vascular pattern, friability), 2 moderately active
disease (marked erythema, absent vascular pattern, friabil-
ity, erosions), and 3 severely active disease (spontaneous
bleeding, ulceration). The Mayo score was calculated
within seven days of the blood and stool sampling. Clini-
cal activity was assessed using the Clinical Activity Index
(CAI) [36]. The index combines objective measurements,
such as number of stools in one week, temperature, and
extraintestinal manifestations (EIM) with subjective find-
ings, including blood in stools, abdominal pain/cramps,
and global assessment of symptomatic state. The total
index score ranges from 0 to 25. Degrees of clinical activ-
ity were defined as follows: inactive disease (0-4), mild
activity (5-10), moderate activity (11-17), and high activity
(18-25). Only patients treated with conventional therapies,
including 5-aminosalicylates, prednisolone, budesonide,
azathioprine, mercaptopurine, methotrexate and antibi-
otics, were recruited into the study.
Serum samples were cytometrically tested for concentra-
tions of IL-2, IL-6, IL-17, TNF-�, and IFN-� using the
Human Th1/Th2/Th17 Cytokine Cytometric Bead Array
Kit (BD Biosciences Pharmingen, San Diego, CA, USA).
Serum samples were also used to evaluate, in a local lab-
oratory, the hsCRP concentrations. Elevated hsCRP was
defined as >3.0 mg/L. The cytometric analysis was per-
formed to evaluate the levels of CD4+CD25+FOXP3+

regulatory T cells (BioLegend, San Diego, CA, USA) in the
peripheral blood of investigated subjects. Fecal concentra-
tions of calprotectin were measured using CalproLabTM

ELISA kit (Calpro AS, Lysaker, Norway), with the nor-
mal range of calprotectin defined as<100 �g/g of stool.
Fecal concentrations of lactoferrin were measured using
IBD-SCAN (Techlab, Blacksburg, VA, USA), with the nor-
mal range of lactoferrin defined as<7.25 �g/g of stool.
All laboratory tests were performed according to instruc-
tions provided by manufacturers. Descriptive variables are
presented as means and medians with range, and categori-
cal variables as frequencies with percentages. Frequencies
were compared with the �2 test, and means between
two groups with the Mann-Whitney test. The two-tailed
Spearman’s rank-order correlation coefficient served for

analyzing any correlation between variables. All statisti-
cal analyses were performed with the Statistical Package
for the Social Sciences version 15.0 (SPSS, Chicago, IL,
USA). Values were considered significant when P ≤0.05.
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Table 1
Clinical and demographic characteristics of patients with ulcerative

colitis (UC)

Characteristic UC (n = 45)

Gender n (%)
Female 30 (66.7%)

Age at diagnosis
Mean (yrs ± SD) 40.4 ± 5.6
Median (range) yrs 39.1 (31.2-56.3)
Early onset (<40 yrs) n (%) 23 (51.1%)

Duration of disease
Mean (yrs ± SD) 2.7 ± 0.2
Median (range) yrs 2.3 (0.0-5.6)
Family history of IBD n (%) 13 (28.9%)

Hospitalization n (%)
Once 19 (42.2%)
At least twice 8 (17.8%)

Colectomy n (%) 6 (13.4%)

5-ASA 42 (93.3%)

Glucocorticoids 19 (42.2%)
Immunosuppressants 10 (22.2%)

Smoking behavior at diagnosis n (%)
Smoker 10 (22.2%)
Former smoker 19 (42.2%)
Non-smoker 16 (35.6%)

Mayo endoscopic score n (%)
Inactive disease (0) 5 (11.1%)
Mildly active disease (1) 4 (8.9%)
Moderately active disease (2) 21 (46.7%)
Severely active disease (3) 15 (33.3%)

Clinical activity index (CAI) n (%)
Inactive disease (0-4) 5 (11.1%)
Mildly active disease (5-10) 6 (13.4%)
Moderately active disease (11-17) 15 (33.3%)
Severely active disease (18-25) 19 (42.2%)

UC location n (%)
Proctitis (E1) 11 (24.4%)
Left-sided (E2) 15 (33.3%)
Pancolitis (E3) 19 (42.2%)
EIM n (%) 4 (8.9%)

Abbreviations: 5-ASA – 5-aminosalicylates; CAI – clinical activity index; EIM –
e
d

R

C

C
p
T
m
3
1
o
(
i
h
1
o
p

Table 2
Clinical disease activity and laboratory markers of patients with

ulcerative colitis.

Parameter UC (n = 45)

Mayo endoscopic score
median (range) 2 (0-3)
mean (95% Cl) 2 (1.7-2.3)

CAI
median (range) 16 (0-20)
mean (95% Cl) 13 (11.6-15.1)

hsCRP [mg/L]
median (range) 4.4 (0.0-16.3)
mean (95% Cl) 5.2 (4.2-6.2)

Calprotectin [�g/g]
median (range) 699.0 (30-2013)
mean (95% Cl) 781.1 (610.5-951.8)

Lactoferrin [�g/g]
median (range) 536.0 (11-2289)
mean (95% Cl) 647.6 (469.9-825.3)

IL-2 [pg/mL]
median (range) 6.0 (0.0-12.1)
mean (95% Cl) 5.8 (4.6-7.0)

IL-4 [pg/mL]
median (range) 0.0 (0.0-7.8)
mean (95% Cl) 1.1 (0.4-1.8)

IL-6 [pg/mL]
median (range) 15.0 (0.0-33.1)
mean (95% Cl) 19.6 (0.0-52.8)

IL-10 [pg/mL]
median (range) 7.4 (0.0-35.8)
mean (95% Cl) 8.2 (5.8-10.6)

IL-17 [pg/mL]
median (range) 17.5 (0.0-62.6)
mean (95% Cl) 19.2 (15.5-22.9)

TNF-� [pg/mL]
median (range) 25.0 (0.0-58.7)
mean (95% Cl) 24.4 (20.2-28.6)

IFN-� [pg/mL]
median (range) 9.7 (0.0-20.8)
mean (95% Cl) 10.0 (8.2-11.9)

Treg [%Th]
median (range) 1.3 (0.1-4.8)
mean (95% Cl) 1.7 (1.4-2.0)

Abbreviations: CDI – clinical activity index; IFN – interferon; IL – interleukin;
xtraintestinal manifestations; IBD – inflammatory bowel diseases; SD – standard
eviation; UC – ulcerative colitis; yrs – years.

ESULTS

linical and demographic characteristics

linical and demographic characteristics of the UC
atients participating in the study are presented in table 1.
he group included 45 adults, 30 females (66.7%) and 15
ales (33.3%), with a mean age of 40.4 ± 5.6 (median:

9.1) years at diagnosis. Mean CAI was 13 (95%CI: 11.6-
5.1), while the median score was 16 (range: 0-20). Based
n CAI, 5 (11.1%) patients had inactive, 6 (13.4%) mild, 15
33.3%) moderate, and 19 (42.2%) severe disease. Accord-
ng to the Mayo endoscopic index, 5 (11.1%) individuals

ad inactive, 4 (8.9%) mild, 21 (46.7%) moderate, and
5 (33.3%) severe disease. The distribution of the extent
f UC was 24.4% proctitis, 33.3% left-sided, and 42.2%
ancolitis.
TNF – tumor necrosis factor; Th – T helper cell; Treg – regulatory T cell; 95% CI
– 95% confidence interval.

Table 2 presents the Mayo endoscopic and CAI scores,
as well as hsCRP and cytokine serum concentrations,
peripheral Treg cell concentrations and fecal marker
concentrations of the patients investigated. Thirty (66.7%)
patients had elevated serum levels of hsCRP (normal
range<3.0 mg/L). The mean serum concentration of
hsCRP was 5.2 (95% CI: 4.2-6.2) mg/L, and the median
serum concentration was 4.4 (range: 0-16.3) mg/L. In this
cohort, 46 (86.7%) patients had elevated fecal levels of

calprotectin (normal range:<100 �g/g). The mean fecal
concentration of calprotectin was 781.1 (95% CI: 610.5-
951.8) �g/g, while the median fecal concentration was
699.0 (range: 30-2013) �g/g. Increased fecal levels of
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actoferrin (≥7.25 �g/g of stool) were found in all patients
nvestigated, with a mean fecal concentration of 647.6
95% CI: 469.9-825.3) �g/g and a median fecal concen-
ration of 536.0 (range: 11-2289) �g/g.
s for the cytokines, the serum concentrations were as

ollows: IL-2: mean concentration (95% CI) of 5.8 (4.6-
.0) pg/mL and median (range) of 6.0 (0.0-12.1) pg/mL;
L-4: mean concentration (95% CI) of 1.1 (0.4-1.8) pg/mL
nd median (range) of 0.0 (0.0-7.8) pg/mL; IL-6: mean
oncentration (95% CI) of 19.6 (0.0-52.8) pg/mL and
edian (range) of 15.0 (0.0-33.1) pg/mL; IL-10: mean

oncentration (95% CI) of 8.2 (0.0-10.6) pg/mL and
edian (range) of 7.4 (0.0-35.8) pg/mL; IL-17: mean

oncentration (95% CI) of 19.2 (15.5-22.9) pg/mL and
edian (range) of 17.5 (0.0-62.6) pg/mL; TNF-�: mean

oncentration (95% CI) of 24.4 (20.2-28.6) pg/mL and
edian (range) of 25.0 (0.0-58.7) pg/mL; and IFN-�: mean

95% CI) concentration of 10.0 (8.2-11.9) pg/mL and
edian (range) of 9.7 (0.0-20.8) pg/mL. The mean (95%
I) level of peripheral CD4+CD25+FOXP3+ regulatory T
ells in the cohort was 1.7 (1.4-2.0%), while the median
range) level was 1.3 (0.1-4.8%).
he values for CAI and concentrations of investigated
arkers in the different endoscopic activity groups are pre-

ented in table 3. Some previous reports have suggested the
ossible differences in levels of biological markers, par-
icularly for fecal parameters and CRP, dependent on the
ocation of the UC [37], therefore the analysis of concentra-
ions of markers investigated according to disease location
as also performed. No statistically significant differences
ere found however among the given subgroups (P>0.05),

lthough the level of serum hsCRP seemed be related to
he extent of the disease, as suggested by other authors
table 4) [31].

orrelation analysis

n our cohort of UC patients, the Mayo endoscopic
cores correlated significantly with CAI (Spearman’s
ank order correlation coefficient (r) = 0.815, P<0.001),
erum concentrations of IL-6 (r = 0.598, P<0.001), IL-17
r = 0.587, P<0.005), TNF-� (r = 0.701, P<0.001), and
ecal concentrations of calprotectin (r = 0.880, P<0.001)
nd lactoferrin (r = 0.799, P<0.001) (figure 1). In contrast,
here was no significant correlations between the Mayo
ndoscopic scores and other markers investigated, such as
erum concentrations of hsCRP (r = 0.273, P>0.05), IL-
(r = 0.213, P>0.05), IL-10 (r = 0.144, P>0.05), IFN-�

r = 0.251, P>0.05) or Treg cells (r = -0.172, P>0.05).
he correlations between CDAI and parameters investi-
ated were similar, as follows: serum concentrations of
L-6 (r = 0.525, P<0.001), IL-17 (r = 0.587, P<0.05),
NF-� (r = 0.624, P<0.001) and fecal concentrations of
alprotectin (r = 0.831, P<0.001) and lactoferrin (r = 0.672,
<0.05). Correlation analysis is shown in table 5.

OC curve analysis

OC curve analysis revealed a cutoff IL-6 level of
.6 pg/mL in predicting endoscopically-active disease

Mayo endoscopic score ≥1), with a sensitivity of 95%,
specificity of 80%, a positive predictive value (PPV) of
5%, and a negative predictive value (NPV) of 50% (AUC
95% CI) = 0.930 (0.844-1.000), P<0.001). Similarly, a
29

serum IL-17 concentration of 6.6 pg/mL gave a sensitiv-
ity of 92%, a specificity of 60%, a PPV of 95%, and an
NPV of 50.0% (AUC (95% CI) = 0.928 (0.840-1.000),
P<0.001). A serum TNF-� concentration of 7.6 pg/mL
gave a sensitivity of 95%, a specificity of 80%, a PPV of
97%, and an NPV of 80% (AUC (95% CI) = 0.975 (0.931-
1.000), P<0.001)). As for the fecal markers, a calprotectin
concentration of 79.5 �g/g of stool gave a sensitivity of
97%, a specificity of 80%, a PPV of 91%, and an NPV
of 80% (AUC (95% CI) = 0.995 (0.979-1.00), P<0.001),
while a lactoferrin concentration of 76.5 �g/g of stool gave
a sensitivity of 97%, a specificity of 80%, a PPV of 95%,
and an NPV of 60% in predicting endoscopically-active
disease (AUC (95% CI) = 0.968 (0.915 – 1.00), P<0.001).

DISCUSSION

This study aimed to evaluate theusefulness of various fecal
and serum markers in assessing disease severity and activ-
ity in patients with UC. It has been demonstrated that both
fecal markers, i.e. calprotectin (r = 0.880, P<0.001) and
lactoferrin (r = 0.799, P<0.001), correlate closely with the
Mayo endoscopic score, and might be used to evaluate the
severity of UC in the clinical setting. This observation is in
line with previous reports indicating both fecal neutrophil-
derived proteins as useful surrogate markers of mucosal
disease activity in IBD [38-40]. The correlation of these
markers with CAI was comparable, with r = 0.831 for cal-
protectin (P<0.001) and r = 0.672 for lactoferrin (P<0.05).
ROC curve analysis showed that the best cutoff point for
calprotectin concentration was obtained at a threshold of
79.5 �g/g, predicting endoscopically active disease (Mayo
endoscopic score ≥1) with 97% sensitivity and 80% speci-
ficity (PPV = 91%, NPV = 80%). The choice of the fecal
calprotectin cutoff point is still under discussion, since
some researchers suggest a threshold of 50 �g/g [41, 42],
while others 100 �g/g or higher [38, 39]. A recently con-
ducted meta-analysis reported a pooled sensitivity of fecal
calprotectin testing to be 93% (95% CI: 0.85-0.97), and
a pooled specificity of 96% (95% CI: 0.79-0.99) [43]. As
for lactoferrin, the cutoff value of 76.5 �g/g gave a sensi-
tivity of 97%, a specificity of 80%, a PPV of 95%, and an
NPV of 60% in predicting endoscopically-active disease.
Another meta-analysis reported the pooled sensitivity of
fecal lactoferrin to be 80% (95% CI: 78%-83%), and the
pooled specificity to be 82% (95% CI: 79%-84%) [44]. To
date, information on the comparative performance of fecal
calprotectin and lactoferrin tests in IBD is rather sparse, but
most authors suggest the superiority of the former [45, 46],
which was also observed in this study.
As for other markers investigated only IL-6 (r = 0.598,
P<0.001), IL-17 (r = 0.587, P<0.001), and TNF-�
(r = 0.701, P<0.001) correlated closely with the Mayo
endoscopic score. The correlation beween these mark-
ers and CAI was also significant, although weaker, with
r = 0.525 for IL-6 (P<0.001), r = 0.494 for IL-17
(P<0.001), and r = 0.624 for TNF-� (P<0.001). IL-
6 is a potent, pleiotropic cytokine known to regulate T
cell differentiation, activation and resistance to apoptosis,

thereby controlling the balance between proinflammatory
and regulatory T cell subsets [6]. It is produced by vari-
ous cell types, however, its primary sources are monocytes
and macrophages at sites of inflammation during acute
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Figure 1
A) Box plot of mean serum IL-6 concentrations according to Mayo endoscopic groups. B) Box plot of mean serum IL-17A concentrations
according to Mayo endoscopic groups. C) Box plot of mean serum TNF-� concentrations according to Mayo endoscopic groups. D) Box plot
o pic gro
t der cor

i
t
p
r
p
p
m
I
a

f mean fecal calprotectin concentrations according to Mayo endosco
o Mayo endoscopic groups. Abbreviations: r – Spearman’s rank or

nflammation, as well as T cells in chronic inflamma-
ion [47-49]. At the beginning of acute inflammation, it
lays a key role, being the main inducer of acute phase
eactants such as CRP, fibrinogen and serum amyloid A
rotein. When its activity as a proinflammatory cytokine

ersists, acute inflammation turns into chronic inflam-
ation that includes an immune response. In particular,

L-6 has a detrimental role that favors mononuclear cell
ccumulation at sites of injury, mainly through MCP-1 pro-
ups. E) Box plot of mean fecal lactoferrin concentrations according
relation coefficient; P – p-value.

duction, angioproliferation, and anti-apoptotic function on
T cells. Originally called B-cell-stimulating factor (BSF)-
2 or hepatocyte-stimulating factor, IL-6 was shown to
induce proliferation of B cells [50] and to induce the acute
phase response in the liver [51]. Elevated IL-6 serum lev-

els have been detected in acute and chronic inflammation,
and this cytokine is considered to be an accurate marker
of ongoing inflammation [8]. Altered IL-6 production has
been found in various inflammatory states including IBD,
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Table 5
Correlation between the Mayo endoscopic index and the clinical

activity index (CAI) with biological markers investigated in patients
with ulcerative colitis.

Parameter r r

CAI 0.815** 0.815**

hsCRP 0.273 0.299

Calprotectin 0.880** 0.831**

Lactoferrin 0.799** 0.672**

IL-2 0.213 0.202

IL-4 0.069 0.114

IL-6 0.598** 0.525**

IL-10 0.144 0.164

IL-17 0.587** 0.494**

TNF-� 0.701** 0.624**

IFN-� 0.251 0.281

Treg -0.172 -0.134

Abbreviations and symbols: CAI – clinical activity index; IFN – interferon; IL –
i
t

r
g
E
p
t
c
t
o
h
I
g
d
S
a
b
t
I
I
m
w
i
s
t
r
i
≥
o
I
i
t
p
c
w
t
t
c
t
t

nterleukin; r – Spearman’s rank order correlation coefficient; P – P-value; TNF –
umor necrosis factor; Treg – regulatory T cell; * P≤0.05; ** P≤0.001.

heumatoid arthritis, psoriasis, multiple sclerosis, mesan-
ial glomerulonephritis, asthma, fever, sepsis etc [52].
levated concentrations of serum IL-6 have been found in
atients with active UC, however, the correlation between
he cytokine concentration and diseases severity remains
ontroversial [9, 10, 53, 54]. It has also been demonstrated
hat IL-6 might be a useful marker for predicting relapse
f disease in both UC and CD patients [52]. Although UC
as been traditionally considered to be a Th2 disease, with
L-13 as the effector cytokine, accumulating evidence sug-
ests an important role for IL-6 in the pathogenesis of the
isease [55, 56]. For instance, IL-6-dependent activation of
TAT3 has been found in lamina propria T cells from UC
nd CD patients [56]. Furthermore, IL-6 trans signaling has
een shown to protect T cells of IBD patients from apop-
osis [57]. Additional proof of a functional role for IL-6 in
BD comes from various preclinical models of the disease.
L-6 has been shown to be upregulated in various mouse
odels of colitis [56, 58]. Anti-IL-6R antibody treatment
as able to reduce T cell-driven intestinal inflammation

n the widely used transfer colitis model [59]. Our study
howed that serum IL-6 concentrations closely correlate to
he severity of the disease. ROC curve analysis in this study
evealed a cutoff IL-6 serum level of 9.6 pg/mL in predict-
ng endoscopically-active disease (Mayo endoscopic score
1), with a sensitivity of 95%, a specificity of 80%, a PPV

f 95%, and an NPV of 50%.
L-6 has been shown to suppress the differentiation of
nducible regulatory Foxp3+ T cells, and thereby regulates
he balance between pro-inflammatory and immunosup-
ressive T cells [60]. IL-6 signaling in T cells is also of
ritical importance for the differentiation of Th17 cells,
hich are characterized by the expression of the transcrip-

ion factor RAR-related orphan receptor �t (ROR�t) and

he secretion of large amounts of IL-17A [61], another
ytokine found increased in UC. It is the primary effec-
or of Th17 cells, but it is also produced by other cell
ypes, including CD8+ T cells, �� T cells, neutrophils,
33

and possibly mast cells [62]. IL-17 plays an important role
in the protective immunity against intracellular pathogens
such as bacteria and fungi [63]. Genetic studies and cor-
relative expression data in disease tissues have pointed to
the role of IL-17 and Th17 cells in the pathogenesis of
various autoimmune disorders [62, 64]. The pathological
involvement of IL-17 also seems to be proved by the ther-
apeutic effect achieved in clinical trials with anti-IL-17A
monoclonal antibody in plaque psoriasis [65], psoriatic
arthritis [66], ankylosing spondylitis [67], and rheuma-
toid arthritis [68]. Mounting evidence seems to support
the view that Th17 cells are also somehow involved in
the pathogenesis of IBD. A high expression of IL-17
mRNA was found in intestinal mucosa from IBD patients
[13, 69]. Several mouse studies have identified IL-23 as
a major driver of intestinal inflammation via inflamma-
tory mediators including IL-17 and IL-6 [12, 58, 70]. A
genome-wide association study (GWAS) has indicated that
IL-23R and other genes involved in Th17 differentiation
are associated with susceptibility to UC [71, 72]. It is not
clear how IL-23R polymorphism might predispose to UC,
however, the identification of both disease-protective and
risk-associated variants of the gene suggests that IL-23
signaling may play a crucial role in maintaining immune
homeostasis in the intestine. Although these observations
suggest the importance of the IL-23/IL-17 axis in UC, the
exact role of IL-17 in its pathogenesis remains unclear,
since its protective role in intestinal inflammation has
also been proposed based on T cell-dependent and T
cell-independent models of colitis [73, 74]. This view is
supported by the poor therapeutic effect, accompanied by
a higher rate of adverse events compared to placebo group,
obtained in a recent phase II clinical trial of anti-IL-17 ther-
apy in active CD patients [24]. It should be remembered
that Th17 cells constitute a heterogonous subpopulation,
differing in properties and functions, depending on the con-
text, e.g. cytokine milieu at sites of inflammation [75].
Despite the unclear role of IL-17 in UC it seems that
serum concentrations closely correlate to the severity of
the disease [14]. ROC curve analysis in this study revealed
a cutoff IL-17 serum level of 6.6 pg/mL in predicting
endoscopically-active disease (Mayo endoscopic index
≥1), with a sensitivity of 92%, a specificity of 60%, a PPV
of 95%, and an NPV of 50%.

TNF-�, a third cytokine found in this study to correlate
closely with the severity of the UC, has a strong proin-
flammatory effect on a broad range of cells. TNF-� has
been implicated in the pathogenesis of various inflamma-
tory conditions, and its importance has been highlighted
by the efficacy of anti-TNF antibodies or administration
of soluble TNF receptors (TNFRs) in controlling disease
activity [20]. It is produced predominantly by activated
macrophages and T lymphocytes, and, to a lesser extent,
by mast cells, B cells, natural killer (NK) cells, neu-
trophils, endothelial cells, smooth and cardiac muscle cells,
fibroblasts and osteoclasts [22]. TNF-� mediates multi-
ple proinflammatory signals that play a central role in the
pathogenesis of IBD, including neutrophil recruitment to
the local site of inflammation, activation of both coagula-

tion and fibrinolysis, as well as the induction of granuloma
formation [23]. TNF-� has been found in the serum, stool
and intestinal tissue of IBD patients [24-26]. In CD tis-
sues, TNF-�-positive cells have been found deeper in
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he lamina propria and in the submucosa, while TNF-�
mmunoreactivity in UC is mostly located in subepithe-
ial macrophages [76]. TNF-� exerts its proinflammatory
ffect via nuclear factor kappa beta (NF-��), a pivotal
ranscription factor that increases the expression of var-
ous cytokines, enzymes, and adhesion molecules [77].
ncreased TNF-� production and NF-�� nuclear transloca-
ion have been noted in lamina propria mononuclear cells
erived from both UC and CD patients [78]. It is known
hat TNF-� is capable of upregulating other proinflamma-
ory cytokines such as IL-6 and IL-1�, thus amplifying the
nflammatory cascade [79]. A TNF-�-induced increase in
ntestinal epithelial tight junction permeability has been
lso suggested as an important proinflammatory mecha-
ism contributing to intestinal inflammation in IBD [80].
lthough the role of TNF-� in disease pathogenesis is
ore evident in CD [81], it has been observed that both

issue and serum levels of TNF-� correlate with the sever-
ty of UC [26, 82]. The same has also been demonstrated for
he levels of serum soluble TNF receptor I and II [83]. It is
orth mentioning however, that the role of TNF-� blocking

gents in UC is less clear than in the case of CD, and recent
tudies have yielded conflicting results. A systemic review
oncluded that in patients with moderate to severe UC
hose disease is refractory to conventional treatment with

orticosteroids and/or immunosuppressive agents, inflix-
mab is effective in inducing clinical remission, including
linical response, promoting mucosal healing and reducing
he need for colectomy, at least in the short term [84]. ROC
urve analysis in this study revealed a cutoff TNF-� serum
evel of 7.6 pg/mL in predicting endoscopically-active dis-
ase (Mayo endoscopic index ≥1), with a sensitivity of
5%, a specificity of 80%, a PPV of 97%, and an NPV of
0%.

he study has some limitations. A relatively small number
f patients in the study might have contributed to unex-
ected and/or non-significant results. Particularly, a larger
opulation of patients in remission could have allowed
he calculation of cutoff values more precisely. The study
roved however, that both fecal markers, calprotectin and
actoferrin, closely correlate with the Mayo endoscopic
core and CAI. It also showed that IL-17, despite its vague
ole in the pathogenesis of UC, might also be a useful
arker in assessing the activity and severity of the dis-

ase. However, further research is needed to determine
hether serum IL-17 can serve as screening and moni-

oring tests to reduce the number of people undergoing
nvasive endoscopy. The same applies to other proinflam-
atory cytokines investigated, such as IL-6 and TNF-�.

t is worth remembering that in addition to high costs,
ndoscopy is a time-consuming and invasive procedure.
omplications of endoscopy, related to the invasiveness of

he procedure or to anesthesia are rare, but present. For
nstance, several retrospective studies have reported the
ncidence of a small perforation after colonoscopy to be in
he range of 0.032% (1 in 3115 patients) to 0.9% (1 in 111)
43].

n conclusion, the majority of systemic markers currently
sed seem to have low sensitivity and specificity for intesti-

al inflammation and do not correlate well with symptoms
nd disease activity indexes. Fecal markers, such as cal-
rotectin and lactoferrin, have the theoretical advantage of
aving higher specificity for the diagnosis of gastrointesti-
J. Karczewski, et al.

nal diseases since their concentrations are not elevated in
extradigestive processes. They also seem to correlate bet-
ter with lesions in the colonic mucosa. Laboratory tests
based on serum markers, on the other hand, are faster and
easier to perform in the clinical setting. Despite all the
disadvantages however, it seems that measuring fecal or
serum marker concentrations might be a useful screening
tool for identifying patients who are most likely to need
endoscopy for suspected UC. Biological markers might
also help to monitor patients undergoing treatment [85, 86]
or to predict relapse [44, 87], particularly in the context of
the introduction of biological treatments in IBD.
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