
Ava i l ab l e on l i ne a t www.sc i enced i r ec t . com

ScienceDirect

Journal of Crohn's and Colitis (2013) 7, 916–922

D
ow

nloaded from
 https://academ
Interleukin-6 is associated with steroid
resistance and reflects disease activity in
severe pediatric ulcerative colitis
Eytan Wine a,⁎, David R. Mack b, Jeffrey Hyams c, Anthony R. Otley d,
James Markowitz e, Wallace V. Crandall f, Neal Leleiko g, Aleixo M. Muise h,
Anne M. Griffiths h,1, Dan Turner i,1
ic.oup.com
/ecco-jcc/article-abstrac
a Department of Pediatrics, University of Alberta, Edmonton, AB, Canada
b Children's Hospital of Eastern Ontario, Ottawa, ON, Canada
c Connecticut Children's Medical Center, Hartford, CT, USA
d Department of Pediatrics, Dalhousie University, Halifax, NS, Canada
e Division of Pediatric Gastroenterology, Schneider Children's Hospital, New Hyde Park, NY, USA
f Division of Pediatric Gastroenterology, Hepatology and Nutrition, Nationwide Children's Hospital, Columbus, OH, USA
g Hasbro Children's Hospital, Providence, RI, USA
h Hospital for Sick Children, Toronto, ON, Canada
i Pediatric Gastroenterology Unit, Shaare Zedek Medical Center, The Hebrew University, Jerusalem, Israel
t/7/11/9
Received 7 October 2012; received in revised form 8 December 2012; accepted 26 December 2012
Abbreviations: ASC, acute severe ulc
IFN, interferon; IL, interleukin; IBD, infla
physician global assessment; PUCAI, Ped
⁎ Corresponding author at: Departmen

Canada T6G 1C9. Tel.: +1 780 248 5420
E-mail address: wine@ualberta.ca

1 Equal contribution.

1873-9946/$ - see front matter © 2013
http://dx.doi.org/10.1016/j.crohns.2

16/
429828 by guest on 13 
KEYWORDS
Inflammatory bowel
diseases;
Methylprednisolone;
Response to treatment;
Disease marker

Abstract

Background and aim: Approximately one third of patients with acute severe ulcerative colitis
(ASC) will fail intravenous corticosteroids (IVCS). Predicting response to IVCS to initiate early
salvage therapy remains challenging. The aim of this study was to evaluate the role of serum
inflammatory cytokines in ASC and determine their predictive utility with IVCS treatment failure.
Methods: This preplanned ancillary study, part of the prospective multicenter OSCI study,
 June 2020
evaluated pediatric ASC in North America. Serum sampleswere obtained from 79 children admitted
for ASC on the third day of IVCS treatment. Twenty-three (29%) patients required second-line
therapy. ELISA-based cytokine arrays were used [TNF-α, IFN-γ, interleukin (IL)-1β, IL-2, IL-4, IL-5,
IL-6, IL-8, IL-10, IL-12, IL-13, and IL-17], selected based on a systematic literature search.
Results: In univariate analysis, only IL-6 was significantly different between responders and non-
responders (P=0.003). The risk for IVCS failure increased by 40% per each pg/mL increase in IL-6
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level. Factor analysis found IL-6 to be associatedwith IL-17, suggesting involvement of the T-helper
(TH)17 pathway. In a multivariate analysis, disease activity [judged by the Pediatric UC Activity
Index (PUCAI)] assumed all the association with the treatment outcome while IL-6 was no longer
significant (P=0.32; PUCAI score Pb0.001).
Conclusions: While IL-6 strongly predicted IVCS failure, it likely reflects disease activity and not
direct interferencewith corticosteroid pathway. Nonetheless, IL-6 levelsmay have a role in predicting
IVCS response in severe pediatric UC for treatment decision-making or potentially in medical
intervention by virtue of anti-IL-6 antibodies in severe UC.
© 2013 European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Treatment of acute severe ulcerative colitis (ASC) often
requires admission to hospital for use of intravenous cortico-
steroids (IVCS),1 which has been themainstay of treatment for
decades.2,3 However, as documented in a systematic review
of cohort studies, one third of adult patients hospitalized with
ASC fail to respond to such therapy,4 and even more in
children.1 Several measures predict response to IVCS and thus
facilitate timely introduction of salvage therapy (i.e.,
infliximab, cyclosporine, tacrolimus, or colectomy), such as
clinical response [reflected in the Pediatric Ulcerative Colitis
(UC) Activity Index (PUCAI)], laboratory markers, and changes
in the microbiome.3–10 However, it remains unclear why some
patients respond rapidly to corticosteroids while others do
not.

Cytokines are small signaling molecules with critical roles
in inflammation.11 Cytokines first released in response to
inflammatory triggers include interleukin (IL)-6, IL-1β, and
tumor necrosis factor (TNF)-α, which activate a second wave
of pro-inflammatory transcription factors to produce other
cytokines.12 IL-6 is a central cytokine released mainly from
monocytes, macrophages, and T-cells during acute and
chronic inflammation. Although this pleiotropic cytokine is
related to many biological processes the roles relevant to
human inflammatory bowel diseases (IBD) mainly relate to
stimulation of additional pro-inflammatory cytokines, pro-
teases, and adhesion molecules, anti-apoptotic effects, and
regulation of T-cell differentiation.13–15

Changes in cytokines are well documented in UC and may
persist even during disease remission.16 Studies highlight the
complex involvement of cytokines in UC and provide the
rationale for understanding the interplay between cytokines
and response to steroid therapy in severe UC. We aimed to
evaluate the role of inflammatory cytokines in the serum of
children with ASC and to determine their association with
corticosteroid failure. We hypothesized that specific serum
cytokines, measured at the third day of IVCS treatment, can
differentiate those who will fail to respond to the medication
and require further salvage therapy.
2. Materials and methods

2.1. Study design

This is a preplanned ancillary study performed as part of
the large prospective multicenter OSCI study, which
evaluated pediatric ASC in North America.10 Explicit
clinical, demographic, and outcome data were prospec-
tively collected at admission, at multiple time-points
during the admission, and at discharge of children admitted
for IVCS treatment of ASC. The main goal of the OSCI study
was to identify clinical and laboratory predictors of non-
response to IVCS treatment. Samples of serum, obtained at
the third day of corticosteroid therapy were linked to the
phenotypic database, and used here to evaluate the
association of inflammatory cytokines with steroid resis-
tance. Day 3 of IVCS treatment was chosen to differentiate
responders from non-responders as the longer one waits the
larger the differences between those who are improving
and those left unchanged and since this time provides a
balance between the predictive power and timely clinical
feasibility.17 The work was approved by the appropriate
ethical committees related to the institutions in which it
was performed and that subjects gave informed consent to
the work.

2.2. Patients

All patients with available serum at the time of the array
analysis were included. To determine the association of
cytokines with steroid failure, patients were categorized as
steroid-responsive or steroid-refractory depending on the
need for second line therapy (anti-TNF therapy, calcineurin
inhibitors, or colectomy) prior to hospital discharge.
Because physician factors may influence decision to insti-
tute second-line therapy, patients were further categorized
into more homogenous extreme groups. Stringent-failure,
was defined as a combination of at least moderate disease
activity on the fifth day of steroid therapy (PUCAIN65) and
the need for second line therapy by discharge and stringent-
response was considered with no more than mild disease
activity (PUCAIb35) on the fifth steroid day and discharge
without the need for second line therapy. While PUCAIN65
does not include laboratory measures of severity, it has
been validated as a measure of severity and predictor of
response.3

2.3. Serum cytokine profiling

Serum was separated immediately after collection and
shipped to the central study laboratory within 24 h, where
it was stored in −80 °C for subsequent analysis. A total of
12 relevant cytokines were determined using a human TH1/TH2
multiplex cytokine array panel [for TNF-α, interferon (IFN)-γ,
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IL-1β, IL-2, IL-4, IL-5, IL-8, IL-10, IL-12, and IL-13] and
separate individual ELISA kits for IL-6 and IL-17, according to
the manufacturer's instructions (Meso Scale Discovery,
Gaithersburg, MD). Briefly, 0.25 mL of serum was placed in
duplicates in wells containing spots of capture antibodies
specific to each cytokine. After washing 3 times with PBS with
Tween (0.05%), detection antibodies were incubated for 2 h,
washed, and then the read buffer was added followed by
analysis using a luminescence reader. Results are expressed in
pg/mL, calculated by standard curves included in each plate.
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2.4. Statistical analysis

For the exploratory analysis of Table 1, data were presented as
means (±standard deviation), or medians [interquartile range
(IQR)] and compared using Wilcoxon rank sum test as
appropriate for the non-normally distribution of the cytokine
levels. Categorical variables were compared using chi-square
or Fisher exact tests, as appropriate. Adjusted odds ratios [OR;
Table 1 Baseline characteristics of the 79 children included
in the analysis.

IVCS
response
(n=56)

IVCS failure
(n=23)

Males 28 (50%) 16 (70%)
Age (years) 13.1±3.8 14.9±2
Range (years) 4–20 10–18

Disease duration
First attack a 33 (59%) 6 (26%)
Exacerbation 23 (41%) 17 (74%)
Disease duration prior
to exacerbation (months)

7.4 (3–29) 9.7 (4–31)

Disease extent
Left sided 7 (13%) 3 (13%)
Extensive/pancolitis b 49 (87%) 20 (87%)

Steroid dose (mg/kg/day) c 1±0.31 0.9±0.28
PUCAI at admission 71±12 74±11
# moderate d 8 (14%) 4 (17%)
# severe d 48 (86%) 19 (83%)

% Weight loss a 5.7 (1.4–7.9) 4.4 (1.6–7.7)
Days of bloody diarrhea e 16 (8–30) 20 (12–65)
Steroids during the
previous year

19 (21%) 13 (56%)

Count (%), medians (interquartile range) ormean±SD are presented
as appropriate for the data distribution.
All values are non-significantly different between the two groups
except for rates of first attack (P=0.013).
IVCS, intravenous corticosteroids and PUCAI, Pediatric Ulcerative
Colitis Activity Index.

a Within one month of admission.
b According to the Paris classification.42
c All patients, but one who was treated with hydrocortisone,

received methylprednisolone.
d As previously defined.43
e At the start of intravenous corticosteroid therapy.

://academ
with corresponding 95% confidence intervals (CI)] were
calculated from multivariate logistic regression models,
controlling for possible confounding variables, including
disease duration and disease severity (PUCAI; sample size did
not enable inclusion of additional factors). Goodness of fit was
established using the Hosmer and Lameshow test.

Factor analysis was performed to explore the relationship
between various cytokines. Principal component analysis was
used as the extraction method. The number of retained
components was dictated by using the criteria of eigenvalue of
1 and by examining the scree plot, after varimix rotation.

To correlate the cytokine levels to disease activity, a matrix
of Spearman's correlationwas constructed using all 12 cytokines
and the following constructs determined concurrently at day 3
of steroid treatment: PUCAI score,18 Seo index,19 Lindgren
index,20 physician global assessment of disease severity (PGA,
determined on a 100 mm visual analogue scale), and blood
tests [C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR), hemoglobin, and albumin]. Only correlations of N0.3
were considered a-priori as positive correlations.

A two-sided alpha level of 0.05 was used to declare
significance. Analyses were performed using SPSS for windows
V15.0, and SAS V9.1.
ic.oup.com
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3. Results

3.1. Serum IL-6 is associated with failure to respond
to steroids

Of the 79 patients included in the study, 23 were considered
corticosteroid-failures requiring second line therapy by
discharge (Table 1). Although characteristics of patients
were mostly similar between groups, more IVCS-responders
presented with a first attack (59% vs. 26%), which could also
explain the trend for higher previous steroid exposure in the
failure group (56% vs. 21%). In univariate analyses comparing
levels of all 12 tested cytokines, only levels of IL-6 were
different between responders and non-responders to IVCS
(Table 2). Using unadjusted logistic regression, an increase of
serum IL-6 value by 1 pg/mL was calculated to be associated
with 40% increased risk for corticosteroid failure [odds ratio
(OR)=1.4; 95% confidence interval (CI): 1.1–2.0]. When we
applied the alternative analyses of stringent corticosteroid
response (n=37) vs. stringent failure (n=22), the difference in
IL-6 levels was even larger [0.52 pg/mL (IQR 0.24–0.79) in the
responders vs. 1.37 pg/mL (0.59–3.0) in the failures; P=
0.003, lower than the Bonferroni corrected threshold of P=
0.0042 for multiple testing]; IL-8 was marginally different
[31.2 pg/mL (19.4–53) vs. 48.3 pg/mL (26.7–111); P=0.045].
All other comparisons remained insignificant.
3.2. Cytokine clustering

Factor analysis is used to describe dependency of variables on
each other, which enables grouping of observed variables
according to common patterns. Four components were
retained based on an eigenvalue over 1, but since the
necessity of the fourth component was marginal in the screen
plot we present also a three-component model (Table 3).
Interestingly, IL-6 and IL-17 clustered in a single factor in both



Table 2 Association between serum cytokine levels and
response to IVCS (univariate analysis).

Cytokine IVCS response
(n=56)

IVCS failure
(n=23)

P value a

TNF-α 8.9 (6.4–12.7) 9.6 (5.5–11.4) 0.50
IFN-γ 0.48 (0.08–0.98) 0.76 (0.36–1.46) 0.16
IL-1β 0.42 (0.08–0.81) 0.28 (0.20–0.75) 0.96
IL-2 0.41 (0.17–0.68) 0.44 (0.22–0.76) 0.64
IL-4 0.27 (0.09–0.35) 0.22 (0.12–0.32) 0.76
IL-5 0.72 (0.18–2.10) 0.86 (0.47–1.31) 0.50
IL-6 b 0.57 (0.29–1.41) 1.36 (0.61–2.69) 0.01
IL-8 34.3 (19.6–54.0) 45.6 (24.7–100.9) 0.14
IL-10 7.4 (3.4–19.6) 5.3 (3.9–11.9) 0.55
IL-12 0.95 (0.48–1.80) 1.04 (0.60–2.24) 0.91
IL-13 1.19 (0.72–2.32) 1.72 (1.29–2.46) 0.13
IL-17 5.0 (2.5–7.2) 3.4 (2.8–7.2) 0.93

Numbers represent medians in pg/mL (interquartile range).
IVCS, intravenous corticosteroids.

a Wilcoxon rank sum test.
b Indicates significant difference between groups.
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models while other factors generally followed the expected
TH1/TH2 grouping.

3.3. IL-6 levels is confounded by disease activity but
not duration

Corticosteroid-responders and non-responders in our study
were not balanced by disease duration, as there were more
patients with new-onset of UC in the responders group.
However, in a multivariable model adjusted for disease
duration, IL-6 was strongly associated with response to
corticosteroids, while disease duration was not [OR of IL-6=
1.5 (95% CI 1.1, 2.0), and 1.02 (0.996, 1.04), respectively]
eliminating any potential confounding effect. These results
Table 3 Factor analysis of serum cytokines in severe
ulcerative colitis.

Factor model Cytokines included in group

Four component
model a

1. IFN-γ (0.66), IL-1β (0.75), IL-2 (0.94), IL-4
(0.82), IL-8 (0.69),
2. IL-12 (0.98), IL-13 (0.94), IL-5 (0.94)
3. IL-6 (0.65), IL-17 (0.76)
4. IL-10 (0.90), TNF-α (0.25)

Three component
model b

1. IFN-γ (0.65), IL-1β (0.77), IL-2 (0.94),
IL-4 (0.82), IL-8 (0.70), TNF-α (0.25)
2. IL-10 (0.25), IL-12 (0.97), IL-13 (0.94),
IL-5 (0.93)
3. IL-6 (0.73), IL-17 (0.69)

Numbers in parentheses represent the loading factor.

a IL-1β loaded also on component 3 (0.45); TNF-α loaded also on
component 1 (0.22), and IL-6 loaded also on component 4 (0.41).
b IL-1β loaded also on component 3 (0.41).
were similar when analyzing only the 59 patients with
stringent definitions of response (data not shown).

To explore whether the association of IL-6 with corticoste-
roid response merely reflects a more severe disease state, a
multivariate logistic regression model was constructed, ad-
justed for the PUCAI score calculated concurrently at the third
treatment day. In that model, IL-6 lost its association with
corticosteroids response while the PUCAI assumed all the
significance (P=0.32 for IL-6; Pb0.001 for PUCAI). This might
indicate that IL-6 is only a surrogate marker for disease
severity.1 To further explore this notion, we then correlated
all cytokines with other constructs of disease activity. Only
IL-6, IL-17, and IL-1β had correlations of N0.3 (in absolute
values) with at least one of the constructs, of which IL-6
showed the most striking correlations with almost all severity
measures (Table 4).
8 by guest on 13 June 2020
4. Discussion

Although the outcome of pediatric UC has improved with the
introduction of new therapies such as anti-TNF antibodies,21

one of themain challenges clinicians face is selecting themost
appropriate timing of introducing these interventions. In the
case of hospitalized children with ASC, better prediction of
response to IVCS could prevent unnecessary surgery while
reducing the risk of postponing surgery when it is really
needed.

Using a well-defined cohort of children hospitalized with
IVCS therapy for ASC and utilizing several analyses and
outcomes, we found that increased serum IL-6 levels predicted
lack of response to IVCS and the need for second-line therapy
or colectomy. This association was further supported by using
a more stringent definition of treatment failure, likely since
IL-6was found to be correlatedwith a higher PUCAI, which was
used to define the stringent criteria. Our results also show that
increased IL-6 is linked to elevated IL-17 and IL-1β and that
IL-6 correlated well with multiple clinical markers of disease
activity. Although increased IL-6 levels in mucosal samples of
patients with UC and specifically in those non-responsive to
corticosteroid therapy, has been described,22,23 using serum
levels is much more practical in the clinical setting and could
potentially be used for prediction. The reasons why some
patients respond poorly to therapy could be related to a
variety of causes. Our observation that IL-6 is associated with
corticosteroid failure could shed some light on potential
mechanisms of steroid resistance. However, the association
of IL-6 with corticosteroids failure is linked by multivariate
analysis to disease severity, as measured by PUCAI. Although
this suggests that IL-6 may only serves as a marker of severity,
it also points to a specific role for this cytokine in mediating
refractory disease course.

IL-6 is a potent and pleiotropic cytokine involved in
regulating inflammation at many levels in immune-mediated
diseases, including IBD.14,15 Interestingly, genetic polymor-
phisms in the IL-6 gene, specifically IL-6-174GG, which is
linked to increased IL-6 activity, was suggested by some
studies to correlate with susceptibility to UC.24 Acute phase
effects of IL-6, including stimulation of CRP production, could
also explain the observed association between CRP and UC
activity.10,25 However, how this relates to failure to respond to
corticosteroids remains unclear.



Table 4 Cytokine levels correlating with ulcerative colitis severity markers.

Severity marker/index

Cytokine PUCAI PGA Albumin CRP ESR Seo Lindgren

IL-6 r=0.36 ⁎⁎ r=0.31 ⁎ r= (−0.64) ⁎⁎ r=0.41 ⁎⁎ r=0.31 ⁎⁎ r=0.39 ⁎⁎

IL-17 r=(−0.43) ⁎⁎ r=0.35 ⁎

IL-1β r=0.4 ⁎⁎

Spearman's correlation analysis; only correlations with ‘r’ value over 0.3 are presented.

⁎ P≤0.005.
⁎⁎ P≤0.001.

link to severe UC
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4.1. IL-6 and resistance to corticosteroids— potential
mechanisms of interference

In general, the association between failure to respond to
corticosteroids and elevated IL-6 could represent a few
scenarios of cause and effect. First, reduced bioactivity or
bioavailability to corticosteroids for other reasons could
lead to indirect increase in IL-6, since IL-6 has been shown,
at least in vitro, to be inhibited by corticosteroids.26,27 On
the other hand, there could be a direct inhibitory effect of
IL-6 on response to steroids. This is supported by an
association between polymorphisms in the IL-6 gene (IL-6
174GG genotype, as mentioned above) and resistance to
corticosteroids in children with nephrotic syndrome28 and
the steroid-sparing ability of anti-IL-6 antibodies in children
with juvenile rheumatoid arthritis.29 A third possibility
relates to Src kinases, which are involved in the activity of
both steroids and IL-6. While most effects of glucocorticoids
are usually attributed to transcriptional regulation, they
also cause dissociation of a protein complex containing the
T-cell receptor with the Src kinases Lck and Fyn30 and
reduce T-cell receptor responses through inhibition of Lck,
acting as an inositol 1,4,5-trisphosphate [IP(3)] receptor
regulator.31On the other hand, IL-6 induces Fyn activity32

while another Src kinase, Hck, regulates IL-6 production in
response to TLR4.33 These complex interaction may help
explain why IL-6 is elevated in steroid-refractory patients
(for example, if Src kinases are less inhibited in refractory
patients they may further stimulate IL-6 production) but
this has not been specifically explored in the setting of
intestinal inflammation.

The evidence by which cytokines can influence the
glucocorticoid pathway goes beyond IL-6. IL-2 and IL-4, reduce
the affinity of glucocorticoid receptor (GR)α to steroids by
inducing phosphorylation of GRα through p38-MAPK.34 TNF-α,
IL-8, and IL-1β have also been shown to induce GRα expression
while IL-10 acts the opposite way, increasing steroid sensitiv-
ity.35,36 Indeed, a defect in IL-10 secretion has been noticed in
asthma patients resistant to steroid therapy,37 and the colonic
levels of cytokines (IL-6, IL-8, and TNF-α) were higher in
UC-refractory compared with responsive disease.22 However,
an alternative explanation for the association between IL-6
and glucocorticoid refractoriness needs to be considered.
Since disease severity and refractoriness are generally linked
(although without good scientific evidence), it is possible that
increased inflammation in refractory patients, for which IL-6 is
amarker, overwhelms the effect of steroid therapy, leading to
failure to respond.
4.2. Involvement of IL-6 in the TH17 pathways as a
link to severe UC4.2. Involvement of IL-6 in the TH17 pathways as a
Using factor analysis we found a clear association between IL-6
with IL-17. This interaction is highly relevant to UC since IL-6
has a major role in differentiation of T-cells to the TH17
pathway, implicated in UC.38 A correlation between IL-6 and
IL-17 was also suggested to be involved in a model of arthritis,
especially in the early phase.39 The interplay between IL-17
and IL-6 is complex with potentially bi-directional synergistic
stimulation. On the one hand, IL-17 up-regulates the expres-
sion of many target genes, particularly IL-6.40,41 On the other
hand, IL-6 stimulates the TH17 pathway by inducing generation
of TH17 cells in the presence of TGF-β while TGF-β in the
absence of IL-6 stimulates the formation of regulatory T
cells.15 It is therefore feasible that the association found in our
patients between IL6 and IL-17 represents a reciprocal
pro-inflammatory loop where both cytokines are involved in
skewing the local cytokine milieu in the gut towards a TH17
response together with suppression of regulatory T cells.

Mucosal samples from UC patients have shown increases
in IL-6, IL-8, and TNF-α.22 In our study, IL-6 loaded primarily
with IL-17 but also with TNF-α. It is not known why TNF-α did
not load on the same component as IL-6 and IL-17 when only
three components were forced. It can be speculated that the
complex interaction of TNF-α with other cytokines dilutes its
impact on one specific pathway. To support this hypothesis,
TNF-α did not load highly on any component.

UC represents common phenotypes for likely distinct
pathogenic processes that lead to tissue damage and similar
symptoms. Since corticosteroids are the mainstay of treat-
ment for ASC, biological markers that could shed light onto
disease pathogenesis in individual patients and predict who
will respond to therapy are useful. Our findings highlight IL-6,
potentially with IL-17, as such marker that could impact
management and predict response to therapy by serving as a
marker for disease activity in children with severe UC.
Moreover, the results of our study may provide mechanistic
insights and warrant further study to determine if clinical
trials on the effectiveness of monoclonal antibodies against
IL-6, IL-6 receptor, or IL-23 p40 are feasible in ASC.
Funding

This study was partially funded by Schering Plough Canada as
an educational grant; the funder was not involved in the study
design, in the collection, analysis, or interpretation of data; in



921IL-6 predicts steroid failure in severe UC

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article-abstract/7/11/916/429828 by guest on 13 June 2020
the writing of the manuscript; or in the decision to submit the
manuscript for publication. E.W. is an Alberta Innovates
Health Solutions (AIHS) Clinical Investigator; infrastructure in
his laboratory is supported through the AIHS-funded Alberta
IBD Consortium. We thank all the patients, their families, and
health providers that contributed to this study.

Author contribution

EW designed the study, acquired and analyzed data, and
wrote the manuscript; DRM collected patient samples and
data, critically reviewed the manuscript; JH collected patient
samples and data, critically reviewed the manuscript; ARO
collected patient samples and data, critically reviewed the
manuscript; JM collected patient samples and data, critically
reviewed the manuscript; WVC collected patient samples and
data, critically reviewed the manuscript; NL collected patient
samples and data, critically reviewed the manuscript; AMM
assisted in designing the study, critically reviewed the
manuscript; AMG assisted in designing the study, obtained
funding, collected patient samples and data, and critically
reviewed the manuscript; DT designed the study, collected
patient samples and data, analyzed data, wrote the
manuscript.

Conflict of interest

EW has served on advisory board for Janssen; DRM has served
on advisory board and received unrestricted education grant
from Janssen; JH received research support, consultation
fee, and speaking bureaus from Janssen; ARO has served on
advisory board for Janssen and Abbott and received
unrestricted education grant from Janssen; JM has served
as a consultant for Janssen; WC received research support
from Abbott Laboratories; NL and AMM have no pertinent
disclosures; AMG declares receiving research support,
consultation fees, and speaker fees from Janssen and MSD;
DT declares receiving research support, consultation fee and
speaking bureaus from MSD and Janssen.

References

1. Turner D, Walsh CM, Benchimol EI, Mann EH, Thomas KE, Chow C,
et al. Severe paediatric ulcerative colitis: incidence, outcomes
and optimal timing for second-line therapy. Gut 2008;57:331–8.

2. Truelove SC, Witts LJ. Cortisone in ulcerative colitis; final report
on a therapeutic trial. Br Med J 1955:1041–8.

3. Turner D, Travis SP, Griffiths AM, Ruemmele FM, Levine A,
Benchimol EI, et al. Consensus formanaging acute severe ulcerative
colitis in children: a systematic review and joint statement from
ECCO, ESPGHAN, and the Porto IBDWorking Group of ESPGHAN. Am
J Gastroenterol 2011;106:574–88.

4. Turner D, Walsh CM, Steinhart AH, Griffiths AM. Response to
corticosteroids in severe ulcerative colitis: a systematic review of
the literature and a meta-regression. Clin Gastroenterol Hepatol
2007;5:103–10.

5. Sylvester FA, Turner D, Draghi 2nd A, Uuosoe K, McLernon R,
Koproske K, et al. Fecal osteoprotegerin may guide the introduc-
tion of second-line therapy in hospitalized childrenwith ulcerative
colitis. Inflamm Bowel Dis 2011;17:1726–30.

6. Kabakchiev B, Turner D, Hyams J, Mack D, Leleiko N, Crandall W,
et al. Gene expression changes associated with resistance to
intravenous corticosteroid therapy in children with severe ulcer-
ative colitis. PLoS One 2010:5.

7. Turner D, Kolho KL, Mack DR, Raivio T, Leleiko N, Crandall W,
et al. Glucocorticoid bioactivity does not predict response to
steroid therapy in severe pediatric ulcerative colitis. Inflamm
Bowel Dis 2010;16:469–73.

8. Turner D, Leach ST, Mack D, Uusoue K, McLernon R, Hyams J,
et al. Faecal calprotectin, lactoferrin, M2-pyruvate kinase and
S100A12 in severe ulcerative colitis: a prospective multicentre
comparison of predicting outcomes and monitoring response.
Gut 2010;59:1207–12.

9. Michail S, Durbin M, Turner D, Griffiths AM, Mack DR, Hyams J,
et al. Alterations in the gut microbiome of children with severe
ulcerative colitis. Inflamm Bowel Dis 2012;18:1799–808.

10. Turner D, Mack D, Leleiko N, Walters TD, Uusoue K, Leach ST,
et al. Severe pediatric ulcerative colitis: a prospective multicen-
ter study of outcomes and predictors of response. Gastroenter-
ology 2010;138:2282–91.

11. Littman DR, Rudensky AY. Th17 and regulatory T cells in mediating
and restraining inflammation. Cell 2010;140:845–58.

12. Chikanza IC, Kozaci D, Chernajovsky Y. Themolecular and cellular
basis of corticosteroid resistance. J Endocrinol 2003;179:301–10.

13. Nishimoto N, Kishimoto T. Interleukin 6: from bench to bedside.
Nat Clin Pract Rheumatol 2006;2:619–26.

14. Mudter J, Neurath MF. Il-6 signaling in inflammatory bowel
disease: pathophysiological role and clinical relevance. Inflamm
Bowel Dis 2007;13:1016–23.

15. Neurath MF, Finotto S. IL-6 signaling in autoimmunity, chronic
inflammation and inflammation-associated cancer. Cytokine
Growth Factor Rev 2011;22:83–9.

16. Sventoraityte J, Zvirbliene A, Kiudelis G, Zalinkevicius R,
Praskevicius A, Kupcinskas L, et al. Immune system alterations
in patients with inflammatory bowel disease during remission.
Medicina (Kaunas) 2008;44:27–33.

17. Travis S, Satsangi J, LemannM. Predicting the need for colectomy in
severe ulcerative colitis: a critical appraisal of clinical parameters
and currently available biomarkers. Gut 2011;60:3–9.

18. Turner D,Otley AR, Mack D,Hyams J, de Bruijne J, Uusoue K, et al.
Development, validation, and evaluation of a pediatric ulcerative
colitis activity index: a prospective multicenter study. Gastroen-
terology 2007;133:423–32.

19. Seo M, Okada M, Yao T, Okabe N, Maeda K, Oh K. Evaluation
of disease activity in patients with moderately active
ulcerative colitis: comparisons between a new activity index
and Truelove and Witts' classification. Am J Gastroenterol
1995;90:1759–63.

20. Lindgren SC, Flood LM, Kilander AF, Lofberg R, Persson TB,
Sjodahl RI. Early predictors of glucocorticosteroid treatment
failure in severe and moderately severe attacks of ulcerative
colitis. Eur J Gastroenterol Hepatol 1998;10:831–5.

21. Hyams J, Damaraju L, BlankM, Johanns J,GuzzoC,Winter HS, et al.
Induction and maintenance therapy with infliximab for children
with moderate to severe ulcerative colitis. Clin Gastroenterol
Hepatol 2012;10:391-9.

22. Ishiguro Y. Mucosal proinflammatory cytokine production corre-
lates with endoscopic activity of ulcerative colitis. J Gastroenterol
1999;34:66–74.

23. Raddatz D, Bockemuhl M, Ramadori G. Quantitativemeasurement
of cytokine mRNA in inflammatory bowel disease: relation to
clinical and endoscopic activity and outcome. Eur J Gastroenterol
Hepatol 2005;17:547–57.

24. Balding J, Livingstone WJ, Conroy J, Mynett-Johnson L, Weir
DG, Mahmud N, et al. Inflammatory bowel disease: the role of
inflammatory cytokine gene polymorphisms. Mediators Inflamm
2004;13:181–7.

25. Tsampalieros A, Griffiths AM, Barrowman N, Mack DR. Use of
C-reactive protein in children with newly diagnosed inflammatory
bowel disease. J Pediatr 2011;159:340–2.



922 E. Wine et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article-abs
26. Strandberg K, Palmberg L, Larsson K. Effect of budesonide and
formoterol on IL-6 and IL-8 release from primary bronchial
epithelial cells. J Asthma 2008;45:201–3.

27. Quante T, Ng YC, Ramsay EE, Henness S, Allen JC, Parmentier J,
et al. Corticosteroids reduce IL-6 in ASM cells via up-regulation
of MKP-1. Am J Respir Cell Mol Biol 2008;39:208–17.

28. Tripathi G, Jafar T, Mandal K, Mahdi AA, Awasthi S, Sharma RK,
et al. Does cytokine gene polymorphism affect steroid responses in
idiopathic nephrotic syndrome? Indian J Med Sci 2008;62:383–91.

29. Yokota S, Imagawa T, Mori M, Miyamae T, Aihara Y, Takei S,
et al. Efficacy and safety of tocilizumab in patients with
systemic-onset juvenile idiopathic arthritis: a randomised,
double-blind, placebo-controlled, withdrawal phase III trial.
Lancet 2008;371:998–1006.

30. Lowenberg M, Verhaar AP, Bilderbeek J, Marle J, Buttgereit F,
Peppelenbosch MP, et al. Glucocorticoids cause rapid dissocia-
tion of a T-cell-receptor-associated protein complex containing
LCK and FYN. EMBO Rep 2006;7:1023–9.

31. Harr MW, Rong Y, Bootman MD, Roderick HL, Distelhorst CW.
Glucocorticoid-mediated inhibition of Lckmodulates the pattern of
T cell receptor-induced calcium signals by down-regulating inositol
1,4,5-trisphosphate receptors. J Biol Chem 2009;284:31860–71.

32. Hausherr A, Tavares R, Schaffer M, Obermeier A, Miksch C, Mitina
O, et al. Inhibition of IL-6-dependent growth of myeloma cells by
an acidic peptide repressing the gp130-mediated activation of Src
family kinases. Oncogene 2007;26:4987–98.

33. Smolinska MJ, Page TH, Urbaniak AM, Mutch BE, Horwood NJ. Hck
tyrosine kinase regulates TLR4-induced TNF and IL-6 production
via AP-1. J Immunol 2011;187:6043–51.

34. Irusen E, Matthews JG, Takahashi A, Barnes PJ, Chung KF, Adcock
IM. p38 Mitogen-activated protein kinase-induced glucocorticoid
receptor phosphorylation reduces its activity: role in steroid-
insensitive asthma. J Allergy Clin Immunol 2002;109:649–57.

35. Webster JC, Oakley RH, Jewell CM, Cidlowski JA. Proinflammatory
cytokines regulate human glucocorticoid receptor gene expression
and lead to the accumulation of the dominant negative beta
isoform: a mechanism for the generation of glucocorticoid
resistance. Proc Natl Acad Sci USA 2001;98:6865–70.

36. Franchimont D, Martens H, Hagelstein MT, Louis E, Dewe W,
Chrousos GP, et al. Tumor necrosis factor alpha decreases, and
interleukin-10 increases, the sensitivity of human monocytes to
dexamethasone: potential regulation of the glucocorticoid recep-
tor. J Clin Endocrinol Metab 1999;84:2834–9.

37. Hawrylowicz C, Richards D, Loke TK, Corrigan C, Lee T. A defect in
corticosteroid-induced IL-10 production in T lymphocytes from
corticosteroid-resistant asthmatic patients. J Allergy Clin Immunol
2002;109:369–70.

38. Kobayashi T, Okamoto S, Hisamatsu T, Kamada N, Chinen H, Saito
R, et al. IL23 differentially regulates the Th1/Th17 balance in
ulcerative colitis and Crohn's disease. Gut 2008;57:1682–9.

39. Iwanami K, Matsumoto I, Tanaka-Watanabe Y, Inoue A, Mihara M,
Ohsugi Y, et al. Crucial role of the interleukin-6/interleukin-17
cytokine axis in the induction of arthritis by glucose-6-phosphate
isomerase. Arthritis Rheum 2008;58:754–63.

40. Ruddy MJ, Wong GC, Liu XK, Yamamoto H, Kasayama S, Kirkwood
KL, et al. Functional cooperation between interleukin-17 and tumor
necrosis factor-alpha is mediated by CCAAT/enhancer-binding
protein family members. J Biol Chem 2004;279:2559–67.

41. van den Berg A, Kuiper M, Snoek M, Timens W, Postma DS, Jansen
HM, et al. Interleukin-17 induces hyperresponsive interleukin-8
and interleukin-6 production to tumor necrosis factor-alpha in
structural lung cells. Am J Respir Cell Mol Biol 2005;33:97–104.

42. Levine A, Griffiths A, Markowitz J, Wilson DC, Turner D, Russell
RK, et al. Pediatric modification of the Montreal classification for
inflammatory bowel disease: the Paris classification. Inflamm
Bowel Dis 2011;17:1314–21.

43. Turner D, Otley AR, Mack D, de Bruijne J, Uusoue K, Walter T,
et al. Development and evaluation of a Pediatric Ulcerative Colitis
Activity Index (PUCAI): A prospective multicenter study. Gastro-
enterology 2007;133:423–32.
tr
act/7/11/916/429828 by guest on 13 June 2020


	Interleukin-6 is associated with steroid resistance and reflects disease activity in severe pediatric ulcerative colitis
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Patients
	2.3. Serum cytokine profiling
	2.4. Statistical analysis

	3. Results
	3.1. Serum IL-6 is associated with failure to respond to steroids
	3.2. Cytokine clustering
	3.3. IL-6 levels is confounded by disease activity but not duration

	4. Discussion
	4.1. IL-6 and resistance to corticosteroids — potential mechanisms of interference
	4.2. Involvement of IL-6 in the TH17 pathways as a link to severe UC

	Funding
	Author contribution
	Conflict of interest
	References




