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ABSTRACT

AIM: We examined cytokine levels in steroid-refractory ulcerative
colitis (UC) patients before and after administration of tacrolimus.
METHODS: A total of 124 patients with UC were enrolled, and 13
with steroid-refractory UC were evaluated. Patients were given a 0.025
mg/kg oral dose of tacrolimus twice daily with plasma trough levels
of 10 to 15 ng/mL for the first 2 weeks, and doses were maintained
to achieve plasma levels between 5 and 10 ng/mL. The Disease
Activity Index (DAI) and serum CRP levels were determined before
and 12 weeks after treatment. Serum levels of 17 cytokines were
simultaneously determined using a Bio-Plex suspension array system
before and 12 weeks after treatment.

RESULTS: DAI scores and DAI mucosal appearance subscores after
treatment were significantly decreased compared to before treatment
(P<0.05). CRP levels were significantly decreased after treatment.
G-CSF levels were significantly decreased after treatment compared to
before treatment in all patients. In the efficacy group, IL-8 and G-CSF
levels were significantly decreased after treatment compared to before
treatment, and a significant correlation was noted between CRP and
IL-8 levels.

CONCLUSION: Treatment with tacrolimus reduced serum IL-8
and G-CSF levels in UC patients, which may be associated with an
overall reduction in disease severity.
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INTRODUCTION

Ulcerative colitis (UC) is a T helper (Th) 2-mediated disease
associated with the production of various autoantibodies,
immunoglobulin subclasses, and Th2 cytokines'. Natural killer
T-cells are increased in the lamina propria of an inflamed colon and
capable of producing many Th2 cytokines, which seem to have a
key role in the pathogenesis of UC?. Th17 cells that produce the
proinflammatory cytokine interleukin (IL)-17, the levels of Th17 are
increased in the mucosa of patients with inflammatory bowel disease
(IBD)"". Clinical studies have reported the utility of aminosalicylates,
immunomodulators, and corticosteroids for the treatment of UC.
Derivatives of 5-aminosalicylic acid (mesalamine) inhibit tumor
necrosis factor o (TNF-a)-mediated effects on intestinal epithelial
cell proliferation and activation of mitogen-activated protein (MAP)
kinase and nuclear factor kappa (NF-k) B™. The biological effects
of corticosteroids are pluripotent, and include both immunologic and
anti-inflammatory properties, including inhibitory effects on NF-
kB, and activating protein-1 (AP-1) regulation of proinflammatory
cytokines™". Immunomodulators, such as azathioprine and its
metabolites, induce apoptosis in T cells isolated from IBD patients,
and this apoptosis induction requires co-stimulation with CD28".
Tacrolimus, a calcineurin inhibitor, has a similar mode of action
to that of cyclosporine, but is 100 times more potent, has little effect
on renal function, and has better intestinal absorption. Tacrolimus
inhibits the transcription of IL-2 and interferon (IFN)-y in T
lymphocytes. Tacrolimus has been effective for short-term clinical
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improvement in patients with refractory UC
was well-tolerated and effective in patients with refractory IBD
in the short (4 weeks) to medium term (5 months)"". The efficacy
of tacrolimus for inducing remission of refractory UC has been
established, and long-term administration of tacrolimus appears to be
an effective and well-tolerated treatment for patients with refractory
UC!"™"1. Oral tacrolimus has been used as a possible alternative to

parenteral cyclosporine to treat refractory UC™', and maintenance
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therapy with tacrolimus for patients with UC could be considered an
alternative to thiopurine therapy"*'".

However, the influence of tacrolimus on serial changes in cytokine
levels has not been well characterized in UC. In the present study,
we examined cytokine levels in steroid-refractory UC patients before

and after tacrolimus administration.

METHODS

Patient Selection (Figure 1)

A total of 124 patients with UC (55 men, 69 women; mean age,
44.1 years) in our institution between November 2009 and May
2012 were enrolled, and 43 patients were given prednisolone with
moderate to severe active UC in this period. Of the 43 patients, 20
patients with steroid-refractory UC were observed. Then, patients
were informed about the potential risks and benefits of tacrolimus
therapy and consented to its use. Finally, 13 with steroid-refractory
UC were evaluated in this study (8 men, 5 women; mean age, 47.7
years) (Table 1). Patients with steroid-refractory UC were included
as steroid-resistant or steroid-dependent; 2 were steroid-dependent
and 11 were steroid-resistant. Patients with active UC were defined
as steroid-resistant when the disease failed to respond to a systemic
daily dose of 1 mg per kg of body weight, or 40 mg or more of
prednisolone given over at least 7 days, or the equivalent of a daily
dose of prednisolone of 30 mg or more over at least 2 weeks. Steroid-
dependent patients were defined as patients with active UC in whom
attempts to taper steroids had been unsuccessful. The steroid dosage
remained the same for 2 weeks, and only those patients in whom
a dose of prednisolone of 60 mg/day or more was effective were

124 patients with UC between
INovember 2009 and May 2012

!

43 patients were given prednisolone
with moderate to severe active UC

Responders (n=23) on-responders (1=20) |

3 patients did not consent to use
tacrolimus. Colectomy (n=4)

i acrolimus (n=13)|

Figure 1 Patient flowchart in this study. A total of 124 patients with UC
between November 2009 and May 2012 were enrolled, and 43 patients
were given prednisolone with moderate to severe active UC in this period.
Of the 43 patients, 20 patients with steroid-refractory UC were observed.
Finally, 13 with steroid-refractory UC were evaluated in this study.

Table 1 Characteristics of UC patients.

Age (years)

[median (range)] 47.7 (22-74)
Gender (%)

Men 8 (61.5)

Women 5(38.5)
Disease duration (years)

[median (range)] 4.0 (0.1-16.0)
Disease site (%)

Total colitis 11 (84.6)

Left sided 2 (15.4)
Degree of severity (moderate/severe) 8/5
Steroid response (%)

Steroid resistant 11 (84.6)

Steroid dependent 2(15.4)
Concurrent treatment

5-aminosalicylic acid 13 (100)

Azathioprine 1(7.7)

Leukocytapheresis 4 (30.8)
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permitted to decrease the dosage during this period. Efficacy was
based on improvement in the frequency of stools and a decreased
amount of blood in the stool.

All patients provided informed consent after being told the study
purpose and the nature of the procedures involved. Adherence to the
Principle of Good Clinical Practice and the Declaration of Helsinki
was maintained at all times.

Symptom Assessment
Patients were evaluated using the Disease Activity Index (DAI)"*'”.
The DAI score is a sum of subscores for the following four factors:
stool frequency, rectal bleeding, mucosal appearance, and physician’s
overall assessment. Each factor is graded on a scale from 0 to 3. The
total DAI score ranged from 0 to 12; the score increases with severity
of disease activity. As an entry criterion, patients were required
to have a total DAI score of 6 or more, and mucosal appearance
subscore of 2 or 3. The DAI score was determined both before
and after 12 weeks of treatment. The efficacy group was defined
as a reduction in DAI by at least 4 points and improvements in all
categories (stool frequency, rectal bleeding, mucosal appearance, and
physician’s overall assessment). A worse or unchanged score in any
category was considered a treatment failure, even if all other scores
improved.

Dosage and Monitoring

The tacrolimus capsules used (Tacrolimus, Astellas Pharma, Japan)
contained 0.5 mg or 1 mg of FK506. Patients were given tacrolimus
orally in a twice-daily dose of 0.025 mg/kg, with plasma trough
levels of 10 to 15 ng/mL for the first 2 weeks. For maintenance
therapy, tacrolimus trough levels were maintained at a lower level
between 5 and 10 ng/mL.

Assay of Serum Cytokines

Serum levels of 17 cytokines were simultaneously determined using
a Bio-Plex suspension array system (Bio-Rad Laboratories, Inc.)
before and after 12 weeks of treatment. Levels of the following
17 serum cytokines: IL-1, IL-2, IL-4, IL-5,IL-6, IL-7, IL-8,
IL-10, IL-12, IL-13 and IL-17; TNF-0; INF-y; granulocyte colony-
stimulating factor (G-CSF); granulocyte macrophage colony-
stimulating factor (GM-CSF); macrophage inflammatory protein-
1B (MIP-1B); and macrophage chemoattractant protein (MCP)-1,
were determined before and after 12 weeks of treatment using a Bio-
Plex human cytokine 17-plex panel (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) and a Bio-Plex suspension array system (Bio-Rad
Laboratories, Inc.). The range of detection for all targets was 2-32,000
pg/mL. Serum samples (minimum volume, 12 pL) were diluted (1:4)
using Bio-Plex human serum diluent kits (Bio-Rad Laboratories,
Inc.). Assays were performed according to the manufacturer’s
instructions. 50 puL of each serum sample, diluted 1:4, were added to
a suspension of beads coated with 17 primary antibodies in each well
of an assay plate and incubated for 30 minutes at room temperature
with shaking at 300 rpm. After incubation, the beads were washed
with washing buffer three times and subsequently reacted with a
mixture of 17 types of biotin-conjugated secondary antibody. After
a 30-minute reaction, the beads were again washed and resuspended
in assay buffer containing streptavidin-phycoerythrin (Str-PE).
After 10 minutes of agitation at room temperature, the beads were
washed and resuspended in assay buffer without Str-PE. Cytokine
concentrations were measured using a Bio-Plex Array Reader (Bio-
Rad Laboratories, Inc.). Cytokine types were identified on the basis
of the luminescence of the beads, and cytokine concentrations

© 2013 ACT. All rights reserved.
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captured by primary antibody on the beads were determined using PE
luminescence. Standard curves for cytokines were generated using
the reference cytokine concentrations supplied by the manufacturer.
Duplicate examination was performed for each sample. Serum levels
of CRP were also measured before and after 12 weeks of treatment.

Statistical Analysis

Data are expressed as means (SD) or as median (25"-75" percentiles),
as appropriate. Within-group comparisons were analyzed by paired
Student’s ¢-tests or non-parametric comparisons using the Mann-
Whitney U test. Baseline comparisons between groups were
performed using one-way analysis of variance. Correlations were
expressed using Spearman’s rank correlation coefficient. A P value
<0.05 was considered statistically significant.

RESULTS

Clinical responses

Clinical responses were calculated, and 11 patients achieved clinical
remissions (7 men, 4 women; mean age, 44.6 years; 9 with total coli-
tis, 2 with left-sided colitis; 2 with steroid-dependent, 9 with steroid-
resistant). No adverse events were noted in this study.

DALI score

DAL scores across all UC patients were 11.3+4.1 before treatment,
and 5.5+4.1 after 12 weeks of treatment. DAI scores after 12 weeks
of treatment were significantly decreased compared to those before
treatment (P<0.05) (Figure 2). In total colitis, DAI scores were 8.4+1.4
before treatment, and 3.5+1.9 after 12 weeks of treatment. DAI scores
after 12 weeks of treatment were significantly decreased compared
to those before treatment in total colitis. In the efficacy group, DAI
scores were 7.7+2.3 before treatment, and 3.0+2.1 after 12 weeks of
treatment. DAI scores after 12 weeks of treatment were significantly
decreased compared to those before treatment in the efficacy group.
No significant differences in DAI scores were observed before and
after treatment in the left side colitis or the no efficacy group.

12
10 A

8 * p<0.05 vs befor

DAI

*

2

0 4

before after

Figure 2 DAI scores after 12 weeks of treatment were significantly
decreased compared to those before treatment (P<0.05).

DAI mucosal appearance subscores

The DAI mucosal appearance subscore in all UC patients was 2.1+0.6
before treatment, and 1.0+0.7 after 12 weeks of treatment. The DAI
mucosal appearance subscore after 12 weeks of treatment was signif-
icantly decreased compared to the subscore before treatment (Figure
3). In total colitis patients, the DAI mucosal appearance subscore was
2.1£0.7 before treatment, and 1.0+0.6 after 12 weeks of treatment.
The DAI mucosal appearance subscore after 12 weeks of treatment
was significantly decreased compared to those before treatment in
total colitis. In the efficacy group, DAI scores were 2.3+0.5 before

© 2013 ACT. All rights reserved.
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Figure 3 The DAI mucosal appearance subscore after 12 weeks of
treatment was significantly decreased compared to before treatment.

treatment, and 1.0+0.8 after 12 weeks of treatment. The DAI mucosal
appearance subscore after 12 weeks of treatment was significantly
decreased compared to those before treatment in the efficacy group.
No significant differences in the DAI mucosal appearance subscore
were observed before and after treatment in the left side colitis or the
no efficacy group.

Serum CRP levels

Serum CRP levels in all UC patients were 2.5+2.3 mg/dL before
treatment, and 0.3+0.3 mg/dL after 12 weeks of treatment. CRP lev-
els after treatment were significantly decreased compared to those
before treatment (P<0.05). In total colitis, serum CRP levels were 3.0
+2.1 mg/dL before treatment, and 0.3+£0.3 mg/dL after 12 weeks of
treatment. Serum CRP levels after 12 weeks of treatment were signif-
icantly decreased compared to those before treatment in total colitis
patients. In the efficacy group, serum CRP levels were 2.6+2.3 mg/dL
before treatment, and 0.2+0.2 mg/dL after 12 weeks of treatment.
Serum CRP levels after 12 weeks of treatment were significantly de-
creased compared to those before treatment in the efficacy group. No
significant differences in serum CRP levels were observed before or
after treatment in the left side colitis or the no efficacy group.

Cytokine levels
Serum G-CSF levels were significantly decreased after 12 weeks
of treatment compared to those before treatment in all UC patients
(P<0.05) (Table 2). No significant differences in serum levels of other
cytokines were observed before or after treatment in all UC patients.
In the total colitis group, no significant differences in serum levels of
cytokines were observed before or after treatment in total colitis.

In the efficacy group, serum IL-8 levels were 20.6 (8.8-26.6)
pg/mL before treatment, and 9.0 (5.1-11.9) pg/mL after 12 weeks of

Table 2 Cytokine levels before and after tacrolimus: All patients.

(pg/mL) Before After P value
IL-1B 2.0 (2.0-2.0) 2.0 (2.0-2.0) NS
IL-2 2.0 (2.0-2.0) 2.0 (2.0-2.0) NS
IL-4 2.0 (2.0-2.0) 2.0 (2.0-2.0) NS
IL-5 2.0 (2.0-2.0) 2.0(2.0-22) NS
IL-6 3.0 (2.0-7.9) 2.0 (2.0-2.0) NS
IL-7 6.7 (3.4-10.0) 6.1 (3.9-8.0) NS
IL-8 22.7 (8.9-31.7) 9.7 (6.2-21.0) NS
IL-10 2.0 (2.0-2.0) 2.0 (2.0-2.0) NS
IL-12 2.7 (2.0-8.5) 3.5 (2.0-7.1) NS
IL-13 2.0(2.0-2.2) 2.0 (2.0-2.0) NS
IL-17 2.0 (2.0-7.5) 2.0 (2.0-5.6) NS
G-CSF 7.4 (2.1-16.0) 2.0 (2.0-4.9) <0.05
GM-CSF 2.0 (2.0-2.0) 2.0 (2.0-2.0) NS
IFN-y 2.0 (2.0-8.7) 2.0 (2.0-2.0) NS
MCP-1 17.0 (5.7-24.7) 17.7 (3.9-26.1) NS
MIP-1B 126.3 (113.0-146.5) 115.1 (96.5-142.9) NS
TNF-a 2.0 (2.0-9.6) 3.2 (2.0-6.6) NS
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treatment, and serum G-CSF levels were 6.8 (2.6-14.3) pg/mL before
treatment, and 2.0 (1.5-4.7) pg/mL after 12 weeks of treatment. In the
efficacy group, both serum IL-8 and G-CSF levels were significantly
decreased after 12 weeks of treatment compared to those before treat-
ment (Figure 4). No significant differences in serum levels of other
cytokines were observed before and after treatment in the efficacy
group. No significant differences in serum levels of 17 cytokines
were observed before or after treatment in the left side colitis group
and in the no efficacy group.

pg/mL pg/mL

40 IL-8 40 G-CSF

35 35

30 30

25 * 25

20 20

15 15

10 10 *

5 5 L
before after before after

Figure 4 In the efficacy group, serum IL-8 and G-CSF levels were
significantly decreased after 12 weeks of treatment compared to those
before treatment, * p<0.05 vs before.

Relationship between DAI scores and cytokine levels

No significant correlations were observed between DAI scores and
the 17 cytokines in all UC patients and in the efficacy group (data not
shown).

Relationship between CRP levels and cytokine levels

No significant correlations were observed between CRP levels and
the 17 cytokines in all UC patients. Whereas, a significant correlation
was noted between CRP levels and serum IL-8 levels in the efficacy
group (r=0.60, P<0.05) (Figure 5). No significant correlations were
observed between CRP levels and other cytokines in the efficacy

group.

35 -
30 - (r=0.60, P<0.05)

25 -

*¢

20 -
15 A
10 A
5 -l@®

IL-8 (pg/mL)

0 T T T
0 1 2 3 4 5

CRP (mg/mL)

Figure 5 Correlation between changes in CRP levels and serum IL-8 levels
before and after treatment in the efficacy group. A significant correlation
was noted between CRP levels and serum IL-8 levels (r=0.60; P<0.05).

DISCUSSION

Various studies have reported the role of cytokines in the etiopatho-
genesis of UC; both humoral and cellular immunologic mechanisms
play a role in inflammation in UC patients. Activation of immune cells
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causes excessive oscillation of both cytokines and inflammatory me-
diators, which mediates tissue damage and results in increased inflam-
mation. Macrophages in inflamed colons of patients with active UC
synthesize IL-1f, TNF-a, and IL-6, which further exacerbates inflam-
mation and an acute phase response. These cytokines may therefore
be useful markers for determining prognosis as well as diagnostic,
treatment, and follow-up strategies for UC patients!**". Chemokines
are excellent candidates for being primarily responsible for the up-
regulation, perpetuation, and exacerbation of inflammatory and tissue-
destructive processes involved in the immunopathogenesis of IBD.

Tacrolimus is useful for patients with refractory UC to induce
remission, and its use improves the quality of life for some UC pa-
tients. Tacrolimus is also effective at inducing a clinical improvement
in a dose-dependent manner in treatment-resistant UC”®. The dose-
dependent efficacy with a statistically significant benefit for clinical
improvement of tacrolimus in trough levels of 10-15 ng/mL was
demonstrated previously”””. Tacrolimus are highly effective for short-
term clinical improvement with response rates of about 60-80%*”),
However, the use of tacrolimus has been limited by serious adverse
events. Then, physicians must know how to use this agent to obtain
maximum efficacy while preventing severe adverse effects™. Ad-
verse effects that can lead to therapy discontinuation (4%) include:
tremor and paresthesias (9%), mild nephrotoxicity (8%), hyperten-
sion (2%), and hyperkalemia (2%)"*. Furthermore, tacrolimus, thio-
purine or anti-TNF treatment has a substantial risk of serious adverse
events with restricted effectiveness in the long term™".

Tacrolimus inhibits the activation of several pivotal immune cells
in the intestinal mucosa®”. Dose-dependent, inhibitory effects of
tacrolimus on C-C motif ligand 2 (CCL2) and C-X-C motif che-
mokine 10 (CXCL10) expression were observed at the mRNA and
protein levels, and tacrolimus strongly inhibited the TNF-o-induced
phosphorylation of the p38 mitogen-activated protein (MAP) kinase
in human colonic myofibroblasts™”
cytokine levels in UC patients before and after tacrolimus therapy
have not been well characterized. We analyzed many serum cyto-

. However, the changes in serum

kines simultaneously using a multiplex assay system to identify those
cytokines that are clinically and statistically associated with tacroli-
mus therapy efficacy in patients with active UC. In the present study,
we simultaneously analyzed 17 serum cytokines using a multiplex
assay system to elucidate the serial changes in their levels, which are
clinically and statistically associated with the efficacy of tacrolimus
therapy in patients with active UC. We also demonstrated that IL-8
and G-CSF levels decreased following tacrolimus administration,
especially in the efficacy group, which suggests that IL-8 and G-CSF
would be more crucial marker for the subgroup of patients with UC
belonging to the efficacy group with tacrolimus treatment.

IL-8 is an a-chemokine that recruits and activates neutrophils,
which are abundant in the intestinal lesions of UC patients. 1L-8
expression is significantly increased in active versus inactive UC
mucosa, and is therefore thought to play an important role in UC
pathogenesis”**". Furthermore, our results showed that following
tacrolimus treatment, changes of serum IL-8 levels showed a positive
and significant correlation with CRP levels, although similar relation-
ships were not identified for the other cytokines. Therefore, at pres-
ent, serum IL-8 level is considered to be a potentially useful marker
of the efficacy of tacrolimus treatment in UC patients.

Th17-related factors, including G-CSF, were identified as predic-
tive serum biomarkers for chronic colitis™'. G-CSF has emerged as
a potential tool for the modulation of intestinal inflammation and
repair. G-CSF may be an alternative treatment for IBD'*”, G-CSF
appears to improve intestinal inflammation and immunodeficiency

© 2013 ACT. All rights reserved.
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status in an experimental model of colitis'”’. The ability of epithelial
cells to produce chemokines could play an important initiating role
in the immunopathophysiologic events associated with the upregula-
tion and perception of inflammation in UC and CD™. However, we
showed no significant correlations were observed between CRP lev-
els and G-CSF levels of tacrolimus treatment in UC patients. There-
fore, a future study should investigate the impact of tacrolimus on
the mucosal m-RNA levels in patients with UC. Furthermore, in this
study, the numbers of steroid-refractory UC patients were small and
we measured only serum cytokine levels, a future study should also
investigate to confirm the validity and significance of these findings
including mucosal m-RNA levels.

In conclusion, treatment with tacrolimus reduced serum IL-8 and
G-CSF levels in UC patients, which may be associated with an over-
all reduction in disease severity. An additional study is required to see
the impact of tacrolimus on the mucosal levels of these cytokines.
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